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Introduction

Climate change in the meaning of high temperature and high humidity caused directly on the decline of milk yield
of dairy cows. Dairy cows respond to heat stress in several ways, including reduced feed intake (Beede and Collier,
1986), lower milk yield and milk quality (Bohmanova et al., 2007), and compromised fertility (Haile-Mariam et
al., 2008). In Thailand, dairy breeding research trend has been used temperature-humidity index (THI) to solve
heat stress problem due to Thailand was located in Tropical zone. Therefore, THI function was used for select
heat tolerance dairy cattle. Nowadays, in Thailand, THI function was popular to genetic improvement for many
traits in dairy cattle (Boonkum et al, 2011; Charern-osot, 2016; Reebrangrum et al., 2016). THI function base on
temperature and relative humidity (NRC, 1971). However, almost factor effect on heat stress in dairy cattle were
temperature (T), relative humidity (RH), wind speed (WS) and radiation (RA) leading to new THI function concept
as base on T, RH and WS (Baeta et al.,, 1987). The objective of this study was to compare THI function for finding
out THI function has goodness of fit to improve crossbred Thai Holstein cattle in Thailand.

Materials and methods

Data of analysis

Data comprised of 116,828 test-day milk yield records for first lactation from 14,485 cows between 1990 and
2012 and data were obtained from department of livestock development. Daily temperature, humidity and wind
speed data were obtained from meteorological department. Data analysis is divided into two types depending on
THI function such as 1) THI1 (conventional) and THI2 (+wind speed).

Function temperature-humidity index (THI)

Almost factors effect on heat stress in dairy cattle were air temperature (T), relative humidity (RH), and wind
speed (WS). THI1 was calculated by T and RH which, this formula easily to use. However, heat stress have another
factor leading to THIZ (+wind speed) by Baeta et al. (1987). THI1 = (1.8T+32) - (0.55-0.0055RH) x (1.8T-26), THI2
= 27.88-(0.45xT?%-(0.4905xRH)+(0.00088xRH?)+(1.1507xWS)-(0.12644xWS%)+ [0.019876 x (TxRH)]-[0.04631 x
(TxWS)]

Repeatability Test Day Model
Variance components analysis by restricted maximum likelihood (REML) from REMLF90 and used repeatability
test day model where

Yijklm = HMYi + DIMkBGj + AGEl + U + vm[f(THI)] + Pm + qm[f(THI)] + eijklm
Where Y, is observation of test-day milk yield from cow m in herd-test, month-test and year-test class i (HMYi),
DIM,KBG; are effect of breed group (BG) class j and day in milk class k, AGE| is age of calving class /, a ,, is additive
genetic effect, V_Mis additive gene effect include heat stress, P,, is permanent environment, Q_Mis permanent
environment include heat stress. ey, is residual effect and F(THI) is function of THI

f(THI) = 0; THI < THljresholg (N0 heat stress)
THI — THIthreshold; THI > THIthreshold (heat stress)

Genetic parameters
Heritability (h2) of milk yield on heat stress (Ravagnolo and Misztal., 2000)
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Genetic correlation between milk yield and heat stress (Ravagnolo and Misztal., 2000)
f()0ay
Vg * f()?a;

Where hm)2 is heritability of milk yield under level of heat stress, corrial a [f{i)v] is genetic correlation between
milk yield and heat stress, 0,° is additive genetic variance, 0,’ is additive genetic variance under heat stress,
. Is covariance between additive genetic and heat stress variance, 0, is permanent environment variance, o is
permanent environment variance under heat stress, o ,, is covariance between permanent environment and heat
stress variance, 0 2 is error variance and £{J) is level of heat stress.

corrla, f(D)v] =

Results and discussions

Average test-day milk yield of crossbred Thai Holstein cattle (first lactation) 12.5 kg and average 305 day
milk yield 3,765 kg according Sanpote et al. (2010) found 12.8 kg and 3,654 kg. Average relative humidity,
temperature and wind speed were 73 %, 28 oc and 1 m/s respectively. While THI1 and THI2 were 78 and 32 (Table
1.). Threshold point of heat stress on milk yield trait, THI1 and THI2 were 75 and 28.

Genetic parameters

Heritability (h2) of milk yield was downward trend (Figure 1.) show level of heat stress increase effected to
h2 were decrease. Average heritability of milk yield, THI1 and THI2 were 0.124 and 0.187 (Table 2), which
heritability was low contrast with Sanpote et al. (2010); Boonkum and Duangjinda (2014) found heritability was
medium due to used random regression model might be effected to heritability in this study used repeatability
model. Genetic correlation (rg) between milk yield and heat stress found weak negative genetic correlation,
which THI1 and THI2 were -0.207 and -0.112 (Table 2) show that milk yield decrease was effected of heat stress
according Boonkum (2011) found rg was -0.21 in crossbred Thai Holstein cattle first lactation.

Comparison THI function

This study found function THI which THI has goodness of fit for Thailand. Consider accuracy (R?), THI1 and THI2
were 0.979 and 0.986 found that THIZ was high accuracy than THI1 due to THIZ adjust wind speed which is
factor of heat stress there for THIZ can use to improve crossbred Thai Holstein cattle.

Conclusion and Suggestion

The objective of this study was comparison THI function for finding out THI function has goodness of fit to
improve crossbred Thai Holstein cattle in Thailand. In summary, even the conventional THI is commonly useful,
adjustment wind speed to THI could improve more accurately estimation of milk yield of Cross-bred Thai Holstein
cattle in Thailand. However, wind speed data collecting as a result to cost increase, including THI1 had high
accuracy, which close to THIZ. There for THI1 appropriate to improve crossbred Thai Holstein cattle.
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Table 1 Data structure.

Categories THI1 THI2
Test-day record, n 116,828 116,828
Animal with records, n 14,485 14,485
Animal with pedigrees, n 23,718 23,718
Average 305-d milk yield, kg 3,765 3,765
Average Test-day milk yield, kg 12.5 12.5
Average Relative humidity, % 73 73
Average Temperature, °c 28 28
Average Wind speed, m/s - 1
Average THI 78 32
Maximum / Minimum THI 86 /56 40/13
Threshold point 75 28

THI = temperature-humidity index, THI1 (conventional), THI2 (+wind speed).

Table 2. Genetic parameters.

THI average of h? rg R?
THI1 0.124 -0.207 0.979
THI2 0.187 -0.112 0.986

THI = temperature-humidity index, THI1 (conventional), THI2 (+wind speed), h> =
heritability, re = genetic correlation between milk yield and heat stress effect, R? = coefficient

of determination.
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Figure 1. Heritability of THI1 and THI2 under heat stress
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Abstract

Objective: Although many advances have been made in the past decades to improve eggshell strength, it is still
estimated that the yearly economic losses incurred by the poultry industry due to poor eggshell quality amount to
hundreds of millions of dollars worldwide. Against this backdrop, our research aims to improve the understanding
of the long-term effects of selection for non-destructive deformation on other eggshell traits in egg-laying
chickens. To this end, emphasis was placed on the analysis of the realized heritability and of the other essential
genetic parameters.

Methodology: In this study, we examined a long-term divergent selection experiment for eggshell strength
performed on seventeen generations of White Leghorns. The selection process was based on low and high non-
destructive deformation values, creating a strong line and a weak line, respectively. Variance components and
other genetic parameters were estimated by using the REML approach, and the breeding values were predicted
under a three-trait animal model through BLUP methodology. The three traits considered were non-destructive
deformation, eggshell breaking strength, and eggshell thickness.

Results: The realized heritability for non-destructive deformation was 0.255 in the strong line, and 0.164 in the
weak line. In the strong line, the heritability estimates were 0.478 for non-destructive deformation, 0.369 for
eggshell breaking strength, and 0.451 for eggshell thickness. In the weak line, these values were 0.418, 0.504,
and 0.548, respectively. The genetic correlation between all traits was large, with absolute values estimated to lie
between 0.748 and 0.912.

Conclusion: The effectiveness of the selection process for non-destructive deformation, the moderately high
heritability estimates, and the high genetic correlations are results which not only indicate the potential for
long-term genetic improvement through selection for non-destructive deformation, but also suggest that non-
destructive deformation is a useful tool to assess eggshell strength that can replace the destructive methods
currently being used.

Introduction

Although many advances have been made in the past decades to improve eggshell strength, it is still estimated
that the yearly economic losses incurred by the poultry industry because of poor eggshell quality amount to
hundreds of millions of dollars globally (Seydim and Dawson, 1999). For this reason, scholars regularly emphasize
the fact that eggshell quality is and will remain an essential aspect of research for the poultry industry in the near
future (Bain et al., 2006).

Against this backdrop, this study aims to investigate the long-term effects of selection for non-destructive
deformation on other eggshell traits in egg-laying chickens. Indeed, one of the advantages of using non-destructive
deformation as a criterion to assess eggshell strength in comparison with mainstream methods, such as the
measurement of the breaking strength of the eggshell or of the thickness of the eggshell, lies in the fact that it
does not require the destruction of the egg to be applied. Even though the study of the deformation of the eggshell
is not a recent phenomenon (Voisey and MacDonald, 1978), more knowledge is needed to better understand the
long-term effects of selection for non-destructive deformation. To this end, this paper lays stress on the analysis
of breeding values and genetic parameters, e.g. the heritabilities, realized heritabilities, and genetic correlations
between the traits measured.

Materials and methods
The experiment reviewed in this study is a two-way selection experiment conducted in seventeen generations of
White Leghorn, based on low and high eggshell deformation values, referred to as the strong (shell) line and the
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weak (shell) line, respectively. All generations were selected using the non-destructive deformation value only,
except for generation 2, which was selected based on eggshell breaking strength due to technical difficulties.
Selection was based on individual performance from generation 1 to generation 13, however a within-family
selection procedure was implemented from generation 14 onward in order to prevent the inbreeding coefficient
from increasing.

In total, the number of records measured in the strong and weak lines were 4,255 and 4,094, respectively. Each
record corresponds to the average of three measurements on three different eggs for a given individual. Given that
males do not have their own records, male selection was performed by using the full-sib mean. This value was also
used for the calculation of the selection differential.

With respect to statistical analysis, ASReml-R was used to estimate the variance components (Patterson and
Thompson, 1971; Butler, 2009), and BLUP methodology was implemented to predict the breeding values
(Henderson, 1975) under a three-trait animal model. Three random effects, corresponding to the three traits
measured, i.e. non-destructive deformation, eggshell breaking strength, and eggshell thickness, were included
in the model, as well as one fixed effect, i.e. the generation effect. The relationship between individuals was
accounted for by using full pedigree information.

Results and discussion

Genetic parameters

The genetic parameters were estimated by using REML methodology under the three-trait animal model described
in the Methods section (Table 1). The genetic correlation between non-destructive deformation and eggshell
breaking strength was -0.821 ( &= 0.032) in the strong line and -0.811 (£ 0.030) in the weak line. Between non-
destructive deformation and eggshell breaking strength, the genetic correlation was -0.850 ( = 0.024) in the
strong line and -0.912 ( = 0.016) in the weak line. The genetic correlations were negative given that low non-
destructive deformation values are associated with stronger eggshells, and the stronger the eggshell, the higher
the strength required to break the shell and the thicker the eggshell. The large correlations estimated in this
experiment are similar to those found by Grunder et al. (1989). Moreover, large correlations were also found
between eggshell breaking strength and eggshell thickness, in both lines.

In the strong line, the heritability estimates were 0.478 ( = 0.044) for non-destructive deformation, 0.369 ( *+
0.037) for eggshell breaking strength, and 0.451 ( &= 0.038) for eggshell thickness. In the weak line, these values
were 0.418 (£ 0.038), 0.504 ( £ 0.040), and 0.548 ( £ 0.038), respectively. The moderately high heritability
values estimated for non-destructive deformation are somewhat higher than those of Van Tijen and Kuit (1970),
and indicate the potential for genetic improvement of eggshell quality through selection for non-destructive
deformation.

Realized heritability

We determined the realized heritability over the course of the experiment based on the cumulative selection
differential and selection response calculated for all seventeen generations of White Leghorns (Table 2 and Table
3). In the strong line, the value of the realized heritability for non-destructive deformation was 0.255, whereas it
was 0.164 in the weak line.

In addition to the realized heritability computed using the selection differential and response for non-destructive
deformation, we also calculated the realized heritability for eggshell breaking strength and eggshell thickness,
given that the genetic correlations between the three eggshell traits examined were very large in both lines. For
eggshell breaking strength, the realized heritability values were 0.295 and 0.163, respectively, and for eggshell
thickness, they were 0.220 and 0.280.

Although these values are smaller than the heritability estimates calculated using REML methodology, they
confirm the potential for long-term eggshell strength improvement through selection by showing the effectiveness
of the selection process for non-destructive deformation over the generations.

Conclusion
The present study aimed to investigate the long-term effect of selection for non-destructive deformation on two
other eggshell traits, namely eggshell breaking strength and eggshell thickness. To this end, a population of White
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Leghorns was divided into two lines, a strong line and a weak line, based on low and high deformation values,
respectively.

This experiment, which was conducted for seventeen generations, was analyzed by using REML methodology to
estimate variance-covariance components and other genetic parameters, and by using BLUP methodology for the
prediction of the breeding values. The selection differential, the selection response, and realized heritabilities were
also examined.

The results obtained from the analysis of this experiment showed the effectiveness of the selection process for
non-destructive deformation, and the moderately high heritability estimates and the high genetic correlations are
findings which suggest the potential for long-term genetic improvement through selection for non-destructive
deformation. It was therefore concluded that non-destructive deformation is a useful way to assess eggshell
strength that may be able to replace the destructive methods currently being used.

KEYWORD : Eggshell strength, Genetic parameters, Long-term selection, Non-destructive deformation, White
Leghorn

Table 1. Heritability, genetic correlation (above diagonal), and phenotypic correlation (below diagonal) estin

standard error).

Strong line

NDD' BS ST
NDD 0.478 + 0.044 -0.821 +0.032 -0.850 = 0.024
BS -0.690 + 0.011 0.369 + 0.037 0.748 + 0.038
ST -0.799 + 0.008 0.677 +0.011 0.451 + 0.038

Weak line

NDD BS ST
NDD 0.418 + 0.038 -0.811 + 0.030 -0.912+0.016
BS 20.727 £ 0.011 0.504 + 0.040 0.808 + 0.028
ST -0.829 + 0.007 0.715+ 0.011 0.548 + 0.038

'NDD, Non-destructive deformation (um/kg); BS, Eggshell breaking strength (kg); ST, Eggshell thickness (um).

Table 2. Cumulative selection differential and response (strong line).

NDD BS ST

Gen '

SD SR SD SR SD SR
1-2 N/A N/A 0.28 -0.03 15.5 -7.0
2-3 9.8 5.0 0.68 -0.01 36.7 -6.0
3-4 18.7 -1.3 1.05 0.15 54.8 3.6
4-5 26.9 4.8 1.35 0.47 69.0 18.0
5-6 33.5 5.5 1.73 0.54 85.8 9.5
6-7 40.7 5.7 2.09 0.62 105.1 18.3
7-8 459 10.0 2.32 0.67 117.3 27.7
8-9 51.9 6.5 2.64 0.63 136.1 12.6
9-10 59.1 10.3 2.99 0.70 156.2 26.5
10-11 65.1 8.0 3.36 0.78 174.1 30.9
11-12 71.0 12.8 3.67 0.86 189.7 32.9
12-13 74.5 16.4 4.12 1.02 199.3 36.9
13-14 78.4 17.9 4.38 0.97 211.1 38.4
14-15 80.2 18.5 4.49 0.97 215.9 39.5
15-16 83.1 18.5 4.65 1.02 224.0 37.0
16-17 84.9 18.2 4.76 1.27 229.5 42.8
17-18 87.0 22.2 4.90 1.45 237.2 523

h2 0.255 0.295 0.220

! Gen, Generation; NDD, Non-destructive deformation (pm/kg); BS, Eggshell breaking strength (kg); ST, Eggshell
thickness (um); SD, Cumulative selection differential; SR, Cumulative selection response; h?, Realized heritability; N/A,

Not available.
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Table 3. Cumulative selection differential and response (weak line).

NDD BS ST

Gen '

SD SR SD SR SD SR
1-2 N/A N/A 0.18 0.21 8.7 18.6
2-3 9.8 -4.0 0.58 0.23 30.2 19.7
34 21.7 4.0 0.93 0.17 49.2 12.7
4-5 32.6 44 1.23 0.15 68.3 14.2
5-6 43.8 7.8 1.60 0.30 90.2 31.5
6-7 55.6 11.8 1.93 0.36 109.3 31.0
7-8 65.4 10.5 2.17 0.48 123.2 332
8-9 78.1 17.2 2.51 0.52 144.6 46.5
9-10 91.4 25.4 2.86 0.76 164.9 62.2
10-11 105.2 35.9 3.13 0.81 182.0 68.7
11-12 119.8 32.9 3.40 0.95 197.7 74.7
12-13 126.9 36.3 3.71 1.00 209.1 78.1
13-14 137.7 33.9 3.87 1.01 219.5 78.2
14-15 142.5 40.7 3.94 1.15 224.0 85.7
15-16 147.5 42.9 4.02 1.17 229.3 88.0
16-17 148.1 33.8 4.04 0.83 229.2 77.1
17-18 147.8 24.2 4.06 0.66 229.6 64.3

h2 0.164 0.163 0.280

! Gen, Generation; NDD, Non-destructive deformation (um/kg); BS, Eggshell breaking strength (kg); ST, Eggshell
thickness (um); SD, Cumulative selection differential; SR, Cumulative selection response; h?, Realized heritability; N/A,

Not available.
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INTRODUCTION

Advanced genotyping technologies provide valuable information on thousands of genotypes across the genome for
dairy genetic evaluations. Genomic evaluation utilizes a combination of genotypes with pedigree and phenotypes
to increase accuracy of prediction (Thomasen et al., 2012) and rate of genetic progress in dairy cattle (Buch et
al,, 2012). As a result, dairy genomic evaluations are routinely conducted in several countries (VanRaden et al.,
2013; Bauer et al., 2015; Koivula et al., 2015). To speed up genetic improvement for economically important traits
in dairy cattle raised under tropical environments, a national genomic-polygenic evaluation was implemented in
Thailand in 2015 (Jattawa et al., 2015), and genomic breeding values for individual animals were made available
to dairy producers in the 2016 sire and dam summary (Koonawootrittriron et al., 2016). A comparison between
genomic-polygenic and polygenic evaluations would help explain dairy producers, stakeholders, researchers,
and other interested people understand the advantages and disadvantages of implementing a genomic-polygenic
evaluation in Thai multibreed dairy population. Thus, the objectives of this study were to compare prediction
accuracies and animal rankings for 305-day milk yield (MY) and 305-day fat percentage (FP) using genomic-
polygenic and polygenic models, and to evaluate genomic-polygenic EBV (GPEBV) trends for each trait as Holstein
(H) fraction increased from 0% to 100%.

MATERIALS AND METHODS

phenotypic and pedigree records of 9,339 first-lactation cows from 1,002 farms located in Northern,
Northeastern, Western, Central, and Southern Thailand were used in this research. These cows calved between
1989 and 2015 and were the progeny of 1,346 sires and 7,875 dams. Traits were MY and FP.

DNA samples were extracted from blood or semen samples of 2,661 animals (89 sires and 2,572 cows) in the
population. These DNA samples were genotyped with four GeneSeek Genomic Profiler (GGP) chips (GeneSeek Inc.,
Lincoln, NE, USA), ie, GGPIK (n = 1,412), GGP20K (n = 570), GGP26K (n = 540), and GGP8OK (n = 139) chips.
Animals genotyped with GGP9K (8,590 SNP), GGP20K (19,161 SNP), and GGP26K (25,979 SNP) were imputed to
GGP8OK (76,694 SNP) using FImpute 2.2 (Sargolzaei et al., 2014). The actual and imputed SNP genotypes with
minor allele frequencies lower than 0.04 (n = 2,375) and with call rates lower than 0.9 (n = 175) were removed.
The resulting genotype file contained 74,144 actual and imputed SNP markers available for the genomic-
polygenic evaluation.

Variance and covariance components for MY and FP were estimated using a bivariate single-step genomic-
polygenic model (GPM; Aguilar et al, 2010) and a bivariate polygenic model (PM). The GPM utilized pedigree,
phenotypic, and genomic information, whereas the PM used only pedigree and phenotypic information. Fixed
effects for GPM and PM included contemporary group (herd-year-season), calving age, and heterosis. Random
effects were animal additive genetic and residual. Random effect means were assumed to be zero for both models.
The PM variance-covariance matrix among additive genetic effects was equal to A * 2, where A = additive

relationship matrix among all animals, “*” = Kronecker product, and 02 = additive genetic variance. The GPM
variance-covariance matrix among additive genetic effects was equal to:

A11 + A12A521(622 - AZZ)AE%GZI A12A521622 *0_2
GZZAEZ:LA21 GZZ “

where A, = additive relationship submatrix among non-genotyped animals, A ,= additive relationship submatrix
between non-genotyped and genotyped animals, A, = inverse of the additive relationship submatrix for genotyped
animals, G,,= matrix of genomic relationships for genotyped animals (VanRaden, 2008; Aguilar et al., 2010).
The AIREMLF90 program (Tsuruta, 2014) was utilized to estimate variance and covariance components using
an average information restricted maximum likelihood algorithm. Subsequently, estimates of variances and
covariances were used to compute GPM and PM estimated breeding values (EBV) for all animals.
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PEV
Prediction accuracies for MY and FP animal EBV were obtained as |1 — —z * 100, where PEV = prediction error
a

variance, and g2 = additive genetic variance. Prediction accuracies from GPM and PM were computed for all
animals in the population, only genotyped animals, only genotyped cows, and only genotyped sires (young sires
and proven sires). Proven sires in this research were sires that had ten daughters or more, whereas young sires
were sires with less than ten daughters. Rankings of animal EBV from GPM and PM were compared using
Spearman’s rank correlations for all animals in the population. The GPEBV for each trait were plotted against
Holstein fraction of animals from 0% to 100%. Regressions of GPEBV on Holstein fraction were computed for each
trait to assess GPEBV trends as Holstein percentage increased.

RESULTS AND DISCUSSION

The MY and FP prediction accuracies computed for animal EBV from GPM and PM are shown in Figure 1.
Accuracy distributions from GPM and PM were similar. However, GPM had higher numbers of animals with
high prediction accuracies (50% and above) for MY and FP, and lower numbers of animals with low prediction
accuracies (below 50%) than PM. The mean prediction accuracies for MY and FP from GPM were, on the average,
4.54% higher than those from PM. Thus, inclusion of genomic information in addition to pedigree and phenotypes
increased EBV prediction accuracies in the Thai dairy population above those achieved using only pedigree and
phenotypes.

Noticeably, inclusion of genomic information in GPM had a higher impact on increasing prediction accuracies
for non-genotyped animals (4.76%) than for genotyped animals (3.49%; Table 1). This likely occurred because
most genotyped animals here were sires and dams that had high number of progeny and other relatives in the
population (on the average 29 *= 42 daughters per animal), whereas most non-genotyped animals were cows
with few relatives (on the average 5 = 8 daughters per animal) or had only their own phenotypes. Thus, EBV
for genotyped animals were predicted with high accuracy even using only pedigree and phenotypes due to the
large amount of information from their daughters and other relatives. Further, gains in prediction accuracy were
substantially higher for genotyped young sires (14.34%) than for genotyped proven sires (0.18%). This was in
agreement with previous studies reporting that inclusion of genomic information in dairy genetic evaluations had
a high impact on increasing the accuracy of prediction for young animals (Pollott et al., 2014; Bauer et al., 2015).
This outcome showed the advantage of using a genomic-polygenic evaluation to shorten generation interval and
speed up genetic progress in the Thai dairy population.

The Spearman rank correlations between rankings of all animals, all sires, and all cows using EBV from GPM
and PM are shown in Table 2. Rank correlations between GMP and PM EBV were high for all animals (0.88 for
MY, and 0.83 for FP), all sires (0.91 for MY, and 0.87 for FP) and all cows (0.88 for MY, and 0.82 for FP). These
high correlations indicated that EBV rankings from GPM were in close agreement with EBV rankings from PM.
However, selection of replacement animals based GPEBV rankings would be expected to achieve faster selection
responses than from PEBV rankings due to their higher accuracy.

Figure 2 shows that linear regression coefficients of GPEBV on Holstein fractions of all animals were positive
for MY (0.36; P < 0.0001), but close to zero for FP (- 0.0002; P < 0.001). These regression coefficients indicated
that animals with higher Holstein fraction tended to have higher GPEBV for MY, but lower GPEBV for FP than
animals with lower Holstein fractions. However, regression coefficient values for both traits were low indicating
that animals in this population with high, medium, or low Holstein fraction exhibited a wide range of GPEBV. This
degree of variation indicated that using GPEBV to select replacement animals would be effective to increase MY
and FY in the Thai dairy cattle population. Thus, producers should consider selecting animals based on individual
GPEBYV instead of simply choosing groups of animals with high Holstein fraction as replacements in their dairy
operations.

CONCLUSSION

The GPM yielded higher prediction accuracies for MY and FP than the PM. Rankings between GPEBV and PEBV
for MY and FP were similar. However, selecting animals with GPEBV would be expected to yield higher rates of
genetic progress in the Thai dairy population than with PEBV due to their higher accuracy. Lastly, animals with
higher Holstein fraction tended to have higher GPEBV for MY, but lower GPEBV for FP than animals with lower
Holstein fractions.



The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

ACKNOWLEDGMENTS

The authors would like to thank the Royal Golden Jubilee Ph.D. Program (RGJ) of the Thailand Research Fund
(TRF) for awarding the scholarship to first author (PHD/0024/2556), the University of Florida for supporting
the training of the first author as a research scholar, and the National Science and Technology Development
Agency (NSTDA), Kasetsart University (KU), and the Dairy Farming Promotion Organization of Thailand (D.P.O.) for
supporting genomic SNP information (P-11-00116).

KEYWORD : Dairy, Multibreed, Breeding, Genomic, Prediction accuracy

700

700
600 600
K K
© 500 © 500
£ £
c
S 400 S 400
= -
) o
+ 300 } L 300
3 Q
-] 2
£ 200 £ 200
3 3
2 2
100 100
o Lo i bbb N
e h SR EAnEANEs NG AN aRETERDER SRS e T T T
EEEEREEREEREELEE R E S T R SUNRREARSAISIANRIBERIRIINESSS
MY, GPEBV accuracy (%) FP, GPEBV accuracy (%)
700 700
600 600
K o
© 500 © 500
£ £
c
S 400 S 400
- —
3] 15}
+. 300 +. 300
3 @
2 2
£ 200 £ 200
3 3
2 2
100 100
0 Yy
MeNCMNOmMEeaMUONNONNR BRI YRDSEERE S HeNCMROMEOMEO NN NNR NSRS SRS SEERE S
EREREREEEEEREEREPEE EE-E-EEEE-FA-E-F-3- 5 SMNRNEARRAYYINARTBIRIRIIBRASS
MY, PEBV accuracy (%) FP, PEBV accuracy (%)

Figure 1. Number of animals by accuracies of EBV from genomic-polygenic model (GPEBV) and polygenic model (PEBV) for 305-
d milk yield (MY) and 305-d fat percentage (FP)
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Figure 2. Genomic-polygenic EBV (GPEBV) as Holstein fraction increases from 0% to 100% for 305-d milk yield and 305-d fat

percentage

Animal
Science
Congress

13



w The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

Animal

cangnes:
Table 1. Mean prediction accuracies for 305-d milk yield (MY) and 305-d fat percentage (FP) from genomic-polygenic (GPM) and
polygenic (PM) models
Type of animal® Number of animals GPM PM Accuracy
MY FP MY FP Increase
All animals 17,363 38.37 (14.84)° 27.46(15.59) 33.11(13.76) 23.63 (14.95) 4.54
Non-genotyped animals 14,702 36.72 (15.14)  26.38 (15.95) 31.12(13.47) 22.45(14.72) 4.76
Genotyped animals 2,661 46.17 (10.20)  32.47 (12.67) 42.55(10.94) 29.12 (14.82) 3.49
Genotyped cows 2,572 34.50(17.03) 26.24 (18.58) 26.86 (13.60) 18.95 (14.61) 7.46
Genotyped sires 89 64.50 (16.26) 43.81(17.22)  59.96 (19.74)  43.17 (20.38) 2.59
Genotyped proven sires 58 69.48 (11.31) 47.10 (15.54) 67.23 (12.79) 49.00 (15.94) 0.18
Genotyped young sires 31 42.29 (16.72)  26.47 (15.71) 27.51 (10.03) 12.47 (11.88) 14.39
2 Genotyped young sires = sires that had less than ten daughters; genotyped proven sires = sires that had ten daughters or more
® Numbers in brackets are SD of mean prediction accuracies
Table 2. Rank correlations between genomic-polygenic EBV and polygenic EBV for 305-d milk
yield and 305-d fat percentage
Trait Rank correlation P-value
All animals
305-d milk yield 0.88 <.0001
305-d fat percentage 0.83 <.0001
Sires
305-d milk yield 0.91 <.0001
305-d fat percentage 0.87 <.0001
Cows
305-d milk yield 0.88 <.0001
305-d fat percentage 0.82 <.0001
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Genetic fluctuation study with microsatellite markers in germplasm-preserved
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INTRODUCTION

Black Muscovy duck, derived from rainforest of South America and mainly lived in swamp, were brought in
Taiwan at the mid 17" century by the Spanish and Portuguese trading ships and have been raised for more than
300 years (Hung et al., 1996). The black Muscovy ducks have two characteristics of drought enduring and heat
resistant, which are more appropriate to live in countryside in Taiwan. In early years, the farmers produced mule
ducks by crossbreeding with black Muscovy drakes and brown Tsaiya ducks. This was the major application of
black Muscovy ducks in Taiwan (Chou and Huang, 1970). However, there were two problems in this production
system of mule ducks, the first one was the black Muscovy duck are seasonal reproductive avian and has
broodiness so the reproductive season is shorter than other breeds of duck; and the second one was the mule
ducks produced from black Muscovy ducks had smaller body size and the there were deep-colored pin feathers
on their skin. That caused negative influence on preference of carcass appearance. To elevate the body weight
and to improve the plumage of mule ducks, the white Muscovy duck was introduced from Australia, America and
Netherlands, successively. As a consequence, the population size of black Muscovy duck has dramatically declined,
and many of them have deviated from their breed features because of hybridization with white Muscovy duck (Kang
et al., 1992; Chou and Huang, 1970).

Considering the economic and cultural values, to preserve the diversity of genetic resource of black Muscovy, a
germplasm-preserved population had been established from 1987 and nomenclatured as Wujie Black Muscovy
at 2013 by the ILan Branch, Livestock Research Institute. Each new generation of this population had been
reproduced following random mating from 1* to 7" generation, and then the rotational mating system had been
applied to further avoid severe inbreeding depression and maintain the biodiversity (Livestock research institute,
2013).

Previously, except for monitoring of vital traits, such as growth, reproduction, and egg traits generation by
generation, to perceive the genetic change without the interference of environment effects, we conducted a cross-
generation genetic analysis in Wujie Black Muscovy using 11 microsatellite markers derived from Tsaiya duck in
germplasm preservation work and confirmed the capability of those markers in genetic monitoring of Wujie Black
Muscovy (Chang et al., 2015). However, a comparison of genetic analysis among different generations should
be conducted to figure out the exact effect of the rotational mating system on maintenance of biodiversity and
genetic structure. Therefore, here we conducted a cross-generation genetic analysis before (the 6" generation (G6))
and after (the 9" (G9) and the 13" (G13) generation) rotational mating system applied and tried to investigate the
genetic fluctuation of Wujie Black Muscovy population.

MATERIALS AND METHODS

A total of 92 Wujie Black Muscovy, each 15 drakes and 15 ducks of G6 and G13 generation and 16 drakes and
16 ducks of G9, were used as experimental animals. Genotype data of G9 and G13 were obtained in the previous
study (Chang et al,, 2015), and the one of G6 was conducted by following processes with only the PCR recipe
slightly modified. The genomic DNA was extracted from fresh blood sample treated by EDTA using EasyPure
Genomic DNA mini kit (Bioman, Taiwan). Eleven microsatellite markers, which specially developed from Brown
Tsaiya ducks, were used in this study, including APTO01, APT0O04, APTO08, APTO10, APTO12, APTO17, APTOZ20,
APTO025, APT026, APT032 and APT033 (Hsiao et al., 2008). The PCR reaction was performed in a final volume of
15 p L, containing 100 ng genomic DNA, 1.5 mM MgCl, 50 mM KCl, 10 mM Tris-HCl, 0.2 mM dNTP, 0.4 p M of
forward and reverse primer and 0.01 U Taq DNA polymerase (Takara, Japan). The PCR conditions were 95 for 10
min, 30 cycles of 95 for 20 s, 50 (APT025 and APT026) or 60 for 30's, 72 for 30 s and a final extension step
of 10 min at 72 . After capillary electrophoresis conducted by National Center for Genome Medicine of Academia
Sinica in Taiwan, ABI 3730 sequencer and Peak Scanner Software v1.0 (Applied Biosystems, USA) were employed
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in genotyping of these markers.

The population genetic parameters such as number of alleles (Na), number of effective alleles (Ne), observed (Ho)
and expected (Hg) heterozygosities, polymorphism information content (PIC), and Fis in Wright's fixation index
(Wright, 1978) were evaluated using POPGENE software package v1.32 (Yeh et al., 1999), Cervus program v3.0
(Kalinowski et al., 2007), and Hardy-Weinberg equilibrium was tested by GENEPOP v3.4b (Raymond and Rousset,
1995). Furthermore, the differentiation between populations was estimated with FSTAT 2.9.3 (Goudet, 2002).
Additionally, we ran STRUCTURE v2.3.3 (Pritchard et al., 2000) from K = 1-10, 20 independent runs for each
K value with 1x10” Markov chain Monte Carlo iterations after a burnin period of 5x10° repetitions. The best K
was evaluated following the Evanno method (Evanno et al., 2005) using the STRUCTURE HARVESTER v0.6.91
application (Earl and vonHoldt, 2012). And adegenet package of R software (Jombart and Ahmed, 2011) were
performed to infer the population structure by conducting principal component analysis (PCA).

RESULT AND DISCUSSION

The genetic variation of these microsatellite markers in G6 of Wujie Black Muscovy were shown in Table 1. A
total of 38 alleles (ranged from 2 to 6) with an average of 3.5 alleles per microsatellite locus was observed and
an average 2.4 effective alleles per microsatellite locus. The observed and expected heterozygosity of those
polymorphic markers ranged from 0.100 to 0.724 with an average number of 0.362 and 0.097 to 0.767 with an
average number of 0.486, respectively. In Wujie Black Muscovy population, there were eight reasonably (PIC >
0.25) to highly (PIC > 0.5) informative markers. It showed that the set of eleven microsatellite markers used in this
study should have enough polymorphisms to investigate the genetic structures. In terms of population genetics,
all of eleven microsatellite markers tested fitted Hardy-Weinberg equilibrium. Although, the mean of Fis value was
0.208, it had no significant difference from 0. It demonstrated that G6 of Wujie Black Muscovy was not faced with
inbreeding depression problems.

Compare the genetic parameter of G6 with G9 and G13 shown in Table 2 (Chang et al.,, 2015), the results showed
that although the number of alleles in G6 was slightly more than the other generations did, there were almost
no differences in heterozygosities among the three generations. In addition, in all of the three generations, the
estimated Fis value had no significant differences from O, which indicated that the three generations of Wujie
Black Muscovy population were not endangered by inbreeding depression. However, the difference of observed
and expected heterozygosity and the Fis value of G6 were slightly larger than the other generations, it suggested
that rotational mating system may has the effect for minimizing inbreeding and elevating observed heterozygosity.
When taking a view of Fst, there was almost no differentiation between each two of the generations, except
for low differentiation between G6 and G13 (Fst = 0.0580), while the Fstr was larger between G6 and G9 (Fsr =
0.0247) rather than that between G9 and G13 (Fst = 0.0145), which may resulted from the change of mating
system. Furthermore, the STRUCTURE result showed a trend that the populations, before (G6) and after (G9 and
G13) rotational mating system been applied, had different genetic structures. According to Nomura and Yonezawa
(1996), in a close population, it is impossible to avoid inbreeding completely, but if it proceeds gradually, it may
not cause serious inbreeding depression, because deleterious alleles can be eliminated gradually through nature
selection. Our experiment results suggested that rotational mating system may be an effective way to maintain
heterozygosity, reduce population differentiation, and slow down the inbreeding progress.

In the future, the rotational mating system would be carried on, and we will apply more highly polymorphism
microsatellite markers for continuous genetic monitoring, accompanied with phenotype monitoring, to maintain
the Wujie Black Muscovy population sustainably.

KEYWORD : Wujie Black Muscovy, Genetic Diversity, Genetic Fluctuation, Microsatellite Markers
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Figure 1. Genetic cluster analysis for the G6, G9 and G13 generation of Wujie Black

Muscovy population using STRUCTURE software. K: possible number of subpopulation (in

this figure K = 2); Q: proportional membership of Wujie Black Muscovy to genetic clusters.

Colors correspond to different genetic clusters. Each vertical bar represents a single individual.
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Table 1. List of primer sequences of 11 Tsaiya microsatellite markers in this study

Locus®  Primer sequences (5'—3') T.(°O® Duck genome
scaffold no.°
F: GTCCCACTGGTTTGCTGTCC 60 1509
APTO01 R: ACTACGCATGGCAGTGAGGTT
F: GGGCAGGAAAATCTCCTGAAT 60 192
APTO04 R: TCTCAGTGGCTGAGCGGTC
F: CAAAGAAATCCTAGAACATCATTCAAAT 60 358
APTO08 R: TCTTCTGGCTTTTCACCTTAGTTTAGTA
F: CACTCAGGCTTTTAGGTCCATTAATA 60 1199
APTOL0 R: CATCTGAGAATGCACTTACTGTCAAA
F: TTGAGCCTCAGGTTCTAAACTCCTA 60 5
APTO12 R: TCATAACATTTCAGACCAGTTTTCAGA
APTOL7 F: TGGATGGACAGACGGGTGA 60 481
R: TGGAAGTTTTGATTTCTAGTGCTTACA
F: TTCCAAGTTTGTCATGCCAATAGA 60 197
APTO20 R: CTGACCATGTTAGGGCGTTTTAG
APTO2S F: TCCTAAGAAACGTTGCTTCATAGACC 50 121
R: GAGTTAAGCTTCATCACTCTGTGACTG
F: CCCTGAAAGGCTGTTTTATATATCCA 50 477
APT026 R: ATGTAAATAAAGTAGCCTTGCACGGT
APT032 F: TCACTTTCTTGACTCTCCTTGGTTT 60 45
R: TGACTTGAATTCTGTTCAGGATAAATG
F: CTTCACCCTACCTCATAAGGAACTG 60 14
APT033

R: ATTCCAAATCTGCAAGGTGAGTATTA

® Hsiao et al. (2008). Developed from Tsaiya duck.
® Annealing Temperature

¢ The orthologous microsatellites in the duck genome scaffold
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Table 2. Genetic variation of the G6 of Wujie Black Muscovy analyzed by 11 Tsaiya

microsatellite markers

Fragment size

Locus No* N Ho® Hed PIC® Fisf
(bp)

APT001 228-260 2 1.6 0.167 0381 0305  0.562
APT004 289-297 2 1.1 0100  0.097 0.9  -0.031
APT008 164-180 4 23 0500 058 0497  0.151
APTO010 184-192 2 12 0167 0155 0141  -0.077
APTO012 157-177 3 3 0.167  0.684  0.591 0.756
APTO17 169-177 2 1.1 0.133 0.127  0.117  -0.047
APT020 169-201 6 39 0724 0759 0706 0.046
APT025 120-136 5 4.1 0567 0767 0713 0.261
APT026 134-142 3 27 0600 0635 0554  0.055
APT032 201-237 6 3 0.655  0.678  0.621 0.034
APT033 217-229 3 19 0200 0474 0403  0.578
Average 35 24 0362 0486 0431 0.208
SD 1.6 1.1 0244 0258 0.292

*Number of alleles

b Expective number of alleles

¢ Observed heterozygosity

4 Expected heterozygosity

¢ Polymorphic information content

fWright’s fixation index, within population inbreeding estimate

Table 3. Genetic variation of G9 and G13 of Wujie Black Muscovy analyzed by 11 Tsaiya microsatellite markers (Chang et al., 2015)

G9 G13
Locus Fragment a b c d e £ Fragment a b c d e £
Na Ne Ho He PIC Fis Na Ne Ho HEe PIC Fis
(bp) (bp)

APTO001 228-260 2 1.7 0233 0413 0324 0436 228-260 2 1.9 0.200 0472 0.357 0.576
APTO004 289-297 2 1.6 0367 0381 0.305 0.037 289-297 2 1.5 0.300 0345 0.282 0.130
APTO008 164-188 4 2.8 0.690 0.658 0.575 -0.049 164-176 3 2.0 0.600 0.505 0.402 -0.188
APTO10 184-192 2 1.0 0.033 0.033 0.032 0.000 184-192 2 1.1 0.067 0.066 0.062 -0.015
APTO012 157-177 3 1.6 0.167 0.382 0.333 0.563 157-177 3 1.2 0.040 0.189 0.176  0.788
APTO17 169-177 2 1.1 0.133 0.127 0.117 -0.047 169-177 2 1.1 0.133  0.127 0.117 -0.047
APT020 173-201 5 3.0 0.767 0.681 0.604 -0.126 169-201 6 4.2 0.700 0.773 0.725 0.094
APT025 120-136 5 3.1 0567 0.685 0.621 0.172 120-136 5 39 0.793 0.754 0.697 -0.052
APT026 134-142 3 2.5 0600 0.608 0.526 0.013 134-142 3 1.6 0.367 0382 0.333 0.039
APT032 201-237 5 32 0724 0.699 0.623 -0.036 201-237 4 3.1 0.700 0.685 0.604 -0.022
APTO033 217-225 2 1.8 0259 0440 0.338 0411 217-229 3 1.5 0.233 0358 0.309 0.349
Average 32 21 0413 0464 0400 0.125 3.2 2.1 0.376  0.423 0.369 0.150
SD 1.3 0.8 0264 0.229 0.236 1.3 1.1 0.275 0.243 0.299

*Number of alleles

b Expective number of alleles

¢ Observed heterozygosity

4 Expected heterozygosity

¢ Polymorphic information content

fWright’s fixation index, within population inbreeding estimate
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A study on the correction factors between temperature-humidity index and
body surface temperature for Hanwoo heifer (Bos taurus coreanae)

SeYoung Jang', Na-Yeon Kim', Sung-Jin Kim', Jung-Hwan Jeon®, Won-Mo Cho?,
Byeong-Tae Jeon', Sang-Ho Moon'

'Division of Food Bio Science, Konkuk University,
*Nation Institute of Animal Science, ADA, Korea

Objective

Body temperature is one of the most common indicators used for the diagnosis of illness and has been used in
the measurement of the physiological status of animals. Infrared thermography (IRT) is a simple, rapid and non-
invasive method of measuring the body surface temperature (BST) of animals (Colak et al, 2008). The present
study aims to make correction factors for a correlation analysis between body surface temperature (BST) of
Hanwoo heifer and temperature-humidity index with seasonal environmental factors.

Methology

The experiment was performed at a beef cattle farm in Gyeonggi-do, South Korea, for 1 year. 8 Hanwoo heifers
were used in this exprements. Each heifers were housed in a pen during all times, with a space allowance of 10m®
per head. The heifer house was covered with a 4.5m roof that induced ventilation and included a winch curtain,
which prevented the entry of cold wind in the winter. The curtain was mostly open, except when there was strong
cold wind in winter. Feed was mixed in the form of total mixed ration (TMR) which was based on the feeding
standard of Hanwoo. The chemical compositions of experimental diets are presented in Table 1. The animals
were allowed free access to feed and water. Sawdust was spread on the floor to a thickness of 15c¢m, and a dry
condition was maintained by regular sawdust replacement.

An infrared thermal imaging camera CX-320U (COX, Taejeon, Korea) was used to measure BST. Infrared
thermography was collected seven times a day at 07, 09, 11, 13, 15, 17, 19 hours, with three replications per
animal each season. Samples of BST collected from a distance greater than 3 m from the camera were excluded
due to the sensitivity of the camera. BST of animals exposed to direct sunlight may cause very inaccurate results
and, therefore, IRTs were collected out of direct sunlight.

Ambient temperature (AT) and relative humidity (RH) were recorded seven times a day, according to the infrared
thermal imaging sampling time. The temperature-humidity index (THI) was calculated using the formula of
Ravagnolo et al. (2000).

Five distinct areas were measured to evaluate BST, the eyes, nose, horns, ears and rear. The eyes region includes
conjunctiva and the skin that surrounds the conjunctiva; nose pertains to the nasal cavity; horns pertain to the
stratum comeum (epikaras) of both horns; ears include all of the external ear that is exposed to the outside and
is visible; and rear area refers to the vicinity of the anus that was hidden by the tail. The average and maximum
surface temperature of each area measured was determined using Thermal Imaging Analyzer software (ver. A.8,
COX, Taejeon, Korea).

Statistical analysis was conducted using ANOVA of the general linear modelling procedure of the SAS Program
(ver. 9.1, SAS Institute, Cary, NC, USA). Comparison among averages of the treatment groups was conducted using
Duncan’s test at a significance level of 5%.

Result

The changes in BST of the five regions according to season and time are presented in Table 2. A wide range of
BST was observed throughout the experimental period, which suggests that BST is directly affected by ambient
temperature. Core temperature maintain about 37~38°C for seasonal changes. The THI was calculated using
the formula of Ravagnolo et al (2000). THI were 34.0~56.9 in spring (AT: -1.0~13.4°C), 75.1~84.7 in summer
(AT: 24.9~33.6°C), 55.8~70.9 in autumn(AT: 13.0~26.0°C) and 17.5~39.2 in winter (AT: -10.4~1.0°C) (Table
2). The BST of cattle showed a varied result according to each body region. The BSTs of nose, horns and ears
were significantly (P<0.05) lower than those of the eyes and rear area. ANOVA using the general linear models
procedure and a regression analysis was performed using SPSS 23 software (ver, 2013). In the regression analysis,
a coefficient of determination were between THI and BST [eyes (R*=0.88), rear (R°=0.72), nose (R°=0.83), horns
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(R?=0.86) and ears (R*=0.85)].

Conclusion

These basically means that body surface temperature have a strong correlation with environmental factors.

However, nose, horns and ears has a wide gap for BST each measuring times. It is indicated that eye and rear are
taken as significant factors.

KEYWORD : body surfact temperature, temperature-humidity index, Hanwoo heifer, seasonal variation

42 -

y=10.1085x +31.533
o] R2=10.8848

..
et N
-

20

Eyes body surface temperature (EBST, °C)

16 lIE 3 ‘E 4‘6 5‘5 SIE 7‘5 BIS
Temperature-humidity index (THI)

43

y =0.1147x +30.476 .
N R?=0.7175 ]

Rear body surface temperature (RBST, °C)

16 26 36 46 56 66 76 86

Temperature-humidity index (THI)

21



Animal
Science
Congress

22

The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

Table 1. The chemical compositions of experimental diet

[ )

Item TMR"

Drv matte

CF? 14.52
NDF? 37.60

ADF¥Y 19.61
EE” 4.97
Ash 6.85

Ca 0.58
p 0.56

TDN™ 74.26

D Crude protein. » Crude fiber. ¥ Neutral detergent fiber. ¥ Acid

- Extract

detergent fiber. » Ethe

* Total mixed ration = Total digestible nutrition.

Table 2. Seasonal changes in body surface temperature in different body regions of the Hanwoo heifer (n=8)

Collection Body Spring Summer Autumn Winter
time region Mean sd. AT, Mean sd AT, Mean sd AT, Mean sd AT,
H (THI) RH (THI) RH (THI) H (THI)

0700 hours Eyes 3507 1.02 -1°C 3772 018 24.9°C 3557 064 13.0°C 3365 111 -10.4°C
Nose 2903 1.42 75% (34.0) 36.09 067 84% (75.1) 2857 203 73% (55.8) 2288 210 83% (17.5)
Horns 2303 213 35.06 067 29.46 249 1032 156
Ears 2110 252 3543 103 2726 1.81 1068 291
Rear 3566 070 3768 025 3683 062 3154 262

0900 hours Eyes 3547 055 2°C 4040 071 27.9°C 3712 1.03 16.0°C 3431 051 -8.0°C
Nose 2761 171 55% (41.1) 3862 141 75% (78.9) 3277 114 72% (60.4) 2402 213 82% (21.6)
Horns 2725 175 3839 061 3347 1.19 1937 215
Ears 2227 1.66 3860 119 3183 1.19 1431 296
Rear 3615 094 3948 056 3650 1.1 3126 175

1100 hours Eyes 3515 053 88°C 3967 154 312°C 3791 1.06 240°C 3409 057 -35°C
Nose 2852 146 36% (51.4) 39.05 118 66% (82.6) 3595 1.28 41% (69.6) 2233 265 67% (31.6)
Horns 2763 071 3958 1.02 3539 045 24561 171
Ears 2232 116 38.87 119 3452 074 1880 375
Rear 3773 070 3928 030 3681 047 3326 1.89

1300 hours Eyes 3798 062 12.7°C 4173 038 315°C 3851 072 26.0°C 3573 1.06 -20°C
Nose 3325 1.45 27% (56.1) 4052 067 67% (83.1) 3626 1.35 31% (709) 2653 262 41% (38.0)
Horns 3249 074 4068 055 3611 118 2614 1.86
Ears 3281 257 4027 081 3553 067 2047 499
Rear 3813 071 4115 054 3712 056 3389 1.60

1500 hours Eyes 3784 047 13.4°C 4157 099 326°C 38564 095 25.0°C 35.06 1.04 -1.0°C
Nose 3415 1.60 25% (56.9) 41.10 071 59% (84.7) 3674 121 34% (70.1) 27.70 228 1% (38.0)
Horns 3275 093 4145 082 3656 051 2595 1.47
Ears 3281 222 2041 075 3597 1.27 2376 320
Rear 3781 059 3991 038 3758 1.00 3458 112

1700 hours Eyes 3782 052 11.3°C 4145 058 318°C 3895 055 220°C 3547 1.40 -14°C
Nose 3331 1.90 24% (54.7) 4007 056 64% (83.0) 3678 1.08 35% (66.7) 27.44 311 39% (39.0)
Horns 3244 1.23 39.93 069 36.18 1.36 2835 131
Ears 3327 169 39.90 059 3557 1.69 22585 556
Rear 3732 077 4046 038 3791 057 3462 1.22

1900 hours Eyes 3691 077 77°C 3991 029 304°C 3884 079 200°C 3628 131 -20°C
Nose 3224 248 23% (51.0) 3878 039 80% (83.5) 3701 098 52% (65.4) 2748 27 47% (37.0)
Horns 3008 144 38.40 026 3662 1.86 3002 284
Ears 3219 283 39.06 067 3628 1.53 2356 206
Rear 37.60 062 40.38 0.30 38.60 030 3574 1.02

AT, ambient temperature (°C); RH, relative humidity (%); THI, temperature-humidity index (Ravagnolo et al. 2000)

Mean followed by the same letter are not significantly different (P=0.05) among the five regions of the body (columns)
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THE CHARACTERIZATION OF ADIPOSE TISSUE VIA A METABOLIC SYNDROME
MINIPIG MODEL

Chia-Yu Wang, Twin-Way Wu, Jyun-Wei Chen, Sin-Jin Li, Ching-Yi Chen

National Taiwan University

Introduction

The observed increase in the incidence of metabolic syndrome (MetS) is a worldwide phenomenon (Aguilar-Salinas
et al,, 2003). This syndrome is a major risk factor for developing type 2 diabetes mellitus (T2D) and cardiovascular
disease (CVD), which are the main causes of death in the world (Aguilar-Salinas et al., 2004). Diagnosis of MetS
requires three of the following five criteria being satisfied: central obesity, dyslipidemia, high cholesterol, low
concentration of high density cholesterol (HDL), and hyperglycemia (Grundy, 2005). MetS represents a cluster of
cardiovascular risk factors, including insulin resistance, lipid abnormalities, and obesity that are associated with
increased risk of CVD (Wang et al., 2010). In addition, MetS is a growing public health issue that is becoming
hyper-endemic around the world, with related increases in health care use and cost (Boudreau et al., 2009).

The main storage compartment for lipid in the human is adipose tissue (Trayhurn and Beattie, 2001). It appears
that in addition to fat amount, the fat composition of adipose tissue modulates several metabolic processes that
take place in adipocytes (Westcott et al., 2005). Moreover, metabolic activity, such as releasing inflammatory
factors of subcutaneous, visceral, and pericardial adipose tissue seem relative to metabolic diseases. Inflammation
receives increased attention for its potential role in the pathogenesis of disorders ranging from insulin resistance
and type 2 diabetes to fatty liver and CVD (Badimon et al., 2011).

Mice, rats, and swine are known to recapitulate MetS; however, none of these models fully reproduce the
combined symptoms of MetS (Neeb et al., 2010). Ossabaw, Yucatan and domestic swine are commonly used large
animal models for studying MetS (Touchard and Schwartz, 2006). Although these porcine models are already
used, they still have some shortcomings.

Objective
The aim of this study is to setup a metabolic syndrome mininpig model, and the characteristics of adipose
tissues (subcutaneous, visceral, and pericardial adipose tissue) were analyzed to elucidate their role in metabolic
regulation.

Methodology

Animals and experimental diets

All animal care procedures used in this study were approved by the Institutional Animal Care and Use Committee
of the National Taiwan University. Four-month-old Lee-Sung minipigs which was from National Taiwan University
were used in this study ( initial weight 24.91 £ 1.73 kg ). They were randomly assigned to two groups: control
diet (C) and Western diet (W), for a 5-month experimental period. Feed composition, intake and feed method were
designed according to the previous study (Li et al.,, 2015).

Blood parameters

Commercial kits (Fortress Diagnostics, Northern Ireland, UK) was used to measure plasma glucose, triglyceride,
total cholesterol and high density lipoproteins (HDL). The values of low density lipoproteins (LDL) were calculated
by total cholesterol minus HDL according to the manufacturer’s instruction.

Cytokines detections

The concentration of each cytokine (TNF- « , IL-6 ) in plasma and adipose tissue was quantified by commercial
ELISA kit (R & D, USA) following the instructions which provide by manufacturer. Absorbance was measured at
450 nm and the amounts of cytokines were linearized by plotting the log of the O.D. and the best fit line can be
determining by regression analysis.

HE staining

The adipose tissues (1 cm?) were harvested after pigs were sacrificed. Samples were fixed in 10% neutral formalin
solution for a week, embedded in paraffin and sectioned at 5 mm. The sections were stained with hematoxylin and
eosin.
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Measurements of oxidative stress

Thiobarbituric acid reactive substances (TBARS), a method for screening and monitoring lipid peroxidation, was
applied to evaluate the oxidative stress. Adipose tissue was homogenized with TBARS assay kit (Cayman Chemical
Company, Ann Arbor, MI, USA). The malondialdehyde (MDA) adduct was measured colorimetrically at 530-540
nm (Nabeshima et al., 2013). Results are expressed as nM MDA/mg tissue.

Determination of fatty acid composition

To determine the fatty acid composition, lipids were extracted from the subcutaneous, visceral, and pericardial fat.
The extracts were suspended in 200 ml of hexane for gas chromatography analysis on a capillary column ( HP-
88 60 m X 0.25 mm X 0.20 mm, Agilent J&W, USA ). The gas chromatograph was an Agilent 7890 series GC
equipped with a flame ionization detector (FID/EPC G3440A ) and an autoinjector module. The oven temperature
was start at 125°C , then was increased at 8°C per min to 145°C and held at 145°C for 26 min, then was increased
by 2°C per min to 220°C and held at 220°C for 1 min. Components were identified by comparison of the retention
time with those of authentic standards ( Supelco 37 Comp. Fame Mix™, Supelco Inc. Belletonte PA ) (Hsu et al,
2014).

Statistics

Data were performed as mean =+ standard error (SE). The results were analyzed by one-way ANOVA followed by
Student's t-test.

Results

Comparing with C group, W pigs had significantly higher body weight from the third month to the end of
experimental period (Figure 1a). In W pigs, the body weight is also significantly heavier than C pigs in the end of
experiment (Figure 1b). The body composition showed that the fat ratio is significantly higher in W pigs (Figure
1c). Besides, W pigs exhibited more back fat (Figure 1d). W pigs had higher plasma levels of glucose, triglycerides
and total cholesterol (Figure le). In addition, glucose intolerance was also observed in W pigs (Figure 1f).
Comparing with C group, greater blood concentration of TNF- a was observed (Figure 1g). The results of blood
parameters in the W pigs indicate that the metabolic syndrome was induced in W pigs successfully.

The HE stain showed that W pigs had bigger lipid droplets in the visceral fat and pericardial fat than C pigs did
(Figure 2a-d). Comparing with C group, W pigs exhibited more TBARS in pericardial and visceral fat (Figure
3). Moreover, more TBARS were observed in pericardial fat than in visceral fat of W pigs. In W pigs, greater
expression (MRNA and protein) of TNF- o and IL-6 were observed in pericardial fat than in visceral fat (Figure 4
a-d). These results indicated that western diet induced more inflammation and oxidative stress in the pericardial
fat.

The fatty acid composition was measured by gas chromatography. In subcutaneous fat (Table 1), W pigs
had higher percentage of C17:1 and, C20:3n6, and lower percentage of C10:0 and C20:0. W pigs had higher
percentage of C17:1 and C20:3n6 in visceral fat. On the contrary, the percentage of C10:0, C20:0, C16:1, C18:2n6,
and C18:3n6 was higher in C pigs. In pericardial fat, W pigs had higher percentage of C11:0, C17:1, C20:1n9,
C20:3n6 and lower C20:0, C18:2n6. Western diet did not change the fatty acid composition in the subcutaneous
fat. In visceral and pericardial fat, western diet did not change the content of saturated fatty acids; however, it
increased more monounsaturated fatty acids and decreased polyunsaturated fatty acids, suggesting a potential
role of unsaturated fatty acids in the link with metabolic-related diseases.

Discussion

The current study setup a MetS minipigs with server pericardial adipose tissue. The characteristics of pericardial
fat were identified as well.

Ossabaw swine have great elevations in four metabolic features of MetS (Neeb et al., 2010). In fact, some literature
thought that the Ossabaw pig is perhaps the best MetS model because of its "thrifty genotype" (Trask et al., 1989).
Similar with Ossabaw pig, Lee-Sung minipigs fed with western diet were obese, hyperglycemia, dyslipidemia, and
glucose intolerance. However, this Lee-Sung minipig model had some advantages than Ossabaw pig model. There
are 2% cholesterol needed in the western diet for Ossabaw pigs, while no cholesterol supplement in the diet for
Lee-Sung pigs. To induce the MetS, a period of 8-10 months are needed for Ossabaw pig (Pedersen et al., 2013),
but only 6 months are needed for Lee-Sung minipigs.

Recently, some research find that pericardial fat is associated with the prevalence of CVD and myocardial
infarction (Mahabadi et al., 2009). As a result, to establish animals model which have pericardial fat become
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important. Unfortunately, there are no commercial animal model for PF study. In this study, PF is observed in

western diet induced Lee-Sung mini pigs, suggesting Lee-Sung minipigs as an appropriate experiment platform for
further PF investigation.

Conclusion

In summary, the Lee-Sung minipigs were observed metabolic syndrome which induced by western diet. Pericardial
fat expressed more reactive oxygen species and inflammatory cytokines. The role of adipose tissue distribution in
metabolic regulation could provide more information to characterize the differences among three adipose tissues.

KEYWORD : adipose tissue, Lee-Sung minipig, metabolic syndrome, inflammation, fatty acid profiles
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Figure 1 (a) Body weight increase after 6 months; (b) final body weight; (c) fat
percentage; (d) backfat thickness; (e) blood parameters; (f) intravenous glucose
tolerance test, IVGTT; (g) blood TNF-a concentration. n=4. All results are
expressed as mean + SEM. *p < 0.05 vs. control group.
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Figure 2 HE staining of visceral adipose tissues: (a) control and (b) western group;
pericardial adipose tissue: (c) control and (d) western group. Bar scale: 50 pm.
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Figure 3 Oxidative stress of visceral fat and pericardial fat. n=4. All results are
expressed as mean + SEM. *p < (.05 vs. visceral fat.
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pericardial fat in western pigs. n=4. All results are expressed as mean + SEM.
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Table 1 The composition of subcutaneous fat, visceral fat and pericardial fat. All results

are expressed as mean + SEM. *p < (.05 vs. control group.

Subcutaneous fat

Area percent fatty acid content (%)

Control Western
Cl16:0 229+0.8 24.0+2.1
C18:0 10.2+£1.0 12.6 £2.1
C18:1n9¢ 452+3.2 40.9+4.9
C18:2n6¢ 18.6+1.3 15.0+£0.5
SFA 36.0+ 1.7 38.8+4.2
MUFA 489+29 442 +48
PUFA 15.1+£4.5 17.0 £ 0.6
no6 13.8£4.7 15.7+£0.5

. Area percent fatty acid content (%)
Visceral fat (VF)

Control Western
Cl16:0 259+0.6 227+14
C18:0 16.9+£0.7 15.8+1.2
C18:1n9¢ 32.7+1.1 422+29
C18:2n6¢ 16.9+£0.8 12.6 £ 0.4*
SFA 45.7+0.3 404 +2.7
MUFA 342+1.1 444+29
PUFA 20.1+£1.0 15.2 £0.6*
n6 179+ 0.9 13.7 £0.6*

S Area percent fatty acid content (%)
Pericardial fat (PF)

Control Western
Cl16:0 25713 241+1.2
C18:0 14.1+£23 16.0£0.8
Cl18:1n9¢ 36.2+1.9 384+2.5
C18:2n6¢ 204+1.2 14.3 + 1.0*
SFA 38.6+3.1 42.1+£2.2
MUFA 38.9+2.0 43.4+24
PUFA 225+1.2 16.7 £1.2%*
n6 21.6 + 1.1 153+ 1.1*%
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Is eleutherine (Eleutherine americana) potential as feed additive for poultry?
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Introduction

Feed additive in livestock production system is subjected to improve intake, liveweight gain, feed efficiency and
health status. Feed additive includes antibiotics, flavour, ionophore and growth hormone. The use of antibiotics
and growth hormone synthetics produce negative effect on animal and environment by enhancing microbiota
resistance in the digestive tract (Windisch et al, 2008). Furthermore, some antibiotics have serious undesirable
side effect which limit their application. Therefore, there is serious need to develop new antibacterial agents that
are very effective with minimal undesirable side effects. Plants are representation of potential source for feed
additive such as antibiotics.

Eleutherine has long been recognized as spicy food and herbal medicine (Ifesan et al., 2010). Bulbs of eleutherine
have been reported to have antibacterial activity on gram-positive and gram-negative bacteria (Ifesan et al, 2009;
2010), as well as fungi (Ifesan et al., 2010). Recently, Phoem and Voravuthikunchai (2013) proposed that bulbs
of eleutherine extracts could be used as growth media for nonpathogen bacteria. These indicated that the bulbs
extract could be used as phytobiotics and prebiotics sources. Therefore, the objectives of present preliminary
research are to explore the potential of bulbs extract to be used as phytobiotic and/or prebiotic in poultry through
in vitro evaluation.

Material and Methods

Research materials: The bulbs of eleutherine were washed and cleaned with tap water and then chopped. Chopped
bulbs were dried to about 10% of water content and then ground to powder. The powders were individually
extracted using methanol, ethylacetate, diethylether and hexane, respectively. Extraction process was done for 7
days. Crude extracts were rotary evaporated until the extract became completely dry as pellet. The pellet was then
subjected to the chemical analysis for its bioactive compunds. The pellet were also individually disolved in distilled
water for further analysis and evaluation.

Antioxidant evaluation: Antioxidant activity was conducted using DPPH (diphenylpicrylhydrazyl) method and the
concentration of tested extract was 0.25, 0.50, 0.75 and 1 mg pellet in the solution. Krings and Berger (2001)
suggested that scavenge of free radical is assessed on the absorbance at the wave length of 517 nm and the unit
is expressed as ppm of AEAC (ascorbic acid equivalent antioxidant capacity).

Antibacterial evaluation: Agar diffusion based on Ayad et al. (2000) was applied to evaluate antibacterial activity
of the bulbs extract. Suspension of the tested bacteria (Escherichia coli and Staphylococcus aureus) were prepared
to contain approximately 10°cfu/mL and the disc containing solid agar were innoculted by spreading up 1 ose
of bacteria suspension. A 100 pL of crude extract from individual solvent which was preparing at the level of 0,
0.25, 0.50, 0.75 and 1mg extract/mL were placed in the hole (4 mm depth and 8mm diameter). Inhibition zone
diameter was measured four times after allowing 24 h at 37°C in the incubation equipment. A control positive was
synthetic antibiotic of tetracycline

Growth promoting assay: Four types of eleutherine extract and two controls were subjected to the growth-
promoting assay based on Phoem and Voravuthikunchai (2013), and tested bacteria was Lactobacillus acidophilus.
Bacteria growth was assessed using turbidimeter (NTU; nephelometric turbidity unit). Test tubes were containing
9 ml of liquid growth media and 1 mL of extracts (1 mg/mL) and sterile distilled water, respectively and positive
control was 10 mL of growth media. The test tubes were anaerobically incubated for 2, 6, 10, 14, 20, 24, 48 and
72 hour.

Experimental design and statistical analysis: Experiment was designed as Block Design, in which blocks were types
of solvent and four level of pellet conectration in the solution as treatments within 3 or 4 replicates. Treatment
levels were 0.25, 0.5, 0.75 and 1 mg. Parameters were antioxidant activity, antibacterial activity and growth of
bacteria. Data were analyzed using analysis variance and least significant different (LSD) for comparison means
analysis (Steel and Torrie, 1990).
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Results and Discussion

Bioactive compounds:

The bulbs of eleutherine have been extracted using four different solvents: methanol, ethylacetate, diethylether
and hexane. Extracted materials produce bioactive compounds as shown in Table 1. The absence of bioactive
compounds in the extract is likely related to the lack of sensivity of equipment and method used, and also low
concentration of extract in the solution. Bioactive compounds could therefore be detected when concentration of
the eleutherine extract is elevated in the solution. Nonetheless, all extracts have tannin compounds.

Table 1. Bioactive composition of 1 mg pellet/ml solution

Solvents Fenol Flavonoid Tannin
(mg/kg) (%) (%)
Methanol nd 1.29 0.09
Ethylacetate nd 63.48 0.20
Diethylether nd nd 0.10
Hexane nd nd 0.04

nd=not detected

Antioxidant activity

Mean values of antioxidant activity of extract are presented in Table 2. All extracts produced antioxidant activity
and tended to be different within types of organic solvent, in which methanol produced the highest value of
antioxidant activity. This study revealed that antioxidant activity is elevated as concentration of extracts increased
in the solution. This pattern agrees with the results of Rusdi et al. (2009 and 2014). Natural antioxidant has been
reported improving nutrients digestibility, feed efficiency, egg production and egg quality (Radwan et al., 2008).
Furthermore, inclusion of natural antioxidant during laying period significantly reduced melonaldehyde-egg
yolk and had postive effect on oxidation stability of egg-shell and improved fertility as well as egg hatchability.
Meanwhile, Abd El-Hakim et al. (2009) reported that antioxidant generated from plant materials significantly
improved a daily liveweight gain of broiler for the first 3-week old.

Table 2. Antioxidant activity of exctracted eleutherine from different solvents at level of
0.25, 0.50, 0.75 and 1 mg of pellet in the solution (n=3)

ppm of AEAC SEM
Solvents 0.25 0.50 0.75 1.0
Methanol 18.57° 25.03° 35.98° 55.36¢ 421
Ethylacetate 4.79° 13.67° 24.85° 38.16° 3.80
Diethylether 612.08 13.43° 14.71°¢ 20.33¢ 0.95
Hexane 0" 0" 0" 7.92° 1.07

SEM, standard error of the mean. Means in the same row with different superscript differ
significantly (P<0.01)

Antibacterial activity

Antibacterial activity result is summarized in Table 3. The activity was firstly recorded when exctract is 0.5 mg in
the solution and it increases as concentration increases. Similar pattern has been reported by Akiyama et al. (2001);
Pereira et al. (2007); Sakunpak dan Panichayupakaranant (2012). They found antibacterial activity on polyphenol
compounds. Previous studies reported that polyphenol, phenol, flavonoid and essential oil generated from plants
reduce the growth of pathogen bacteria of E. coli, S.aureus, L. monocutogenes and Salmonella spp (Friedman et
al, 2004; Oussalah et al., 2006). The presence of antibacterial activity in both gram positive and gram negative
bacteria in the current study proved that these extracts could be categorized as a broad spectrum antibiotic to
replace synthetic antibiotics.
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Table 3. Bacteria growth inhibition of extracted eleutheurine from different solvents on
Escherichia coli and Staphylococcus aureus at the level of 0.25, 0.50, 0.75 and 1 mg of
pellet in the solution (n=4)

Inbitition (mm)

Solvent Escherichia coli Staphylococcus aureus

025 050 075 100 SEM 025 050 075 1.00 SEM
Methanol nd  3.00° 7.50° 13.25° 130 nd 4.00° 7.25° 10.25° 0.99
Ethylacetate nd  3.00° 7.75° 825 0.89 nd 7.25* 8.75° 10.00° 1.01
Diethyether —nd  3.75° 6.00° 850° 082 nd 4.75* 6.00° 10.75° 1.01
Hexane nd 425 575° 7.75° 075 nd  5.50° 850° 9.25° 0.95
Tetracycline 26.00 25.50

nd = not detected. SEM, standard error of the mean. Means in the same row within
bacteria with different superscript differ significantly (P<0.01)

Bioactive compounds in the particular media generally produce antioxidant and antibacterial activity on bacteria,
fungi and even more it may reduce the growth of mosquito’s larvae (Ferreira et al., 2008). The rate of 0.5
mg in the present study is not high enough to produce an antibacterial activity on all type of extracts. This is
supported by the results of Banso and Adeyemo (2007). They found that inhibition growth is achieved when
tannin concentration in the media is 4.0 to 5.5 mg/mL. Furthermore, Sakunpak and Panichayupakaranant (2012)
reported the value of concentration of 10 mg/mL in the media to produce antibacterial activity.

Table 4. The growth of bacteria Lactobacillus acidophilus (NTU) on media added with 1
mg of bulbs extract from methanol, ethylacetate, diethylether and hexane

Incubation time (h)

Solvent 2 6 10 14 20 24 48 72

Methanol 0 218" 3.62° 474 9.10°® 1225 39.63* 77.43%
Ethylacetate 0 244° 268  359% 854 11.87° 76.53° 94.35°
Diethyether 0 3.07  6.92* 809 957"  11.84° 60.20* 97.45°
Hexane 0 2.18° 242°  350°  9.42*  11.83* 26.25° 81.55°
Control (+) 0 2.19°  322° 575 8.14°  966° 12.15%  58.65°
Control (-) 0 119 1.63¢ 1665 242 263 338 3260

SEM 0.13 0.23 0.31 0.34 0.53 10.96 2.32
SEM, standard error of the mean. Means in the same colon with different superscript
differ significantly (P<0.01)

Table 4. The growth of bacteria Lactobacillus acidophilus (NTU) on media added with 1 mg of bulbs extract from
methanol, ethylacetate, diethylether and hexane

Solvent

Incubation time (h)
2

6

10

14

20

24

48

72
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Methanol
0

2.18"
3.62"
4.74°
9.10"
12.25°
39.63*
77.43
Ethylacetate
0

2.44°
2.68°
3.59¢
8.54"
11.87°
76.53"
94.35"
Diethyether
0

3.07°
6.92°
8.09°
9.57°
11.84°
60.20™
97.45°
Hexane
0

2.18"
2.42°
3.50¢
9.42°
11.83"
26.25“
81.55°
Control (+)
0

2.19°
3.22°
5.75
8.14°
9.66"
12.15¢
58.65°
Control (-
0

1.19°
1.63¢
1.66°
2.42¢
2.63°
3.38¢
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32.60°

SEM

0.13

0.23

0.31

0.34

0.53

10.96

2.32

SEM, standard error of the mean. Means in the same colon with different superscript differ significantly (P<0.01)

Bacterial growth

Current study clearly revealed the ability of eleutherine extract to stimulate the growth of Lactobacillus
acidophilus bacteria (see Table 4 and Figure 1). Type of organic solvents produced different growth pattern of
bacteria, in which methanol solvent, in general, tended to performing better growth than the other solvents.
The growth was linearly improved as incubation time increased. This trend agrees with the previous studies of
Maligan et al. (2006) and Usmiati et al. (2011). Moreover, Maligan et al. (2006) reported alogaritmics phase
growth was achieved in 35 h incubation time and continuously increased until 70 h incubation time. In addition,
Lactobacillus bacteria was growing and improving within 21 days on yoghurt milk (Usmiati et al, 2011). Present
study indicated that the growth rate of bacteria with eleutherine extract was significantly higher than those
without eleutherine extract (P<0.01).

Bacterial lactate acid producer of Lactobacillus and Bifidobacterium have been reported to have benefit effect on
the health (Bernet et al., 1993), and other effects are following: nutrition, physiology and antibacterial (Naidu and
Clemens, 2000). In fact that all non digested carbohydrate that categorized as prebiotics may stimulate the growth
of those bacteria and therefore enhance animal productivity. For example, isomalto-oligosakarida (IMOS), trans-
galakto-oligosakarida (TGOS), mannan-oligosakarida (MOS) and pectin- oligosakarida are categorized as prebiotics.
These prebiotics produce different mechanisms in stimulating the growth improvement of livestocks and IMOS
was selectively fermented Bifidobacteria and Lactobacilli but not for Salmonella or E.coli (Chung and Day, 2004).
The manno-oligosaccharida enhanced the population of Lactobacilli in the ileum (Yang et al., 2008). Moreover, the
growth improvement of livestocks is ralated to the improvement of energy used (Yang et al., 2008).

The current in vitro result agrees with the results of Gibson et al. (2004) stating that the non digested
carbohydrate of eleutherine has positive effects on the particular non pathogenic bacteria in the colon and
improved health status. Similarly, Phoem and Voravuthikunchai (2013) reported that eleutherine could be used
as prebiotics to stimulate the growth of non pathogenic bacteria through enhancement of short-chain acids
production. Furthermore, oligosaccharides extract from eleutherine elevated the growth of Bifidobacteria from
9.63 to 12.8 log cfu/ml and 5.80 to 8.85 log cfu/ml for mix- and pure culture media respectively. Therefore, they
concluded that extracted materials from eleutherine could be used as a functional food for human.

Conclusion

Extracted materials from the bulbs of eleutherine consisted of bioactive compounds and produced antioxidant and
antibacterial activity. The extracts also have ability to enhance the growth of bacteria Lactobacillus acidophilus.
Therefore, it could be concluded that extracted materials from eleutherine bulbs are potentially to be used as feed
additive “phytobiotics and prebiotics.

KEYWORD : Eleutherine, Extract, Bioactive, Phytobiotics, Prebiotics
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Figure 1.The growth curve of Lactobacillus on media with additional with 1mg of bulbs
extracted from methanol, ethylacetate, diethylether and hexane
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ABSTRACT

The research was aimed to evaluate the utilization of bread waste (BrW) as corn substitution on feed to the live
performance of hybird duck in term of feed intake, body weight gain, feed conversion ratio, and income over feed
cost (IOFC). One hundred of straight run (unsexed) of 14 days old used as research material, reared on similar
feeding management since day old duck. The Feed composted by yellow corn, rice brand, broiler concentrate (CP
34%), and bread waste. The feed treatments consisted were PO = feed without bread waste (control); P1 = feed in
with 10% corn substituted with BrW); P2 = feed in which 20% corn substituted with BrW; and P3 = feed in which
30% corn substituted with BrW, with 5 replications for each treatment. The variables measured were feed intake,
body weight gain, feed conversion, and value income over feed cost. Collected data were analyzed by Analysis of
Variance of the Completely Randomized Design (CRD) and for significant effect variable were analyzed by Duncan’s
Multiple Range Test (DMRT). The result showed that the used of BrW in the duck feed had highly significant effect
(P<0.01) on feed intake and income over feed cost, increase body weight gain, but no significant effect to feed
conversion (P>0.05). Based on the research result, it can be concluded that bread waste can be used up to 20% as
corn substitution.

KEYWORDS: Hybrid Duck, Bread Waste, Corn, Live Performance

Introduction

The meat duck farming was grown fast in the local area in East Java. Even though, the rearing cost of duck
higher than broiler chicken due to higher feed consumption and slower growth but the duck carcass have better
commercial price in local market. The farmer try to looking for the alternative feedstuff to minimize the feed cost.
One of the locally available sources was bread waste.

Bread waste is by product bread industry consisted rejected quality bread or unconsumed and expired bread.
The bread was made from 90%flour and other ingredient like egg, milk, and yeast containing f§ -carotene,
thiamin (vitamineB1), riboflavine (vitamine B2), niasin, Fe and Ca(Astawan,2007). Bread waste was potential
energy sources for animals contain gross energy 4217 kcal/kg or equivalent to metabolizable energy 2952
kcal/kg. The research result of Salamun (2009) showed that corn substitution by bread waste meal until 30%
did not significance effect to broiler performance, and increased the feed efficiency and income over feed and
chick cost. This present study was try to minimize feed cost by substitution of yellow corn as energy sources for
broiler hybrid duck, and evaluate the production performance, carcass characteristic and vital organ due to corn
substitution by bread waste meal.

Material and Method

The research and feed analysis was conducted in Research station of Sumber sekar and Feed and Nutrition
Laboratory, Faculty of Animal Husbandry, University of Brawijaya, Malang East Java, Indonesia.

Two hundred unsexed of 2 weeks old hybrid ducks (Peking x Khaki Campbell), with average body weight 346 =+
15.79 g/bird (CV 4.55%), reared for 5 weeks period.2) The duck plotted on 20 litter cages 150x100x75 cm size
for 10 birds each, completed with feeder and drinker. The bread waste was collected from local bakery industry in
Malang regency. The bread waste grounded in 1mm sieve size. The basal feed was formulated based on the duck
nutrients requirement (Table 1), and formulation of the treatment feed was found in Table 2.

Tablel. Nutrient content (% DM) of research feedstuff based on analysis and ME = 70% GE

Table2. Formulation and Nutrient content of Treatment Feed
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Method
The research method used was feed experimental on completely randomized design with 4 treatments and 5
replications, with 10 birds each. The basal feed consist of yellow corn, Consentrate CP 144, rice bran, and bread
waste meal (BWM). The feed amount given according to the duck requirement on different ages for 5 weeks, with
2 times daily feeding frequency(07:00 with 40% and 16:00 with 60% total) and water drinker was available ad
libitum. The feeding treatment of this research were:

P, = Basal feed (control)

P, = Basal feed with 20% corn Substitution by BWM

P, = Basal feed with 40% corn Substitution by BWM

P, = Basal feed with 60% corn Substitution by BWM

Variable measured were :
Feed consumption (g/bird/day) = feed allowed - feed waste Body weight gain (g/week) = BW present -BW last
week Feed Conversion = KonsumsiFeed consumption (g)

Body weight gain (g)
Carcass percentage = Carcass weight/ final body weight 5. IOFC = (Final BW x carcass price/kg) - ( X feed
consumption x feed cost/kg) % carcass proportion = weight carcass proportion / final body weight % vital organ =
organ weight/ final body weight

The collected data were tabulated using software Microsoft Excel, and analyzed by analysis of variance (ANOVA)
in completely randomized design, and followed by Duncan multiple range test (Steel dan Torrie, 1991).

Result and Discussion

The data result of the feeding treatment of corn substitution by bread waste meal (BWM) to the production
performance, carcass characteristic and % vital organ were presented on Table 3.

The feed consumption were highly significant effected (P< 0.01) by the treatment. The feed consumption tend to
decreased by increasing BWM utilization as corn substitution. The highest feed consumption was found at control
group and lowest at P3 (3342 vs3336 g/ bird).

This decreasing of feed consumption caused by high of lipid content of the bread waste. The bread waste consist
not only plain bread but most of them derived from tasted bread which containing margarine with high energy
content. The high energy concentration on the feed caused the bird decrease feed consumption.

The previous result reported by Wahju (2004) about biscuit waste as corn substitution showed the similar result,
due to the energy content of the biscuit higher than yellow corn (3370 vs 3038 Kcal/kg). The lipid content also
affected the feed consumption. The normal lipid content of the poultry feed about 3.5% (Widodo, 2006), but in
this treatment feed was more than 5%. The other problem of the high lipid content according to Perry et al. (2003)
was rancidity and low feed palatability that caused lowering energy availability and consumption.

Table3. The Effect of Corn substitution by BWM to production performance, and carcass of hybrid duck.

The other important factor affecting to the feed consumption was a feed density. The density of the treatment
feed bread waste was 687 g/l1. This value was lower compared to the corn density 719 g/1. The feed density have
positive correlation to the feed consumption. An increasing of feed density will be increase feed consumption, due
to crop will be full filled by smaller particle of the high density feedstuff, and the bird will get more nutrients from
similar amount of feed consumption.

The body weight gain, feed conversion and carcass percentage was not affected by the feed treatment. The highest
BW gain of the treatment feed similar to control group (935.3 vs931.2;928.1 and 923,4g/bird). The factors
affected BW gain were feed consumption and nutrient content of the feed. The increasing amount of bread waste
cause lower feed consumption and BW gain. The research ofSalamun (2009) used bread waste as corn substitute
until 30% feed level was not effected to broiler life performance.

The average feed conversion ratio (FCR) on Table 3 showed that the lowest FCR of duck treatment was on control
group followed by P2, P3 and P1 (3.57 vs 3.58;3.60; and 3.62).The difference carbohydrate content of the corn
(mostly consist of amylose) and bread waste (glucose, sucroseand fructose), then combination of both energy
source will be have better result. The corn substitution by bread waste until 40% feed level did not significant
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effect to FCR of broiler chicken (Salamun, 2009). The FCR value also affected by passage rate, feed form, feed
composition and nutrients balance (Anggorodi, 1985).

The Income over feed cost (IOFC)value of treatment feed (Tabel 3) showed a very significant increasing value
(P<0.01) with utilization of bread waste as corn substitution. The highest IOFC value derived from 60% corn
substitution and lowest on control(IDR 4706 vs 3410). The similar result also reported by Widjiastuti (2009)
which utilize bread waste until 30% on broiler feed. The feedstuffs prices used in this research was varied. The
corn price and CP 144 concentrate was IDR 4000 and 7800/kg, which more expensive compared to bread waste
and rice bran (both IDR 2500/kg). And, the selling price of duck carcass in the local market was IDR20.000/kg.
The variation of feed consumption and feed price among treatment caused the production cost also difference, but
the BW gain and final BW was almost similar. This condition produced the IOFC value tended to increased.

The percentage of carcass retail cut and internal organ of hybrid duck was not affected by the corn substitution
treatment. This result explained that there is no negative effect of the utilization of bread waste as corn
substitution to the carcass as well as to the internal organ weight.

CONCLUSION

The utilization of bread waste as corn substitution until 60% showed good result of live hybrid duck life
performance. There is no negative effect to the carcass and internal organ weight, but increased the IOFC value
return.

KEYWORD : Hybrid Duck, Bread waste, Corn, Live performances

Tablel. Nutrient content (% DM) of research feedstuff based on analysis and ME = 70% GE

Feedstuff EM (Kcal/g) CP Lipid Crude Fiber
Yellow corn 3370 8.6 3.9 2
Rice bran 2860 10.2 7 3
Consentrate 2600 37 3 5
Bread waste meal 3038? 13.37 11.02 0.48
Table2. Formulation and Nutrient content of Treatment Feed
Feedstuff Treatment Composition (%)
PO P1 P2 P3

Consentrate CP 144 25 25 25 25
Yellow corn 50 40 30 20
Rice bran 25 25 25 25
Bread waste meal 0 10 20 30

Total 100 100 100 100
Nutrient Content (based on calculation)
Metabolizable (Kcal/kg) 3050 3014 2979 2943
Crude Protein 16.1 16.59 17.08 17.57
Lipid 4.45 5.55 6.37 6.58
Crude fiber 3 2.84 2.69 2.54
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Table3. The Effect of Corn substitution by BWM to production performance, and carcass of
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hybrid duck.
Variables Treatment Sig.
PO P1 P2 P3
Feed Consumption,g/bird ~ 3342+1.55"  3340+1.73" 3337+1.21° 3336+2.30°  **
BWG, g/bird 935+15.25 928+15.70 931+14.21 923+30.83 NS
Feed Conversion 3.57+£0.06 3.60+0.06 3.58+0.05 3.62+0.12 NS
% Carcass 56.73+4.90 58.214+2.85 59.06+1.63 57.07£3.38 NS
IOFC (IDR/bird 3410+306" 3782+316™ 43574280  4707+619° ok
Carcass cutting (% BW)
- Wing 8.90+0.81 9.07£1.56 8.21+0.84 9.28+0.98 NS
- thigh 16.52+1.04 17.31+0.99 17.65+1.61 17.02+£1.02 NS
- Breast 11.62+2.20 11.37+1.44 13.76+1.66 10.94+1.81 NS
- Back 19.88+2.69 20.57+1.29 19.44+2.80 19.83+0.97 NS
Vital Organ (% BW)
- Heart 0.62+0.08 0.67+0.11 0.70+0.14 0.64+0.15 NS
- Liver 3.41+£0.20 3.53+0.38 3.39+0.22 3.25+0.18 NS
- gizzard 3.38+0.31 3.31+£0.63 3.43+0.52 3.45+0.57 NS

Note:Different superscript on same row means the very significant effect (P<0.01)
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Introduction

Poultry production use of probiotics, prebiotics and synbiotics that enrich certain bacterial population in the
digestive system are considered as alternatives to antibiotic growth promotants (Patterson and Burkholder,
2003). Probiotics are naturally occurring microorganism include bacteria, fungi or yeast. Addition of
probiotics to layer diets are claimed to improve performance and some egg quality traits (Li et al., 2006;
Ramasamy et al,, 2009; Mikulski et al., 2012; Mohammadian et al., 2013). On the other hand, probiotics
showed no significant effect on egg production (Mikulski et al., 2012; Zarei et al., 2011; Kalavathy et al., 2009;
Ramasamy et al., 2009). Prebiotics are non-digestible feed ingredients, have selective effects on the intestinal
microflora such as fructooligosaccharides and inulin, galactooligosaccharide, transgalactooligosaccharide and
mannanoligosaccharide. A positive effect of prebiotics on some eggshell quality in laying hens (Swiatkiewicz et al.,
2010; Amani et al., 2013). Synbiotic or symbiotic are combination of probiotics and prebiotics and in a form of
synergism (Collins and Gibson, 1999). This combination could improve the survival of probiotic organism, because
its specific substrate is available for fermentation. Synbiotics improved growth performance of broilers (Awad et
al., 2009; Abeer El-Shenway and Mosaad Soltan, 2015). In addition, Amani et al., 2013 and observed improvement
in egg production in laying hens. However, the results of Zarei et al., 2011 showed that inclusion of synbiotics had
no significant effect on egg production.

There are few studies reported in literature on the effects of multi-probiotic supplementation on the diets of
livestock and poultry (Mountzouris et al., 2007; Mountzouris et al., 2009; Wang et al., 2009) because of its
many diverse functions. A large number of experiments has been carried out in hens (Zarei et al., 2011; Mikulski
et al,, 2012; Amani et al,, 2013; Tang et al.,, 2015), but the literature for ducks is very limited (Li et al,, 2011).
The present study evaluated the effects of multi-bacterial species probiotic and synbiotic product may induce
considerable beneficial synergetic effects on performance and egg quality of Khaki Campbell ducks.

Materials and Methods

A total of ninety 25-wk-old Khaki Campbell ducks were randomly assigned to 3 treatments with 3 replicates
and 10 birds/cage in a completely randomized design. Hens were allotted to treatments so that the mean BW
for each treatment was similar. The birds were placed in 2 x 2.5 x 1 m in an open-housing and concrete slat
floor. The three diet treatments were the control (commercial feed with no supplement), diet supplemented with
multi-probiotic (Bactosac-P) at 1.0 kg/ton and diets supplemented with synbiotic (Synbac”) at 1.0 kg/ton diet. A
commercial probiotic used (Bactosac-P, KM.R. Biotech Co., LTD.) was a 7-bacteria species product that comprised
of 1 x 10" cfu/kg of Lactobacillus acidophilus, 1 x 10" Lactobacillus plantarum, 1 x 10'° Bacillus subtilis, 1
x 10" Bacillus licheniformis, 1 x 10'° Streptococcus faecium, 1 x 10° Pediococcus pentosaceus and 1 x 10°
Saccharomyces cerevisiae. A commercial synbiotic used (Synbac”, KM.R. Biotech Co., LTD.) was combination of
probiotic, 4-bacteria species product that comprised of 5 x 10° Bacillus subtilis, 5 x 10° Pediococcus acidilacticii,
5 x 10° Enterococcus faecium, and 1 x 10° Saccharomyces cerevisiae and prebiotic, xylo-oligosaccharide. Ducks
were allowed ad libitum access to feed and water throughout the 16-wk experimental period during which the
hens were 25 to 40 wk of age.

Data collection

Performance

Egg production, egg weight and survival rate were recorded daily during experiment (25-40 wk). Feed
consumption and feed conversion ratio (kg feed/kg egg) data were recorded every 28 days (period). Egg mass
were calculated from egg production and egg weight.

Egg quality
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At the end of every 28 day laying cycle for three consecutive days, internal and external egg qualities were
analyzed. The specific gravity of a whole egg was measured by Archimedes’s method with an instrument designed
by the measurement of the egg weight in air (IWa) and in water (Ww). The specific gravity was calculated by the
formula [Specific gravity = Wa/(Wa-Ww)] (Wells, 1968) at the same. Haugh unit was calculated with following
formula where the Ha is albumen height and Wk is egg weight (Haugh unit = 100log Ha + 7.57 - 1.7Ws**") (Card
and Nesheim, 1972). The shell thickness were measured from the three different parts of shell in each (equator,
top and truncated edge) egg using a micrometer and was averaged and recorded as shell thickness.

Statistical analysis
All data were statistically analyzed as a completely randomized design by analysis of variance (ANOVA) using the
SAS (2001) software. Duncan’s multiple range test was used to determine treatment differences.

Results and Discussion

Laying performance

Laying performance are summarized in Table 1. No mortalities were recorded over the total feeding period.
Patterson and Burkholder (2003) suggested that a daily intake of 108 to 109 microorganisms could exert
beneficial effects in animals. Supplementation of probiotics and synbiotic caused higher egg production, egg
weight and egg mass than control, but these differences were not significant statistically (P>0.05). Feed intake
was not affected by dietary treatments. Feed conversion ratio improved (P>0.05) by probiotics or synbiotic dietary
treatments. This result agreed with those reported by Mikulski et al. (2012), Zarei et al. (2011), Kalavathy et al.
(2009), Ramasamy et al. (2009), Chen and Chen, (2004) fed commercial multi train probiotic to layers and showed
no significant differences in egg production and egg weight compared to the control. Also, other reports disagreed
with the results of Li et al., (2011), who also indicated that egg production (P<0.05), egg weight and egg mass
were improved in Shaoxing duck fed probiotic-supplemented (Bacillus subtilis) diets. Moreover, Mikulski et al.
(2012), Abdelgader et al. (2013), Mohammadian et al. (2013) indicated that probiotics increased egg production,
egg weight and egg mass. The positive effects of Bacillus subtilis supplementation to laying ducks could be due to
decrease in the multiplication of harmful bacteria resulting from improvement in gut environment and enhanced
nutrient utilization (Miles, 1993). Bacillus subtilis may, also, enhance enzymatic activity in the digestive tract
resulting in improving nutrient utilization. The main source of inconsistencies may be the breed and age of layers,
microbial species, and supplemental dose (Mikulski et al., 2012). Adding synbiotic did not significantly affect egg
production which has been reported by Swiatkiewicz et al. (2010) and Amani et al. (2013). Synbiotic affects the
host by improving the survival and establishment of live microbial dietary supplements in the gastrointestinal
tract by selectively stimulating the growth by activating the metabolism of one or a limited number of health
promoting microorganisms and thus improving the host (Nekoubin and Sudagar, 2012). Moreover, synbiotic could
increase the digestibility and available of many nutrient elements such as, mineral elements and proteins.

Egg quality

The effects of dietary probiotics and synbiotic on egg quality are shown in Table 2. Dietary treatments did not
significantly affect shell weight and shell thickness. However, probiotics and synbiotic tended to increase shell
weight and shell thickness. During the third and fourth period of the experiment (33 to 36 and 37 to 40 wk),
probiotics and synbiotic had improved (P<0.05) egg specific gravity compared with control treatment. Haugh
unit was significantly (P<0.05) improved by both feed additives on the second (29 to 32 wk) and overall periods
(25 to 40 wk). The laying ducks fed probiotics containing diets produced the heaviest yolk weight (P<0.05) on
the third periods (33 to 36 wk). These same results were obtained by Amani et al. (2013) who reported that
supplementations with probiotics (Protexin® and Clostat”) and symbiotic (Diamond®) had no significant effects
on the Haugh units of eggs from 27 to 39 wk of age. Li et al. (2011), who also indicated that probiotic (Baci/lus
subtilis) inclusion did not influence significantly on the egg weight, shell thickness, horizontal-vertical, egg yolk
color and Haugh units (P>0.05). However, Abdelqader et al. (2013) found significant improvement in eggshell
thickness in hens fed Bacillus subtilis, inulin and their combination as a symbiotic. Although egg weight is a
relatively high heritability trait, the increased egg weight and eggshell thickness in our study were probably due to
the improved intestinal microbial balance, which may benefit the utilization of nutrients (Zhang and Kim, 2014).
The positive effect of the prebiotics on eggshell quality could be due to connected with the stimulation of mineral
availability. On the other hand, the mechanism of the positive effect of prebiotics on mineral utilization can be
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attributed to the high solubility of minerals because of the increased production of short-chain fatty acids (Scholz-
Ahrens et al., 2007)

Conclusion

The results of the present study demonstrated that probiotics and synbiotics show potential for improving egg
production, egg weight, egg mass, specific gravity, Haugh unit, yolk weight, and eggshell quality during the overall
period of laying ducks.
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Table 1. Effect of dietary treatments on performance of laying ducks.

Item Treatment SEM P-value
Control Probiotic Synbiotic
Egg production (%)
From 25-28 wk 88.93 96.79 92.14 4.898 0.555
From 29-32 wk 86.55 93.45 93.93 2.592 0.159
From 33-36 wk 82.03 87.38 89.05 3.106 0.318
From 37-40 wk 87.50 91.42 94.16 2.831 0.317
From 25-40 wk 86.25 92.26 92.32 2.616 0.248
Egg weight (g/duck/day)
From 25-28 wk 67.40 67.92 67.49 0.739 0.873
From 29-32 wk 69.77 70.14 70.79 0.807 0.679
From 33-36 wk 72.50 72.96 72.82 0.547 0.836
From 37-40 wk 73.96 74.28 73.44 0.793 0.763
From 25-40 wk 70.91 71.33 71.14 0.629 0.896
Egg mass (g/duck/day)
From 25-28 wk 59.97 65.74 62.17 3411 0.521
From 29-32 wk 60.35 65.57 66.47 1.768 0.099
From 33-36 wk 59.47 63.77 64.80 2.181 0.263
From 37-40 wk 64.65 67.92 69.15 1.865 0.286
From 25-40 wk 61.11 65.75 65.65 1.837 0.206
Feed intake (g/duck/day)
From 25-28 wk 158.89 158.03 158.94 0.975 0.771
From 29-32 wk 144.97 143.63 144.83 3.251 0.905
From 33-36 wk 147.32 146.72 147.03 1.252 0.944
From 37-40 wk 146.36 144.21 146.47 3.153 0.854
From 25-40 wk 149.38 148.15 148.15 0.997 0.639
Feed conversion ratio
From 25-28 wk 2.358 2.327 2.355 0.019 0.516
From 29-32 wk 2.079 2.048 2.046 0.056 0.900
From 33-36 wk 2.032 2.011 2.019 0.026 0.852
From 37-40 wk 1.980 1.941 1.994 0.053 0.769
From 25-40 wk 2.107 2.077 2.099 0.027 0.737
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Table 2. Effect of dietary treatments on egg quality parameters of laying ducks.

Item Treatment SEM P-value
Control Probiotic Synbiotic
Specific gravity
From 25-28 wk 1.113 1.132 1.134 0.009 0.985
From 29-32 wk 1.106 1.102 1.099 0.009 0.606
From 33-36 wk 1.118% 1.114% 1.112° 0.001 0.029
From 37-40 wk 1.117% 1.115% 1.112° 0.001 0.089
From 25-40 wk 1.122 1.116 1.115 <0.001 0.695
Haugh unit
From 25-28 wk 87.69 89.25 89.44 1.243 0.580
From 29-32 wk 84.54° 89.44% 89.84% 0.972 0.015
From 33-36 wk 88.07 88.99 88.34 0.712 0.664
From 37-40 wk 85.87 88.21 86.27 1.002 0.284
From 25-40 wk 86.54° 88.97% 88.47° 0.539 0.042
Yolk weight (g)
From 25-28 wk 22.22 21.85 21.11 0.395 0.209
From 29-32 wk 2291 23.04 23.26 0.306 0.736
From 33-36 wk 23.14¢ 24.44° 23.70° 0.154 0.003
From 37-40 wk 22.90 23.33 23.21 0.309 0.623
From 25-40 wk 22.79 23.16 22.82 0.104 0.080
Shell weight (g)
From 25-28 wk 9.20 9.37 9.74 0.258 0.384
From 29-32 wk 9.51 9.69 9.61 0.178 0.775
From 33-36 wk 9.33 9.66 10.11 0.231 0.132
From 37-40 wk 8.74 9.18 8.78 0.151 0.147
From 25-40 wk 9.19 9.48 9.56 0.111 0.127
Shell thickness (mm)
From 25-28 wk 0.411 0.427 0.429 0.005 0.099
From 29-32 wk 0.369 0.384 0.386 0.009 0.386
From 33-36 wk 0.339 0.325 0.339 0.006 0.022
From 37-40 wk 0.304 0.321 0.337 0.007 0.042
From 25-40 wk 0.348 0.364 0.372 0.004 0.014

¢ Means with different superscripts within the same row differ significantly (P<0.05).
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INTRODUCTION

Native chickens contribute a lot to household nutrition and income in rural areas of the tropics (Norris et al.
2007). But, improving nutrition for increasing egg and meat production in native chickens in Indonesia is critical.
It was hardier than imported breeds on free range when little or no food is supplied by the owner (Henuk and
Bailey, 2014).

Productivity of native chicken breeds may be doubled with improved diets and management conditions (Chowdhury
et al, 2006). But, the native chickens have not attained their full production potential due to exposure to risks that
influence against their survival and productivity under extensive management conditions. (Faruque et al, 2013).
Tomato pomace was a good source of protein, vitamins and minerals but may be limited in energy due to the
high non-starch polysaccharides content. The wet tomato pomace contains 33% seed, 27% skin and 40% pulp,
while the dried pomace contains 44% seed and 56% pulp plus skin (Sogi and Bawa, 1998). Dried tomato pomace
(DTP) contains 10% moisture, 20.77% crude protein, 1760 Kcal/kg ME, 39.8% crude fiber, 7.3% ether extract,
4.24% ash, 0.5% calcium and 0.45% phosphorus (Jafari et al.,, 2006). The limiting factors of DTP in poultry diets
are low energy and high fiber contents (Squires, et al., 1992). DTP contain remarkable amounts of « -tocopherol
(Bordowski and Geisman, 1980), lutein, f -carotene, and lycopene, which could contribute to a darker yolk color
that is desirable for the consumers (Mlodowski and Kuchta, 1998).

Habanabashaka et al. (2014) reported that up to 6% tomato waste meal can be added in laying hen diets without
any adverse effect on egg quality and compromising egg production rate. This inclusion level also showed to be
beneficial via enhancing yolk colour score and lycopene concentration and reducing egg yolk cholesterol content.
The degree of yolk color is an important criterion in table eggs for consumption as well as manufacturing of egg-
containing market food products (De-Groote, 1970). The color of egg yolks is produced by oxycarotenoids, as
xanthophylls pigments, derived from the feed ingredients (Zahroojian et al., 2011). Vasupen et al. (2013) reported
that feeding laying hens diets containing tomato pomace at inclusion 10% did not affect egg production, egg
weight, feed consumption and efficiency of the hens. There are limited studies on the effects of dried tomato meal
supplementation in birds, especially native chickens. It is therefore, the experiment was conducted to evaluate the
effect of dried tomato meal in diet on performance and egg quality of native chickens.

MATERIALS AND METHODS

One hundred of native chickens (36 weeks of age) were allocated into five experimental diets and each was
divided into four replications using a completely randomized design. Based diet was formulated to contain 53%
corn, 10% rice bran, 10% fish meal, 6% CaCO3, Top Mix 0.5%, NaCl 0.5% and 20% commercial diet. Tomato meal
was included in four experimental diets at levels of 2, 4, 6, 8% to substitute based diet. Treatments were: RO =
100% based diet (BD) + 0% tomato meal (TM); R1 = 98% BD + 2% TM; R2 = 96% BD + 4% TM; R3 = 94% BD + 6%
TM; and R4 = 92% BD + 8% TM. Chemical composition of tomato meal were: 16.73% crude protein, 1.53% fat,
30.94% crude fiber, 0.98% Ca, 1.20% P, and 2416 Kcal/kg ME. Feed and water were provided ad /ibitum. Chemical
composition of the diets were shown in Table 1.

The study was conducted over a period of 8 weeks. Data were collected on feed intake (FI), egg weight (EW), Hen-
day egg production (HDP), egg mass (EM), FCR, egg shell weight ESW), egg shell thicknes (EST), egg yolk weight
(EYW) and egg yolk color (EYC). Hen-day egg production was calculated as: (number of eggs-produced X 100) /
(number of hens X number of hens in production). Yolk colour was determined using the yolk colour chart. Egg
shell membrane was removed carefully and manually from the broken egg shell and the thickness of the shell
measured using a micro-meter screw gauge (An et al. 2010). Data collected were subjected to one-way analysis
of variance Treatment means were compared using Duncan’s multiple range test (Snedecor and Cochran, 1967)
using software IBM SPSS 22.
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RESULTS AND DISCUSSION

The results of performance and egg quality of native chickens fed dried tomato meal in diets were shown in Table
2. Results showed that tomato meal could be used with inclusion levels up to 8% to native chicken diets having
no detrimental effect on egg weight and egg shell thickness. Moreover, it was found that tomato meal had effects
on the feed intake, Hen-day egg production, egg mass, FCR, egg shell wieght, egg yolk weight and egg olk color of
native chickens.

Leke et al. (2015) in previous study reported that tomato meal can be used as an alternative feedstuff in laying
hen diets to substitute based diet, at inclusion levels up to 8% without negative effects on egg quality. Studies
by Nobakht and Safamehr (2007) indicated that feeding of dried tomato pomace increased feed intake, egg
production, egg weight and eggshell weight. Feed conversion ratio of reference diet, dried tomato pulp were better
than other treatments. Some authors have found that supplementing dried tomato pomace in laying hens diet did
not influence performance parameters but increase yolk color value (Mansoori et al.,, 2008). In a study by Calislar
and Uygur (2010), dried tomato pulp had a significant effect on the egg shape index and egg yolk index, whereas,
dried tomato pulp had no significant effect on the albumen index and Haugh unit. This result is similar to those
reported by Mitsuhiro et al. (1994) who found a significant increase in egg mass was observed with reference diet,
2% red pepper and 5% dried tomato pulp compare to the control diet. In current study, egg shell thickness was not
affected by dietary treatments.

Jafari et al. (2006) reported no significant differences in egg shell thickness and Haugh unit of laying hens fed on
diets containing dried tomato pulp compared to hens fed on a control diet. This result is similar to those reported
by Yannakopoulos et al. (1992), Nobakht and Safamehr (2007) and Mansoori et al. (2008), that the dietary
addition of dried tomato pomace did not have any significant effect on FI. However, Jafari et al. (2006) and Calislar
and Uygu (2010) found that DTP resulted in greater FCR. It has been shown that feeding hen diets containing
DTP at inclusion rates up to 10% increased EP (Nobakht and Safamehr, 2007). EW was not affected by dietary
treatments, a finding which is in agreement with the previously reported data (Jafari et al., 2006; Mansoori et al.,
2008). It was observed that the dried tomato meal used in this study did not exhibit any negative effects on the
egg quality. These discrepancies in results may be attributed to tomato variety, levels of dietary supplementation
with tomato by-product, tomato processing conditions, and breed of native chickens.

CONCLUSION
It can be concluded that tomato meal can be used in native chicken diets up to 8% without negative effects on
performance and egg quality.

KEYWORD : Egg, Chicken, Native, Performance, Tomato

Table 1. Chemical Composition of the Diets

Diets

Nutrients RO (0% R1 (2% R2 (4% R3 (6% R4 (8%
™) ™) ™) ™) ™)

Crude protein (%) 17.34 17.30 17.29 17.27 17.26
Fat (%) 5.35 5.12 5.04 4.96 4.39
Crude fiber (%) 3.76 5.39 5.93 6.47 7.03
Ca (%) 2.93 2.81 2.77 2.73 2.69
P (%) 0.62 0.65 0.66 0.67 0.68
ME (Kcal/kg) 2742 2722 2715 2709 2702

Table 2. Effect of Dried Tomato Meal in Diet on Performance and Egg Qualiy of Native

Chickens
. Treatments
Variable RO Rl R2 3 Ra SEM P Value
Feed Intake 75.93¢ 75.90° 76.91® 77.85% 78.18¢ 0.235 .000
Egg Weight (g) 39.88 40.08 40.01 41.11 41.51 0.228 .059
HDP (%) 57.76* 64.01¢ 62.49° 62.44° 62.31° 0.476 .000
Egg Mass (g/hen/day) 40.10* 44.66" 43.40° 44.15° 44.94° 0.414 .000
FCR 1.89° 1.70* 1.77* 1.76* 1.74* 0.016 .000
Egg Shell Weight (g) 3.62° 3.35 3.38° 3.62° 3.73% 0.041 .002
Egg Shell Thickness (mm) 0.35 0.35 0.35 0.34 0.36 .001 268
Egg Yolk Weight (g) 11.432 11.522 11.98% 12.46° 11.88% 0.119 .031
Egg Yolk Color 10.75% 11.56 11.58° 11.90° 12.38¢ 0.121 .000

Notes: **Means in a row with different superscripts are significantly different at the P-value shown
'SEM = pooled standard error of mean (n=5)
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Digestibility Value of Broiler Diet Containing Fresh Mulberry (Morus alba)
(oM XM Leaves
Jet Saartje Mandey, Cathrien A Rahasia, Zebedeus Dady
Sam Ratulangi University Animal Husbandry Faculty
INTRODUCTION

Since feed cost is a major expense in poultry production (Chang, 2005; Ustundag and Zdogan, 2015), the search
for cheap, locally available and equally nutritive feed source to partially substitute poultry diet has never been
more pressing (Wong and Tan, 2009).

Mulberry (Morus alba) leaves have a great potential as an alternative protein source for poultry due to rich in
protein, calcium and ascorbic acid and also contain carotene, vitamin B1, folic acid, folinic acid and vitamin D
(Schmidek et al., 2002; Sarita et al., 2006), metabolizable energy contents and negligible anti-nutritional factors
like tannic acid (Al-Kirshi et al., 2010; Olmo et al., 2012; Simol et al, 2012). Compared to soybean as the main
source of protein in commercial poultry feed, mulberry leaves have higher amino acids content (Al-Kirshi et al.,
2010). Besides the nutritive value, mulberry leaves are known to possess anti-microbial, anti-oxidant, anti-cancer,
anti-stress, and immuno-modulatory activities (Yang et al., 2012; Devi et al., 2013).

Mulberry leaves contain high crude fiber and deoxynojirimycin, which in poultry feed serve as antinutrition to
prevent carbohydrate digestibility; therefore it is limited to use as feed. Due to the high fibre content in mulberry,
most researchs have tested it as food source for animals whose digestive system can handle fibrous diet. Fresh
mulberry leaves have been fed to herbivores such as dairy cattle (Malisetty and Jatoth, 2013), goats (Omar et al.
1999), sheep (Kandylis et al., 2009) and rabbits (Bamikole et al., 2005). If mulberry leaf meal is introduced up to
20% in diets for growing pigs, a decreasing effect on total tract digestibility indices should be encountered (Gonzdlez
et al., 1998). Has et al. (2013) reported that there was a decline in final body weight and digestibility of nutrients
as long the increased use of mulberry leaves in broiler’s feed.

There was limited information about effect fresh mulberry leaves in diet of broilers. The study was conducted to
evaluate the effect of fresh Mulberry (Morus alba) leaves (FML) in diet on nitrogen retention, metabolizable energy
corrected for nitrogen, crude fiber, fat, Ca and P digestibility of broilers.

MATERIALS AND METHODS

A total of 20 birds at age of 6 weeks old were used for 7 days of preliminary period and 3 days of data collection
period using a completely randomized design with four treatments and five replications. The dietary treatment
was including levels of 0, 2, 4, and 6% of fresh mulberry leaves in the diets. One bird from each experimental unit
was put in individual cage for excreta and endogenous collection by using total collection method on 35 days
old. Excreta was collected in three days, then sample was analyzed in laboratory to measure nutrient content and
digestibility.The variables were nitrogen retention (NR), metabolizable energy corrected for nitrogen (AMEn),
crude fiber, fat, Ca and P digestibility. Data were analyzed by one-way analysis of variance. Finally data used for
calculation of AME, AMEn with equations as follow: 1. AME = [(FxGE ) - ExGE)] / F; 2. AMEn = [(Fx GE ) - (E
x GE ) - (NR x K)] / F (Zarei. 2006). The digestibility values for crude fibre (CF), fat, Ca and P digestibility were
calculated as nutrient intake minus nutrient excreted divided by nutrient intake multiplied by hundred. Data were
subject to one-way analysis of variance. The treatment means were compared using Duncan’s multiple range test
(Snedecor and Cochran, 1967) using software IBM SPSS 22.

RESULTS AND DISCUSSION

The effect of dietary treatments on crude fiber digestibility, fat digestibility, Ca and P digestibility, N retention
and metabolic energy is showed in Table 3. Results showed that the supplementation of mulberry in diets have
significant decreased (P<0.05) to NR and AMEn and fat digestibility, but the value of that variables were still in
good category. Then, there was highly significant increased for Ca digestilibity, however there were no significant
differences beetween treatments for crude fiber and P digestibility. The values of NR showed a significant
difference between RO and R1 diets. And, there was no significant difference between R1, R2 and R3 of diets. The
values of AMEn showed that RO diet had significant higher than those of R1, R2 and R3. However, between R1, R2,
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and R3 had no significant differences. Treatments RO-R2 for Ca digestibility was similar and significant increased
for R3 treatments. Difference occurred because mulberry leaves treatments had lower digestibility than control.
This result was not similar to those reported by Vu et al. (2011), that apparent digestibilities of mulberry leaves
were dry matter 66.4%, organic matter 71.8%, crude protein 58.2%, ether extract 49.4%, crude fiber 50.8%, NDF
58.4%, and ADF 52.9%. This difference was due to effect of increasing total crude fiber on diet mulberry leaf;
accordingly total fiber in diet RO was lower than that of other treatments. Ironkwe and Oruwari (2012) found that
high crude fiber caused an increasing digestion rate in the gastrointestinal tract and therefore reducing digestion
time and nutrients absorption by gastrointestinal membrane. Jiménez et al. (2013) also reported that increasing
total fiber in diet significantly affected nutrients retention (dry matter, organic matter and nitrogen).

Crude fiber digestibility in this study was not significantly affected by dietary treatments. And the value of the
digestibility was lower than that Alu et al. (2012) reported, that crude fiber digestibility of broiler chickens fed
with high fiber such as ground nut shells ranged from 45-55%. However, Onimisi (2008) reported digestibility of
crude fiber broilers fed low fiber (2% ) ranged from 62.4% - 74.5%.

The decreasing of AMEn n this study maybe was caused by mulberry antinutrition called 1-deoxynojirimycin (DNJ),
that could affect energy source absorption by preventing polysacaride hidrolysis and decreasing metabolic energy.
Oku et al. (2006) and Yatsunami et al. (2011) reported that DNJ from mulberry could block & -glycosidase activity
which hydrolyzes polysaccharide into plain molecule.

CONCLUSION
It can be concluded that mulberry fresh leaves in level up to 6% can be used as an alternatives feedstuff of broiler

diet based on the digestibility value.

KEYWORD : Broiler, Digestibility, Fresh, Mulberry

Table 1. Chemical Composition of Based Diet and Mulberry Leaves

. . Mulberry Leaves
Nutrients Based Diet Frosh Dry Weight Dry Matter
Water (%) - 65.2 - -
Dry Matter (%) - 34.8 93.49 -
Crude Protein (%) 20.58 7.09 19.06 20.39
Crude Fat (%) 5.66 0.31 0.82 0.88
Crude Fiber(%) 60.29 15.43 41.44 44.33
NFE (%) 7.78 5.25 16.79 17.95
Ash (%) 5.64 1.05 2.83 3.03
Ca (%) 1.77 0.15 0.41 0.44
P (%) 0.41 5.83 15.68 16.77
GE (Kcal/kg) 4962 1663 4359 4663
Table 2. Nutrients of the Experimental Diets

Diets RO R1 R2 R3
Based Diet (%) 100 98 96 94
Fresh Mulberry Leaves (%) - 2 4 6
Total 100 100 100 100
Nutrients:
Crude Protein (%) 20.58 20.58 20.57 20.57
Crude Fiber (%) 7.78 7.99 8.19 8.39
Crude Fat (%) 5.66 5.56 5.46 5.37
NFE (%) 60.29 59.97 59.65 59.33
Ca (%) 1.77 1.79 1.82 1.84
P(%) 0.41 0.41 0.42 0.42
Ash (%) 5.64 5.87 6.09 6.31
GE (Kcal/kg) 4962 4956 4950 4944
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Table 3. Effect of Fresh Mulberry Leaves in Diet on the Digestibility
. Treatments
Variables 0% FML 2% FML 4% FML 6% FML | SPMTT | pValue
N Retention * 89.81Y 85.97* 84.51* 84.09* 0.735 011
AMEn (Kcal/kg) * 4024 3518 34522 3361 77.99 .003
CF Digestibility (%) 31.10 30.36 31.29 30.44 0.193 232
Fat Digestibility (%) 96.74 ¢ 93.07" 92.70 b 88.70 ® 0.598 .000
Ca Digestibility (%) 73.63 ® 73.222 73.54* 76.99 b 0.440 .001
P Digestibility (%) 32.85 32.40 32.77 33.75 0.595 .892
Notes: CF = crude fiber; FML = fresh mulberry leaves
* Dady, et al. (2016)
** SEM = standard error of means
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Introduction

Feed additives including antibiotics have been widely used in poultry industry for several decades. The ban of
antibiotics use as feed additives has led to investigations for alternatives to antibiotics. EM products originated in
Japan after being discovered by Dr. Teruo Higa, a professor of horticulture. EM products have been on the market
since 1983 and is now produced in over 156 countries. EM is a mixture of groups of anaerobic and aerobic
beneficial microorganisms (lactic acid bacteria, photosynthetic bacteria, yeasts).

Studies have already shown that the use of EM could improve growth parameters (feed intake, weight gain, feed
conversion ratio) and/or gut histology and microbiology in broilers (Esatu ve ark., 2011, 2012; Simeamelak
ve ark., 2012; Wondmeneh ve ark., 2011). However, there is still lack of information regarding the efficacy
and beneficial effects of EM in broiler chicks. Sokol et al. (2009) showed also that supplemental EM increased
cholesterol, albimin and LDH activity but there was no effect on the body weight gain. Safalaoh and Smith (2001)
suggest that the effectiveness of supplemental EM decreased serum cholesterol content of broilers, although
Safalaoh (2006) were unable to confirm this observation statistically.

The present study was conducted to investigate the effects of effective microorganism (EM) supplied by drinking
water and/or spraying onto poultry litter on performance, intestine histology and serum ALT, AST, glucose,
cholesterol and triglycerides concentration of broiler chicks.

Material and Methods

Eighty-one thousand, 1-day-old broiler chicks were randomly divided into three treatment groups of 27000
birds each. The groups were 1) control, 2) EM supplied by drinking water, 3) EM supplied by drinking water +
by spraying onto poultry litter. The basal diets (starter: 0-10 d, grower 11-21 d, finisher 22-42 d) were based on
maize and soybean meal. Throughout the experiment, which lasted 6 weeks, feed and water were given ad libitum.
Light was provided 24 hours each day throughout.

At the end of the experiment, when chickens were 42 days of age, all birds were slaughtered. During the
slaughtering process, 50 birds from each group were randomly chosen to take blood samples into plain
tubes. After collecting blood samples, they were analyzed with commercial kits (Shenzen Mindray Bio-Medical
Electronics, China) for ALT, AST, glucose, cholesterol, and triglyceride levels. Jejunal samples were cut 2 cm length
and were fixed in 10% buffered formalin saline and were prepared for routine histological study as mentioned by
Higa (1993).

The data obtained in the experiment were analysed using the ANOVA procedure of SAS (1996) and treatment
means were separated using Tukey's Honest Significant Difference test.

Results and Discussion

The results with respect to performance, blood and histological parameters of broilers are shown in Tables 1, 2,
3 and 4. The results obtained in the experiment showed that EM application affected performance parameters
significantly (P<0.05). Serum glucose, cholesterol and triglycerides were affected by EM treatments (P<0.01)
while having no effects serum ALT and AST concentrations. At the same time, EM supplied by drinking water + by
spraying onto poultry litter significantly improved intestinal villi length (P<0.01) compared to the other groups.
Total bacteria counts of poultry house floor were not influenced by the EM application.
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Conclusions

In conclusion, effective microorganism supplementation to drinking water and/or spraying onto poultry litter
tended to increase broiler growth performance and improved intestinal villi length of broiler chicks, while leading
increased mortality due to faster weigh gain.
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Table 1. Effect of supplemental EM in drinking water and/or spraying on to poultry litter on
erformance of broiler chicks

Performance Parameters control | EM by dw | EM by dw + spraying P

Body weight (kg/chick) 2.40b 2.38c 2.50a 0.001
Feed conversion ratio (fi/bw) 1.66¢ 1.78a 1.68b 0.001
Mortality (%) 441c 6.85b 7.99a 0.001

ab:means in the same row with different letters are significantly different (P<0.05).

Table 2. Effect of supplemental EM in drinking water and/or spraying on to poultry litter on
some blood parameters of broiler chicks

Serum Parameters control | EM by dw | EM by dw + spraying |SEM®| P

ALT (U/L) 12.1 1.1 10.3 1.02 [ 0.771
AST (U/L) 381.6 409.0 474.1 21.4 10.197
Glucose (mg/dL) 159.6b 189.0a 190.1a 5.03 1 0.012
Triglycerides (mg/dL) 110.5b 126.9a 129.9a 2.14 1 0.011
Total Cholesterol (mg/dL) 40.3b 54.4a 41.2b 3.00 | 0.005

%5 means in the same row with different letters are significantly different (P<0.05).
¢ SEM: standart error of means.

Table 3. Effect of supplemental EM in drinking water and/or spraying on to poultry litter on
histological characteristics of broiler chicks

Histological parameters | Control | EM by dw | EM by dw + spraying | SEM® P
Crypt depth (um) 193.3 199.0 183.9 3.25 0.160
Villus height (um) 1062.5b | 1055.8b 1255.7a 11.32 | 0.001

&b means in the same row with different letters are significantly different (P<0.05).
¢ SEM: standart error of means.

Table 4. Effect of supplemental EM in drinking water and/or spraying on to poultry litter on
total bacterial counts of poultry house floor

Bacterial counts Control EM by dw | EM by dw + spraying | SEM® | P
Initial total bacterial |3 o 103 |360x10°  [3.2x10° 035 |0.843
counts (cfu/g)

Final total bacterial |5 7 106 |547x10°  |4.47 x106 034 |0.493

counts (cfu/g)
&5 means in the same row with different letters are significantly different (P<0.05).

¢ SEM: standart error of means.
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How do Thai consumers respond to quality of pork with different marbling
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INTRODUCTION

Marbling or intramuscular fat (IMF) level found in pork lean is related to eating quality of pork (Brewer et al.
2001). An increase in the amount of marbling has generally been accepted to positively influence sensory quality
of pork. Tenderness, juiciness, oiliness, and overall liking ratings were positively correlated with marbling (Cannata
et al 2010). But Moeller et al (2010) found no influences of marbling level on consumer perception for juiciness
and tenderness. Although marbling has been shown to influence tenderness, its contribution to tenderness varies
(Brewer et al. 2001; Cannata et al. 2010; Verbeke et al. 1999) reported that 2.0 to 4.0% marbling was optimal
for pork palatability. It is always an interest for industries to understand consumer preferences. Knowing how
marbling level may affect Thai consumer perception on pork eating quality and purchase intent can be useful
information for pork production management and marketing. However, it has also been recognized that as
individual ages and gains life experiences, their needs and interests evolve. Age is a process which naturally
changes an individual’'s needs and interests, and consequently their consumer behavior (Agriculture and Agri-Food
Canada, 2012). It is, therefore, an objective of this study to investigate the response of Thai consumers with three
different age ranges on quality of pork LD with three different marbling levels as well as their purchase intent.

MATERIALS AND METHODS

At 24-h postmortem, nine boneless pork Longissimus dorsi (LD) muscles were fabricated from left side of
Duroc castrated males (approximately 110.0 == 10.0 kg BW) at a commercial packing plant (Lopburi, Thailand).
Marbling level and color score were subjectively evaluated approximately between the 10" and 11" ribs by
trained personnel based on the US National Pork Board (201 1) marbling and color standard. After categorized into
three marbling levels as low (score=1 or 2), medium (score=3 or 4), and high (score=5 or 6), the LD muscles with
color score 3 were trimmed to approximately 2.0-mm thick fat cover. Each trimmed LD was vacuum packaged and
dipped into hot water at 85.0 = 0.5°C for 2 sec. (Ultravac 2100 and Ultra shrink 2818, UltraSource, USA) before
placing into stylofoam containers with ice (3.0 = 2.0 “C , EBI 20, Ebro datalogger, Germany) for transportation
to Meat Technology Research Network Center (Bangkok, Thailand). Upon arrival, vacuum packaged LD muscles
were stored in a walk-in chiller (2.0 = 1.0°C, EBI 20, Ebro datalogger, Germany). On the next day, each LD was
cut into ten 3.5-cm thick steaks, which were individually vacuum packaged (K-Nylon/LLDPE, Packmart, Thailand)
and frozen (-20.0 °C ) until evaluation. For visual evaluation, each LD steak at each marbling level was cut and
allowed to bloom for 24-h before photography (Canon EOS 700D, Japan). The three marbling level LD steak
images were displayed on iPad mini tablets (Apple Inc., USA) for consumer visual evaluation. On the evaluation
day, LD steaks were cooked in electronic broiler ovens (EO-42K, Sharp Corporation, Japan) at 180.0 = 5.0°C until
core temperatures reached 71.0 £ 1.0°C (Testo 176T4, Testo Inc., Germany) and cut across and along the muscle
fibers into 1.3-cm® cubes. LD muscle cubes were placed in closed high density polyethylene bags to prevent
dehydration and kept warm at 54.0 = 1.0°C in a water bath (Labec, Laboratory Equipment PTY. LTD, Australia)
for consumer testing. Eighty-five consumers were randomly recruited from Faculties of Agricultural Technology
and Agro Industry, King Mongkut's Institute of Technology, Bangkok Thailand. They were asked for demographic
questions and screened for their pork eating preferences. Pork eating quality, including tenderness, juiciness,
oiliness, overall flavor, and overall liking, was evaluated using a nine-point hedonic scale, where 9 is extremely
like and 1 is extremely dislike. Water and crackers were served between samples for palate cleansing. After eating
quality evaluation, consumers visually evaluated the 3 images for their liking responses (nine-point scale) and
purchase intent (five-point scale). The orders of serving and image viewing were in random. The experimental
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design was a Completely Randomized Design. Influences of marbling level and consumer age range on liking
scores and purchase intents were analyzed using Analysis of Variance according to a 3x3 factorial treatment
structure. Significant differences between treatments or interaction means were reported at p<0.05.

RESULTS AND DISCUSSION

Demographic profile and pork consumption habits of consumers

Among 85 recruited consumers, 69.40% were females and 30.60% were males. Members of households were
primarily 4-6 persons. The majority age of consumers were between 26-45 years old (42.35%). Household
incomes were in the ranges of <B7,500 (20.00%), B7,501 to 18,000 (27.04%), and B24,001 to 35,000 (18.80%).
The large majorities were either college graduates (40.00%) or post-college graduates (37.60%). For pork
consumption habits, most consumers (68.20%) consumed pork 2-3 and 4-5 times per week, whereas nearly one-
third (28.20%) of the panel participants consumed pork every day. In addition, 76.50% of the respondents liked to
eat healthy food. Only 82 (96.50%) respondents reported to like eating pork and actually continued to participate
in consumer sensory evaluation.

Effect of marbling level and age range on consumer response of pork LD eating quality.

The results (Table 1) showed that marbling level influenced (p<0.05) consumer responses on tenderness, juiciness,
oiliness, overall liking, and visual marbling liking level, but did not affect their responses on (p>0.05) overall
flavor. Pork LD with high marbling level obtained a higher (p<0.05) liking scores on tenderness, juiciness, oiliness,
overall liking, and visual marbling liking than those with low marbling level. According to Cannata et al. (2010),
tenderness, juiciness, oiliness, and overall liking ratings of pork LD were positively associated with marbling level.
They found an increase in liking scores with an increase in marbling level (p<0.05). Consumer evaluation (n=150)
on pork quality showed that tenderness and juiciness were positively correlated with marbling level (Brewer et al,,
2001). Likewise, Fortin et al. (2005) found that initial tenderness (r=-0.31), softness (r=-0.32), and shear force (r=-
0.41) were correlated (p<0.01) with IMF when evaluated by a trained panel. According to Smith and Carpenter
(1974) cited by Savell and Cross (1988), based on “bite theory”, decreasing of marbling results in lowering the
bulk density by replacing protein with lipid. Fat is less resistant to shear value than coagulated protein. The
reduction of bulk density is, therefore, accompanied by raising in tenderness. No influence (p>0.05) of consumer
age range main effect was observed on their liking responses on pork LD eating quality, visual marbling liking,
and purchase intent. But both marbling level and age range of consumers had a combined influence (p<0.05) on
their purchasing decisions based on their visions on images of pork LD with different marbling levels.

Consumers with the ages of 45 years old preferred to buy (p<0.05) low and medium marbling LD more than those
with high marbling. For consumers ages between 26-45 years old, no difference (p>0.05) on their purchase intent
rating scores on each marbling level was found. Verbeke et al. (2005) indicated that most consumers had high
awareness of the relation of food and health and reported strong feelings to have control over their health. In their
study, older people >55 years provided a significantly higher food-health awareness score than other age groups.
Age is a process which naturally changes an individual's needs and interests (Agriculture and Agri-Food Canada,
2012).The uncertain decision whether to buy or not to buy high marbling pork of Thai consumers >45 years old
in our study could be due to their higher food-health awareness.

CONCLUSION

Level of marbling in lean pork affected consumer liking on tenderness, juiciness, oiliness, overall liking, and
visual marbling level liking, but did not affect overall flavor liking. Consumers gave higher scores on tenderness,
juiciness, oiliness, overall liking, and visual liking on high marbling LD than low. Based on image viewing of low,
medium, and high marbling level LD steaks, consumers younger than 25 years old would definitely buy high
marbling pork. But those older than 45 years old would buy low and medium marbling. Consumers seemed to
prefer eating quality of marbled pork, but their purchase intent varied depending on marbling level and age range.
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Table 1 The effect of marbling level (ML) of pork Longissimus dorsi muscles and consumer (n=82)age range on
consumer rating scores on pork eating quality, visual marbling liking, and consumer purchase intent.

. Marbling level (ML) Age (years) p-valve
Attribut : - SEM

1omres Low Medium  High <25  26-45 =45 ML  Age  ML¥Age
tenderness! 6.672 6.85% 7.29®  6.65 6.98 7.17 148  0.03 011 0.89
juiciness! 6.302 6.512 6.94°  6.56 6.50 670 157 0.03 0.73 0.96
oiliness! 5.942 6.31% 6.62°  6.19 6.29 638 159 003 078 0.92
overall flavor ! 6.33 6.54 678 645 655 665 162 023 077 0.82
overall liking! 6.562 6.96% 717°  6.86 6.76 7.07 150 0.04 044 0.99
visual marbling liking! 6.472 7.09° 7.09®  6.58 7.05 7.03 147  0.02  0.08 0.25
purchase intent? 3.95 4.16 3.84 396  4.01 398 1.14 021 096 0.02

2D Means in a row with different letters are significantly different (p=<0.05).

! Consumer acceptability was assessed by tenderness, juiciness, oiliness, overall flavor, overall liking and visual marbling liking
ratings provided on a 9-point verbal hedonic scale, where 9 = like extremely and 1 = dislike extremely.

2Purchase intent was assessed by a buy or not buy rating scales provided on a 5-point verbal hedonic scale, where 5 = definitely
buy, 4 = probably buy, 3 = might or might not buy, 2 = probably not buy, and 1 = definitely not buy.

SEM = Standard Error of Mean

Table 2 Means of purchase intent rating scores! of consumers (n=82) with three different age ranges after viewing
images of pork LD muscles containing low, medium, and high marbling levels
Marbling level (ML) !

Age range (years) T ¥ L% High Average SEM

<25 3.574 4.00b¢ 4312 3.96 0.11

26-45 4.03b¢ 4.243b 3.76% 4.01 0.11

>45 4.25% 4.25% 3.454 3.98 0.18
Average 30 4.16 3.84
SEM 0.13 0.09 0.15

abed)feans with different letters are significantly different (p<0.05).

! Purchase intent was assessed by a buy or not buy rating scales provided on a 5-point verbal hedonic scale, where 5 = definitely
buy, 4 = probably buy, 3 = might or might not buy, 2 = probably not buy, and 1 = definitely not buy.

SEM = Standard Error of Mean
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Katherine Ashley', James Robert Young', Kea Pha®, Sothoeun Suon?,
Peter Andrew Windsor', Russell David Bush'

'Faculty of Veterinary Science, The University of Sydney, Australia,
*Department of Animal Health and Production, Cambodia

Objective

Dry season conditions in Cambodia pose a significant challenge to smallholder cattle raising in rural Cambodia
where the majority of households rely on rice straw and stubble produced from the previous rice harvest and
collected or grazed native grasses to provide feed for their cattle (Sath et al., 2008). Low in nutritional value and
digestibility, native grasses are not only limited in their ability to support adequate animal growth but also result
in significant labour demands due to time spent collecting feed and taking cattle to and from grazing areas (Maxwell
et al,, 2012). Introduced forages, when adopted by smallholder cattle owning households, represent a mechanism
for which farmers can improve the quality of nutrition offered to their animals and reduce household labour
demands of cattle feeding. Research has shown that households who grow and feed introduced forages experience
a number of benefits including increased cattle live weight gain and body condition score as well as increased
household income and time savings (Young et al., 2014a, Young et al,, 2014b). However, these benefits largely
depend on the ability of farmers to grow and feed forages to their cattle especially during the dry season when
water availability is limited. For farmers able to utilise introduced forages during the dry season, household labour
demands of cattle feeding may be reduced by providing a readily available source of fodder to animals instead of
the traditional practices of feeding rice straw and native grasses. Therefore, the objective of the current study is
to evaluate the role of forages in reducing household labour demands of cattle feeding during the dry season in
Cambodia.

Methodology

Information on dry season cattle feeding practices and household labour inputs was recorded for 120 smallholder
cattle owning households at the conclusion of the 'Best practice health and husbandry of cattle, Cambodia'
(BPHH) project across six villages in three provinces in Cambodia. Households were classified into 2 groups;
adopters (households feeding introduced forages) and non-adopters (households not feeding introduced forages).
Information was recorded for each household including number of cattle owned, feeding practices including types
of feed provided, responsibilities of household members in sourcing feed for cattle and time spent sourcing feed
per day. Types of feed provided included rice straw, cut and carry grass (introduced forages and native grass),
grazing on native pastures, crop bi-products (maize stover and soybean straw) and crop residues (rice bran, cereal
and feed concentrates). Information regarding source of cut and carry grass and time spent sourcing per day was
also recorded including forage plots (farmers own forage plots), ‘chamka’ areas (areas where fruit and vegetables
are grown), field (farmer owned or communal fields), lakeside (area surrounding nearby lake) and bought (cut
and carry grass purchased from a neighbour or seller). Data was collated, transferred into Microsoft Excel 2010
and analysed using Genstat 14" Edition (VSN International) with significant differences between groups assessed
using one-way ANOVA for population means and the Z-test for population proportions.

Results

The results of the current study are shown in Table 1 and Table 2. Of the 120 households interviewed, 21
households reported feeding introduced forages to their cattle during the dry season and were classified as ‘adopter
households’ whilst the remaining 99 households did not report this practice and were classified as ‘non-adopter
households’ (Table 1). Adopters reported owning more cattle on average (3.67 head per household) compared
to non-adopters (2.90 head per household). Whilst adopter and non-adopter households reported similar use of
rice straw (95% and 99%), a greater proportion of adopters reported feeding cut and carry grass (95%) to their
cattle compared to non-adopters (88%) and a significant reduction (P < 0.01) in use of crop bi-products (<1% vs.
29%). There was also a significant difference (P < 0.05) in the proportion of adopter households grazing their
cattle on native pastures (24%) compared to non-adopters (58%). Forage growing appeared to have a significant
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effect on household labour demands where forage growing significantly (P < 0.01) reduced the average daily time
spent sourcing feed for cattle at the household level by 1.79 hours (Table 1). Adopter households also reported a
significantly higher (P < 0.01) proportion of adult males involved in sourcing feed (100% vs 73%) and a reduction
in daily time spent by adult males performing this activity (2.29 to 1.03 hours). Adult females and children
also appeared to benefit from introduced forages where adopters reported a significant reduction (P < 0.05) in
involvement of women and children (32% to 10%). However no significant differences were identified in the daily
time spent sourcing feed for both these groups compared to non-adopters.

Table 1. Number of households, adoption category, number of cattle, feeding practices and labour demands with
sample size (n) for proportions and standard deviation (S.D.) for variables

Households who reported feeding cut and carry grass to their cattle also reported the source and time spent
sourcing per day (Table 2). All adopter households sourced cut and carry grass from their own forage plot (100%)
and spent an average of 0.3 hours (approximately 20 mins) performing this activity. Non-adopter households
mainly relied on field areas to supply cut and carry grass (53%) and spent an average of 2.30 hours each day on
average collecting grass from these areas whilst also utilising chamka (23%) and other communal areas such as a
grass area surrounding a nearby lake (21%).

Table 2. Sources of cut and carry grass and time spent sourcing per day with sample size (n) for proportions and
mean and standard deviation (S.D.) for variables

Discussion

The current study has demonstrated that households who utilise forages during the dry season reduce the daily
time spent providing feed to their cattle compared to households that rely solely on traditional feed sources.
This time saving is likely due to two reasons including 1) the grazing of cattle on native pastures less common
amongst adopter households leading to reduced time spent taking cattle to and from the field and 2) cut and
carry grass sourced from forage plots (forages) providing a time saving for households not having to source cut
and carry grass from field, chamka and lakeside areas. However, the results of the study demonstrated that these
time savings are largely attributed to adult males in the household, who although reported increased involvement
in cattle feeding as a result of forages, also reported a reduction in overall time spent sourcing feed per day. For
adult females and children in adopter households, forage use resulted in decreased involvement in cattle feeding.
However, unlike adult males, daily time spent sourcing feed was not significantly reduced. This may likely be
due to a number of reasons with the small sample size (7 = 2) and the large variation in values reported a likely
factor, especially for children where one household reported children spent 5 mins per day feeding 2 cattle
whilst another household estimated children spent 5 hours per day feeding 3 cattle. A small number of adopter
households (7 = 5) also reported grazing cattle on native pastures and this may have further affected the time
savings reported for children in adopter households who would likely have been responsible for taking cattle to
and from the field. Therefore, further research is warranted regarding household the labour benefits of forages for
women and children involving a larger sample size and repeat measurements.

Conclusion

The results of the current study indicate that forages play an important role in reducing household labour
demands of cattle feeding during the dry season in Cambodia. By providing a readily available source of cut and
carry grass, households are able to save time previously spent sourcing native grass from other areas. Whilst the
distribution of time savings amongst these households appears to be largely directed to adult males, the results
of this study demonstrate that forage feeding results in decreased involvement of women and children in cattle
feeding and thus presents opportunity for these household members to spend more time pursuing other activities
that improve the social and financial status of their households. For children especially, reduced involvement in
sourcing feed for cattle can lead to increased time spent at school (Dimang et al., 2009). However, the ability of
households to grow forages during the dry season is an important consideration with water availability limited
during the dry season in rural Cambodia. Therefore, future applications of forage technology on-farm must be
supported by appropriate solutions to address this issue so that households can continue to benefit from the
reduced labour demands of introduced forages.
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Table 1. Number of households, adoption category, number of cattle, feeding practices and
labour demands with sample size () for proportions and standard deviation (S.D.) for variables

Overall Adopter HH Non-adopter HH P-value
Number of interviewed households 120 21 99
No. of cattle per household (head) | 3.03 (+£2.05) | 3.67 (£3.92) 290(*1.37) P=0.12
Type of feed fed to cattle
Rice straw 98% (n=118)| 95% (n=20) 99% (n=98) P=0.09
Cut and carry grass 90% (n=108) | 95% (n=20) 88% (n=88) P=0.17
Grazing on native pastures 52% (n=62) | 24% (mn=95) 58% (n=57) P<0.05
Crop bi-products (excl. rice straw)| 25% (n=30) | <1% (n=1) 29%(n=29) P<0.01
Crop residues 23% n=27) | 33% (n="17) 20% (n=20) P=0.10
Household member involvement
Adult male 78% (n=93) [100% (n=21) 73%(n=72) P<0.01l
Adult female 28% (n=34) | 10% (n=2) 32% (n=32) P<0.05
Children 28% (n=34) | 10% (n=2) 32% (n=32) P<0.05
Daily time spent sourcing feed
Adult male 2.01(x1.35) | 1.03(x1.47) 229(=*1.18) P<0.01
Adult female 202 (*1.21) | 1.25(x1.06) 2.07(x1.22) P=0.36
Children 249 (£1.23) | 2.54(x3.47) 249(=1.11) P=0.95
Per household 2.87(£234) | 1.39(£241) 3.18(£2.21) P<0.01

Table 2. Sources of cut and carry grass and time spent sourcing per day with sample size (n)
for proportions and mean and standard deviation (S.D.) for variables

Overall Adopter Non-adopter
Total number of responses 118 21 97
Source of cut and carry grass
Forage plot 18% (n=21) [100% (n=21) 0% (n=0)
Field 43% (n=151) 0% (n=0) 53% (n=151)
Chamka 21% (n =25) 0% (n=0) 26% (n=25)
Lakeside 17% (n = 20) 0% (n=0) 21% (n=20)
Bought <1% (n=1) 0% (n=20) <1%((n=1)
Time spent sourcing per day (hours)
Forage plot 0.21 (£ 0.42) 0.30(£0.41) 0.00 (£ 0.00)
Field 230 (£ 1.08) |0.00(£0.00) 2.30(£1.08)
Chamka 2.03(£1.14) [0.00(£0.00) 2.03(+1.14)
Lakeside 2.10(£1.20) |0.00(£0.00) 2.10(£1.20)
Bought 0.08 (£0.00) 10.00 (+0.00) 0.08 (+0.00)
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Introduction

Indigofera zollingeriana is a valuable shrubby legume which can be utilized as protein supplement for goats.
Increasing interests in the use of tree legumes as a supplement to improve the productivity of small ruminants
receiving poor quality roughages to improve their nutrition were explored. The potential of I zollingeriana as
forage for ruminants reportedly shows great promise. Their deep rooted growth form, ability to respond to
low rainfall conditions, drought and high protein levels makes it an agronomically desirable source of feed for
dairy goats. Tree legumes tend to have crude fiber concentrations greater than 18%; however, the nutritional
compositions of the plants were reportedly dependent upon the stage of growth, maturity and species (Abdullah
and Suharlina, 2010; and Hassen et al., 2008).

Information on the agronomic characteristics, yield, nutritional composition and proximate chemical analysis
of I zollingeriana purposely cultivated to sustain dairy goat production in Central Luzon is wanting. Data
generated in this study will be necessary in considering ways to maximize cultivation of the legume plant through
synchronization of planting schedules with seasons that favor plant growth.

Objective
The study intended to determine the influence of season on the agronomic characteristics, yield, nutritional
composition and proximate chemical analysis of I zollingeriana harvested at different cutting intervals.

Methodology

A. Transplantation of zollingeriana seedlings

Seedlings of I zollingeriana (1 to 2 months of age) were transplanted in the forage production area. The seeds
were soaked in warm water for 12 hours to ensure seed survival before sowing in seed beds. After one to two
weeks, the shoots were transferred to a nursery garden in individual polyethylene bags until planting time. The
seedlings were transplanted as they attain 60 cm in height, with an average number of 15 leaves before planting
at distances of 0.75m by 0.5m.

B. Monitoring for Agronomic Parameters

Ninety-six (96) plants representing 10% of the total plant population in the designated experimental area (2,500m?
were pruned 90 days from transplant at the height of 100 cm from soil surface and allowed to re-grow up to the
time of succeeding cutting intervals of 45 and 30 days. Data on plant height (PH), herbage yield (HY), dry matter
yield (DMY), percent dry matter (%DM) and leaf to stem ratio (LSR) were monitored on the cutting intervals
described. A period of two (2) years was spent for gathering the aforementioned parameters done during the wet
season (May to November) and dry season (December to April) of 2014 to 2016. Completely Randomized Design
(CRD) was applied in the analysis of data while test of mean differences involved the use of ANOVA (SPSS v16 for
windows).

Results and Discussion

Table 1 shows the average Plant Height (PH), Herbage Yield (HY), Dry Matter Yield (DMY), Percent Dry Matter
(%DM) and Leaf to Stem Ratio (LSR) at 45d and 30d defoliation time during wet and dry season for two
consecutive years. Data shows that PH, HY, DMY and LSR were significantly higher (p<0.05) at 45d cutting
period compared to the 30d cutting period during the wet season while %DM was comparable (p>0.05) at both
defoliation time. Results demonstrate that PH, HY, DMY and LSR were significantly higher (p<0.05) at 45d cutting
period compared to the 30d cutting period except for a significantly higher (p<0.05) percent DM noted at 30day
defoliation during the dry season as compared to the 45d cutting period.

Similar findings were observed by Abdulla and Suharlina (2010) where they found that average plant height of
Indigofera sp. varied from 175-228 cm and herbage production was reportedly contributed by leaf and stem
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formation, affected by cell division and elongation which are sites of high metabolic activity and dry matter
accumulation. Dry matter production of both vegetative parts of Indigofera sp herbage was significantly affected
by defoliation time. The decline in forage quality with maturity is due to increasing lignification of the stem
compared to leaf although they remain nutritious and palatable at an advance stage of growth (Man et al.,, 1995;
and Herdiawan (2013). LSR values in legumes are valuable because the leaves are metabolic organs while the
quality of stems is largely affected by their structural function (Tjelele, 2006). Indigofera sp. can produce an
average of 38 to 51 tons of herbage per annum at different times of defoliation (Abdullah et al. 2010) while a 2.6
ton DM/ha herbage production of Indigofera sp was reported by Hassen et al.(2008).

Abdullah, (2010) and Hassen et al.(2006) reported that the CP value ranged between (28.76%-29.83%), NDF(49-
57%) and OM(43.10-77.63%) content of Indigofera sp. herbage. These values were within those reported by CIAT
which is >20% for leaves and >10% for stem (Tropical Forages Fact Sheet, 2014).

Calcium and P level found was within those cited by CIAT at 12.7% and more than those reported by Abdullah
(2010) at 1.16 to 6.95%. In most circumstances P, K, Mg, Na, Cl, Cu, Co, Fe, Se, Zn and Mo decline as the plant
matures (Hassen et al., 2006). Concentrations of mineral elements in forage are dependent upon the interaction of
a number of factors, including soil pH, plant species, stage of maturity, and climatic conditions.

Computed Herbage Yield and Dry Matter Yield per Hectare

Figure 1 shows the average estimated herbage yield (HY) and dry matter yield (DMY) per hectare during the wet
and dry season for two consecutive years based on 39,900 plants per hectare. The computed average HY during
wet season was at 22.97t/ha and 14.18t/ha; and 11.70t/ha and 9.26t/ha for the dry season during the 45d
and 30d defoliation time respectively. The computed dry matter yield was at 5.66t/ha and 3.22t/ha for the wet
season and 3.54t/ha and 2.19t/ha for the dry season at 45d and 30d cutting period, respectively. Data analysis
demonstrated significant differences (p<0.05) in HY and DMY between wet and dry season on both defoliation
intervals.

Proximate Chemical Analysis

Table 2 shows the proximate chemical analysis of lzollingeriana leaves harvested at 30 and 45 days defoliation
times. The average values of DM (24.19 and 24.09%), OM (86.84 and 89.93%) and CP (22.19% and 23%) of L
zollingeriana at 30 or 45 days cutting were comparable (p>0.05). Significant values (p<0.05) of CF (18.05 and
19.01%), EE (2.51 and 3.28), NDF(23.16% and 24%), ADF (19.19% and 20.42%), Ca (9.14 and 12.18%) and P at
1.003 and 1.009 were noted at 45 days defoliation time compared to 30d defoliation time except a significantly
higher (p<0.05) Ash content in Lzollingeriana at 30d cutting.

Conclusion

Data on agronomic characteristic of I zollingeriana gathered on the wet and dry season revealed that there
were significant differences (p<0.05) between plant height, herbage yield, DM yield, %DM and leaf to stem ratio
of Indigofera at 45 and 30 days cutting intervals.Proximate analysis on Izollingeriana indicated no significant
differences between the 45 and 30 days regrowth in DM, OM and CP. However, significant differences were
found in the CF, EE, NDF, ADF, Ca and P. Estimated HY and DM yield suggests the vast potential of I zollingeriana
as a forage source which yielded sufficient amount of forage material comparable to the yield of other forage
legume species which can support the feed requirement of 22 to 24 heads of lactating does with an average feed
consumption of 1 to 1.25kg/DM per day.

KEYWORD : Indigofera zollingeriana, Forage, Yield, Cutting Interval
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Comparison between Herbage Yield (HY) and Dry Matter Yield
(DM) during the wet and dry season at different defoliation times
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tons per hectare

HY DM HY DM
Wet Dry

m45D 22.97 5.66 11.70 3.22
E30D 14.18 3.54 9.26 2.19

Figure 1. Computed HY and DM for the wet and dry season at 45 and 30 days defoliation
time for two consecutive years.

Table 1. Comparison between average Plant Height, Herbage Yield, Dry Matter Yield, %DM
and Leaf to Stem Ratio of I zollingeriana at 45 and 30 days cutting period during wet and dry
season for a period of two years

WET DRY
PARAMETERS 45D 30D 45D 30D

Plant Height (cm)  208.81(+1.79)*  173.23(+1.07)® 180.53(+0.92) 162.97(+1.01)°
Herbage Yield (g) 589.10(+24.76)* 363.53(+12.66)" 384.37(+5.97) 237.54(+7.48)"

Dry Matter 145.20(£5.55)? 90.89(+3.14)>  82.53(+1.59)? 56.24(+1.76)P
Yield (g)

Percent (%) DM 25.02(+0.27) 24.41(+0.23)  24.38(+0.20)* 25.94(+0.26)*
Leaf to Stem 1.00(+0.03)? 0.73(+0.02)P 0.75(+0.02)* 0.54(+0.02)P
Ratio

Values represent mean (=SEM) on average plant height, herbage yield, dry matter yield, %DM and leaf to stem ratio
of I zollingeriana at different defoliation times during wet and dry season for a period of two years P superscripts
indicate significant difference (P<0.05) in the same row across season.
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Table 2. Proximate chemical analysis of /.zollingeriana harvested at 30 and 45 days
defoliation time

NUTRIENTS 30 DAYS CUTTING 45 DAYS CUTTING
(PERCENT)
Dry Matter (DM) 24.19(+0.062) 24.09(+0.442)
Organic Matter (OM) 86.84(+0.903) 89.93(+0.017)
Crude Protein (CP) 22.19(+0.116) 23.00(+0.771)
Crude Fiber (CF) 18.05(+0.095)> 19.01(+0.061)?
Crude Fat (EE) 2.51(+0.185)" 3.28(+0.023)*
Neutral Detergent Fiber (NDF) 23.16(+0.165)° 24.00(+0.012)*
Acid Detergent Fiber (ADF) 19.91(+0.075)® 20.42(+0.110)?
Ash 13.16(+0.020)? 10.07(+0.019)P
Calcium (Ca) 9.14(+0.101)P 12.18(+0.165)?
Phosphorous (P) 1.003(+0.001)" 1.009(+0.001)*

Values represent mean (+SEM) on the proximate chemical analysis /.zollingeriana harvested at 30d and 45d cutting
interval. *® superscripts indicate significant difference (p<0.05) in the same row
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Abstract

Cassava top was harvested at three months age and chopped to 2-3 cm length for ensiling to study on nutritive
value and in vitro digestibility. The ensiling study was randomly assigned according to a 3 x 4 x 2 factorial
arrangement in a Completely Randomized Design in which the first factor was urea (U) supplementation at UO,
U0.5, and U1.0 % and the second was molasses (M) supplementation at MO, M0.5, M1, and M2% of the crop dry
matter (DM), while the third factor was Duration (D) time of ensilage at D15 and D30 days, respectively. Samples
of each silage were collected and measured for temperature, pH, and chemical composition and subsequently
selected to study using in vitro gas production technique. The results showed that silages pH was linearly
increased with U supplementation while M decreased pH (P<0.05). On the other hand, silage temperature were
not affected by U, M and D (P>0.05). Increasing U supplementation increased crude protein (CP) content of CTS
while D15 resulted in higher CP as compared to D30. Increasing level of M supplementation and ensiling at D30
decreased neutral detergent fiber (NDF) and acid detergent fiber (ADF) of the silage (P<0.05). The results of the
in vitro study showed that increasing levels of U and M supplementation increased the in vitro True and NDF
digestibility (P<0.05) while no effect of D of ensiling time was found (P>0.05). Furthermore, pH was increased by
U supplementation whereas ensiling at D30 resulted in lower pH while protozoal population were similar among
treatment. We conclude that supplementation of U and M increased CTS quality and the in vitro digestibility
without adverse effect on pH. Supplementation of U at 0.5 and M at 2% of the crop DM with the minimum 15 days
of ensiling time is recommended for lactating dairy cows and fattening beef cattle.

Introduction

In most parts of the world, forage conservation is a key element for productive and efficient ruminant livestock
production. Forage conservation also provides farmers with means of preserving forage when production
exceeds that of grazing animals. Silage making increased considerably from the 1960s and is the predominant
method of forage preservation in temperate areas of the world (Cheli et al., 2013). Silage is widely used in farms
and has a substantial role in animal production systems. High silage quality is a key factor to minimize cost of
production and sustained animal health. Increasing use of silage has resulted in continuing efforts to minimize
the quality losses (Bartzanas et al., 2013). Ensiling is a crop preservation method based on natural lactic acid
fermentation under anaerobic conditions where anaerobic microbes build up organic acids mainly lactic acid
by using fermentable carbohydrates (Gollop et al. 2005; Ki et al. 2009). To improve silage preservation and
guarantee animal feed quality, silage additives such as chemicals, enzymes, and bacterial agents can be employed.
Addition of carbon and nitrogen sources could improve the quality of silage. Wanapat et al. (2013) reported that
supplementation of urea and molasses could improve the quality of whole crop rice silage in terms of nutritive
value and rumen degradation. Addition of carbon and nitrogen sources could improve the quality of silage and
have subsequent effects on rumen degradation characteristic and production in ruminants. It was reported that
supplementation of urea (U) and molasses (M) could improve the quality of silage in terms of nutritive value and
rumen degradation (Giang et al, 2016; Wanapat et al., 2013; 2014). Addition of carbon and nitrogen sources
could improve the quality of silage and as a subsequence effects on rumen degradation characteristic and the
production in ruminants. Cassava or tapioca (Manihot esculenta, Crantz) is an annual tuber crop grown widely in
the tropics and sub-tropics. Cassava leaves contain high level of crude protein at about 25% (Wanapat and Kang,
2013). Therefore, the objective of this study was to improve nutritional value of cassava top silage (CTS) using
urea and molasses and in vitro ruminal fermentation.

Materials and Methods
Cassava top was harvested and immediately chopped at 2-3 cm length and ensiled to the respective
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supplementation according to a 3 x 4 x 2 factorial arrangement in a Completely Randomized Design (CRD). Factor
A was U supplementation at UO, UO.5 and U1% of the crop DM and factor B was M supplementation at MO, MO.5,
M1 and M2% of the crop DM while factor C was D of ensilaged time at D15 and D30 days, respectively. After D15
and D30 days of ensiling, pH and temperature of each CTS were measured using a portable pH temperature meter
(HANNA Instruments HI 8424 microcomputer, Singapore) and approximately 200g of each silage were sampled
for analysis of chemical composition and kept for study in in vitro gas techniques. Samples were dried at 60°C
and ground (Imm screen using the Cyclotech Mill, Tecator, Sweden) and analyzed using standard methods of
AOAC (1990) for DM, crude protein (CP), organic matter (OM) and ash. Acid detergent fiber (ADF) was determined
according to an AOAC method (1990) and was expressed inclusive of residual ash while neutral detergent fiber
(NDF) in samples was estimated according to Van Soest et al. (1991) with addition of « -amylase but without
sodium sulphite and results are expressed with residual ash.

Strict anaerobic techniques were used in all steps during the rumen fluid transferring and incubation periods.
Rumen fluid samples were removed from two dairy steers (1 liter per animal spicy) before morning feeding under
vacuum via the rumen fistula into a 2 liters plastic flask and transferred into 2 pre-warmed thermos flasks (1
liter) (Menke et al., 1979; Makkar et al., 1995). The fluid was then transported to the laboratory. Two hundred
milligrams of each silage samples were weighed into 60 ml bottle. The bottles with the mixture of substrate
treatments were pre-warmed in a water bath at 39°C for 1 h before filling with 30 ml of rumen inoculums mixture.
The bottles were then sealed with rubber stoppers and aluminum caps and incubated in a water bath set at 39°C.
All treatments were assigned according to a 3 X 4 X 2 factorial arrangement in a CRD with three replications per
treatment including triplicates of blank (medium only) in three incubation runs. At 48 h post inoculation a set
of samples were determined for in vitro true digestibility (TD) according to Van Soest and Robertson (1985). In
brief, the content of the bottle was transferred quantitatively to a spoutless beaker by repeated washing with 100
ml neutral detergent solution. The content was refluxed for 1 h and filtered through preweighed Gooch crucibles.
The DM of the residue was weighed and in vitro TD of feed was calculated based on the following equation: TD
= ((DM of feed taken for incubation - NDF residue) X 100)/DM of feed taken for incubation. The portion of 1 ml
rumen fluid was collected and kept in a plastic bottle to which 9 ml of 10% formalin solution (1:9 v/v, rumen fluid:
10%formalin) were added and stored at 4 °C for measuring total protozoal population according to the method
of Galyean (1989) based on the use of a haemacytometer (Boeco, Hamburg, Germany). Rumen fluid were diluted
using autoclave distilled water (121°C for 15 minutes) as a medium, 10 time, and counting using 10x10 ocular x
objective of microscope.

All obtained data were subjected to the General Linear Models (GLM) procedures of SAS (1998) according to a 3
X 4 X 2 factorial arrangement in CRD. For all parameters, differences among treatments means were contrasted
by Tukey’s Multiple Comparison Test (Crichton, 1999).

Results

Table 1 presents the result of the nutritive value of CTS affected by U and M supplementation in different duration
of time. It shows that increasing U supplementation linearly increased silages pH while M decreased pH (P<0.05).
On the other hand, silage temperature were not affected by U, M and D (P>0.05). Increasing U supplementation
increased CP content of silage while D15 resulted in higher CP as compared to D30. Increasing level of M
supplementation and ensiling at D30 decreased NDF and ADF of the silage (P<0.05). The results from the in vitro
study are illustrated in Table 2. Increasing levels of U and M supplementation increased the in vitro True and NDF
digestibility (P<0.05) while no effect of D of ensiling time was found (P>0.05). Furthermore, fermented pH was
increased by U supplementation whereas ensiling at D30 resulted in lower pH while protozoa population were
similar among treatments.

Conclusions and recommendations

Based on this study, it could be concluded that supplementation of U and M increased CTS quality and in vitro
ruminal fermentation. Supplementation of U at 0.5 and M at 2% of the crop DM with the minimum 15 days of
ensiling time is recommended for lactating dairy cows and fattening beef cattle.
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Table 1. Effect of urea, molasses and duration of cassava top ensiling on nutritive values of the
silage

Treatments
Urea Molasses Duration

DM OM NDF ADF CP Ash pH  Tem.

0 0 15 days 199 936 504 267 245 6.4 3.8 28.6

0.5 183 927 53.1 26.7 263 7.3 3.5 28.4

1 16.8 920 445 265 232 8.0 3.6 28.2

21.5 925 392 298 267 7.5 3.1 28.0

0.5 0 199 936 59.0 438 279 6.4 49 28.8

0.5 208 933 533 416 30.5 6.7 4.3 29.3

1 20.1 93.0 557 36.8 284 7.0 4.8 29.7

19.5 936 427 274 31.1 6.4 4.2 29.5

1 0 178 934 549 379 329 6.6 5.5 29.7
0.5 21.8 934 553 38.0 34.1 6.6 5.3 30.1

1 20.5 927 472 359 338 7.3 5.0 30.4

22.5 930 463 338 36.7 7.0 5.0 29.3

0 0 30 days 170 943 549 360 229 5.7 3.7 31.5

0.5 21.5 932 647 367 219 6.8 32 31.5

1 172 934 54.1 31.0 202 6.6 34 31.5

174 923 36.0 33.1 23.0 7.7 32 31.5

0.5 0 19.3 938 67.8 395 27.1 6.2 49 31.5

0.5 20.1 93.3  58.1 32.6 295 6.7 4.7 31.5

1 17.1 937 486 284 275 6.3 4.7 31.5

19.5 936 415 252 29.1 6.4 4.0 31.5

1 0 18.1 947 578 352 31.1 5.3 4.8 31.5

0.5 185 942 51.1 289 329 5.8 4.7 31.5

1 17.8 935 452 258 33.6 6.5 4.7 31.5

19.8 934 41.6 230 324 6.6 4.4 31.5

SEM 1.49  0.12 1.53 1.20 1.60  0.11 0.87 0.67

Interaction

Urea ns skksk sksk sk sksksk kkk * ns
Molasses ns sksksk skskosk sk ns skeskosk sksk ns

Duration ns Hk 0.07 ok * Hk ns 0.07
Urea x Molasses ns HHE H kK HHE ns R ns ns
Urea % Duration ns Hkk *% *Hk ns *k ns ns
Molasses x Duration ns Hkk * 0.06 ns kK ns ns
Urea x Molasses x Duration ns 0.06 * ns ns 0.06 ns ns

DM = Dry matter; M = Molasses; CP = Crude protein; ADF = Acid detergent fiber; NDF = Neutral
detergent fiber; Tem. = Temperature
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Table 2. Effect of urea, molasses and duration of cassava top ensiling on in vitro digestibility, pH
and protozoal population

Treatments Digestibility (48 hour post incubation)
Urea  Molasses Duration True NDF pH Protozoa
0 0 15 days 50.9 26.9 6.79 3.00
0.5 64.4 374 6.79 2.50
1 66.8 35.2 6.74 2.25
65.8 41.4 6.72 2.25
0.5 0 55.1 30.4 6.79 3.00
0.5 62.7 41.2 6.80 3.00
1 67.2 47.5 6.79 3.00
70.6 48.4 6.78 2.50
1 0 61.3 41.3 6.87 3.00
0.5 68.3 48.7 6.94 2.75
1 67.7 53.3 6.91 2.00
73.0 53.8 6.90 2.25
0 0 30 days 50.1 32.2 6.61 4.00
0.5 68.3 394 6.68 2.50
1 68.5 40.2 6.65 2.25
69.3 54.4 6.65 3.25
0.5 0 64.3 36.5 6.75 3.00
0.5 70.3 44.3 6.74 2.25
1 71.1 44.6 6.73 2.50
72.5 49.0 6.71 2.00
1 0 56.9 41.0 6.71 2.50
0.5 65.3 46.8 6.71 2.25
1 73.3 50.5 6.67 2.25
2 75.2 54.0 6.69 3.50
SEM 2.74 2.66 0.02 0.29
Interaction
Urea * skskek skskok ns
Molasses wkk HHk ns ns
Duration ns ns HHE ns
Urea x Molasses ns ns ns ns
Urea x Duration ns ns Hkk ns
Molasses x Duration ns ns ns ns
Urea x Molasses x Duration ns ns ns ns

NDF = Neutral detergent fiber
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Abstract

Four, rumen-fistulated swamp buffaloes were randomly assigned to receive dietary treatments according to a
4x4 Latin square design to study the effect of mangosteen peel powder and banana flower powder as premix
(PM) on feed intake and rumen fermentation efficiency. Four dietary treatments were as follows; T1= non-
supplementation (control); T2 = supplementation of PM1 (Containing mangosteen peel powder at 91%) at 100
g/head/day; T3 = supplementation of PM2 (Containing banana flower powder at 91%) at 100 g/head/day; and
T4 = supplementation of PM3 (Containing mangosteen peel powder at 45.5% and banana flower powder at
45.5 %) at 100 g/head/day. All animals were fed concentrate mixture at 0.5% of body weight and rice straw was
fed ad libitum. The results revealed that there was no difference among treatments on dry matter intake and
nutrient digestibilities of dry matter, organic matter and crude protein by PM supplementation (P>0.05) whereas
neutral detergent fiber and acid detergent fiber digestibility were increased (P<0.05) in buffaloes fed with PM
addition. However, protozoal population were remarkably reduced and bacterial population were increased in
PM supplemented groups (P<0.05). In conclusion, supplementation of PM resulted in improvement of nutrient
digestibilities and microbial population in swamp buffaloes fed on rice straw based diet.

INTRODUCTION

Research and development regarding methane (CH4) production in ruminants have been receiving considerable
attention in which mitigation of the rumen CH4 has been the main issue (Boadi and Wittenberg, 2002; Wanapat
et al, 2009; Hook et al., 2010; Bodas et al,, 2012).Among many approaches, dietary manipulation using plants
containing plant secondary compounds such as condensed tannins saponins, as well as using essential oils and
minerals have been investigated with potential applications in feeding systems (Patra and Saxena,2009; Wanapat
et al,, 2009).Mangosteen (Garciniamangostana) peel is a fruit by-product containing a highlevel of condensed
tannins (CT) and saponins (SP) whichexert a specific effect against rumen protozoa, while the rest

of the rumen biomass remains unaltered (Poungchompuet al. 2009).Banana flower has been reported to be used
as a rumen buffering agent due to its high mineral elements (Kang and Wanapat, 2013; Kang et al., 2014; 2015).
The previous findings showed that using banana flower powder (BAFLOP) as buffering agent could enhance
ruminal pH and fermentation efficiency in in vitro using buffalo and dairy steer rumen fluid (Kang and Wanapat,
2013), and in vivo of dairy steer (Kang et al., 2014) and lactating dairy cattle (Kang et al., 2015). However, premix
containing mangosteen peel powder and Banana flower powder has not yet been investigated to be used as a
rumen enhancer. Therefore, the present study aimed at investigating the effect of premix containing mangosteen
peel powder and banana flower powder on feed intake, digestibility and rumen microbial population in swamp
buffaloes.

MATERIALS AND METHODS

Four, rumen-fistulated swamp buffaloes with initial average liveweight of 365 = 15.0 kg, were randomly
allocated to receive diets according to a 4 x 4 Latin square design. The treatments were as follows; T1= non-
supplementation (control); T2 = supplementation of PM1 (Containing mangosteen peel powder at 91%) at 100 g/
head/day; T3 = supplementation of PM2 (Containing banana flower powder at 91%) at 100 g/head/day; and T4
= supplementation of PM3 (Containing mangosteen peel powder at 45.5% and banana flower powder at 45.5 %)
at 100 g/head/day, respectively. All animals were fed concentrate mixture at 0.5% of body weight and rice straw
was fed ad libitum. The experiment was conducted for four periods and each of the four periods lasted for 21
days in length. Feeds offered and refusals were recorded daily throughout the experimental period for dry matter
(DM) intake measurement. Feeds and fecal samples were collected by total collection of each individual buffalo
during the last 7 days at morning and afternoon feeding. Feeds, refusals and fecal samples were dried at 60 °C
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and ground and analyzed using standard methods of AOAC (1995) for DM, crude protein (CP), organic matter (OM)
and ash. Acid detergent fiber (ADF) was determined according to AOAC (1995) method and is expressed inclusive
of residual ash. Neutral detergent fiber (aNDF) in samples was estimated according to Van Soest et al. (1991).
Rumen fluid was sampled on the 21* of each period through rumen fistula. First part of the fluid were immediately
fixed with 10% formalin solution (1:9 v/v, rumen fluid: 10% formalin) to measure microbial populations by total
direct counts of bacteria, protozoa and fungal zoospores (Galyean, 1989). Another part was cultured for groups
of bacteria using the roll-tube technique Hungate (1969), to identify bacterial groups (i.e., cellulolytic, proteolytic,
amylolytic, total viable bacterial counts). All data were subjected to ANOVA according to a 4 x 4 Latin square
design using the General Linear Models (GLM) procedures of the Statistical Analysis System Institute (SAS, 1998).

RESULTS AND DISCUSSION

The present results revealed feed intake and DM, OM and CP digestibility were not affected (P>0.05) by PM
supplementation while aNDF) and ADF digestibility were increased in PM supplementation groups. These results
were also consistent to the findings of Manasri et al. (2012) reported that dietary tannin sources had no effect on
DMI in beef cattlewhen used at suitable level (0.05). The supplementation of soapberry fruit - mangosteen peel,
containing condensed tannins and saponins, caused changes in ruminal microorganisms and their fermentation
end-products in fistulated Holstein Friesian heifers (Poungchompu et al., 2009). Yaghoubi et al. (2010) also
reported reduced protozoanumbers in batch culture of mixed rumen microorganisms by flavonoid extracts.

CONCLUSION AND RECOMMENDATION

Based on this study, it could be concluded that supplementation of PM can improvement of nutrient digestibilities
and microbial population in swamp buffaloes fed on rice straw based diet. This study suggested that PM
containing either in mangosteen peel powder or banana flower powder could be used to manipulate the rumen
fermentation efficiency. It has a high potential use as an dietary rumen enhancer.
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Tablel. Feed ingredient of premix

Item PM1 PM2 PM3
Mangosteen peel powder, % 91.0 - 45.5
Banana flower powder, % - 91.0 45.5
Cassava chip meal, % 5.0 5.0 5.0
Urea, % 2.0 2.0 2.0
Sulfur, % 1.0 1.0 1.0
Salt, % 1.0 1.0 1.0
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Table 2. Effect of premix (PM)on voluntary feed intake and nutrient digestibility in swamp
buffaloes
Items Control PM1 PM2 PM3 SEM  P-value
Total DM intake
kg/day 5.8 5.8 5.7 5.8 0.13 0.56
%BW 1.7 1.7 1.7 1.7 0.18 0.47
Rice straw DM intake
kg/day 5.0 4.8 4.9 4.9 0.20 0.87
%BW 1.4 1.4 1.4 1.4 0.04 0.40
Apparent digestibility, %
Dry matter 59.0 58.5 57.9 58.7 1.56 0.45
Organic matter 61.2 60.3 60.1 61.0 1.77 0.33
Crude protein 65.5 67.2 64.8 65.7 2.45 0.72
Neutral detergent fiber 40.5% 45.7° 46.1° 45.9° 1.15 0.001
Acid detergent fiber 40.2? 45.4° 45.7° 45.5° 045  0.001
abc Means in the same row with different superscripts differ (P<0.05)
Table 3 Effects of premix (PM) on rumen Protozoa, Fungal zoospore and bacteria populations
Items Control PMI1 PM2 PM3 SEM P-value
Total direct counts
Protozoa, x10° cell/ml 8.2% 6.5°¢ 7.7° 6.7¢ 0.56 0.02
Fungal zoospore, x10° cell/ml 5.4 6.1 6.3 6.1 0.41 0.12
Roll-tube technique, CFU/ml
Amylolytic bacteria, x 107 2.9 3.2 33 32 1.43 0.07
Proteolytic bacteria, * 107 3.5% 420  44° 4.4° 1.01 0.02
Cellulolytic bacteria, x1 08 3.4 43> 4.6° 4.5° 0.36 0.01
Total viable bacteria ,x 108 5.7 5.6 5.9 5.7 177 0.15
abe Means in the same row with different superscripts differ (P<0.05).
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Introduction

Biodiesel is an alternative and renewable fuel which involves the processing of lipids derived from animal or
plant sources into their methyl or ethyl esters. As the production of biodiesel increases so does the production
of the main co-product, crude glycerin. Crude glycerin color ranges from light amber to dark brown due to
impurities. Crude glycerin is approximately 60 to 85% pure, with the remainder composed of salt, ash, methanol,
lipid, and water. Concentrations of impurities are highly variable due to the catalyst used during production,
methanol recovery rate, and proportion of remaining lipids. Crude glycerin has an energy value similar to corn
(Person, 2014) and has the potential of replacing corn in ruminant diets (Donkin, 2008) since the glycerol can
be converted to glucose in the liver of ruminants, providing energy for cellular metabolism (Goff and Horst,
2001). Therefore, this study aimed at evaluation of the effects of crude glycerin in diets on feed intake, growth
performance and rumen pH and blood metabolites of Kamphaeng Saen steers.

Materials and Methods

Animal, Housing and Diets

The study was carried out at Kamphaeng Saen beef cattle farm, Department of animal science, Faculty of
agriculture at Kamphaeng Saen, Kasetsart University, Nakhon Pathom province, Thailand.

Twenty Kamphaeng Saen steers (25 % Thai native, 25% Brahman and 50% Charolais), with average initial body
weight (BW) of 429.1 & 44.93 kg at 18 months of age were used in the experiment and housed in individual
pen (3.0 x 4.0 m) with concrete floor, a feeders and drinkers. They were treated against internal and external
parasites using ABEN-15 (7.5 mg/kg BW) and Ivomec-F (1 ml per 50 kg BW), and vaccinated against Foot and
Mouth Disease by the local vaccination program. The cross bred steers were submitted to 14 days of adaptation
to experimental installation and diets. After adaptation, they were randomly assigned to one of 4 experiments (n=5)
using completely randomized design with the feeding period of 180 days. The animals were offered one of TMR
dietary treatments containing 10% rice straw and 90% concentrate comprised of 0, 4, 8 and 12% crude glycerin
(Table 1) twice a day at 07.00 h and 16.00 h. Clean water was available at all times. Feed refusals were recorded
daily for each pen. Amounts of feed offered to animals were calculated according to previous dry matter intake
and adjustments were made when needed so that refused feed did not exceed 10% of daily intake.

Sample collection and analysis

Samples of feed and orts were combined at the end of experiment and analyzed for dry matter (DM), crude protein
(CP), ether extract (EE), ash and gross energy (GE) according to the AOAC (1995) procedure. Neutral and acid
detergent fiber (NDF and ADF) were determined following the method described by Van soest et al. (1991) in
order to calculate nutrient intakes. Individual daily feed intakes were recorded throughout the entire experimental
to determine dry matter intake (DMI) and nutrient intakes.

The Kamphaeng Saen steers were weighed at the beginning of the experiment and thereafter monthly of feeding
period to monitor BW gain. The measured BW change and feed intake were used to determine average daily gain
(ADG) average daily feed intake (ADFI) and feed efficiency (GF).

Blood samples from jugular vein were collected in 5 mL Vacuntainer® tubes (without additives) on last day of
experiment at O, 2, 4 and 6 h after the morning feeding to analyze for blood glucose and blood urea nitrogen.
Ruminal fluid was obtained at O, 2, 4 and 6 h after feeding at the last day of the experiment and was immediately
measured for pH using an electric pH meter.

Statistical analysis
The experimental design was completely randomized with four treatments and 5 replications. All data were
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analyzed using the Proc GLM and Orthogonal contrast statement were used to separate linear and quadratic effect
of crude glycerin inclusion in the diets, with significant at p-value 0<0.05.

Result and Discussion

Composition of the experimental diets

The ingredients and chemical compositions of the experimental diets are presented in Tables 1. The diets
contained similar concentrations of DM, CP, Ash, EE, NDF, ADF but varying amount of GE among those diets
ranging from 4260 to 4393 kcal kg

Intake and performance

Effect of crude glycerin on feed intake and growth performance of Kamphaeng Saen steers are shown in table 2.
Increasing levels of crude glycerin had no effect on dry matter intake (DMI), nutrient intake, final BW, ADG and
gain to feed ratio (G:F). These result Similar to Mach et al. (2009) who fed feedlot dairy calves with up to 12% of
crude glycerin and found no differences in DMI, ADG, and G:F between control and experiment groups. Similarly,
Chanjula et al. (2016) reported from a study in 20 Kamphaeng Saen steers fed diets contained O, 7, 14 and 21%
crude glycerin to replace corn grain in diets that there were no effects of crude glycerin levels on DMI and growth
performance. Van Cleef et al. (2014) reported no effect of crude glycerin on weight gain and/or feed efficiency
even when animals were fed up to 30% crude glycerin. The result of this association may have been synergistic,
enhancing the use of crude glycerin as well as other ingredients, thus not interfering with dry matter intake by
animal (Van Cleef et al., 2014)

Ruminal pH and blood parameters

Effect of crude glycerin on ruminal pH and blood metabolites are presented in Table 3. Mean pH values of ruminal
fluid were 6.57, 6.69, 6.56 and 6.57 for diets with 0,4, 8 and 12% crude glycerin in concentrate, respectively and
were not significant different. The ruminal pH of cattle fed a forage diet predominantly is generally between 6.2-7.0
higher than those fed diets with greater proportions of concentrates which is between of 5.5-6.5 (Kolver and De
Veth, 2002)

Crude glycerin did not affect blood glucose and blood urea nitrogen concentrations. Blood glucose levels in this
study were above the normal range of 45 to 75 mg/dL suggested by Kaneko et al. (2008). Glycerol is directly
absorbed by the rumen epithelium, metabolized in the liver to gluconeogenesis by the action of glycerol kinase
enzyme, which converts it into glucose. Part of glycerol can be fermented to propionate in the rumen, which
in turn is metabolized to oxaloacetate via the Krebs cycle in the liver and can be used to form glucose by the
gluconeogenic pathway. Thus, crude glycerin has potential application as gluconeogenic substrate for ruminants
(Krehbiel, 2008). Therefore, it is suggested that the addition of glycerol to the experimental treatments can alter
the blood glucose levels and therefore the energy metabolism of the animals, resulting in better utilization of
nutrients

BUN is a key indicator of animal protein intake and diet is the primary factor affecting serum urea levels. The BUN
values of all treatments were not significant different and were in normal values between 7-14 mg/dl as proposed
by Gonzalez and Silva (2006).

Conclusions

The result from this study demonstrated that up to 12% of crude glycerin could replace cassava chips in diets
without any effect on feed intake, growth performance, rumimal pH and blood metabolites. It was concluded that
crude glycerin could be a viable source of dietary energy that well-utilized by Kamphaeng Saen steers.
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ABSTRACT

The present study was to evaluate the effects of hydrated sodium calcium alumino silicate (HSCAS) singly
or mixed with turmeric (Curcuma longa) powder (TP) to ameliorate the toxic effects of naturally mycotoxins
contaminated corn in Cherry Valley ducks. A total of 180, seven-day-old mixed-sex ducks were randomly allocated
to 5 treatments with 3 replications per treatment (12 birds each) for a 42 d feeding trial. Treatments were
conducted as followings: 1) basal diet; 2) mycotoxins contaminated corn diet (MCD); 3) MCD supplemented with
0.5% TP; 4) MCD supplemented with 0.2% HSCAS; and 5) MCD supplemented with 0.2% HSCAS + 0.5% TP. At the
end of the experiment, growth performance and serum biochemistry parameters were analyzed using statistical
method. From the results, the duck fed MCD had lower growth performance and serum biochemistry parameters
(P<0.05). The ducks fed MCD supplemented with TP, HSCAS or HSCAS + TP showed enhancement in their growth
performance and serum enzyme values when compare with MCD (P<0.05). The MCD supplemented with 0.2%
HSCAS + 0.5% TP showed lesser toxic effects than the MCD supplemented with TP or HSCAS. The results can be
concluded by stating that mycotoxins contaminated corn diet when supplemented with turmeric powder and/or
HSCAS can ameliorate the toxic effects of mycotoxins in ducks.

INTRODUCTION

The mycotoxins are toxins produced by molds that occur as grain contaminants, such as aflatoxins (AF),
fumonisins (FUM), deoxynivalenol (DON), zearalenone (ZEN) and ochratoxin A (OTA). These are serious problems
in livestock and it leads to economic losses (Afsah-Hejri et al,, 2013). Aflatoxins (AF) are toxic metabolites
produced by Aspergillus flavus and A. parasiticus. Aflatoxin B, (AFB,) is widely known as carcinogenic and the
most hepatotoxic of the naturally occurring AF (Godfrey et al., 2013). Symptoms of AF poisoning include growth
retardation, immunosuppression, hepatotoxicity from aflatoxicosis, etc. (Dhanasekaran et al., 2011). Detoxification
approaches in contaminated diets are critically needed and most approaches are by the use of mycosorbents in
diets that adsorbs AF in gastrointestinal tract and reduces bioavailability and toxicity in animals (Tengjaroenkul
et al., 2013). Several sorbents including clays and modified clays, such as bentonite, zeolite, and hydrated
sodium calcium aluminosilicates (HSCAS) are able to detoxify the mycotoxins. Moreover, Herbs can improve an
efficiency of mycosorbents in growth performances. Scientists also found that supplementation of turmeric herb
in contaminated diet was capable to prevent the hepatotoxic effect of mycotoxin in animals (Prasad and Aggarwal,
2011). According to Gowda et al. (2008) found that supplementation of HSCAS with turmeric have reduced the
negative effects of AFB, in broilers.

However, study on efficacy of HSCAS mixed with turmeric to ameliorate the toxic effects of AF in duck is very
limited. Therefore, objective of this study was to evaluate the effects of singly HSCAS or mixed with turmeric to
ameliorate the toxic effects of naturally mycotoxins contaminated corn in ducks.

MATERIALS AND METHODS

Analysis of mycotoxins

The concentrations of natural mycotoxins contamination in corn maize and diets were determined by the levels of
AFB, and AFB, by HPLC (In-house method based on AOAC, 2005) and other mycotoxins that were not shown in
this study was because either they had low levels or not detected.

Animals, Experimental design and Management

A total of 180, seven-day-old mixed-sex (6:6 ratio of male to female) Cherry Valley ducks were used in the
experiment. The ducks were weighed and randomly assigned to 5 treatments with three replications. Treatments
included in the followings: T1) basal diet (normal corn-soybean meal diet); T2) mycotoxins contaminated corn diet
(MCD), contaminated diet with AFB, 30.52 ppb and AFB, 12.29 ppb; T3) MCD + 0.5% turmeric powder (TP) (Lily
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Food Animals Science, Limited, Thailand); T4) MCD + 0.2% HSCAS (ALCA Co., LTD. Bangkok, Thailand); T5) MCD
+ 0.2% HSCAS + 0.5% TP. The mycosorbents doses used in this study followed the commercial recommendation
of HSCAS. The experimental diets were formulated based on the NRC (1994) recommendations. The ducks were
reared under open house system, feed and water was provided ad libitum.

Growth performance determination

The ducks were daily examined and recorded for mortality rate. Ducks were weighed at 42 day of age, and feed
intake was recorded and calculated to body weight gain (BWG), average daily weight gain (ADG), average daily
feed intake (ADFI), feed consumption ratio (FCR) coefficient of variation of body weight (CVBW) and survival rate
(SVR).

Blood samples and serum biochemical analysis

At 42 day of age, 4 mL of blood samples from 6 birds (2 birds per replication) from each treatment were taken
by puncturing the wing vein for analysis of serum biochemistry to determine glucose, cholesterol, total protein,
calcium (Ca), phosphorus (P) aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were
determined using using Roche/Hitachi cobas c501 automatic analyzer.

Statistical analysis
All data were analyzed using ANOVA for completely randomized designs. Differences among treatments were
examined by Duncan’s multiple range tests.

RESULTS

Growth performance

Growth performance data of parameters are presented in Table 1. At 42 d, the ducks fed MCD had significantly
decreased BWG, ADG, ADFI, SVR (P<0.05) and increased FCR and CVBW (P<0.05) when compared to control diet.
Supplementation of 0.5% TP in MCD significantly increased BWG, ADG, SVR and decreased CVBW (P<0.05) of
ducks when compared to MCD. Supplementation of 0.2% HSCAS and 0.2% HSCAS + 0.5% TP in MCD significantly
increased BWG, ADG, ADFI, SVR (P<0.05) and decreased FCR and CVBW (P<0.05) when compared with MCD.
However, the BWG, ADG and FCR of ducks in supplementation with 0.2% HSCAS + 0.5% TP were better than
supplementation with 0.2% HSCAS singly.

Serum biochemistry

Serum biochemical parameters are presented in Table 2. At 42 d, the ducks fed MCD showed significantly
decreased levels of glucose, cholesterol, total protein, Ca and P (P<0.05) and increased levels of AST and ALT
(P<0.05) when compared to control diet. Supplementation of 0.5% TP in MCD significantly increased levels of
cholesterol and Ca (P<0.05) and decreased levels of AST and ALT (P<0.05). Supplementation with 0.2% HSCAS
and 0.2% HSCAS + 0.5% TP in MCD significantly increased levels of glucose, cholesterol, Ca and P (P<0.05) and
decreased levels of AST and ALT (P<0.05) of ducks when compared to MCD. However, only supplementation of 0.2%
HSCAS + 0.5% TP in MCD significantly increased level of total protein (P<0.05) when compare to MCD.

DISCUSSIONS
In the present study, results of analysis of mycotoxins in corn or MCD found that the total levels of total AF (B;, B,)
was 42.81 ppb and AFB, was 30.52 ppb, these levels are higher than the US Food and Drug Administration
(FDA) action level of 20 ppb of total AF in feed. Similarly, the European Union (EU) specified maximum level of
AFB, content of 20 ppb in poultry diets (Yang et al., 2014). This study found that the negative effects of MCD
significantly decreased growth performance (P<0.05) of ducks. Similar results were also noticed in previous
reports, AFB, contaminated in diets decreased BWG, ADFI, ADG, uniformity and increased FCR and mortality
(P<0.05) of poultry (Khajarern et al., 2003; Gowda et al., 2008; Han et al., 2008; Zhao et al., 2010; Li et al., 2012;
Wan et al.,, 2013; Chen et al., 2014).

The levels of serum biochemical parameters can be used for evaluation of health or nutrition status and liver
injury of animals (Quist et al., 2000). This study found that the adverse effects of MCD significantly reduced
levels of glucose, cholesterol, total protein, Ca and P (P<0.05) and increased levels of AST and ALT (P<0.05) when
compared to control diet. Similar results were also noticed in previous reports, AFB1 contamination in diets
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reduced levels of glucose, total protein, cholesterol, Ca and P (P<0.05) and increased activities of ALT and AST
(P<0.05) of poultry (Gowda et al., 2008; Han et al., 2008; Li et al., 2012; Chen et al., 2014).

In the present study, supplementation with 0.5% TP, 0.2% HSCAS, or both in MCD showed that it ameliorates the
adverse effects of MCD and showed enhanced growth performance and levels of serum biochemical parameters
when compared to MCD (P<0.05). The results agree with previous studies showing that supplementation of
HSCAS reduces the negative effects of AFB1 in broilers (Zhao et al., 2010). However, this study found that the
MCD supplemented with 0.2% HSCAS + 0.5% TP showed lesser toxic effects than the MCD supplemented with
TP or HSCAS singly. These findings are consistent with those of previous studies by Gowda et al. (2008) reported
that supplementation with 0.5% TP to AFB1 diet significantly increased BWG (P<0.05), and supplementation with
0.2%HSCAS + 0.5%TP showed ameliorated negative effects of AFB1 on some of serum biochemical parameters
and improved the antioxidant status in broilers.

CONCLUSION

The supplementation with TP, HSCAS, or both showed enhancement in their growth performance and serum
biochemical levels (P<0.05). The MCD supplemented with 0.2% HSCAS + 0.5% TP showed lesser toxic effects than
supplemented with TP or HSCAS singly. The result can be concluded by stating that supplementation of turmeric
powder and/or HSCAS can ameliorate the toxic effects of mycotoxins in ducks.
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Table 1. Effect of HSCAS and turmeric powder on growth performance of ducks

Item T1 T2 T3 T4 T5 SEM
BWG, g 2,492.21° 2,296.67¢ 2,309.53¢ 2,453.86° 2,485.60° 4.048
ADG, g 71.21° 65.62¢ 65.99° 70.11° 71.01° 0.115
ADFI, g 167.59 165.32° 170.11° 166.97* 170.33% 0.195
FCR 2.35¢ 2.52% 2512 2.38° 2.36° 0.004
CVBW, % 6.83°¢ 11.62% 9.76° 7.13¢ 7.13°¢ 0.209
SVR, % 100? 94.44° 100? 100* 100* 1.242

»d Means have different superscripts in same row difference significantly (p< 0.05).

T1: basal diet; T2: mycotoxin contaminated corn diet (MCD); T3: MCD + 0.5% turmeric powder
(TP); T4) MCD + 0.2% hydrated sodium calcium alumino silicate (HSCAS); T5: MCD + 0.2%
HSCAS +0.5% TP

BWG: body weight gain; ADG: average daily gain; ADFI: average daily feed intake; FCR: feed
consumption ratio, CVBW: coefficient of variation of body weight; SVR: survival rate

Table 2. Effect of HSCAS and turmeric powder on serum biochemistry parameters of ducks

Item Tl T2 T3 T4 TS SEM
Glucose, mg/dL 191.67*°  162.00° 171.67% 188.33*  192.33*  6.710
Cholesterol, mg/dL 187.33¢ 160.00° 175.67° 182.67*  183.33*  3.986
Total protein, g/dL 3.83% 3.57° 3.67% 3.80% 3.90° 0.073
Ca, mg/dL 12.10° 10.40° 11.23% 11.43° 11.60®  0.182
P, mg/dL 8.07° 6.60° 6.87° 7.90% 7.97 0.218
AST, U/L 27.33¢ 48.67° 37.67° 29.00° 27.33¢ 1.513
ALT, U/L 28.67° 63.67° 39.00° 29.67° 28.33¢ 1.972

¢ Means have different superscripts in same row difference significantly (p< 0.05).

T1: basal diet; T2: mycotoxin contaminated corn diet (MCD); T3: MCD + 0.5% turmeric powder
(TP); T4) MCD + 0.2% hydrated sodium calcium alumino silicate (HSCAS); T5: MCD + 0.2%
HSCAS +0.5% TP

Ca: calcium; P: phosphorus; AST: aspartate aminotransferase; ALT: alanine aminotransferase.
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OBJECTIVE

Bacterial DNA contains CpG motifs that stimulate Toll-like receptor 9-expressing cells to mount a protective innate
immune response. Synthetic CpG oligodeoxynucleotides (CpG-ODNs) derived from bacterial DNA maintain the
immunomodulatory properties against infectious agents, cancer, allergies, and inflammatory disorders (Krieg et
al., 1995; Hemmi et al., 2000).

Previously, we reported the strong immunostimulatory effects of a CpG-ODN, designated MsST, from the /acZ
gene of Streptococcus thermophilus ATCC19258. MsST strongly induced the production of interleukin (IL)-33
in mouse spleen cells via Toll-like receptor 9 (Shimosato et al, 2010). We also found that orally administered
MsST potentially worsened atopic dermatitis, and that MsST was delivered to the gut Peyer’s patches of antigen-
immunized mice, where they induced systemic IL-33 expression (Wang et al., 2015). IL-33, which is a member
of the IL-1 family of cytokines, binds to the IL-1-related receptor protein ST2 and induces the production of
inflammatory and Th2 cytokines in mast cells, Th2 cells, basophils, and eosinophils (Imai et al., 2013). However,
the mechanism by which MsST-induced IL-33 contributes to the exacerbation of atopic dermatitis remains unclear.
Recently, type 2 innate lymphoid cells (ILC2) were identified as a new cell population that expresses ST2. ILC2 can
produce large amounts of type 2 cytokines, such as IL-5 and IL-13, in response to IL-33, and it has been suggested
that ILC2 are involved in allergic diseases (Moro et al., 2010; Neill et al., 2010; Kabata et al., 2015). Therefore, in
this study, we investigated the effects of MsST treatment on ILC2.

METHODOLOGY

Oligodeoxynucleotides: Endotoxin-free phosphorothioate-bound ODNs (PS-ODNs) were synthesized and desalted
by Integrated DNA Technologies, Inc. (Coralville, IA). The PS-ODNs were reconstituted in endotoxin-free water and
passed through a 0.22- p m pore microfilter (Nihon Millipore K.K., Tokyo, Japan). The ODN sequences were: B
type CpG-ODN, MsST derived from the S. thermophilus lacZ gene (5'-CAGGACGTTGTATCACTGAA-3’; Shimosato et
al., 2010; Yamamoto et al.,, 2016), and control GpC-ODN, ODN¢,, (5-GCTAGAGCTTAGGCT-3’; Ito et al., 2013).

Mice: Pathogen-free male C57BL6 mice (4 weeks of age) were purchased from Japan SLC (Shizuoka, Japan) and
kept under temperature- and light-controlled conditions. The mice were given a standard diet of Labo MR Breeder
(Nihon Nosan Co., Kanagawa, Japan) and sterile water ad /ibitum, and were used for the study at 7 weeks of age.
All experimental procedures were conducted in accordance with the Regulations for Animal Experimentation of
Shinshu University, and the animal protocol was approved by the Committee for Animal Experiments of Shinshu
University. Based on national regulations and guidelines, all experimental procedures were reviewed by the
Committee for Animal Experiments, and final approval was obtained from the president of Shinshu University.

Cells and cell culture: Spleen cells from non-immunized mice were prepared using standard methods. Cells were
cultured in triplicate or quadruplicate wells of a 24-well plate (Nalga Nunc International K.K., Tokyo, Japan)
at a final concentration of 1X 107 cells/well (total of 1 ml/well) in complete RPMI 1640 medium (Sigma, MO)
supplemented with 10% fetal calf serum (FCS; Sigma), 100 U/ml penicillin, 100 mg/ml streptomycin, 25 mM
HEPES, 1.0 mM sodium pyruvate, non-essential amino acids, and 0.0035% 2-mercaptoethanol. The spleen cells
were pre-incubated in medium for 3 h prior to exposure to 3.0 g M MsST, ODN¢,,, or phosphate-buffered saline
(PBS) for 24 h.

ILC2 analysis: ILC2 analysis was performed as described by Moro et al. (2010). All of the antibodies were
purchased from Biolegend (San Diego, CA). The stimulated spleen cells were fixed in 4% paraformaldehyde for
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15 min at room temperature. After washing, the cells were stained with biotin-conjugated antibody mixtures for
lineage (Lin) markers (CD3 ¢, CD4, CD5, CD8 a, TCR 8, TCR §, CD11b, CD11c, CD45R, CD19, Gr-1, Fc e R[, NK1.1
and Ter-119), FITC-conjugated anti-Scal, PE-conjugated c-kit, and PE/Cy5-conjugated anti-streptavidin. The Scal”
and c-kit" cell populations among the Lin cells were analyzed using a FACSCalibur (BD Biosciences, San Jose, CA).
All data were analyzed using Flow]Jo (Ashland, OR).

Statistical analysis: ANOVA and post hoc tests were performed using a statistical software package (ystat2004.
xls; Igakutosho Shuppan, Tokyo, Japan). One-way ANOVA with a post hoc Student-Newman-Keuls test was used to
determine the significance of differences in all experiments. Differences were considered to be significant at P <
0.05. Values for all experiments are expressed as the mean =+ standard error (SE).

RESULTS AND CONCLUSION

In 2010, Moro et al. were the first to identify a novel cell population that does not express Lin markers (CD3 ¢,
CD4, CD5, CD8 a, TCR 3, TCR§, CD11b, CD11c, CD45R, CD19, Gr-1, Fc e RI, NK1.1 and Ter-119), but do express
c-kit and Scal in fat-associated lymphoid clusters; these cells were named natural helper (NH) cells (Moro et
al., 2010). Following this report, Neill et al. (2010) used IL-13 reporter mice to identify and characterize Lin IL-
13" cells that responded to IL-33 or IL-25; these cells were named nuocytes. Nuocytes also do not express Lin
markers, but do express c-kit and Scal (Neill et al., 2010). In the same year, Price et al. (2010) used IL-4 and IL-
13 reporter mice to identify and characterize Lin IL-13" cells that responded to IL-33 or IL-25; these cells were
designated as innate type 2 helper (Ih2) cells. Ih2 cells do not express Lin markers, but do express Scal (Price et
al., 2010). These cells were all classified as ILC2 according to several common features (Kabata et al., 2015); ILC2
are phenotypically defined as Lin™ cells that express at least Scal or c-kit and produce type 2 cytokines.

In this study, we found that the Scal™ and c-kit" cell populations among the Lin" cells significantly increased
in MsST-stimulated spleen cells when compared with ODN 4,,- or PBS-stimulated spleen cells. This result
indicates that MsST induces ILC2 in mouse spleen. Therefore, it is suggested that ILC2 are involved in the
MsST-induced exacerbation of atopic dermatitis. In order to further clarify the details, we plan to use allergy
model mice to investigate the effects of MsST administration on ILCZ induction in vivo in the near future. We
propose that a novel immunoregulatory mechanism mediated by CpG-ODNs may induce ILC2. Exploitation of
this immunoregulatory property of MsST may prove useful in the design and production of new physiological
supplements for foods/feeds.

FIGURE LEGEND

Fig. 1. Analysis of Lin Scal” cells and Lin c-kit" cells by flow cytometry. (A) Percentage of Scal® cells among the
Lin" cells after 24 h of incubation with 3.0 u M MsST, ODN,,, or PBS. (B) Percentage of c-kit" cells among the
Lin cells after 24 h of incubation with 3.0 p M MsST, ODN;,,, or PBS. Data are representative and shown as the
mean = SE (n = 3) of three independent experiments with similar results. **P < 0.01.

KEYWORD : CpG-ODN, Streptococcus thermophilus, ILC2
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Introduction

Docosahexanoic acid (DHA) is an essential omega-3 fatty acid that the human body cannot efficiently produce by
itself; it must be taken in through the diet. DHA is delivered to fetus via the placenta during pregnancy, and infants
through breast milk or enriched formula. When infants grow into toddlers and transition to eating and drinking
at the table, a nutritional gap is created. Dietary sources of DHA, such as salmon and mackerel, are not commonly
found on the plates of children, which leads to less than optimal levels of DHA intake.

Algae, the base of the marine food chain, can be used as a natural source of DHA. The lipid content of microalgae
can reach 70% with high concentrations of omega-3 and omega-6 fatty acids. One specific strain, Schizochytrium
spp., has been found to contain at least 14% DHA. Microalgae supplementation can be used as a potentially safe,
sustainable alternative to fish oil in chicken diet to create functional, DHA-enriched eggs to help address human
dietary insufficiencies.

According to the European Union Food Safety Authority (2010), ingesting about 250 mg/day of EPA and DHA
is required to obtain the claimed benefit effect as regards eyes, brain, and heart health. Therefore, consuming
microalgae-DHA eggs could benefit the brain health of consumers.

DHA may play an important role in autonomic function, attention and inhibition which are the component of
executive function, along with skills, e.g., working memory and planning, all of which depend on frontal lobe
maturation. The prefrontal cortex region in the brain has been shown to play a major role in cognitive function
using contrasts between the activation to Go/NoGo stimuli. (Liddle et al, 2001). DHA is the principle omega-3 fatty
acid in mammalian grey matter, representing 15-20% of the total fatty acid composition in the frontal cortex of
adult humans. (Carver et al, 2001). DHA-rich frontal lobes are thought to be responsible for executive function and
higher-order cognitive activities such as planning, problem solving, and focused attention. (Anderson et al, 1998).
There is mounting clinical evidence that the DHA status of humans is positively associated with neurocognitive
development particularly on measures of attention and memory. (Lauritzen et al, 2001).

The numerous studies on the relationship between omega-3 fatty acids and central nervous system activity mainly
involve pathological situations. (Haag, 2003). It remains to be proven if DHA can change or improve the status of
healthy young people, as omega-3 supplementation in healthy subjects has not been widely analyzed. (Fontani et
al, 2005). Moreover all of the previous studies were done with an omega-3 supplement, not with functional food.

Materials and Methods

Subjects

Subjects were military drafted soldiers aged between 20-22 years old at the Medical Battalion, Phramongkutklao
Hospital, Bangkok, Thailand. The 30 subjects in this study, all men, were randomly divided into two groups of 15
subjects each. The average age of the control group was 21.47 == 0.19 years and the DHA group was 21.13 £ 0.43
years. There were no significant differences between two groups in education, weight, height, or BML All subjects
from each group consumed two boiled eggs, either control or DHA eggs every day for 8 weeks. Participants were
not instructed to alter any other part of their diet during the 8 weeks.

Eggs samples

The DHA eggs were derived from feeding 2% microalgae (Schizochytrium sp.) in hen diet after 8 weeks. Essential
fatty acid in the egg sample for control and DHA egg were analyzed by gas chromatography. Omega 6:3 ration
was calculated. The average egg weight in this study was 57.46 gram for control egg and 55.54 gram for DHA
egg, respectively.

Experimental procedures

Throughout the 8 weeks study period, the 15 subjects of the DHA group consumed two boiled eggs per day of
microalgae-DHA enriched eggs (DHA=278 mg/day), while the 15 subjects of the control group consumed two
boiled eggs per day of normal eggs (DHA=51.8 mg/day).
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A visual Go/NoGo task requires each subject to respond as fast as possible to the “Go” stimuli by pressing the
left mouse click and to the “NoGo” stimuli by pressing the right mouse click. Electroencephalograms (EEG)
were performed on each subject of both groups at week O, week 4 and week 8 by using an Emotiv 14-channel
EEG headset. All stimuli was presented by SuperLab Pro v. 2.04 via a monitor screen of notebook computer
and adjusted for easy viewing. Regarding the Go/NoGo paradigm, the capital letter of “S” was used as a primer.
Subjects had to notice any letter coming after the letter “S”. The “Go” condition were, then, as “S-T” and “S-other
letters” were named as “NoGo” condition.

Data collection

Brain waves during the Go/NoGo test were recorded by Emotiv14-channels EEG and computed by Emotiv Xavier
Control Panel Premium 3.0.0.40. The frequencies were divided into five bands: Delta (

The percentage of hits and the reaction time (RT) to the “Go” condition and the percentage of false alarm to the
“NoGo” condition were included for data analysis. When the left mouse was pressed within 200 to 1,000 msec
after the “Go” condition (S-T), the response was immediately deemed as a “Correct” response whereas the left
mouse response to the “NoGo” condition (S-Other Letters) were scored as the “False Alarm”. Reaction time was
measured from the onset of the go stimuli to the left-click response.

Data analysis

The data were analyzed by means of split-plot ANOVA, with one between factor and one repeated measures factor
over the study period (wkO, wk4 and wk8). The difference was considered significant at p

Results and Discussion

Essential fatty acid composition in the egg

DHA eggs derived from feeding 2% microalgae (Schizochytrium sp.) in hen diet after 8 weeks. The fatty acid
profile of eggs of control and DHA group are demonstrated in Table 1.

The level of omega-3 fatty acid of DHA-egg group was 5 times higher than those of control group. In contrast, the
omega-6 fatty acid of both groups was not differ significantly. (Figure 1). The Omega 6:3 ratio was found to have
reduced from 15:41:1 of control egg to 3.11:1 of DHA-egg group.

Brain wave activation pattern

After consuming eggs for 8 weeks, the power of the slow frequency bands e.g. Delta, Theta and Alpha waves
increased with significant difference (p<0.05) between baseline and 8 weeks in the DHA-egg group when
performing the Go-task. In contrast, the brain waves in the control group did not differ significantly between
baseline and 8 weeks. (Figure 2)

This result is consistent with the previous research on the effect of omega-3 on the activity of the central nervous
system (Fontani et al, 2005) which recorded an Electroencephalogram (EEG) frequency shift towards the theta
and alpha bands in all tests after Omega-3 supplementation (EPA & DHA) for 35 days that was associated with an
improvement in attentional and physiological functions, particularly those involving complex cortical processing.
However when performing the NoGo task, the Theta, Alpha, Beta and Gamma waves of the control and DHA
groups did not differ significantly between week O, week 4 and study end (week 8).

Behavioral performance

After consuming eggs for 8 weeks, both the control- and DHA-egg groups showed high performances >90%
accuracy with no significant difference in the percentage of correct responses to the go stimuli. Even though the
DHA-egg group showed slightly better response. (>95% accuracy)

Perhaps part of the reason for the general improvement of behavioral measures seen in both groups could be
attributed to the nutrition-value of both kinds of eggs. One limitation of our study was that the Go/NoGo task
may have been too easy, performances was high in both group. And this ceiling effect could mask potential
performance-enhancing effects of consuming DHA-eggs.

However the percentage of false alarms in the DHA-egg group was significantly reduced (p<0.05) from 0.10 = 0.04
% at week O to almost zero at week 4 and week 8, but not with the control group.

The main finding of the present study was that consuming eggs for 8 - whether control or DHA eggs significantly
decreased the reaction time response to Go stimuli (p<0.05). The reaction time was significantly faster (22%) in
the DHA-egg group (from 486.34 £ 26.0 msec at week O to 399.66 * 23.6 and 380.74 £ 24.1 msec at week 4
and week 8 respectively) compared to 17% faster for the control (normal-egg) group (from 511.85 £ 27.7 msec
at week 0 to 451.30 = 21.2 and 421.61 =+ 23.9 msec at week 4 and week 8 respectively). (Figure 3).

These results, obtained from a population of healthy subjects, are in line with Fontani et al. (2005), who showed
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that Omega-3 influenced the activity of the central nervous system.

In this study, subjects in the control group received 51.8 mg/day of DHA from two eggs/day, which could have
improved reaction times. While the treatment group, which consumed even more DHA from microalgae-DHA eggs
(278 mg/day) showed even faster reaction times.

Conclusions

The results of this experiment revealed that manipulation of Omega-3 fatty acids in the egg to optimal level could
be possible by supplementing microalgae in hen diet. The influence of microalgae-DHA eggs (2 eggs/day) on the
activity of the central nervous system can be seen after 4 to 8 weeks of consumption indexed by the Go/NoGo
task.

Suggestions

These results were obtained from a small study group and need further confirmation in a wider group of subjects
and, in particular for the possible influences of age and gender. Additionally, the blood analysis to measure DHA
content of the red blood cell membranes should be measured to confirm the relationship between consuming
DHA-eggs and DHA levels in the blood, as it is a marker of DHA levels in the brain. There are possibility for future
research of DHA-egg consumption on the reduction risk of cognitive syndromes e.g. ADHA, Alzheimer’s disease
etc.
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Figure 1: The Omega-6 and Omega-3 fatty acid of the control and DHA-egg groups
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Figure 2: The change in brain waves when performing Attention (Go) test before and after 8 weeks
of consuming DHA-enriched eggs.
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Figure 3. Reaction time to Go stimuli of the control and DHA groups
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Table 1. Essential Fatty acid composition of the control egg and microalgae-DHA egg

Fatty acid (mg) Normal egg DHA egg
Docosahexanoic acid (DHA) 22:6 (n3) 259 139
Eicosapentanoic acid (EPA) 20:5 (n-3) 0 2515
Alpha Linolenic acid (ALA) 18:3 (n-3) 8.97 9.76
Total omega 3 34.8 150.91
Linoleic acid 18:2 (n-6) 432.9 405.4
Gamma Linolenic acid 18:3 (n-6) 3.35 2:32
Eicosadienoic acid 20:2 (n-6) 5.87 4.91
Eicosatrienoic acid 20:3 (n-6) 13.11 9.95
Arachidonic acid 20:4 (n-6) 82.19 47.30
Total omega 6 537.42 469.88
Omega 6:3 ratio 15.41 3.11
Average egg weight (w/o shell) - gram 57.46 55.54
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Introduction

Lysozyme is a protein that has various functions. Lysozyme consists of 129 amino acid residues with four disulfide
bonds. The molecular weight of lysozyme is between 14300-14600 Da with isoelectric point around 10.7.
Lysozyme has been used as an antimicrobial agent for various types of food. In 1992, a joint committee between
the World Health Organization (WHO) and Food and Agriculture Organization (FAO) declare that lysozyme could
be used safely in food. Several studies have also characterized the ability of lysozyme as antioxidant.

Lysozyme is initialized to be studied and developed as sweetener. Lysine, one of the amino acids found in
lysozyme, has the ability to generate sweet taste when interacting with sweet receptors on the tongue. Although
proteins are generally tasteless, some of them have sweet taste such as thaumatin (van der Wel and Loeve, 1972),
monellin (Morris and Cagan, 1972; van der Wel, 1972), brazein (Ming and Hellekant, 1994), Pentadin (van der
Wel et al, 1989), mabinlin (Liu et al, 1993), curculin (Yamashita et a., 1990) and lysozyme (Masuda et al, 2001).
The proteins that can give sweet taste into food or pharmaceutical product are known as sweet protein. This
protein has sweetness level 100 to 2000 times higher than sucrose.

Lesnierowski and Kijowski (2007) mentioned that lysozyme was found in poultry’s egg white, tears, milk, spleen,
thymus, pancreas and cauliflower, cabbage and papaya juices. Lysozyme found in chicken eggs was named c-type
lysozyme (generated from “chicken” or “conventionali”) since it has different structure compared with lysozyme
from other poultry. Lysozyme found in geese egg hasa different radical, which is called the g-type (Losso et
al, 2002). Furthermore, Prager and Jolles (1996), cited by Losso et al. (2002) argued that each poultry had a
different lysozyme gene regulator, which made difference the characteristics of the lysozyme.

The purpose of this study was to determine the value of EWL sweet threshold from kampong chicken and
cihateup duck eggs

Materials and Methods

Collection of Egg White Fractions of Kampung Chicken and Cihateup Duck

Fresh egg of kampung chicken and Cihateup duck were obtained from field laboratory of Faculty of Animal
Science, Bogor Agriculture University (IPB). Eggs collected were in good qualities: egg shell and content were
cleaned and freed from blood stains (blood spots), did not contain an embryo and have high viscosity. The eggs
used in this study had the same age that is 1 to 3 days after hatched. For comparison, egg of non-Indonesian
laying hens (hereafter called commercial laying hens) were also collected and treated as described above. Albumen
was then separated and kept for further experiment.

Methods

purification of EWL from kampong chicken and cihateup duck eggs by using ion exchange
chromatographyPurification using ion exchange chromatography. The experiment was performed based on Strang
(1984) with slight modifications. Briefly, albumen from one egg was filtered and followed by 5 times dilution
with 100 mM glycine/NaoH buffer pH 10.0. Two gram of dry carboxymethyl cellulose (CMC) was then added to
the bulk and stirred for 15 min to adsorb the EWL. Suspension was then centrifuged at 15,000 g for 5 min and
CMC-containing pellet was collected. The pellet was then washed with 100 mM glycine/NaOH buffer pH 10.0,
in an equal volume as albumen, followed by centrifugation as before to have washed pellet. The washed pellet
was resuspended in glycine buffer as before and then poured into 1 cm diameter column. The first elution was
performed by glycine buffer as before. The final elution was performed using glycine buffer containing 0.5 M
NaCl. The eluates were collected in 10 mL Falcon tube, so-called fractions, and the presence of proteins in each
fractions was monitored using the Agilent 8453 UV-vis spectrophotometer (Agilent Technologies, USA) at 280
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nm. The protein concentration of unmodified lysozyme was determined spectrophotometrically by using the
absorbance at 280 nm (E1% = 2.63) (Gill andVon Hippel, 1989). EWL were dialyzed for 24h at 4°C with citrate
buffer (pH 3.4) and phosphate buffer (pH 7.0).

Sensory Evaluation

The purpose of organoleptic test was to determine the sweet threshold began recognizable by consumers . Five
semi -trained test the sweetness of lysozyme. Due to the limited sample , the concentration of lysozyme were very
limited. EWL concentration of cihateup duck eggs were 0.365; 0.373; 0.449; 0.536 mg/ml; EWL concentration
of commercial laying hens were 0.365; 0.373; 0.384 mg/ml and EWL concentration of kampong chicken were
0.236 ; 0.373 and 0.414 mg/ml . Panelists assessed whether there was a sweet taste in the sample. After each
tests, panelist througly rinsed their mouth with distilled water.

Experimental Design
Experimental design used by this study is randomized block design (RBD) with treatment of different types of
eggs. The treatments were: (1) commercial laying hens as control (2) kampong chicken and (3) cihateup duck.

Results and Discussion

Based on research , had been done Wulandari et al. (2014 ) , EWL has successfully separated from the
commercial laying hens, kampong chicken and cihateup duck purification using ion exchange chromatography.
The experiment was performed based on Strang (1984) with slight modifications. This was feasible to be used
a single step to purify EWL on the basis of isoelectric point (pl) (10.7) compared to that of other egg white
proteins (< 6.5) (Anton et al., 2006; Machado et al., 2007; Luding et al., 2011). The only egg white protein with
pl close to EWL's pl is avidin (10.0). At pH 10, in exception of EWL and avidin, egg white proteins are supposed
to be positively charged. While EWL will be considerably negatively charged at pH 10, avidin is supposed to be
uncharged. Based on this condition, when carboxymethil-cellulose (-CH2COOH; pKa 3.5-4.5) was dissolved in
pH10, these materials are negatively charged. When these materials used as beads upon the purification, the
negatively charged of the beads bind to positively charged of EWL, while other proteins did not dissolve and elute
as flow-through fractions. Further, complex of EWL-the beads is disrupted by stronger ionic strength solution (NaCl)
to obtain beads-free EWL, so called purified EWL.

Ion exchange chromatography at pH 10 successfully purified lysozyme as indicated by a single band
corresponding to lysozyme size (~14 kD) free from bands of other proteins (Wulandari et al, 2014).

Results of EWL Organoleptic Test Dialyzed with Phosphate Buffer (pH 7)

Results of sweet threshold organoleptic test can be seen at Table 1. Concentration of EWL ranged from 0.236
mg/ml to 0.536 mg/ml. Based on Table 1, EWL fraction has sweet taste. Panelist detected sweet taste from EWL.
EWL sweet threshold of cihateup duck was 0.536 mg/ml. EWL sweet threshold of kampong chicken was 0.236
mg/ml. EWL sweet threshold of commercial laying hens was 0.373 mg/ml. Sweet taste EWL was not affected by
phosphate buffer (pH 7). Lysozyme is a sweet-tasting protein with a sweetness threshold value of 7 mM (Masuda
et al, 2005). Maheshahi et al, (2007) reported lysozyme (0,11 + 0.02mM); monellin (1.1mM) ; thaumatin (0.3 mM)
and aspartame (0.72 mM) equisweet concentration to 0.15 M sucrose. EWL was sweeter than aspartame, but the
lowest was compared the other protein sweetener.

Table 1. Results of EWL organoleptic Test Dialyzed with Phosphate Buffer (pH 7)

Results of EWL Organoleptic Test Dialyzed with Citrate Buffer (pH 3.4)

Results of sweet threshold organoleptic test can be seen at Table 2. Concentration of EWL ranged from 0.236 mg/
ml to 0.536 mg/ml. EWL sweet threshold of cihateup duck was 0.365 mg/ml. EWL sweet threshold of kampong
chicken was 0.236 mg/ml. EWL sweet threshold of commercial laying hens was 0.365 mg/ml. At pH 3.4, the
sweet taste was covered by sour taste.

Table 2. Results of EWL organoleptic Test Dialyzed with Citrate Buffer (pH 3.4)

Conclusion
EWL has successfully separated from the commercial laying hens, kampong chicken and cihateup duck using ion
exchange chromatography. The sweet threshold of EWL was 0.236 mg/ml. Differences in the pH of buffer dialysis
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resulted in differences EWL sweet taste and sweet threshold.
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Table 1. Results of EWL organoleptic Test Dialyzed with Phosphate Buffer (pH 7)

through

No. Sample Code Concentration Panelist
(mg/ml)

1 2 3 4 5
1. EWL of 579 0.365 +
2 Cihateup 351 0.449
3 Duck 738 0.373 +
4 167 0.536 + + +
5 EWL of 235 0.373 + n n
6 Kampong 473 0.414 + + + ++
7 Chicken 841 0.236 ++ + + + +
8 EWL of 135 0.365 + + +
9 commercial 652 0.384 ++ + + T
10. | laying hens 964 0.373 + + + + ++

Note : (1) : detected sweet taste ; () : not detected sweet taste

Table 2. Results of EWL organoleptic Test Dialyzed with Citrate Buffer (pH 3.4)

No. Sample Code Concentration Panelist
(mg/ml) 1 2 3 5
1. EWL of 123 0.373
2. Kampong 231 0.414 + +
3. Chicken 312 0.236 + +
4. EWL of 456 0.365 +
5. commercial 564 0.384 + + +
6. laying hens 645 0.373 + +
7. EWL of 789 0.365 + +
8. Cihateup 897 0.449 + + +
9. Duck 978 0.373 + + + +
10. 798 0.536 + + + +
Note : (+) : detected sweet taste ; () : not detected sweet taste
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Introduction

Differences in fatty acid composition of plant seed oil and animal tallow have been reported in the literature.
Soybean oil (SBO) has high amounts of long-chain UFAs (essential fatty acids, especially linoleic acid) (18:2n-
6), which are a source of omega-6 polyunsaturated fatty acids (PUFAs). Beef tallow (TAL) has higher contents of
stearic acid (18:0) and palmitic acid (16:0)—long-chain, saturated fatty acids (SFAs). Stearic acid (18:0) is catalyzed
in the liver by the desaturase enzyme ( § 9-desaturase) to form oleic acid (18:1n-9) (omega-9 polyunsaturated
fatty acids (PUFAs) and palmitic acid; in turn to form palmitoic acid (16:1n-7), an alternative precursor when
essential fatty acids are deficient (Leonard et al, 2004; Marzouki et al., 1982; Engster et al,, 1977). Oleic acid
(18:1n 9) in the diet accumulated in the yolk when the hens were fed TAL. SFA accumulation in egg yolks was
not significantly different although SFA intake was different. A diet of 10% SBO was high in linoleic acid (18:2n 6)
and resulted in enrichment of omega 6 fatty acids in the yolk. The latter is important to endogenous synthesis of
PUFA products: n-6 PUFAs are converted to n-3 PUFAs and accumulate in the yolk. The addition of TAL to the diet
strongly affects oleic acid (18:1n:9) accumulation in the yolk. Similarly, the addition of SBO to the diet strongly
promoted PUFA accumulation in the yolk, especially omega-6 PUFAs.

The current study was to evaluate the fatty acids accumulation of egg yolks of hens fed different fatty acids
composition especially the levels of linoleic acid (18:2n-6) and stearic acid (18:0) from proportion of soybean oil
and beef tallow.

Materials and Methods

Animals and experimental diets

A total of 30 laying hens (Hisex brown chickens), 36 weeks of age, were put in individual cages (30 x 40 x 40
cm). They were randomly separated into 5 groups (3 replicated) in a room maintained at 32-34 °C, which were
condition appropriate for the hens. Between day 1 to 28, six hens per group were fed a dietary treatment (i.e., a
cassava starch - soybean meal diet) with contained six ratio of soybean oil and beef tallow at 100:0, 75:25, 50:50,
25:75 and 0:100 (Tables 1-2). All of the hens were fed and watered ad libitum with 17 hour of light per day. The
composition of nutrients (protein, metabolizable energy, vitamins and mineral) was calculated for laying hens as
per the NRC (1994) recommendation.

Data collection

Body weight was measured every week. Feed intake, egg production and egg weight were recorded every day
from day 1 to 28. On the first to final week of the experiment, 2 eggs per treatment were collected (total 50)
and were analyzed the the total fat and fatty acid composition at the ALS Laboratory Co. Ltd., Thailand, with GC
analysis (AOAC, 2012).

Statistical analyses

The data on productive performance and fatty acid composition of the yolks were analyzed using an ANOVA for a
completely randomized design (CRD) using SAS software (Steel and Torrie, 1980; SAS Institute, 2003). Significant
differences among means were compared using the Duncan’s New Multiple Range tests procedure.

Results and discussion

The consuming diet of laying hen with containing proportion of soybean oil and beef tallow at 100:0, 75:25,
50:50, 25:75 and 0:100 in diet did not significantly (p>0.05) affect on body weight, hen day production, egg
weight and egg mass (Table 3). However, feed intake was significant lower (p<0.05) in ration 50:50 of soybean oil
and beef tallow as 89.87 g/h/d (1-28 day of experiment).

The fatty acids composition of the egg yolks are presented in Table 4. The proportion of stearic acid (18:0)
containing graded according to the level of beef tallow in diet had effected to constant of stearic acid (18:0)
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accumulation of egg yolk (7.39-8.11% of total fatty acid). The increasing of stearic acid (18:0) content in diet was
not affected to increasing content of stearic acid (18:0) in egg yolk. However, increasing of stearic acid (18:0) of
hen fed dietary treatments were significantly effected on graded levels of oleic acid (18:1n-9) accumulation in the
egg yolk from 27.73% of 100:0 soybean oil : beef tallow to 46.23% of 0:100 soybean oil : beef tallow. Increasing
of oleic acid (18:1n-9) in egg yolk were inversely with linoleic acid (18:2n-6) accumulation in egg yolk, according
to Sim et al. (1973) reported that changes in oleic acid deposition was inversely related to linoleic acid deposition.
These results indicated that linoleic acid was deposited primary at the expense of oleic acid (18:1n-9). Moreover,
the stearic acid (18:0) can be desaturated to form oleic acid (18:1n-9), which is a omega-9 fatty acids source for
accumulated in egg yolk as shown in Table 4. These differences may be related to the content of saturated and
unsaturated fatty acids found in the diets (Oliveira et al., 2001).

Hen fed linoleic acids (18:2n-6) decreasing level from proportion of soybean oil and beef tallow had to decreased
of linoleic acid accumulation of egg yolk from 29.73% (100:0 soybean oil : beef tallow) to 7.93% (100:0 soybean
oil : beef tallow). The addition of beef tallow in diet (0:100 soybean oil:beef tallow) were contained the minimum
of linoleic acid (18:2n-6) as 0.69%. However, the minimal of linoleic acid (18:2n-6) accumulation in egg yolk were
contained 7.93% as showed in Table 4.

Arachidonic acid (20:4n-6) and docosahexaenoic acid acid (22:6n-3) levels in the egg yolk of laying hens fed the
diet with proportion of soybean oil and beef tallow were significantly the fatty acids composition from the both
of fat source. The concentration of linoleic acid (18:2n-6) are important role in fatty acid metabolism and are
precursor of the longer chain fatty acid, especially the n-3 and n-6 fatty acids.

For the linoleic acid (18:2n-6) is the precursor of the n-6 fatty acids, the concentrations were higher in egg yolk
of laying hen fed diets containing soybean oil, which were significant all lipid proportion (p<0.05). The egg yolk
of laying hen fed 100:0 of soybean oil and beef tallow was significantly (p<0.05) higher amounts the omega-3
(linolenic acid; 18:3n-3 and docosahexaenoic acid (DHA); 22:6n-3) and omega-6 fatty acids (arachidonic acid;
20:4n-6). The results are similar to Grobas et al. (2001), the level of EPA and DHA found in the egg yolks of laying
hens fed the diet containing linseed oil, which mainly the PUFAs play several important physiological roles of the
body of the chickens.

Conclusions

The proportion of stearic acid (18:0) containing graded according to the level of beef tallow in diet had effected
to constant of stearic acid (18:0) accumulation of egg yolk (7.39-8.11% of total fatty acid). The increasing of
stearic acid (18:0) content in diet had to respect the increasing of oleic acid (18:1n-9) accumulation in the egg
yolk from 27.73% of 100:0 soybean oil : beef tallow to 46.23% of 0:100 soybean oil : beef tallow. Hen fed linoleic
acids (18:2n-6) increasing level from proportion of soybean oil and beef tallow had to increased of linoleic acid
accumulation of egg yolk from 7.93% (100:0 soybean oil : beef tallow) to 29.73% (100:0 soybean oil : beef tallow.
The addition of beef tallow in diet (0:100 soybean oil : beef tallow) were contained the minimum of linoleic acid
(18:2n-6) as 0.69% in diet. The concentration of linoleic acid (18:2n-6) are effected to increasing of arachidonic
acid (20:4n-6) and docosahexaenoic acid acid (22:6n-3) levels in the egg yolk.
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Table 1 Ingredients and nutrients composition in diets

Items Ratio of lipid sources

Soybean oil 100 75 50 25 0
Beef tallow 0 25 50 75 100

Ingredients, kg/100 kg feed
Cassava starch 25.00 25.00 25.00 25.00 25.00
Soybean meal (44%) 41.00 41.00 41.00 41.00 41.00
Rice hulls 10.80 10.80 10.80 10.80 10.80
Soybean oil 10.00 7.50 5.00 2.50 0.00
Beef tallow 0.00 2.50 5.00 7.50 10.00
DL-methionine' 0.40 0.40 0.40 0.40 0.40
Di-calcium phosphate (P18)? 4.00 4.00 4.00 4.00 4.00
CaCOs 7.50 7.50 7.50 7.50 7.50
Salt 0.30 0.30 0.30 0.30 0.30
Premix (vitamins, minerals)® 1.00 1.00 1.00 1.00 1.00
Total 100.00 100.00 100.00 100.00 100.00
Nutrients calculated,%

ME poult, kcal/kg 2749 2731 2713 2695 2677
Crude protein 18.32 18.32 18.32 18.32 18.32
Crude fat 11.56 11.56 11.56 11.56 11.56
Ash 6.54 6.54 6.54 6.54 6.54
Calcium 3.85 3.85 3.85 3.85 3.85
Total phosphorus 0.92 0.92 0.92 0.92 0.92
Available phosphorus 0.61 0.61 0.61 0.61 0.61
Lysine 1.07 1.07 1.07 1.07 1.07
Methionine 0.64 0.64 0.64 0.64 0.64
Methionine+Cystine 0.90 0.90 0.90 0.90 0.90

' DL-Methionine is 99% methionine, 2 Di-calcium phosphate is contained Ca 24% and P18%, * Premix comprises
vitamin A 4,800,000 [U, vitamin D3 800,000 IU, vitamin E3,200 U, vitamin K3 0.80 g, vitamin B, 0.32 g, vitamin
B, 1.60 g, pantothenic acid 2.00 g, niacin 6.00 g, folic acid 0.20 g, vitamin B 0.40 g, choline 48.00 g, biotin
0.006 g, vitamin By, 0.002 g, copper 2.40 g, ferrous 16 g, Zinc 20.00 g, selenium 0.04 g, manganese 24.00 g,

iodine 0.32 g, cobalt 0.08 g and a carrier added to 1 kg.
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Table 2 Fatty acids composition of experimental diets

Item Ratio of lipid sources
Soybean oil 100 75 50 25 0
Beef tallow 0 25 50 75 100

Fatty acids profile, % of total fat

Lauric acid (12:0) 0.03 0.07 0.12 0.16 0.20
Myristic acid (14:0) 0.08 1.16 2.24 3.31 4.39
Palmitic acid (16:0) 10.80 15.43 20.05 24.68  29.30
Palmitoic acid (16:1) 0.09 0.28 0.46 0.65 0.83
Stearic acid (18:0) 4.07 12.25 20.44 28.62  36.80
Oleic acid (18:1n-9) 24.50 22.63 20.75 18.88  17.00
Linoleic acid (18:2n-6) 52.70 39.70 26.70 13.69 0.69
Linolenic acid (18:3n-3) 6.27 4.75 3.24 1.72 0.20
Arachidonic acid (20:4n-6) - 0.01 0.02 0.02 0.03
Docosahexaenoic acid (22:6n-3) - - - - 0.01
Saturated fatty acids (SFAs) 16.10 31.00 45.90 60.80  75.70
Unsaturated fatty acids (UFAs) 83.90 67.68 51.45 35.23 19.00
Mono-unsaturated fatty acid 24.90 23.18 21.45 19.73 18.00
Poly-unsaturated fatty acid 59.00 44.51 30.01 15.52 1.02
Omega-3 fatty acids 6.27 4.76 3.25 1.73 0.22
Omega-6 fatty acids 52.70 39.73 26.75 13.78 0.80
Omega-9 fatty acids 24.80 22.88 20.95 19.03 17.10
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Table 3 Production performance of laying hens

Items Ratio of lipid sources p-value SEM
Soybean oil 100 75 50 25 0
Beef tallow 0 25 50 75 100
Body weight, g/hen
Day 1 1712 1702 1691 1676 1721 0.9796  56.560
Day 7 1671 1708 1680 1690 1698 0.9872  49.452
Day 14 1682 1699 1625 1683 1688 0.7942  44.714
Day 21 1687 1708 1613 1670 1670 0.5662  40.566
Day 28 1730 1766 1664 1714 1724 0.7440  52.776
Feed intake, g/h/d
1-7 day 93.62°  110.88* 93.07° 109.17°  108.07* 0.0029 3.023
7-14 day 94.05 98.12 76.83 105.60  103.17 0.0679 6.484
14-21 day 99.26 99.48 79.79 96.71  100.07 0.0663 4.898
21-28 day 110.19  118.95 109.79 112.12  121.31 0.3890 4.953
1-28 day 99.28"  106.86 89.87° 10590 108.15*  0.0379 3.870
Hen day production, %
1-7 day 66.67 80.95 73.81 80.95 71.43 0.7316 8.715
7-14 day 80.95 80.95 83.33 90.48 78.57 0.5856 5.323
14-21 day 85.71 83.33 69.05 85.71 78.57 0.2319 5.429
21-28 day 80.95 92.86 83.33 88.10 85.71 0.2630 3.689
1-28 day 78.78 84.52 77.38 86.31 78.57 0.2314 3.126
Egg weight, g/egg
1-7 day 56.35 57.80 57.52 58.20 57.47 0.9590 1.778
7-14 day 57.30 58.07 56.62 57.37 57.37 0.8888 0.981
14-21 day 57.39 56.81 54.37 56.75 56.89 0.1619 0.826
21-28 day 58.33 56.91 57.09 27.79 56.03 0.6159 1.060
1-28 day 57.56 57.38 56.47 57.52 57.09 0.9335 1.006
Egg mass, g/h/d
1-7 day 37.58 46.78 42.41 47.33 41.87 0.7262 5.562
7-14 day 46.41 47.05 47.11 45.06 45.06 0.5927 3.017
14-21 day 49.26 47.26 37.55 44.70 44.70 0.1306 3.147
21-28 day 47.24 52.81 47.47 48.02 48.02 0.2824 2.052
1-28 day 45.12 48.48 43.64 44.91 4491 0.2444 2.038

+b Means within rows with no common superscript differ significantly (p<0.05).
SEM = standard error of means
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Table 4 Fatty acids profile of experiment egg yolk

p-value SEM

Items Ratio of lipid sources

Soybean oil 100 75 50 25 0

Beef tallow 0 25 50 75 100
Total fat, % 25.90 25.93 28.83 26.70  27.73 0.6507 1.582

Fatty acids profile, g of % fat

Lauric acid (12:0) 0.09 0.08 0.08 0.07 0.07 0.6832 0.009
Myristic acid (14:0) 0.23¢ 0.41° 0.55° 091  1.07* <.0001 0.058
Palmitic acid (16:0) 21.13¢  21.23¢ 22.17% 22.97°  24.20° 0.0004 0.339
Palmitoic acid (16:1) 1.08¢ 1.20% 1.64° 223 2,67 <.0001 0.152
Stearic acid (18:0) 7.39 8.02 7.42 8.11 7.57 0.0509 0.182
Oleic acid (18:1n-9) 28.97¢ 32474 37.17° 40.63°  46.23° <.0001 0.454
Linoleic acid (18:2n-6) 29.73*  25.00° 19.80° 13.93¢  7.93¢ <.0001 0.554
Linolenic acid (18:3n-3) 1.832 1.28° 0.82¢ 0.65¢  0.26¢ <.0001 0.077
Arachidonic acid (20:4n-6) 2.02: 2,18 2.16* 1.86% 1.62¢ 0.0148 0.076
Docosahexaenoic acid (22:6n-3) 1.39° 1.40° 1.27° 1.13¢ 0.714 <.0001 0.038
Saturated fatty acids (SFAs) 30.07¢  31.33%  31.93c 34.07%  34.932 0.0334 0.994
Unsaturated fatty acids (UFAs) 65.40°  63.77% 63.13% 60.80%  59.80° 0.0126 0.960
Mono-unsaturated fatty acid 30.23¢ 33.90¢ 39.13¢ 43.27°  49.40° <.0001 0.410
Poly-unsaturated fatty acid 35.17° 29.87° 24.03¢ 17.43¢  10.41° <.0001 0.941
Omega-3 fatty acids 3.26* 2.72% 2.10° 1.79¢  0.97° <.0001 0.086
Omega-6 fatty acids 31.90*  27.20° 21.93¢ 15.77¢  9.44° <.0001 0.949
Omega-9 fatty acids 29.13¢ 32.63¢ 37.43¢ 40.87°  46.53* <.0001 0.454

¢ Means within rows with no common superscript differ significantly (p<0.05) and differ highly significantly
(p<0.01)
SEM = standard error of means
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Introduction

In Thailand, Thai native chickens have become increasingly popular because of their taste and very lean meat.
Betong chicken (KU line) is one of the native chickens and is most popular in the southern part of Thailand due
to the high quality of the meat and low carcass fat compared to broiler chickens and other Thai breeds (Nirat and
Ratana, 1996 and Danvilai, et al., 2014). However, information on nutrient requirements is still limited. Previous
researches reported that Betong chickens (KU line) required 17% CP diets and an energy level of 3,000-3,200 ME
Kcal/kg, while a high level of dietary protein (23, 21 and 19% CP) did not alter growth performance at 0-42 days
of age (Nguyen and Bunchasak, 2005). Putsakul (2010) also reported that the suitable protein and energy level
of chickens were 18% CP and 3,000 ME Kcal/ kg at 4-16 weeks of age, and 16% CP and 2,800 ME Kcal/kg at 16-
20 weeks of age; but female chickens required 18% CP and 2,800 ME Kcal/kg at 4-16 weeks of age. The data also
showed the analysis of investment and return of chickens 0-20 weeks of age to gain a final body weight of 1,700-
2,400 kg, founding higher than commercial broiler farming.

Thus, using low-protein diets is one concept for a better financial investment because of the reduced feed cost,
which represents more than 70% of the total production cost. However, reducing protein concentration in diets
always decreases growth performance and breast muscle proportion, and increases body fat accumulation because
of an amino acid imbalance. Thus, amino acid supplementation in a low protein diet is more effective in improving
the amino acid balance than supplementation in high protein diets for economic, physiological or environmental
reasons (Emmert et al., 2000; Vieira et al., 2004). Furthermore, amino acid supplementation improved feed
efficiency (Del-Vesco etal., 2013), and the studies have shown that broilers have worse feed efficiency and
produced less ATP (Bottje and Carstens, 2009). Methionine, may influence the expression of the genes involved
in energy production in mitochondria. Previous studied found some important protein, involving process of ATP
production, adenine nucleotide translocase (ANT) demonstrated the relationship between the expression of genes
encoding those proteins with feed efficiency (Ojano-Dirain et al., 2007 and Bottje et al., 2009). Thus, the objectives
of this study are to examine the effects of the supplementation of synthetic amino acids to low protein diets on
the performance of male and female Betong chickens (KU line) and the expression of the avANT gene in breast
muscle.

Materials and Methods

Day-old Betong (KU line) chicks from the same hatch were conventionally raised for 4 weeks under the same
conditions (with a use of a basal diet, 18% CP). The male and female birds were distributed for the treatments
according to a completely randomised block design (CRBD) (4 replicates of 16 birds per treatments). The
treatments consisted of a basal diet (18% CP), low protein diets (16% CP) and 16% CP+ Met at 4-12 weeks;
followed by a basal diet (16% CP), low protein diets (14% CP) and 14% CP + Met at 12-18 weeks, with four
replicates of 16 birds each, totaling 384 birds. The experimental diets (Table 1) were based on corn and soybean
meal, and formulated according to the recommendations of the National Research Council (1994). In order to
determine weight gain, all birds were weighed in the beginning, every 2 weeks, and the end of the experimental
period. Feed intake was recorded then the feed conversion ratio and feed efficiency were calculated.

At the end of the experimental period, two birds per treatment were sacrificed by neck dislocation and samples of
the breast muscle (pectoralis superficialis) were collected and stored in RNAlater Solution (Ambion, USA) at -20°C
until total RNA extraction. All animals were killed by cervical dislocation at the same time. Total RNA was extracted
using RNeasy® Fibrous Tissue Mini Kit (QIAGEN, Germany) according to the manufacturer’s instructions. Total RNA
concentration was measured using a spectrophotometer at a wavelength of 260 nm. Four hundred nanograms
of total RNA were used to prepare complementary DNA (cDNA). Real-time PCR reaction used the fluorescent dye
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SYBR GREEN (SYBRs GREEN PCR Master Mix, Bio-Rad, USA). The primers used were: GAPDH forward primer
(5"-GAGGGTAGTGAAGGCTG-3’) and GAPDH reverse primer (5'-GGGAAGCAGGACCCTTTGTT-3’), avANT forward
primer (5-TATCAGCTGGATGATTGCACAGA-3’) and avANT reverse primer (5-ACATGATATCAGCTCCTTTGCGT-3)). It
was initiated with a first denaturation step of 5 min at 95-C, followed by 40 cycles of 94-C for 2 min and 55-C for
1 min. The avANT and GAPDH transcripts were simultaneously quantified for each sample during each real-time
PCR run, and negative controls consisted of samples with no template cDNA. A standard curve for quantitation
of avANT and GAPDH was constructed using serial dilutions of the PCR product containing avANT and GAPDH,
respectively. The amount of avANT transcripts was related to that of GAPDH transcripts. The statistical analysis
was carried out using SAS version 9.0 software, and a general linear model (GLM) at a 95% confidence level was
used to evaluate the differential mRNA expression between the treatments.

Results and Discussion

The effects of protein levels on growth performance and feed efficiency of the Betong chicks are shown in Table
2. Growth performance of male Betong chickens were significantly higher than those of female Betong chickens
(P<0.05) the same results reported by Putsakul (2010). However, there were no statistical differences for feed
efficiency (FE) between sexes. Moreover, the results showed that methionine supplementation significantly
improved the feed conversion ratio (FCR) and feed efficiency (FE) (p<0.01); however, there were no statistical
differences in body weight (BW) and body weight gain (BWG) between groups throughout the experiment.
Surprisingly, feed intake (FI) of the chickens fed with low CP diets (14% CP) was higher than other groups,
resulting in the chicken probably improving BW and BWG equal to control (16% CP) and 16% CP + Met diets.
The FI of chicken fed with a low CP diet (18% CP, 4-12 weeks and 16% CP, 12-18 weeks) was higher than other
treatments, while the FI of control diets was equal to low protein + Met diets.

Aletor et al. (2000) also reported that the FI of broilers fed with low protein levels (CP 15%) was higher than in
broilers fed with a high protein diet group (CP 22%). Furthermore, Putsakul (2010) found no significant difference
in FI in Betong chickens treated with different protein level diets (16, 18 and 20%). However, many reports have
worked on studies on low protein diet in broilers; they found that the FI was low in the chickens treated with a
low protein diet (Dean et al., 2006, lyayi et al.,, 2014 and Ospia-Rojas (2014) found that the FI of broiler chickens
treated with a low protein diet (16% CP) was equal to control group (16% CP).

Quantitative real time-PCR used to evaluate gene expression patterns in muscle in response to the different diets
is shown in Figure 1. The data was normalised using the GAPDH gene, the expression of which did not change
among the treatment groups and sex throughout the experimental period. The evaluated parameters of growth
performance BWG, FCR and FE relative to the mRNA avANT expression in the muscle found that a significant
interaction was not observed. Moreover, the expression of the avANT gene of the end of experimental period (week
18) found a decreasing trend from week 14, but no statistically significant difference.

Gasparino (2014) reported that avANT mRNA expression observed for high FE was significantly higher than low
FE in the liver female quail, with no significant difference in the muscle. Moreover, no statistical difference was
observed among different sources and levels of methionine (supplementation of 0.08% DL-methionine, 0.24%
of DL-methionine, 0.11% of MHA-FA and 0.33% of MHA-FA) with regard to the expression of the ANT genes in
the muscle and liver (Del Vesco et al.,, 2013). The results suggested that although ATP production is affects to FE
and other productive performance; however, many other physiological systems are probably involved. Metabolic
pathways are involved in protein deposition and feed intake control, and also play a key role in FE. Recent studies
on muscle growth (Tesseraud et al., 2007 and Zheng et al., 2009) and feed intake control show that the cellular
mechanisms with a single signalling pathway with the central nervous system regulating energy acquisition by
controlling feed intake (Richards et al, 2010). In addition to their many functions in growth, thyroid hormones
have also been shown to participate in the control of avANT mRNA expression.
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Figure 1. Relative mRNA expression of nucleotide translocase (ANT) in the muscle of at 14
and 18 weeks of age of Betong chickens fed with a control diet, low protein diet +
Met and low protein diets. The results are averages a posteriori and standard deviation
represented by vertical bars.
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Table 1 Composition and nutrient levels in diets

Experimental diets
Composition (%)

CP 18% CP 16% CP16% + Met

Corn Thai 59.5 66.7 66.8
Oil 6.00 4.81 4.75
Soybean meal (CP 46%) 30.4 24.1 23.9
L-Lysine 0.00 0.19 0.20
DL-Methionine 0.03 0.00 0.09
Monocalcium phosphate 1.21 1.20 1.20
Calcium carbonate 1.93 1.98 1.98
Sodium bicarbonate 0.25 0.50 0.50
Salt 0.43 0.30 0.30
Premix' 0.25 0.25 0.25
Total 100 100 100
Nutrients calculated

Metabolizable energy (Kcal/Kg) 3,000 3,000 3,000
Protein % 18.00 16.00 16.00
Lysine % 0.95 0.95 0.95
Methionine + Cysteine % 0.61 0.52 0.61
Methionine % 0.32 0.26 0.35
Calcium % 1.06 1.05 1.06
Available Phosphorus % 0.45 0.45 0.45
Sodium % 0.25 0.27 0.27
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Table 2. Effect of additional methionine in low-CP diet on performance of Betong chicken
(KU line) during 4-18 weeks of age.

Ttems BW (2) BWG (2) ADG (2) FI (2) FCR FE
Diets
Sex
4-12 weeks
11034 + . 1462+ 2779.53 + 3634 0293+
Female 155.15>  803.93%153.06 278" 271.36" 0.92" 0.07
Male 1422.98 + 1070.99 + 19.47 + 351828 + 334+ 0308+
93.08° 90.68° 1.65° 375 4° 0.55° 0.04
P-value <0001 <0001 <0001 <0001 <0001 0.4488
12—18 weeks
165238 + 1352.92 + . 588412+ 447+ 0233+
Female 239.59° 238.17° 13.8+2.43 687.4° 0.91° 0.05
Male 2064.08 + 171208 + 17.47 + 7598.33 + 445+ 0227+
7243 70.49* 0.72° 751.4° 0.56* 0.02
P-value <0001 <0001 <0001 <0001 <0001 0.6898
4-12 weeks
1309.23 + 982.55 + 2007.84 + 3.034 0338+
0
18% CP 203.63 180.72 17.86£329 " 405430 0.44° 0.05°
11973 + 874.85 + 354120 + 421+ 0246+
0
16% CP 220.43 197.62 I591£3.59 “ysaqpo 0.79" 0.05"
16% CP + 1283.04 + 95499+ .o oo 209769+ 321+ 0318+
Met 20271 178.88 36+3. 407.35° 0.37° 0.04°
P-value 0.1916 02116 0211 <0001 <0001 0.002
12—-16 weeks
1904.85 + 1.578.16 + 400< 0255+
0 b a
16% CP e Ao 16104303 6215549542 F0 o
1814.19 + 1,491.74 + 7579.4 + 514+ 0198+
0 ’
14% CP 26475 24238 1322247 1056.7" 0.66* 0.03°
14% CP + 1855.65 + 1.527.60 + 423+ 0239+
Met 259.49 237.07 15.59£2.42° 64288£943.8° 4o 0.03"
P-value 0.6126 0.6346 0.6342 <0001 <0001 0.0077

a5 within each column, means with different superscript letters are different (P<0.05).
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(0™ [.®. W and Carcass Characteristics in Betong Chicken (KU Line)

Jiraporn Marayat, Choawit Rakangtong, Panwadee Sopannarath, Chaiyapoom Bunchasak,
Wiriya Loongyai

Department of Animal Science, Faculty of Agriculture at Kasetsart University, THAILAND

INTRODUCTION

The Betong chicken is a meat type strain, which is popular in the Southern region of Thailand. The Betong is
considered to produce high quality meat that is softer and tastes better than other Thai native chicks (low carcass
fat and high lean meat), but it is not as flabby as broiler’s meat (Gongruttananun and Chotesangasa, 1996).
Previous studies have reported that Betong chickens (KU line) required 17% CP diets and an energy level of 3,000-
3,200 ME Kcal/kg, while high levels of dietary protein (23, 21 and 19% CP) did not alter growth performance at
0-42 days of age (Nguyen and Bunchasak, 2005). Putsakul (2010) also reported that suitable protein and energy
levels of chickens were 18% CP and 3,000 ME Kcal/kg at 4-16 weeks of age and 16% CP and 2,800 ME Kcal/kg at
16-20 weeks of age, but female chickens required 18% CP and 2,800 ME Kcal/kg at 4-16 weeks of age. The data
showed the analysis of investment and return of chicken 0-20 weeks of age to gain final body weight 1,700-2,400
kg, founding higher than broiler chickens.

One concept regarding the financial investment is the reduction of feed cost with a low protein diet, which
represents more than 70% of the total production cost. However, reducing the protein concentration in diets
always decreases growth performance and breast muscle proportion and increases body fat accumulation because
of amino acid imbalances. Thus, amino acid supplementation in a low protein diet is more effective at improving
amino acid balance than is supplementation in high protein diets due to economic, physiological or environmental
reasons (Emmert et al., 2000; Vieira et al., 2004). The effects of insufficient amino acids cause imbalanced amino
acids in the blood and reduces feed intake (NRC, 1994). The body weight and growth performance decreased as
a result. Low protein diets have been known to increase the deposition of abdominal fat in chickens (Aletor et
al., 2000). Thus, low dietary protein leads to decreased body weight gain in animals, which is clearly undesirable
in animal husbandry. However, supplementation with essential amino acids (EAA) may restore performance
(Kobayashi et al., 2013). Currently, there is limited information on the nutrient requirements (protein and amino
acids) of Betong chickens. The objective of this study was to investigate the protein and amino acid requirements
of Betong chickens at 4-12 weeks of age for utilisation of feed, high growth performance and carcass
characteristics.

MATERIALS AND METHODS

Animals and management

Day-old Betong (KU line) chicks from the same hatch were conventionally raised for four weeks under the same
conditions (with the use of a basal diet, 18% CP). Feed and water were provided ad /ibitum. The male and female
birds were distributed to the treatments according to a completely randomised block design (CRBD) design (four
replicates of 16 birds per treatments).

Experimental diets

The experimental diets were based on corn and soybean meal, and were formulated according to the
recommendations of the National Research Council (1994). The treatments consisted of a basal diet (18% CP), low
protein diets (16% CP) and low protein with amino acids supplement (16% CP+ Met), as shown in Table 1.

Data collection and sampling

In order to determine weight gain, all birds were weighed at the beginning, every two weeks and at the end of the
experimental period. Feed intake was recorded, followed by the feed conversion ratio and feed efficiency. At the
end of the experiment, two chickens from each replicate were selected in order to determine the carcass quality
according to the following: carcass weight, breast muscle, inner breast weight, abdominal fat and drumstick.
Statistical analysis

All of the data were subjected to analysis of variances using the general linear model (GLM) procedure in the
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Statistical Analysis System (SAS: version 9; SAS Institute Inc., Cary, NC, USA). The means of variables were
compared according to Duncan’s multiple range test when significant differences were observed. The level of
significance was established at p<0.05.

RESULTS AND DISCUSSION

The effects of protein levels on growth performance and feed efficiency of the Betong chicks are shown in Table 2.
At 4-12 weeks of age, the growth performance and feed intake of male Betong chickens were significantly higher
than those of female Betong chickens (p<0.05), which is the same asPutsakul’s (2010) findings.

Some growth performance indicators, body weight, body weight gain and average daily gain, did not show a
significant difference among the diets (dietary CP 18%, CP 16% and CP 16%+Met). These results were similar to
those studied by Putsakul (2010), reported that there were non-significantly differences in growth performance
among the effects of protein level (16%, 18% and 20%). Our results were different from the report by Kobayashi et
al. (2013) reported that body weight gain of the low protein diet group was lower than that of the control group
in broilers.

The feed intake of the CP 16% diet group (3,541.20 g) in Betong chickens was higher than was the feed intake of
CP 18% and CP 16% + Met (2,907.84 and 2,997.69 g, respectively). Aletor et al. (2000) reported that broilers fed
with a low protein level (CP 15%) combined with a low protein diet group had a higher feed intake compared to
broilers fed with a high-protein diet (CP 22%). The results in this study are contrary to Putsakul’s (2010), found
that there were non-significant differences in feed intake among the various levels of protein in the diets (16, 18
and 20%) in Betong chicken. Feeding with CP 16% resulted in a high feed intake due to the protein intake of CP
16% being higher than in other groups (p<0.05). The value of methionine intake in the CP 16% diet was equal
with the value of methionine intake in the CP 18% diet (9.31 g). According to the previous studies, Urdaneta
and Leeson (2004) found that the expected protein deposition and growth rate are associated with an optimum
requirement of crude protein and amino acids. The feed conversion ratio of those fed the CP18% (3.03) and CP
16% + Met (3.21) diets were presented as being non-significantly different but greater (p<0.05) compared to the
feed conversion ratio of CP 16% (4.21). Low protein diets had a high feed intake, and therefore, low protein diets
had high FCR. The observation was in agreement with Nguyen and Bunchasak (2010) found t that the protein
level (15-21%) found in the high protein level diets (21%) group had a FCR that was greater than that found in the
low protein level diet (15%) group in Betong chickens at 12 week of age. This was similar to the findings Putsakul
(2010) reported. From these results, it can be concluded that under an amino acid imbalance, chickens lose the
potential to adjust feed intake to satisfy their amino acid requirements (Bunchasak and Keawarun, 2006).

At the end of the experiment, two birds per each replicate group were randomly selected and slaughtered to
record the data on carcass yield, breast meat yield, abdominal fat, and composition of breast meat. The results
are shown in Table 3. The carcass in all groups (diets and sex) were not significantly different. In addition, the
percentage of breast muscle of male and female chickens was also not significant, while the percentage of breast
muscle of chickens fed with CP 16% diets (7.74%) and CP 16% + Met diets (8.71%) was significantly lower
compared to those fed with CP 18% (9.14%; p<0.05). This is contradictory to Nguyen and Bunchasak’s (2010)
evaluation of the effects of different protein levels (15%-19%), as they presented no significant difference in breast
muscle in Betong chickens.

This study demonstrated that the percentage of abdominal fat in male chickens was 2.44%, which is significantly
lower compared to female chickens, which had 2.90% (p<0.05), In addition, the effect of the diet showed that
those fed with CP 16% + Met (2.12%) were significantly lower compared to those fed with CP 18% diets (2.69%)
and CP 16% diets (3.21%; p<0.05). According to Nguyen and Bunchasak (2010), abdominal fat of chicks fed with
lower levels of dietary was significantly increased, but using a low protein diet supplemented with amino acids
may be able to reduce abdominal fat deposition (Aletor et al., 2000). The wings and drumstick were not significant
in any group.

CONCLUSION

Betong chickens (KU-Line) fed with low protein diets supplemented with methionine significantly improved
growth performance and decreased abdominal fat weight. With nutrition in formulated diets having the optimal
balance of essential amino acids, it is expected that there will be a higher growth performance that yields a
carcass with more edible meat and less fat.
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Table 1 Composition and nutrient levels in diets

Composition (%)

Experimental diets

CP 18% CP 16% CP16% + Met

Corn Thai 59.5 66.7 66.8
Oil 6.00 4.81 4.75
Soybean meal (CP 46%) 30.4 24.1 23.9
L-Lysine 0.00 0.19 0.20
DL-Methionine 0.03 0.00 0.09
Monocalcium phosphate 1.21 1.20 1.20
Calcium carbonate 1.93 1.98 1.98
Sodium bicarbonate 0.25 0.50 0.50
Salt 0.43 0.30 0.30
Premix' 0.25 0.25 0.25
Total 100 100 100
Nutrients calculated

Metabolizable energy (Kcal/Kg) 3,000 3,000 3,000
Protein % 18.00 16.00 16.00
Lysine % 0.95 0.95 0.95
Methionine + Cysteine % 0.61 0.52 0.61
Methionine % 0.32 0.26 0.35
Calcium % 1.06 1.05 1.06
Available Phosphorus % 0.45 0.45 0.45
Sodium % 0.25 0.27 0.27

Vitamin & mineral premix content; Composition per kg: Vitamin A 4,800 1U, Vitamin D3 1,200 U, Vitamin E 60
IU, Vitamin K3 0.6 g., Vitamin B1 0.6 g, Vitamin B2 2.2 g, Vitamin B6 0.8 g, Vitamin B12 0.04 g, Nicotinic acid
10 g, Pantothenic acid 4.8 g, Folic acid 0.2 g, Biotin,0.048 g, Mn 32 g, Zn 24 g, Fe 16 g, Cu, 32 g,10.2 g,

Se 0.04 g, Co 0.04 g
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Table 2 Effect of additional Methionine in the low CP diet on the performance of

Belong chickens (KU line) at 4-12 weeks of age.

ltems Body Body Average Feed Protein Methionine Feed
weight (g) weight daily gain  intake (9) intake (g) intake (g)  conversion
gain (g) (9) ratio
Diets
18% CP 1,309.23 982.55 17.86 2,907.84a 523.41b 9.31b 3.03°
16% CP 1,197.30 874.85 15.91 3,541.20b 566.59° 9.31b 4.21b
16% CP + Met 1,283.04 954.99 17.36 2,997.69a 479.63° 10.52° 3.21°
p-value 0.19 0.21 0.21 <0.05 <0.05 <0.05 <0.05
Sex
Female 1,103.40° 803.93° 14.62° 2,779.53°  461.96" 8.57° 3.63°
Male 1,422.98°  1,070.90° 19.47° 3,518.28°  584.47° 10.85° 3.34
p-value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
SEM 41.98 37.50 0.68 101.03 15.59 0.28 0.15
a,b

“within each column, means with different superscript letters are different (p<0.05).

Table 3 Observed means on carcass yield characteristics of Belong chickens (KU line)
at 12 weeks of age.

Items Carcass (%) Breast muscle (%) Abdominal fat (%) Wings (%) Drumstick (%)
Diets
18% CP 93.40 9.14° 2.69b 9.28 21.39
16% CP 88.42 7.74b 3.21° 8.97 19.65
16% CP + Met 90.41 8.71 2.12 9.22 20.28
p-value 0.49 <0.05 <0.05 0.79 0.46
Sex
Female 89.63 8.86 2.90° 9.16 19.66
Male 91.85 8.20 2.44b 9.16 21.22
p-value 0.52 0.21 <0.05 0.99 0.18
SEM 1.65 0.27 0.12 0.19 0.57

a, b,
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“within each column, means with different superscript letters are different (p<0.05).
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ABSTRACT: The present study determined the effect of coconut oil supplementation in diet on coccidia control,
performance and carcass quality. A total of 360, seven-day-old, mixed-gender of Cobb 500 commercial chicks fed
in a pen (4.20 m%). Feed was divided into two periods according to age i.e., 7-21 (starter phase) and 22-54 days
(grower phase). Chicks were randomly allotted in completely randomized design into 5 dietary treatments with 3
replications of 24 chicks. The experiment diets were five groups: 1) control diet; 1% soybean oil (T1), 2) control
diet supplemented with 0.05% salinomycin (T2), 3) 1% coconut oil diet (T3), 4) 2% coconut oil diet (T4) and 5) 3%
coconut oil diet (T5) respectively. The results showed that during 7-21 days chicks received T4 (1.32) and T5 (1.36)
had feed conversion ratio (FCR) lower than T1, T2 and T3 (1.43, 1.49 and 1.58, respectively) (p<0.05). During 22-
54 days chicks received T2 had feed intake (FI) lower than other groups (2.88 kg/chick/day) (p<0.05). Percentage
of abdominal fat in chicks fed with T1, T3 and T4 were 0.23, 0.27 and 0.23%, respectively which was lower than
T5 (0.58%) and T2 (0.83%) (p<0.05). However, the supplementation of coconut oil did not have effect a number of
coccidian oocysts (p>0.05). In conclusion, the finding indicated that supplementation of 2% coconut oil in broilers
diet might be improved performance and seems to be mediated through a changed quality of carcass. Further
study needs to be confirmed.

INTRODUCTION

Coccidiosis is protozoan parasites of the genus Eimeria that causes a disease of livestock (Chapman et al., 2013).
In poultry, outbreaks of coccidiosis characterize high mortality are uncommon but its affect a poor production
performance. It is also a predisposing factor for diseases which bring about to enteritis and diarrhea, and may
cause significant flock survivor rate (Damer and Fiona, 2014). Thus coccidiosis has an important economic impact
on the poultry industry with total estimated annual global losses of about $2.4 billion (Blake and Tomley, 2014).
To control coccidiosis, a number of natural substances have been applied in broilers diet (Quiroz-castafneda
and Dantdn-gonzélez, 2015). Coconut oil is a one of natural substance that may enhance growth performance
and control an infection of accidiosis in broilers. The coconut oil consists of lauric acid which comprises about
53% of the fatty acid composition (Faciola and Broderick, 2014). The lauric acid is partly independent of the
carnitine transport mechanism into the mitochondria of the liver, and it is rapidly and exclusively oxidized for the
production of energy (Rubin et al., 2000). The information suggested that an absorption of lauric acid is governed
by physico-chemical properties of both the acid and the bacterial cell surface without any effect on production
performance (Galbraith and Miller, 1973). Lauric acid has also been reported to kill viruses and bacteria that are
enveloped in a phospholipid membrane. Machmuller et al. (2003) reported lauric acid in coconut oil reduced the
average cell concentration of bacteria and ciliate protozoa in the rumen and it could destroy bacteria and protozoa
by protozoal population decreased by 68-75% (Kongmun et al.,, 2011).

However, no information about utilizing coconut oil to control coccidiosis is available in the broilers. Thus,
the study was focused on using of coconut oils as an alternative natural substance that may enhance growth
performance and control coccidiosis in broilers. If it is compromising, the finding may be used to optimize growth
performance, carcass and capability to control coccidiosis in broilers industry.

¥ Corresponding Author: Parwadee Pakdee. Tel: +66-82-1202205, Fax: +66-43-202-362, E-mail: parpak@kku.
ac.th

' Department of Medicine, Faculty of Veterinary Medicine, Khon Kaen University, Khon Kaen 40002, Thailand.

MATERIALS AND METHODS

Experimental design

A total of 360, seven-day-old (average weight 137.45 g), mixed-gender of Cobb 500 commercial chicks (CPF
(Thailand) Public Co., Ltd.) fed in a pen (4.20 m%). Chicks were randomly allotted in completely randomized design
into 5 treatments with 3 replications. Each treatment consists of 24 chicks maintained in open-sided houses.
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Experimental diets

Chicks were randomly allotted to 1 of 5 treatments and raised for 54 d. Feeding was divided into two periods
according to age i.e., 7-21 (starter phase) and 22-54 days (grower phase). The diets were based on corn and
soybean meal and were supplemented with coconut oil (i.e., 1%, 2%, and 3%). The experiment diets were 5 groups:
group 1 control diet (T1), group 2 control diet supplemented with 0.05% salinomycin (T2), group 3 dietary
supplemented with 1% coconut (T3), group 4 dietary supplemented with 2% coconut (T4) and group 5 dietary
supplemented with 3% coconut (T5), respectively (table 1). The diets were formulated to meet or exceed the
nutrient requirements of broiler chickens (NRC, 1994). Feed and water were provided ad libitum.

Slaughter and Sample collection

Bird weight and feed intake were recorded on d 21 and 54. These values were used to calculate body weight gain,
average daily gain, feed intake and feed conversion ratio for the periods of d 7 to 21, d 22 to 54, and the overall
experiment. At the end of the experiment, 54-day-old, randomly chosen birds from each treatment (N=6) were
slaughtered to evaluate carcass quality and examination of coccidiosis infection was performed by Mcmaster
method (Haug et al., 2006). Sampling and analysis of E. coli population (AOAC, 2012) and Salmonella spp. (ISO,
2002) was performed by The Central Laboratory (Thailand) Co., Ltd.

Statistical analysis

Data was analyzed by analysis of the variance (ANOVA) based on a completely randomized design. Multiple
comparisons among treatment means were performed by Duncan's New Multiple Range Test (DMRT) (Steeland
Torrie, 1980). Comparison among treatments was tested by orthogonal contrast and orthogonal polynomial
contrasts were used to test for linear and quadratic effect of level coconut oil 1%, 2% and 3%. Significance was
considered at p

RESULTS

Performance

Feed conversion ratio in the starter phases was significant (p<0.05), T4 was lowest of feed conversion ratio as
compared to the other groups. Grower phases, feed intake was significantly different among the treatment (p<0.05),
feed intake of T2 was lower than that of every treatment. Meanwhile, supplementation coconut oil in diet was had
no effect (p>0.05) on average daily gain that showed on table 2.

Carcass

Abdominal fat percentage was significantly different among the treatments (p<0.01). The abdominal fat
percentage of every treatment was lower than that of the group received 0.05% salinomycin supplement. On d
54, Abdominal fat was linearly (p<0.05) decreased as the level of coconut oil increased (1% and 2%) and contrast
T1 vs T2,T3,T4,T5 was significantly different among the group (p = 0.05). Dressing percentage, breast weight/
eviscerated weight, drumstick weight/eviscerated weight, hip weight/eviscerated weight and wing weight/
eviscerated weight were not affected by supplementation of coconut oil (p>0.05) showed on table 3.

Coccidia control

At the end of experiment, d 54, examination of small intestines by counting coccidia oocysts were performed and
the results are shown in table 4. Results in table 4 found that effect of coconut oil supplementation in diet was had
no effect (p>0.05) on coccidiosis control. For detection of intestinal microbes, £. coli count was not significantly
different and Salmonella spp. was not detect.

DISCUSSION

The finding chick performance was affected by feeding on supplementation of coconut oil in diet. There is
literature regarding the effect of lauric acid on broiler production. Feed conversion ratio in the starter phases (7-
21 d) were significant (p<0.05) compliance with Zeitz et al. (2015) found that chick received dietary fats rich in
lauric and myristic acid 50% FCR is lower than those who do not supplement (p<0.05). In grower phases (22-54
d) has shown chicks received T2 had feed intake (FI) lower than other groups (p<0.05) is consistent with reports
of Chichlowski et al. (2007) studied the effect of Direct-Fed Microbial (DFM) Primalac and salinomycin (SAL) in
18-day-old chicks and found that SAL had feed intake less than the control group compare with enhance PrimalLac
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groups. It should also be noted that differences in a broad array of parameters including feed intake were
adversely affected by the feeding of salinomycin. It exerts its action by its ability to insert itself into membranes,
thereby increasing the intracellular flux of K+ and other cations such as Na+ Ionophores, like salinomycin, do not
discriminate between bacterial and mammalian membranes to affect cellular ion transport capacity.

Coconut oil has 62% of medium chain fatty acids (MCFAs) such as lauric acid, having 6-12 carbons atoms,
considered to be small molecule as compared to all other oils which consist of long chain fatty acids (LCFAs).
When ingested and absorbed into the body. It can be digested in small intestine without using the bile from liver
to aid the digestion. MCFAs are directly converted into energy in the liver. As a result, it generates deposit in blood
vessels and fat adipose tissue. (Wang et al., 2015).

Early studies on the antimicrobial activity of fatty acids distinguish lauric acid as the most active among the
saturated fatty acids in the coccidiosis control. (Fabian, 2015). Lauric acid (C12:0) was most potent, particularly
in its monoglyceride form (monolaurin), dilaurin and trilaurin (di and triglycerides) had no activity (Dayrit, 2000).
Monolaurin can dissolve in fat and phospholipids (Isaacs et al., 1992), which is a component of the cell walls of
protozoa. They were also active against lipid coated viruses as well as fungi and protozoa (Fabian, 2015). However,
this study also showed that coconut oil had not effect to E. coli and Samonelola spp. Consist with Dayrit (2000)
reported MCFAs possessed significant activity against gram positive bacteria, but not against gram negatives.

In conclusion, coconut oil supplementation in diet cannot decrease the number of coccidia oocyst count. When
used in conjunction coconut oil as an additive in terms of growth, 2% coconut oil is probably appropriate for
increase performance and quality of carcass (reduction of abdominal fat) in broilers.
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Table 1. Ingredient composition and nutrient content of diets.

Starter diet (7-21d) Grower diet (22-54d)
Ingredients
TI! T2 T3 T4 T5 T1 T2 T3 T4 T5
Coconut oil - - 1.00 2.00 3.00 - - 1.00 2.00 3.00
Soybean oil 1.00 1.00 - - - 1.00 1.00 - - -
Corn (8% CP) 47.00 47.00 47.00 46.00 45.00 53.00 53.00 53.00 52.00 51.00
Soybean meal (44% CP) 26.80 26.80 26.80 27.70 28.50 20.50 20.50 20.50 21.40 22.20
Full fat soybean meal (36% CP) 20.20 20.20 20.20 19.30 18.50 20.00 20.00 20.00 19.10 28.30
Monodicalcium phosphorus (22% P) 2.40 2.40 2.40 2.40 2.40 2.80 2.80 2.80 2.80 2.80
Limestone 1.14 1.14 1.14 1.14 1.14 1.26 1.26 1.26 1.26 1.26
Sodium choride 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Premixed? 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
L-Lysine 0.16 0.16 0.16 0.16 0.16 0.22 0.22 0.22 0.22 0.22
DL-Methionine 0.30 0.30 0.30 0.30 0.30 0.22 0.22 0.22 0.22 0.22
Choline choride (60 %) 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Salinomycin 50 (g/100kg) - 0.05 - - - - 0.05 - - -
Total 100.00 100.05 100.00 100.00 100.00 100.00 100.05 100.00 100.00 100.00
Nutrient by calculated
CP, % 23.00 23.00 23.00 23.00 23.00 20.56 20.56 20.56 20.56 20.56
ME, kcal/kg 3068.65  3068.65  3068.65 312149 317473 303556  3035.56 303556  3088.50  3141.74

''T1 = control diet; T2 = control diet supplemented with 0.05% salinomycin; T3 = dietary supplemented with 1% coconut oil; T4 = dietary supplemented with 2%
coconut oil; T5 = dietary suppl d with 3% t oil.

2 Premixed = Vitamin A : 2,000,000 I.U., Vitamin D3 : 400,00 1.U., Vitamin E : 4,00 L.U., Vitamin K : 400 mg, Vitamin B1 : 200 mg, Vitamin B2 : 1,000 mg, Vitamin
B6 : 600 mg, Vitamin B12 : 4,000 pg, Biotin : 5,000 ng, Folic acid : 200 mg, Nicotinic acid : 7,000 mg, Pantotenic : 2,000 mg, Choline choride : 70,000 mg, Cu : 2,000
mg, Mg : 20,00 mg, Zn : 20,000 mg, Fe : 6,000 mg, Iodine : 200 mg, Selenium : 20 mg, Cobol : 100 mg.
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Table 2. Effect of dietary source on performance of broilers'.

p-value
Treatment Contrast Polynomial
Items SEM ANOVA Tivs Tove
T1? T2 T3 T4 TS5 TOT3TATS  T3TATS Linear Quadratic

Starter phase (d 7 to 21)

Average dailygain (g/d) 31.01 31.69 26.05 30.98 29.15  1.02 026 0.47 0.51 0.29 0.20

Feed intake (g/d) 618.79 659.32 576.66  568.70 55477 19.17 0.07 0.33 0.57 0.57 0.93

Feed conversion ratio 143% 149 1.58° 1.32° 1.37°  0.05 0.04 0.88 0.61 0.04 0.07
Grower phase (d 22 to 55)

Average dailygain (g/d) 51.79 50.21 54.95 53.18 5286 054  0.87 0.78 0.79 0.68 0.87

Feed intake (g/d) 3051.71° 2881.01° 3099.67° 3109.80* 3125.04° 53.83 0.05 0.97 0.73 0.77 0.97

Feed conversion ratio 1.80 1.75 1.73 1.78 1.81 0.02 0.99 0.83 0.76 0.64 0.94
Overall phase (d 7 to 55)

Average dailygain (g/d) 43.74 42.87 44.45 44.67 43.93 0.31 0.97 0.92 0.91 0.86 0.85

Feed intake (g/d) 3645.64 357895 3513.37 3499.71 3664.60 33.42 0.76 0.52 0.39 0.46 0.61

Feed conversion ratio 1.71 1.71 1.63 1.60 1.72 0.02 0.92 0.76 0.67 0.63 0.68

SEM, standard error of the mean; ANOVA, analysis of variance.
"' Values are the means of 3 replicates of 24 chicks.
2 T1 = control diet; T2 = control diet supplemented with 0.05% salinomycin; T3 = dietary supplemented with 1% coconut oil; T4 = dietary supplemented with 2%

coconut oil; TS = dietary supp ted with 3% t oil.

Table 3. Effect of dietary source on carcass quality.

p-value
Treatment ;
Items SEM ANOVA - Contrast - Polynomial
TI! T2 T3 T4 T5 T2,T3,¥Z,T5 T3,T:,§[5 Linear Quadratic
Dressing percentage (%)? 7242 67.88 6844 7251 7136 0.99 0.28 0.27 0.21 0.19 0.18
Abdominal fat percentage (%)  0.23 0.83* 0.27% 0.23¢ 0.58® 0.11 <0.01 0.05 0.10 0.02 0.06
Breast weight (%) 30.81 31.75 30.15 32.61 3020 16.24 0.54 0.96 0.81 0.53 0.19
Hip weight (%) 11.58 13.68 12.57 12.62 12.83 6.03 0.09 0.18 0.12 0.68 0.21
Drumstick weight (%) 17.46 1627 1589 17.61 1746 4.62 0.26 0.27 0.29 0.78 0.59
Wing weight (%) 1497 1342 1526 1436 14.76 7.98 0.31 0.39 0.48 0.35 0.47

SEM, standard error of the mean; ANOVA, analysis of variance.

'T1 = control diet; T2 = control diet supplemented with 0.05% salinomycin; T3 = dietary supplemented with 1% coconut oil; T4 = dietary supplemented with 2%
coconut oil; T5 = dietary supy ted with 3% t oil.

2 Dressing percentage is carcass weight (defeathered and eviscerated) as a percentage of body weight.

Table 4. Effect of dietary source on coccidia and bacteria control

p-value
Treatment p
Items SEM ANOVA = Contrast - Polynomial
1! T2 T T4 T5 . 2,T3,;Z,T S N 3’T4V,ST ,  Lincar Quadratic

Intestinal content®

Duodenum 3 0 0 0 0 0.60 0.45 0.07 0.08 - -

Jejunum 6 0 3 6 11 1.83 0.74 0.94 0.71 0.45 0.90

Tleum 32.33 3.00 36.00 23.00 62.67 9.35 0.72 0.95 0.73 0.61 0.59

Cecum 72 3 25 64 81 14.95 0.22 0.33 0.19 0.19 0.75
Intestinal Microbes®

E.coli 0.26x10*  7.07x10* 10.70x10* 1.25x10* 1.04x10* 2.06 0.24 0.24 0.16 0.41 0.98

Salmonella - - - - - - - - - - -
SEM, standard error of the mean
! T1 = control diet; T2 = control diet supplemented with 0.05% salinomycin; T3 = dietary suppl ted with 1% t oil; T4 = dietary supplemented with 2%
coconut oil; TS5 = dietary suppl ted with 3% t oil.

2 Unit of coccidia oocysts = oocysts per gram.
3 Unit of Intestinal Microbes = CFU/g
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INTRODUCTION

Coccidiosis is a gastrointestinal diseases caused by Protozoa (Eimeria spp.) and found both in broilers and layer
hens. Especially in broilers industry, coccidiosis is important in terms of causing productivity lost (Hady and Zaki,
2012). In the past, broiler production in Thailand usually used antibiotics for prevention and treatment of animals.
Nevertheless, main customers of Thailand including European Union (EU) and Japan limited the use of antibiotics
in food animals. So, there are many exporters who are trying to produce the antibiotic-free chickens (AFC) in order
to meet customer requirements.

The current study used herbal or natural substances to control disease incidence and enhance growth
performance in broilers. Turmeric (Curcuma longa Linn.) is herbal plant that is widely accepted in pharmaceutical
industry. Its therapeutic properties are reported in both humans and animals. Turmeric contains an important
component (curcuminoids and essential oil) that can increase growth rate, strengthen immune system, and
improve carcass quality and normal flora conditions in digestive tract (Arshami, 2012; Kermanshahi and Riasi,
2006). Coconut oil is another natural substance containing saturated oil (about 90%), and total fatty acid, of which
60% of composition are medium-chain fatty acid (MCFA) that can destroy bacteria and protozoa (Kongmun et al.,
2011)

However, no information about utilization of coconut oil and turmeric to control coccidiosis in broilers. Thus, use
of coconut oil and turmeric in diet supplement as an antiprotozoal agent and their effects on broiler performance
and carcass quality is explored in this study.

MATERIALS AND METHODS

Experimental design

A total of 432, seven-day-old (average weight 140.6 g), mixed-sex Cobb 500 commercial chicks were included
in the experiment. Chicks were randomly allotted in completely randomized design into 6 treatments with 3
replications. Each treatment consisted of 24 chicks raised in a pen sized 4.20 m’,

Experimental diets

Chicks were randomly allotted of 1 to 6 treatments and raised for 54 days. Feeding was divided into two periods
according to age i.e., 7-21 (starter phase) and 22-54 days (grower phase). The diets were based on corn and
soybean meal and were supplemented with 1%, 2%, or 3% coconut oil and 0.50% turmeric powder. Treatments
were group 1 control diet (Con), group 2 control diet supplemented with 0.05% salinomycin (Con+ SC 0.05%),
group 3 control diet supplemented with 0.50% turmeric powder (Con+TP 0.50%), group 4 dietary supplemented
with 1% coconut oil and 0.50% turmeric powder (CO 1%+TP 0.50%), group 5 dietary supplemented with 2%
coconut oil and 0.50% turmeric powder (CO 2%+TP 0.50%) and group 6 dietary supplemented with 3% coconut
oil and 0.50% turmeric powder (CO 3%+TP 0.50%), respectively. The diets were formulated to meet or exceed the
nutrient requirements of broiler chickens (NRC, 1994). Feed and water were provided ad libitum.

Slaughter and sample collection

Bird weight and feed intake were recorded on d 21 and 54. These values were used to calculate body weight gain,
average daily gain, feed intake and feed conversion ratio for the periods of d 7 to 21, d 22 to 54, and the overall
experiment. Randomly chosen birds from each treatment (N=6) were slaughtered to evaluate carcass quality and
examination of coccidiosis infection was performed by Mcmaster method (Haug et al., 2006).
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Statistical analysis

Analysis of Variance (ANOVA) was used for the statistical analysis. Multiple comparisons among treatment means
were performed by Duncan\'s New Multiple Range Test (DMRT) (Steel and Torrie, 1980). Comparison among
treatments was tested by orthogonal contrast (SPSS, 1998).

RESULTS

Performance

The 54-d feeding study showed that use of coconut oil with turmeric powder supplementation in diet had no
effect (p>0.05) on average daily gain, feed intake or feed conversion ratio during the starter, grower and overall
phases (Table 1).

Carcass quality

Abdominal fat percentage was significantly different among the treatments (p<0.01). The abdominal fat percentage
of every treatment was lower than that of the group received 0.05% salinomycin supplement. Drumstick weight/
eviscerated weight showed a significant difference among the groups (p<0.05). Dressing percentage, breast
weight/eviscerated weight, hip weight/eviscerated weight and wing weight/eviscerated weight were not affected
by supplementation of coconut oil and turmeric in diet (p>0.05).

Coccidia and bacterial infection control

At the end of experiment, d 54, examination of small intestines by counting coccidia oocysts were performed
and the results are shown in table 3. No coccidia oocysts were detected from jejunum of broilers in group 2
(Con+SC), group 3 (Con+TP 0.50%) and group 4 (CO 1%+ TP 0.50%), while group 1 (Con), group 5 (CO 2%+TP
0.50%) and group 6 (CO 3%+TP 0.50%) showed coccidia oocyst count at the average of 5.56, 8.33 and 13.33 OPG,
respectively, (p<0.05). Coccidia oocysts found in ileum at the lowest number (3.00 OPG) in group 2 (Con+SC),
compared to other groups (p<0.01), while group 1 (Con), group 3 (Con+TP 0.50%), group 4 (CO 1%+TP 0.50%)
group 5 (CO 2%+TP 0.50%) and group 6 (CO 3%+TP 0.50%) showed coccidia oocyst count at the average of
33.67, 41.67, 30.67, 31.33 and 83.33 OPG, respectively. The number of coccidia oocysts in duodenum and
cecum are not different among the treatments (P>0.05). For detection of intestinal microbes, E. coli count was not
significantly different and Salmonella spp. was not detect.

DISCUSSION

The results of this study indicated that bird performance was not affected by adding coconut oil and turmeric
in dietary supplement. The results partially agreed with that of Wang et al. (2015), in which supplementation of
coconut oil in a regular chick starter diet reduced feed intake and weight gain, but did not affect feed conversion.
The combination of coconut oil and turmeric supplementation in diets had a marked effect on some carcass
characteristics. The abdominal fat percentage was decreased when compared with that of birds receiving only
salinomycin in diet supplement. Che Man and Marina (2006) reported that coconut oil is rich in medium-chain
fatty acids (MCFA) and exhibits good digestibility when ingested and absorbed into the body. It can be digested in
small intestine without using the bile from liver to aid the digestion. Being sent directly to the liver, it generates
deposit in blood vessels and fat adipose tissue. The group received 3% coconut oil had abdominal fat percentage
higher than that of the other groups. Shinohara et al. (2005) explained that when broiler received a lot of coconut
oil (3% in this study) in diet, the excess fatty acid will be stored as fat in the body more than normal. Meanwhile,
curcuminoid in turmeric reduces the effect of acetyl-CoA carboxylase enzyme, which functions in the fat synthesis,
resulting in abdominal fat decreased (Mehala and Moorth, 2008)

Effects of coconut oil in controlling coccidia infection are due to anti-protozoa effects of monolaurin, which is
a glyceride ester of lauric acid contained in coconut oil. Isaacs et al. (1992) reported that coconut oil contains
four MCFAs such as lauric acid (C-12, 48-53%) when into the body, they are transformed into corresponding
monoglyceride, namely monolaurin, which is able to kill protozoa. Monolaurin can dissolve in lipid and
phospholipids, that is a component of the cell membrane of protozoa (Dayrit, 2000). This is consistent with
Enig (1996) who found that monolaurin deriving from lauric acid can be absorbed into the outer membrane of
protozoa. The similarity of a fatty acid at cell membrane of protozoa then surrenders to the coconut oil, which,
being lipid itself, could dissolve and break down, or lyze, the lipid coat of protozoa, thereby penetrating them and
literally killing them (Chomchalow, 2011). Likewise, oil in the turmeric essential oil has small molecules and fat-
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soluble that can penetrate and damage the cell membranes of protozoa resulting in moving of intracellular fluid
to the outside (Boyom et al.,, 2003; Sarkozi et al., 2007) However, in this study, supplementation of 3% coconut oil
with 0.50% turmeric could not decrease coccidia oocyst count in small intestine.

In conclusion, 1% coconut oil and turmeric supplementation in diet can decrease the number of coccidia oocyst
count better than diets without supplementation. In terms of growth performance, 1% coconut oil and 0.05%
turmeric is appropriate for controlling of coccidiosis and increase performance and quality of carcass (reduction
of abdominal fat) in broilers.
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Table 1. Effect of dietary supplement on performance of broilers.

ltems Treatment SEM p-value
T1! T2 T3 T4 TS T6 ANOVA T1 vs T4,T5.T6 T2 vs T4,T5.T6 T3 vs T4,T5.T6

Starter phase (d 7 to 21)

Average daily gain (g/d) 31.01 31.69 33.03 3297 33.08 3333 1.46 0.83 0.23 0.41 0.96

Feed intake (g/d) 44.20 47.09 4730 46.81 45.72 49.84 1.47 0.23 0.08 0.84 0.93

Feed conversion ratio 1.43 1.49 1.43 1.43 1.38 1.50 0.05 0.63 0.91 0.39 0.95
Grower phase (d 22 to 54)

Average daily gain (g/d) 53.41 51.78 5435 57.69 48.23 46.16 2.82 0.14 0.43 0.75 0.30

Feed intake (g/d) 92.48 87.30 87.66 93.54 86.96 89.94 3.53 0.67 0.58 0.50 0.55

Feed conversion ratio 1.80 1.75 1.66 1.69 1.87 2.04 0.14 0.46 0.67 0.49 0.22
Overall phase (d 7 to 54)

Average daily gain (g/d) 45.60 44.70 46.84 49.10 42.69 41.36 1.82 0.13 0.59 0.89 0.29

Feed intake (g/d) 74.40 73.04 75.17 75.29 73.22 71.50 4.03 0.98 0.82 0.95 0.70

Feed conversion ratio 1.71 1.71 1.67 1.61 1.79 1.81 0.12 0.83 0.83 0.88 0.64
SEM, standard error of the mean
T1=control diet (Con), T2=control diet with 0.05% sali yein (Con+SC 0.05%), T3= control diet supplemented with 0.50% turmeric powder (Con+TP 0.50%), T4= dietary supplemented

with 1% coconut oil and 0.50% turmeric powder (CO 1%+TP 0.50%), T5= dietary supplemented with 2% coconut oil and 0.50% turmeric powder (CO 2%+TP 0.50%) and T6= dietary supplemented
with 3% coconut oil and 0.50% turmeric powder (CO 3%+TP 0.50%)

Table 2. Effect of dietary supplement on carcass quality of broilers.

Item Treatment SEM p-value
T1! T2 T3 T4 TS T6 ANOVA T1vs T4 T5T6 T2vs TAT5T6 T3 vs T4T5,T6

Dressing percentage (%)’ 72.42 67.88 70.65 70.83 70.10 69.32 2.06 0.61 0.27 0.30 0.79
Abdominal fat percentage (%) 0.23° 0.83* 0.24° 0.21° 0.17° 0.48° 0.14 <0.01 0.69 <0.01 0.75
Breast weight/eviscerated weight (%) 30.81 31.75 29.98 34.65 36.32 29.74 2.24 0.26 0.30 0.49 0.18

Hip weight/eviscerated weight (%) 17.72 17.46 17.74 19.90 21.59 18.11 1.09 0.09 0.11 0.07 0.11
Drumstick weight/eviscerated weight (%) 14.97%¢  13.42¢  1530%  16.71® 17.25° 14.22% 0.80 0.03 0.25 0.01 0.42
Wing weight/eviscerated weight (%) 11.58 14.48 13.13 14.72 16.03 13.88 1.01 0.09 0.01 0.73 0.14
SEM, standard error of the mean

T1=control diet (Con), T2=control diet with 0.05% sali in (Con+SC 0.05%), T3= control diet supplemented with 0.50% turmeric powder (Con+TP 0.50%), T4= dietary supplemented

with 1% coconut oil and 0.50% turmeric powder (CO 1%+TP 0.50%), T5= dietary supplemented with 2% coconut oil and 0.50% turmeric powder (CO 2%+TP 0.50%) and T6= dietary supplemented
with 3% coconut oil and 0.50% turmeric powder (CO 3%+TP 0.50%)
2 Dressing percentage is carcass weight (defeathered and eviscerated) as a percentage of body weight.

Table 3. Effect of dietary supplement on coccidia and bacteria control of broilers.

Intestinal content® Treatment SEM p-value
T1! T2 T3 T4 TS T6 ANOVA T1 vs T4,T5,T6 T2 vs T4,T5,T6 T3 vs T4,T5,T6
Duodenum 278 0.00 0.00 0.00 0.00 0.00 1.09 0.46 0.06 1.00 1.00
Jejunum 5.56% 0.00° 0.00° 0.00° 8.33% 13.33° 3.04 0.04 0.60 0.06 0.06
Tleum 33.67% 3.00° 41.67° 30.67% 31.33% 83.33° 9.60 <0.01 0.17 <0.01 0.55
Cecum 72.22 2.78 69.44 50.00 5833 94.44 11.81 0.36 0.85 0.02 0.93
Intestinal Microbes®

E. coli 2.60x10% 7.07x10° 69.50x10° 6.54x10% 64.00x10° 0.18x10% 2.56 0.53 0.43 0.38 0.23

Salmonella spp. - - - - - - - - - - -
SEM, standard error of the mean
"T1=control diet (Con), T2=control diet with 0.05% sali in (Con+SC 0.05%), T3= control diet supplemented with 0.50% turmeric powder (Con+TP 0.50%), T4= dietary supplemented

with 1% coconut oil and 0.50% turmeric powder (CO 1%+TP 0.50%), T5= dietary supplemented with 2% coconut oil and 0.50% turmeric powder (CO 2%+TP 0.50%) and T6= dietary supplemented
with 3% coconut oil and 0.50% turmeric powder (CO 3%+TP 0.50%)

2Unit of coccidia oocysts=OPG; oocysts per 0.2 gram of intestinal tissue.

3Unit of Intestinal Microbes =CFU/ml

Animal
Science
Congress

119



w The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

Animal
Science
Congress

REFERENCES

Arshami, J., M. Pilevar, M. A. Azghadi and A. R. Raji. 2012. Hypolipidemic and antioxidative effects of curcumin
on blood parameters, humoral immunity and jejunum histology in Hy-/ine hens. Avicenna Journal of
Phytomedicine. 3: 178-185.

Boyom, F. F.,, V. Ngouana, P. H. Amvam Zollo, C. Menut, I. M. Bessiere, I. Gut and P. I. Rosenthal. 2003.
Composition and anti-plasmodial activities of essential oils from some Cameroonian medicinal plants.

J. Phytochemistry. 64: 1269-1275.

Che Man, Y. B. and A. M. Marina. 2006. Medium chain triacylglycerol. In F. Shahidi (Ed.), Nutraceutical and
specialty lipids and their coproducts (pp. 27- 56). Boca Raton: Taylor & Francis Group

Chomchalow, N. 201 1. Health and Economic Benefits of Coconut Oil Production Development in Thailand.

AU J.T. 14(3): 181-187.

Dayrit, C. S. 2000. Coconut oil in health and disease: Its and monolaurin’s potential as cure for HIV/AIDS,
XXXVII cocotech meeting, Chennai, India, July 25, 2000.

Enig, M. G. 1996. Health and nutritional benefits from coconut oil: An Important Functional Food for the 21st
Century, AVOC (ASEAN Vegetable Oils Club) Lauric Oils Symposium, Ho Chi Min, Vietnam, 25 April 1996.

Hady, M. M. and M. M. Zaki. 2012. Efficacy of some herbal feed additives on performance and control of cecal
coccidiosis in broilers. J. APCBEE Procedia. 4: 163-168.

Haug, A., R. B. Williams and S. Larsen. 2006. Counting coccidial oocysts in chicken faeces: A comparative
study of a standard McMaster technique and a new rapid method. J. Veterinary Parasitology. 136: 233-
242

Isaacs, C. E,, R. E. Litov, P. Marie and H. Thormar. 1992. Addition of lipases to infant formulas produces antiviral
and antibacterial activity. J. Nutr. Biochem. 3: 304-308.

Kermanshahi, H. and A. Riasi. 2006. Effect of turmeric powder (Curcuma longa) and soluble NSP degrading
enzyme on some blood parameters of laying hens. J. Poult. Sci. 5: 494-498.

Kongmun, P., M. Wanapat, P. Pakdee, C. Navanukraw and Z. Yu. 201 1. Manipulation of rumen fermentation and
ecology of swamp buffalo by coconut oil and garlic powder supplementation. J. Livestock Science. 136:
84-92.

Mehala, C. and M. Moorthy. 2008. Effect of Aloe vera and Curcuma longa (turmeric) on carcass characteristics
and biochemical parameters of broilers. Int. J. Poult. Sci. 7: 857-861.

Sarkozi, S., I. Almassy, B. Lukaes, N. Dobrosi, G. Nagy and L. Jona. 2007. Effect of natural phenol derivatives
on skeletal type sarcoplasmic reticulum CA2+ ATPase and ryanodine receptor. J. Muscle Res Cell
Motil. 28: 167-174.

Shinohara, H., A. Ogawa, M. Kasai and T. Aoyama.  2005. Effect of randomly interesterified triacylglycerols
containing medium- and long-chain fatty acids on energy expenditure and hepatic fatty acid
metabolism in rats. J. Biosci. Biotechnol. Biochem. 69: 1811-1818.

SPSS for Windows, Release 9.0. 1998. SPSS Inc., Chicago, IL

Steel, R. G. D. and J. H. Torrie. 1980. Principles and Procedures of Statistics: A Biometerial Approach, 2nd ed.
McGraw-Hill, New York, USA.

Wang, J., X. Wang, J. Li, Y. Chen, W. Yang and L. Zhang. 2015. Histopathological changes in the livers of broiler
chicken supplemented with turmeric (Curcuma longa). Asian Australasian J. Anim. Sci. 28: 223-230.

120



The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

Comparative Effect of Corn and Whole Wheat in Diets on Egg Production and
(o [.%. 8 Egg Quality of Laying Hens

Theerawit Poeikhampha, Khanittha Saikhlai, Choawit Rakangthong,
Chaiyapoom Bunchasak, Phongthorn Kongmun, Somkiert Prasanpanich, Wiriya Loongyai,
Kanokporn Poungpong
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INTRODUCTION

Corn is widely cultivated and it is the major constituents of layer diets in Thailand. However, corn production
decreases because of the long-term lack of water. Therefore, there appears to be a need for alternative grain
sources for pullet and layer rations. Whole wheat makes an excellent replacement for corn in layer feed.
Practically, grinding of wheat is probably the highest user of energy in layer feed production (Deaton et al, 1989).
Therefore, whole grain feeding, through the reduction of energy consumption for grinding, could significantly
lower the feed cost. Thus, whole grain feeding has recently received renewed interest in the commercial poultry
industry as a mean of lowering feed manufacturing cost. Therefore, the present study attempts to investigate the
effects of whole wheat level in diets of laying hens on egg production.

MATEIALS AND METHOD

Bird housing and management

A total of 192 forty five-week-old Lohmann Brown Classic layers were supplied from the experimental farm of
Department of Animal Science, Kasetsart University, Thailand and randomly allocated to battery type wire cages.
Four layers were placed in each of 4 consecutive cages with 6 replicates and assigned to receive one of the 2
dietary treatments. Battery cages were equipped with nipple drinkers. Each set of 4 consecutive cages formed one
experimental unit in which 16 birds were housed. Laying hens were maintained in an environmentally controlled
experimental house with air ventilation and window and received additional artificial light to provide 16 h light
and 8 h dark daily. The feed was offered 2 times daily (8 am and 4 pm), all experimental diets were fed ad libitum
to the laying hens and water was available all the time throughout the experimental period.

Experimental diets

The nutrient composition of experimental diets was performed according to the recommendation of Lohmann
Brown Classic. Two experimental diets were formulated to have a different energy source by corn substation of
whole wheat 25%. Feed ingredients were obtained from the local feed market and mixed through a horizontal
mixer (200 kg capacity) in the feed mixing unit of the department. Experimental diets were formulated isocaloric
and isonitrogenous to contain 16.32% CP and 2,725 kcal/kg AME (Table 1). The whole wheat diet was prepared
by replacing the ground corn with whole grain wheat, performed according to the recommendation of Lohmann
Brown Classic. Other feed ingredients prepared by a commercial feed mill in mash form.

Measurements

Egg production: The birds were weighed at the start (45 week of age) and end (53 week of age) of the trial. Feed
intake was recorded weekly and egg production daily. Egg weight was measured daily by weighing all of the eggs
collected from the experimental groups. Feed intake was calculated per replicate and period on the basis of the
total feed provided minus the total feed leftover. Egg mass was calculated by multiplying egg weight by hen-day
egg production percentage. Feed conversion rate was calculated as a gram of feed consumed per day per hen
divided by gram egg mass per day per hen.

Egg quality and characteristic: At the end of the trial, all eggs from each replication were weighted, and four
eggs from each replication that have weight close to the replication's mean were chosen to analyze egg qualities
and characteristic including eggshell breaking strength (by Eggshell Force Gauge Model II, Robotmation Co.,
Ltd., Tokyo, Japan), eggshell thickness (by electronic digital micrometer), percentage of eggshell, percentage of
albumen, percentage of yolk, albumen height (by tripod micrometer) and yolk color (by Roche yolk color fan).
Haugh unit (HU) was calculated by the formula HU = 100log[H-1.7W"*"+7.57] (Eisen et al., 1962) where W refers
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to egg weight (g) and H refers to albumen height (mm).

Statistical analysis
T-test was used to compare measured values obtained from the two independent groups on egg production and
egg quality. Statements of statistical significance are based on P<0.05.

RESULTS AND DISCUSSION

Egg production

Effect of whole wheat levels in diet on egg production of laying hens is presented in Table 3. The results indicate
that the level of whole wheat diets did not significantly affect layer egg production. The hens fed diets with whole
wheat had no affect on hen-day egg production, egg weights, egg mass, daily feed intake, and FCR compared
to the birds in control diet (P < 0.05). Similarly, Ciftci et al. (2003) reported that whole wheat did not influence
laying-hen performance when 30% corn was substituted by wheat from 27 to 43 weeks of age. Additionally,
Lazaro et al. (2003a) and Safaa et al. (2009) reported no differences in productive performance when 50% corn
was substituted by wheat in diets of hens from 20 to 44 wk of age. However, Kim et al. (1976) reported that hens
fed a corn diet from 21 to 43 weeks of age had higher feed intake and produced heavier eggs than hens fed a
wheat diet.

Egg quality

The results indicated that whole wheat did not affect egg shell breaking strength, egg shell thickness, albumen
height, yolk weight, shell weight, %albumen, %yolk, %shell, albumen:yolk ratio and Haugh unit but decreased yolk
color. Similarly, Pérez-Bonilla et al. (2011) reported a similar reduction in yolk color when corn was substituted by
15, 20, 25% whole wheat in diets. Ciftci et al. (2003) reported that yolk color higher in control diets than whole
wheat diets. It is believed that low egg yolk color can be attributed to a lack of carotenoids in whole wheat.

CONCLUSION
It could be concluded that using 25% whole wheat in feed deceased albumen weight and yolk color, but not
influenced the production performance of laying hens.

KEYWORD : Corn, Whole Wheat, Laying Hens
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Table 1. Composition of the experimental diets.

Ingredients Control 25% Whole wheat
Corn 57.81 34.77
Whole Wheat - 25.00
Lard 2.21 2.18
Rice solvent bran 5.00 5.00
Soybean meal 48% CP 22.47 20.54
DL-Methionine 0.16 0.15
Monodicalciumphophate 1.50 1.51
Calcium carbonate 9.66 9.66
Salt 0.17 0.17
Vitamin & Mineral premix' 0.25 0.25
Choline Chloride 60% 0.08 0.08
Sodiumbicarbonate 0.70 0.70
Total 100.00 100.00

! Vitamin & Mineral premix: Lutavit Mix CNK004 consist of vitamin A 5.0 MIU; D5 1.2 MIU; E 4,000 1U; K;
0.6 g; B1 0.8 g; B»2.0 g; Bs 1.2 g; B1> 0.0025 g; Nicotinic acid 5.00 g; Pentothenic acid 3.76 g; Folic acid 0.2 g;
Biotin 0.036 g; Mn 24.00 g; Zn 20.00 g; Fe 16.00 g; Cu4.00 g; Iodine 0.8 g; Co 0.08 g; Se 0.04 g; Feed preservative
substance 0.4 g and carrier added to 1.00 kg premix.

Table 2. Calculate nutrient content of experimental diets.

Nutrient name Unit Control 25% Whole wheat
Metabolizable energy Cal/kg 2,725 2,725
Crude protein % 16.320 16.320
Fat % 3.980 3.525
Crude fiber % 3.393 4.777
Calcium % 4.000 4.000
Total Phosphorus % 0.690 0.703
Available Phosphorus % 0.370 0.370
Salt % 0.250 0.250
Arginine % 1.030 1.025
Isoleucine % 0.690 0.693
Lysine % 0.820 0.794
Methionine + Cystine % 0.700 0.700
Methionine % 0.430 0.409
Threonine % 0.600 0.588
Tryptophan % 0.180 0.193
Valine % 0.750 0.754
Choline mg/Kg 400.000 400.000
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Table 3. Effect of whole wheat levels in diet on egg production performances of laying hens.

Item Control 25% Whole wheat P-value SEM
Hen-day egg production (%) 70.00 +5.33 69.02 +4.21 0.77 1.53
Egg weight (g) 65.91+0.75 6528 £1.12 0.28 0.28
Egg mass (g/hen) 46.32 +3.69 4525+2.32 0.63 1.01
Daily feed intake (g/hen) 114.23 £2.64 111.87 £4.49 0.29 1.08
Feed conversion ratio 2.48 +£0.20 248 +0.11 0.98 0.05
Mortality (%) 0.52+1.28 1.04 £1.61 0.55 0.41
Table 4. Effect of whole wheat levels in diet on egg quality of laying hens.
Item Control 25% Whole wheat P-value SEM
Shell breaking strength (kg) 3.54+0.16 3.57+0.17 0.80 0.05
Shell thickness (mm) 0.39+0.01 0.39+0.01 0.32 0.00
Albumen height (mm) 7.84 +£0.52 8.17+0.55 0.39 0.15
Albumen weight (g) 44.80 +1.97 42.12 +0.60 0.01 0.57
Yolk weight (g) 16.34 £0.58 16.47+0.79 0.71 0.19
Shell weight (g) 6.53+£0.22 6.37+0.11 0.23 0.05
Albumen weight (%) 66.17 + 1.64 64.85+0.88 0.06 0.40
Yolk weight (%) 24.17+1.20 25.35+0.90 0.06 0.33
Shell weight (%) 9.67+0.47 9.80+0.11 0.32 0.10
Albumen : Yolk ratio 2.75+0.22 2.57+0.12 0.07 0.05
Haugh unit 86.18 £2.64 88.87+3.30 0.20 0.88
Yolk color 5.88+£0.29 4.79+0.19 <0.01 0.17
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INTRODUCTION

Increasing global demand and prices of corn and soybeans directly affect the feed cost which is the largest cost
of livestock production; therefore, strategically solving alternative to corn and soybean meal as feed ingredients
leading to the increased use of agricultural by-products as feedstuffs in poultry diets must be developed to reduce
diet costs to increase profitability and sustainability of the livestock enterprise. These ingredients are relatively
cheap and abundant but in terms of chemical composition, contains high levels of dietary fiber. Cassava tuber is
one of the most important food crops grown in the tropics and a significant source of calories for more than 800
million people (FAO, 2013). There is great interest in the use of cassava products and residues as a feed ingredient
in monogastric diets not only benefit livestock ad cassava farmers because cassava production potentially
increases. Since the energy value of cassava meal is close to that of cereal grains, cassava roots are primarily used
as a substitute for corn in diets for poultry (Aina and Fanimo, 1997; Adeyemi et al., 2008). However, utilization
of cassava residue pellet is limited due to its low protein content and high dietary fiber concentration, which
may negatively affect nutrient digestibility and growth performance (Anugwa et al., 1989; Wu, 1991; Ochetim,
1993; Aina and Fanimo, 1997; Adeyemi et al., 2008; Régnier et al, 2010; Son et al, 2012). However, there is
limited information on the effect of simultaneous inclusion of cassava meal and residue pellet on the digestibility
of dietary fiber, energy, and apparent metabolizable energy in diets fed to growing broilers. Therefore, this
conducted study was to determine the effect of cassava meal (CM) and cassava residue pellet (CRP) in the diet
on the apparent total tract digestibilities (%ATTD) of energy and dietary fiber fed to growing broilers and to
determine the relationship of these values to the nitrogen-corrected apparent metabolizable energy (AMEn) of the
diet and excreta dry matter.

METHODOLOGY Animals and Experimental Design

For this experiment, 60 day-old (Cobb 500) male broilers were used. Birds were group-brooded and fed a
commercial chick booster diet for 7 days. Afterwards, the birds were randomly allotted to 1 of 5 dietary
treatments using a completely randomized design consisting of 12 birds per treatment. Each broiler was housed in
a metabolic cage (50 X 60 cm) allowing for total excreta collection captured on aluminum trays directly beneath
each cage.

Experimental Diets

Diet1 was a corn-soybean meal basal diet that served as the control (Table 1). The next 4 diets contained 70% of
the basal diet and 30% of varying mixtures of prime-quality cassava meal (CM) and cassava residue pellet (CRP).
For Diets2 to 5, the cassava mixture were 100%CM, 75%CM:25%CRP, 25%CM:75%CRP and 100%CRP, respectively.
Limestone, inorganic phosphate, vitamins, and minerals were added to the diets to meet or exceed NRC (2012)
requirements for growing broilers. All experimental diets were in pellet form.

Feeding and Excreta Collection

Birds were fed a common diet for 12 days. Afterwards, birds were weighed and placed into the cages after a 4-h
fast. The experimental diets were fed from day 13 to 22 post-hatch. Birds were offered feed and water ad libitum
throughout the experimental period. The first 7 days served as an adaptation period. The balance period started
on day 20 after a 17-h fast until day 22. Total excretion collection was performed every 24 h during the balance
period. On the last day (day 22), birds were fasted for17 h and weighed after fasting. Daily excreta collection was
then pooled within a cage, weighed, and stored at -20°C for subsequent analyses.

Chemical Analysis

At the end of the experiment, pooled 3-day excreta samples were lyophilized, wrapped in aluminum foil, and then
dried at 65°C in a forced-air oven to constant weight and then finely ground through a 40-mesh sieve prior to
analysis. All samples were analyzed for DM by oven drying triplicate samples at 135°C for 2 h (Method 930.15;
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AOAC, 2007). Excreta, diet, and ingredient samples were analyzed in triplicate for GE using bomb calorimetry
(Model 6200, Parr Instruments, Moline, IL) and CP. All diet and cassava meal samples were analyzed in triplicates
for DM (method 930.15; AOAC, 2007), CP (method 990.03; AOAC, 2007), ether extract (method 920.39; AOAC,
2007), crude fiber (method 978.10; AOAC, 2007), and ash (method 942.05; AOAC, 2007). Fecal and diet samples
were analyzed in triplicate for ADF (method 973.18; AOAC, 2007) and NDF (Holst, 1973).

Energy and Digestibility Calculations

AME of the basal diet was determined using the direct procedure whereas AME in cassava meal was determined
using the difference procedure. AME of the diet was calculated using the following equation:

Correction for zero nitrogen retention was made using a factor of 8.22 kcal per g N retained in the body (Sauvant
et al,, 2004). N-corrected AME (AMEn) was calculated using the following equations:

, where:

ATTD of DM, GE, NDF, ADF, and hemicellulose were calculated using the following equation:

where ATTD is the apparent total tract digestibility, Nutrient; is the total nutrient intake (g) from d 19 to 22; and
Nutrient; is the total fecal output (g) of the nutrient originating from the diet fed from d 19 to 22 (Adeola, 2001).
Statistical Analysis

Data was analyzed using the MIXED procedure of SAS (SAS Institute Inc., Cary, NC) with bird as the experimental
unit. The model included diet as the fixed effect and replicate as the random effect. Least squares means were
calculated for each independent variable and the alpha level that was used to determine statistical significance was
0.05. Simple and multiple linear regression analyses were performed using REG procedure of SAS to determine
the relationship between ATTD and the concentration of NDF, ADF and hemicellulose with the ATTD of GE and
AMEn of the diets.

RESULTS AND DISCUSSION Chemical Composition of CM and CRP

To be considered prime-quality, cassava pellets should contain a maximum of 13% moisture, 2% CP, 4% CF, and
2% ash and a minimum of 70% starch (Kanto and Juttupornpong, 2005). CM used in this experiment met the
standard specifications for prime-quality cassava pellets (Table 1). GE in CM (4,216 kcal/kg DM) was greater
than previously published values (4080 to 4,111 kcal/kg DM; Sauvant et al., 2004; Heuzé et al., 2015). The
analyzed composition of cassava residue pellet used in the present experiment also conformed with the range of
published values (Heuzé et al,, 2015). As expected, the concentration of GE and starch in CRP were less and the
concentration of CP, ash, crude fat, and crude fiber, NDF, ADF and ADL were greater than those in CM. Based on
the analyzed composition of the cassava products, the main fraction of dietary fiber in CRP is lignin and cellulose,
as hemicellulose is estimated to be only 3.55%.

Daily Energy Balance

Broilers fed the experimental diets had similar DM intake (Table 2). However, broilers fed the diet with
25%CRP:75%CM had greater (P=0.05) GE intake than those fed CRP and 75%CRP:25%CM (Table 2). This is due
to the differences in GE among the experimental diets. Excreta and GE output was greatest (P<0.001) for broilers
fed the diet with 100%CRP whereas broilers fed 100%CM had the least (P<0.001) excreta and GE output. There
was increasing excreta and GE output as greater levels of CRP were added to the diet. As a result, ATTD of GE was
greatest (P<0.001) in the diet with 100%CM and the least (P<0.001) for the diet with 100%CRP. Likewise, AME of
the 100%CM and 25%CRP:75%CM diets were greater (P<0.001) than the 100%CRP and 75%CRP:25%CM diets.
The diet with 100%CRP had the least (P<0.001) AME. The increasing level of dietary fiber in the diets with greater
levels of CRP may explain the observed increase in excreta output. Insoluble dietary fiber increases fecal bulk
(Taghipoor et al., 2012) because it reduces intestinal transit time and diet digestibility. As a result, dietary fiber
increased GE output in excreta, which conformed with the results of Wang et al. (2004). Dietary fiber negatively
affects energy and nutrient digestibility of the feed (Noblet and Le Goff, 2001; Bindelle et al., 2008), which
explains the observed decrease in the AME of the diet when greater levels of CRP were added to PCM.

AME and AMEn of Cassava Products

The difference procedure was used to determine the concentration of AMEn in the cassava products, and a corn-
soy basal diet was used for the energy balance experiment. A consequence of using the difference procedure
is that reliable results for the test ingredient will be obtained only if the result of the AMEn of the basal diet is
accurate. The values for AMEn obtained for the corn-soy basal diet (3,095 kcal/kg DM) in the present experiment
are in close agreement with the predicted AMEn using previous data for corn and soybean meal (3,005 kcal/
kg DM; Sauvant et al., 2004), which indicates that the AMEn in the cassava products that were calculated are
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accurate. The values of AME and AMEn (4,345 and 4,177 kcal/kg DM, respectively; Table2) of CM determined
in the current experiment were greater than previously published values (Sauvant et al., 2004; Kanto and
Juttupornpong, 2005; Heuzé et al., 2015). This is because GE of the CM used in the present experiment was
greater than those in previous studies. To the best of our knowledge, there is no previous study that determined
the AMEn of CRP in broilers. The AMEn of CRP was 3,009 kcal/kg DM, which is less than corn (3,624 kcal/kg
DM; Sauvant et al., 2004) but greater than soybean meal (2,646 kcal/kg DM; Sauvant et al., 2004). The AMEn
of CRP was almost 1,200 kcal less (P<0.001) than the AMEn in CM. On both an as-fed and DM basis, CM and
25%CRP:75%CM had greater (P<0.001) AME and AMEn compared with CRP and 75%CRP:25%CM (Table2). The
AME and AMEn of 75%CRP:25%CM was greater (P<0.001) than CRP. This indicates that increasing proportion
of CRP in the blend led to a linear reduction in AMEn, which may be related to the increase in dietary fiber
and decrease in starch content in the cassava blends. This conformed with previous studies (Krés et al., 2013;
Mateos et al.,, 2013; Walagumbe, 2013) which showed reduction in energy utilization when broilers are fed with
ingredients high in NDF and hemicellulose.

Nutrient Digestibility

The ATTD of DM decreased (P<0.001) with increasing levels of CRP in the corn-SBM basal diet (Table3). The
100%CRP diet had greater (P<0.001) ATTD of NDF and ADF compared with the other experimental diets. The
ATTD of NDF and ADF of the 75% CRP:25% PCM diet was also greater (P<0.001) than the 25% CRP:75% PCM diet.
However, no differences were observed in the ATTD of NDF and hemicellulose between the 75%CRP:25%CM diet
and 100%CM diet. The ATTD of hemicellulose of the 100%CRP and 100%CM diets were both greater (P<0.001)
than the diets with the cassava blends. The observed decrease in DM digestibility of the diets with increasing
levels of CRP was similar to the results of Akinola et al., (2013). In their study, increasing levels of cassava peels in
growing pig diets also resulted in a decrease in DM digestibility due to greater dietary fiber levels in the diet. This
also corresponded with the observed decrease in ATTD of GE, which may explain the reduction in ATTD of DM.
Results of the present study indicate that lignin and cellulose are the major fractions of dietary fiber in cassava
products. The ATTD of ADF in the cassava products ranged from 0.2 to 31.3% and the ATTD of hemicellulose
ranged between 49.9 to 66%, which indicates the difference in fermentability of the cellulose and hemicellulose
fractions. Numerous studies have documented the negative effects of dietary fiber on diet digestibility and energy
concentration of the diet (Johnston et al., 2003; Kras et al., 2013; Mateos et al., 2013; Walugembe, 2013). Kirwan
et al. (1974) also reported that elevated levels of insoluble fiber (cellulose) in the diet shorten residence time of
digesta which may lead to lower nutrient digestibilities, reduce AME and performance of birds.

Relationship of Dietary Fiber Fractions with AMEn of Cassava Products

The ADF and NDF concentration in the cassava products were negatively related (P < 0.01) with ATTD of GE (R* =
0.96 and R* = 0.92, respectively; Fig. 1) and AMEn (R” = 0.924 and R® = 0.885, respectively; Fig. 2). However, the
hemicellulose content and the ATTD of ADF, NDF, and hemicellulose of the diet had no linear relationship with
ATTD of GE and AMEn of the cassava products. The present results agree with the wide body of evidence on the
negative effect of NDF and ADF on energy digestibility and energy value of feed ingredients (Noblet, 2000). The
strength of the relationship is slightly lower with NDF compared with ADF, and this is mainly due to the effect of
hemicellulose which is the more soluble fraction of dietary fiber. With these results, it is then proposed that more
cassava sources of varying levels of dietary fiber be evaluated to develop prediction models that can be used to
accurately estimate AMEn in cassava products.

Excreta dry matter

A positive linear relationship (R* = 0.81 and 0.89; P<0.01) between ADF and NDF concentration in the cassava
products with excreta DM of broilers was observed (Fig. 3). However, there were no differences in excreta
DM of broilers fed diets with corn-soy only and corn-soy diets with CRP, PCM and their blends (Table 3). Field
observations suggested that the use of cassava in broiler diets increases incidence of wet droppings, which often
becomes a reason for limitations in using cassava products in broilers. The results indicate that eventhough
cassava products with higher ADF and NDF increases excreta DM closer to levels of broilers fed corn-soy diets, the
actual difference is only minimal. It is not known if a 1% difference in excreta DM is appreciable in practice, but
the present experiment indicate that using cassava products in broiler diets do not significantly reduce excreta
DM.

CONCLUSION
The % ATTD of GE and AME was greatest in the diet with 100%CM and the least for the diet with 100%CRP. The
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AMEn (as DM basis) in CM was greater than the value in CRP fed to growing broilers. The ATTD of DM decreased
with increasing levels of CRP in the corn-SBM basal diet. The 100%CRP diet had greater ATTD of NDF and ADF
compared with the other experimental diets. The ADF and NDF concentration in the cassava products were
negatively related with ATTD of GE and AMEn. A positive linear relationship between ADF and NDF concentration
in the cassava products with excreta DM of broilers was observed. There were no differences in excreta DM of
broilers fed diets with corn-soy only and corn-soy diets with CRP, CM and their blends. Based on the study, the
level of dietary fiber particularly the ADF fraction negatively affected the energy value and nutrient digestibility of
diet and feed ingredients.

KEYWORD : Cassava meal, Cassava residue pellet, Energy, Dietary fiber, Broilers

Table 1. Composition (as-fed basis) of experimental diets and cassava product (as DM Basis)

. Cassava
Diet Product
Items o 75% 25% o 75% 25%
Basal 1C0§;) CRP: CRP: ! (03(1)\/? CRP CRP: CRP: CM
25% CM  75% CM 25% CM  75%CM
Ingredient, %
Corn 50.42 35.29 35.29 35.29 35.29 - - - -
Soybean meal 44.00 30.80 30.80 30.80 30.80 - - - -
Cassava meal,
prime (CM) - 30.00 22.50 7.50 - - - - -
Cassava residue
pellet (CRP) - - 7.50 22.50 30.00 - - - -
Limestone 1.64 1.15 1.15 1.15 1.15 - - - -
Monocalcium 2.71 1.90 1.90 190 1.90 - - - -
phosphate
DL-Methionine 0.28 0.20 0.20 0.20 0.20 - - - -
L-Lysine 0.13 0.09 0.09 0.09 0.09 - - - -
Vitamin-mineral - 5 0.22 0.22 022 022 - - - -
premix
Salt 0.50 0.35 0.35 0.35 0.35 - - - -
Total 100.00 100.00 100.00 100.00  100.00 - - - -
Calculated composition, % Analyzed Composition, %
DM 88.90 88.85 90.42 90.75 90.42 89.65 89.27 87.75 87.15
GE, kcal/kg 4,337 4,328 4,382 4,424 4,408 3,952 4,027 4,137 4,216
CP (N x 6.25) 24.90 20.19 20.58 18.62 17.79 3.90 2.49 3.52 3.06
Ash 3.98 6.46 6.03 5.62 9.58 7.66 5.98 3.36 1.95
Crude fiber 3.10 3.89 3.12 3.43 341 13.97 11.09 591 1.74
Crude fat 3.10 1.78 2.42 2.10 1.37 0.41 0.36 0.50 0.14
NFE 72.35 56.53 58.27 60.98 62.50 74.05 80.08 86.70 93.10
ADF 4.20 6.42 5.14 3.21 2.27 22.07 17.91 8.76 2.07
NDF 4.50 11.23 9.10 7.64 6.09 25.62 23.95 12.63 6.97
Hemicellulose 0.30 4.81 3.96 443 3.82 3.55 6.04 3.87 4.90
ADL - - - - - - 15.98 6.12 8.18
Starch - - . . - 5465 7140 7075
(polarimetry)

"The vitamin-micromineral premix contained the following quantities of vitamins and micro minerals per kilogram of premix: Vitamin A,
11,000,000 1U/kg; Vitamin D, 5,000,000 IU/kg, Vitamin E, 50,000 mg/kg; Vitamin K, 3,000 mg/kg; thiamine, 2,000 mg/kg; riboflavin, 7,000
mg/kg; pyridoxine, 3,000 mg/kg; niacin, 40,000 mg/kg; pantothenic acid, 15,000 mg/kg; vitamin B12, 15 mg/kg; folic acid, 1,5000 mg/kg; Fe,
92,000 mg/kg; Cu, 7,500 mg/kg; Zn, 60,000 mg/kg; Mn, 50,000 mg/kg; I, 700 mg/kg; Se, 150 mg/kg.
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Table 2. Daily energy balance, ATTD (%) of GE, and AME of the diets with CM, CRP and their blends;
and AME and AMEn of cassava product fed to growing broilers'

Treatments
Item 100% CRP 725;‘& Cclil/; 27550& CCI;VP; 100% CM SEM P-value
DM intake, g/d 108 107 108 108 0.6 0.58
GE intake, kcal/d 469° 470> 4792 475% 2.5 0.05
Excreta output, g/d 3430 31.4° 27.5¢ 25.84 0.4 <0.001
GE in excreta, kcal/d 1182 106° 93¢ 874 1.8 <0.001
ATTD of GE, % 74.9¢ 77.4¢ 80.6° 81.6° 0.4 <0.001
AME of diet, kcal/kg 3,242¢ 3,392° 3,5652 3,5972 17.1 <0.001
AME and AMEn of Cassava product
As-fed basis
AME 2,783¢ 3,2220 3,729° 3,823% 50 <0.001
AMEn 2,648¢ 3,076° 3,5912 3,676° 51 <0.001
DM basis
AME 3,162¢ 3,661° 4,2382 4,3452 57 <0.001
AMEn 3,009¢ 3,446° 4,0812 4,1772 57 <0.001

'Data are least square means of 12 replicates per treatment.
*Values within a row lacking a common superscript letter are different (P<0.05).
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Fig.1. Relationship of ADF and NDF concentration on ATTD (%) of GE of cassava products fed to broilers.
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Fig. 2. Relationship of ADF and NDF concentration on AMEn (kcal’kg DM) of cassava products fed to broilers.

Table 3. ATTD of DM dietary fiber fractions of diets with CM, CRP and their blends fed to growing
broilers; and excreta dry matter broilers fed corn-soy diets with CM, CRP, and their blends'

Treatments
Item Corn-soy only 100% 75% CRP:  25% CRP: 100% SEM P-value
CRP 25% CM 75% CM CM
ATTD of, %
DM - 68.44 70.8° 74.6° 76.0% 0.5 <0.001
NDF - 44 .82 39.1° 32.3¢ 41.5° 1.1 <0.001
ADF - 31.3¢ 27.10 16.0° 0.2¢ 1.5 <0.001
Hemicellulose - 62.7% 54.6° 49.9° 66.0° 22 <0.001
Excreta DM, % 18.7 18.8 18.1 17.7 17.5 0.5 0.30

'Data are least square means of 12 replicates per treatment.
*dValues within a row lacking a common superscript letter are different (P<0.05).

Fig. 3. Relationship of ADF and NDF concentration on excreta DM of broilers fed diets with cassava products.
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Introduction

Fats and oils are the main energy sources in the broiler ration which promotes growth, in addition dietary
protein also regulates growth and reproductive performance. Dietary protein/amino acids are important for the
gastrointestinal tract development and absorptive function and enhancement of the immune system (Laudadio
et al,, 2012 and Wang et al. 2012). Poorghasemi et al. (2015) reported that dietary fat sources had no impact
on immune response of broiler. However, Butcher and Miles (2002) stated that proper nutrient has a positive
impact on the immune system and concentration of nutrient can influence growth and modify the expression of
genes for immune responsiveness. It was observed that the addition of amino acids such as lysine, arginine in
the diet improves the immunity against diseases. However, research on the combination of oils and amino acids
supplementation in broiler ration on performance, intestinal morphology and immunity of broiler is limited.
Therefore, the current research was undertaken with the objective to evaluate the effect of diet containing
different dietary sources of oils and L-Arginine (L-Arg) on performance, gut morphology and immune response of
broiler.

Materials and Methods

The study was conducted in the experimental poultry unit, Department of Animal Science, Faculty of Agriculture
and Institute of Bioscience, Universiti Putra Malaysia (UPM). One hundred eighty, day-old broiler chicks were
purchased out of the local hatchery of Malaysia. Each chick was weighed, wing-banded individually and randomly
allocated into the five dietary treatments with 6 replications and each replication consist of 6 birds. The basal diet
composed of corn and soybean meal with four levels of oil combinations: Palm oil (PO) and Sunflower oil (SO)
of which were supplemented with the amino acid, L-Arginine (L-Arg). The dietary treatments were as: T;, 6% PO
(control); T, 6% PO + 0.25% L-Arg; Ts, 4% PO + 2% SO + 0.25% L-Arg; T4, 2% PO + 4% SO + 0.25% L-Arg; and Ts,
6% SO + 0.25% L-Arg. The broiler was vaccinated against infectious bronchitis (IB) and Newcastle disease (ND) at
7 and 14 days, and infectious bursal diseases (IBD) at 21 days of age. Birds were reared under ideal environmental
conditions and water and feed were supplied ad-libitum during the whole experimental period. Six broiler chickens
per treatments (one chicken per replicate) were slaughtered at the 6 weeks of age. Blood and intestinal samples
were collected in order to measure serum immunoglobulin level and study for gut morphology of broiler chickens.
The villi height and crypt depth was determined according to the procedure of Choe et al. (2012). About 4 to 5.5
cm long segments were collected from the middle part of jejunum and ileum and it was flushed with physiological
saline. The collected sample was immediately put into 10% buffer formalin solution until further processing.
Intestinal segments were excised about 3.5 mm and transferred into the plastic cassettes and kept in the neutral
buffer formalin solution overnight. Then the samples were dehydrated using tissue processing machine and
embedded in paraffin wax. After trimming of the intestinal segment at 15 p m, the sample sectioned at 5 g m
and was placed on a glass slide in hot plate at 60°C . Then the glass slide was stained by haematoxylin and eosin
and examined under the microscope.

At 42 days of age, 2-3 ml blood was collected from six birds per treatment into vacutainer tubes without
anticoagulant and serum sample was separated by centrifuging at 3000 rpm for 10 min and stored at -80°C until
antibody analysis. The serum total immunoglobulin (IgG and IgM) were measured using ELISA kits (Immunology
Consultants Laboratory, Inc., USA) according to manufacture protocol and absorbance were measured at 450 nm.
The IgM and IgG concentration were measured using standard curve.

The experiment was carried out by completely randomized design (CRD) and collected data were analysed using
PROC GLM of SAS (SAS, 2014). For comparison of treatment means, the Duncan multiple range tests (DMRT) were
used at the level of p <0.05.
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Results

Effect of different sources of oil and L-Arg on the performance of broiler

Body weight gain and feed conversion efficiency was increased with the increasing level of unsaturated fatty acid
sources oil (SO) and supplementation of 0.25% L-Arg compared to control group. Significant higher (P<0.05) body
weight gain and feed efficiency were found in broiler fed dietary treatments T, and Ty than control and other
dietary treatments. However, the treatment group T, and T; showed intermediate performance. The significant
higher (P<0.05) body weight gain and better feed conversion of broiler were recorded in bird fed increasing
level of (SO) group due to the higher digestibility of unsaturated fatty acid (UFA) than saturated fatty acid (SFA).
Similar finding was reported by Velasco et al. (2010) that chicks fed diet containing unsaturated sources fat had
the better body weight gain and superior feed conversion ratio than chicks fed saturated fat diet. In addition
supplementation of 0.25%L-Arg with different sources of oil enhanced body weight gain of broilers. This finding is
agreement with Emadi et al. (2010), who observed increase the dietary arginine increased body weight and feed
intake. However, no significant differences were found for feed intake of broilers among treatments.

Effect of added L-Arginine in diet containing different sources of oil on intestinal morphology of broiler

The supplementation of L-Arg in the diet increased intestinal villus length and crypt depth. Longer jejunum villus
height and deepest crypt were found in dietary groups of T, and T5 compared to control group and other dietary
groups. The changes of the ileum villus height and crypt depth of T, and Ts were significantly higher (P<0.05)
than control group and other dietary treatments. The pattern of change both jejunum and ileum villus height and
crypt depth were found to be similar. However, no differences were observed for jejunum and ileum villus length
among the dietary groups of T5 T, and Ts. Increased intestinal villi height provides more surface area for nutrient
absorption (Khambualai et al. 2009). The current results are in agreement with Ghiasi et al. (2014). The ileum
crypt depth was significantly increased in dietary treatments of T, and T5 compared to control and other dietary
groups.

In the current study, villus crypt ratio for jejunum and ileum was increased with the addition of L-Arg with
different dietary group, which indicated the positive intestinal function. Moreover, the higher villus height to
crypt depth ratio in the broiler reduces the turnover of intestinal mucosa, which requires lower maintenance
of intestinal mucosa. This leads to a higher growth performance of the animal. Similar results were reported by
Laudadio et al. (2012a).

Effect of added L-Arginine in diet containing different sources of oil on serum immunoglobulin concentration of
Broiler

The serum IgM concentration was increased significantly (P<0.05) in bird fed with the increasing level of
unsaturated fatty acid rich oil (SO) and supplementation of 0.25% L-Arg compared to the bird fed PO diet (T}). The
immunoglobulin IgG showed a significant improvement (P<0.05) in the group fed combination of SO and PO (T,).
However, no significant differences were observed in serum IgG concentration between the treatment group T;
and T,. The lowest (P<0.05) total serum IgM concentration was observed in the control group than other dietary
groups at 42 days age of broiler. The supplementation L-Arg increased the serum IgM levels and highest value
was observed in broiler fed T, (2% palm oil+4%sunflower 0il+0.25% L-Arg). No significant differences were found
in IgM concentration among the treatment groups except for the control group (T,). The finding reported by Deng
et al. (2005) is in consistent with the present study.

Conclusion

From this study, it can be seen that the combination of saturated, palm oil and unsaturated, sunflower oil and
0.25% L- Arg supplementation had a positive effect on intestinal villus height and crypt depth which increased
absorption of more nutrients, resulting good performance of broiler. This dietary supplementation also increased
the serum IgM and IgG levels which modulates the immune system of broiler against the diseases.

KEYWORD : L-Arginine, Feed efficiency, Villus length, Crypt depth, oils
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OBJECTIVE

The present study investigated the effects of varying amounts of Angelica gigas Nakai (AGN) root powder
supplementation on the growing performance, plasma biochemical profiling and heat shock related gene and
protein expression in Ross broiler chickens under normal and heat stressed environment.

METHODOLOGY

Animals and Experimental Design

A total of one hundred ninety-two (192), day old broiler chicks were randomly divided into two groups: control
(29°C) and heat stressed (36°C for 5 hours per day) for 30 days. The two groups were divided into four subgroups
having different treatments composed of the control (no AGN feed supplementation), 0.1%, 0.3% and 0.5% AGN
root powder supplementation. All of the broiler chickens were fed with a commercial diet and provided with
clean and fresh water ad libitum. Growth performance was assessed by determining the average feed intake, daily
gain and feed efficiency. At the end of the experimental period, birds were sacrificed and spleen samples were
removed for the assessment of mRNA and protein expression of heat shock proteins such as HSF1, HSP90 and
HSP70. Plasma biochemical profiling using an automated biochemical analyzer includes measurement of glucose,
total cholesterol, total bilirubin and glutamic oxaloacetic transaminase (GOT) while insulin, triiodothyronine (T3),
thyroxine (T4) and cortisol using an ELISA kit.

Heat shock procedure

After one week of adaptation, the entire broiler chickens were subjected to normal environmental temperature
recommended for broiler chickens (29 °C ) with heat stress group subjecting to the procedure through a heater
within the pen regulated at 5 hours at 36°C for 4 weeks.

Determination of Growth Performance

Body weights were measured at Day O and final day of the experimental period. Feed intake and refusals were
measured daily to determine the average feed intake, daily gain and feed efficiency.

Sample collection

At the end of the experimental period, two birds from each pen were sacrificed and tissue samples were removed
as quickly as possible. Spleen samples were immediately frozen in liquid nitrogen and stored at — 80 prior to the
measurement of mRNA and protein expressions.

Total RNA extraction and RT-PCR analysis

One gram of frozen spleen samples in liquid nitrogen were maintained and homogenized into powdered form
using mortar and pestle. Total mRNA was extracted from the homogenized tissue samples using RNAiso Plus
(Takara Bio Inc., Kusatsu, Japan) to synthesize cDNA from 1pg of total RNA in a 20pL reaction using Maxime
RT PreMix Kit (iNtRON Biotechnology, Seongnam, Korea). Polymerase chain reaction (PCR) were initiated by
denaturation cycle at 95°C for 5 min, followed by 30 amplification cycles: 40 s at 95°C , annealing for 40 s
(temperature ranging from 56°C to 62°C ) and extension at 72°C for 1 min. Oligonucleotide primers of Heat shock
factor 1(HSFI), heat shock protein 90 (HSP90) and HSP70, were used. All of the primers used were optimized
experimentally. To ensure that mRNA for all samples was equivalent, 8 -actin was initially subjected to PCR
reaction then compared to all gene expression values.

Total protein isolation and Western blot analysis

One gram of frozen spleen samples in liquid nitrogen were maintained and homogenized into powdered
form using mortar and pestle. Total protein was extracted from the homogenized tissue by adding protein
extraction solution (iNtRON Biotechnology, Korea). The lysates were centrifuged at 15,000rpm for 15 min
at 4°C to determine protein content of the supernatant through a modification of Bradford assay. Diluted 35 pg
of the protein samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis prior to
nitrocellulose membranes transfer. The membranes were blocked with 5% skimmed milk and hybridized with anti-
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HSF1, Hsp90 and HSP70 polyclonal antibodies. Target proteins were excluded and identified by incubation of the
membranes with secondary antibodies conjugated with horseradish peroxidase. To be able to view the exposed
target protein, membranes were treated with enhanced chemiluminescence (AB Frontier, Seoul, Korea) then
detected on radiographic film.

Statistical analysis

All experiments were performed three times separately and the results were expressed as means =* standard
deviation. One-way analysis of variance was used to assess the valid differences between means. It was followed
by Duncan Multiple Range Test where p

RESULTS AND DISCUSSION

Heat stress affects biological defense mechanisms such as the immune response in addition to inducing metabolic
disorders, leading to a low productivity of chickens (Khajavi et al., 2003). Figure 1 showed that 0.1% AGN root
powder supplementation among broiler chickens reared at normal environmental temperature enhances their
growth performance as shown by the greatest feed efficiency value. Heat shock procedure of 5 hours per day
induces a decreased growth performance as compared to those in the normal environmental temperature as
showed in Fig. 2 at the control group. This simply confirmed the negative effect of heat stress on the performance
of production animals. However, supplementation of AGN root powder at 0.1% complemented these negative
effects as shown by highest ADG and FE among control and treatment groups.

To evaluate the overall health condition of the broiler chickens, plasma biochemical profiling was executed and
results were presented in Table 1. Decreased values of all the plasma biochemical parameters among the heat
stressed group compared to the normal group were observed. However, in the case of cortisol level, the group
reared on an increased environmental temperature showed lower cortisol level rather than those grown in normal
temperature. This could be due to the ability of the body for thermoregulation and adaptation especially for
chronic conditions. In addition, the treatment of AGN root powder among non heat stressed and heat stressed
group enhances the blood biochemical profile for all the parameters even cortisol. This could imply that AGN root
powder has the potential to improve the overall health condition of broiler chicken as supported by its previous
known property to boost circulation.

The spleen is a peripheral lymphoid organ that plays a major role in the immune response against systemically
acquired antigens (Abdul-Careem et al., 2007;Jeurissen, 1991). This organ contains immune cells such as T
lymphocytes, B lymphocytes, macrophages, and granulocytes (Jeurissen, 1991). Therefore, various cytokines and
small proteins playing important roles in immune responses are expressed in the spleen. RT-PCR and Western blot
analysis in figures 3 and 4, respectively, showed dose dependent up regulation of splenic heat shock related genes
and proteins such as HSF1, HSP90 and HSP70 for both under thermoneutral circumstances and heat stressed
broilers. At the molecular level, thermal stress strongly modifies cell physiology (Bensaude et al., 1996). Cells from
all organisms respond to physiologically relevant variations to temperature by rapidly increasing the expression
and synthesis of a selected group of proteins, the heat shock proteins (Sonna et al., 2002).

CONCLUSION

Altogether, these findings may suggest that dietary supplementation of AGN root powder improves growth
performance and health by modulating the expression of heat shock genes and proteins for both normal and heat
stress reared Ross broiler chickens.

KEYWORD : Angelica gigas Nakai root powder, heat shock proteins, heat shock factor, heat stress, broiler chickens
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Figure 1. Effects of AGN powder supplementation on the growing performance of broiler

chickens grown on normal environmental temperature.
The results are expressed as meanz standard deviation. Bars with different superscript are significantly different (p<0.05).
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Figure 2. Effects of AGN powder supplementation on the growing performance of broiler

chickens grown on increased environmental temperature.

The results are expressed as mean+ standard deviation. Bars with different superscript are significantly different (p<0.05).
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Figure 3. mRNA expressions of splenic heat shock related genes of control and AGN supplemented Ross
broiler chickens grown on normal and increased environmental temperature.
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Figure 4. Protein expressions of splenic heat shock related genes of control and AGN supplemented Ross
broiler chickens grown on normal and increased environmental temperature.
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Table 1. Plasma biochemical analysis of normal and heat stressed broiler chickens
supplemented with varying amounts of AGN.

NON HEAT STRESS HEAT STRESS
Hick KSR 0 0.1 0.3 0.5 0 0.1 0.3 0.5
ietary AGY
! ) (n=4) (n=4) (n=4) (n=4) (n=4) (n=4) (n=4) (n=4)

Glucose (mg/dl) 248.5+10.342 224.0+£15.58* | 218.5+18.05% | 241.7+13.45% | 229.5+17.942 | 223.0+14.072 | 238.75+16.5* | 223.5+11.47*
Total Cholesterol (mg/dl) 145.25+20.842 | 143.25+11.24* | 132.25+10.812 | 152.25+17.232 | 161.75+9.29% | 145.521226* | 161.0+24.10* [139.75+11.352
Total Bilirubin (mg/dl) 0.15+0.102 0.15+0.10* 0.2+0.082 0.175+0.102 0.13+0.05* 0.225+0.192 0.275+0.17¢ | 0.125+0.052
GOT (IU/L) 186.50+12.26* | 188.25+11.76* | 178.25+17.00* | 180.5+15.07 | 187.0+12.68 | 171.5+11.732 | 176.0+24.29? | 166.5+13.432
[nsulin (UIU/mI) 21.23+2.60* 17.85+3.54% 16.62+3.78% 17.04+4.572 20.26+1.112 19.66+2.07° 19.56+0.7° 19.77+2.57¢
[Triiodothyronine (T3) (ng/ml) 3.5320272 3.58+0.14* 3.69+0.18® 33140230 3.81x0.16* 3.714+0.06° 3.84x0.15° 3.63+0.890
T}Z;i;(me (T 221.39+30.36* | 203.09+69.20% |212.86+27.68%| 204.32+28.39% |255.71+22.97%| 256.39+49.232 | 283.12+18.27%|269.10+22.062
§it

Cortisol (ng/ml) 186.50+12.26* | 188.25+11.76" | 178.25+17.00" | 180.5+15.07c |133.47+43.593| 97.58+15.300 | 83.63+18.72" | 62.09+24.120

1Glucose: 180-400 mg/dL: Total cholesterol: 129-297 mg/dL;; Total Bilirubin: 0-0.1 mg/dL; GOT: 10-400 IU/L. Normal values for the plasma biochemistry
parameters used in the study (The Merck Veterinary Manual. 10th ed, 2010).
All data are presented as mean + SD. Results with different superscripts are significantly different at P<0.05.
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INTRODUCTION

The main cost of pig production industry is related to the provision of a sustainable energy source. Feed cost
account for 60 to 80% of livestock production costs and the energy component of feed accounts for 40 to 60 %
(Ademosun, 1976). Banana is an alternative feedstuff can be used as an energy source for animal feed because
banana are a rich of carbohydrate and high contents of sugars, mainly sucrose, glucose and fructose (Imam and
Akter, 2011; Tsen et al., 2004). Moreover, Renaudeau et al. (2014) reported that grower pigs that were fed up to
60% banana in place of corn had no effect on final body weight, average daily gain, and feed conversion ratio.

In addition, banana also contains certain amounts of fructooligosaccharide (FOS). FOS are oligosaccharide which
are not hydrolysed by digestive enzymes, and may act as growth substrate for the intestinal microflora (Monsan
and Paul, 1995, Tsen et al, 2004). They are considered as prebiotics. They have been shown to have beneficial
effects on the intestinal microflora by stimulating the growth of beneficial bacteria such as Bifidobacterium and
Lactobacillus and inhibit pathogenic bacteria such as E. coli and Salmonella (Bailey et al., 1991; Xu et al, 2003).
For example, Xu et al. (2005) report that supplementation with FOS improved feed conversion ratio (FCR) and
increasing the villi height in jejunum and ileum of small intestine in piglets. Therefore, this study focused on the
effect of banana (Musa sapientum L.) in diet on growth performance and intestinal morphology of nursery pigs.

MATERIALS AND METHODS

This study was conducted at the Animal Research Farm, Department of Animal Science, Faculty of Agriculture,
Kasetsart University, Bangkok and Thailand. Experimental animals were kept, maintained and treated in adherence
to accepted standards for the humane treatment of animals.

Animals and managements

Sixty male commercial crossbred piglets (Duroc XLarge White X Landrace; 8.00+ 0.27kg body weight) were used
in this trial. The pigs were randomly divided into four treatments and each treatment consisted of five replications
(three pigs/pens) of three pigs each. The average body weight of each replication were homogenized and balanced.
During six weeks experimental periods, an evaporative cooling system was used to control air ventilation and
temperature. Feed were offered as ad libitum and water were provided by water nipples. During the feeding trial,
the house was cleaned weekly, while the faces of piglets were removed every day.

Experimental diets

Four experimental diets were used a control diet without the banana and diets containing 2.5%, 5.0% and 7.5%
of dried banana (Musa sapientum L.); respectively. Chemical composition of banana is given in Table 1. The
experimental diets were formulated to provide the same amount of nutrients and met the requirement as NRC
(1998) without an antimicrobial agent.

Measurements

Growth performances. The body weight of each pigs was recorded and at the end of feeding trial (6 weeks)
the body weight, body weight gain and feed intake was measured weekly. The feed conversion ratio (FCR) was
calculated from body weight gain and feed intake data.

Morphology of small intestine. At the end of the trial, one pig from each replication were put down. Tissue
samples were collected from the duodenum, jejunum and ileum and were immediately fixed in 10% neutral buffer
formalin. For each specimen, at least 10 sections of 7 um thicknesses were prepared. Tissues were then stained
with haematoxylin-eosin for histological evaluation. Histology of the duodenum, jejunum and ileum tissue was
assessed by light microscope in accordance with Nunez et al. (1996). The morphology of the small intestines
in this study included villous height, crypt depth and the villous height to crypt depth ratio were conducted by
a computer-assisted for image-analysis system (Biowizard, Thaitec, Thailand). The microscopic of histological
sections were randomized and assessed the height of 10 villous and the depth of 10 crypts in each sample.
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Statistical analysis

The data collected were subjected to one way analysis of variance (ANOVA) of SAS. (SAS Institute, 2000) in a
completely randomized design arrangement. Duncan’s Multiple Range Test was used to compare measured values
obtained from the four independent groups on growth performance and intestinal morphology (Khattree and
Naik, 2000).

RESULTS AND DISCUSSION

Growth performance

The effects of banana (Musa sapientum L.) in diet on growth performance are presented in Table 2. There was no
significant effect of banana on final body weight, average daily gain (ADG), average daily feed intake (ADFI) and
feed conversion ratio (FCR) throughout the experimental period.

Banana (Musa sapientum L.) was used as a substituted for corn to supply 2.5%, 5.0% and 7.5% of the total diet
for nursery pigs. Base on the chemical composition of banana in table 1, the experimental diet was formulated
to provide the same amount of nutrients and met the requirement as NRC (1998). Increasing the level of
incorporation of banana did not have a negative effect on body weight gain, ADG, ADFI and FCR. Similarly, growth
performance remained constant in post-weaning pigs fed by diet with 15% and 30% of green banana meal (Restrepo
and Gonzalo, 1973). In a study of Renaudeau et al. (2014) found that banana meal did not have a negative effect
on ADG and FCR in grower pigs fed by diet with 20%, 40% and 60% of banana meal.

In a previous study, banana (Musa sapientum L.) contains 0.54 percent of fructooligosaccharide (FOS). The
experimental diet was calculated to contain an inulin type fructan at 0.0%, 0.01%, 0.03% and 0.04%; respectively.
In the present study, there were not any significant effects of banana on growth performance. This may be due to
the FOS level is not enough in the diet. However, there many reported an improved ADG and FCR as a consequence
of FOS inclusion in piglet diets (Fukuyasu et al, 1987; Xu et al., 2005). Other authors, however, reported no or
slightly negative effects of FOS on growth performance in piglets (Kornegay et al, 1992; Farnworth et al., 1992).
Intestinal morphology

Effects of banana (Musa sapientum L.) in the diet on intestinal morphology are shown in Table 3. There was
no significant effect of banana on villous height and crypt depth of duodenum, jejunum and ileum (P > 0.05).
Consequently, there were not any significant effects of banana on the ration of villous height: crypt depth in each
segment of the small intestine.

Fructooligosaccharide (FOS) are oligosaccharide which are not hydrolysed by digestive enzymes, but FOS was
fermented by Bifidobacterium and Lactobacillus induced short-chain fatty acids (SCFA) production in the large
intestine (Hartemink et al, 1997). SCFA, butyrate in particular, support the major function of epithelial cells, such
as water, mineral and nutrient absorption. SCFA production is related to the development of intestinal villous and
crypts (Scheppach et al., 1995). The increase in the height of the villous increases the surface area for nutrient
absorption (Buket and Ebru, 2015).

In this study, used as a substituted for corn to supply 0%, 2.5%, 5.0% and 7.5% in the diet by banana (Musa
sapientum L.). The banana contains 0.54 percent of fructooligosaccharide (Megazyme Fructan HK Assay Kkit;
Mccleary et al., 2000). The experimental diet was calculated to contain an inulin type fructan at 0%, 0.01%, 0.03%
and 0.04%; respectively. In the present study, there were not any significant effects of banana on the ration of
Villous height: Crypt depth in each segment of the small intestine (P>0.05). This may be due to the FOS level is
not enough in the diet. However, Xu et al. (2005) reported that supplementation with 0.4% FOS improved feed
conversion ratio (FCR) and increase the villous height in jejunum and ileum in piglets. Because, Feeding FOS to
young piglets may have other effects. A number of complex sugars have been shown to alter the morphology of
the intestinal lining, presumably through increased production of SCFA (Tellez et al., 1993; Howard et al., 1995).

CONCLUSION

Banana (Musa sapientum L.) can be used as an energy source in diets. Since, banana has not had a negative effect
on growth performance and intestinal morphology. In conclusion, banana can be used to incorporate up to 7.5%
in nursery pig diets.
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Table 1. Chemical composition of dried banana (Musa sapientum L.)

Item Banana
GE (Gross energy) kcal/kg 3638.52
Moisture % 5.60
Crude Protein % 3.02
Fiber % 1.35
Ash % 4.54
Calcium % 0.14
Total Phosphorus % 0.06
Reducing Sugar % 8.63
Total Sugar % 13.89
*Inulin (Fructan) % 0.54

*Inulin type fructan (Megazyme Fructan HK Assay Kit; McCleary et al. 2000).

Table 2. Effect of banana (Musa sapientum L.) in diet on growth performance of nursery pigs

Level of banana (%)

Item Control P-value SEM
2.5 5.0 7.5

Initial body weight (kg) 8.00 8.00 8.00 7.99 0.99 0.05
Final body weight (kg) 32.31 31.82 3191 31.99 0.98 0.38
Body weight gain (kg) 24.31 23.82 2391  24.00 0.97 0.37
ADFI (kg/day) 0.89 0.85 0.86 0.88 0.87 0.02
ADG (kg/day) 0.58 0.57 0.57 0.57 0.97 0.01
FCR 1.54 1.50 1.51 1.53 0.62 0.01

Table 3. Effect of banana (Musa sapientum L.) in diet on intestinal morphology of nursery pigs

Level of banana (%)

[tem Control 75 50 75 P-value  SEM
Villous height (um)
Duodenum 629.00 631.18 616.74 670.24 0.91 24.01
Jejunum 643.93 617.24 568.35 577.49 0.50 19.11
lleum 490.62 539.10 501.65 572.01 0.49 19.90
Crypt depth (um)
Duodenum 302.72  306.13 294.63 312.02 0.93 8.67
Jejunum 296.15 275.53 276.78 302.38 0.53 7.65
Ileum 202.07 220.06 222.68 239.42 0.83 13.25
Villous height:crypt depth ratio
Duodenum 2.09 2.11 2.10 2.12 0.99 0.09
Jejunum 221 2.25 2.08 1.91 0.38 0.07
lleum 2.55 2.55 2.49 2.48 0.99 0.15
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INTRODUCTION

Recently, omega-3 polyunsaturated fatty acids (n-3 PUFA) are known as an important substance to support human
health. Consumption of n-3 PUFA could give some physiological effects and associated health benefits including
cardioprotective effect, antihypertensive, antithrombotic, anticancer, inhibit tumor growth, and also can support
visual and cognitive development (Klek, 2016). However, although possess interesting health benefits, most of the
people worldwide still does not meet daily minimum intake of this substance (Sioen et al. 2009).

In order to find an alternative of n-3 PUFA source, development of n-3 PUFA enriched egg become an attracting
research topic. This idea is turn up because of egg consumption is increasing year by year (Windhorst, 2011)
and PUFA profile of yolk can be easily modified through nutritional strategies (Fraeye et al. 2012). Production of
n-3 PUFA enriched-egg can be done by adding some dietary supplements rich in n-3 PUFA (e.g. fish oil, flaxseed,
or microalgae) in laying hens diet. Moreover, fish oil was shown to be best sources due to its higher efficiency to
accumulate n-3 PUFA to the egg yolk. Lemahieu et al. (2015) reported that n-3 long chain PUFA accumulation
to the egg yolk by dietary fish oil supplementation was at the rate of 55%, compared with dietary flaxseed and
microalgae in the rate of 6% and 30%, respectively. However, dietary fish oil supplementation in laying hens
diet is very susceptible to oxidation, and as a consequence, it should be supplemented in combination with
dietaryantioxidant.

Tomato is a major source of lycopene, one of well-known substance which has strong antioxidant activity, in the
amount of 0.9-55.5 mg/100g (Chauhan et al 2011). Other antioxidant substances which also found in tomato
are vitamin A, vitamin C, vitamin E, and folic acid (Borguini and Torres 2009, Kotikova et al 2011). These
substances make tomato as one of the potential antioxidant sources. Furthermore, the aim of this experiment was
to investigate the effect of dietary fish oil in combination with tomato powder on egg polyunsaturated fatty acids
profile of native laying hens.

MATERIALS AND METHODS

Birds and dietary treatments

Ninety 30-weeks-old female native laying hens (Gallus turcicus) were randomly distributed in a completely
randomized design with 3 treatments and 6 repetitions (5 birds of each repetition). Birds were fed one of three
dietary treatments, either containing 2.5% palm oil (control), 2.5% fish oil (FO), or 2.5% fish oil + 0.5% tomato
powder (FOTP) during 6 weeks. During experimental periods dietary treatments was supplied twice daily in
the amount of 100 g/bird (50 g/bird was fed in the morning at 08.00 am and another 50 g/bird was given in
the afternoon at 02.00 pm), while drinking water was supplied ad libitum. All of the dietary treatments were
formulated to be isocaloric (2700 Kcal/kg of metabolizable energy) and isonitrogenous (17.30% of crude
protein) and met Indonesian National Standard (2006) for layer nutrition. Feedstuff composition and calculated
nutrient content of each dietary treatments are shown in Table 1. PUFA profile of palm oil and fish oil used in this
experiments are shown in Table 2.

Fatty acid analysis
At the last day of the experiment, 54 egg (3 egg from each repetition) were randomly collected and directly
transported to Centre for Agro-Based Industry, Bogor-16122, West Java, for PUFA analysis (n-3 and n-6 content).

Data analysis
Data were analyzed by one-way analysis of variance (ANOVA) and significant treatment was further tested by

Duncan’s Multiple Range Test.
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RESULTS AND DISCUSSIONS

Effect of dietary fish oil and its combination with tomato powder supplementation on egg PUFA profile of native
laying hens are presented in Table 3. Results showed that dietary fish oil (FO) and its combination with tomato
powder (FOTP) had higher (P<0.05) egg n-3 contents as compared to that of control. Egg n-3 contents of control,
FO, and FOTP groups were 159.25, 326.10, and 393.70 mg/egg, respectively. This finding is in agreement with
previous studies which also found that fish oil supplementation could increase n-3 contents of egg (Carrillo-
Dominguez et al. 2012, Pita et al. 2011). Fish oil contains high amount of n-3 PUFA (Table 2) which led to
increasing n-3 PUFA content in the feed, and give higher intake of n-3 PUFA, then will allow higher deposition of
this substance to the egg.

Table 3 showed that dietary control, FO, and FOTP had similar trends (P>0.05) on egg n-6 contents with averages
of 631.75, 627.11, and 673.56 mg/egg, respectively. In contrast, Carrillo-Dominguez et al. (2012) reported that
fish oil supplementation could decrease egg n-6 content. This different result may be affected by different basal oil
used in the experiment. In this current experiment, basal oil used is palm oil which had lower n-6 content (12.10%)
than that of soybean oil (60.24%) which used by Carrillo-Dominguez et al. (2012).

Supplementation of fish oil, either as a single component (FO) or in combination with tomato powder (FOTP) had
lower (P<0.05) egg n-6/n-3 ratio with the amount of 1.96 and 1.71, respectively, as compared to that of control
group (4.10). This finding is in accordance with previous study which also noted that fish oil and its combination
with antioxidant supplementation could decrease egg n-6/n-3 ratio (Carrillo-Dominguez et al. 2012, Carillo et al.
2008).

CONCLUSION
The conclusion of this research is that dietary fish oil and its combination with tomato powder supplementation
could increase egg n-3 contents and decrease egg n-6/n-3 ratio in native laying hens.
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Tabel 1. Feedstuff composition (%) and nutrient content of dietary treatments

Feedstuff Control FO FOTP
Corn 40.00 39.30 39.90
Rice polishing 29.50 25.80 24.70
Soybean meal 16.50 22.10 22.00
Corn gluten meal 4.50 0.80 0.90
Palm oil 2.50 - -
Fish oil - 2.50 2.50
Tomato powder - - 0.50
DL-methionine 0.10 0.10 0.10
Salt 0.10 0.10 0.10
Limestone 7.80 7.80 7.80
Vitamin-mineral mix 1.50 1.50 1.50
Total 100.00 100.00 100.00
Calculated nutrient content

Metabolizable energy, Kcal/kg 2,700.00 2,700.00 2,700.00
Crude protein, % 17.30 17.30 17.30
Ether extract, % 6.14 7.96 7.84
Crude fiber, % 2.34 2.31 2.41
Calcium, % 3.31 3.31 3.32
Phosphorus, % 0.32 0.32 0.32
Lysine, % 0.80 0.93 0.92
Methionine, % 0.42 04 0.39
Methionine + Cysteine, % 0.64 0.61 0.61

Table 2. Polyunsaturated fatty acid profile of palm oil and fish oil (expressed as

% of total fatty acid)
Oil source n-3 n-6 n-6/n-3
Palm oil 0.30 12.10 40.33
Fish oil 26.03 2.03 0.08

Table 3. Effect of dietary fish oil in combination with tomato powder on egg
polyunsaturated fatty acids profile of native laying hens (expressed as

mg/egg)
Treatments n-3 n-6 n-6/n-3
Control 159.25449.802 631.75£125.15 4.10+0.58°
FO 326.10+79.68° 627.11+104.84 1.9610.172
FOTP 393.70+22.85° 673.56+38.57 1.71£0.012

Notes: Control: feed containing 2.5% palm oil, FO: feed containing 2.5% fish oil,
FOTP: feed containing 2.5% fish oil + 0.5% tomato powder
& means in the same column followed by different letters are significantly
different at P<0.05
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Effect of a -Galactosidase Supplementation in Diet on Egg Production and Egg
Quiality of Laying Hens

Chonladda Harnkaew, Chaiyapoom Bunchasuk, Choawit Rakangtong,
Theerawit Poeikhampha

Kasetsart University

INTRODUCTION

Soybean meal (SBM) used as a high-quality protein source in most swine producing and poultry producing
countries. There was well-balanced amino acid pattern but energy utilization was poor (Odetallah et al, 2002).
SBM consisted of 48% protein, 35-40% carbohydrates, 7-10% water, 5-6% minerals and less than 1% fat (3-4% of
acid hydrolyzed fat) (USDA, 2009). The carbohydrates in soybean consist of approximately 10% oligosaccharides
(5% sucrose, 4% stachyose and 1% raffinose) and between 20-30% NSP, in which approximately 8% are cellulose
and the remaining are pectic polysaccharides (Choct, 1997). All of those oligosaccharides were potential anti-
nutritional factors (Coon et al., 1990). The problems related with the « -galactosidic oligosaccharides cannot
be broken down in the small intestine of monogastric animal because of the absence of endogenous o -1,6
galactosidase (Gitzelmann and Auricchio, 1965). That may increase digesta passage rate, decrease digestion and
absorption of dietary nutrients (Coon et al., 1990). The objectives of this experimental were to evaluate effect of
alpha-galactosidase supplementation in diet on egg production and egg quality of laying hens.

There were so many techniques to eliminate those oligosaccharides such as Coon et al. (1990) reported that
removal of raffinose and stachyose in SBM by ethanol extraction greaty increased the TMEn of SBM and reduced
digesta passage and feeding with exogenous « -1,6 galactosidase that increased release of reducing sugar from
SBM because galato-oligosaccharides were hydrolysis by enzyme (Ao et al., 2010). Addition with exogenous «
-1,6 galactosidase could be a simply way to digest « -galactosidic bond and short time consuming.

The ability of a -galactosidase could increase efficiency of digest « -galactosidic oligosaccharides from a -1,6
galactooligosaccharide to monosaccharides (glucose, galactose, fructose), reduce passage and viscosity of digesta
in gastrointestinal tract, improves nutrient availability and Metabolisable energy (ME) of soybean meal. All of
those reasons could improve growth performance and egg production in poultry.

In the previous research, Scheideler and Webber (2003) studied the role of a -galactosidase that improved egg
production and the ME of the diet in laying hens but egg quality had no different. Ao et al. (2009) shown that
supplementation with a -galactosidase could increase AMEn of corn-soybean diet. Which is in agreement the
results by Knap et al. (1996) reported that addition of « -galactosidase improved feed conversion ratio of broiler. Wang
et al. (2005) reported that @ -galactosidase supplementation linearly improved body weight, feed intake and
average daily gain. On the other hand, feeding with  « -galactosidase was not significant difference on growth
performance but the enzyme could degrade raffinose and stachyose (Graham et al, 2002). Therefore, the
objectives of this experimental were to evaluate effect of alpha-galactosidase supplementation in diet on egg
production and egg quality of laying hens.

MATERIALS AND METHODES

Animal and Management

A total of 576 Lohmann Brown-Classic hens were used. At 27 weeks of age, the hens were divided into 24 units
and each group consists of 24 hens. At 28 weeks of age, all 24 units would be randomly divided into 3 groups,
each group consisted with 8 replications. During 12 weeks experiment, an evaporative cooling system was used
to control air ventilation and temperature. The hens were being housed in wire cages with 4 birds per cage.
Therefore, 4 adjacent cages were used as the replicate. The lighting program was set 16 hours. Feed were offered
2 times daily as ad libitum and water were provided by water nipples.
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Experimental diets

The exogenous enzyme used in this study wa a -galactosidase (activity 176 IU/kg of product). The experiment
diets were 1) positive control diets were formulated to meet nutrient standards for metabolizable energy
and amino acid in a leading recommended guidelines 2) positive control diet decreased 88 ME kcal/kg with
supplemental « -galactosidase 0.022% and 3) positive control diet decreased 88 ME kcal/kg without supplemental
a -galactosidase 0.022% (negative control). Inert filler (corn starch) was added as need to adjust for differences in
quantity of added enzyme. Compositions of diet are shown in Table 1 and 2.

Parameters record

Egg production

At 2 weeks interval, The egg production were accomplished as following egg production (%), mean egg weight,
feed consumption, egg mass (g/hen/d), feed conversion ratio (FCR) (kg feed/kg egg mass) and mortality (%).

Egg quality

At the end of the 2 weeks interval, all eggs from each experimental unit were weighted, and 4 eggs from each
replication that have weight close to the replication's mean were chosen to analyze egg qualities such as specific
gravity, shell thickness (mm), albumen (mm), albumen (%), yolk (%), eggshell (%), albumen : yolk ratio, Haugh unit
and yolk color.

Statistical analyses
Data will be evaluated with ANOVA in a completely randomized design. Differences means among treatments will
be tested for significance by using the Duncan’s multiple range tests at 5% significance level (Duncan, 1955).

RESULTS AND DISCUSSIONS

Egg production

The effects of a -galactosidase supplementation on egg production fed experimental diets were shown in Table
3. Feeding with a -galactosidase diet were significantly improved egg production (p<0.05), egg mass (p<0.05)
and FCR (p<0.01) than those fed with negative control diet. There was no significant effect of egg weight, feed
intake and mortality. The galacto-oligosaccharides in SBM were not digested by monogastric animals. This a
-Galactosidase could afford digestible nutrients and animal energy.

Knudsen (1997) reported that there were 60 g/kg of oligosaccharide that could not digest but supplemental
with a -galactosidase could broke down these oligosaccharide and maybe gave approximately 240 ME kcal/
kg. Waldroup et al. (2006) report that diets were formulated in which the ME of SBM was increased by 10% in
anticipation of improvements from the addition of a -Galactosidase enzyme but the performance of chick were not
different.

Scheideler and Weber (2003) who found that egg production were enhanced (p<0.05) by feeding with «
-galactosidase. Hens fed the negative control diet had lower egg production compared to the positive control. This
is in agreement with Wang et al. (2005) research. Their study linearly increased BW, ADFI and ADG at day 21 of
feeding period. In accordance with Ao et al. (2009) who found that supplementing « -Galactosidase in diet was
significantly increased body weight gain and feed intake during the overall 21 days period and SBM-based diet
that supplemental with a -Galactosidase has been verified significant improvement on energy bioavailability, feed
conversion ratio and weight gain of broilers (Knap et al,, 1996). In the other hand, feeding with « -galactosidase
was not significant difference on growth performance but the enzyme could degrade raffinose and stachyose
(Graham et al., 2002). As same as Waldroup et al. (2006) reported that FCR were not different effected by a
-Galactosidase supplementation.

Egg weight, feed intake and mortality were not significantly affected by a -Galactosidase treatments. In one study,
Kidd et al. (2001) reported reduced mortality during heat stress in birds fed an enzyme with a -Galactosidase
activity.
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Egg Quality

The effect of o -galactosidase supplementation on egg quality fed experimental diets were shown in Table 4.
Supplementation with a -galactosidase diet were significantly improved yolk percentage (p<0.05) and specific
gravity (p<0.01) than those fed with negative control diet. The other parameters were not significant (p>0.05). On
the other hand, Scheideler and Weber (2003) who found that egg quality were not significant affected by feeding
with o -galactosidase.

This a -Galactosidase enzyme could hydrolysis that raffinose to glucose and galactose and released energy for
birds to maintain their life. Also decreased oligosaccharides concentration would potentially reduce viscosity
of digesta, leading to slower digesta passage rate, greater access of digestive enzymes to substrates and more
rapid diffusion of absorbable nutrients to intestinal mucosa (Graham et al, 2002). In addition, Zhang et al.
(2010) found that feeding with a -Galactosidase significantly reduced the chyme viscosity of ileum. From the
nutritional viewpoint, the protein or amino acids liberation induces by that enzyme would have a sparing effect on
supplemented levels of proteins and crystalline amino acid, which would decrease the cost of poultry diets (Wang
et al., 2005)

CONCLUSION

This research supported the hypothesis that supplementation with a -Galactosidase improved egg production and
egg quality from soybean meal. Cost saving could be substantial with addition of « -Galactosidase enzyme and
equal performance to positive control.
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Table 1 Feed ingredient of experimental diets.

Ingredient name Control a-Galactosidase Negative Control
Corn 57.20 59.25 59.25
Rice bran oil 2.21 0.53 0.53
Rice solvent bran 4.00 4.00 4.00
Soybean Meal 48% 24.36 23.99 23.99
DL-Methionine 0.12 0.12 0.12
Monocalciumphosphate 22% 1.55 1.54 1.54
Calcium carbonate 8.91 8.92 8.92
Salt 0.25 0.25 0.25
Premix* 0.50 0.50 0.50
Choline Chloride 60% 0.08 0.08 0.08
Corn starch 0.02 - 0.02
a-galactosidase - 0.02 -
Sodium bicarbonate 0.80 0.80 0.80
Total 100.00 100.00 100.00

*Premix: consist of vitamin A 5.0 MIU; D3 MIU; E 4,000 1U; K3 0.6 g; B1 0.8 g; B6 1.2 g;
B12 0.0025 g; nichotinic acid 5.00 g; pentotinic acid 3.76 g; folic acid 0.2 g; biotin 0.036 g;
Mn 24.00 g; Zn 20.00 g; Fe 16.00 g; Cu 4.00 g; Iodine 0.8 g; Co 0.08 g; Se 0.04 g and carrier
added to 1.00 kg premix

Table 2 Chemical composition of experimental diets

Ingredient name Control a-Galactosidase Negative Control
ME for poultry (Kcal/Kg) 2750.00 2750.00%* 2662.00
Crude Protein (%) 17.00 17.00 17.00
Crude Fat (%) 4.53 2.94 2.94
Crude Fiber (%) 3.38 3.41 341
Calcium (%) 3.73 3.73 3.73
Available Phosphorus (%) 0.38 0.38 0.38
Salt (%) 0.25 0.25 0.25
Lysine (%) 0.87 0.87 0.87
Methionine + Cystine (%) 0.68 0.68 0.68
Methionine (%) 0.39 0.39 0.39
Threonine (%) 0.63 0.62 0.62
Tryptophan (%) 0.19 0.19 0.19

**a-Galactosidase 0.02g gave 88 Kcal/Kg of ME
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Table3 Effect of a-galactosidase supplementation in diet on egg production of laying hens
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Item Control a-Galactosidase  Negative control SEM  P-value
Egg production (%)  92.36 + 1.64° 92.29 + 1.54* 89.68 + 2.89° 0.49 0.03
Egg weight (g) 61.28£1.10 61.53 £0.86 61.14 £1.07 0.20 0.74
Egg mass 56.61 +£1.55° 56.80 + 1.38* 54.82 +1.58° 0.35 0.03
Feed intake (g) 115.32+3.70 117.03 £2.58 116.17 £2.02 0.58 0.50
FCR 2.04 +0.05° 2.06 +0.03° 2.12+£0.07* 0.01 0.01
Mortality 0.29 +£0.44 0.65+£1.01 0.13+£0.24 0.13 0.28

*a,b Treatment means with different superscripts in the same row are significantly different
(P<0.05). Values reported represent the mean + SD.

Table4 Effect of a-galactosidase supplementation in diet on egg quality of laying hens

Item Control a-Galactosidase  Negative control ~ SEM  P-value
Specific gravity 1.094 £0.00®°  1.095 £ 0.00* 1.093 + 0.00° 0.00 0.01
Shell Thickness (mm) 0.411+0.03 0.405 +0.01 0.390 = 0.02 0.00 0.17
Albumen (mm) 8.03+0.46 8.43+£0.38 8.42+0.50 0.10 0.15
Albumen (%) 64.98 +=0.96 65.66 =0.42 65.66 +£0.71 0.16 0.12
Yolk (%) 25.22+091*  24.40+0.55° 24.49 +0.58° 0.16 0.05
Eggshell (%) 9.81+0.28 9.92+0.24 9.85+0.30 0.05 0.70
Albumen:Yolk ratio 2.59+0.13 2.70 £0.07 2.69 +0.09 0.02 0.07
Haugh unit 89.09 +2.55 91.19+£2.11 91.21+£2.73 0.53 0.17
Yolk color 5.73+0.48 5.96 +0.19 5.68 +£0.36 0.08 0.30

*a,b Treatment means with different superscripts in the same row are significantly different
(P<0.05). Values reported represent the mean + SD.
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PHENOTYPIC RELATIONSHIPS AMONG SOMATIC CELL COUNT AND UDDER
oM 1: %8 TRAITS IN DAIRY GOATS

Mauricio Valencia-Posadas', Lisa Shepard®, Abner J Gutiérrez-Chavez',
Alma A Lechuga-Aranna', César Angel-Sahagin'

'Life Science Division, CIS, University of Guanajuato,
’American Dairy Goat Assoc. USA

Objectives
The aim of present study was to evaluate the phenotypic relationships among the lactation average of somatic cell
count with eight udder traits in Saanen goats.

Methodology

Information from 3686 records of Saanen goats, of 123 herds belonging to the American Dairy Goat Association
(ADGA) from the United Stated of America was used. All animals were classified based on fifteen conformation,
or type traits, and from them, eight udder traits (UT) which were: fore udder attachment (FUA), rear udder height
(RUH), rear udder arch (RUA), medial suspensory ligament (MSL), udder depth (UDE), teat placement (TPL), teat
diameter (TED) and rear udder side view (RSV). Also was evaluated final score (FIS), a variable which consider all
conformation appraisal in the animals. A scale of 50 to 99 points was used for FIS trait, while for all other type
traits a scale of 1 to 50 points was used, according to the linear appraisal system from the ADGA (ADGA, 1993).
Milk samples were collected as part of the official national milk recording system used by ADGA. Individual data
on milk yield were obtained monthly during the complete lactation by using equipment built into the milking
system. Milk analysis included somatic cell count (SCC) using Somacount equipment’s, which uses laser based on
flow cytometry, and were calibrated with cow milk. From monthly determinations of SCC was obtained for each
animal an average SCC for the whole lactation (ASC). Goats were classified in two groups of ASC (binary trait):
O=with low ASC (< 700x10%), and 1=with high ASC (> 701x10°).

Goat scores outside the normal range were eliminated, using as criterion two standard deviations above average;
the total number of deleted records was <1% of the total. Descriptive statistics of the studied traits were also
obtained. In order to evaluate the effect of real milk production level on ASC, first lactation milk yield unadjusted
to mature equivalent and 305 d, was used.

All udder traits were classified in three groups: 1=low score, 2=ideal score and 3=high score (table 1).

Other variables that could affect to ASC as herd, days in milk (DIM), lactation number (LN) (two groups: first and >
2 lactations) and milk production (MP) (three levels: 1 <660, 2=661 to 1647 and 3 > 1648 kg) were used.

Prior analyses Chi square test was used to evaluate dependence between udder traits and ASC and variables which
resulted significant (P<0.05) were RUA, RSV, UDE, MSL, MP and LN. A stepwise logistic regression model was
used for the analysis of ASC (as dependent variable), and the complete model included herd, LN, MP, FUA, RUH,
RUA, MSL, UDE, TPL, TED, RSV and FIS, as independent variables. All statistical analyses were conducting with the
Statistical Analysis System program (SAS, 1995).

Results

The general means and standard deviations for ASC, MP, LN and DIM of present study were 475.4 &+ 132.9 x10°
cells/ml, 1155 = 496.3 kg, 2.21 £ 1.4 lactations and 298 = 78 days, respectively. No references on this topic
and with this methodology were found worldwide. The results of odds ratio, probability and confidence intervals
for odds are in table 2. From the completed model the variables than resulted significant were LN, MP, RSV and
RUH.

Goats with > 2 lactations were 1.3 times more possibilities to get high ASC scores than goats of first lactation
(P<0.01). For the case of MP this results indicate than goats with lower milk yields ( < 660 kg) were 3.1 times
more probable to have high averages of ASC than goats with high milk production level (> 1648 kg). These results
agree with those obtained by Barrén-Bravo et al., (2013) founding that group of goats with lower milk production
(0.2-2.5 kg/day) registered a higher somatic cell score (SCS) (5.28 in a lineal scale), and those animals with higher
milk yield ( > 4.1 kg/day) showed lower SCS (4.72) these differences being highly significant (P < 0.01). Goats
classified with 10 to 27 points for rear udder side view were at increasing risk of presenting high ASC, compared
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with goats with ideal or high scores for RSV. Goats classified with ideal score in RUH (40 to 45 points), were 2.48
times more probable to have high averages of ASC than goats with higher RUH scores (> 46 points); also goats
with low score in RUH (7 to 39 points) were 1.8 time more probable to have high averages of ASC than goats with
higher RUH scores.

Rupp et al. (2011) founded that lactation somatic cell score was genetically correlated with udder floor position
(-0.24 and -0.19 in the Alpine and Saanen breeds, respectively), and, in Saanen, teat length, teat width, and teat
form (0.29, 0.34 and -0.27, respectively).

Linear appraisal system from ADGA suggests the selection of animals with better overall conformation, for
example goats with high final scores, and recommending ideal scores for each trait as well. However the results of
this study are against the recommendation of ideal scores for rear udder height so that must be reviewed because
of high SCC on these goats.

The improvement of some type traits can contribute to reduce the productions costs through diminishing of
illness as mastitis, and in the probable increasing of longevity of goats (Castafieda-Bustos et al., 2014).

Conclusions

The highest phenotypic relationships founded in this study between somatic cell count and udder traits were with
rear udder side view and rear udder height. These relationships are phenotypic and thereby include environmental
effects that can influence the two traits simultaneously. Somatic cell count in milk should continue being used
in goats as an indirect predictor of udder health status. Producers must not overestimate the importance of
secondary type traits, regarding the primary production traits as milk, fat or protein. Ideal scores should be
reviewed by ADGA.
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Table 1. Udder score means and minimum and maximum by category (low, ideal
and high scores) in Saanen goats (n=3686).

Udder trait Mean Low score Ideal point High
ranges® scores

Fore udder attachment 34.9 10-34 35-42 43-48
Rear udder height 35.5 7-39 40-45 46-50
Rear udder arch 29.3 9-31 32-40 41-48
Medial suspensory ligament 29.0 14-21 22-28 29-35
Udder depth 29.6 6-21 22-27 28-50
Teat placement 20.8 7-17 18-28 29-50
Teat diameter 25.1 8-24 25-30 31-45
Rear udder side view 26.8 10-27 28-32 33-47

*According to the linear appraisal system from the ADGA.
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Table 2. Results of the stepwise logistic regression model for somatic cell count in
Saanen goats (n=3686).

Variable Estimate  Probability Estimated Lower Upper

odds ratio Limit* Limit*

Constant -9.347 0.0000

LN=2 0.264 0.0000 1.30 1.18 1.43
MP=1 1.132 0.0004 3.10 1.65 5.81
MP=2 0.347 0.1091 1.41 0.92 2.16
RSV=1 0.462 0.0495 1.58 1.00 2.51
RSV=2 -0.087 0.5855 0.91 0.66 1.25
RUH=1 0.593 0.1674 1.81 0.77 4.20
RUH=2 0.909 0.0422 2.48 1.03 5.96

Group 3 was the comparison base for the other groups; *=95.0% confidence
intervals for odds ratios; LN=Ilactation number; MP=milk production; rear udder side
view (RSV); rear udder height (RUH).
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Introduction

Bali cattle reproductive ability of a known height will not be able to increase the cattle population and the
potential of young Bali cattle candidate, where the population is not known a certain age group. The number of
cattle belonging to the age of productive and nonproductive is essential in preparing the beef cattle breeding
program. Further to support the implementation of breeding programs necessary to support the energy intake
from feeding is good and rational.

To increase the population of Bali cattle management and handling of livestock required good, especially in
livestock the expenditure control with regard to the value of natural increase (natural increase of), mortality,
livestock replacement (replacement stock), the number of cattle were knocked out, the influx of live cattle and
magnitude of the potential ability of young Bali cattle candidate.

Efforts to prevent the expenditure of Bali cattle continuously from the area of young Bali cattle candidate on
the island of Bali cattle, in particular, must be immediately addressed by the pattern of correct and consistent
breeding. Among the inventory of calf crop, annual population growth, the structure of population by age group
and the fertility status of Bali cattle in the area of the base population as a potential supplier of seeds to the test
station performance. In addition, to guard against the depletion of the population in the area of seed sources
should be no restrictions on spending livestock or livestock expenditure according to the tolerance limit its output
value. Basic data of the above is technical coefficients to be prepared in advance to prepare for the cows to be
selected into Breeding stock center Bali Cattle (BPTU), and cows will be prepared again for breeding.

Bali cattle are selected specifically prepared to increase the population in BPTU Pulukan, the technical coefficients
of each individual must be equipped with data growth is not enough, but it should be equipped with vital statistics
and the data size of the genetic potential of their ancestors. Factors, as mentioned above should be observed in
order to complete the selection criteria in order to get of young Bali cattle candidate production potential of Bali
cattle BPTU truly superior.

Materials and Methods

The material used in this study primary data in the IPD (Population Basic Installation). Installation of Basic
Population date taken from four areas, namely unit Jembrana, Tabanan, Karangasem unit, and the unit Bangli)
of 200 farmers (assuming ownership of livestock 2-3 head / farmer) is identical to the 500 tail as directed,
Roscoe (1982) in Research Methods for Business is cited Sugiyono (2009) determination of sample size can be
approximated by considering the total population, 20 percent level of precision, and standard error of 10 percent.
The method used in this study is a case study is carried out intensive research, detailed, and thorough examination
of a particular symptom to get data (Arikunto, 2002). Sampling was conducted in areas that are used purposive
sampling is based on the determination of material of potential seed sources Bali cattle as potential suppliers of
beef cattle BPTU seed in Bali.

Techniques of data collection at random (Random Sampling) with the amount to be taken following the
instructions Yamane (1979)

To know the structure of the population, population growth (Natural Increase), and the output of livestock using
the formulation as follows below:

Natural increase of = percent of births - percent mortality (Harjosubroto, 1988)Out Put = residual replacement -%
Target Population increase (Harjosubroto, 1994) or by using a simulated population structure by age group was
found in a field of cow.

Results and Discussion
In determining the size of the Natural Increase the availability of data required a number of adult females, the
birth rate and mortality of a population. The Natural increase the value will be more meaningful if the high birth
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rate is offset by low levels of mortality, and the counting is done every year. If the high value of Natural Increase
is the idea that in the area concerned there are a number of adult females are productive as well as handling and
good management. The Natural increase of the first year of observations obtained can be used as an evaluation
of the successful management of the parent material in the coming years. Components to calculate the Natural
Increase of Bali cattle in the area of the base population as in Table 1.

Tables. 1 Components of Natural Increase of reproduction to calculate the Cow

From Table 1 above shows that with 61.39 percent of adult females are available, the birth of the calf acquired
29.72 percent of the population, but the number of deaths reached 2.32 percent increase of the value of natural
seed sources in the region in 2011 amounting to 27.40 percent. Bali cattle population growth naturally can result
in calf crop at 48.41 percent, although this result is still 3 percent lower than the results of research Pane (1989)
this difference is likely a result of the decline of adult stem handling and refineries so that energy intake for less
production of basic needs. However, since five years earlier breeding in the region are relatively constant source
of seed IPD, it can be observed from the results of research Supriyantono, A (2006) in Tabanan IPD in 2004, the
percentage of births 41.78% (average over last 5 years 28, 37% £ 13.88%) 110.69% calf crop percentage (83.27
= 37.13); percentage of mortality 0.19 (1.29 &= 0.76); Natural increase of 41.59% (27, 09 = 13.93). Reproductive
performance of Bali cattle generally showed stable as the result of research conducted in North Central Timor (TTU),
East Nusa Tenggara Province (NTT demonstrated the efficiency of reproduction (ER) 83.60%, 21.72% Natural
Increase (Tonbesi, 2008 ).

Supply of young cattle at the age of 2 years (26.77%) made up 10.94% and 15.83% young males young females,
compared to the needs of the cow seeds 2 years instead of (11.48%) consists of 1, 25% for males and 10.23% for
females, indicating a Net Reproduction Rate is high, so the percentage of these two components can be used as a
measure of the sample areas are those areas of potential as a source of seed.

In determining the output of Bali cattle, basically, want to know the management of productive adult cows in
the nursery. Management of adult females is meant the extent to which the composition of the population that
existed at the time of observation that the number of cows that have a high reproductive efficiency to the end of
the productive age group (age group 7-8 years), resulting in offspring as a replacement and keep the breeding
population in the region. In connection with this then Gurnadi (1988) states to increase calf birth rate is optimal
handling and management is required, the appropriate substitute for short yearling (Replacement) and productive
cow.

Table. 2. Coefficient calculation of Bali cattle output in 2011
Table 3. Cattle composition (%) by age group

Table 4. Calculation of Out Puts cattle in the region IPD
Natural Increase (%)

27,40

Male calf

11,20

Female calf

16,20

The percentage of calves at the age of 2 years (with basic calf mortality 0.26)
Young males

10,94

Young Females

15,83

Cattle needs replacement At Age 2 Years

Male (%)

1,25

Female (%)

10,23
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the rest of the young cattle
Male (%)

9,69

Female (%)

5,60

Number

15,29

Culling

Male (%)

1,24

Female (%)

10,18

Number

11,42

Percentage and composition Out Put
Young cattle

15,29

Olds cattle

11,29

Number

26,58

The increase in population
4,5

Out Put

22,08

The composition of the invention based on the age of the animals could explain that the rest of the young cattle
and cattle 15.29% 11.29% eliminated an output value of livestock from the seed source. If the increase in cattle
population of Bali every year 4.5% (secondary data BPTU 2011) the population of Bali cattle in the population
base will not be interrupted in case of cows spending up to 22.08%. However, this value will change in the years
to come, and at least, this result can be used for evaluation of ground improvement and reproductive ability in the
following years.

Conclusion

From the results of the research output in the region of Bali cattle population Installation Basic in 2011 concluded:
Bali cattle population structure in four regions showed that IPDadult cattle population of Bali is quite available in
the amount of 63.88 percent, with 61.39% of whom were adult females productive. The percentage of young Bali
cow 6.70 % and calf 29.72%. The percentage of the overall male Bali cattle are 15.48% and 84.52% females.

2. Maintenance of particular patterns of Bali cattle handling and management of Bali cattle in the area of adult
female IPD, the general said in terms of both reproduction and breeding performance a: S/C (IB) 1.13; CR 78.20%;
Calving Interval (CI) 13.50 months; calf crop 48.41%, so we get:

Reproductive efficiency (IB) 76.39%

b. Fertility index (IB) 70.50%

c. Natural Increase 27.40% 3. Based on limit values and the maintenance of natural increase of Bali cattle age
is obtained: Six age groups of females and 2 males age groups as follows: age of Bali cattle was first used in the
nursery for a male and a female aged 1.9 years. The oldest age used in the nursery for 4-year-old males and for
females was 7.35 years. The spending limit value out of Bali cattle breeding area (output) without interfering with
seed source population of 22.08%.

Suggestion
The pattern suggested the handling and management of productive females still need to be improved.
To support the implementation of breeding programs in the region of the source of seeds and seedlings to tighten
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BPTU candidate selection, it is recommended each IPD implement recording system adapts to the operational
patterns of use of software SREPSI 4.0 (Hakim.L, 2011)Crosses by using frozen semen are expected to be
enhanced and transmitted more evenly throughout the IPD, and to avoid the use of males belonged to the people
that have not been selected.Bali cattle good seed expenditures for supplies to BPTU and exit the area does not
exceed the output (22.08%)Bali cattle IPD region has a higher Net Replacement Rate, so the area has potential as a
source of seed.

KEYWORD : Bali Cattle; Installation of Population, Natural Increase; Output

Tables. 1 Components of Natural Increase of reproduction to calculate the Cow

Component Values
1 Percentage of Adult Females (%) 61,39
2 Birtof calf An Adult Females (%) 48,41
Of the population (%) 29,72
3 Total Livestock Mortality (%) 2,32
4 Natural Increase (%) 27,40

Table. 2. Coefficient calculation of Bali cattle output in 2011

Natural Increase 27,40
o

Adult Cattle Male (%0) 2,49
Female (%) 61,39

Use in breeding Male (year) 19
Female (year) 1,9

Oldest age used Male (year) 4,0
Female (year) 7,35

Long breeding Male (year) 2
Female (year) 6

Table 3. Cattle composition (%) by age group

1 Age (years) (2-3) (3-4) (4-5) (5-6) (6-7) (7-8) Number

2 % Male 1,25 1,24 2,49
3 % Female 10,23 10,22 10,21 10,2 10,19 10,18 61,39
Male and Female ratio 41/59
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POPULATION STRUCTURE AND PERFORMANCE OF PO CATTLE, CASE STUDY IN
(o™ 1. B3 CITY OF PROBOLINGGO, EAST JAVA, INDONESIA
Nurgiartiningsih', V. M. A, A. Budiarto', S. B. Siswijono’, R. Wandansari”
'University of Brawijaya, Malang,
’Department of Agriculture, Probolinggo
Abstract

Decreasing the number of population in PO (Fillial Ongole) beef cattle has been an important issue in East Java,
Indonesia. This study has aimed to evaluate the population structure and performance of PO beef cattle as basic
data for improvement and conservation of PO beef cattle in East Java, especially in Probolinggo. Survey on
population structure and direct observation on vital statistics of PO cattle were conducted in Kedopok district,
city of Probolinggo, East Java, Indonesia. Result showed that the proportion of PO was only 35% and crossbred
occupied the rest (65%). The population number of PO in Kedopok district was decreased significantly, from 2,235
in 2011 to be 182 in 2015. Population structure showed that young females as replacement stock was 21.43%,
birth rate was 0.55%. Reproductive performance of PO showed service per conception (S/C) was 1.23; anestrus
post partum (APP) was 3 - 4 months. Performance of vital statistics was categorized good. Chest girth (143.55
cm) and body height (119.70 cm) of female at 1.5 - 2 years old and chest girth (128.38 c¢cm) of male at 2 - 3
years old fulfill the requirement of the first class of Indonesian National Standard for superior PO. Reproductive
performance of PO was good, but the population structure was lack of replacement stock for females. Breeding
program of PO cattle in Probolinggo should be focused on grading up and regulation on semen distribution,
especially promotion of artificial insemination using PO semen.

Introduction

Filial Ongole (PO) beef cattle are one of the local genetic resources of Indonesia originated from crossing between
Ongole and local Javanese breed. The specific characteristics are white-gray colour, stumpy horns and well-
developed hump in male. PO cattle have high adaptability to differences environmental conditions, strong power
and efficient reproductive performance (short anoestrus post partum) (Affandhy et al., 2009).

City of Probolinggo is one of centre for PO breeding area in East Java. The problem in the development of PO is
low productivity caused by the genetic quality and the limited availability of superior male. There are indications
that population growth of PO decreased which caused by high numbers of slaughtered productive female and
negative selection in which good performance of PO was sold or slaughtered. On the other hand, in East Java have
been found crossbred of PO with exotic breed, such as Limousin. Most farmers prefer natural mating for breeding
system of PO. The application of natural mating without a good recording will increase the chances of inbreeding.
Those phenomenons will lead to extinction of PO cattle in Indonesia. In order to maintain the existance of PO
cattle as Indonesia genetic resources, study on population structure and performance of PO cattle in the city of
Probolinggo was conducted.

Material and Methode

Research was done in the Kedopok District, Probolinggo during June to December 2015. Observation was used in
this study. Materials used were PO cattle and the PO cattle farmer. Data on population structure and performance
of PO cattle consisted of vital statistics (chest girth, body height and body length) and reproductive traits (service
per conception and anestrus post partum) were observed and measured. Data were analysed by software
GENSTAT 16 edition (Anonymous, 2015).

Result and Discussion

Population Structure

The total number of PO cattle in Kedopok. Probolinggo was 182 with the ratio of male to female was 42 males and
140 females. This number decreased significantly when compared to 2011 in which the population number of PO
was 2,235 (Anonymous, 2012). The decline in population number was likely caused by the high farmer interest in
crossing PO females with semen of Limousine. The high preference in crossbred was caused by the high price of
crossbred calves. (Table 1)
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The proportion of male and female are 23.08% and 76.92%, respectively. The highest proportion is occupied
by adult female cow that is equal to 54.95% and the lowest proportion was female calf which only 0.55%. Adult
female cow dominates more than 50% of total cattle population, while the proportion of young cows was much
smaller. This condition is less favorable for the development of PO cattle in the Kedopok district because of the
number of young female cattle less than 50% of adult cows. This illustrates that the population was lack of young
female cow as replacement stock.

The improvement of PO cattle is largely determined by the structure of the population. in which the replacement
stock should be at least 70% of the ideal number of adult cattle. However, it can be seen that the largest proportion
of adult female cows occupied by cows aged 2 to 4 years (62.5%). This high proportion can be utilized to increase
the population number through improved reproductive efficiency and accurate control of reproduction.

Reproductive Performance of Female PO Cattle
Most farmers (86.5%) apply the technology of artificial insemination (Al), while the rest are still using natural
mating. (Table 2)

Reproduction performance of PO cattle is good with the average service per conception is 1.23. It means that the
maximum number of insemination for pregnancy was two. Maximum weaning age is 4 months. In these conditions
make it possible for a cow to give birth every year.

Anestrus post partum (APP) was classified too long, in which 77% of the population have APP of 4 months after
birth, while the rest (35%) reached 6 months after birth. Postpartum cows should be mated back at the time of
the estrus cycle after emerging signs of estrus postpartum (66 days after birth). At this time, cow was ready for
having calf again.

Performance of Female PO cattle

The average chest girth of a young female PO (1.5 to 2 years of age) was 143.55 = 11.74 cm. This value was
significantly greater than previous studies done by Prihandini, Hakim and Nurgiartiningsih (201 1) which reported
chest girth of 1 year age PO cattle was 117.60 = 10.91 cm. Chest girth of female PO was increased from 160.25
+ 4.79 to 165.72 * 8.33 cm for age of 2.5 and 4 - 6 years old, respectively. Decline in performance (1.38%)
occured when cow was more than 7 years of age or cow's giving birth more than 6 times. (Table 3)

Chest girth of 1.5 - 2 years old female PO cattle was higher than Indonesian National Standard for first class of
female PO cattle, which is 143 cm (NSAL 2008). Body length was increased from the average of 120.85 cm in the
age group of 1.5 - 2 years to 140.39 cm in the age group of 4 - 6 years. Body length of female PO cattle at aged
of 1.5 - 2 years was higher than those reported by Prihandini et al. (2012), which was 103.70 cm.

Performance of Male PO cattle
Mean of chest girth of male PO cattle in Kedopok, Probolinggo was categorized in first class of Indonesian
National standard for PO cattle. (Table 4)

Body length of male PO cattle at aged of 2-3 years was in third class of Indonesian national standard for male
PO, which is 130 cm. It is estimated that there are 1.6% of the bulls in the population that were in first or second-
class.

Conclusion

Population structure of PO cattle in Kedopok, Probolinggo was lack of replacement stock for female as candidat
dam. The population number was decreased significantly during three years. PO cattle’s Performance of female at
1.5-2 years old and male at 2-3 years was categorized in first class of Indonesian National standard for PO cattle.
Reproductive performance of female PO cattle was good with low service per conception and short anestrus post
partum. Breeding program of PO cattle in Probolinggo should be focused on grading up and regulation on semen
distribution, especially promotion of artificial insemination using PO semen.

KEYWORD : Crossbred, Indonesian National Standard, Reproductive performance, vital statistic
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Table 1. Population structure according to sex and age group in Kedopok, Probolinggo

Male Female
Calf Young  Adult Calf Young  Adult Total
Total 13 20 9 1 39 100 182

Percentage (%) 7.14 10.99 4.95 0.55 21.43 54.95 100

Table 2. Reproductive Performance of PO cattle in Kedopok, Probolinggo

Paramater Observation
Mating System Al 86.5 %
Natural Mating 13.5%
Service epr conception (S/C) 1.23
Anoestrus Post Partum 3-4 month 77.1 %
(APP) 5-6 month 229 %

Table 3. Means and standard deviations of chest girth, body length and body height in Female
PO cattle in Kedopok, Probolinggo

Age (year) N Chest Girth Body Length Body Height
1.5-2 20 143.55+11.74 120.85+9.58 119.7+4.17
2.5 3 160.25+4.79 132.25+6.4 122.5+2.89
4-6 19 165.72+8.33 140.39£11.6 129.72+3.77
7-10 19 163.42+10.05 135.00+8.34 123.95+7.27

Table 4. Means and standard deviations of chest girth, body length and body height in male
PO cattle in Kedopok, Probolinggo

Age (year) N Chest Girth Body Lenght Body Height

05-1 8 128.38+8.47 106.75+13.01 105.38+8.00

1-1.5 9 144.89+14.78 124.11£10.75 118.78+7.39

2-3 9 168.78+13.93 130.44+12.96 133.78+11.11
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Improvement of Bali Cattle Performance by Additional Concentrate in
(0™ }: ™3 Sumbawa Island, Indonesia
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Abstract

Study on performance of Bali cattle was conducted in station of Bali cattle breeding and forage in Serading,
Sumbawa, West Nusa Tenggara, Indonesia. Two groups consisted of group A (43 Bali cattle) received additional
concentrate and group B (44 Bali cattle) received standard feed without additional concentrate were used in this
study. Body weight and vital statistics of Bali cattle were collected before and after treatment. Data were analysed
using Genstat software (version 16). Result showed that body weight of group A before and after treatment
were 202.60 £ 32.84 kg and 202.42 £ 32.37 kg, respectively. Body weight of group B before and after two
months were 199.07 = 28.87 kg and 195.30 = 29.16 kg, respectively. Group of cattle after received additional
concentrate showed higher vital statistics than before. It could be concluded that additional concentrate has effect
on increasing body weight and vital statistic of Bali cattle. Without additional concentrate, performance of Bali
cattle decreased due to lack of energy consumption.

KEYWORD : Body weight, vital statistic, additional concentrate

Introduction

Bali cattle are one of the important beef cattle breeds contributing to the development of livestock in Indonesia,
and are the most predominant genotype within Sumbawa Island, Indonesia. Taxonomical names of Bali cattle
are Bos sondaicus, Bos javanicus; bos/Bibos banteng. This indigenous beef cattle breed plays an important role
in increasing beef meat production to meet the national need. Bali cattle have superiorities in high fertility, high
genetic resistance to tropical environment and high carcass quality (low fat content). Population of beef cattle in
Indonesia in 2013 was 14.2 million, in which Bali cattle occupied the highest proportion (32.31%) in number of 4.8
million. The second place was followed by 4.4 million of crossbred between exotic breed with local cattle (30.14%),
4.3 million of Ongole (28.88%), and 1.3 million of Madura cattle (8.67%) (BPS, 2013).

Most of Bali cattle are in Bali and Nusa Tenggara Islands, which occupied 43.75% of total number of Bali cattle in
Indonesia. The important role of Bali cattle in Nusa Tenggara is as source of household incomes; increase working
labour and regional income (Bamualim and Wirdahayati 2003). Most farmers in those areas are smallholder
traditional farmers, in which most of cattle are kept in semi extensive system. Only small portion of farmer were
applying cut and carry system (Dahlanuddin et al 2011). Source of forage for cattle feed in Sumbawa were grass
in pasture, field, garden, a long the street and agriculture waste product, such as rice straw and corn straw, which
is available abundantly. Feed additive or feed supplement were given rarely due to limited income and knowledge.

Population of Bali cattle in Bali - Nusa Tenggara decreased from 2.36 million in 2011 to be 2.13 million in 2013
(Anonymous 2011 and Anonymous 2013). Limited availability of forage due to extreme long dry season and lack
of good management in breeding and feeding affected the productivity of Bali cattle in the area. Recently, artificial
insemination using exotic breed have been executed in West Nusa Tenggara Island. Reduced population and
increased application of crossbreeding has been considered might lead to the extinction of Bali cattle. Effort has
been made to increase population and also genetic quality of Bali cattle. Adapted breeding and feeding strategy
for Bali cattle in Sumbawa should be applied to improve the genetic potency in the existing condition and finally
increase genetic potency and number of population of Bali cattle. Exploration and identification of genetic potency
and performance of Bali cattle as indigenous genetic resources of Indonesia should be conducted as an important
basis for good breeding strategy. This research was conducted to evaluate the population structure and analysed
the effect of additional feeding on performance of Bali cattle in station of Bali cattle breeding and forage in
Serading, Sumbawa, West Nusa Tenggara Island, Indonesia.
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Materials and Methods

Research was conducted in station of Bali cattle breeding and forage in Serading, Sumbawa West Nusa Tenggara.
Effect of additional concentrate was studied using two groups of cattle; each group consisted of 50 Bali cattle.
Group A was given additional feed, which was 0.5 kg/cattle/day of concentrate and group B was given standard
feed, which usually given in the station. Each group was housed in open housing system 15x25 m’. Experiment
was started with preliminary treatment of 15 days for adaptation and followed by 30 days for experiment. Body
weight and vital statistic before and after treatment of additional concentrate were collected and were analysed
using student’s t test applying software of Genstat version 16 (Anonymous 2014). Statistical model to evaluate
effect of treatment on body weight and vital statistics was as follows: , in which: body weight and vital statistics of
j individual; population mean; fixed effect of treatment i; Eij = random error.

Results and Discussion
Initial body weight for A group (without treatment of additional concentrate) and B group (with treatment of
additional concentrate) were shown in the following Table:

Mean of cattle’s age in group A with additional feeding (standard feed + 1 kg of rice brand) was 5.15 year old and
mean of initial weight was 190.07 kg; on the other hand, in group B (standard feed), mean of cattle’s age was 4.95
year old and mean of initial body weight was 187.96 kg. Coefficient of variation of both groups was assumed to
be equal, which was less than 20%.

The research result on body weight and vital statistics before and after treatment were presented in Table 1 and 2.

Body weight after treatment in A and B was tended to be decreased 0.09% and 1.89%, respectively. The more
decrease in group B (4 kg) was might be due to the less energy required for maintenance which affects on using of
fat reserve for maintenance. Rice brand was usually used for feed because it contents enough energy and protein,
easy to be digested and can increase feed efficiency.

Statistic vital of cattle that given additional feed increased significantly, 8.24%, 4.08%, and 1,15% for chest girth,
body length and body height, respectively. Cattles in group B were tended to be increase in smaller size compared
to group A. Chest girth, body length and body height in group B were increased 1.38%, -2.28%, and 1.12%,
respectively. In term of body condition, body conformation score of cattle received additional feeding was good
with the value of 5-6 (the highest is 8 and the lowest is 1). This condition occurred because the treatment was
done in hot season (September-October 2014) in which the temperature was very hot caused the low quality of
rice straw and forage in the farm.

Conclusions

Additional feeding has effect on increasing of body weight and vital statistic of Bali cattle Considering availability
of feed resources in West Nusa Tenggara and high adaptability of Bali cattle in Sumbawa Island, there is high
potency of improving genetics and performance of Bali cattle as indigenous genetic resources of Indonesia.
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Table 1. Mean and coefficient of variation of samples

Group n o Age (year) Coefficient of ~ Birth weight ~ Coefficient of

variation (%) (kg) variation (%)
A 43 5.15+2.51 48.74 190.07+31.84 16.75
B 44  4.95+2.41 48.69 187.96+29.98 15.95

n = number of offspring

Table 2. Body weight (BW) and vital statistics (chest girth/ CG, body length/ BL,
body height/ BH) of group A

Before treatment (n = 43) After treatment (n = 43)

Variable BW (kg) CG(cm) BL(cm) BH (cm) BB (kg CG(cm) BL(cm) BH (cm)
Mean 202.60  137.35 110.02 109.60 202.42  148.67 114.51 110.86
SD 32.84 13.88 6.01 4.12 32.37 8.66 7.00 3.77

CV (%) 16.21 10.11 5.46 3.76 15.99 5.82 6.11 3.40

Table 3. Body weight (BW) and vital statistics (chest girth/ CG, body length/ BL,
body height/ BH) of group B

Before treatment (n = 44) After treatment (n = 44)

Variable BW (kg) CG(cm) BL(cm) BH (cm) BW (kg) CG(cm) BL(cm) BH (cm)

Mean 199.07 141.86 112.80 109.57 195.30 143.82 110.23 110.80
SD 28.87 7.02 5.93 3.98 29.16 9.54 4.83 5.79
CV (%) 14.50 4.95 5.26 3.63 14.93 6.63 4.38 5.23
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Abstract

In 1989, The Department of Livestock Development (DLD) of Thailand established a dairy breeding project to
develop the Thai Milking Zebu cattle (TMZ), which contain specifically 75% Holstein - 25% Other breeds, for
reducing the number of dairy cattle importation. The TMZ has been improving for medium milk production and
low cost of health care. Since then, the TMZ have been produced and distributed to small dairy holders across
Thailand. Pedigree, birth weight (BW), weaning weight (WW), yearling weight (YW), 18 months weight (18MW),
and ADG from yearly to 18months of 2,271 TMZ cattle, and accumulated 305-day milk yield (MY) of 898 TMZ
cattle were analysed using linear models and used to statistically describe their growth and milk production. In
general, the TMZ cattle was 28.4 = 5.1 kg for BW, 90.3 = 13.1 kg for WW, 188.0 £ 37.9 kg for YW, 243.4 +
51.8 kg for 18MW, and 338.3 £ 152.6 g/d for ADG. Male TMZ had higher weights (P < 0.01) than female for BW,
WW and YW, had similar ADG. The TMZ had first calving at 34.0 = 7.6 months old. On average, the TMZ cows
produced 2,863.5 + 212.4 kg of MY, with 239.0 & 87.2 days in milk. Range of MY was from 2,451.5 * 36.7 kg
(the 1* lactation) to 3,059.8 + 64.5 kg (the 5" lactation). The partial regression coefficient indicated an increment
of MY for 81.8 = 24.4 kg per lactation (P < 0.05). These results implied that TMZ could be an alternative cattle
for small holders under tropical environmental conditions.

INTRODUCTION

Thailand is a tropical country in Southeast Asia, with a total area of approximately 513,000 km® (198,000
sq mi), located in between latitudes 5° 37¢ North to 20° 27¢ North and longitudes 97° 22¢ East to 105° 37¢
East. Countrywide, temperatures are generally high (24.0 °C to 30.2 °C ) with high humidity (66% to 81%) and
rainfall (1,050 mm to 2,742 mm.). The boundaries of Thailand connect to 4 countries including Myanmar, Laos,
Cambodia, and Malaysia (Thai Meteorological Department, 2015). Climate in Thailand has influence of tropical
Northeast and Southwest monsoons. Changing of season weather and climate, especially the increasing of ambient
temperature are the important effects for dairy cattle stress, low quality and quantity of roughage, and the
distributions of tropical diseases and insects (Sae-tiao et al., 2015).

In order to have tropical adapted dairy cattle, a project to develop the Thai Milking Zebu (TMZ) cattle was
established in 1989 by the Department of Livestock Development (DLD), the Ministry of Agriculture and
cooperatives. The TMZ contains specifically 75% Holstein (H) and 25% Other breeds (e.g., Brahman, Sahiwal, and
Thai Native) and they had been optimized for suitable body size, feed intake, milk production, fertility, tolerating
to heat and tropical diseases than Zebu, especially for small holder production. To produced TMZ, upgrading the
crossbred to 75%H cows, and Inter Se mating among 75% H cattle for five generations were practiced before
spreading the TMZ to dairy producers.

The TMZ had been distributed to dairy smallholders across Thailand for improving profitability and sustainability
of their operations. Growth and production performance of dairy cattle are economically important traits. Cattle
with fast growing and has high production will have more chance to earn more profit in the dairy business.
Phenotypic difference among male and female (growth), and among lactations (milk production) would give
benefit information for the improvement programs.

Thus, the objective of this study was to characterize growth and milk production of Thai Milking Zebu cattle
raised under Thai tropical conditions.

MATERIALS AND METHODS
The dataset included 1) pedigree, 2) growth performances (i.e., birth weight, BW; weaning weight, WW; yearling
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weight, YW; 18 months weight, 18MW; average daily gain from yearly to 18months, ADG) of 2,271 TMZ cattle
(874 males and 1,397 females), and 3) accumulated 305-day milk yield (MY) of 898 TMZ cows in particular
lactation (from 1 to 7). All of them were TMZ, (75% H and 25% Others from one or more of the following breeds:
Brahman, Sahiwal and Thai Native). These cattle were raised under management and environmental condition in
the Lumprayaklang Livestock Breeding and Research Center, Lopburi province in the period of 1992 to 2015.

Seasons were classified as winter (November to February; cool (14.5°C to 31.6°C ) and dry (65% RH, precipitation
50 mm/season), summer (March to June; hot (20.8°C to 34.2°C ) and dry (72% RH, precipitation 239 mm/season)
and rainy (July to October; hot (23.2 °C to 31.8 °C ) and humid (77% RH, precipitation 624 mm/season). All
TMZ cattle were kept in open barns (total size 44 X 40 m*) and received the same management and health care.
Feeding was based on fresh roughage, e.g., Guinea (Panicum maximum), Ruzi (Brachiaria ruziziensis), Napier
(Pennisetum purpureum), and Para (Brachiaria mutica) and the concentrate contained of 16% to 18% CP and of
70% to 75% TDN (DM basis). Ingredients used in the concentrate were protein sources (e.g., palm meal, soybean
meal, cotton seed meal, leucaena), energy sources (e.g., cassava, rice bran, broken rice, fat from animals and
plant, molasses), and mineral and vitamin sources (e.g., di-calcium and premixes). In the dry season (November
to March), when fresh grass was limited, TMZ cattle were fed by Guinea grass and Ruzi grass hay, and silage
produced by the DLD. In addition, all TMZ cattle had free access to water source and mineral supplement
throughout the year and vaccinated for Foot and Mouth Disease (FMD), Tuberculosis (TB) and de-worming twice a
year (every six months).

Growth performances (BW, WW, YW, 18MW, and ADG) between 874 males and 1,397 females TMZ cattle were
analyzed through general linear model (SAS, 2004) that considered contemporary group (year-season) and sex
of cattle as fixed effects. Least squares means (LSM) of each sex subclasses were estimated for particular traits,
and were compared using t-test (a = 0.05). Accumulated 305-day milk yield were gathered from 898 cows, which
had complete milk production from first to seventh lactation in the period of 1992 to 2015. In this dataset, cows
were the progenies of 115 sires and 664 dams. All cows had complete information of birth date, calving date, and
drying off date. The analysis of MY was done using general linear model (SAS, 2004) that contained contemporary
group (year-season) and lactation number as fixed effects. The LSM for MY were estimated for each lactation.
Regression coefficient of LSM for MY on lactations was calculated to assess phenotypic trend across lactations.

RESULTS AND DISCUSSION

On the average, the TMZ in this population had 28.4 * 5.1 kg for BW, 90.3 * 13.1 kg for WW, 188.0 = 37.9 kg
for YW, 243.4 + 51.8 kg for 18MW, and 338.3 = 152.6 g/d for ADG. Growth performances of TMZ were close
to other Thai H crossbred cattle population (22.5 to 33.3 kg for BW, 153.6 to 217.2 kg for YW, 192.0 to 269.6 kg
for 18MW; Jeanmas et al.,, 2008). However, they were lower than H cattle raised in Canada (44.8 to 49.2 kg for
BW; Forrest, 1980) and Korea (562 to 568 kg for 18MW; 0.66 to 0.68 kg/d for ADG; Choi et al., 1997). Male TMZ
had higher (P < 0.01) weights than female for BW (29.3 £ 0.2 kg vs female: 27.7 = 0.2 kg), WW (97.8 £ 1.3 kg
vs 91.1 = 0.5 kg) and YW (193.8 £ 3.9 kg vs 185.9 £ 1.2 kg), but there were not significantly different (P > 0.05)
between male and female for 18MW (227.9 & 6.4 kg vs 238.7 = 1.9 kg) and ADG (301.8 & 32.9 g/d vs 338.2
+ 6.24 g/d; Table 1).

Table 1 Growth performances of TMZ male and female cattle

Traits" Male Female P-value
BW kg 293 +02° 277+02° <001
WW kg) 978+ 13" 91.1+05° <0.01
YW kg 193.8 +39° 1859 +12° 0.04
18MW kg) 2279 + 64 2387+ 19 0.09
ADG (gid) 301.8 £ 329 3382+ 624 0.12

"BW- birth weight, WW- weaning weight, YW- yearling weight, 18MW - 18-month weight, and ADG - ADG from
yearly to 18 months
"] east squares means within the same row with different superscripts differ (P <0.05).
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The TMZ cows had first calving at 34.0 (SD =7.6) months of age, and produced 2,863.5 (SD = 212.4) kg of MY in
239.0 (SD = 87.2) days. These results confirmed production performance of the TMZ cows (35.5 £ 5.4 months for
age at first calving, 2,682.8 = 710.1 kg for MY, and 244.1 *+ 58.7 days for days in milk) reported by Jindatajak
and Sanghureyphria (2004).

Table 2 Least squares means and standard errors for milk production of TMZ dairy cows

Lactation number Number of records Milk yield kg)
1 389 2,4515+367°
2 315 2,7385+408°
3 253 2,8345+455"
4 193 3,001.5+52.1°
5 126 3,059.8+ 64.5"
6 86 2,980.0 + 78.0°
7 35 2,9788+ 1223°

a, b,c

Least squares means within the same column with different superscripts differ (P <0.01)

Table 2 shows the LSM for milk production of TMZ dairy cattle from first to seventh lactations. The LSM for
MY across lactation ranged from 2,451.5 = 36.7 kg (first lactation) to 3,059.8 £ 64.5 kg (fifth lactation). Milk
production performance trended to increase as lactation increased (regression coefficient = 81.8 £ 24.4 kg/
lactation; P < 0.01). Lactation fifth, fourth, sixth, and seventh had the highest MY (2,978.8 to 3,059.8 kg),
followed by second and third lactations (2,738.5 to 2,834.5 kg ), and the lowest one were from first lactation
(2,451.5 kg) respectively. Pattern of MY across lactation found in this TMZ population was similar to, but had
higher production performance than those reported for dairy cattle in a multibreed dairy population in Ethiopia
(Gebreyohannes, et al., 2013).

Considering growth and production performance, TMZ could be one of choices for small holder dairy farmers,
especially who have limited afford for providing high quality and quantity of feed and cares. The weather in
Thailand generally has high temperature and high humidity. The average temperature-humidity index (THI) was
81.8 and the standard deviation was 4.2 (Sae-tiao et al., 2015). With these high average and high variation of
THI, cows that kept in opened-barns would have heat stress (THI > 72; Armstrong, 1994). Under Thai tropical
condition, cows with higher H fraction tended to have higher levels of heat stress (Boonkum et al.,, 2011) and
they would need more intensive management and care, which increase production costs, than cows with lower H
fractions (Koonawootrittriron et al., 2009; Boonkum et al., 2011; Jattawa et al., 2012). Thus, TMZ would fit well
under these conditions, especially with small dairy holders.

CONCLUSION

The TMZ cattle had growth and production performance in ranges of dairy cattle raised in Thailand. Male TMZ
grew faster than female TMZ from birth to one year old. Milk production of TMZ increased from first to third and
then consistently highest from fourth to seventh lactations. Increment of MY for 81.8 & 24.4 kg per lactation was
found in this study.
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Genetic Polymorphism at Growth Hormone Receptor and Prolactin locus in
(o™ }:®: 3 Friesian Holstein Crossbred Cows
Sucik Maylinda, Tri Eko Susilorini
Brawijaya University
Abstract

The aim of the research were to (1) to analyze degree of polymorphism of GHR gene and Prolactin gene in the
smallholder dairy farm at East Java. (2) to analyze the potential of candidate gene GHR and Prolactin as a marker
in selection. 76 blood sample of lactating cows (1* - 3™ period) were collected for DNA analyzing. Variable
measured were milk yield per day (corrected to Energy Corrected Milk), fat and protein content. Method used
was PCR-RFLP, using primer F = 5" - TGCGTGCACAGCAGCTCAACC - 3" and R = 5’ - AGCAACCCCACTGCTGGGCAT
- 3’ for GHR gene to amplify 836 bp fragment, and F = 5-CGAGTCCTTATGAGCTTGATTCTT-3" and R = 5’
-GCCTTCCAGAAGTCGTTTGTTTTC-3 for Prolactin gene to amplify 156 bp fragment. PCR product of GHR gene
was digested with Alul restriction enzyme, and Rsal to digest Prolactin gene fragment. Polymorphism degree was
calculated using formula PICi= 1 - ¥ tp

and tested using Chi Square for Hardy Weinberg equilibrium. One WayAnova was used to analyze the influence of
genotype. Result showed that degree of polymorphism of GHR gene is high (49.98 %), but polymorphism degree
of Prolactin gene is O (monomorphic). GHR gene is very polymorphic but not in Hardy Weinberg equilibrium. GHR
genotype has no influence on milk production and fat content, but strongly influence on protein content (P < 0.01).
CD genotype affect a higher protein content than both CC and DD genotype. It was concluded that (a) GHR locus
is very polymorphic (49.98 %), but Prolaction locus is monomorphic. (b) GHR gene is potential candidate gene
compare to Prolactin gene. (c) CD genotype has a positive effect on protein content than CC and DD genotype.

Introduction

In dairy cows, several candidate genes that were reported by several investigators. Some genes controlling
hormone in the milk production process shown to be associated with milk production and milk quality. Growth
hormone gene polymorphism (GH) and growth hormone receptor gene (GHR) has been shown to have an influence
on milk production in Local dairy cows and imports (from New Zealand) (Maylinda 2007). In addition, Prolactin
gene known as coding generates Prolactin hormone that plays a role in the production of milk, is also expected
as a candidate gene that has a positive effect on milk production and milk fat (Buske, Gengler and Soyeurt, 2011).
In order to increase the effectiveness of selection based on genetic markers, the other candidate genes related to
milk production and quality need to be implemented.

In dairy cows, several candidate genes that were reported by several investigators. Some genes controlling
hormone in the milk production process shown to be associated with milk production and milk quality.

The objective of the research :

(1) to analyze degree of polymorphism of GHR gene and Prolactin gene in the smallholder dairy farm at East Java.
(2) to analyze the potential of candidate gene GHR and Prolactin as a marker in selection.

Methodology

Research material is blood samples that taken from 76 being lactating cows. Cows was in lactation period I - III
and month of lactation 1-3. Dairy cattle used in this study is the local dairy cows that are kept by smallholder
dairy farms in the district of Jabung, in Malang, East Java province.

Field research

Collection data in the field is done using direct measurement of milk production, fat and protein content. Fat and
protein content were measured using /actoscan equipment on 200 cc milk sample. In the same time, blood sample
is collected from the cows at jugular vein using venoject. The next process were isolation of DNA from white blood
cells, then PCR and RFLP.

Laboratory research

Research in the laboratory includes a series of procedures for DNA analysis. This research was conducted at
Biotech Laboratory, Department of Agronomy, Faculty of Agriculture, University of Brawijaya in many stages .
Description of each stage:
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Isolation of DNA to separate the DNA from white blood cells. At the beginning of the study, blood sampling was
done from each cow in 5 cc with venoject in the jugular vein in the neck and kept in a vacutainer tube that has
been given EDTA. Isolation of DNA is done according to standard protocols isolation from blood samples (Roe
2002).PCR (Polymerase Chain Reaction)that is to amplify the GHR gene fragment with 836 bp (Aggrey, Yao,
Zadworny, Hayes and Kuhnlein. 1998).PCR to amplify / duplicate gene fragment of 156 bp Prolactin (Alipanah,
Kalashnikova, Rodionov, 2007). Program of PCR in GHR and Prolactin fragment can be seen in Table 1.

RFLP (Restricted Fragment Lenngth Polymorphism) In this case the above PCR products was digested with
restriction enzymes Alul (for the GHR gene) and Rsal (for Prolactin gene). The detailed guidelines about the
enzyme, as well as cutting results as presented in Tabel 2.

Genotype and allelic frequency

Genotype frequency is the proportion of GHR genotype (CC, CD and DD) or Prolactin genotype (AA, AB and BB)
in the population. Allelic frequency is the proportion of GHR alleles (C and D) or Prolactin alleles (A and B) in the
population. The genotype and allelic frequency were calculated using equation according to McClean (1998) as
below :

The allele frequency for dominant (or M) is p, and for recessive allele (or N) is q. So, p=f(MM) + % f(MN) and
q=f(NN) + %2 f(MN), where f(MM) is frequency for MM genotype, f(NN) is frequency for NN genotype and f(Nn) is
frequency for MN genotype.

Genetic Polymorphism

Genetic polymorphism expressed as PIC (Polymorphic Information Content), which can be defined as the degree
of polymorphism in the population (%). The calculation was below :

PIC,= 1 - X p% (Budak et al 2003)

Where PIC, is degree of polymoprhism at i-locus, pjis frequency of j-allele at i-locus. Locus is the location of gene
at particular location.

Data analysis

To analysis the effect of genotype on milk production, fat and protein content used One Way Anova using Minitab
software version 14 (Minitab 2003), with model as below :

Yi=pu+G +ey

Whereas Y; is measurements (milk yield, fat and protein content), pis the overall mean, G;is the effect of the i"
GHR genotypes or Prolactin genotypes (i = 3, CC, CD and DD for GHR or AA, AB and BB for Prolactin), e; is the
random residual error.

Result and Discussion

Genetic polymorphismAfter digestion of PCR and subsequently performed on PCR products either on the locus of
GHR and Prolactin, then obtained the GHR locus genetic polimrofisme high (see Table 4, Figure 1 and 2). However,
it turns on genes Prolactin results are monomorphic. This is different with Kaplan and Boztepe (2006) result,
where in Brown Swiss cow at Konya Province they found that the population is polymorphic (0.82 for A allele and
0.18 for B allele)

Hardy Weinberg equilibrium in GHR and Prolactin genotypes

GHR gene polymorphisms in this population is quite high, nevertheless remains to be examined whether the
circumstances under Hardy Weinberg equilibrium. Table 5 shows the Chi Square analysis to test the balance. For
Prolaction gene, the chi square test is not done because the condition is monomorphic. Table 5 presented the
result of chi square test to analyse Hardy Weinber equilibrium of alleles and genotype frequency.

The chi square test show that genetic equilibrium at GHR locus was not in balance. The cause is the size of the
studied population is small so it does not fulfill the Law of Hardy Weinberg.

Influence of GHR and Prolactin genotypes on Milk Production and Milk Quality
The statistical analysis showed that both of the GHR gene and Prolactin genes have no effect on milk production
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and milk fat content. However, it turns out GHR gene polymorphism associated with milk protein content and
highly significant (P <0.01) (see Table 6). For Prolactin gene is impossible to analyze besuase is is monomorphic.
This is different with Kaplan and Boztepe (2006) result, where in Brown Swiss cow at Konya Province they found
that the population is polymorphic (0.82 for A allele and 0.18 for B allele). Random genetic drift could be one
factor that led to the loss of one allele in a population of dairy cows at the sites (Holsinger, 2001). The size of the
farms in local locations in the area known small.

Based on the analysis of data, it turns out the average milk production and milk fat content is almost the same
in all genotypes. However, protein content showed a significant influence (P <0.01). From Table 6 seems that
genotype CD showed the best effect compared to genotype CC and DD.

Conclusions

Genetic polymorphisms in the GHR locus in the study area is quite high (49.98%) while the locus Prolactin is O
(monomorphic) because there is only one kind of genotype is AA.Milk production, milk fat and protein content
of milk in the study area is quite high but with a higher level of diversity.Application of marker-based selection
GHR gene on milk production and milk fat content still needs to be studied again with more samples, but for the
protein content of milk can be a potential marker is genotype CD.In Prolactin gene still need to be reexamined
because the population of research location is monomorphic.
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Table 1: Program and primer of PCR of GHR and Prolactin fragments

Gene Primer PCR Program

GHR F=5"-TGCGTGCACAGCAGCTCAACC - 3> | Pre-denaturation at 940 C for 5,

R =5"- AGCAACCCCACTGCTGGGCAT -3" | denaturation at 92 o C for 1 min,
annealing at 66 o C for 80detik, and
elongation at 72 o C for 2 minutes,
repeated 35 cycles and extension at 4 o
C during tatime (Aggrey et al. 1998).
Prolactin | F=5-CGAGTCCTTATGAGCTTGATTCTT-3" | Predenaturasi at 94°C for 5 minutes,

R =5-GCCTTCCAGAAGTCGTTTGTTTTC-3" | followed by 30 cycles consisting of
denaturation at 94°C for 30 seconds,
annealing at 59°C for 40 seconds, and
extension at 72°C for 20 seconds, and
a final extension at 72°C for 3 minutes
(Alipanah et al. 2007)
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Table 2.The detailed about the enzyme cutting result and the alleles

Gene Restriction Size Result of digestion Allele
enzyme

GHR Alul 836 bp Truncated: 602, 145, 75 and 14 C
bp (normal allele) truncated: 747, | D
75 and 14 bp (mutant allele)

Prolactin Rsal 156 bp Not truncated : 156 bp (normal A
allele) truncated: 82 bp and 74 bp | B
(mutant allele)

Table 3. Frequency of genes and genetic polymorphisms each locus

Gene Genotype Number of cows Allele frequency *) | Polymorphism level **)
GHR CcC 1 p=10.49 PIC =49.98 %
q=0.51
CD 62
DD 13
Prolactin AA 76 p=1 PIC=0%
q=0
AB 0
BB 0

*) p is frequency of dominant allele, q is frequency of recessive allele. PIC = Polymorphic
Information Content according to Budak et al (2003)

Table 4. GHR genotype balance according to Hardy Weinberg
Gene Genotype Genotype Number of Number of X’
frequency individu individu
(expected)
(observed)

GHR CccC 0.2401 1 18 33.66%*

CD 0.4998 62 38

DD 0.2601 13 20
x° is highly significant
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Table 5. Mean Production of Milk, Milk Fat Content and Milk Protein in Various GHR and Prolactin

Genotypes

Variables Genotypes Mean Significance
Milk yield (1)

GHR :

CcC 10.31 Ns
CD 11.89) Ns
DD 12.89 +3.67 (59) Ns
Prolactin :

AA 12.51 +3.73 (52) Ns
Fat content (%)

GHR :

CcC 4.39+0.01 (2) Ns
CD 4.26+0.88 (19) Ns
DD 475+ 0.91 (48) Ns
Prolactin :

AA | 4.61+0.92 (69)

Protein content (%)

GHR :

CcC 2.82+0.05(2)a **)
CD 2.95+0.27 (10) b **)
DD 2.72+0.18 (48) a **)
Prolactin :

AA 2.79 + 0.23 (69) Ns

Note : Ns = non significant, **) = sigficantly difference (P <0.01),

the same column means significantly different.

different superscript in
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Figure 1. Result of 2 % gel electrophoresis of PCR-RFLP product in GHR
Locus
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Figure 2. Result of 2% gel electrophoresis of PCR-RFLP products at the locus
Prolactin
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PHENOTYPE AND GENOTYPE CHARACTERISTIC OF FILIAL ETAWAH DAIRY GOAT
0-08-9
Tri Eko Susilorini
Brawijaya University
INTRODUCTION

Dual purpose Filial Etawah dairy goats are now increasingly kept by small farmers. More recently the local
Governments have given priority to development of poor villages by promoting goat keeping schemes with
emphasis on the landless farmers. While the goats were expected to produce milk for human consumption few of
them are milked regularly. So the selection of milk goats for commercial dairy herds and breeding herds must be
accomplished in term of keeping and maintaining good record an becoming familiar the different strengths that
dairy goats possess.

Prediction of the future performance of goats is the most rational point in animal breeding and animals of
superior traits and the phenotype should be selected to hasten genetic improvement. The use of polymorphic
genes as genetic molecular markers is a promising surrogate to the current methods of selection once these genes
are proven to be associated with traits of interest in animal.

Many studies were performed to investigated the effect of f-LG genotypes on milk production traits, milk
composition and quality. Moioli et al. (2007) suggest that -LG is the candidate genes that affect the production
of sheep\'s milk and dairy goats. Intensive examination of how large the contribution variant genotype of  -LG in
affecting the production and quality of milk in dairy goats has been carried out by Kumar et al,, (2006) in 1098
samples from 8 different Indian goats breed, the result were some genes f3 -LG AA genotype had higher milk
production of the f3-LG gene AB genotype and said that PCR-RFLP is a good analysis that can be used to identify
genes f3 -LG in goat milk. Elmaci et al. (2009) on Turkey concluded that polymorphism goat milk proteins and
variability of 8 -LG locus could potentially be used as a genetic marker in dairy goats. Susilorini (2013), 8 -LG
gene polymorphisms had affect on milk production of Peranakan Etawah dairy goat, which AA and AB genotypes
were higher milk production than BB genotype.

The aim of this study was to determine the main polymorphisms in 3 -LG genes in Filial Etawah goats and to
design a selection method based on the presence the genetic marker.

Materials and Methods

Samples and DNA isolationA total of 66 blood samples were collected from goat in keep by small farmer in
Ampelgading East Java. Blood samples from the goats were placed into an EDTA tubes for DNA isolation. Genomic
DNA was isolated using Genomic DNA Isolation kit (NORGEN) following the manufacturer’s protocol. The quality
of DNA was checked on 1.0% agarose gels and stained with ethidium bromide.

DNA Amplification and GenotypingGenotyping for -LG-Sacll polymorphism was performed by Polymerase Chain
Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) as proposed by Kumar and Kumar (2006) .The
sequences of the forward and reverse primers for the amplification of the 3-LG gene (accession numberZ33881.1)
were: 5-CGG GAG CCT TGG CCC TCT GG-3'; reverse 5-CCT TTG TCG AGT TTG GGT GT-3'. PCR for the 3-LG gene
was performed PCR Master mix Solution, (INtRON) : in a 5 p 1 reaction mixture containing 2 pl ddH20; 1 pl Primer
F 1 pl Primer R; 5 pl master mix and 1pl of genomic DNA template.

Thermal cycling conditions included: an initial denaturation step at 95°C for 5 min followed by 35 cycles
of 95°C for 30 s, 65°C for 30 s, 72°C for 30 s and a final extension at 72°C for 10 min. The PCR products were
digested with 0.2 p 1 of Sacll restriction endonuclease (Fermentas) at 37°C for at least 60 min. PCR products and
restriction fragments were electrophoresed on 2% agarose gels respectively and stained with ethidium bromide.

Statistical Analysis Direct counting was used to estimate genotype and allele frequencies of 3 -LG gene Sacll
genetic variants. Chi-square statistic ( y 2) was used to check whether the populations were Hardy-Weinberg
equilibrium.

RESULT AND DISCUSION
Performance of Filial Etawah goat
The results of performance Filial Etawah goats, milk production (935.8 + 171.5 mL/day); milk protein (2.66 *
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0.24 %); milk fat (6.92 £ 1.07 %); birth weight (3.75 £ 0.23 kg) the litter size was 1.6 at first parity and increased
up to 2.4 at fourth parity. The average kidding interval ranged from 7 to 9 months with pregnancy duration of
5.2 month. The kids were naturally weaned when they were 3.5months old ranging from 2 to 5 month and the
weaning weight (19.39 £ 1.30 kg). The result statistical analysis proves that the litter size was highly significant (P
< 0.01) towards the production of milk that is higher litter size, the higher the milk production.

Identification of polymorphisms in the goat B-LG gene

The S -LG gene (exon 7 to the 3'flanking region) of Filial Etawah goat was investigated by PCR-RFLP method. A
fragment of 426 bp was successfully amplified and digested with Sacll restriction enzymes to detect the presence
of A or B variants . As a result of amplification product with Sacll digestion, two alleles, A and B, were observed.
Restriction digestion of 426bp PCR products with Sacll enzymes revealed two genotypes (Fig. 1) of AA (426 bp),
AB (426bp and 349 bp).

Fig. 1. Electrophoresis of RFLP of Filial Etawah goats [ -LG gene after digestion by Sacll of animals
with AA (426bp), AB (426 bp and 349bp)

The allelic and genotypic frequencies of the f3 -LG gene polymorphism for Filial Etawah goats were given in Table 1.
Table 1. Allele and genotype frequencies of B-LG gene of Filial Etawah goats

The results of Chi-square statistic reflected that breeds were in Hardy-Weinberg equilibrium.

Results of statistical analysis showed that genotype significantly affect milk production. Goats with genotype
AA had higher milk production than those with AB genotype. Therefore polymorphisms of -LG gene had effect
on milk production. Chen et al (2005) also prove the influence of $-LG gene to milk production in Saanen
goats, while Kumar et al (2006) showed on the native goats in India. Pena et al (2000) and El-Hanafi et al (2010)
reported that the AA genotype superior to milk production.

CONCLUSION

In conclusion, the result of the present study indicated significant association between AA genotype of f3 -LG gene
and higher milk production. A selection based on markers not only minimizes problems but also they are more
reliable, and animal can be selected at an early age for breeding program.

KEYWORD ! Filial Etawah dairy goat, 3 -Lactoglobulin gene, birth weight, weaning weight
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Fig. 1. Electrophoresis of RFLP of Filial Etawah goats B-LG gene after digestion by Sacll of animals
with AA (426bp), AB (426 bp and 349bp)
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Table 1. Allele and genotype frequencies of B-LG gene of Filial Etawah goats
Genotype |n Frequencies Allelic | Frequencies X2 test | Milk production

genotype Allelic (mL/day)
AA 35 0,54 A 0,77 0,09 961.38 74.35
AB 31 0,46 B 0,23 826.55 94.39
Total 66
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ROLE OF ARTIFICIAL INSEMINATION ON THE PROPAGATION OF IMPROVED
oM. BREEDS OF GOAT IN NORTHERN LUZON, PHILIPPINES

Jonathan Nayga, Aubrey Joy Balbin

Isabela State University Echague, Philippines

INTRODUCTION

Goat raising in the Philippines is regarded as an integral component of farming system especially for small
raisers. Majority of the goat raisers in the country are located in the backyard-level, and they only keep 5 to 25
does. The small herd size on these farms is due to the frequent selling of stocks especially in times of need. Due
to limited capital investment, Philippine Native goat are being raised. This breed of goat is characterized by it
small, stocky, and low set appearance with hair color of red, white or black, or combination of these colors; and
weighs only 20kg on the average at mature stage. With this kind of production performance, their profit is low.
Breeding is one important activity in livestock production, as the raiser has the opportunity to increase herd size
and improve the production performance. To attain this, introduction of exotic breed is needed to improve the
native. The Philippine government started to import Boer and Anglo-nubian breeds since early 2000 to start the
cross breeding. Qualified raisers were allowed to avail buck loan program. However, because many raisers cannot
meet the requirements, they were not able to avail the loan. The use of artificial insemination (Al) was introduced
in 2009 to help spread the genetic materials of the superior buck in the countryside. In the country, the use of Al
to improve the performance of large ruminant and swine is already established, but for goat, the technology is not
well utilized.

OBJECTIVE

The main objective of the paper is to present to role of Al in the propagation of improved breeds of goat in
Northern Luzon. Specifically, the paper will present production performance of the different breed group within
five-year period.

METHODOLOGY

The semen from pure breed Boer (B) and Anglo-nubian (AN) bucks were collected and stored at the Cagayan
Valley Small Ruminants Research Center. Frozen goat semen were used in insemination activities. The doe were
identified by putting ear tags to facilitate efficient recording. Prior to breeding activities, a breeding program was
first developed for implementation. The goal is to produce stocks with heavier weights from birth to slaughter
(8 month), which will ensure higher carcass yield and better body conformation. The first cross is between
Anglo-nubian (AN) and the Philippine native doe (N). The stocks produced from this cross is expected to have
an improved milking ability to support the kids they will be producing. The next cross used is Boer (B) and the
50%Anglo-nubian, 50%Native doe. The stocks produced in this cross will have an improve growth performance
and better meat quality. The stocks produced (50%B, 25%AN,25%N) is crossed with Boer to sustain the
improvement of the meat quality.

The record of the stocks produced in backyard farms were retrieve from 2010 to 2015 and was analyzed to
determine the improvement of the breed groups per year in terms of birth and slaughter (8month). The record of
the stocks qualifies to the breed group expected was also used to established baseline information. A total of 500
stocks with record was used in the analysis. The difference on the growth performance of each breed group per
year was analyzed using Analysis of Variance (ANOVA) and the Least Significance Difference (LSD) to determine
the difference between mean.

RESULT

There were four (4) different blood groups produced from the breeding activities. These are 50%AN,50%N;
50%B,25%AN,25%N, 75%B,12.5%AN,12.5%N; and 87.5%B,6.25%,6.25%. The performance of these blood groups
were analyzed to determine the improvement over the year.

Using available record from on-station and on-farm, the average weight per growth stage of 88 goats with 50%AN,
50%N from 2010 to 2015 was analyzed. It was noted that birth weight (BW) alone, there was an improvement
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from 0.8kg to 1.4kg in 2015. On the other hand, and improvement was also noted for the animal’s slaughter
weight from 2010 at 15.45kg to 24kg in 2015 or an improvement of 8.55kg over five-year period. The ANOVA
of the recorded BW and SW form 2010 to 2015 revealed that there is a high significance difference between the
performances of the stocks produced, an indication of improved production management employed in the farm.
On the recorded growth performance of the stocks with blood composition of 50%B,25%AN, 25%N it was noted
that the highest recorded BW, was 1.9kg in 2015, wherein improvement was observed at 1.14kg baseline in
2010. Moreover, SW also constantly improved from 17kg in 2010 to 20.65kg in 2015. The performance can be
attributed to management system applied in the farm and other environment related factors. The result of ANOVA
reveals that the weaning weight of stocks with 50%B,25%AN,25%N blood composition is significantly different at
5% level of significance from 2010 to 2015 recorded growth performance.

For the animals with blood composition of 75%B, 12.5%AN, 12.5%N, a steady improvement was observed on BW
and SW record from 2010 to 2015. On the average, BW improved from 1.7kg in 2010 to 2.1kg in 2015; while in
SW, improvement is noted from 20.8kg in 2010 to 25kg in 2015, or an improvement of more than 5.8kg over 5
years. The improvement is an indication of improve farm production management. It can also be noted that since
the appearance of the stocks raised are already improved, different management is given to the stocks. The result
of ANOVA for BW from 2010 to 2015 was found to be not significant; however, the difference of the recorded SW
is highly significant from 2010 to 2015.

On the growth performance record of the stocks produced with blood composition of 87.5%B, 6.25%AN, 6.25%N,
the birth weight improved from 2.7kg in 2010 to 3.13kg in 2015. The recorded slaughter weight was more than
30kg in 2015. The improvement in growth performance is already attained based on the goal set prior to breeding
plan execution. Generally, the improvement is a positive attribution to the improvement of blood composition of
the animal as well as in the production management. The analysis of variance (ANOVA) revealed that there is no
significant difference on the BW recorded from 2010 to 2015. However, the difference per year of the recorded
SW is highly significant. (See Figure 1, 2)

Based form the results presented, the improvement of goat’s breed composition is attainable following a
breeding plan (Ogola et al, 2010). Thru the use of artificial insemination, breeding can be facilitated faster even
at backyard-level of production. On the other hand, the improvement on the growth performance per year is an
indication that there has been an improvement in the production management including proper nutrition and
health management which are vital in the expression of the good traits inherited that the raisers employed. It is
also important that the breeding initiative implemented in the farms, it should be coupled with raisers’ proper
knowledge and understanding of the practices as these have an interrelationship with each other (Kumba, 2003;
Gutierrez, 2010; Landon and Powell, 1996). It has been documented earlier that introduction of exotic breed of
goat improves the growth performance at barangay level (Orden et al, 2007); however, it should be sustained in
order to attain the goal of improving the profits from goat production (Simon, 2013) and to have an increase of
meat supply in the countryside (Peacock, 1996).

CONCLUSION

The application of artificial insemination as breeding tool is effective in improving of genetic composition of the
animal. A breeding plan must be followed in order to ensure the stocks produced are within the breeding target.
The improvement of the animal may take place over time, and production management must also improve as
the animal with different breed groups may have different requirement. The traits inherited by animals may
only be expressed under proper production management with emphasis on feeding and nutrition. Moreover, as
the advantages of breeding the stocks may only be realized by the weight improvement and the quality of meat
produced, it is important the raiser has adequate knowledge in production.

KEYWORD : goat, breeding, artificial insemination, production, performance evaluation
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Birthweight improvement of goat at different blood
composition per year
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Figure 1. Birth weight of goat belonging to different breed group
from 2010 to 2015
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Figure 2. Slaughter weight of goat belonging to different breed group
from 2010 to 2015

Table 1 Effect of roselle extract on Staphylococcus aureus reduction in ground pork stored at 4 °C for 10 days

Number of Staphylococcus aureus (log CFU/g)

Storage time (days)

Control Roselle extract (50 mg/ml) Log reduction
0 3.26 £0.0824 320 £0.1124 0.06
2 4.16 £ 0.372B 3.35 £0.05%~ 0.81
4 4.53 £0.182€ 3.64 +(.20>AB 0.89
6 4.86 +0.032P 3.73 £(.23b4AB 1.13
8 5.07 £0.162P 4.17 +£(.74>B 0.90
10 6.42 = 0.06%F 4.43 +(.65"B 1.99

abThe means having different superscripts in a row are significantly different (P < 0.05)
AE The means having different superscripts in a column are significantly different (P < 0.05)

183



w The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

Animal
Science

Congress

Table 2 Effect of roselle extract on Salmonella Typhimurium reduction in ground pork stored at 4 °C for 10 days

Storage time Number of Salmonella Typhimurium (log CFU/g)

(days)
Control Roselle extract (50 mg/ml) Log reduction
0 3.12+£0.1724 3.07 £0.0824 0.05
2 4.14 £0.11%8 425 +0.25%8 Increased
4 5.20 +£0.102¢ 5.13 £0.012¢ 0.07
6 5.64 +0.06¢ 5.59 +£0.012¢ 0.05
8 6.98 +0.3820 6.38 +0.572P 0.60
10 7.41 +0.682P 7.17 £0.572E 0.24

2 The means having different superscripts in a row are significantly different (P < 0.05)
A-E The means having different superscripts in a column are significantly different (P < 0.05)
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FACTORS INFLUENCE ON SMALLHOLDER DAIRY FARMING INCOME (Case Study
in Malang, Indonesia)

Hari Utami, Sapti Maining, Ainun Seruni

Brawijaya University

INTRODUCTION

Milk consumption in Indonesia reaches about 3.3 million ton in year 2013 where it was supplied by both
domestic and imported from some countries. Majority fresh milk are produced by smallholder dairy farming
which characterised with small size ownership, simple technology, low milk productivity and its quality, lack of
market orientation, and quite insensitive with the environment alteration. Dairy farming is commonly used as the
second earning sources, while the primary rural livelihood comes from agriculture sector.

Farmers usually made the partnership system with milk industry of Greenfields Indonesia co. which utilised milk
co-operative in offering facilities along the dairy agribusiness sector. They provide concentrate feed, medicine,
and vitamin in the up-stream sub-sector, services in rearing management for on-farm, and marketing milk in
down-stream sub-sector. Similarly, the Greenfields Indonesia co. will get more milk that supplied by farmer as
the payment of the concentrate feed, medicine and vitamin. The mutually benefit relationships might be useful
to sustain the existence of dairy farming. Moreover, this area has a suitable environment and high potential in
developing dairy farming. Therefore, the objectives of the research were to determine the income of smallholder
dairy farmers, and examine the factors differentiating on the dairy farming profit.

Hypothesis

Productions costs play an important role in determine the dairy farming product such as fresh milk production.
Variable cost has a high proportion in the dairy farming expenses compared to fixed costs. According to theory,
feed cost can obtain up to 80% and it therefore stated as:

Hypothesis 1: “It is predicted that dairy feed cost has a negative influence on smallholder farming income”.
Hypothesis 2: “It is predicted that milk production has a positive effect on smallholder dairy farming profit”.

METHODOLOGY

Case Study was carried out at small scale dairy farming at Ngajum Sub-District, Malang Regency. Multistage
sampling method was applied to obtain 45 dairy farmers with criteria owning at least one lactating cow, and
experiencing four years and more in raising dairy farming. Respondents were divided into three scales, scale -1
(owning 1 - 2.7 AU, n = 21), scale-2 (controlling 2.71 - 4.41 ST, n = 17), and scale-3 (raising 4.42 - 6.12 AU, n =
7). Data were collected from 1st April 2014 to 1st May 2014. Survey method with a structured questionnaire was
applied to obtain primary data, for instance production cost, revenue, consumer characteristics, dairy farming
profile, and internal resources. Secondary data were provided by milk co-operative and the related institutions.
Data were analysed by descriptive analysis to delineate dairy farming income which derived from the subtraction
between dairy revenue and its production costs. Regression analysis is employed to explore the determinants
influencing on dairy farming profit. The income in dairy farming is a function of the internal and external variables
of the model:

Y = Bo+B1Xi+B:2Xo+B3Xs+BuXyt+ BsXs+BsXo+f7Xy+BgXg+BoXo+e

where:

Y : income in smallholder dairy farming per AU (IDR /year),

X1 : farmer’s age (year),

X2 :farmer’s education (year),

X3 : farmer’s experience in raising dairy farming (year),

X4 : Number of household members (person),

X5 : variable cost of dairy feed per AU (IDR / year),

X6 : number of lactating cow (head),

X7 :land possession (hectare),

X8 : the number of milk production (litre),
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X9 : farming scale (0= scale 1, 1=scale 2, and 2 = scale 3)
B, : constant

[S I — S o estimation parameter

e: error

RESULTS

Dairy farmers’ characteristics

Majority farmers who have 3-4 family members aged between 32-57 years old with low education and having
about 4-10 years’ experience in rearing dairy farming. They have poor knowledge in rearing management of dairy
farming, for instance low feed quality and lack ability in improving milk productivity. These circumstances have an
impact on the slow and even stagnant in dairy farming development. Fortunately, farmers included in productive
period that capable to decide more efficient and effective in improving dairy farming since they become easier
to adopt the technology development. Moreover, the longer experience implied in the ability in correcting their
weakness in producing milk. In addition, as the number of household members increase, a greater amount of time
may be devoted in dairy farming to acquiring more income from dairy farming.

The income statement of smallholder dairy farming

Income statement aimed to investigate the financial performance of the dairy farming in obtaining either loss or
profit at the time of them running this enterprise. It is composed by total revenue, production costs, and profit.
Dairy farming in scale-1 achieved the best revenue of IDR 7,058 in comparison with IDR 6,211 of scale-2 and IDR
5,440 of scale-3 in each litre of fresh milk production. Overall, the highest revenue was coming from selling milk
across the three scales of dairy farming ranging 63.75 - 82.72%. Scale-3 has generated a great number (82.72%)
of fresh milk revenue than those of scale-1 (63.75%) and scale-2 (72.46%). The average fresh milk production of
scale-3 was higher (15.98 litre/day) compared to scale-1 (12.27 litre/day) and scale-2 (9.66 litre/day). Non-milk
earning of scale-1 (36.25%) however, exceeded those of scale-2 (27.48%) and scale-3 (17.28%). Selling culled dairy
cow is account for approximately 23.35% of scale-1 than 17.44% and 10.09% for scale-2 and scale-3, respectively.
Similarly, selling calves achieved about 12.90% in scale-1, whereas it was only 10.02% of scale-2 and 7.19% of
scale-3.

Production costs per litre milk were efficiently (IDR 3,854) observed for scale-3 than those of scale-2 (IDR 4,943)
and scale-1 (IDR 5,541). Fixed costs structured dairy production cost with a little proportion and it is account for
about 2.22%, 2.42%, and 2.05% for scale-1, scale-2, and scale-3 in order. The expenses were mostly composed
by variable costs among the three scales of dairy farming namely scale-1 (97.78%), scale-2 (97.58%), and scale-3
(97.95%). with 97.78% of variable costs and 2.22% of fixed costs of scale-3. Generally, concentrate feed has
dominated in the expenditure among the three scales of dairy farming. It is about 48, 60%, 41.98%, and 39.99% of
concentrate feed costs for dairy farming scale-3, scale-2, and scale-1, respectively. Likewise, forage feed of scale-3
has generated a great number of 31.79%, whereas it is account for approximately 29.21% of scale 2 and 25, 31%
of scale-1. This discovery differed with the study of Utami and Seruni (2014) which concentrate feed composed
59.80% of dairy production costs. Previous research found that feed cost structured about 84.9% of the expenses
in dairy farming (Vaida, 2013) that consisted of 60.10% in concentrate feed cost and 25.50% distributing in
forage cost (Maharani, 2014).

On the contrary, dairy farming scale-1 has required more expenses in breeding stock (23.38%), transportation
cost (7.14%), Artificial Insemination (1.7%), and water cost (0.31%). Dairy farming scale-2 and scale 3 exhibited
the less expenditure about 19.30% and 12.75% of breeding stock, 5.52% and 3.75% of transportation cost, 1.31%
and 0.89% of Artificial Insemination, 0.26% and 0.18% of water cost, respectively.

Scale-3 appeared the excellence of profit (IDR 1,586) compared to those of scale-1 (IDR 1,517) and scake-2
(IDR 1,268) in producing one litre of milk. The assessment of profit utilised in evaluating financial position on
the farm which consist of monitoring cost, ensuring high labour efficiency, measuring the production levels and
determining the appropriate herd size (Field, 2012).

Factors influencing on smallholder dairy farming income

The regression analysis was employed to explain the different in smallholder dairy farming income according
to farmer characteristics, internal resources, production cost, and the number of milk production. The results of
regression analysis showed that coefficient determination (R* Adjusted) were about 0.80 (Table 1). It reveals about
80% of the annual income of dairy farming per animal units (AU) were explained by farmer’s age (X,), farmer’s
education (X,), number of household members (X,), feed costs (Xs), land possession (X;), and the number of milk
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production (X8).

F-calculation t (30.378) was higher than F-table (1.94). It implied that eight predictor variables namely farmer’s
age (X)), farmer’s education (X,), number of household members (X,), feed costs (Xs), land possession (X;), and
the number of milk production (X8) together influenced on smallholder dairy farming income. Partial analysis
however depicted that only the expense in dairy feed and the number of milk production were negatively (P
<0.000) and positively (P<0.000) associated with the income in smallholder dairy farming, respectively.

Table 1. Determinants influencing in smallholder dairy farming income

Explanation Regression coefficient
Constant -4.893
Farmer\'s education 0.026
Experience in rearing dairy cattle 0.036
Number of household members 0.067
Feed cost -0.876%**
Land possession 0.056
Number of milk production 1.341%
R square (R?) 0.827
Adusted R square (Adj.R?% 0.800

F 30.378

n 44

Note : ***) : P < 0.000

Dairy feed cost

This variable had a significant (P< 0.000) and negative associated with the income of smallholder dairy farming.
The finding accepted hypothesis 1 in that: “It is predicted that dairy feed cost has a negative influence on
smallholder dairy farming income”. It means that a 10% improvement of the dairy feed expenses would have a
corresponding 8.76 % decrease in the profit of smallholder dairy farming, if other factors are held constant. The
concentrate feed and forage expenses revealed the reverse trend with the accruing dairy farming income. This
invention indicated that the total feed costs dominated in production costs as having impact on reduction on the
profit of dairy farming. Likewise, smallholder farmer in Thailand have to used 100% commercial feed (15.4%),
100% homemade concentrate (30%) and mixing concentrate (54.6%) (Lucila, 2005).

Number of milk production

This variable were both significantly (P<0.001)) and positively influenced on smallholder dairy farming income.
The discovery received hypothesis 2: “It is predicted that milk production has a positive effect on smallholder
dairy farming profit”. It can be interpreted, as when controlling all other variables, a 10% increase of the number
of milk production, would have a corresponding 13.41% improvement in the smallholder dairy farming income.
The study demonstrated that the accruing household income can influence the income in dairy farming.

The strong relationship between those variables indicated that the more dairy cattle owned by farmers, the
more lactating cows were present on farms. This is consistent with the expectation that dairy farmers with
higher dairy cattle numbers should have more lactating cows. Similarly, more lactating cow can reflect the
higher total milk production and result in the improvement in dairy farming income. Farmers required sharing
of experiences and support strategies among organizations to speed up improvements in dairy production
efficiency(Koonawootrittriron et al., 2012), and government might develope basic infrastructure and facilitate
the access to yield increasing technology (Uddin et al. 2010) which addressed to reduce costs, improve on
productivity and farm profit.

CONCLUSIONS

Dairy farmers who grouped into three farm scales (scale-1 with 1.96 AU, n=21; scale-2 with 3.37 AU, n=17; and
scale-3 with 5.25 AU, n=7) were concluded that:

Farmers who raised 5.25 AU were more profitable with IDR 3,854 of production cost, IDR 5,440 revenue, and IDR
1,586 of income in producing one litre of milk. Dairy farming profit will improve along with the increase of milk
production. However, dairy income will decrease since the feed cost increase.
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THE DETERMINATION OF BUSINESS SCALE OF COW FARMERS USING BREAK
EVEN POINT ANALYSIS IN KEBAR DISTRICT OF WEST PAPUA PROVINCE

Trisiwi Wahyu Widayati, Andoyo Supriyantono, Onesimus Yoku, Iriani Sumpe

Papua University

INTRODUCTION

Kebar is one area in Papua, Indonesia that declared as a Village Breeding Center of bali cattle. But based on results
of the study on poverty and food security of Kebar people showed that 67% of people are still live under the
poverty line (Supriyantono et al., 2012). The production cycle of beef cattle is very long, which is about 3 years
(Bandini, 2003). This will be difficult for people who are still live under the poverty line to make beef cattle as
its main livelihood. Therefore, there needs to be support from local government to first consider the economic
strengthening of the beef cattle farmer community through the implementation of multi farming business.
Through this program, farmers are not only retain ownership of cattle up to the age of the harvest, but also given
assistance to implement the system quickly crop farming (under one year harvesting). The main problem faced by
farmers in business is difficult area to reach the market. Kebar is located at 500 kilometers from the city center,
and it has a topography that are difficult to reach public transportation so that the cost for marketing is very
expensive.

The important thing that support the business is availability of land to develop livestock and agriculture.
Therefore, by looking at the opportunities and weaknesses of the area development, it needs to be done right
business scale calculations in order to obtain adequate profit from the farmer’s business.

Material and Methods
Data were obtained from 20 household farmers who are member of Sejahtera cooperative in Kebar District.
Parameters measured consisted of fixed costs (FC), variable costs (VC), land area, and the price of sale of
agricultural and livestock products. Data were processed as descriptive using break event point calculation using
formula as below:
The break-even point (BEP) in Unit Sales (X):
It can be directly computed in terms of Total Revenue (TR) and Total Costs (TC) as:

TR =TC

P x X =TFC + (Vx X)

(P x X)- (VxX) =TFC

(P-V) x X= TFC
X = TFC
PV

where: TFC is Total Fixed Cost, P is Unit Sale Price, and V is Unit Variable Cost.
The break-even point (BEP) in currency unit

To calculate the break-even point in currency unit is multiplied the above calculation by Price (Garrison et al ,
2006).

RESULTS AND DISCUSSION

In order to achieve Village Breeding Center of Bali Cattle, so that one of the absolute requirement is to achieve
increased income household members of farmers being targeted. In the previous study, Supriyantono et al. (2012)
revealed that most of farmer with conditions that still have problem of poverty is very difficult to be participated
in development program of beef cattle.

Cattle production cycle that takes years make this commodity is difficult to be maintained until the age of sale. It
is very necessary to look at the overall program, especially to study readiness economic of community to support
the development of cattle by the government. The results of the study of food security in previous study showed
that 73% of the group farmer is still in a vulnerable situation of food. It was found that farmers who have multiple
income in the family has high food security. The purpose of applying multi farming business was to get a variety
of livestock and agriculture business. Hopefully, through this business system, beef cattle farmers are able to
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maintain operation of cattle business up to the age specified (cow up to 5 times the birth, the bulls kept until the
age of 2 years).

In the management of multi farming business needs to know the number of products and minimal sales in a
business or Break Even Point (BEP). As we know that the profits of the business is highly depend on the level of
production, the level of sales and the total cost. The relationship of these three factors is a reciprocal relationship
of mutual influence. Break even point is the point when or where the production capacity or the volume of
production is in the circumstances no profit or no loss (Garrison et al., 2006).

The calculation of the break even point for the multi farming business in Kebar District intended to determine the
amount of production that gives value the break even to cost. Hopefully, through the calculation of the BEP will
facilitate the management of production cooperatives in providing instruction to its members to produce above
the break even value of farmers so that farmers can benefit. Based on Alnasser et al. (2014) study that using BEP
analysis give significant advantages in planning, controlling, and decision making in business.

Some of these efforts will be done in Kebar are chicken and peanuts the business. The BEP calculation of those
business are presented in Table 1.

Increasing production value can be done through an increasing in number of livestock ownership, disease
prevention in order to reduce mortality and use of local input production, especially feed.

By knowing the value of the break even production will facilitate the calculation of the amount of production of
each commodity that should be pursued, which must be greater than the value of BEP. BEP value can also be used
to calculate the area of land needed to plant crops. Based on the above calculation of BEP and productivity per
commodity (Table 1), it can be calculated minimal land as presented in Table 2.

To achieve BEP of peanut business, then the amount of peanuts produced is 413.35 kg or sales value of IDR.
4,133,516.77. In order peanuts business can provide benefits, then farmers in Kebar District should be able
to produce peanuts above 413.35 kg. The land productivity of West Papua to produce peanuts is 1.5 ton/ha.
This value breakeven can be obtained on planting peanuts on the land area of 0.3307 ha. Therefore, to obtain
advantage of business peanut, planting peanut should be done on the land above 0.3307 ha.

To achieve BEP of corn, cabbage, cucumbers, tomatoes, broccoli business, then each vegetable should be produced
as much as 1006.82, 1.080.67, 640, 1.671.36 and 460.50 kg, respectively. Breakeven value can be obtained at
each planting vegetables on an area of 0.5888, 0.3188, 0.2126, 0.3184, 01.633 ha.

The average of native chicken ownership of cooperative members is 5 head of hen and 1 cock. Base on study by
Resnawati and Bintang (2005) showed that egg production of native chicken which is raised intensively varied
from 105 to 112 per year. It can be estimated that the production of native chicken on a scale ownership of 5
females and 1 cock for a period of one year is 450 pullet and 60 eggs. The result of the calculation of Break Even
Point production of chicken in Kebar District (Table 1) is 28.62 head, which is equivalent to IDR 4,292,606. In
order to chicken business in Kebar District can provide benefits, then the farmer should produce chicken over
28.62 head.

It is needed a commitment of local government to provide access to production inputs such as seeds, medicines,
agricultural equipment. The government through the cooperative may allocate local government budgets for
the routine procurement of breeding stock, crops and medicines that are needed for agricultural and livestock
developments or soft loans for members of the Kebar cooperative and the most important is to create a condition
for farmers to have the certainty of marketing either the transportation or marketing area.

CONCLUTION

The break even point of peanuts, corn, mustard, cucumbers, tomatoes, broccoli and native chicken business as
much as 1.25, 3, 25, 30, 20, 15 tons and 28.62 head, it must be applied on each land area of 0.3307, 0.5888,
0.3188, 0.2126, 3184 and 0.003 ha. In order to household farmers can get benefit then they have to produce
over the break event point.

KEYWORD : Break even point, the scale of business, agriculture, animal husbandry
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Tablel. The Calculation of BEP each commodity by Farmers in Kebar District

Commodity Fixed cost Variable Variable Selling BEP Unit BEP IDR
cost cost/ price/u
unit nit

Peanuts 3,154,700 2,960,000 2,368 10,000 413.35 kg 4.133.516,77
Comn 3,154,700 2,600,000 866,67 4,000  1,00682kg  4,027,276.60
Mustard 3,154,700 7,174,700 80,80 3,000 1,080.67 kg 3,242,018
Cucumber 3,154,700 3,800,000 76,00 5,000 640 kg 3,203,391.55
Tomato 3,154,700 2,250,000 112,50 2,000 1,671.36 kg 3.342.728.48
Broccoli 3,154,700 2,240,000 149,33 7,000 460.50 kg 3,223,467.30
Native chicken 4,200,000 1,479,000 3,236 150,000 28.62 head 4,292,606

Table 2. Minimal Land Requirement to Achieve the BEP Production

Commodity Number BEP Unit Minimal land
production requirements to achieve
per ha the BEP production per
commodity (ha)
A B (%) C D=C/B

Peanuts 1,25 ton 413,35 kg 0.3307
Corn 1,71 ton 1006,82 kg 0.5888
Mustard 3,39 ton 1080,67 kg 0.3188
Cucumber 3,01 ton 640 kg 0.2126
Tomato 5,25 ton 1671,36 kg 0.3184
Broccoli 2,82 ton 460,5 kg 0,1633
Native chicken 10,000 head 28,62 kg 0,0029

*Source : BPS Papua Barat (2013)
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Cutting Costs and Retail Cuts Incomes in Holstein Bull Carcasses
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INTRODUCTION

Depending on the population and increased income, demand for red meat is expected to increase in the world
in 2015-2021. However, during this period it is also estimated that production costs will increase due to higher
prices of feed and energy, food safety, environmental pollution, and animal welfare regulations. According to
the OECD report; large and small ruminant meat prices will rise 4 % and 11 % respectively, depending on the
production costs until 2021. Increases of cost and price will most affected cattle meat production. Because, the
share of cattle is 78.3 % in total meat production in the world (MFAL, 2015).

In the total cattle population (0.93 %) and cattle meat production (1.36 %), Turkey ranks 22nd and 16",
respectively in the world. The share of cattle is 87.5 % in total meat production in the country (MFAL, 2015).
In recent years, there are production and supply problems in cattle meat sector in Turkey and it is resorted to
imports for short-term solutions. The amounts of available production and supply can not meet the demand
and cattle meat prices are steadily increasing. According to the producer prices; in Turkey, cattle meat is more
expensive than certain countries (France, Germany, Russia and Brazil) between 33-59 % (FAOSTAT, 2015a). Feed
costs were calculated between 50-67 % excluding animal material in the production period (Gézener and Sayils,
2015). Therefore, changes in meat prices are often compared with the feeding costs.

Changes in cattle meat prices also depend on the type of marketing. The marketing methods based on live weight,
carcass weight and carcass grading affect meat prices (Boggs et al., 2006). Particularly, carcass grading method
determines the quality difference in meat and it provides to sale retail cuts from different price (Polkinghorne and
Thompson, 2010). Despite of the improvement in the quality-price relationship in cattle meat consumer market
in Turkey; there is no a similar improvement in producer market because of not to use a standard carcass grading
method (Kale, 2008). This situation affects the producer’s incomes negatively.

On the other hand, selling of the cattle meat as retail cuts that provides increased income in the consumer market
(Kale, 2008; Sarozkan et al., 2013). Carcass weight has an significant role in increasing of retail cuts income.
It was reported that there is a positive correlation between carcass weight and retail cuts weights (Chen et al.,
2007). It is known that average carcass weight in Turkey is lower (253.4 kg) than the developed countries (USA:
350.7 kg; United Kingdom: 322.7 kg; Germany: 317.3 kg; France: 300.7 kg) (FAOSTAT, 2015b). Therefore, it can
be said that weights and percentages of the retail cuts are also inadequate in carcass in Turkey.

In addition to cutting costs in cattle carcasses, price margin between carcass and retail cuts also affects retail cuts
incomes. Price margin is of 4.23 times between carcass and most valuable retail cuts (tenderloin) in the United
States of America (USA) (USDA, 2015). This value varies between 1.98-2.26 times in Turkey (GDMMB, 2015a;
GDMMB, 2015b).

In this study, cutting costs and retail cuts incomes were calculated in Holstein bull carcasses that breeding widely
held in Turkey.

MATERIALS AND METHODS

Research materials are 47 Holstein bull carcasses on average 21 months of age. The process of slaughter and
carcass cutting was performed in a private slaughterhouse in Ankara Province. Slaughter and cutting regulations
of General Directory of Meat and Milk Board (GDMMB) were applied in this process (GDMMB, 2000; GDMMB,
2012). After 24 h chilling, cold carcass weights (CCW) were determined and the carcasses were divided into retail
cuts (tenderloin, sirloin, rib roast, rump, knuckle, round eye and topside-outside flat, chuck, brisket, shoulder, flank
and shank). All retail cuts of each carcass separately were weighed (Cicek et al., 2015). Also, the percentages of
these retail cuts were determined according to CCW.

Statistical analysis
The carcasses were grouped according to CCW. One-way analysis of variance (ANOVA) was used in the evaluation
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of the difference between the groups and Tukey’s test was applied for the significance control of the difference
between the groups.

Calculating of cutting costs and retail cuts incomes

Cutting costs were calculated in 5 items:

Labor costs: Labor expenditures were determined for elapsed time of cutting, production and packaging of minced
meat - cubed meat, the retail cuts vacuuming and cleaning. The minimum wage was used according to employer
costs (1411.76 Turkish Liras-TL) in the calculation (MLSS, 2015).Energy-water costs: Costs were determined for
the purpose spent electricity of cooling (for carcass cooling, cutting, production and packaging of minced meat -
cubed meat and the retail cuts vacuuming halls), use of equipment (for retail cuts vacuuming and production and
packaging of minced meat - cubed meat), lighting and spent water for the purpose of cleaning.Material costs: The
used material costs were determined for cutting (gloves, caps, masks and hand sanitizer), cleaning (disinfectants),
packaging of minced meat - cubed meat (plastic containers, food gas, foil and label) and vacuuming (vacuum
shrink bags and label). Amortization: It was calculated according to annual declining balance method on the value
of buying of each piece of equipment (Yalkin, 1998).Cutting shrinkage: The value of difference was determined
between before cutting with carcass weight and total of after cutting retail cuts, crumb and bone weight.

Total incomes were determined as the whole carcass, the retail cuts, cubed meat- minced meat and bones.
Calculation was based on the average price of GDMMB and 3 large hypermarkets in the retail sector in Turkey.
Shoulder, chuck, and shank were used for cubed meat. Brisket, flank, and crumb were used for minced meat.
Other retail cuts were sold in vacuumed pecked. In the study, gross income was determined by subtracting whole
carcass income from total retail cuts incomes. Net income is calculated by subtracting total cutting costs from the
gross income.

RESULTS AND DISCUSSION

Cold carcass weight, cutting shrinkage and percentages of retail cuts according to weight groups were presented
in Table 1. The difference between groups of CCW were found to be significant (P<0.05) and difference of cutting
shrinkage were found to be insignificant (P>0.05). Difference between the groups of percentages of retail cuts was
found to be insignificant (P>0.05). When CCW increases, percentages of bone decreases and difference between
groups was found to be significant (P<0.05).

Carcass cutting cost was calculated as 0.969 TL/kg. Cutting costs were listed as material (44.32 %), cutting
shrinkage (21.10 %), labor (17.18 %), energy-water (13.92 %) and amortization (3.48 %) (Table 2). The largest
share in total income belongs to minced meat - cubed meat (63.03 %).

When the retail cuts incomes are calculated according to the average price of GDMMB and 3 large hypermarkets,
gross income was found as 2.73 % and net income was found as 1.00 %. Only when it is calculated according to
the price of private sector, gross income was found as 6.81 %, net income was found as 5.08 %.

The increasing of CCW has made a very low impact on the weights of tenderloin, sirloin, rib roast, rump, round
eye, topside-outside flat and knuckle. However, brisket, chuck, shoulder, flank and shank has affected more than
CCW'’s increment. As a result, there was no important change for the percentages of total retail cuts. A study
reported that retail cuts (brisket, shoulder, chuck), have the highest share, affected more than weight gain. In the
same study, it was determined that the retail cuts (tenderloin, topside-outside flat), have the lowest share, affected
less than weight gain (Sari6zkan et al.,, 2013).

It is not possible to say that the percentages of retail cuts are enough both in the income (81 %) and carcasses
(63 %). For instance, it was reported that retail cuts constitute 75 % of the carcass weight and 90 % of the carcass
value in the USA (Boggs et al,, 2006). In our research, it was determined that percentages of crumb (17.51 %)
and bone (19.23 %) may have affected the percentages of retail cuts. In a previous study, crumb percentage was
calculated as 8.16 % (Sariozkan et al., 2013). The trimming of retail cuts may have changed this percentage.
Thus, applied cutting procedure is important. It was observed that bone percentage decreased depending on the
increasing of CCW. However, bone percentages was found to be higher than findings of some studies (14.48-17.73
%) (Kale, 2008; Barton et al., 2006). Different relationships are seen between meat, fat and bone in cattle carcasses
in the growth and development period. In maximum growth period, relative increase was observed in bone than
amount of meat and fat (Boggs et al., 2006).

In the study, the highest percentage was calculated for cost of material (44.32 %) in carcass costs. In this item,
especially, packaging of minced meat - cubed meat (23.64 %) and cleaning (14:49 %) costs seen to be high. The
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reason of this, benefiting from the automation in production and packaging of minced meat - cubed meat and
using appropriate packaging material (plastic boxes, food gas, foil and label). However, using of separate rooms
for cutting, vacuuming and production and packaging of minced meat - cubed meat that was caused to increase
cleaning costs.

Despite of cutting shrinkage is determined lower than some studies (0.366 %), it has taken second place in costs.
Cutting shrinkage has been reported as 0.70 % in these studies (Kale, 2008; Sari6zkan et al., 2013). Productivity
of cutting labor is the most important factor affecting cutting shrinkage. It was determined that a butcher cut daily
between 552-598 kg of carcasses in our research. It is stated that a butcher is required to cut daily 600 kg carcass
according to GDMMB cutting regulations (GDMMB, 2000). It can be said that labor is productive according to this.
Used carcass amounts were taken into account for each item (labor, energy-water, materials, amortization) in the
calculation of unit costs (0.969 TL/kg). Therefore, calculating of the unit cost does not reflect reality by dividing
of the total cost to total carcass weight. Kale (2008) was calculated the unit cost as 0.563 TL/kg (not including
amortization) using a similar method. When taking into account changes of labor, energy and material prices, it
can be said that estimated unit cost is normal.

A large portion (63 %) of the income obtained from minced meat - cubed meat after cutting. It is possible that
retail cuts as brisket and shank can be sold directly involved minced meat - cubed meat. Some retailer can increase
their income a little more by applying alternative sales methods. However, demand of minced meat - cubed meat
are greater because of consumption habits, high meat prices and income level in Turkey (Erdogan and Cigek,
2015). This situation often leads to supply of cattle meat as minced meat - cubed meat.

It is very difficult to provide increasing income if minced meat - cubed meat and retail cuts are sold with prices
determined by GDMMB calculated cost structures. Because there are differences at a certain rate (20-25 % for
minced meat - cubed meat, 21-32 % for the retail cuts) between prices of GDMMB and the private sector. In this
study, income calculation was performed considering the average price of GDMMB and 3 large hypermarkets in
the retail sector of Turkey. A higher income growth was determined with only in the calculations made by the
private sector prices. However, in this study, by-products were not included in the calculation which derived from
the carcasses. In a study, the average income of by-products was reported to be between 7.30-8.57 % in purchase
price of large ruminant carcasses (Kale et al,, 2011).

As a result; it can be said that percentages of retail cuts are sufficient for Holstein bulls under the conditions of
Turkey. Also, it was determined that retail cuts sales have provided increased income. However, the shortfalls are
available according to abroad percentages of retail cuts both in carcass and income. Carcass meat prices increase
due to the high cost of breeding in Turkey. This situation, the price margin reduces between carcass meat and
retail cuts. In our research, price margin was determined as 2.19 times between carcass meat and most valuable
retail cuts (tenderloin). As mentioned before, the same value is as 4.23 times in the USA.

Buying and selling policy implemented by the GDMMB is important for the regulation of market. However, when
considering the cutting costs, it is difficult to provide increasing of income with retail prices of GDMMB. Breeding
costs should be reduced as possible and carcass grading method should be applied for solution of problems in red
meat sector in Turkey.
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Table 1. Cold carcass weight, cutting shrinkage and percentages of retail cuts according to weight groups

Weight groups
L 1. 111, Total (n: 47)

<275kg (n: 7) 276-300 kg (n: 23) >301 kg (n: 17)

Mean S.E. Mean S.E. Mean S.E. Mean S.E.
Cold carcass weight-CCW (kg) 255.286" 5.714 288.870° 1.318 322.765¢ 4.695 296.128 3.918
Cutting shrinkage (%) 0.31* 0.091 0.39* 0.040 0.35" 0.063 0.36 0.033
Retail cuts (%)
Tenderloin 1.32% 0.047 1.25% 0.020 1.25% 0.026 1.26 0.015
Sirloin 2.20° 0.127 2.16* 0.044 2.14* 0.040 2.16 0.031
Rib roast 3.26* 0.053 3.11* 0.049 3.06* 0.054 3.12 0.033
Rump 4.28° 0.164 3.86°  0.076 3.61°  0.098 3.83 0.064
Round eye 3.93* 0.075 3.92* 0.046 3.80* 0.085 3.88 0.040
Topside-outside flat 531° 0.200 5.18* 0.073 5.19* 0.066 5.21 0.051
Knuckle 5.87* 0.133 5.58% 0.056 5.46° 0.074 5.58 0.046
Brisket 9.60* 0.317 9.85% 0.149 10.04* 0.219 9.88 0.117
Chuck 8.21* 0.382 7.84% 0.123 9.22% 0.374 8.39 0.181
Shoulder 10.36" 0.210 10.89* 0.155 10.64* 0.192 10.72 0.109
Flank 4.03* 0.153 4.56% 0.110 4.95° 0.159 4.62 0.092
Shank 4.35° 0.121 4.19* 0.055 4.29* 0.097 4.25 0.048
Total retail cuts 62.74" 0.701 62.39° 0.345 63.65" 0.416 62.90 0.258
Crumb 15.79 0.530 17.60°  0.326 18.10°  0.368 17.51 0.244
Bone 21.16* 0.439 19.62° 0.170 17.90¢ 0.389 19.23 0.239

&b¢ means with the same superscripts on the same row are different (P<0.05).
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INTRODUCTION

Cattle fattening plays an important role in increasing the income of farmers in Indonesia. Cattle fattening
generates revenue in shorter periods and with higher turnover compared to cow-calf-operations (CCO). Moreover,
the expected profit from this cattle fattening is higher than from other types of cattle production. For example,
Sugiarto et al. (2014) indicated that farmers who fatten cattle earn about IDR 500 thousand per month while
farmers breeding cattle can generate IDR 290 thousand per month.

Cattle fattening can be done in commercial feedlots, but the majority is done by small to medium scale farmers.
Research conducted by Priyanti et al. (2012) reported that small scale fattening households can generate
relatively high profit compared to medium sized farmers and there is potential to compete with the commercial
feedlots. Recently, small to medium sized fattening operations have developed in some areas in Indonesia, such as
East Java, where the sources of feed are abundant.

Household cattle fattening is however subject to several limitations that affect profitability. Efficient fattening
requires expensive inputs especially feeder cattle and the more intensive use of inputs especially feed, veterinary
products and/or other infrastructure such as pens compared to traditional cattle production. The changes in
price of inputs (feed, feeder cattle etc.) as well as the output (beef price) change the farmer’s profit (Sugiarto et al.,
2014) and only farmers who have access to adequate capital can participate in this business. Most farmers in East
and Central Java do not reach their capacity to fatten feeder cattle because of limited money to buy feeder cattle
and feed concentrates (Adinata et al., 2012; Priyanti et al., 2012). Perdana (2003) and Mukson et al. (2014) also
reported that the small number of cattle owned by farmers in Indonesia is caused by lack of capital, skill in that
business, and the farmers’ aims which usually is to keep cattle for savings and not for profit.

To deal with capital limitations, The Government of Indonesia has established several types of credit scheme
to subsidies farmers to develop their fattening activity. One of those credit programs is KKPE (Food Security
& Energy Credit) which distributes funds to all provinces in Indonesia, one of which is East Java, the biggest
producer of cattle production (53% of total cattle population) in Indonesia. The allocation of KKPE funds for
livestock in East Java province until 2015 was about 16 percent of total KKPE while the highest percentage of
KKPE funding is for sugarcane (Direktorat Pembiayaan Pertanian, 2014). It is likely that the supply of credit for
cattle farming is limited or the willingness of farmers to take out loans is lower.

The survey was conducted during July to September 2015 to assess how the government credit scheme performs
in regard to cattle fattening operations in two districts in East Java. The paper describes and compares the
characteristics of cattle fatteners who took up credit for cattle fattening with those who did not take any loans in
Lamongan and Tuban. It focuses especially on their production practices and feeding management.

METHODOLOGY

Two districts in East Java (Lamongan and Tuban) were selected because beef production is important and local
government is actively encouraging and targeting the expansion of cattle fattening in those areas. This means
that results for the case study area may not representative of other areas where cow-calf production or other non-
cattle activities are encouraged. There were 102 total respondents in this survey of which 54 were cattle fatteners
who had experience in obtaining credit for their cattle operations and 48 fatteners who did not borrow money for
cattle purchases. The cattle fatteners with loans were chosen randomly, based on information from banks or Dinas
Peternakan dan Kesehatan Hewan Kabupaten while fatteners without credit were also chosen randomly around
those areas. A structured questionnaire was used to interview the farmers in regard to their cattle fattening
practices. Mean values of those parameters were compared between fatteners with and without access to cattle
credit. Descriptive analysis is used in this paper.
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RESULTS AND DISCUSSION

Characteristics of cattle fatteners

The characteristics of those cattle fatteners who got access to credit are significantly different (P=0.001) to those
who did not borrow money in terms of education level. On the average, the education of farmers obtaining credit
was higher than those who did not borrow which is indicated by more years of schooling (average nine years)
compared to seven years for those fatteners who were doing without credit. It suggests that farmers with high
education experience tend to find it easier to get a loan for cattle. Increasing the level of education probably
increases the opportunity to get credit because those people can prepare plans and budget required to access
bank credit better than others (Nuryartono et al. 2005).

According to the survey, husband’s age is not different which was at 47 and 48 years respectively for those who
got credit and those who do not. In addition, the number of household members also is not significantly different
between the two groups of farmers, which were about four persons per household, similar as household size of
fatteners in Malang, Pasuruan and Probolinggo (Priyanti et al., 2012).

Generally, cattle production in Indonesia cannot be separated from the rest of the farming system. Jasila et al.
(2012) reported that farmers grow crops and keep cattle at the same time which also happens on cattle fattening
farms in Tuban and Lamongan. Most fatteners, both those with credit (45 percent) and those without credit (75
percent) interviewed in this survey, have their primary occupation as farmers and put fattening cattle as their
secondary occupation. Interestingly, 44 percent of farmers taking loans had their primary occupation in the non-
farm sector, which usually generates a higher level of income. This implies that that group of farmers may access
credit because they have a better income situation which can be used to pay back the loan. In contrast, only eight
percent of farmers without credit worked in the non-farm sector which may affect their decision to access a loan.
Farming characteristics

The land owned by cattle fatteners consists of rice fields and dry land. On average, fatteners who have used credit
have larger areas of land compared to fatteners without using credit which were 1.5 ha and 0.6 ha respectively.
On the other hand, the average area of dryland, which less fertile than rice fields, was not significantly different
(P=0.870) between borrowing and non-borrowing fatteners (around 0.5 ha).

The crops planted by fatteners with credit are similar to those without credit with three paddy crops per year
or two paddies followed by fallowed land (no crops), or peanut. As paddy rice is the mainly production in the
research location, both types of cattle fatteners have sufficient rice straw for their (small) cattle herds.

Cattle characteristics and their management

Cattle fatteners with credit have relatively less experience in cattle fattening compared to fatteners without credit
who had 11 and 18 years’ experience respectively in that activity, although not all respondents in this survey are
specializing in fattening cattle. They start their involvement in the beef industry in cow-calf operations and then
move into cattle fattening for around seven months period of fattening depending on the age of feeder cattle
bought, and the farmer’s financial situation.

Most farmers in this study were categorized as smallholder cattle fatteners who have one to five head of cattle.
The average number of cattle owned by these fatteners can be seen in Table 1. There were 35 percent of
farmers with credit but only five percent of fatteners without credit who have large herds. Most of those cattle
are crosshreed cattle including Limousin Cross, Brahman Cross, Simmental Cross and other mixed-breed cattle.
Farmers prefer crossbred cattle to local cattle because their average daily rate of gain can be more than 0.5 kg/
day (Perdana, 2003).

Fatteners with credit are much more likely to also be involved in cow-calf production (48 percent) compared to
non-credit households (29 percent). While the vast majority of cows are held in small herds (1-5 head, with an
average of around 1.9), households without credit do not own more cows than this, while farmers with credit hold
a significant proportion of cows in higher scale categories (6-20 heads and >20 heads). It is likely that farmers
with large herds can generate income that increases their chances of accessing bank loans.

Farmers with credit commonly buy feeder cattle in the market (70 percent), produce their own calves (16 percent)
and buy from other farmers, or traders (14 percent). Farmers without credit get feeder cattle from local market
(66 percent), produce own calves (7 percent) and buy from other farmers, or traders (27 percent). Even farmers
without credit also involved in cow-calf operation, they are not always produce male calves to fatten; they also
bought feeder from market.

There is a significant different types of pens used to hold the fattening cattle between farmers with and without
credit. Most farmers with credit (about 87 percent) build the trough for feed from concrete as suggesting by the
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bank which extends them the credit, although there are 13 percent of farmers with credit still using traditional
pens (where feed is placed on the floor). This might be because of the different type of credit received by some
farmers with no requirement for standard pens. In contrast, half of the farmers without credit still use traditional
pens while the other half already use modern pens (with a concrete feed trough). This might include those farmers
involved in group production (76 percent and 52 percent respectively for farmers with and without credit).
Feeding management

There were no significant differences in the amount of feed for cattle given by those two groups of fatteners which
are mostly rice straw (7-8 kg per head per day), rice bran (4-4.5 kg per head per day), molasses, and salt although
there are other types of feed (maize, peanut straw etc.). Most farmers with credit (57%) and farmers without credit
(62%) get rice straw from their own production and also from other farmers, collected either by themselves or
in group. The same way to collect rice straw is also reported in Pasuruan and Malang by Hanifah et al. (2010).
However, a much larger proportion of farmers with credit (52 percent) also feed elephant grass to cattle compared
to farmers without credit that feed more natural grass. This suggests that farmers with credit try to improve the
cattle weight gain of their cattle, especially during the dry season through elephant grass.

Less than 40 percent of both groups fattening cattle feed their cattle with concentrate which given to cattle
around 6 kg and 8 kg per day for the borrowing group and non-borrowing group respectively. It is interesting
that almost 50 percent of farmers with credit make their own concentrate (or in group) using some by-products
such as copra, peanut skin, palm oil cake, coffee bean skin, molasses, rice bran, while 35 percent of them buy
concentrate from other big firm or other farmers who also produce feed for cattle. On the other hand, most
fatteners without credit get concentrate from Dinas Peternakan dan Kesehatan Hewan Kabupaten who has
program to distribute or introduce concentrate.

CONCLUSION

In Tuban and Lamongan, East Java, there are significant differences between households with and without credit,
especially in terms of scale of cropping and cattle production. Farmers with credit have a main occupation
outside cattle production. This suggests that wealthier farmers are more able to access credit, and to increase the
scale of their cattle production. In addition, farmers with credit are more likely to have better pen infrastructure
required to house more cattle and because this is a condition of accessing credit. It is also important to note that
farmers with credit are more diversified into cow-calf production and fattening, while the non-credit group is
more specialized in cattle fattening. This is likely to reflect differences in capital demands and turnover for the two
different cattle production activities, and suggests that cattle fattening can be a pro-poor activity.

There are few differences in the social characteristics of farmers with and without credit (age, family size), except
for higher education levels for farmers with credit. While not necessary a condition of loans, farmers with credit
are much more likely to participate in cattle groups that usually involve training programs designed to improve
cattle production systems. In terms of production system, both groups base diets on rice straw, rice bran and
molasses, but farmers with credit feed more improved forages (elephant grass) while farmers without credit feed
more native grass. The two groups have fatten cattle for similar periods, have similar buying and selling channels,
and similar ownership structures.
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Tabel 1. The average number of cattle owned by fatteners with and without credit

Fatteners with credit Fatteners without credit
Parameters No of o Average number No of o Average number
respondents ? of cattle respondents ? of cattle
Number of male cattle owned
Adult cattle
1-5 head 33 64.7 2.6 40 95.2 2.3
6-20 head 11 21.6 9.1 2 4.8 6.0
> 20 head 7 13.7 60.4 - - -
Young cattle
1-5 head 5 71.4 1.8 4 100.0 1.5
6-20 head 1 14.3 11.0 - - -
> 20 head 1 14.3 27.0 - - -
Calves
1-5 head 10 90.9 2.3 4 100.0 1.8
6-20 head 1 9.1 7.0 - - -
> 20 head - - - - - -
Number of female cattle owned
Adult cattle
1-5 head 18 69.2 1.9 13 100.0 1.9
6-20 head 5 19.2 8.6 - - -
> 20 head 3 11.5 47.7 - - -
Young cattle
1-5 head - - - 3 100.0 1.3
6-20 head 1 100.0 10.0 - - -
> 20 head - - - - - -
Calves
1-5 head 5 71.4 1.6 3 100.0 1.0
6-20 head 2 28.6 7.5 - - -
> 20 head - - - - - -

Calves = cattle aged less than 1 year; young = cattle aged 1-2 year, adult = cattle aged more than 2 years
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AN INVESTIGATION OF ENTREPRENEURIAL ORIENTATION TO IMPROVE
(oM X: 3 COMPETITIVENESS OF BEEF CATTLE FARMING IN KEBUMEN DISTRICT,
INDONESIA

Mochamad Sugiarto

Jenderal Soedirman University

Introduction

Kebumen District has been growing fast as a production center of beef cattle in Indonesia since 201 1. Beef cattle
farming has become an important livelihood in the economic dynamics of farmers’ family through the beef cattle
breeding. Small scale beef cattle farming has a strategic role in enhancing the region\'s economic growth through
increased family income, employment and the emergence of other innovations. Katua (2014) stated that today
small and medium enterprise (SMEs) spread worldwide plays a significant role in the economy and as the engine
of economic growth and poverty eradication in the world. Economic activity of small scale beef cattle farming in
the Kebumen District was managed by profit-oriented and business efficiency. However, the business environment
faced by farmers and groups of farmers is very dynamic and competitive which requires farmers to have
entrepreneurial skills and high business adaptability. Therefore, entrepreneurial activities related to innovation,
proactive, and risk taking are crucial to achieve business competitiveness which is indicated by business efficiency.
Some entrepreneurial values (innovation, proactive, and risk taking) are combined into an entrepreneurial
orientation. Entrepreneurial orientation is a combination of innovation, proactive and risk management to improve
the competitiveness and sustainability of the business. Sriprasert (2013) mentioned entrepreneurial orientation
is the main factor for the organization to obtain sustained competitive advantages. Saeed et al. (2014) confirmed
that entrepreneurial orientation influences firm growth and performance indicators. Entrepreneurial orientation
composes of some dimensions such as innovativeness, risk taking, and proactiveness. This study, therefore,
investigates the relationships between entrepreneurial orientation and competitiveness of beef cattle farm in
Kebumen District. Specifically, this study was aimed to (1) explain the entrepreneurial orientation of beef cattle
farmers in Kebumen District (2) to identify the economic efficiency of beef cattle farming in Kebumen District and
(3) analyze the relationship between entrepreneurial orientation and economic efficiency of beef cattle farming in
Kebumen District, Indonesia.

Methodology

The study was conducted using a survey of 40 respondents were selected using a multistage sampling. Four sub
districts which were known as a breeding center of beef cattle were selected purposively and 20 percent of total
farmer groups were chosen in each selected sub district. Respondents were chosen randomly 20 percent of the
total members of each selected farmers\' group. The data were taken using a questionnaire based on a Likert
scale (scale 1-5 which determined strongly disagree to strongly agree). Descriptive statistics (mean and standard
deviation) was used to describe the entrepreneurial orientation and economic efficiency of beef cattle farming.
Meanwhile, the Spearman rank correlation test was used to identify a relationship between entrepreneurial
orientation and economic efficiency of beef cattle farming.

Results

Description of Respondents

Beef cattle farmers in Kebumen District showed a good individual potential based on age and education. Beef
cattle farmers were categorized mostly in the productive age (44 years) and holding an adequate basic education
(junior high school). Family of farmers does not have a huge economic burden because of the number of families
in accordance with the government\'s family planning program (4 people per family). However thus, the number
of beef cattle per farmer is still relatively small (less than 2 animal units).

Table 1. Demographic description of beef cattle farmers
Variables
Mean
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Standard Deviation

Age of farmers

44.42

9.94

Education attainment

8.85

2.24

Number of family members
1.27

0.69

Entrepreneurial Orientation

Entrepreneurs have a lot of significant roles to develop an economic atmosphere in rural areas such as an
increasing number of employment, exploiting human and natural resources and creating new product with higher
value. From an attitudinal perspective, entrepreneurs as individuals with: a need for achievement (Miner, 2000), a
risk-taker (Kuratko, 2007), passion, desire to innovate (Bolton & Lane, 2012). Bolton & Thompson (2004) stated
that entrepreneurs habitually creates and innovates to build something of recognized value around perceived
opportunities. They are a particular type of person whose risk-taking and innovative prowess lends itself to
identifying and exploiting profitable opportunities resulting in organizational and economic growth (Kuratko,
2007).

The results shown that entrepreneurial orientation of cattle farmers in Kebumen District was classified as
moderate (average score of 52.67). The farmers have perceived that innovation would deliver uniqueness and
generate a financial capability for their business. They also prefer to act, try, and result oriented instead of waiting
for things to happen. In response to the more competitive industry, the farmers have moderate willingness and
readiness to commit having a reasonable possibility of losses. Kuratko et al.,, (2011) stated that innovation involves
risk-taking, and the higher an organization innovates, the more risks it takes.

Table 2. Entrepreneurial orientation of beef cattle farmers
Variables

Mean

Standard Deviation

Innovative

15.50

1.06

Proactive

18.75

1.64

Risk taking

18.43

1.94

Entrepreneurial Orientation (EO)
52.67

4.05

Innovative and proactive value was relatively equal among the beef cattle farmers in the rural area of Kebumen
District. However, among these three values, the farmers have a quite deviated value of risk taking. This describes
a different perception to view a willingness and readiness of farmers to commit a reasonable possibility of losses.
Economic Efficiency of Beef Cattle Farming

Beef cattle population in the District of Kebuman in 2014 reached 64 292 heads rose 2.76% from the previous
year (Bureau of Statistics of Kebumen, 2015). The local government give serious attention in order to improve beef
cattle population in Kebumen District. Beef cattle production based on breeding pattern is done systematically
based community to improve beef cattle population. Economic success of these efforts will be able to increase the
passion and motivation of the community. One indicator of economic success of beef cattle farming is economic
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efficiency. Daroini and Nafingi (2014) found, the analysis of R / C Ratio is an instrument to compare total revenue
and total cost of beef cattle production.

Beef cattle farming in Kebumen District was run by having scales of business was 1.25 Animal Unit (AU). This
needs a total cost of Rp 3,231,801.00 per year with revenues generated was Rp 5,295,000.00. The study revealed
the beef cattle farming in Kebumen District has an economic efficiency of 1.62. This illustrated the feasibility that
any expenditure of Rp 1.00 will get additional revenue of Rp 1.62. Kitsopanidis (2004) stated that comparing total
revenue with total costs may highlight that the revenue would be able to cover the total cost of production.

Role of Entrepreneurial Orientation to the Economic Efficiency

The entrepreneurial orientation of a farmer is depicted by the extent to which the farmers are inclined to take
business-related risks, to favor change and innovation in order to obtain a competitive advantage for their farm,
and to compete aggressively with other farms. It has been referred to as an entrepreneurial mindset, climate,
or strategic orientation. Sanchez & Marin (2005) measures the performance of small and medium enterprises
(SME\'s) with reference to three aspects, namely profitability, productivity, and market. The study explained that
entrepreneurial orientation of beef cattle farmers has significant role to improve economic efficiency of cattle
farming in Kebumen District, Indonesia (P<0.05). Improving innovativeness, willingness to take risks and pro
activeness of farmers would able to increase economic efficiency of beef cattle farming. This is line to the study
of Okpara (2009) that SMEs adopted proactive (high) entrepreneurial orientation achieved higher performance,
profitability and growth, compared to those that adopted a conservative (low) orientation. Innovatiness, risk
taking, and pro activeness of beef cattle farmers in Kebumen District was sufficient to drive change on economic
efficiency of farm. Entrepreneurial orientation would drive capacity of farmers to innovate, ability to cope change
of competition and survive from the risk of industrial change. Strengthening this entrepreneurial orientation
is expected to improve the entrepreneurial behavior of farmers. Values of entrepreneurial orientation have
significant influence to the growth of small and medium enterprise Mwangi and Ngugi (2014) and determined the
entrepreneurial marketing behaviors (Kilenthong et al, 2016).

Conclusions

The results from this study, therefore, suggest that entrepreneurial orientation plays an important role in
improving competitiveness of beef cattle farming in Kebumen District, Indonesia. The important values in
strengthening competitiveness of beef cattle farming are risk taking, pro activeness and innovativeness. Hence, the
results drive academicians and policy makers that it is possible to promote competitiveness of beef cattle farming
by paying attention to the entrepreneurial orientation. Improving innovativeness, willingness to take risks and pro
activeness of farmers would able to increase competitiveness of beef cattle farming.

KEYWORD : entrepreneurial orientation, competitiveness, beef cattle farming
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Decreases of milk yield after conception of mature dairy cattle in tropical
(oM \['H:M environment
Kanokwan Noikhrua, Wassana Chaisri, Paramintra Vinitchaikul, Wittaya Suriyasathaporn
Chiang Mai University
Objective

Holstein-Friesian cattle have been intensively used for in breed improvement programs in Thailand. However, the
uses of pure bred Holstein-Friesian become more health problems especially from tick borne diseases. Therefore
the cross bred Holstein-Friesian with <25% of zebu cattle have been used for milk production purpose to increase
disease prevention efficiency from tropical diseases.

Milk yields of dairy cattle are depended on various factors for example breed, environment, farm managements
and cow health. Several studies mentioned the heat stress, illness (Pholpark, 1999) and genetic (Boonkum, 2015)
are the factors that can effected milk yields. In general, dairy cattle remain its milk production efficiency through
after pregnancy. For zebu, milk yield decreases after conception, but it is in doubt on milk production decrease in
crossbred Holstein-Friesian that are mostly <25% of zebu bred. Many Thai dairy farmers observed that many cows
reduced their milk yield after pregnancy.

Therefore, the objective of this study was to determine the change of milk yield after successful conception after
calving.

Methodology

Data collection

Data from 433 lactations from dairy cows in small holder dairy farms belonging to Mae Wang Dairy Cooperative,
Chiang Mai, Thailand, were collected during September 2011 to August 2012. All farms had been in the
veterinary herd health management program from Faculty of Veterinary Medicine, Chiang Mai University,
Thailand. With the program, the farms were monthly visited by a veterinarian as a farm consultant in both disease
prevention program and increase production efficiency including reproductive management program. In addition,
reproductive checks including postpartum check and pregnancy check had been performed in all cows. Crossbred
Holstein-Friesian cattle have been mostly used in all farms. Most farms were free stall barns using bucket-type
milking machines and milking twice daily. Data on calving date and conception date, confirmed by rectal palpation
at 60 day after the last artificial insemination without any signs of estrus after insemination, were collected. After
calving, milk yield from cows were monthly weighed.

Statistical analysis

As milk yields are related to many factors, the comparison making in this study were to compare between milk
production before and after pregnant in which the milk yield were adjusted for month in lactation. Therefore, data
on lactation with both before and after pregnant were included in the final analysis. The milk yield data in the
final analysis were limited in < 3 months before and after pregnancy. A dependent variable was test-day milk yield
in kg/cow/day unit. Independent variables included month in lactation and interaction between conception and
cow groups: YOUNG as cows from lactation 1, MATURE as cows from lactation 2-4, and OLD as cows older than
lactation 4. To collect the nonlinear curve of milk production, month in milk (MIM), the integral value calculated
by division of days in milk with 30, was included in the final model. Repeated measure analysis, the mixed
procedure, was used using autoregression type 1 as correlation structure and time at milk weighing as repeated
factor. Least square means were calculated for all levels and used to compare between each pair-wise values. The
significant value was defined at P<0.1.

Results

From all data of 433 lactations, only 291 lactations with 722 milk yield data were included in the final analysis
(Table 1). Overall averages of days in milk and milk yield were 106 days and 16.61 £0.25 kg/cow/day,
respectively. For reproductive performance in this study, averaged days to first service and days open were 99.4 £
2.4 and 155 =£ 3 days, respectively.

Results from the final analysis on the effects of MIM and reproduction on milk yield were shown in Figures 1 and 2,
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respectively. From Figure 1, peaks of milk yield were during 31-60 to 61-90days postpartum. Milk production in
the first 120 days postpartum had higher than that in late lactation or after 180 days postpartum (P<0.05). After
conception, MATURE cows had significantly lower milk yield than before conception, but no significant differences
was observed between before and after conception of YOUNG and OLD cows, respectively (Figure 2). MATURE
cows decreased approximately 1.5 kg/cow/day after conception.

Table 1. Overall means and standard error of means (SEM) for days in milk, days to first service, days open and
milk yield.

Factor

N

Mean

SEM

Days in milk (days)

722

106.43

3.94

Days to first service (days)
291

99.39

2.41

Days open (days)

296

154.96

3.01

Milk yield (kg/cow/day)
722

16.61

0.25

Conclusion

Many effects of reproduction on milk yield have been investigated by many researches (Weller et al., 1985; Arbel
et al., 2001), but in tropical area was limited numbers of studies. In this study we use the repeated measure
analysis in combination with the defined variables as the time that the cows were pregnant or not would be
appropriate for analysis the changes of milk yield after conception. Due to the uses of milk yield data that mostly
originated from early lactation or during peak of milk yield (days in milk = 109 days), an average milk yield was
therefore high as shown in Table 1 at 16.61 + 0.25 kg/cow/day. In considering for this milk yield, the farms in
this study might be in ranges of production in other previous studies for example Thailand at 11.6-13.1 kg/cow/
day (Buabun et al.,, 2016), Pakistan at 5.0 -11.3 kg/cow/day (Mushtaq et al., 2010) and Ethiopia at 11.1 kg/cow/
day (Meseret et al.,, 2015).

In Figure 1, an average milk yield was highest at 18.2 kg/cow/day during DIM 61-90. Many factors are involved
levels of milk yield such as genetic, lactation periods, age, milking management, environment and health status of
dairy cows. Managements and environment might be the most important factors involved milk quality due to heat
stress can caused lower dry matter intake and a lower conversion efficiency of feed into milk (Lambertz, 2014;
Boonkum and Duangjinda,2015).

Figure 2 showed the lower milk production after conception of cows in lactation 2 to 4. Physiology of conception
is related to milk yield reduction from hormonal changes (Bachman et al., 1988; Akers, 2002) and also nutritive
requirements of fetus (Bell et al., 1995). In our study, milk production of ADULT cows significantly decreased after
pregnancy, but not for YOUNT and OLD cows. The non-significant differences for the old cows (lactation >4) might
be due to either technical problems as small sample sizes or physiological problem as old cows might decrease
reproductive performances. Cows in first lactation had increased milk production after calving that supported by
previous study showing that pregnancy cows had higher milk yield than open cows (Mushtaq et al., 2010). Cows
in first lactation had less milk production than when they were getting older. It might be possible that cows in
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lactation 2 to 4 had more milk production starting after calving. Consequently, the cows could not balance their
nutrition requirements for fetus growth.
In conclusion, In conclusion, only cows in lactation 2 to 4 decreased their milk yield after successful conception,

but not for others younger and older cows.
KEYWORD : Milk yield, Conception, Milk lactation

Figure 1. Least square means of milk yield separated by MIM, the integral value calculated by division of days in
milk with 30. Differences of superscript letter indicating significant differences at P<0.05.
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PIGS DEVELOPMENT ANALYSIS AND TECNOLOGIES INTRODUCTION IN THE
MR ] VILLAGE OF TEMPOK

Fietje S.G Oley, A H S Salendu, FH Elly

Faculty of Animal Husbandry University of Sam Ratulangi

Pigs is one of the commodity reability by several people as a source of income in the North of Sulawesi.Pigs
livestock enterprice has potential marked and oportunity for future hope of bussines very encouraging.Enterprice
pigs has been known and great desirable of people in Tempok because it easy to sell and potential as well as high
demand.The problem is waste of pigs poluting to environtment.Based on the problem waste , this study conducted
about the benefit of farmers and the health of environment.

The aim of this research is to analyze the benefit of pigs farmer and environtment.Survey method was used
with the determinated by purposive sampling of respondents as members of the group who keep pigs in the
village Tempok ,then proceed with the empowerment of group members fot reducing the effect pigs waste to the
environtment.Descriptive analysis of data used in this research.The results showed that the pigs are sold by farmer
not in flesh pig but intact weight life.The price for catlle over 100 kg is Rp.23.000 life weight and the farmers get
benefit Rp.500.000 per head.Otherwise the price under 100 kg is Rp.22.000 per head.The member of group have
been trained utilizing waste of pigs.The conclution was that pigs farming can be beneficial assessed on B/C ratio.
Biogas unit production as an alternative solution for reducing pigs waste to the health of environment.

Introduction

Pigs are one of livestock commodities reliable by several people of North Sulawesi as a source of income. Pig
farming has a potential market which is very encouraging and promising business opportunity. Pigs and or
processed products of considerable potential as national export commodities, to various countries such as
Singapore and Hong Kong and advantages is that volume of imports can be said to be zero (KementerianPertanian,
2012).

Farm pigs have been known and in demand by public, Tempok village due to its properties, as well as easy to sell
because of high demand. Pigs, in village of Tempok, maintained by means stabled. This has been done by farmers
to earn higher incomes. Wea and Koten (2013) states that productivity of pigs, lower when cultivated extensively.
Intensive pig farming profitable for farmers (Suryadi et al, 2014).

Problem of pigs waste allowed to pollute environment. Cages for pigs is located near kitchen farmers. According
to KementerianPertanian (2011), intensive pig farming is conducted in rural settlements can cause environmental
problems. Environmental pollution issues often cause unrest in society (Linggotu et al. 2016). Based on this
problem, has done research on extent of benefits of pigs for farmers and environment.

Methods of Research

This study was conducted using a survey method. Respondent has done purposive sampling group members
who have pigs in Tempok village, then proceed with empowerment of group members to utilize waste of pigs.
Empowerment has been done because of their knowledge of pig waste utilization is still low. Empowerment is
done with extension methods and application of technology through use of pig waste. Data was analyzed using
descriptive analysis.

Results and Discussion

Results from study showed that pigs are sold by farmers in Tempok village not for its meat but in form of live
weight. Breeders who sell pigs weighing over 100 kg, price received Rp 23,000 per kg live weight, so that
profit receivedRp 500,000 per pig. In contrast, farmers who sell pigs weighing under 100 kg live weight, price
received is Rp 22,000 per kg live weight. Members of group have been trained to utilize pigs waste.Pig farming
profitable for farmers because of RC value obtained was of 1.68. This is why farmers still maintain their business.
Pig farming is a source of income for them. Pigs according Geong and Johanis (2010) are types of pigs that are
important to small farmers in province.

Results from study showed that development of pig farming, in village of Tempok lead to pollution of soil, water
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and air (primarily causes smell). Waste of pigs allowed to flow in backyard or in channels connected to a public
place. Organic waste does not decompose properly can cause environmental problems such as odors, toxic gases,
pests and diseases and others. Pig farming, in village of Tempok developed yet environmentally friendly and
sustainable. Pig cage was built beside kitchen.

Negative impact of pig farming, in village of Tempok, namely gas that smells. Odor comes from nitrogen, and
sulfide in pig manure, which will be formed during decomposition of ammonia gas, nitrite, and hydrogen sulfide
gas. Air polluted by sulfide and ammonia gas can cause communities and livestock health problems in pig farming
around. Ammonia can inhibit growth of livestock and on humans can cause irritation of eyes and respiratory
tract. Waste of pigs, if it goes into the aquatic environment will pollute water bodies. This is due to the bacterium
E. coli contained in livestock manure, thus showing the water is polluted. Water contaminated by fecal material
according to Susanto (2002), which is the material with feces pigs.

Based on research has been done to pig farmer empowerment of environmentally friendly and sustainable, in
village of Tempok. Reason for empowerment due to lack of knowledge of group, on impact of pig farming in
settlement of environment. This is why farmers still maintain its business and is beside residence. Knowledge of
group members, about pig farming is environmentally friendly and sustainable is still very minimal. Members
of group do not have knowledge of management of cages of pigs and pig health. Lack of knowledge and skills
of group members on use of livestock waste to organic fertilizer and biogas. Organic fertilizers can be used to
improve soil fertility and production costs for organic fertilizer can be suppressed. Biogas, in addition to pressing
environmental pollution can also be used to cook so cost of fuel (kerosene) are scarce, and expensive can be
suppressed.

Empowerment has been done using two methods, extension and introduction of technology in form of organic
fertilizers (Figure 1) and a biogas reactor (Figure 2). According Murbandono (2002), organic fertilizer is end
result or intermediate result of changes or decomposition section and remains of plants and animals, such as
meal, guano, bone meal, animal waste and so forth. Organic fertilizer is fertilizer made from organic materials
are degraded organically. Sources of organic raw materials can be obtained from various sources, such as pig
manure. Prihandarini (2004) suggests that it is usually to make this organic fertilizer, was added a solution of
microorganisms that help accelerate degradation process.

Main raw material used is a waste of pigs, such as pig manure mixed with rest of food and mixed with urine. The
raw material is supplied approximately each 10 bags (weighing 30 kg/sack). Additional materials (substituents) is
urea, SP-36, ash, sawdust, calcite. Starter used EM4 (effective microorganism).

Extension is done with hope can lead to changes desired by farmers (Dumaria, 2006). Biogas is useful as an
alternative energy source. This management is very profitable for farmers and surrounding communities
(Mariawan, 2012; Zukri, 2012). Waste of pigs to produce biogas as many as 151 842 ml with a cooking time of
34 minutes (Takarenguang et al. 2016). Technology to manufacture biogas from pig waste likely to be solution of
choice, to limitations of fuel oil (Utomo and Wahyuningsih, 2010).

Biogas is a type of energy in sustainable development are important for energy and environmental planning
(Srisertpol et al. 2010). Biogas is a renewable energy source that can address need for energy as well as to provide
for needs of soil nutrients in a system of sustainable agriculture. Biogas technology can be applied to scale
household, commercial or villages (Eze, 2009). Barnhart (2012) suggested that householdscale biogas technology
is used as fuel for cooking replace firewood and to improve human health and environment. Equality biogas
produced from livestock manure with other energy sources can be seen in Table 1.

Utilization of biogas as an energy source in small industries based agro-processing can provide multiple effects
and can be driving dynamics of rural development. In addition, it can also be used to increase value added by way
of green labeling on processed products are in process by use of green energy.

Structuring of cultivation of environmentally friendly and sustainable is big breeding activities carried out by
pig farmers. Implementation for better cultivation by implementing pigs waste management technologies and
in accordance with the principles of Good Farming Practice (GFP). According to KementerianPertanian (2011),
preservation of environment is an effort to protect life of environmental capabilities to pressure changes and or
negative impact caused by an activity in order to remain capable of supporting human life and other living beings.
According to KementerianPertanian (2012), indicators of successful development of environmentally friendly pig
farming is (i) a pattern of livestock pig farming for better; (ii) reduce air pollution caused by smell of sewage / pigs
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waste; (iii) support preservation of agricultural farm; (Iv) increase supply of organic fertilizer from animal waste so
that dependence on inorganic fertilizer (chemical) will be reduced; (V) improve knowledge of members of group, a
group of business management and application of waste treatment technologies that are environmentally friendly.

Conclusion and Suggestion

Based on results of study it can be concluded, farm pigs provide sufficient revenue for farmers seen from RC value.
Biogas production is needed to accommodate livestock waste that pollute environment.

Based on research results suggested need for socialization by government to other pig farmers.

KEYWORD : Pigs, Evaluation, Tecnology

Figure 2.Biogas Reactor

Figure 1. Organic Fertilizers

Tablel.Equality 1 m3 of biogas with Other Energy Sources

Souces of other Energy Number
1. LPG (Kg) 0,46
2. Kerosene (1) 0,62
3. Diesel (1) 0,52
4. Fuel () 0,80
5. City Gas (m?) 1,50
6. Firewood (Kg) 3,50
7. Electric (Kwh) 6,00

Sources :Musanif, et al., 2006
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REPRODUCTIVE PERFORMANCES OF HOLSTEIN FRIESIAN HEIFERS AND COWS
INSEMINATED WITH SEXED SEMEN

Buddhi Chamara Kalansooriya'?, H M Gayani Priyadarshani Herath'

'Department of Livestock Production, Faculty of Agricultural Sciences, Sabaragamuwa University of Sri
Lanka, Sri Lanka,
’New Zealand Farm, Sri Lanka

INTRODUCTION

The semen which the fractions of X-bearing and Y-bearing sperm have been modified from the natural mix
through sorting and selection is called as sexed semen. The sexed semen is widely available and is used to
produce a calf of a specific sex. Controlling the sex of offspring prior to conception permits the livestock industry
to produce the optimal proportion of males and females to take advantage of sex-limited and sex-influenced traits,
thus providing economically flexible management practices for the producer (Rath and Johnson, 2008). Research
has consistently demonstrated that the technology used to sort semen produces about 90% of calves with the
desired gender (De Jarnette et al., 2008). Dairy producers are used sexed semen to obtain more heifer calves to
optimize the production. In addition, to increment of the number of replacement dairy heifers, which avoid bio-
security issues of purchasing heifers for replacements stocks from outside the herd. Further, there are long-
term predictions related to sexed semen on accelerated herd expansions, increased milk production and lower
production costs.

In dairy production systems the predictable production of milk and young stock is dependent on calving pattern
and for this reason; reproductive performance is a key determinant of profitability (Farinet al., 1994). As
reproductive performances, conception rate, services per conception, voluntary waiting period and days open
affect for the profitability of a dairy farm.

Use of sexed semen in artificial insemination, is a novel technology that practice in Sri Lanka. A preliminary study
on the success rate of artificial insemination of sexed semen highlights that sexed semen can be used successfully
in large dairy farms to obtain heifers and further, it will help to supply of excess female calves for the dairy
industry in Sri Lanka (Disnaka et al., 2012). Moreover, the high cost of sexed semen doses and sexing of bovine
semen are some limitations of application of sexed semen in dairy industry in Sri Lanka. A preliminary study was
carried out in Sri Lanka to demonstrate the discontinuous sucrose density gradients can be considered as low cost
tool for sperm sexing of bovine semen (Kanesharatnam et al., 2012). Therefore, there are potentials to use sex
sorted semen for commercial dairy farms.

The reproductive performances of Holstein Friesian dairy cattle inseminated with sexed semen in commercial
dairy farms in Sri Lanka needs to be evaluated. Therefore, the objective of this study was to determine the effect
of sexed semen insemination on reproductive performances of Holstein Friesian dairy cattle in Up-Country; Sri
Lanka.

MATERIALS AND METHODS

This study was carried out at an intensively managed commercial dairy cattle farm located at Up-Country, Central
Province; Sri Lanka. The climate in this area is characterized by the mean annual temperature of 15.5 °C and
mean annual rainfall of 2050 mm. The dairy herd was comprised of Holstein-Friesian cattle that calve throughout
the year and re-bred using artificial insemination. Cows were housed in tie stall barns and were fed rations based
primarily on rye, clover and concentrates.

Data were collected from 220 Holstein Friesian heifers and 52 cows inseminated with frozen-thawed sperm
containing conventional semen and sexed semen. Only inseminations from January 2010 to March 2013 were
included. The heifers (17 to 21 months of age and mean body weight 328 +28.59 Kg) and cows (34.16+3.17
months of age) were allocated for two treatment groups as in complete randomized design (CRD). The standing
heats of all experimental animals were observed daily.

The semen containers with frozen live bull semen in liquid nitrogen were imported from United States of America
and were stored in liquid nitrogen (-196 °C) until insemination. The concentration of sperms in a sexed semen
dose was 2 million where it was 15 million in an unsexed semen dose. Artificial inseminations were performed
accordingly with sexed or conventional semen after 12 - 18 hours from standing heat by a same Artificial
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Insemination (Al) technician for all animals.

Pregnancy status of heifers and cows were diagnosed by rectal palpation of the uterus, after 60 days from the
insemination. The conception rates and number of services per conception were computed using collected data.
The number of days from calving to conception (i.e. open days) and voluntary waiting period were recorded for
each cows. The Analysis of Variances (ANOVA) were performed to identify the significant differences (p<0.05) of
parameters and data were subjected to descriptive statistical analysis by the Minitab 14 package.

RESULTS

3.1 Conception rate

The conception rate of first, second and third services were not significantly different (p<0.05) in sexed semen
and conventional semen inseminated heifers. First-service conception rate for sexed semen insemination was
only 48.75% as high as that for conventional semen insemination (44.18%); corresponding percentages were
36.11% for sexed semen insemination and 44.44% for conventional semen insemination in second service. The
conception rates in third service for sexed and conventional semen were 42.85% and 53.33% respectively. The
mean conception rate of first, second and third services were 42.57% and 47.32% for sexed and conventional
semen respectively. Conception rates of field trials, involving virgin heifers have typically ranged from 35 to 40%
with sexed semen, as compared with 55 to 60% for unsexed semen (Weigel, 2004).

According to the results of this study, first service conception rate was greater in sexed semen insemination (Figure
1), where it was decreased with the number of the service. The lower conception rate and higher cost of sexed
semen has led to its use primarily for nulliparous heifers and first services for which the expected number of
offspring per unit of sexed semen used is the highest (DeJarnette et al., 2008).

The first service conception rate of cows inseminated with sexed semen was 35.29% where it was 40% for
conventional semen. The first service conception rate of sexed semen inseminated heifers (48.75%) was
significantly higher than the cows (35.29%). The decreased conception rates experienced in cows with sexed
semen, make virgin heifers better suited for insemination with sexed semen than lactating dairy cows (Olynk
and Wolf, 2007). Several reports recommended the use of sexed semen in heifers in good standing heat ( Olynk
and Wolf, 2007; Weigel, 2004). In a survey of Wisconsin dairy producers, majority were using sexed semen with
virgin heifers during the first and second services (Sterry et al., 2009).

A conception rate of 50.84% was resulted in an ongoing preliminary study of artificial insemination with sexed
semen in the large scale Up-Country dairy farms in Sri Lanka. Furthermore, 15 pregnancies were confirmed
by performing 34 pregnancy diagnoses (15/34, 44.11 %) in farms in the coconut triangle of Sri Lanka. The
pregnancy rate of heifers, inseminated using sexed semen, was 56.60%, whereas in cows the rate was 32.60%
(Disnaka et al, 2012). The overall success rate of sexed semen artificial inseminations in cows and heifers was
49.3% (Disnaka et al, 2012). The conception rate of fist service of heifers was resulted 48.75% in this study which
is similar to the overall conception rate of study carried out by Disnaka et al., (2012).

Conception rates of United States dairy herds at first service averaged 47% for Holstein heifers and 53% for Jersey
heifers for sexed semen, which were ~80% of that achieved with conventional semen (DeJarnette et al, 2008).
Mean conception rate for heifers was 56% for conventional and 39% for sexed semen; conception rates for cows
were 30% and 25% in artificial inseminated Holstein heifers and cows in United State (Norman et al., 2010). The
number of sexed sperm per straw is usually a low dose of approximately two million sperm, which is considerably
less than the approximately twenty million sperm contained in a straw of conventional semen for Al in cattle (Olynk
and Wolf, 2007). It may be leads to lower overall conception rate of sexed semen inseminated cows and heifers
than the conventional semen insemination.

3.2 Services per conception

Based on mean overall conception rates, 1.79 sexed semen services were needed for a heifer pregnancy but only
1.97 services with conventional semen. The higher number of services per conception required for conventional
semen insemination compared to the sexed semen for Holstein Friesian heifers. The services per conception of
cows were 4.12 and 2.17 for sexed and conventional semen inseminations respectively. The overall services per
conception for heifers and cows were 2.96 and 2.07 for sexed and conventional semen inseminations respectively.
According to mean overall conception rates of sexed semen for artificial insemination of Holstein heifers and
cows in United States were resulted with 2.6 sexed semen services per conception but only 1.8 services with
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conventional semen (Norman et al., 2010). Further, based on cow conception rates, 4.0 sexed semen services were
needed for a cow pregnancy but only 3.3 with conventional semen (Norman et al., 2010).

The goal for services per conception needs to remain lesser than 2.0, greater than 2.0 services per conception
may not necessarily indicate a drastic problem if the services are occurring soon enough after the voluntary
waiting period to keep days open to a reasonable length (DeJarnette 2008).

3.3 Voluntary waiting period and days open

The voluntary waiting period (VWP) is a key management decision wherein the herd manager designates a target
number of days postpartum after which cows will be inseminated. The interval from calving to first insemination
provides time for uterine shrinkage. Also, some herds may have a variable VWP that may be longer by choice for
high producers or for first-parity cows (Miller et al., 2007). In present study, the mean voluntary waiting period of
cows was 108.54 +49.94. The VWP is an important fact for lactating cows as the conception rate is expected to
increase as days postpartum increase (Tenhagen et al., 2003), which may be partly related to milk yield.

According to the table 1, the mean age of cows were 34.16+3.17 months. The days open were 169.6 + 98.4 and
144.1+78.2 for sexed and conventional semen insemination respectively. Further, the days open was higher in
sexed semen inseminated cows than conventional semen inseminations. As the number of services per conception
was higher in sexed semen inseminated cows, the respective open days has been increased over the conventional
semen inseminated cows. The increased number of services may be a result of lower sperm concentration of
sexed semen than the conventional semen which may leads to lower conception rate. The longer days open reduce
the profitability of a dairy farm by increased breeding cost, increased risk of culling and replacement costs, and
reduced milk production.

CONCLUSIONS

The application of sexed semen artificial insemination was effective for heifers in first service than the lactating
dairy cows, although there is not a significant difference (p<0.05). Services per conception was not significantly
different in heifers of two treatments. However, it was higher in sexed semen inseminated cows than conventional
semen inseminations. Further, the days open was greater in sexed semen insemination over conventional semen
insemination of cows. Therefore, the application of sexed semen artificial insemination was more effective for
heifers at first service than cows and further better reproductive performances observed in lactating dairy cows
inseminated with conventional semen over sexed semen in Up-Country; Sri Lanka.

KEYWORD : Conception rate, Services per conception, Days open, Holstein Friesian, Sexed semen
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Figure 1. Conception rates of sexed and conventional semen inseminated heifers with respect to
number of services
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Table 1. The age, voluntary waiting period and days open of the experimental cows

Variable Treatment Mean Standard Deviation Median
Sexed semen 34.07 2.95 35
Age at insemination (Months) Conventional 34.14 3.32 34
Semen
Overall 34.16 3.17 34.5
Voluntary waiting period (Days) Overall 108.54 49.94 100
Sexed semen 169.6 98.4 122
Days open g:;gm‘onal 144.1 78.2 116
Overall 151.7 84.6 120
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Gas Sensors For Electronic Nose And Their Application To Determine Estrus
Phase In Cattle.

Pudji Astuti, Claude Mona Airin, Slamet Widiyanto
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OBJECTIVE

Efficient and profitable reproductive performance of cattle requires routine but conscientious heat detection and
proper timing of artificial insemination. Failure to detect estrus (heat) is a major factor contributing to low fertility.
Unfortunately, not all of cattle can show the clinical sign of estrous, so that the alternative way such as estrus
detector using electronic nose should be created. The aims of this research was to determine whether the stage of
estrus can be detected using Electronic Nose (EN).

METHODOLOGI

Animals. The sample used in the study was urine cattle of Ongole Crossbred (PO) derived from adult female
who had BCS between 3-4, maintained in Kuwang, Sleman district, Yogyakarta. Urine samples of cattle would be
collected shortly before injection of Dinoprost as an estrous synchronization material and repeated when cattle
was on estrus.

Gas Sensor. The eight element gas sensors arrays were tested such as methane, propane, butane, alcohol, water
contaminant, hydrogen sulfide, saturated vapor of organic solvent and ammonia.

lllustration of E-nose Data Logger System. Baseline data is collected for 6 minutes. Ambient air is flowed through
sensor chamber. For the first step, sample is placed in sample chamber. Heater is set at around 50 degree Celsius
then E-nose will collect the data for 18 minutes. 4" time mode (1 minute for sensing and 1 minute for purging)
is used. The first nine peaks of all sensors response are investigated using Principal Component Analysis (PCA)
method.

RESULTS

Sensor Arrays. The sensors have been optimized in the sense that sensitivity to the pheromones has been
enhanced and sensitivities to other gasses that are typically present in a cow shed (e.g C1 T95813: methane,
propane, butane; C2: T95822: saturated vapor of organic solvent; C3: T952600; sensitive to hydrogen sulfide;
C4: T95826: ammonia; C5: T95261 1: methane; C6: T95620; alcohol; C7:T952612: metana propana butana: C8:
T952602: water contaminant) have been reduced. The different sensors in the array have been absorbed but have
different sensitivities (Figure 1).

Mohammed et al. (2009) reported, beside methane, propane and butane, estrus can be detected using metal-
oxide sensor. Lane and Wathes (1998) also reported that acetaldehyde was produced by oxydation of methane
or hydration of ethylene is one of good indicator subtance for estrus in cattle. The nose sensors respond to
changes in volatile substances with changes in resistance. Molecules causing such a response would be likely
to be detectable as an odor signal. Cyclical changes in odor through the cycle, therefore, may be important in
determining the behavioral response of a bull to cows at estrus. Sjahfirdi et al. (201 1a); Sjahfirdi et al. (201 1b)
stated blood and urine sample of rat can be used as estrus indicator using Fourier Transform Infrared (FTIR).

Data Analysis. All measurements by the Enose were analyzed using the Principle Component Analysis (PCA)
technique. PCA is defined mathematically as the orthogonal linear transformation of data from the 8 sensor
patterns to a two- dimensional coordinate system. In this case, every point represent single experiment. There are
27 points in this PCA plot. FC stands for First Component, SC stands for Second Component, and TC stands for
Third Component. Then, the data could be analysed using 2 dimension (2D) and 3 dimension (3D) score plot.
From 2D score plot it can be seen separation between estrus and non estrus sample even though there are a
certain area of overlapping. The 2D is accounted for 96.1%. However, when Third Component (TC) is included,
clear separation among cluster could be seen (Figure 2).

However, when Third Component (TC) is included, clear separation among cluster between estrus and non-estrus
could be seen more clearly . The first 3 PC is accounted for 98.9% of the variance in data set (Figure 3.)
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CONCLUSIONS
Based on result and discussion, it will be concluded that the E-Nose was able to detect changes in perineal odors
associated with estrus and was able to detect estrus day successfully in all studied cattle.
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EFFECTS OF FEED SUPPLEMENT ON THE ARTIFICIAL INSEMINATION
EFFICIENCY OF BEEF COWS UNDER SMALL FARMS CONDITION IN INDONESIA
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ABSTRACT

Low artificial insemination (Al) efficiency in beef cattle has been reported in some tropical regions, such in
Indonesia. Factors related to this problem are not yet well known. Therefore, the purpose of this study was
to identify factors that might affect the Al efficiency and to evaluate the effects of feed supplement on the Al
efficiency in beef cows at a tropical area of Indonesia. Two steps of study were conducted. Study 1 was to identify
factors that might affect the efficiency of AL This study was conducted in 623 inseminated cows. The informations
related to the farms, inseminated cow, bulls and Al technicians were collected. Interval between calving and first
Al conception rate (CR) and service per conception (S/C) were recorded. Data were tabulated and calculated
using Artificial Insemination Database Application (AIDA). Interval between calving and first Al, between calving
and conception, CR, and S/C were 142+105 days, 190.9+129.6 days, 39 % and 2.5, respectively. Factors that
significantly affected this Al efficiency were BCS during AL types of estrus, feeding and housing systems, and bulls.
Study 2 evaluated the effect of feed supplement on the body condition score (BCS) and CR in the inseminated beef
cows. Two groups of 50 postpartum cows were allotted to control and feed supplemented (1 kg rice bran/head/
day) groups. BCS and CR were recorded. In supplemented group, although BCS was not improved, but CR was
significantly increased the CR (62 vs 42 %). It can be concluded that lower Al efficiency in cows kept under small
farm condition could be increased by the supplementation of high quality feed.

Introduction

Artificial insemination (Al) is widely used for both dairy and beef cattle in the developed countries. In the
developing countries, however, although numerous projects have been introduced to establish Al services, it
seems that only few developing countries have succeeded in establishing an efficient of Al services in comparison
to those in the developed countries.

Some developing countries have reported low conception rates (CR) of cows mated by Al techniques. The CR of
30 - 50% in Srilangka (Abeygunawardana, et.al., 2007), 18% in Malaysia (Malik et al., 2012), 38.5% in Bangladesh
(Haque, et.al, 2015), 46.5 % in Nigeria with number of services per conception (S/C) was 2.1 (Mai et al, 2014),
30-55% in Suriname (Bastiansen, 1997) , 25-35% in Ethiopia (Woldu et al., 2011), and 23% in Indonesia (Toleng
et al, 2001). Based on the category of Al performances presented by Moran (2005), the CR less than 43% was
categorized as low conception rate and need to be improved.

Detecting factors limiting CR in artifially inseminated cows is one of the main factors that need to be performed
in order to improve Al efficiency. These factors are poorly documented in the developing countries, especially
for beef cattle. In Bangladesh, Haque et al. (2015) reported that feeding, body condition score (BCS) and time
of Al significantly affected pregnancy rate of dairy cows. In Srilangka (Abeygunawardena et al, 2001), both
non technical (farmer’s ignorance and low motivation, low motivation and mobility of field staff) and technical
(poor heat detection, low quality of semen and inadequate skill of Al technicians) aspects contributed to the low
successfull rate of Al program. In Nigeria (Mai et al, 2014), breed of cows, year of Al, adequate nutrition and
weaning significantly correlated with the CR of the cows. Supplementation of food for 4 months increased BCS
and conception rate of the cows in Ethiopia (Woldu et al., 2011).

The purposes of this study were to identify factors that might affect the Al efficiency and to evaluate the effects of
feed supplement on the Al efficiency of beef cows at a tropical area of Indonesia.

Materials and Methods

Two steps of study were conducted. Study 1 evaluated the reproductive performance of artificially inseminated
beef cows and factors that might affect the efficiency of Al services. There were 623 cows from various and kept
by 544 small farms included in this study. The estrus cows (both under natural and synchronized estrus) were
inseminated with frozen semen from various breeds of bull. During the survey, informations related to farms,
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Al technicians, inseminated cows and bulls were recorded in accordance with the data entry sheets for AIDA
(Artificial Insemination Database Application) introduced by Garcia & Perera (2000). Pregnancy diagnoses were
performed 60-70 days after Al by rectal palpation. The efficiency of Al (interval from calving to the first Al, CR
and S/C) were calculated. Significant differences at each factor that affected the efficiency of Al were tested by chi-
square analysis. Study 2 evaluated the effect of feed supplement on the CR of the inseminated cows. A total of 50
lactating cows were allocated in two groups of treatment. The first group was supplemented with 1 kg rice bran
from the first week after calving until the first AI while the second group remained as a control group. Estrous
detection, recording of body condition score, procedure for Al, and pregnancy diagnosis were similar to those
performed at the first study. The mean difference of BCS among the two groups was analyzed by student’s t-test,
while the mean difference of CR was analyzed by chi-square analysis.

Results and Discussion

Study 1.

Reproductive performance

The intervals between calving and first service, and between calving and conception were 143 and 190.9 days,
respectively, CR at the first and overall services were 40.0 and 39.8% , respectively and S/C was 2.5 (Table 1).

Factors affecting the Al efficiency

Factors affected CR of the inseminated cows are listed in Table 2 . Cows with BCS 4 (scale 1-5) showed
significantly higher CR in compared to those with BCS 2,3 and 5 both in the first and overall services. CR for
synchronized estrus was significantly higher in compared to that for naturally estrus cows. Food supplementation
for the grazing cows either with concentrate or with grasses could signifinatly increase CR in compared to those
grazing only. Cows kept in corral during the night showed a significantly higher CR in comparison to other
housing systems. Furthermore, semen of local breed (Bali) bull had a significantly higher CR in compared to other
semen of some exotis breed bulls.

Feed supplementation could increase significantly (P<0.05) conception rate (62 vs. 42%), although there was no
significant change of BCS (2.32 vs. 2.48).

In this area, the reproductive performances of beef cattle bred by Al techniques were lower than their genetic
potentials. There were several factors related to the lower reproductive performances of these animals such as:
BCS, housing system, feeding management, bulls and types os estrus. The supplementation of high quality feed
could increase the CR.

Lower CR in this area was similar to those reported in some developing countries such as in Srilangka
(Abeygunawardana et al., 2007), in Malaysia (Malik et al., 2012), in Bangladesh (Haque et al., 2015), in Nigeria (Mai
et al,, 2014), in Suriname (Bastiansen, 1997) and in Ethiopia (Woldu et al., 2011). Higher S/C was similar that
reported in Nigeria (Mai et al., 2014). There was an improvement of CR for about 10% in the inseminated cows in
this study compared to that in a similar survey conducted in 1995-2000 (Toleng et al., 2001). The improvement
of Al efficiency in this area might be due to the impact of various interventions that have been taken both by
technical (feeding, semen quality, housing, etc) and non-technical (training for Al technicians and farmers etc.)
aspects. In various Asean countries, Boettcher and Perera (2007) reviewed that technician and farmers training,
and improved feeding, recording system and semen quality could increase CR by 5 to 27%.

The significant effect of body condition score (BCS) on the CR in this study was similar to that reported in
Bangladesh by Haque et al., (2015). Animals kept under the paddock especially in the night and offered them with
feed supplement showed higher CR. Feed supplementation significantly increased pregnancy rate in dairy cows
(Haque et al.. 2015) and beef cattle (Toleng et al., 2001).

The significant effect of estrus synchronization on the CR was similar to that reported in beef cattle by Martinez et
al. (2000). Although these results were in contrast with our previous report (Latief et al., 2001), this discrevancy
might be due to the different season at the time of estrous synchronization. In our previous report, the estrus
synchronization was conducted during the dry season, where the scores of body condition of the cows were
generally low. Rensis and Scaramuzzi (2003) have reviewed that heat stress could adversely affect of hormonal
secretion of hypothalamo-hypophiseal - gonadal axis and fetal development after insemination.

Feed supplementation could increase conception rate of the cows. This result was similar to our previous report
(Toleng et al., 2001), and those were reported in dairy cows by Haque et al. (2015) and Woldu et al., 2011. Cows



The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress
Animal

Science
Congress

gaining weight during early lactation have a higher conception rate and need fewer services per conception
compared to those losing weight (Amaral-phillips and Heersche Jr, 1997). The significance increased of CR
without changing BCS might be due to the effects of micro minerals (cobalt, copper, iodine, iron, manganese,
molybdenum, selenium and zinc) as reported by Amaral-Phillips and Heersche, Jr (1997) and Anomin (2009).

It can be concluded that body condition score, feeding system, housing system and estrus synchronization were
the factors affecting the efficiency of artificial insemination in cows. Feed supplementation could increase the
conception rate of the cows.

KEYWORD : Beef Cattle, Artificial Insemination, Conception Rate, Feed Supplement, Small Farm

Table 1. Reproductive performance of cows

Parameters
Interval (days) from calving to:
- First service 143+103.8
- Conception 190.9+129.6
Conception rate (%)
- At first service 40.0
- Opverall service 39.8
Service per conception (S/C) 2.5
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Table 2. Factors affecting conception rate during the first and the overall services

First service Overall service
Parameters No. of .cows No. of CR .No. of. COWS No. of CR
inseminate pregnant (%) inseminated pregnant (%) S/IC
d COWS COWS
Cow breed
Bali 429 184 429 542 227 419 24
Brahman 39 13 333 75 27 360 28
Limousin 44 17  38.6 69 25 362 2.8
Simmental 58 18  31.0 77 28 364 28
Body condition score
2 36 10 27.8° 52 11 21.2° -
3 296 88 29.7% 400 136 34.0% -
4 182 119  65.4° 232 142 61.2° -
5 12 7 583 13 7 53.8* -
Synchronized
Yes 166 91 54.8* 203 106 52.2° 1.9
No 457 158 34.6" 634 227 358 2.8
Feeding system
Grazing +
concent 193 90 46.6" 268 133 49.6° 2.0
Grazing +
roughage 146 80 54.8° 179 92 51.4% 1.9
Grazing only 279 77 27.6° 385 106 275" 3.6
Housing
Corral/paddock 195 76 39.0° 248 106 427 23
Loose barn 209 52 24.9° 298 73 245" 41
Night paddock 182 103 56.6° 237 129 54.4° 1.8
Tie stall 37 18 48.6* 52 24 46.2° 2.2
Bull
Angus 94 20 21.3° 102 24 23.5° 43
Bali 285 124 43.5™ 353 151 428" 23
Limousin 412 115 27.9° 680 172 25.3° 4.0
Simental 127 39 30.7% 198 69 34.8% 2.9
Type of employer
Goverm Al
center 596 220 36.9 744 285 383 -
Private Al
center 26 13 50.0 51 25  49.0 -
Self employ 31 16 51.6 40 22 55.0 -

Different superscript within a column in each parameter indicate significant differences P<0.05
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Study 2

Table 3. Body condition score (BCS) and conception rate of the cows in control and feed
supplemented groups.

Group BCS CR (%)
Control 2.32 42°
Supplemented 2.48 62"

Different superscript within a column indicate significant differences P<0.05
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Potential of Evaporative System Improving Pregnancy Rate in Recipient Heifers
after Embryo Transfers in Thailand
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Clinic for Obstetrics Gynecology Andrology and Artificial Insemination of Domestic Animals, Faculty of
Veterinary Medicine, Mahanakorn University of Technology, Thailand

ABSTRACT

In Thailand, hot and humid climate attenuates the reproductive performance, particularly decreasing pregnancy
rate and increasing fetal loss of potential of embryo transfer (ET) in dairy cattle. The use of an evaporative cooling
system to control temperature and humidity environment in stall barn can solve these problems after ET in
recipient cattle. The objective of this study was to evaluate the efficacy of evaporative cooling system to enhance
the pregnancy rate after ET in Holstein Friesian heifer recipients in Thailand. Ten donors of Japanese Black cows
were estrus synchronized and artificial inseminated (Al) using commercial sex-sorted Japanese Black sperm. Day
7 after Al, each donor cow was embryos flushed and selected only the excellent and good grades of embryos for
fresh embryo transferring. The forty Holstein Friesian heifer recipients were divided into two groups (twenty
heifers per group). These twenty heifers were separated to be three replicates in each group. Group 1 was housed
in an evaporative stall barn and Group 2 was held in free-stall barn. All recipient heifers were estrus induced and
had to occur the matured corpus luteum on the same day of ET procedure. Each recipient would be transferred as
one embryo. Pregnancy diagnosis was detected by ultrasonography in the 2" and 4™ month after ET. The result
showed the temperature and relative humidity (RH) in the evaporative stall barn, were controlled at 26.0-29.0°C and
70.0-80.0% RH, respectively. The pregnancy rate of recipient those were kept in the evaporative stall barn (80.0%;
16/20) was significantly (p<0.05) higher than those recipients in a free-stall barn (50.0%; 10/20). Additionally,
every pregnant recipient in the two groups had no fetal lost and delivered healthy calves. In conclusion, the
evaporative cooling system can improve the pregnancy rate after ET in Holstein Friesian heifer recipients using
Japanese Black embryos in Thailand.

INTRODUCTION

In the recent years, the top quality of beef meat is very in demand in Thailand. Japanese Black cattle is one of
the best choices for meat production due to highly intramuscular fat (marbling), tender texture, juiciness and
tasty beef flavor (Gotoh et al,, 2014) but the head numbers of Japanese Black cattle is still low. The use of the
combined efficient techniques such as superovulation, estrus synchronization, artificial insemination (Al) and
embryo transfer (ET) can enhance the production outcome effectively (Farin and Farin, 1995). However, the
important crisis for cattle producing in this region is hot ambient temperatures and unstable of relative humidity
(RH) environment which are dramatically negative effect on the embryonic loss (Ealy et al., 1993) and pregnancy
rate from heat stress (Ahmadi and Ghaisari, 2007, Hossein-Zadeh et al, 2013, Khan et al., 2013). Cows begin
to present the stress behaviors e.g., increase in respiratory rate and blood vessels dilation when Temperature
Humidity Index (THI; the index for evaluation heat stress in cows) is higher than 72. The reproductive system
performance could be significantly decreased when the value of THI is over than 89 (Armstrong, 1994). Therefore,
the utility of evaporative cooling system conducted with the animal stall can practically reduce temperature and
control RH. They can improve the success of embryo production (Ferreira et al., 2011) and increase the pregnancy
rate. The aim of this study was to evaluate the efficacy of evaporative cooling system to enhance the pregnancy
rate after ET in Holstein Friesian heifer recipients in Thailand.

MATERIALS AND METHODS

This experiment was conducted at P.N. Farm, Kanchanaburi Province, Thailand. The average temperature all year
round is 23.38 = 2.36 to 34.18 £ 2.34 °C (the maximum temperature in summer season is approximately 43.9 “C)
and average relative humidity (%RH) is 69.42 + 8.06 % (latitude 14.01° N and longitude 99.32° E).

Experimental animals
Ten healthy and fertile pure blood Japanese Black cows [age: 3-7 years old; body condition score (BCS) 3.0-3.5;
scale 1-5] were used as donors. Forty crossbred Thai-Holstein heifers (age: 2 years old; BCS 3.0-3.5) were used
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as recipient-heifers. Donors and recipients were fed concentrate with 14.0% protein, corn silage, and roughage
ad libitum. The donors were housed in an evaporative stall barn while recipient-heifers were assigned randomly
to one of two housing experimental groups; 1) the evaporative stall barn and, 2) free-stall barn (20 recipients per
experimental group). Temperature and RH in an evaporative stall barn were controlled at 26.0-29.0°C and 70.0-
80.0% RH, respectively.

Donor and Recipient managements

The protocols of superovulation for donors and estrus synchronization for recipients from Baruselli et al. 2011
were chosen for this study but with minor modification (modified: an amount of FSH was injected into donors
without decreasing volume). Ten donors of Japanese Black cows were induced superovulation (Fig. 1) by the
transvaginal insertion of CIDR (1.9 g progesterone CIDR"; Fazi-Breed”, Pfizer Animal Health, Hamilton, NZ) for 12
days and together injected with 500 pg PGF,, (Estrumate”, Vet Pharma Friesoythe GmbH, Friesoythe, Germany) at
the time of CIDR insertion. On Day 7, an amount of 0.008 pg of GnRH was once injected (Receptal®, MSD Animal
Health, Wellington, NZ). Follicle Stimulating Hormone (Folltropin®-V, Bioniche Canada Inc., Belleville, Ontario,
Canada) was injected 8 times with equal volume, total FSH dosage was 400 mg per donor (Day 8: PM, from Day
9 to Day 11: twice daily and Day 12: AM). The CIDR was removed on Day 12 and 500 pg PGF,, was injected. The
second injection of GnRH was given on Day 13 (AM) following twice fixed time artificial inseminated (FTAI) on Day
13 and Day 14 with 12 h interval using commercial sex-sorted Japanese Black sperm (Sexing Technologies, Texas,
United States; imported by Pornchai Intertrade Limited Partnership, Thailand). To collect the embryo, embryo
flushing was processed as nonsurgical method on Day 20 from inseminated donors. The embryo grading criteria
according to Bé and Mapletoft 2013 was used to evaluate the quality of embryos in this study. Only the excellent
and good grades embryos (grade 1; scale 1-5) were used for fresh embryo transfer. On the other hand, the estrus
synchronization of recipient heifers was started on Day 1 which was straight to Day 4 of CIDR treatment in
superovulation protocol (Fig. 1). The recipient heifers were received CIDR (1.9 g progesterone CIDR"; Eazi-Breed”,
Pfizer Animal Health, Hamilton, NZ) for 5 days and 0.008 pg of GnRH (Receptal®, MSD Animal Health, Wellington,
NZ) was once injected on the first day of CIDR insertion. An amount of 500 g PGF, , (Estrumate”, Vet Pharma
Friesoythe GmbH, Friesoythe, Germany) was injected at the day of CIDR withdrawal. The second injection of 0.008
pg of GnRH was injected (Receptal”, MSD Animal Health, Wellington, NZ) on Day 13. On the same day of embryo
flushing, the synchronized recipients were rectal palpated to examine the functional corpus luteum on ovaries.
An embryo was transferred using an ET gun and embryo was liberated on the uterine horn with corpus luteum
appearance. Pregnancy diagnosis was detected by ultrasonography in the 2"* and 4" month after ET.

Statistical analysis
The pregnancy rate subjected to be statistically analyzed by T-test with paired two samples for means. P-value <
was regarded as statistically significant.

RESULTS AND DISCUSSION

Embryo collection was operated on Day 21 from donors using nonsurgical method, approximately 5.2 £ 1.03
excellent and/or good embryos were collected from each donor. The result of the current study was shown in
Table 1. The pregnancy rate of the experimental group 1 (80.0%) was significantly higher than the experimental
group 2 (50.0%, p=0.0302). According to this finding, it could be proved that the cattle stall barn conducted
with an evaporation cooling system can increase the pregnancy rate. Temperature and relative humidity in an
evaporative stall barn were controlled at 26.0-29.0°C and 70.0-80.0% RH, respectively. These numbers could
be compared in the THI table of heat stress estimate for dairy cows. The THI of an evaporative stall barn in this
study presented in between 76-81 which were in the range of mild to moderate stress. In contrast, temperature
and relative humidity of free-stall barn were 36.5°C and 74.36 %RH, respectively that revealed the THI of 93
which indicated that cattle were in severe stress (Wiersma, 1990 cited by Armstrong, 1994). In donor cows, it has
been reported that hot temperature declines the development of embryo to blastocyst stage effect to low number
of embryo recovery during embryo flushing (Krininger et al., 2003). The pregnant cows, heat stress influence to
pregnancy rate due to the induction of body temperature resulted to the degenerated embryos and embryo loss
after embryo transferring (Hansen, 2007, Ono et al., 2016). Heat stress during gestation period might reduce the
blood progesterone level that leads to early embryonic death and fail to implantation of the embryo (Mann et al,
1999). On the contrary, the study of Katanani et al. 2002 showed that heat stress conditions could improve the
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pregnancy rate following transfer of only fresh embryo. At the end of gestation period of this study, all pregnant
cows gave birth to healthy calves. In conclusion, the evaporative cooling system can improve the pregnancy rate
after embryo transfer in Holstein Friesian heifer recipients using Japanese Black embryos and reduce the THI
index. The use of a cooling system conduct with the animal housing has great benefit for cattle production.

KEYWORD : Embry transfer, Evaporative system, Holstein Friesian, Pregnancy rate

Figure 1. Superovulation and estrus synchronization protocol (minor modified from Baruselli et
al. 2011) for donors and recipients.

Treatment Day 0 4 7 8 L 10 11 12 13 14 20
CIDR
CIDR 1 "
Denors AM insertion GnRH FSH FSH FSH FSH GnRH F(rl‘;l Eﬂ hi
PG +PGFy,
FSH FTAI
PM FSH FSH FSH PG, m
CIDR CIDR
Recipients AM insertion removal GnRH FIET
+GoRH +PGFy,

FTAI = Fixed time artificial insemination, FTET = Fixed time embryo transfer

Table 1. The number of the pregnant recipients after embryo transferred for 60 and 90 days and
number of the calves were born. The results are presented as percentage (%). Three
replicates/group and 6-7 recipients/replicate had been used for analysis.

228

Animal barn

No. of recipient (n)

No. (%) of pregnant

No. (%) of Calf

recipient
Evaporative stall barn 20 16 (80.0)* 16 (100.0)
Free-stall barn 20 10 (50.0)° 10 (100.0)
P-value N/A 0.0302 N/A

a5 superscription in the same column as significant difference (p<0.05), N/A is not applicable
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INTRODUCTION

Fertilization is an indispensable step for formation of a zygote in sexual reproduction, leading to species survival.
In birds, several unique mechanisms such as polyspermic fertilization and sperm storage in the oviduct are
employed in the process of the fertilization. The ejaculated sperm are stored in the oviductal sperm storage
tubules (SST) in a quiescent state until use for fertilization. Because of the presence of SSTs, once ejaculated
sperm have entered the female reproductive tract, they can survive up to 2-15 weeks in domestic birds, including
chickens, turkeys, quail and ducks for various periods depending on the species (Bakst et al., 1994; Bakst, 2011)
in contrast to the relatively short life span in mammalian spermatozoa (i.e., several days). Although extensive
investigations concerning the function of the SST in birds have been performed since its discovery in the 1960s
by means of ultrastructural analysis (Bobr et al., 1964; Schuppin et al., 1984; Van Krey et al., 1967), the specific
mechanisms involved in the sperm uptake into the SST, the sperm maintenance within it, and the controlled sperm
release from it are long standing enigma. We previously demonstrated that SST exist under hypoxic condition to
produce and secret mass amounts of lactic acid in vivo, and it established cytoplasmic acidification of the resident
sperm leading to sperm motility inactivation (Matsuzaki et al., 2015). The resident sperm are squeezed out from
the SST by contraction like morphological changes of the SST under the control of the elevated level of circulating
progesterone (Ito et al., 2011). Although we observed prostagladin F, , in the seminal plasma of Japanese
quail enhances sperm uptake into the SSTs by opening of the entrance of the SSTs (Sasanami et al.,, 2015), the
mechanism of how the spermatozoa are navigated to the SSTs after insemination is not fully understood yet.

In this study, we investigated a factor affecting the sperm uptake into the SST in Japanese quail.

MATERIALS AND METHODS

Male and female Japanese quail, Coturnix japonica, 15-30 weeks of age (Quail cosmos-farm, Toyohashi, Japan),
were maintained individually under a photoperiod of 14L: 10D (with the light on at 0500) and were provided with
water and a commercial diet (Motoki-corp, Saitama, Japan) ad libitum. The hens were decapitated, and the UV]
was immediately dissected and placed in physiological saline. The adhering connective tissues were removed, and
each UV] was excised longitudinally. They were then divided into several pieces, and were used for the following
experiments.

The ejaculated sperm were obtained from 2 males and each ejaculate was divided into two separate tubes
containing 1 x 10" cells/ml. They were then stained with 1 mg/ml Hoechst33342 (H33342) or pHrodo-AM (pHr)
and were combined for the incubation in Hanks\' balanced salt solution (HBSS) with the isolated UV] tissues. After
the incubation, the tissues were washed in PBS and were cut into small pieces, and were mounted in glycerol.
The specimens were observed under fluorescent microscope and the sperm fluorescence derived from H33342
(blue) or pHr (red) in the SSTs was counted to calculate the sperm filling rate. In some experiments, monensin, an
inhibitor of intracellular transport of protein at the level of Golgi apparatus (Kaaridinen et al.,, 1980), or brefeldin
A (BFA), a specific inhibitor of membrane transport (Fujiwara et al., 1988) was included in the incubation mixture.

RESULTS AND DISCUSSION

When the ejaculated sperm were incubated in HBSS with the isolated UV] tissues in vitro, sperm entry into the
SSTs was observed within 1 hr. The sperm filling rate was about 30%, demonstrating that in vitro assay system
that evaluate sperm uptake into the SSTs was established. When the formalin- or methanol-fixed UV] was
incubated with ejaculated sperm, a significant decrease in the filing rate compared with that of the use of fresh
UVJ was observed. This indicates that the structure of the SST itself does not simply contribute to the sperm entry
into the SSTs. Next, we tested if chemoattractant released from the SSTs may contribute to the sperm uptake into
the SSTs. Because secretory granules were found in the SST by ultrastructural analysis, we observed the effects of
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monensin and BFA on sperm filling rate. As the results, no inhibitory effect was found, suggesting that secretory
activity by the SSTs may not be important for sperm uptake into the SSTs. Further, we compared sperm filling rate
of the SST tissues of which were incubated with the spermatozoa obtained from different male. The sperm filling
rate was significantly correlated with sperm motility score, indicating that the intrinsic sperm motility appears to
be important for sperm entry. Moreover, when the filling rate was compared between each female, a considerable
variation was found in spite of the use of same ejaculates. These results indicate the possibility that compatibility
between male and female in terms of the sperm uptake into the SST exists in birds.

CONCLUSION

In sexual reproduction, sperm are subject to selection by the female and sperm competition, and these factors
drive the development of various reproductive tactics through evolution. During the last decade, several key
molecules such as PGF,, , lactic acid and progesterone that contribute to sperm uptake into, maintenance within
and release from the SST, respectively were discovered in Japanese quail (Ito et al., 2011; Sasanami et al., 2015;
Matsuzaki et al., 2015). However, we are unable to answer many important questions on the mechanism of sperm
storage. The elucidation of this process may directly lead to our understanding on the molecular mechanism of
cryptic female choice in which unknown female factors control fertility of the male animals whose sperm were
proven to have fertilizability with certain partners but not with another female (Parker, 1970). An elucidation of
the mechanism is difficult to uncover due to the lack of a suitable experimental model. In this study, we showed
that avian sperm storage is undoubtedly a suitable model for this aim. Further studies will be required for the
elucidation of this mechanism in birds.

KEYWORD : Sperm storage tubules, Utero-vaginal junction, Sperm, Japanese quail

REFFERENCES

Bakst MR. (2011) Physiology and endocrinology symposium: role of the oviduct in maintaining sustained fertility
in hens. J. Anim. Sci. 89(5):1323-1329.

Bakst MR, Wishart G, and Brillard JP. (1994) Oviducal sperm selection, transport, and storage in poultry. Poult. Sci.
Rev. 5:117-143.

Bobr LW, Lorenz FW and Ogasawara FX. (1964) Distribution of spermatozoa in the oviduct and fertility in
domestic birds. I. Residence sites of spermatozoa in fowl oviducts. J. Reprod. Fertil. 8: 39-47.

Fujiwara T, Oda K, Yokota S, Takatsuki A and Ikehara Y. (1988) Brefeldin A causes disassembly of the Golgi
complex and accumulation of secretory proteins in the endoplasmic reticulum. J. Biol. Chem. 263(34):
18545-18552.

Ito T, Yoshizaki N, Tokumoto T, Ono H, Yoshimura T, Tsukada A, Kansaku N, and Sasanami T. (201 1) Progesterone
is a sperm-releasing factor from the sperm-storage tubules in birds. Endocrinology. 152(10): 3952-3962.

Kaariainen L, Hashimoto K, Saraste J, Virtanen I and Penttinen K. (1980) Monensin and FCCP inhibit the
intracellular transport of alphavirus membrane glycoproteins. J Cell Biol. 87(3 Pt 1): 783-791.

Matsuzaki M, Mizushima S, Hiyama G, Hirohashi N, Shiba K, Inaba K, Suzuki T, Dohra H, Ohnishi T, Sato Y, Kohsaka T,
Ichikawa Y, Atsumi Y, Yoshimura T and Sasanami T. (2015) Lactic acid is a sperm motility inactivation
factor in the sperm storage tubules. Sci. Rep. 5:17643.

Sasanami T, [zumi S, Sakurai N, Hirata T, Mizushima S, Matsuzaki M, Hiyama G, Yorinaga E, Yoshimura T, Ukena K
and Tsutsui K. (2015) A unique mechanism of successful fertilization in a domestic bird. Sci. Rep. 5:7700.

Schuppin GT, Van Krey HP, Denbow DM, Bakst MR and Meyer GB. (1984) Ultrastructural analyses of uterovaginal
sperm storage glands in fertile and infertile turkey breeder hens. Poult. Sci. 63(9): 1872-1882.

Van Krey HP, Balander RJ and Compton MP. (1981) Storage and evacuation of spermatozoa from the uterovaginal
sperm host glands of the domestic fowl. Poult. Sci. 60: 871-877.

Parker GA. (1970) Sperm competition and its evolutionary consequences. Biol. Rev. 45: 525-567.

Animal
Science
Congress

231



w The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

Animal

Science
Congress

232

Effect of Kaempferia galanga L. on in vitro nutrients digestibility, ruminal
fermentation and methane production

Asih Kurniawati', Widodo', Wayan T Artama’, Lies Mira Yusiati'

'Faculty of Animal Scence Universitas Gadjah Mada,
*Faculty of Veterinary, Universitas Gadjah Mada

Objective

Antibiotics such as monensin have been used to manipulate rumen fermentation and successfully increase feed
efficiency and animal production. The effect of monensin on rumen fermentation was briefly explained by Russell
and Strobel (1989). The inclusion of antibiotics in animal rations as has been limited due to the occurrence of
multi-drug resistant bacteria which may be a risk to human health (Gustafson and Bowen, 1997). In recent years,
plant bioactive compounds as natural feed additives have been studied as antibiotic alternatives for improving
ruminal fermentation and nutrient utilization. The antimicrobial effects of some phytochemical compounds such
as essential oils have been previously demonstrated (Janssen et al., 1987)

Several plants containing phytochemical reduced methane production and increased VFA production (Bodas et al.,
2008). Plant essential oil from varies of sources has been intensively studied during the last decades by ruminant
scientists aiming to develop rumen modifiers for manipulating rumen fermentation. Blended plant essential oil,
cinnamaldehyde, eugenol, and capsicum in feedlot cattle diet have the similar effect with monensin (Geraci et al,
2012) improve growth performance and health, by optimizing rumen fermentation and increase immune system
status (Compiani et al., 2013). Among the essential oil, thyme and cinnamon oil and their main active components
(thymol and cinnamaldehyde, respectively) have potential antimicrobial activity against ruminal microorganisms
(Calsamiglia et al., 2007; Benchaar and Greathead, 2011) and have potency as monensin alternate (Khorrami et
al, 2015). The effects of essential oil in characteristics of rumen fermentation depend on dose. Varies response
were showed among different natural extracts and pure essential oil as well as the concentration of essential oil
which included in the fermentation (Macheboeuf et al., 2008).

Kaempferia galanga L. is a plant which widely used as herb in cooking in Indonesia, where it is called kencur,
and especially in Javanese cuisine and Balinese cuisine. It has different essential oil component from other herbs
previously mentioned. The major chemical constituents of volatile oil obtained by water distillation of dried
rhizome of Kaempferia galanga L. were identified as ethyl-p-methoxycinnamate (31.77%), methyl cinnamate
(23.23%), carvone (11.13%), eucalyptol (9.59%) and pentadecane (6.41%), respectively (Tewtrakul et al., 2005).
Whereas Kumar (2014) reported the major constituents of the Kaempferia galanga L oil were ethyl cinnamate
(29.48%), ethyl-p-methoxycinnamate (18.42%), y - cadinene (9.81%), 1, 8-cineole (6.54%), & -carene (6.19%),
borneol (5.21%), ethyl-m-methoxycinnamate (2.15%), camphene (1.58%), linoleoyl chloride (1.35%) and ¢ -pinene
(1.32%). Differences plant propagation resulting the different concentration of essential oil component. The
main component of Kaempferia galanga L. ethyl p-methoxy cinnamate in quantity were 82.01% and 71.77%
respectively for essential oil component of Kaempferia galanga L. rhizomes with conventional and in vitro
propagation (Sahoo et al., 2014). Essential oil from Kaempferia galanga L. had antimicrobial activity toward Gram
positive and Gram negative bacteria (Tewtrakul et al., 2005). Moreover, to our knowledge, no research has done
on Kaempferia galangal L. related to rumen fermentation. Therefore this research was conducted to studied the
effect of Kaempferia galangal L. in ruminal feed fermentation and methane production.

Methodology

Feed, treatments and in vitro fermentation

The effect of Kaempferia galanga L. on nutrients digestibility, ruminal fermentation, and methane production
were studied in this research using batch culture of in vitro gas production technique. Feed sample for in vitro
fermentation consist of Pennisetum purpureum, which cut before flowering stage, rice bran and wheat pollard,
obtained from feed shop, with ratio 60:20:29 based on dry matter. Kaempferia galanga L. meal was prepared by
drying fresh rhizomes in dryer incubator at 55°C and grounded to pass through a 1 mm pore size sieves. Additions
of Kaempferia galanga L. were based on the final concentration of essential oil in fermentation media i.e. O, 25,
50, 75, and 100 mg/L.

Inoculum for the in vitro gas production was obtained from two ruminal canulated Ongole grade cattle fed a diet



The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

consisting of Pennisetum purpureum and beef cattle concentrate 60:40 DM basis TDN 88.57% and CP 9.34%.
Rumen fluid was collected before morning feeding, and squeezed through polyester cloth into a vacuum flask
thermos, and immediately sent to the laboratory.

Serum bottles, 125 ml, were used for in vitro incubations. Bottles were set into three triplicate bottles, one set for
dry matter digestibility (DMD) and organic matter digestibility (OMD) determination, gas and methane production,
one set for crude protein digestibility (CPD), and one set for rumen fermentation parameter. Sufficient anaerobic
media was prepared the day before the incubation according to Theodorou et al. (1994). Sixty three milliliters of
media was added into serum bottles which previously filled with 700 mg of substrate and Kaempferia galanga
L. powder according to the treatments and continue flushed by ooxygen-free carbon dioxide. Bottles were sealed
immediately with butyl rubber stopper plus aluminum crimp cap and pre-warmed overnight at 39°C . In the next
morning, rumen fluid were collected, and 7 ml was added into each bottle using 10 ml plastic syringe. Bottles then
incubated for 24 h at 39°C . Bottle head space gas pressure were zeroing before incubation by inserting 0.6 mm
needle attached to a pressure transducer.

At the end of incubation gas were collected using calibrated syringe and 5 ml of gas were transferred into 5
ml plain vacuum tube (Becton Dickinson Vacutainer System) for methane analysis. DMD, OMD and CPD were
determined by filtered the bottle content, and residual feed were collected for residual nutrients analysis,
including DM, OM and CP. Procedure for nutrient analysis according to AOAC (2005). Sample for protozoa
calculation were prepared by pipetting 1 ml of bottle content and be added to 0.8ml of formaldehyde saline (1ml
of 37%formaldehyde + 9 ml 0.9% NaCl). One microliter sample then transferred to haemocytometer for direct
calculation under microscope according to method explained by Diaz et al. (1993). For ammonia measurement
1 ml of bottle content were preserve with 1 ml NaCl 20% and be frozen until later analysis of ammonia base
on phenol hypochlorite reaction as explained by Chaney and Marbach (1962). Media, as much as 1 ml for VFA
analysis were added into tube containing 1 ml of 20% metha-phosphoric acid and stored in freezer for further
analysis using gas chromatography. Prior to sampling for ammonia, VFA, microbial protein and protozoa, pH
media were measured. Rumen microbial protein was determined by Lowry method (Alexander and Griffiths, 1993).
Microbial cell were separated from residual feed by centrifugation 1.5 ml of bottle content at 500g. Cell were
precipitated from supernatant by spin down at 15.000 g. Pellets were re-suspension in physiology solution and re
centrifuge. Re-suspension was repeated for twice. The last suspension was subjected for protein determination.
Calculation and statistical analysis

Parameters studied were nutrients digestibility including dry matter digestibility (DMD), organic matter
digestibility (OMD), crude protein digestibility (CPD) (expressed in %), carboxymethyle cellulose (CMCase)
(expressed in U), total gas production (ml), total VFA, acetate, propionate and butyrate concentration as
mmol/100mL, rumen microbial protein, ammonia concentration as mg/100L, methane production as ml/g DM
digested, and protozoa number. Data were subjected to one-way analysis of variance with level of Kaempferia
galanga L. as the treatment factor. Comparisons between means were analysis using ¢-test of Duncan Multiple
Range test.

Result

Dry mater, organic matter and crude protein digestibility were not affected by addition of Kaempferia galanga L.
at all tratments level (Table 1). CMCase, represent fibrolitic enzymes also was not affected by the treatments even
there was a tendency in treatments groups have lower activity except treatment group of Kaempferia galanga
L. addition equal to 75 mg/L of essential oil. Fermentations with addition of Kaempferia galanga L. have not
differences on volume of gas production per dry matter digested compared to control (P<0.01) (Table 1.) Pattern
of DMD fluctuation similar with the pattern of gas production per DM degraded (Figure 1.).

Effect of essential oils on nutrient digestibility were varies. Talebzadeh et al. (2012) reported addition of Zataria
multiflora essential oils at level 150 to 600 mg/L have no effect on IVDMD but linearly decreased IVOMD. Main
component of Zataria multiflora essential oil were carvacrol, p-cymene and thymol. Other result from screening
plant experiment in ‘rumen up’ project showed varies value of IVDMD by addition of different plant on in vitro
rumen fermentation, some plant showed have no different effect on IVDMD compared to control, some plants
increase and some plants decreased (Bodas et al., 2008). Plant secondary metabolites activities were influenced
by their chemical nature and concentration. Activities of essential oils also depend on their component and dose.
Thymol have no effect on NDF and ADF digestibility at level 5, and 50 mg/L but significantly reduced at level 500
mg/L, while eugenol have no effect on NDF and ADF at dose 5, 50 and 500mg/L (Castillejos et al., 2006). Zataria
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multiflora essential oil reduced gas production at level 300 mg/L and up, reduced VFA and ammonia at level
600 mg/L, and reduction of rumen biomass start at level 150 mg/L (Talebzadeh et al., 2012). Unlike of Zataria
multiflora, Kaempferia galanga L. did not affect DMD digestibility and other nutrients as well as gas production.
Gas production commonly used to predict DMD, in this research DMD pattern parallel to gas production pattern.
Main component of Kaempferia galanga L. essential oil were ethyl-p-methoxycinnamate, and methylcinnamate,
carvone, eucalyptol and pentadecane, respectively (Tewtrakul et al., 2005; Kumar, 2014) which differ from
previous study. The differences of essential oil component are responsible for their differences effect on enzyme
activity, gas production, pH, VFA, ammonia, microbial protein and protozoa number.

CMCase activity was not differing among treatments. Unaltered of CMCase activity by essential oil treatments
suggested that essential oils may not affect fibrolitic microbes but may depressed activity of amilolytic and
proteolitic bacteria by suppressed the colonization and digestion of readily degrades substrates (Wallace et al.,
2002).

pH, total and individual VFA as well as ratio of acetate to propionate, microbial protein and ammonia
concentration as shown in Table 2., they were not affected by increasing level of Kaempferia galanga L. in the
diet. Overall, methane produced in fermentation with Kaempferia galanga L. were lower compared to control.
Significant decreasing of methane occurred at level of Kaempferia galanga L. addition equal to final essential oil
concentration 50 and 100mg/L media (P<0.01). Protozoa number in treated fermentation have higher protozoa
number (P<0.05). Significant higher number appeared at level 50 mg/L and up.

Essential oil did not affect proteolysis, the first step of protein degradation in rumen, but decreased rate of
ammonia production, deamination step (Wallace et al., 2002), in contrast, Kaempferia galanga L. did not alter
ammonia might due to it concentration and structure of main essential oil component. Major constituents of
Kaempferia galanga L. essential oil, is esters and terpenoid compounds (Kumar, 2014), ethyl-p-methoxycinnamate,
and methylcinnamate, derivatives of cinamic acid (Baser and Buchbauer, 2010). Cinnamaldehyde other derivative
of cinamic acid which given in in vitro fermentation at doses 1 to 5 mmol/L equal to 132.16 to 660.88 mg/
L reduced ammonia significantly (Macheboeuf et al., 2008), in agreement with Busquet et al. (2006), high level
of cinamaldehyde, 300mg/L and 3000mg/L reduced ammonia concentration while at low level 3 and 30 mg/L
did not effect on ammonia. Structure changes of essential oil component will alter its activity. Biohydrogenation
transform of Ethyl p-methoxycinnamate a major constituent of the Kaempferia galanga L. rhizome essential oil, to
ethyl p-hydroxycinnamate increased the potential inhibition, bactericidal, and fungicidal toward bacteria and fungi
(Omar, 2014).

Total VFA, acetate, propionate, butyrate, ratio acetate to butyrate, and rumen microbial protein did not affected by
Kaempferia galanga L. Cinamaldehyde reduced VFA and its component at level 3000 mg/L and up (Busquet et al,,
2006) 300 mg/L and up except acetate did not affected up to level 660 mg/L (Macheboeuf et al., 2008). Dose up
to 100 mg/L of Kaempferia galanga L. essential oil might not enough to change the VFA production and profile,
but methane production and protozoa number had been modify. Methane productions per digested dry matter
decrease around 14.98% to 32.29% due to the addition of Kaempferia galanga L. Several essential oil component
reduced methane at different level, carvacrol at 225mg/L, cinnamaldehyde at 265 mg/L, and thymol at 300mg/L
(Macheboeuf et al., 2008).

Addition of Kaempferia galanga L. increase the number of protozoa level 50 and 75mg/L of essential oil. At level
75 mg/L protozoa number was the highest, then a little bit decreased at level 1000 mg/L. Essential oil at low level
might become stimulator for some species of protozoa, and at high level the effect on protozoa population is not
drastic (Patra and Xaxena, 2009).

Conclusions

Kaempferia galanga L. in the diet equal to essential oil level 25 to 100mg/L does not effect on DMD, OMD, CPD,
gas production, pH, total VFA, acetate, propionate, butyrate, rumen microbial protein, and ammonia concentration,
whereas methane production were lower in fermentation with addition of Kaempferia galanga L. in the diet, and
protozoa number increase at dose 50 up to 100mg/L.
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Figure 1. Patterns of dry matter digestibility and gas production of in vitro rumen fermentation added
Kaempferia galanga L. ( gas Production (====), dry matter digestibility ( ==))

Table 1. Effect of Kaempferia galanga L. on nutrients digestibility and carboxymethyle cellulase activity

Parameters Level of essential oil (mg/L)
25 50 75 100
Dry matter digestibility (%) 49.72+ 6.637  54.08+2.043  41.60+ 5.844  50.30+ 5.882  48.85+ 1.292
Organic matter digestibility (%) 49.12+ 5543 4534+ 1817  56.69+ 4.809 5046+ 5.165 51.36+ 1.052
Crude protein digestibility (%) 56.02+ 3.949  39.05+3.038  34.75+ 4.907  53.58+ 3.567 4631+ 5.540
Gas production/DM digested (ml/g) ~ 174.36+ 23.487 212.39+ 1.220  176.67+ 16.148  217.78+ 18.493  205.75+ 0.888
CMC ase 2.30+ 0.130 1.96+ 0.014 1.68+ 0.270 2.18+ 0.660 1.30+ 0.559

Table 2. Effect of Kaempferia galanga L. on parameters of rumen fermentation

Parameters Level of essential oil
0 25 50 75 100

pH 6.77+ 0.049 6.73+0.042 6.76+ 0.007 6.76+ 0.021 6.80+ 0.057
Total VFA (mmol/100mL) 15.11+ 2.477 15.97+2.741 14.35+ 0.029 20.00+ 0.627 25.40+ 4.452

Acetate 10.77+ 1.536 11.52+1.859 10.44+ 0.072 14.68+ 0.299 19.92+ 12.466

Butyrate 1.34+0.095 1.34+£0.003 1.35+ 0.061 1.65+ 0.193 1.60+ 0.549

Propionate 3.00+ 0.846 3.10+£0.880 2.56+ 0.104 3.66+ 0.733 3.88+ 1.437

Acetate/propionate 3.66% 0.522 3.78+0.473 4.08+ 0.193 4.10+ 0.902 4.87+ 1.409
Rumen microbe (mg/L) 319.36+ 9.400 258.48+28.576  278.42+ 30.456 238.27+ 61.663 23827+ 10.528
Ammonia (mg/10mL) 25.44+ 0.076 25.15+0.278 26.79+ 1.842 28.76 2.902 27.04+ 1.943
Methane production/DM digested (ml/g)* 8.61+0.897° 7.3240.303° 5.83+ 0.572° 7.15% 0.205° 5.23+0.023"
Protozoa (cel x 10%)* 8.52+ 0.080° 8.45+1.850° 10.86% 0.080° 11.87+ 0.119° 10.56+ 0.497°
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Introduction

Methane production through enteric fermentation is of concern worldwide for its contribution to the accumulation
of greenhouse gases in the atmosphere, as well as its waste of fed energy for the animals (Johnson and Johnson,
1995). Developing feeding strategies of ruminants with the methane suppressing impact are desirable and
inhibition of methanogensis has long been considered as a strategy to improve animal productivity.

Enteric methane production in ruminants can be reduced in 3 ways: by removing methanogens from the rumen,
by reducing H2 production, or by providing an alternative H2 sink (Joblin, 1999). Nitrate is an electron sink,
reported to reduce methane production in sheep (Takahashi and Young, 1991; Sar et al, 2004, 2005). Leng
(2008) has emphasized that nitrate as a feed component replacing urea has a dual role as an electronic sink for
hydrogen produced by fermentation, and the ammonia produced is the preferred source of fermentable nitrogen
in diets having a low content of crude protein. It is thus logical to test whether nitrate can be used to lower enteric
methane production and at the same time maintain or promote microbial growth in the rumen.

Chitosan (N-acetyl-D-glucosamine polymer;CHI), is a natural biopolymer derived through the deacetylation of
chitin, a major component of the shells of crustaceans. As a nontoxic, biodegradable carbohydrate polymer, CHI
has received much attention for diverse potential applications in medicine and food preservation because of
its antimicrobial properties, against bacteria, molds, and yeasts (Jeon et al., 2002). Moreover, CHI may provide
an alternative to antimicrobial growth promoters in the diets of ruminants, as suggested byGoiri et al. (2009).
Benefits observed in vitro seem to be caused by changes in ruminal fermentation, in particular by increased
propionate proportion and decreased methane production.Therefore, the objective of this study was undertaken
to investigate the effect of levels of nitrate, extract chitosan or shrimp shell meal on difference roughage and
concentrate ratio diets.

Materials and methods

Briefly, shrimp shell from black tiger shrimp (Penaeus monodon) were provided from the local market. The shrimp
shell meal was prepared by grinded the sun-dried shrimp waste. The chitosan was obtained from treated fresh
shrimp shell by demineralization, deproteination, and deacetylation steps according to the process provided by
Toan (2009).

This study was conducted using an in vitro gas fermentation technique at various incubation time intervals. Two,
1-year-old, rumen fistulated dairy steers with an initial BW of 250 £ 15 kg were used as rumen fluid donor.
Steers were fed with R:C at 60:40 (14% CP and 78.6% TDN, dry matter basis). The experiment design was a 2x7
factorial arrangement in CRD. Factor A was 2 levels of R:C ratio (60:40, 40:60) and factor B was 7 kinds and levels
of additives (NON: non supplementation; Low-Ni: supplementation with 7 mg of KNO3; High-Ni: supplementation
with 14 mg of KNO3; Low-Chi: supplementation with 4.8 mg of extract chitosan; Low-SSM: supplementation with
4.8 mg of shrimp shell meal and High-SSM: supplementation with 24 mg of shrimp shell meal). Substrates and
additives were milled to a 1-mm screen, and weighed (total substrate mixture 200 mg of DM) into 50 ml bottles
for various time incubations. The method used for in vitro fermentation based on the technique described by
Menke et al. (1979). The gas production was recorded at 0, 2, 4, 6, 8, 12, 24, 36, 48, and 72 h of incubation.
Cumulative gas production data were fitted to the model of &Oslash;rskov and Mc Donald (1979). The fermented
contents were sampled at 12 and 24 h after incubation for analyses of in vitro digestibility according to Tilley
and Terry (1963). Ruminal pH was measured and protozoa population was determined by direct count technique
described by (Galyean, 1989).
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Results and discussion

Effects of Nitrate, extract chitosan and shrimp shell meal on in vitro gas production

Cumulative gas production for each of substrate treatments in each time of measurement is presented as gas
production curves and kinetics of gas production are given in Table 1. Increasing levels of concentrate affected on
cumulative gas production at 96 hours after incubation (P<0.001), gas production from the immediately soluble
fraction (a) (P<0.001), gas production from the insoluble fraction (b) (P<0.001), gas production rate (c) (P>0.05)
and the potential extent of gas production (a+b) (P<0.001). These findings suggest that the inclusion of high
proportion of concentrate results in an increasing rate and extent of fermentation of the inoculums. These results
agreed with Lunsin and Wanapat (2010); Anatasook and Wanapat (2012) who reported that cumulative gas
production were higher when decreased R:C ratio from 70:30 to 30:70.

Feed additives supplementation were also impacted on cumulative gas production (P<0.05). Cumulative gas
production was highest on treatment with Low-Chi and lowest at High-Ni addition. In the rumen, continuous
microbial fermentation is contingent on the reoxidation of cofactors generated when organic matter is fermented
to volatile fatty acids (VFA) with the synthesis of microbial cells. Nitrate can replace carbon dioxide as an electron
acceptor with the generation of another reduced product in this such as nitrate is reduced to nitrite and then
to ammonia (Leng, 2008). The reactions by which electrons are transferred to produce methane or ammonia,
therefore hydrogen sinks in the rumen were trapped and resulted in lower rumen gas production.

Chitosan has the antimicrobial activity of being against different groups of microoganisms (Goiri et al., 2009;
Benhabiles et al., 2012) which produce enzymes to hydrolyze the forage and that results in the reduction of the
total gas production and decreased of [IVDMD, IVDOM. The results of present study also in agreement when
supplement high levels of chitosan and shrimp shell meal on in vitro fermentation.

Effects of nitrate, extracted chitosan and shrimp shell meal on in vitro degradability, pH and protozoa population.
The effects of nitrate, extracted chitosan and shrimp shell meal on in vitro dry matter degradability (IVDMD), in
vitro organic matter degradability (IVOMD), pH, and protozoa population in diets with difference R:C ratios were
shown on table 2. The incubated R:C ratio diets significantly affected IVDMD (P<0.001), IVDMD (P<0.001), pH
(P<0.001) and protozoa population (P<0.001). Feed additives were also significantly reduced IVDMD (P<0.01),
IVODM (P<0.001), and protozoa population but did not influence on pH parameter.

Thein vitrodegradability of both DM and OM increased with an increasing level of concentrate. This could be due
to the high soluble carbohydrate contained in the treatments at the high level of concentrate ratio. Results of the
current experiment agreed with the finding of Arriola et al. (2011) who found that when the dairy cows were fed
lower F:C ratios diets, the digestibility of dry matter increased and Anatasook and Wanapat (2012) who reported
that thein vitrodegradability of both DM and OM increased with an increasing level of concentrate. A diet with
increasing of the R:C ratios could increase the pH (Aguerre et al, 2011). In the present study, the high R:C ratio
had higher rumen pH than low R:C ratios diet. Similarity, The R:C ratio affected the protozoal population which
was lower in a R:C of 60:40. This observation is supported byCherdthong et al. (2010)who found that protozoal
populations linearly increased with an increasing level of concentrate.

Marais et al. (1988) reported that nitrate or its reduced product temporarily present in the digesta would decrease
ruminal dry mater digestibility. Dai et al. (2010) also showed that ruminal IVDMD changed in a quadratic fashion
with the rise of nitrate-N addition level. Similarity, the present study shown that nitrate supplement resulted on
IVDMD and IVOMD reduction.

In general, in the current in vitro trials, chitosan reduced IVDMD and IVOMD. This could be in agreement with
the chitosans’ previously described antimicrobial action (Jeon et al., 2002). The mechanism of the antimicrobial
activity of chitosan polymers has not yet been fully elucidated, but the most feasible hypothesis is a change in cell
permeability due to interactions between the polycationic chitosan and the electronegative charges on the cell
surfaces (Fang et al., 1994)

Conclusion

The feed additives evaluated in the current experiment can impact on in vitro gas production, nutrient
degradability, protozoa population. This study is an important reference for further research on animal
performances.
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Table 1. Effects of nitrate, extract chitosan and shrimp shell meal on in vitro gas

production

Gas Kinetic

Cumulative

R:C ratio Supplementations

gas (mL)
produced at

a(mL) b(mL) c¢(mL/h) atb (mL) 96h

60:40 Non 0.7 60.5 0.044 61.2 61.6
Low-Ni -0.4 57.0 0.048 56.6 60.0
High-Ni 1.2 59.4 0.032 60.6 58.1
Low-Chi 1.4 61.9 0.044 63.4 63.7
High-Chi 1.6 59.8 0.044 61.4 61.8
Low-SSM 22 57.9 0.039 60.1 59.3
High-SSM 0.5 61.3 0.041 61.9 61.0
40:60 Non 0.8 68.4 0.073 69.2 71.9
Low-Ni -1.3 69.1 0.067 67.8 69.7
High-Ni -0.1 65.8 0.061 65.7 67.3
Low-Chi -0.6 68.5 0.071 67.9 69.9
High-Chi -0.3 67.8 0.067 67.5 68.7
Low-SSM -0.9 67.8 0.064 66.9 68.5
High-SSM 1.0 67.1 0.060 68.2 69.0
SEM 0.06 0.25 0.0003 0.24 0.17
Comparison
Ratio skokok skskok skskok skokok skskok
Supplementation * ns ok ns *
Ratio*Supplementation * ns ns ns ns

Non = Control; Ni = KNO3; Chi = Chitosan; SSM = shrimp shell meal; ns = non-significant;

* P<0.05; *** P<0.001; SEM = standard error of the mean

Table 2: Effects of nitrate, extracted chitosan and shrimp shell meal on in vitro

degradability, pH and protozoa population

R:C ratio Supplementations IV(];)I\;ID IV((;)D;ID pH a 05P zg;?::/;m
60:40 Non 62.71 70.13 6.78 2.5
Low-Ni 62.68 70.84 6.79 2.0
High-Ni 62.65 68.11 6.69 1.5
Low-Chi 61.18 67.65 6.70 2.0
High-Chi 57.24 66.67 6.71 1.5
Low-SSM 61.64 65.99 6.73 1.7
High-SSM 58.71 63.53 6.74 1.7
40:60 Non 70.54 83.72 6.69 5.0
Low-Ni 69.49 81.93 6.68 3.7
High-Ni 69.6 80.15 6.70 3.0
Low-Chi 68.47 77.72 6.67 3.7
High-Chi 65.09 75.40 6.68 2.7
Low-SSM 68.20 75.86 6.68 3.0
High-SSM 65.37 74.40 6.65 2.2
SEM 0.12 0.11 0.002 0.03
Comparison
Ratio skskok skskok skskosk skokok
Supplementation Hok oAk ns HA
Ratio*Supplementation ns ns ns ns

Non = Control; Ni = KNO3; Chi = Chitosan; SSM = shrimp shell meal; ns = non-significant;
*% P<0.01; *** P<0.001; IVDMD: in vitro dry matter degradability; IVOMD: in vitro organic

matter degradability; SEM = standard error of the mean
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INTRODUCTION

The world buffalo (Bubalus bubalis) population is estimated at 168 million. Of that, 95.83% (161 million) are
found in Asia while the remaining comes from Africa, Egypt, South America, Australia and Europe. The research
on rumen microorganisms in swamp buffalo has been neglected and not much emphasis has been done on
this species. Traditionally the buffalo has been a draught animal pulling ploughs in the rice fields, and lately
transporting oil palm fruits in difficult terrain in oil palm plantation. The buffalo is commonly slaughtered for its
meat. In fact, in some regions in Malaysia, the buffalo meat is more cherished by consumers than beef from cattle.
The buffalo meat has been shown to be high in protein, low in fat and is palatable.

The swamp buffalo feed on a greater range of food than cattle. They tend to eat dry weeds along with aquatic
plants. Surveys of the 16S rRNA gene diversity showed that microorganisms in the swamp buffalo rumen were
diverse than those in cattle rumen (Wanapat, 2010). More, specifically, water buffalo rumen contains more
bacteria and fungus, but lower amounts of protozoa. However, a greater proportion of the rumen microorganism
was unable to be cultured.

Characterization of the bacteria genes that cannot be cultured remains a significant challenge. Genomics, the study
of the entire genome of an organism, uses DNA isolated from pure cultures of the microbe. Such a procedure is
not possible with microbes that cannot be cultured, thus making traditional genomic analyses of as many as 40%
of microbes in the rumen impossible. However, recent advances in genomics of bacteria in water and soil have
confirmed the utility of metagenomics, a technique of studying the genomes of all microbes, regardless of their
ability to be cultured, using a whole-genome shotgun sequencing approach. Metagenomics is a cost-effective,
culture independent approach to identify microbes and analyze microbial genomes. Metagenomics treats the
microbial community as a single dynamic entity. It explores the genome content of the community and leads
to analysis of changes in content and expression as a function of site, time, and various states of perturbation,
e.g., progression towards and regression from disease following treatment. To our knowledge, the study using
metagenomics analysis to reveal total rumen bacterial population in the swamp buffalo is not available publicly.
Many studies were focus on cattle (Ross, et al., 2012) and wild ruminants (Pope et al., 2012; Dai et al., 2012).
Hence, this study aims at improving the knowledge on the rumen bacterial community of the swamp buffalo
associated with low quality forages.

METHODOLOGY

The sampling site of rumen fluid was conducted at Seri Menanti, Negeri Sembilan, Malaysia. Rumen contents
(RC) and rumen fluid (RF) were collected from five swamp buffaloes free grazing at the area of paddy field. Prior
to sequencing, all RC and RF were underwent DNA extraction using QIAamp Fast DNA Stool Kit (QIAGEN, USA)
by following the manufacturer instruction. Each sample of RC and RF DNA were extracted in five replicates and
the extracts were subsequently pooled. Each DNA concentration and quality was determined by using Qubit 2.0
flourometer. While the band size (approximately 1.5 kb) were analysed on 0.8% agarose gel electropherosis.

The V3 and V4 hypervariable region was amplified from DNA. PCR reaction were carried out an initial
denaturation step at 95°C for 3 minutes followed by 25 cycles of 95°C for 30 seconds, 55°C for 25 seconds and
72 °C for 30 seconds and final extension program step at 72 “C for 5 minutes. The PCR product were analysed
on 1.5% agarose gel and bands of desired size were purified. DNA quality and concentration were checked using
spectrophotometer. The amplicons were normalized, pooled and sequenced on the Illumina MiSeq desktop
sequencer at the UPM Institute of Bioscience.

[llumina reads were firstly analysed by adapter remover using Paried-End Adapter Trimmer, PEAT v1.2 to
improve cluster identification. A threshold of phred quality score Q20 of the base were chose and filter for
merged fragments and salvage food quality of unpaired read 1 that is longer than 100bp. Hence, any contigs
with ambiguous base and longer than 200 bp were culled. To detect putative chimeric sequences in the filtered
data, sequences were subjected to USEARCH uchime_ref chimera check against RDP_GOLD version 9 with default
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parameters. Representatives assigned as chimeras propagate the assignment across their clusters and a single
list of all putative chimeras is output. All chimeric sequences were removed from consideration before the next
step in the pipeline. Open reference OTU picking method in Qiime version 1.8 was used. It is due to its ability to
detect reference based collection and novel diversity. The input reads undergone another pre-filtering process by
searching reads against the reference set with a low percent identity threshold to discard sequences that were
not representatives of the targeted marker gene. Sequences were then clustered using UCLUST version 1.2.22 in
parallel by a closed-reference OTU picking workflow, where sequences are queried against the reference database
at percent identify 97%. If a read matches a references sequence at greater than or equal to 97% identity, it is
assigned to the OTU defined by that reference sequence.

Next, a random subsample of 0.1% of the sequences that failed to match the reference sequence collection are
clustered de novo, and the cluster centroids for all resulting OTUs are used to define a new reference sequence
collection. These OTUs are referred to as new reference OTUs. The sequences that were not included in the
random subsample that was clustered de novo then go through an additional process of parallel closed-reference
OTU picking, where they are clustered against the new reference OTUs based on matching a sequence in the new
reference OTUs based on matching a sequence in the new reference sequence collection at greater or equal to
97% identity. This creation of a new reference database allows us to harness the parallelization of closed-reference
OUT picking pipeline, greatly decreasing the time it takes to sequence that failed to hit the initial reference
database to be clustered into OTUs. In the final clustering step, sequences that were failed to hit a reference
sequence during final closed-reference OTU picking step were clustered to de novo which referred as clean-up
OTUs. Finally, the reference OTUs, new reference OTUs and clean-up OTUs are combined into a single OTU table.
This table is a filtered table excluding OTUs with counts less than or equal to a threshold 5. By threshold 5, each
OTU is observed at least 5 times before being qualified.

RESULTS AND DISCUSSION

Initially there are 510436 of paired-end reads. Upon FASTQ screening, a total of 434498 reads had passed the
criteria of Q20 phred quality score and sequence bigger than 100bp. After FASTA pre-processing, a number
of 19902 reads has been flagged as chimeric leaving out 414596 reads for downstream analysis. The analysis
has gone through Open Reference OTU picking where the output of reads is 304146, while the number of
observations is 3889 and table of density is 1.0.

Rarefraction curve is the basis for calculating diversity metrics which reflected the diversity within the sample
based on the abundance of various taxa within a community. The rarefraction curve generated from the OTU
suggested that high sampling coverage was achieved in sample. Two observed non phylogenetic approach
parameters were used are Chaol (Figure 1) and observed species (Figure 2). Hence, a steady increase in species
richness was found in this sample.

Comparison of significant presence of the phylum proportions was common in microbial ecology research (Ellis
et al., 2013). Overall, there were 16 identified phyla in the sample. Among all phylum categories, taxa within the
Bacteroidetes were the most dominant at 40% and followed by Firmicutes as the second dominant at 38.9%. A
distinct feature was present by Fibrobacteres with relative abundance of 5.4%. A further observation of taxa in
the swamp buffalo rumen was carried out at family level. Total of 50 identified family and the most dominant
family was shown by Prevotellaceae (19%) derived from Bacteroidales order. While second dominant family is
shown by Ruminococcaceae which derived from Clostridiales order and Firmicutes phylum. Prevotella was the
most abundant genera (19%) (figure 3) in a total of 37 identified genus which plays significant role in utilize
carbohydrate (Herbert, 1992) and also metabolism of protein and peptides in the rumen (Wallace et al., 2007).
This followed by genera Fibrobacter (5%) and Ruminococcus (4%). According to Hungate (1966), F. succinogenes
and the Ruminococcus spp are mostly limited to cellulose and its hydrolytic products (i.e. cellobiose and glucose)
as growth substrates.

CONCLUSION

Based on the data obtained, general outline of this microbiota at higher taxonomic level analyses has shown
that the same two phyla which are Bacteroidetes and Firmicutes were the most abundant within the bacterial
community. This concludes that genes related to fibrous degrading were expressed by the microbiome.

KEYWORD : Metagenomics,, Swamp buffalo,, Fibrolytic bacteria, Genera
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Figure 1: Rarefraction curve of sample at 97% sequences identity.
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Figure 3: Bacteria distribution at genus level.
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Objective

Mastitis in dairy cows as one of the most serious diseases in today's dairy production, has always been the focus
of attention and exploration by researchers all over the world. With the development of science and technology,
more and more pathogenic bacteria were found with mastitis. In addition, many non-pathogenic bacteria are
also common in milk. However, there is no culture independent data to study the sources of bacteria in milk, it
is necessary to determine whether there is a certain relationship between the bacteria and somatic cells in milk.
Therefore, our experiments are devoted to examine environmental impact on microbiota of dairy cow milk in
relation to changes in the somatic cell count.

Methodology

Milk samples were collected from the dairy cow herd of Okayama Livestock Research Institute. All cows were
managed by automatic milking systems (Astronout A4, Liley) and were offered total mixed ration silage for a
whole year. Likewise, environmental samples, i.e. aerosol, tap water, feed, feces, bedding, and udder skin, were
collected to compare microbiota with manually collected milk one. Bacterial community was examined by DGGE
and total population was quantified by real time PCR. Principal coordinate analysis was employed to describe
similarity and diversity of microbiota.

Results

Automatic milking system collected milk total bacterial population was linearly correlated with SCC, whereas
typical contagious mastitis-related pathogens were not found in any milk samples. Many bacteria are common
in milk, i.e. Pseudomonas fluoresces, Enterococcus casseliflavus, Acinetobacter Iwoffii, Pseudomonas putida, and
Propionibacterium acnes. Although milk microbiota differed between sampling times, no significant differences
were seen between cow’s milk collected at the same time. However, no bacterial species detected in the DGGE
analysis were suggested to be related to the SCC. Microbiota of milk resembled with those of udder skin, aerosol,
and tap water, but appeared unrelated with those of feed, feces, and bedding. In addition, the bacteria on the skin
of the nipple does not have obvious similarities with the bedding, feces and feed bacteria flora.

Conclusion
Milk bacteria flora are most similar to the udder skin , the bacterial population in milk may cause changes in the
milk somatic cell count BReasonable and effective cleaning nipple skin may have a positive effect on prevention of

mastitis.

KEYWORD : SCC, Bacterial communities, environmental
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INTRODUCTION

Thai native chicken meat is preferred by the consumers according to the good taste and low cholesterol
(Jutarasitha, 2008). Pradu Hangdum Chiangmai is one of the Thai native chickens which very famous in northern
part of Thailand. They are generally raised under free range and in farm system by the small famers. The
consumers in northern part of Thailand preferred the yellow skin of Pradu Hangdum Chiangmai. Skin color is the
one of important factors for consumer decision.

Spirulina is the one of natural pigmenting source in poultry (Tasaki, 2003; Mariey et al., 2012) addition to protein
source in poultry (Ross and Dominy, 1990) and fish feed (Lu and Takeuchi, 2004; Ungsethaphand et al., 2010).
In Thailand, the information about the using of spirulina in Thainative chicken feed was not found. Therefore,
the spirulina were use as feed additive to improve product performance. The effects of spirulina on the growth
performance, skin color and nutritional digestibility were observed.

MATERIALS AND METHODS

Animals and treatment

The 240 two-week-old chicks (Pradu Hangdum) were randomly assigned to 5 experimental groups (Completely
randomized design; CRD), 4 replicates of 12 chicks. In group 1, the chicks were fed control diet without spirulina
(0%). In groups 2, 3, 4 and 5 the chicks were fed the diet containing spirulina at 0.25, 0.50, 0.75 and 1.00%
respectively. The chicks were fed ad libitum with experimental diets and had free access to water for 12 weeks.
Feed intake and body weight gain were measured weekly for 12 weeks period. At the end of experimental period,
twelve birds from each group were humanely slaughtered for carcass observation and twelve birds from each
group were separated for digestibility observation.

Statistics

All data were statistically analyzed using one-way ANOVA, and significant differences among the treatments were
determined with Duncan’s multiple range test using the SPSS (SPSS Inc., Chicago, USA) software program, with 95
% confidence.

RESULTS

Growth performance and carcass quality: After feeding the experimental diets for 12 weeks, feed intake, body
weight gain and feed conversion ratio were not significantly different (P> 0.05) (Table 1). The carcass qualities of
all experimental groups were not significantly different (P> 0.05) (Table 2) excepted that the skeleton frame in the
supplementation with spirulina at the level of 0.25 and 0.50% groups were higher (P< 0.05) when compare with
control.

Skin color: The lightness of the 0.50% spirulina group was lowest (P<0.05) (Table 3). The redness did not show
a significant difference (P>0.05) among the groups but the yellowness of the 0.75% spirulina group was higher
(P<0.05) than those of the others groups excepted that of 1.00% spirulina group.

Nutritional digestibility: The spirulina was not affected on fat and phosphorus digestibility but decreased in the
digestibility of dry matter, crude fiber and ash in the 0.05, 0.75 and 1.00 % spirulina groups (P<0.05). The crude
protein digestibility was decreased in 1.00% spirulina group (P<0.05); and calcium digestibility were decreased in
0.50 and 1.00% spirulina groups (P<0.05). (Table 4).

DISCUSSION

The using of spirulina in Pradu Hangdum diet at the levels of 0.25-1.00% could not enhance growth performance,
carcass quality and nutrient digestibility these results might due to Pradu Hangdum strain has been improved for
raising in a farm system and local condition and under free range system. Pradu Hangdum had the good product
performance even they were fed by fermented diets (Verrarux et al., 2013) or crops residues (Chawut, 2015) as
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the main ingredient of the feed. However, spirulina at the level of 0.75% dramatically increased the yellowness of
the skin in which meet the consumer preference. The same phenomena were observed in laying hen fed 0.2-0.8%
spirulina, yolk color were increased (Zahroojian et al., 2011). According to that spirulina contain the carotenoid
(Devanathan and Ramanathan, 2012) in which absorb from the intestine to blood system (Yonekura and Nagao,
2007) and deposit in fat tissue under the skin (Na et al, 2004). Therefore, it is profitable to use spirulina to
improve the skin color of Pradu Hangdum.

KEYWORD : Spirulina, Thai native chicken, Growth performance

Table 1 The effects of spirulina on growth performance from 2-14 weeks of age (n = 48)

Spiruina %) ebidest ebirdeck FCR
0 307.87 7538 4.08

0.25 29581 67.71 4.47
0.50 293.16 69.88 4.21
0.75 314.6 7239 4.33
1.00 286.41 68.97 4.22

Table 2 The effects of fermented feeds on carcass quality (% live weight) (n = 12)

Spirulina (%)

ftems 0.00 0.25 0.50 0.75 1.00
Live weight (g) 1105.00 1071.67  1119.17  1127.50  1089.17
Carcass yield 80.22 80.10 79.48 76.41 70.28
Wings 9.73 9.73 9.76 9.59 9.40
Drumstrick 10.85 10.54 10.63 10.28 9.41
Thighs 10.54% 10.73? 11.03% 11.27° 9.48"
Pectoralis Major 8.88 9.24 9.58 8.88 8.02
Pectoralis Minor 3.10 3.13 3.23 3.26 2.85
Skeletal frame 17.05¢ 19.712 19.56%® 17.19%¢ 15.94%¢
Shanks and feet 4.85 4.88 4.65 4.97 4.47
Head and neck 8.68 8.74 8.35 8.69 7.93
Liver 2.36 241 2.26 2.40 2.40
Gizzard 4.12 3.78 4.15 431 4.06
Heart 0.90 0.58 0.58 0.60 0.53
Spleen 0.48 0.53 0.48 0.51 0.53

“*Means followed by different letters are significantly different (P < 0.05)
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Table 3 The effects of spirulina on skin color

Spirulina (%) L*(lightness) a*(redness) b*(yellowness)
0 64.30 3.27 7.30°
0.25 65.39% 3.65 4.42¢
0.50 65.96% 3.51 3.56°
0.75 63.38° 3.26 10.76°
1.00 64.95% 3.11 9.45%

““Means followed by different letters are significantly different (P < 0.05)

Table 4 The effects of spirulina on nutritional digestibility (%)

Spirulina (%)
Items
0 0.25 0.50 0.75 1.00
Dry matter 82.09% 82.87° 75.65¢ 78.18% 70.99¢
Crude protein 68.16% 63.27% 57.98% 60.117 47.29°
Crude fiber 49.50° 48.97° 12.05¢ 29.97° 14.14°
Ash 48.35° 51.228 31.37% 40.57° 24.52¢
Ether extract 85.88 86.78 83.00 84.18 78.45
Calcium 72.422 71.872 60.80° 75.16% 57.50°
Phosphorus 93.45 93.08 91.74 92.34 88.47

+dMeans followed by different letters are significantly different (P < 0.05)
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Effect of Palm Oil and Free Fatty Acid Substitution in Diets on Growth
Performance and Carcass Yield of Broilers
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Abstract

This study was conducted to evaluate the effects of palm oil and Free Fatty Acids (FFAs) substitution in diet on
growth performance and carcass yield of broilers. A total of 900 male broiler chicks were divided into 5 groups
with 6 replicates of 30 birds each. The birds received a control diet using palm oil as dietary oil supplementation
and other groups were substituted with 25, 50, 75 and 100 % of FFAs for 35 days. At the end of feeding trial, the
results indicated that 50% FFAs substitution not influenced the body weight when compared to the control group,
however, substitution FFAs at 25, 75 and 100% in diets significantly decreased the body weight (P<0.01). In the
other hand, the dietary treatments not influenced the feed intake, FCR and carcass yield of broilers. It is believed
that FFAs is useful as dietary oil supplementation up to 50% substitution of palm oil without the negative effect
the growth performance and carcass yield of broilers.
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INTRODUCTION

Fats are an excellent source of energy, and their inclusion in the diet is the main method of increasing the energy
content of poultry diets (Yacowitz, 1953; Sunde, 1954). Several fat sources are available for poultry, such as
animal fats (e.g., lard and tallow) and vegetable oils (e.g., palm oil and soybean oil). Dietary fats and oils, consisting
mainly of triacylgecerols, are relatively large molecules and cannot be absorbed intact in the small intestines. The
triacylgecerols must be broken down (hydrolyzed) by lipase and colipase, both of which are enzymes produced
in the pancreas. The result of the hydrolysis is two free fatty acids and one 2-monoacylglycerol, which can be
absorbed by the small intestines.

Free Fatty acid (FFA) is a fatty acid which is part of triacylglycerol with no glycerol. Fatty acids play a number of
key roles in metabolism - major metabolic fuel (storage and transport of energy). The digestion and absorption
of fat is a complex process requiring amounts of bile salts, lipase and colipase. Overall digestion and absorption
was higher in triglyceride-fed chicks than chicks receiving fatty acids and the poorer fat absorption observed on
feeding free fatty acids instead of triglycerides is partially explained by less efficient micellarization (Sklan, 1978).
Van Kuiken and Behnke (1994) reported that the activity of lipase can be inhibited by FFAs. Lack of any one of
these enzyme will impair the digestion and absorption processes. Therefore, the objectives of this study were to
evaluate the effect of palm oil and free fatty acid substitution in diets on growth performance and carcass yield of
broilers.

MATERIALS AND METHODS

This study was conducted at Animal Research Farm, Department of Animal Science, Faculty of Agriculture,
Kasetsart University, Bangkok, Thailand. The experimental animals were kept, maintained and treated in
adherence to accepted standards for the humane treatment of animals.

Animals and management

A total of 900 one-day-old male ROSS 308 broiler chicks were used in this trial. Chickens were randomly divided
into five treatments and each treatment consisted of six pens (thirty birds per pen). Feed and water were provided
ad libitum, with water supplied by nipple drinkers. All chicks were inoculated with Newcastle disease vaccine and
inactivated infectious bursal disease vaccine on day 10.
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Experimental diets

The experimental diets (Table 1 and 2) were satisfying the nutritional requirements described in strain’s and
based on corn and soybean meal. Five dietary treatments were provided to chickens for 35 days as follows; basal
diet (control), and substitution of palm oil by 25, 50, 75, 100 % FFAs, respectively.

The specifications of FFAs used in the experiment was liquid substance, brown in color, 99% minimum of crude
fat, 1% maximum of moisture, 70% minimum of free fatty acids, 80 minimum of iodine value, 30°C of melting
point and fatty acid composition: 18% palmitic acid, 5% stearic acid, 60% oleic acid, 14% linoleic acid and 3%
others.

Parameters

Growth performance: The initial body weight of each chick was recorded at the beginning of feeding trial (day 1).
The body weight, body weight gain and feed intake were measured on the feed switching time basis which means
evaluating on 10, 24 and 35 days in order to calculation of average daily gain and feed conversion ratio and the
mortality of broilers were observed.

Carcass quality: At the end of finisher periods (35 days), 2 birds per replicate (showing closest to the average
body weight in the pen) were selected in order to determine the carcass quality as following; live weight, slaughter
weight, carcass weight, inner breast weight, outer breast weight, thigh weight, drumstick weight, wing weight and
abdominal fat.

Statistical analysis

Analysis of variance was conducted using pen means. All statistical analyses were performed by ANOVA using SAS
statistical programs (SAS Institute, 1996). Differences among treatments were determined with Duncan’s multiple
range test (Duncan, 1955). Probability values less than 0.05 were considered statistically significant. Then the
data were analyzed by regression analysis based on the data that was in response to the increasing levels of FFAs
in linear and quadratic equation to predict the levels of FFAs.

RESULTS AND DISCUSSIONS

Growth performance

The growth performances of animals are shown in Table 3. All animals remained in good health throughout the
trial. The substitution of FFAs in 25, 75 and 100 % results in significantly decreased the body weight (P<0.01) of
finisher period and overall trial (35 days) when compared with control group and linearly increased the FCR of the
overall trial. Substitution of FFAs linearly increased the feed intake and FCR in starter period. However the feed
intakes of the overall trial (35 days) were not significantly influenced by the FFAs.

The results of this study indicated that FFAs was affected bird performance negatively, which is in agreement
with the report of Pesti et al. (2002). The body weight of broilers fed diets containing FFAs in finisher and overall
performance were significantly lower than those of birds fed with control diet, suggesting that the energy in the
diets with a higher FFAs content was not utilized as efficiently as the energy in diets with a lower FFAs content
(Wu et al.,, 2011). Shannon (1979) and Sklan (1979) reported that the absorption of fatty acids was higher in
chicks fed triglycerides than in chicks fed FFAs. Their results suggested a need for glycerides for the efficient
solubilization and absorption of FFAs. The cause of lower body weight could be that the diets with higher FFAs
levels were associated with some chemical, physical, or physiological characteristic that reduced palatability and
feed intake (Rossell, 1994).

There were many factors shown to affect the utilization of fats such as the age of the chick (Whitehead and Fisher,
1975; Wiseman and Salvador, 1989), the degree of saturation of fatty acids (Renner and Hill, 1961a, b; Young,
1961; Young and Garrett, 1963; Garrett and Young, 1975; Ketels and Groote, 1989), and the chain length of the
fatty acid (Renner and Hill, 1961a), as well as positional effects of fatty acids on the triglyceride molecule (Renner
and Hill, 1961b). Therefore, in this study, the cause of lower body weight may due to the high levels of FFAs and
the high ration of U: S.
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Carcass quality

Substitution of FFAs linearly reduced slaughter weight, carcass weight and outer breast weight (Table 4) and
there were no significant difference in the other carcass yields (Inner breast weight, tight weight, wing weight,
drumstick weight abdominal fat weight and liver weight). Peebles et al. (1999) reported that birds fed with less
saturated fatty acid in diet improved slaughter yield. Since the carcass quality was effected by fatty acids profile,
therefore, the carcass quality had no significant different in broilers fed with FFAs.

CONCLUSION

In conclusion, substitution FFAs at 25, 75 and 100% in diets had a negative effect to the body weight. However
50% FFAs substitution not influenced the body weight when compared to the control group. The carcass quality
was not effected by FFAs.
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Table 1 Experimental diet composition

Ingredient name Starter Grower Finisher

Corn Thai 55.01 56.39 62.35
Palm oil 3.48 5.06 4.74
Soybean meal (48% CP) 36.07 34.00 28.72
L-Lysine HCL 78% 0.23 0.08 0.08
DL-Methionine 0.33 0.25 0.21
L-Threonine 0.08 0.01 0.01
Monodicalciumphosphate2 1 2.19 1.92 1.77
Calcium carbonate 1.51 1.25 1.22
Salt 0.30 0.30 0.30
PX? Broiler+Antioxidant+ 0.55 0.53 0.40
Anticoxidial+Mold inhibitor

Choline Chloride 75% 0.25 0.23 0.22
Total 100.00 100.00 100.00

Premix
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Table 2 Calculated nutrient content of experimental diet

Nutrients Unit Starter Grower Finisher
ME. for Poultry Cal/Kg. 3,025 3,150 3,200
Protein % 22.10 21.00 19.00
Fat % 5.75 7.32 7.17
Fiber % 3.54 3.45 3.28
Calcium % 1.05 0.90 0.85
Total Phosphorus % 0.85 0.78 0.73
Avail. P for Poultry % 0.50 0.45 0.42
Salt % 0.32 0.32 0.32
Arginine % 1.39 1.33 1.18
Isoleucine % 0.94 0.90 0.79
Lysine % 1.27 1.10 0.97
Met+Cys % 0.94 0.84 0.76
Methionine % 0.63 0.54 0.48
Threonine % 0.83 0.73 0.65
Tryptophan % 0.24 0.23 0.20
Valine % 0.95 0.91 0.82
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Table 3. Effect of free fatty acids on growth performance of broilers.

Free fatty acids

Contrast, P<

Item P-Value SEM
0% 25% 50% 75% 100% Linear Quadratic
Starter (d 1 to
10)
BW (g) 344.41 345.6 342.94 345.37 347.64 0.77 1.15 0.44 0.45
FI (g/b/d) 34.97 35.01 35.36 36.11 36.68 0.15 0.26 0.01 0.48
BWG (g) 297.77 298.96 296.31 298.75 301.02 0.83 1.21 0.49 0.50
ADG 29.78 29.90 29.63 29.88 30.10 0.82 0.12 0.49 0.50
FCR 1.17 1.17 1.19 1.21 1.22 0.27 0.01 0.03 0.80
Grower (d 11
to 24)
BW (g) 1375.36 1350.59 1351.61 1358.09 1347.17 0.24 4.29 0.11 0.36
FI (g/b/d) 99.11 96.34 97.75 97.75 97.80 0.40 0.43 0.69 0.25
BWG (g) 1030.84 1005.09 1009.08 1012.73 999.53 0.25 4.58 0.09 0.51
ADG 73.63 71.79 72.08 72.34 71.40 0.25 0.33 0.09 0.51
FCR 1.35° 1.34° 1.36® 1.35° 1.37¢ <0.01 0 <0.01 0.26
Finisher (d 25
to 35)
BW (g) 2432.14* 2382.63° 2405.32" 2364.68° 2363.6" 0.01 7.44 0.003 0.59
FI (g/b/d) 165.36 163.33 162.94 161.75 163.25 0.69 0.75 0.30 0.34
BWG (g) 1057.27 1032.14 1057.07 1006.62 1016.57 0.51 11.14 0.19 0.96
ADG 96.11 93.83 96.10 91.51 92.42 0.51 1.01 0.19 0.96
FCR 1.72 1.74 1.70 1.77 1.77 0.50 0.01 0.23 0.63
Overall (d 1 to
35)
BW (g2) 2432.14% 2382.63° 2405.32" 2364.68° 2363.6" 0.01 7.44 0.003 0.59
FI (g/b) 3556.23 3495.46 3514.36 3508.79 3531.69 0.50 11.15 0.66 0.14
BWG (g) 2385.87 2336.19 2362.46 2318.10 2317.13 0.40 13.01 0.10 0.81
FCR 1.49 1.50 1.49 1.52 1.53 0.21 0.01 0.04 0.47

a,b,c,d Means within a row with different letters differ highly significant (P<0.05).
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Table 4. Effect of free fatty acids on carcass quality of 35 days old broilers.

Free fatty acids

Contrast, P<

Item (g) P-Value SEM
0% 25% 50% 75% 100% Linear Quadratic

Live weight 2369.17  2309.25  2321.67 2287 2290.75 0.25 12.75 0.05 0.45
Slaughter weight 2205.08 2152.5 2163.92 211592  2119.83 0.11 12.04 0.02 0.57
Carcass weight 1935.5 1890.42 1901.83 1855.17 1848.75 0.09 11.41 0.01 0.83
Inner breast weight 82.67 84.08 84.5 83.42 80.83 0.82 1.01 0.57 0.29
Outer breast weight 420.75 418.33 406.67 395 398.42 0.20 421 0.03 0.73
Thigh weight 290.83 279.5 291.17 279.67 277 0.28 2.69 0.15 0.79
Drumstick weight 227.25 221.75 228.42 221.08 222.42 0.78 2.19 0.53 0.99
Wing weight 174.17 171.83 174.83 162.92 166.83 0.20 1.87 0.08 0.87
Abdominal fat weight 48.77 46.43 4481 48.77 45.72 0.76 1.14 0.66 0.68
Liver 46.82 45.01 45.8 43.76 4571 0.68 0.65 0.47 0.41
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Suwipa Buttarach, Chaiyapoom Bunchasuk, Kanokporn Poungpong,
Theerawit Poeikhampha

Kasetsart University

INTRODUCTION

Poultry feeds are often formulated to meet nutrient requirements. Formulation optimization can also be achieved
by maximizing the benefits of the whole production system, including both feed and animal production, which
needs the investigation of formulations with deficient or excessive nutrient levels (Jackson et al., 1982; Pesti
and Fletcher, 1983). In comparison with ME, NE is a more precise measure for energy availability for growth
performance. It is the part of the dietary energy which is available to the animal for maintenance and production.
Feed formulated on the basis of NE, as opposed to that formulated on AME, resulted in savings of over 80 g
feed per kg live weight over a rearing period of 35 d in broiler chickens (Choct, 2005). A previous experiment
conducted with 30 varying diets to measure and predict the AMEn (Carr'e et al., 2013) and net energy (NE) values
of diets (Carr'e et al.,2014) in broilers supplied a great amount of data that represented a unique opportunity
to investigate these relationships. The current study shows the predictions of growth performance and body
composition from the feed composition(Smith et al., 1998). In parts of protein requirement of chickens is, in fact,
a requirement for amino acids (AA; NRC, 1994; Leeson and Summers, 2001). Therefore, the use of digestible AA
for feed formulation has been recognized as being preferable to formulating diets on a total AA basis (Rostagno
et al., 1995). The reduction excess dietary amino acids via decreasing dietary crude protein (CP) and meet the
amino acid needs of the bird more accurately. A method to determine which amino acids are limiting in dietary
formulation is the ideal amino acid concept (Emmer and Baker, 1997) It is known that the CP and amino acid (AA)
status of a diet influences the carcass composition of broilers (Si et al., 2001). Therefore, the present study was
planned to comparative the dietary protein and energy basis in feed formulation on production performance and
carcass yield of broilers.

MATERIALS AND METHODS

This study was conducted at Animal Research Farm, Department of Animal Science, Faculty of Agriculture,
Kasetsart University, Bangkok, Thailand. The experimental animals were kept, maintained and treated in
adherence to accepted standards for the humane treatment of animals.

Birds and Management

A total of 450 one-day-old Ross 308 broiler male chicks, weighing an average of 43.06 g, were randomly
distributed in four treatments with six replicate pens (25 birds per pen). Chickens were reared and housed in
battery brooders in a room with continuous fluorescent lighting. From d 1 to 35, chickens had ad libitum access
to conventional corn-SBM diets and water, as recommended by Ross 308 manual.

Experimental diets

The experimental diets (Table 1 and 2) based on corn and soybean meal. Four dietary treatments were provided
to chickens for 35 days as follows. There were 3 dietary treatments as follows; 1) Control diet (conventional diet)
using Metabolizable Energy (ME) and Crude Protein (CP) basis or ME&CP, 2) Net Energy (NE) and CP basis or
NE&CP, 3) NE and protein as essential amino acids basis or NE&AA.

Parameters

Production performance: The initial body weight of each chick was recorded at the beginning of feeding trial (day
1). The body weight, body weight gain and feed intake were measured on the feed switching time basis which
means evaluating on 35 days in order to calculation of average daily gain, average daily feed intake and feed
conversion ratio and the mortality of broilers were observed.

Carcass quality: At the end of finisher periods (35 days), 2 birds per replicate (showing closest to the average body
weight in the pen) were selected in order to determination of carcass quality as following; live weight, slaughter
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weight, carcass weight, inner breast weight, outer breast weight, thigh weight, drumstick weight, wing weight and
abdominal fat.

Statistical analysis

Analysis of variance was conducted using pen means. All statistical analyses were performed by ANOVA using SAS
statistical programs (SAS Institute, 1996). Differences among treatments were determined with Duncan’s multiple
range test (Duncan, 1955). Probability values less than 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Production performance

In this study show that the BW, BWG and ADG of the control group were significantly higher than the other
groups whereas the FI was significantly higher than Net Energy (NE) and CP basis but had no different when
compared with NE and protein as essential amino acids basis. This is consistent with Griffiths et al. (1977), who
suggested that a reduction in energy intake is due to physical limitations, because birds cannot eat more to
compensate for reduced energy density of the diet during early age. As the birds become larger, the physical
constraint on the amount of feed intake is decreased. While there was no different between control group and
Net Energy (NE) and CP basis in FCR and significantly lower than NE and protein as essential amino acids basis.
Mortality was not significantly different among treatments overall experimental periods (Table 3). The results of
this study indicated that energy and protein was affected bird performance negatively, which is in agreement with
the report of Hidalgo et al. (2004), who found that birds fed the lowest dietary regimen had increased their feed
intake during the finisher and overall experimental period. Weight gain and FCR were severely depressed during
all the growth periods. The birds provided low-CP and low-ME diets had increased feed consumption, but this
increase could not compensate for the reduced growth and did not allow for complete recovery of final BW. The
difference in rate and efficiency of growth probably occurred due to poor efficiency of utilization of ME and CP,
although critical AA were according to the requirements (Kamran et al., 2008). This observation was in agreement
with reports by Golian and Maurice (1992) and Leeson et al. (1993), who reported that birds consume feed to
primarily meet their energy requirements. Therefore, in this study, the cause of lower body weight, body weight
gain, ADG and FCR may due to the reduce levels of energy and protein.

Carcass Yield

Concentrations of energy and protein did not alter yield of the carcass, outer breast weight, inner breast weight,
wing weight, thigh weight, and drumstick weight but significantly increased the abdominal fat (Table 3). The
increased accumulation of abdominal fat in birds fed low-protein diets was the only consistent observation
reported in these studies. Nevertheless, the preponderance of information suggests that the rate and efficiency of
growth is reduced, and carcass composition is inferior when the dietary CP level is reduced by more than 3%, even
when all known nutrient requirements are met (Aletor et al, 2000; Bregendahl et al., 2002; Sterling et al, 2005;
Waldroup et al, 2005). Similarly, Leeson et al. (1996) reported no differences in carcass and breast fillet weights
in broilers fed gradient concentrations of ME. However, Dozier and Moran (2001; 2002) reported feeding broilers
diets formulated to contain sub optimum concentrations of CP and ME impaired the amount and yield of carcass
parts and the dimensions of breast fillets (Dozier and Moran. 2002).

CONCLUSION

The growth performance of broilers in this study show that the BW, BWG and ADG of the control group were
significantly higher than the other groups whereas the FI was significantly higher than Net Energy (NE) and CP
basis but had no different when compared with NE and protein as essential amino acids basis. While there was
no different between control group and Net Energy (NE) and CP basis in FCR and significantly lower than NE and
protein as essential amino acids basis. And this study found that there were no different in the carcass yield of
broilers but NE and protein as essential amino acids basis led to the higher abdominal fat than control group and
Net Energy (NE) and CP basis.
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Table 1 Experimental diet composition

Ingredient name starter grower finisher

ME&CP  NE&CP NE&AA ME&CP  NE&CP NE&AA  ME&CP  NE&CP  NE&AA
Corn 55.07 55.12 56.64 57.96 58.14 61.55 62.47 62.77 65.67
Palm oil 2.80 2.75 2.50 3.77 3.62 3.057 4.48 4.23 3.75
SBM 48% 37.64 37.63 36.27 34.25 34.21 31.17 29.34 29.28 26.70
L-Lysine 0.19 0.19 0.23 0.13 0.13 0.23 0.14 0.14 0.22
DL-Methionine 0.32 0.32 0.33 0.27 0.27 0.30 0.24 0.24 0.27
L-Threonine 0.09 0.09 0.12 0.05 0.05 0.09 0.04 0.04 0.07
MCP 21% 1.68 1.68 1.69 1.49 1.49 1.51 1.34 1.34 1.35
Calcium carbonate 1.34 1.34 1.34 1.22 1.22 1.23 1.12 1.13 1.14
Salt 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36
Choline Chorine
60% 0.28 0.283 0.28 0.27 0.27 0.27 0.25 0.25 0.25
Premix! 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Total 100 100 100 100 100 100 100 100 100

! Premix 1 kg containing : vitamin A 4 MIU, vitamin D 0.64 MIU, vitamin 24,000 IU, vitamin K 1.4 g, vitamin
B1 0.6 g, vitamin B2 0.3 g, vitamin B6 0.75 g, vitamin B12 14 mg, nicotinic acid 20 g, pantothenic acid 10 g,
folic acid 0.44 g, biotin 0.04 g, choline 60 g, iron 45 g, copper 40 g, manganese 15 g, zinc 40 g, cobalt 0.2 g,
iodine 0.4 g, selenium 0.06 g, carrier added to 1.00 kg.

Table 2 Calculated nutrient content of experimental diet

Nutrients starter grower finisher

ME&CP NE&CP NE&AA ME&CP NE&CP NE&AA ME&CP NE&CP NE&AA
ME. for Poultry (kcal/Kg) 3,000 - - 3,100 - - 3,200 - -
NE. for Poultry (kcal/Kg) - 2,289.99 2,289.99 - 2,366.63 2,366.63 - 2,443.27 2,443.27
Protein (%) 23 23 22.533 21.50 21.50 20.46 19.50 19.50 18.61
Fat (%) 5.29 5.25 5.04 6.32 6.18 5.70 7.12 7.88 6.47
Fiber (%) 2.56 2.56 2.54 247 247 2.40 233 2.34 2.28
Calcium (%) 0.96 0.96 0.96 0.87 0.87 0.87 0.79 0.79 0.79
Total Phosphorus (%) 0.73 0.73 0.73 0.68 0.68 0.68 0.62 0.62 0.62
Avail. P for Poultry (%) 0.48 0.48 0.48 0.44 0.44 0.44 0.40 0.40 0.40
Salt (%) 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
Arg (%) 1.44 1.44 1.41 1.34 1.34 1.25 1.20 1.20 1.20
Ile (%) 0.90 0.90 0.88 0.84 0.84 0.79 0.76 0.76 0.71
Leu (%) 1.81 1.81 1.76 1.72 1.72 1.65 1.60 1.60 1.54
Lys (%) 1.28 1.28 1.28 1.15 1.15 1.15 1.03 1.03 1.03
Met+Cys (%) 0.95 0.95 0.95 0.87 0.87 0.87 0.80 0.80 0.80
Met (%) 0.63 0.63 0.63 0.56 0.56 0.58 0.52 0.52 0.53
Thr (%) 0.86 0.86 0.86 0.77 0.77 0.77 0.70 0.70 0.70
Trp (%) 0.25 0.25 0.24 0.23 0.23 0.22 0.21 0.21 0.20
Val (%) 0.98 0.98 0.96 0.92 0.92 0.87 0.84 0.84 0.79

Table 3 The dietary protein and energy basis in feed formulation on growth performance of broilers. (1-35 days)

Item ME&CP NE&CP NE&AA P-Value  SEM
Starting body weight (g) 43.06£0.10 43.05+0.09 43.05+0.08 0.99 0.02
Final body weight (g) 2588.45464.93  2515.22435.04°  2526.36+30.15°  0.03 12.84
FI (g/b) 3671.55+109.38%  3544.3544521°  3646.54+55.08°  0.02 21.37
BWG (g/b) 254539+465.01°  2472.16+35.07°  2483.30£27.51>  0.03 12.85
ADG (g/b/d) 72.73+1.86° 70.63+1.00° 70.95+0.86 0.03 0.37
FCR 1.44+0.01 1.43+0.03 1.47+0.02 0.03 0.01
Mortality (%) 2.06+2.26 2.03+3.41 1.3942.15 0.89 0.60

a.b.¢ Meanwithin a row with different letters differ highly significant (P<0.05).
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Table 4 The dietary protein and energy basis in feed formulation on carcass yield of broiler 35 days

Item ME&CP NE&CP NE&AA P-Value SEM
Carcass weight 2041.08471.72  2010.75+27.65  2013.25+34.59 0.50 11.28
Outer breast weight 524.67+35.83 521.75+10.56 494.17+£10.76 0.06 5.98
Inner breast weight 92.33+5.28 88.75+3.49 91.25+3.74 0.35 1.01
Wing weight 185.42+10.15 178.1749.75 174.3345.39 0.11 2.23
Thigh weight 287.83+5.33 287.75+18.06 295.17+15.51 0.59 3.23
Drumstick weight 220.67+5.87 220.00+11.15 225.4249.46 0.54 2.10
Abdominal fat weight 41.07+8.70° 37.52+3.57° 51.68+5.76° 0.00 2.03

&b Meanwithin a row with different letters differ highly significant (P<0.05).
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Effect of Nutrient Density and Phytase Supplementation in Diets on Growth
Performance, Carcass Yield and Bone Condition of Broilers
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ABSTRACT

The study was carried out to determine the effect of nutrient density andphytase supplementation in diets on
growth performance, carcass yield and bone condition of broilers. A total of 10 days old 144male broilers (Ross
308) were divided into 3 groups and each group consisted of 4 replicates of 12 birds each. Birds fed a control diet
or low nutrient density diet (phosphorus, calcium, protein, amino acids and dietary energy) with or without 500
FTU/kg phytase supplementation for 23 days. The results indicated that at the end of the experiment, the dietary
treatments not influenced the feed intake, body weight and feed conversion ratio of broilers (P>0.05). Phytase
increased outer breast meat (P<0.05) but the dietary treatments not influenced the others carcass yield of birds.
Low dietary nutrient density significantly decreased tibia ash (P<0.05) but phytase supplementation improved
tibia ash of birds similar to those fed a control diet. It could be concluded that phytase supplementation in low
nutrient density diet improved the carcass yield and bone condition of broilers.

Corresponding Author: Theerawit Poeikhampha, Tel: +66-2579-1120, Fax: +66-2579-1120, E-mail: agrtrw@ku.ac.
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INTRODUCTION

The increasing broiler production around the world has led to the application of nutritional strategies that
improve nutrient utilization. The supplementation of exogenous enzymes to corn, soybean meal-based broiler diets
allows supplying nutrient deficiencies and to reduce endogenous losses, thereby optimizing performance. Phytase
is an enzyme that acts in the bonds of the phosphate group of phytate, releasing phosphorus and other minerals
that are part of this molecule (Cromwell & Coffey, 1991). But the monogastric animals like poultry are unable to
utilize this phytate phosphorus, as they lack endogenous phytase, and this results in the addition of inorganic feed
phosphates to the poultry diets in order to meet the phosphorus requirements of poultry (Yu et al.,, 2004). The
dietary supplementation of the exogenous phytase reduces nutrient variability of feedstuffs, and counteracts the
antinutritional effects of phytate, increasing the accuracy of feed formulation.

Exogenous phytase is included in feed formulations not only to reduce phosphorus supplementation, but also
to release minerals, particularly calcium, as well as amino acids and carbohydrates by the hydrolysis of phytate,
improving nutrient utilization (Oluyinkaet al., 2007; Slominski, 201 1).Research has shown that the performance
of broilers fed with different levels of inclusion of phytase and low levels of available P in the diets can improve
with the addition of the enzyme (Santos et al., 2005; Fukayamaet al., 2008). However, other researchers did not
observe beneficial effect on broiler performance with the addition of phytase in the diets (Assuenaet al., 2007).
This study was conducted to evaluate the effects of phytase supplementation in diets on growth performance,
carcass yield and bone condition of broilers, then determine the feasible addition of phytase in the diets of broilers
for optimizing the feed formula.

MATERIALS AND METHODS

This study was conducted at Animal Research Farm, Department of Animal Science, Faculty of Agriculture,
Kasetsart University, Bangkok, Thailand. The experimental animals were kept, maintained and treated in
adherence to accepted standards for the humane treatment of animals.

Animals and management

A total 10 days old144 male ROSS 308 broiler chicks were used in this trial.

Chickens were randomly divided into three treatments and each treatment consisted of four pens (twelvebirds
per pen). Birds fed a control diet or low nutrient density diet (phosphorus, calcium, protein, amino acids and
dietary energy) with or without 500 FTU/kg phytase supplementation for 23days (Table 1).The feeding periods
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were grower phase (10 - 24 days) and finisher phase (25 - 33 days). Feed and water were provided ad libitum,
with water supplied by nipple drinkers. All chicks were inoculated with Newcastle disease vaccine and inactivated
infectious bursal disease vaccine on start trial.

Parameters

Growth performance: The initial body weight of each chick was recorded at the beginning of feeding trial. The
body weight (BW) and feed intake (FI) were measured onthe feed switching time basis which means evaluating on
10 (initial) , 24 and 33 days of age in order to calculation of average daily gain (ADG) and feed conversion ratio
(FCR) and the mortality of broilers were observed.

Carcass quality: At the end of finisher periods (33 days), 2 birds per replicate (showing closest to the average body
weight in the pen) were selected in order to determine the carcass quality as following; live weight, carcass weight,
inner breast weight, outerbreast weight.

Bone condition: At the end of the experiment (33 days), 2 birds per replicate.The left tibia bone was collected,
following; tibia weight and tibia ash, according to Gardiner et al.,(1961)

Statistical analysis

Data were analyzed as a completely randomized design using the ANOVA procedures of SAS (Statistical Analysis
System, Version 9.0, 2002). The model used was as follows:

Yij=p + 1i+ € 4j

where

Yij= dependent variable

p = overall mean effect

7 i=fixed effect of treatments

I = control, with and without 500 FTU/kg phytase supplementation

¢ ij=residual experimental error with N (0, 0 %)

The significance of the differences between the treatment group means for each parameter was evaluated using
the Duncan’s New Multiple Range Test (DMRT). Probabilities of P < 0.05 and P < 0.01 were taken to indicate
significant differences. All statistical analyses were computed in accordance with the method of Steel and Torrie
(1980).

RESULTS AND DISCUSSIONS

Growth performance

The growth performances of birds are shown in Table 3. All animals remained in good health throughout the trial.
During the experiment the mortality rate was not found. The results indicated that low nutrient diet (negative
control) resulted in reduce growth performances (P<0.05). However, at the end experiment, the feed intakes
were not sinfluenced by the phytase supplementation.Similarly, Santos et al. (2005) and Guilherme et al (2012)
observed that feed intake and weight gain of broilers fed diets with nutritional levels reduced without addition
of phytase were inferior to those from the positive control group. But, when diets were supplemented with
phytase, birds presented feed intake and weight gain similar to those of the positive control. Chisato et al. (2003)
reported that chicks receiving diets with phytase showed greater weight gain, feed intake feed efficiency, energy,
phosphorus and nitrogen.

Phytase is an enzyme that acts in the bonds of the phosphate group of phytate, releasing phosphorus and other
mineral that are part of this molecule (Cromwell & Coffey, 1991).This way, besides increasing phosphorus
availability, the use of phytase also improves the availability of other minerals,such as magnesium, manganese and
copper. Thus, its usein diets for broilers may provide positive responses on thedigestibility of feeds and broiler
performance, having adirect effect on productive efficiency.

Carcass quality

The effects of phytase enzyme supplementation on carcass quality are shown in Table 4. The parts investigated
were inner breast weight and outer breast weight and there were no significant difference in the other carcass
yields. But, in this experiment, the diets supplemented phytase of broilers could improve the eviscerated carcass
ration and outer breast muscleration. It was possible that phytase was effective to eviscerate ration carcass ration
and outer breast muscle ration.These results agrees with previous findings of Angel et al., (2007) but opposite to
those of Pillai et al., (2006) who showed that phytase supplementation significantly increased percentages of most
of carcass merits compared to phosphorus deficient diets.
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Bone condition

Effect of nutrient density and phytase supplementation in diets on bone condition of broiler during grower
and finisher periods are show in table 5. Phytase in increase total ash in tibia(p<0.01) and tibia ash (p<0.05) of
broilerswhen reduced calcium, phosphorus, amino acid, and Metabolizable energy levels in feed. It is believed
that phytase increases the release of phosphorus and other minerals from the feedstuffs. According to Nelson &
Walker (1964) and Pereira et al. (2012), bone ash content is the most efficient parameter to estimate the amount
of phosphorus released by phytase in corn and soybean meal-based diets.

CONCLUSION
In conclusion, supplementation with 500 FTU/kg phytase in low nutrient density diet improved the carcass yield
and bone condition of broilergrower and finisher periods.

ACKNOWLEDGEMENTS
Thank you to the staff from the Department of Animal Science, Kasetsart University, Thailand for suggestions,
guidance and support throughout this trial.
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Table 1 Experimental diet composition

Item Grower (10-24 days) Finisher (25-33 days)
Control Treatment Negative Control Treatment Negative
Corn 56.290 59.416 59.419 61.658 64.785 64.788
Rice bran oil 4.840 3.328 3.328 4.790 3.278 3.278
Soybean 48% 34.322 33.293 33.294 29.275 28.245 28.247
L-Lysine 0.161 0.173 0.173 0.137 0.149 0.149
DL-Methionine 0.311 0.311 0.311 0.272 0.271 0.271
L-Threonine 0.044 0.040 0.404 0.028 0.025 0.025
MDCP21 1.912 1.318 1.318 1.763 1.169 1.169
Calcium carbonate 1.248 1.241 1.241 1.215 1.207 1.207
Salt 0.267 0.275 0.275 0.274 0.282 0.282
Choline Choride 60%  0.250 0.250 0.250 0.233 0.233 0.233
PX* 0.025 0.025 0.025 0.025 0.025 0.025
Corn cob/Phytase 0.005 0.005 0.005 0.005 0.005 0.005
Antioxidant 0.050 0.050 0.050 0.050 0.050 0.050
Anticoccidial 0.050 0.050 0.050 0.050 0.050 0.050
Mold inhibitor 0.050 0.050 0.050 0.050 0.050 0.050
Total 100.000  100.000  100.000 100.000  100.000  100.000

*Premix: Vitamin and mineral premix content (per kilogram of feed): VitaminA 12,000,000
IU, Vit D 3,000,000 IU, Vit E 15,000 IU, Vit K1,500 mg, Thiamine 1,500 mg, Riboflavin
5,000 mg, Pyridoxine2,000 mg, Niacin 25,000 mg, Vit B 504 mg, Pantothenic acid8,000 mg,
Folic acid 3,000 mg, Biotin 120 mg, Choline chloride160 mg, Antioxidant 30 g, Manganese
80 g, Zinc 60 g, Iron 40 g,Copper 8 g, lodine 0.50 g, Selenium 100 mg, Cobalt 100 mg
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Table 2 Calculated nutrient content of experimental diet

Item

Grower (10-24 days)

Finisher (25-33 days)

Control

Treatment

Negative

Control

Treatment

Negative

ME. for Poultry
Protein

Fat

Fiber

Calcium

Total Phosphorus
Avail. P for Poultry
Salt

Arginine
Isoleucine

Lysine

Methionine + Cystine
Methionine
Threonine
Tryptophan

Valine

Choline

3,150.000 3,150.000 3,097.155

21.000
7.190
3.467
0.900
0.783
0.450
0.320
1.378
0.918
1.240
0.950
0.631
0.830
0.256
0.951

1,500.000

21.000
5.786
3.483
0.900
0.658
0.450
0.320
1.356
0.911
0.120
0.950
0.631
0.830
0.254
0.941

1,500.000

20.776
5.787
3.483
0.800
0.658
0.350
0.320
1.356
0.905
1.228
0.946
0.630
0.817
0.251
0.941

1,500.075

3,200.000 3,200.000 3,147.157

19.000
7.283
3.298
0.850
0.729
0.420
0.320
1.230
0.823
1.090
0.860
0.569
0.740
0.228
0.864

1,400.000

19.000
5.879
3.314
0.850
0.605
0.420
0.320
1.208
0.815
1.090
0.860
0.569
0.740
0.226
0.854

1,400.000

18.776
5.880
3.315
0.750
0.605
0.320
0.320
1.208
0.809
1.078
0.856
0.568
0.727
0.223
0.854

1,400.070
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Table 3 Effect of nutrient density and phytase supplementation in diets on growth

performance of broiler during grower and finisher periods

P-

Item Control Treatment Negative Value SEM
Grower
Initial BW (g) 273.88+16.67 276.13+8.59 265.42+11.27  0.48  3.58
BW (g) 1334.06+24.04 1348.94+9.34 1294.75£52.97 0.11 11.24
ADG (g) 99.35+1.85 100.49+0.72 96.32+4.07 0.12  0.86
FI(g) 1506.93+73.665 1327.94+148.81% 1283.13+54.93% 0.03  39.31
FCR (g/) 1.42+0.05 1.24+0.15 1.25+0.06 0.06 0.04
Finisher
BW (g/) 2616.11£43.91  2608.09+£36.50  2522.60+137.01 0.28 25.76
ADG (g/) 257.36+4.39 256.55+3.65 248.01+13.70  0.28  2.58
FI(g/) 1988.11£242.69  2058.33£28.92  1979.46+£102.15 0.73  41.33
FCR (g/) 1.55+0.21 1.64+0.02 1.61+0.06 0.64 0.03
Grower-Finisher
Initial BW (g) 273.88+16.67 276.13+8.59 265.42+11.27  0.48  3.58
BW (g/) 2616.11+43.91  2608.09+36.50 2522.60+137.01 0.28 25.76
ADG (g/) 77.99+1.33 77.75+1.11 75.15+4.15 0.28 0.78
FI(g/) 3784.43+£272.25 3693.85+153.02 3543.46141.59 0.27 59.75
FCR (g/) 1.49+0.12 1.45+0.07 1.45+0.06 0.73  0.02

Mean £SD, A and B means with different superscripts in the same row are significantly different (P<0.05).
Table 4 Effect of nutrient density and phytase supplementation in diets on carcass yield of
broiler during grower and finisher periods
P-

Item Control Treatment Negative Value @ SEM
Body weight (g) 2526.00£83.32  2390.25+310.91 2431.88+134.59 0.53 29.01
Carcass(g) 2067.38469.67 2066.88£101.06 1996.00+122.47 0.48 23.84
Inner Breast(g) 476.00+45.88 473.63+33.35 488.67+54.07 0.40 78.06
Outer Breast(g) 97.50+4.34 103.00+7.52 97.50+8.85 0.40 3.90

Table 5 Effect of nutrient density and phytase supplementation in diets on bone conditionof

broiler during grower and finisher periods

P-
Item Control Treatment Negative Value SEM
Tibia (g) 12.81+1.22 12.70+0.42 12.18+0.74 0.31 0.18
TibiaAsh % 22.99+24.324  22.45+0.62%  21.90£0.62®  0.04 0.20
Total ash in tibia (g) 294.19+24.32%  285.14+13.49* 285.14+13.49° <0.01 4.05

Mean +SD, a and b means with different superscripts in the same row are significantly different (P<0.01).

Mean +SD, A and B means with different superscripts in the same row are significantly different (P<0.05).
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Introduction

Diet plays an important role in maintaining health. Among the different products delivering essential nutrients
to the body, an egg has arguably a special place, being a rich and balanced source of essential amino and fatty
acids as well some minerals and vitamins. This experiment focuses on the benefits to the consumer of improving
the nutritional quality of eggs by enhancing levels of Folic acid and n-3 fattyacids such as Docosahexaenoic Acid
(DHA). The advantages of simultaneous enrichment of eggs with Folic acid and DHA include better stability of
polyunsaturated fatty acids (PUFA) during egg storage and cooking, high availability of such nutrients as folic acid
and DHA prevent atherosclerosis and coronary heart disease of people consuming these eggs. Having reviewed
the relevant literature it is concluded that “designer eggs” can be considered as a new type of functional food.
Folic acid play functional role to synthesize DNA, repair DNA, and methylate DNA as well as to act as a cofactor
in biological reactions involving Folic acid (Bunchasak and Kachana, 2009). It is especially important in aiding
rapid cell division and growth, such as in infancy and pregnancy (Pick et al., 2005). In addition, DHA is the most
abundant omega-3 fatty acid in the brain and retina. Dietary DHA may reduce the risk of heart disease by reducing
the level of blood triglycerides in humans (Holub, 2009; Delgado-Lista et al., 2012). Low levels of DHA have been
associated with Alzheimer's disease. Several papers indicate the high efficiency of Folic acid and DHA retention
in eggs. Accordingly, the efficiency of retention of total long chain n-3 fatty acid might be greater with marine
algal source than Marine Fish source (Park et al., 2015). Further, marine algal and/or vegetable source maintains
consumer acceptability. Therefore, this experiment was performed to study the effect of dietary Folic acid and
DHA supplementation and incorporation in yolk egg’s laying hens.

Material and Methods

This study was conducted at Department of Animal Science, Faculty of Agriculture, Kasetsart University, Thailand.
Experimental animals were kept, maintained and treated in adherence to accepted standards for the humane
treatment of animals. An 8-week experiment was performed with a total of 96 KU-Leghorn laying hens. The hens
were randomly divided into 2 groups and each group consisted with 4 replications of 12 each. An evaporative
cooling system was used to control air ventilation and temperature. The hens were housed in wire cages with 4
birds per cage. The lighting program was set 16 hours from 05:00 to 21:00 daily. Feed and water were offered ad
libitum. Two experimental groups were provided as following: 1) Control group and 2) Control group + DHA 10 g
and Folic acid 10 mg/kg diet.

Throughout the experiment egg production and mortality were recorded daily whereas mean egg weight and
feed consumption were determined at two weeks intervals. Based on these data daily egg mass (g/hen/d) and
feed conversion ratio (kg feed/kg egg mass) were calculated for the entire experiment. Egg production, Folic acid
and DHA concentration were measured on the 56" day of feeding. At the end of experiment, all eggs from each
experimental unit was weighted, and 4 eggs from each replication that have weight close to the replication \'s
mean was chosen to analyze egg qualities.

Folic acid in the egg yolk content was analyzed following method Bunchasak and Kachana (2009). Fatty acid
composition of egg yolk content was determined according to the modified method of Kim et al (2003). The data
were significant difference between the mean of the group was separated by Student’s t-test significant difference
test at 5% probability level.

Results and Discussion
Egg production and Egg quality
Effect of dietary folic acid and DHA supplementation on egg production is presented in Table 1. Laying-hens
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fed diets supplemented with Folic acid 10 mg/kg diet and DHA 10 g/kg not influenced body weight, hen-
day egg production, egg weight, egg mass, feed intake and feed conversion ratio compared to the laying-hens
fed the control diet (P>0.05). Therefore, this study well documented that dietary sources of folic acid and n-3
polyunsaturated fatty acid have no effect on egg production in layer (Hargis et al., 1991; Mazalli et al., 2004,
Bunchasak and Kachana, 2009)

Effect of dietary folic acid and DHA supplementation on egg quality is presented in Table 2. Laying-hens fed diets
supplemented with Folic acid 10 mg/kg diet and DHA 10 g/kg not influenced yolk, albumen, shell, albumen high
and shell thickness compared to the laying-hens fed the control diet (P>0.05). This results of this study agree with
the reports of Bunchasak and Kachana (2009) Hebert et al. (2011) Park et al. (2015) due to folic acid and DHA
not effect on deposition mechanisms transport to eggs.

Fatty acid composition of egg yolk

Effect of dietary folic acid and DHA supplementation on egg yolk chemical composition is presented in Table 3.
Laying-hens fed diets supplemented with Folic acid 10 mg/kg diet and DHA 10 g/kg had higher significantly levels
of a-Linolenic acid (ALA, C18:3n-3), Docosapentaenoic acid (DPA, C22:5n-3), Docosahexaenoic acid (DHA, C22:6n-3)
and Total omega 3 in egg yolk higher than compared to the laying-hens fed the control diet (P<0.01). However,
dietary folic acid and DHA supplementation not influenced folic acid in the egg yolk (P>0.05). Supplementation
DHA in diet significantly increase fatty acid composition such as a-Linolenic acid, Docosapentaenoic acid and
Docosahexaenoic acid in egg yolk according same many report (Hargis et al., 1991; Mazalli et al., 2004; Park et
al., 2015). However, the folic acid level in egg yolk not different with control group because the folic acid not
deficiencies in diet as long as the feed intake was not significantly affected (Bunchasak and Kachana, 2009).

Conclusion
Supplemental folic acid and DHA can be enhanced DHA levels in egg yolk without the negative effect on egg

production and egg quality and not influenced folic acid in egg yolk of laying hens.

KEYWORD : Folic acid, Docosahexaenoic acid (DHA), Laying hens

Table 1 Effect of dietary Folic acid and Docosahexaenoic Acid (DHA) supplementation on production of
KU-Leghorn laying hens.

Item Control group Folic acid + DHA p-value SEM
Initial Body weight (g) 1,455.78 1,463.75 0.94 44.96
Final Body weight (g) 1,552.75 1,643.50 0.39 48.33
Hen-day egg production (%) 84.88 83.70 0.43 0.69
Egg weight (g) 50.36 51.19 0.08 0.24
Egg mass 42.74 42.85 0.90 0.38
Feed intake (g/h/day) 113.55 115.36 0.34 0.87
Feed conversion ratio (g/g egg) 2.66 2.69 0.70 0.04

Table 2 Effect of dietary Folic acid and Docosahexaenoic Acid (DHA) supplementation on egg qualities of
KU-Leghorn laying hens.

Item Control group Folic acid + DHA p-value SEM
Yolk (%) 29.01 29.28 0.58 0.22
Albumen (%) 62.22 61.39 0.12 0.27
Shell (%) 8.77 9.33 0.10 0.21
Albumen high (mm) 9.28 7.86 0.06 0.31
Shell thickness (mm) 0.01 0.01 0.07 0.01
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Table 3 Effect of dietary Folic acid and Docosahexaenoic Acid (DHA) supplementation on Omega 3 fraction
and Folic acid deposition in yolk egg’s KU-Leghorn laying hens.
Item Control group  Folic acid + DHA  p-value SEM
Omega 3 (g/100g)
a-Linolenic acid (ALA, C18:3n-3) 0.05 0.07 <0.01 0.01
Stearidonic acid (SDA, C18:4n-3) <0.01 <0.01 - -
cis-11,14,17-Eicosatrienoic acid (ETE, C20:5n-3) <0.01 <0.01 - -
Eicosapentaenoic acid (EPA, C20:5n-3) <0.01 <0.01 - -
cis-13,16,19-Docosatrienoic acid (C22:3n-3) <0.01 <0.01 - -
Docosapentaenoic acid (DPA, C22:5n-3) 0.02 0.03 <0.01 <0.01
Docosahexaenoic acid (DHA, C22:6n-3) 0.12 0.70 <0.01 0.11
Total Omega 3 0.19 0.80 <0.01 0.12
Folic acid (ug/100g) 48.24 50.46 0.86 5.53
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Effect of long-term feeding of n-6 to n-3 fatty acid ratio in laying hen diets on
(oW k] yolk fatty acid accumulation

Thanan Yaemphet, Wittawat Molee, Suthisa Khempaka

Suranaree University

Introduction

Fatty acid composition of egg yolks can be modified by using different dietary fat sources. However, all amount
of fat in diet cannot accumulate in egg yolk. Some factor may influence on fat deposition such as breed, age
and health of laying hens (Pardio et al, 2005; Wu et al., 2005). The n-6 fatty acid and n-3 fatty acid series are
essential fatty acids that human must to be gotten from food. The n-6 fatty acids have linoleic acid (LA; C18:2n-6)
as main precursor and the n-3 fatty acids have a -linolenic acid (ALA; C18:3n-3) as main precursor (Simopoulos,
2008). They can be metabolized to other long chain unsaturated n-6 and n-3 fatty acids by consecutive elongation
and desaturation mechanism and substance for inflammatory, constrictive and aggregator precursor groups
(Fraeye et al., 2012). Daily optimum gain of n-6 and n-3 can reduce risk to be cardiovascular disease, rheumatoid
arthritis and neurological disease (Patterson et al, 2012; Whelan and Rust, 2006). The n-6 and n-3 fatty acids
are not different with other fatty acid to modify fatty acid composition in egg yolk by feed laying hen for produce
modified fatty acid egg at optimum n-6 to n-3 ratio. These eggs are healthy, inexpensive and high essential
nutrition for human especially for infant (Oliveira et al., 2010)

Various kind of oils have used to feed laying hens for modify lipid composition in egg yolks, including linseed oil,
chia seed or marine fish oil for n-3 source and soybean oil for omega-6 source. In this present work was carried
out to evaluate effect of different n-6 to n-3 fatty acid ratios in laying hen diets by using soybean oil for n-6 source
and tuna oil for n-3 source on egg yolk fatty acid accumulation when continue feed throughout a long-term
period.

Materials and Methods

Birds and Experimental Diets

One hundred eighty 42-wk-old Isa brown laying hens were housed in cage (3 birds per cage) throughout 12 weeks
of experimental period. Birds were randomly divided into 3 dietary treatments with 4 replicates (15 birds per
replicate). All treatment diets were corn-soy-based, formulated to meet the recommendations for major nutrients
(NRC, 1994) and to be equivalent in crude protein and metabolizable energy. Soybean oil and tuna oil were
analyzed fatty acid composition and used to adjust n-6 and n-3 fatty acid ratios in experimental diets for 10:1, 5:1
and 1:1, respectively. The nutrient compositions of experimental diets are shown in Table 1.

Fatty acid composition Analysis

A total of 5 eggs per replication were collected randomly at wk 4, wk 8 and wk 12 of experimental period and
separated yolk from albumen then mixed together within replicate and stored at -20°C. Egg yolk and sample diets
were analyzed following the method of Folch et al. (1957) and Metcalfe et al. (1966). Lipids were extracted in
methyl ester form and run through gas chromatography (Hewlett Packard, HP 6890 series GC system).

Statistical Analysis

The results were statistically evaluated by analysis of variance (ANOVA), experimental design by completely
randomized design (CRD) and Duncan’s new multiple range test with P=0.05. Trending of different n-6 to n-3 ratio
evaluated by orthogonal polynomial using SPSS 13.0 (2004).

Results and Discussions

Fatty acid composition accumulation in egg yolk is shown in table 2. (10:1 of n-6/n-3 ratio in diet). LA, dihomo-
y -linoleic acid (DGLA; C20:3n-6), arachinodic acid (AA; C20:4n-6), Docosahexaenoic acid (DHA; C22:6n-3)
composition decrease linearly. y -linoleic acid (GLA; C18:3n-6) has quadratic effect (p=0.001). Effect of 5:1 ratio
diet is shown in table 3. LA and DHA decrease linearly (P=0.026 and P=0.018 respectively) with increasing of
GLA and AA (P=0.004 and PP<0.0001) with increasing of ALA and EPA has quadratic effect (P<0.0001), total n-3
increase linearly (P=0.014), total n-6 and n-6/n-3 decrease linearly (P=0.002 and P=0.003 respectively).

Fatty acid composition in egg yolks were related to content of n-6 and n-3 fatty acids found in laying hen diet.
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Generally, lipids are absorbed through intestinal villi and be transported to liver before yolk precursor transport
fatty acids to egg yolk while egg forming process that take time around 24 hours (Bauer et al., 2013). However,
liver has activities to deform some fatty acid to usable form by enzyme that be synthesized by liver thus fatty acid
composition in egg yolks will have major change then stable in 1 to 2 weeks after change feed formula (Cachaldora
et al., 2008). In present study found trend of fatty acid accumulation in slightly different after 4 weeks of
experimental according to Oliveira et al. (2010) found different age of laying hen influence fatty acid accumulation
in egg yolk. Diet with 1:1 of n-6 to n-3 had trend in almost fatty acid composition that may from enzyme A -5 and
A -6 desaturase have more efficiency to deform omega-3 series than omega-6 series around 4:1 (Patterson et al,
2012).

Conclusions

Egg yolk from laying hens were fed with long-term feeding had trends in n-6 and n-3 fatty acid. However, some
fatty acid had no different was unclear but as mentioned above. Fatty acid composition in egg yolks were related
diet, feed intake may be related on fatty acid accumulation that will be studied in future by evaluating the feed
intake.

KEYWORD : Egg yolk, Laying hen, Long-term feeding, Omega-3 fatty acid, Omega-6 fatty acid

Table 1. Nutrient composition of experimental diets

n-6 : n-3 fatty acid ratio

Nutrient composition

10:1 5:1 1:1
Analyzed nutrient composition
Dry matter (%) 90.52 90.07 90.71
Crude protein (%) 17.42 17.64 17.28
Crude fat (%) 8.47 8.53 8.76
Crude fiber (%) 3.92 4.11 4.07
Calcium (%) 4.13 4.03 3.94
Total n-6 59.05 50.47 26.96
Total n-3 5.07 9.62 20.35
n-6/n-3 11.65 5.25 1.32
Calculated nutrient composition
ME (kcal/kg) 2,907 2,903 2,900
Available phosphorus (%) 0.38 0.38 0.38
Lysine (%) 0.92 0.92 0.92
Methionine + cystine (%) 0.66 0.66 0.66
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Table 2. Effect of 10:1 of n-6 to n-3 fatty acid ratio in diet on egg yolk fatty acid
accumulation (% of total fatty acid)

Item 4wk 8wk 12wk SEM! Contrast?
C18:2n-6 25.75° 25.69° 24.56* 0.187 L=0.006°
C18:3n-6 0.10* 0.12% 0.09* 0.003 Q=0.001*
C20:3n-6 0.22° 0.23° 0.192 0.006 L=0.0213
C20:4n-6 2.11¢ 1.98° 1.812 0.032 L=0.00013
C18:3n-3 0.74 0.79 0.71 0.024 NS
C20:5n-3 n/a n/a n/a n/a n/a
C22:6n-3 1.98° 1.96% 1.88* 0.017 L=0.0323
Total n-6 28.18° 28.03° 26.65* 0.202 L=0.007°
Total n-3 2.75 2.71 2.59 0.029 NS
n-6/n-3 10.30 10.20 10.29 0.083 NS

4> Means within a row with different superscript letters differ significantly at P<0.05.
!Standard error of mean

2 Refer to polynomials trend analysis

3Linear trend

4Quadratic trend

Table 3. Effect of 5:1 of n-6 to n-3 fatty acid ratio in diet on egg yolk fatty acid accumulation
(% of total fatty acid)

Fatty acid 4wk 8wk 12wk SEM! Contrast?
Cl18:2n-6 22.5° 22.16% 21.66° 0.155 L=0.026°
C18:3n-6 0.08* 0.08* 0.1° 0.003 L=0.0043
C20:3n-6 0.20 0.20 0.19 0.003 NS
C20:4n-6 1.522 1.472 1.81° 0.038 L<0.00013
C18:3n-3 0.70 0.73 0.70 0.007 NS
C20:5n-3 n/a 0.11 n/a 0.004 n/a
C22:6n-3 4.08° 3.86° 3.882 0.037 L=0.0183
Total n-6 24.30 23.91 23.77 0.155 NS
Total n-3 4.58 4.66 4.78 0.042 NS
n-6/n-3 5.08 5.14 5.19 0.031 NS

**Means within a row with different superscript letters differ significantly at £<0.05.
!Standard error of mean

2Refer to polynomials trend analysis

3Linear trend
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Table 4. Effect of 1:1 of n-6 to n-3 fatty ratio in diet on egg yolk fatty acid accumulation (%
of total fatty acid)

item 4wk 8wk 12wk SEM! Contrast?
C18:2n-6 13.92 13.93 13.99 0.086 NS
C18:3n-6 0.09° 0.052 0.05% 0.004 L<0.00013
C20:3n-6 0.18¢ 0.14° 0.122 0.006 L.<0.00013
C20:4n-6 1.59° 0.842 0.89* 0.079 1.<0.0001°
C18:3n-3 0.25° 0.31° 0.36° 0.014 1.<0.0001°
C20:5n-3 0.00? 0.41° 0.42° 0.041 Q<0.00014
C22:6n-3 7.01 7.13 7.15 0.071 NS
Total n-6 15.78° 14.882 14.972 0.127 L=0.0023
Total n-3 7.40° 7.73% 7.90° 0.084 L=0.014°
n-6/n-3 2.14b 1.942 1.882 0.036 L=0.003?

*bMeans within a row with different superscript letters differ significantly different at P<0.05.
!Standard error of mean

2Refer to polynomials trend analysis

3Linear trend

4Quadratic trend
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EFFECTS OF SUPPLEMENTING PIG DIETS WITH DIETARY IRON LEVELS,
TRYPTOPHAN AND PYRIDOXINE ON PERFORMANCE OF WEANING PIGLETS

Wantamas Jantasin', Liang Chou Hsia®

'Faculty of Animal Science and Technology, Maejo University, Thailand,
’Department of Tropical Agriculture and International Cooperation, National Pingtung University of
Science and Technology, Taiwan (ROC)

Introduction

Many animal nutritionists tried to improve feed intake of weaning pigs by supplementing spray dried porcine
plasma (SDPP), a high quality protein source in diets for weaned piglets. SDPP can improve feed intake of weaning
pigs has been shown in many reports (Hansen et al., 1993; Kates et al., 1994; Coffey and Cromwell, 1995; Kim et
al., 2001; van Dijk et al., 2002). However, the inclusion of SDPP in the diet of weaning pigs improves feed intake,
but increased feed cost.

According to Stein (1996); NRC (1998); Kerr et al. (2004) SDPP contains 78% protein with a relatively low
concentration of methionine and isoleucine, but relatively high concentration of tryptophan (Trp). Trp is the
precursor of serotonin which plays a role in the regulation of feed intake (Henrry and Seve, 1993). Henry et al.
(1992) demonstrated that large neutral amino acids (LNAA) in pigs have been shown to compete with Trp for its
passage through the blood-brain barrier, prior to serotonin synthesis in the brain. They reported that Trp/LNAA
ratio was one of the important factors in pig appetite and then improve feed intake.

Vitamin Bg is a collective term for pyridoxal, pyridoxine and pyridoxamine and their phosphorylated forms (Rall
and Meydani, 1993). Pyridoxine plays a role in the conversion of Trp to niacin derivatives in rats, mice, and swine
(Okada et al., 1997). Blodgett et al. (2002) reported that Trp can be converted to niacin. They suggested that Trp
may function as a metabolic precursor of niacin. The metabolic pathway for Trp conversion to niacin involves the
oxidative cleavage of Trp by the heme enzyme which requires Fe*" (van Eys 1991; Oduho et al., 1994). Therefore,
the purpose of this study was to examine whether supplemental Trp in combination with pyridoxine and iron
could improve feed intake as well as SDPP.

Material Materials and Methods

Location

The trial was conducted in the environmental controlled chamber of the farm of the National Pingtung University
of Science and Technology, Taiwan, Republic of China. The Animal Care Advisory Committee at the National
Pingtung University of Science and Technology approved the experimental protocol.

Experimental pigs

Three-way crossbred (Landrace X Yorkshire X Duroc) females were used as experimental animals. A total of 24
pigs, which were weaned at approximately 28 days of age, were distributed into 4 treatments randomly. The pigs
were housed in individual pens. There were 6 replicates per treatment. The experiment lasted for 8 weeks.
Experimental diets

Calculated composition of the experimental diets is presented in Table 1 to 2. Four experimental diets, which
contained 0.22% total Trp were formulated to meet NRC (1998) recommendations, except for Trp supplementation
in dietary treatment 3 and 4, which used synthetic Trp formulated to contain 2 times the NRC (1998) requirement.
The diets were formulated to be isocaloric and isonitrogenic to meet the nutrient requirements of piglets.
Treatment 1: Iron (Fe), Trp content 0.22%.

Treatment 2: 5% SDPP + Fe, Trp content 0.22%.

Treatment 3: 0.30% synthetic Trp + pyridoxine + low Fe, Trp content 0.44%.

Treatment 4: 0.30% Synthetic Trp + pyridoxine + Fe, Trp content 0.44%.

Housing and management

Pigs were housed in partially slotted and solid concrete floor pens, with an automatic watering cup under
continuous lighting. Feed and water were provided ad /libitum during the entire experimental period of 8 weeks
growth performance. Feed was provided in a mash form in the feeder. The feeders were checked twice daily at
0600 and 1800 hours to remove and weigh the residue in the feeder and also make sure feed had not empty. Feed
refused and feed supplied were carefully weighed prior to feeding times. The amount of feed was about 0.5 to 1
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kg more than the pigs could eat. Every evening, the residue in the feeders was collected into a plastic container
and weighed. The daily feed consumption and weekly body weight were recorded for average daily feed intake
(ADFI), average daily weight gain (ADWG), and feed efficiency (FE) calculations.

Blood analysis

Blood samples were also collected from 4 pigs randomly selected from each treatment the end of the experiment.
Briefly, 10mL of blood was drawn from the jugular vein of each pig. Blood samples were then injected into
collection tubes, centrifuged at 3000 rpm for 15 minutes and stored at -20 °C for subsequent amino acid analysis
of HPLC.

Statistical analysis

For each animal, ADFI, ADWG, and FE ratios were calculated based on a weekly basis using the formulas: ADFI =
Total weekly feed intake/7; ADWG = Total weekly WG/7; FE = ADWG/ADFL The experimental data were analyzed
as a randomized complete block design with one pen as the experimental unit. Pigs were blocked on the basis of
initial weight, and analysis of variance was performed using the general linear model procedure of SAS software
(2004). Differences among treatment means were determined using Duncan’s New Multiple Range Test (DNMRT)
at P < 0.05 significant level.

Results

The effects of dietary treatment on feed intake of pigs are shown in Table 3. There were significant differences
observed in feed intake of piglets during the initial 4 weeks after weaning, pigs fed treatment 4 (Trp + pyridoxine
+ Fe) consumed more feed than other dietary treatments, followed by pigs fed treatment 1 and 2 (weeks 1-2, P <
0.01; weeks 3-1, P < 0.05). A similar trend was observed for the dietary treatments in which pigs supplemented
with diet containing synthetic Trp combination with pyridoxine and low Fe (Treatment 3) recorded significantly (P
< 0.05) poorer feed intake than the other treatments.

Weight gains of piglets fed the experimental diets are presented in Table 4. The results showed that during weeks
1-2 and week 1-4 of the trial, the highest weight gain was observed in pigs fed treatment 4 (Trp + pyridoxine + Fe)
have better weight gain among the dietary treatments while the least (P < 0.01) value was recorded for pigs on
treatment 3 (Trp + pyridoxine + low Fe).

The feed efficiency also showed the same trend as the trend in feed intake and weight gain. As shown in Table 5,
during the initial 2 weeks after weaning (weeks 1-2), pigs fed diets containing synthetic Trp supplemented with
pyridoxine and Fe had the greatest feed efficiency (P < 0.05).

The amino acid compositions of the blood in this study (8-wk) are presented in Table 6. Among the entire 18
amino acids detected, Trp and Arg were significantly different, the results showed that SDPP + Fe diet had greater
Arg content than other dietary treatments, follow by synthetic Trp + pyridoxine + Fe (P < 0.01). The highest amino
acid Trp contents was observed in pigs fed treatment 4 (synthetic Trp + pyridoxine + Fe) while the least value was
recorded for pigs fed SDPP + Fe diet (P < 0.05).

Discussion

The results of the present study indicated that there was a tendency for the combination of Trp, pyridoxine and
iron in low CP diet to improve feed intake. These findings are in concordance with Hsia (2005) who reported that
feed intake of pigs improved when the total level of Trp is increased from 0.177% to 0.237% in a corn-soybean
meal diets.

The finding in this study is contrary to those of Kerr et al. (1995), who reported that pigs fed the low crude
protein diets without amino acid supplementation grew more slowly, and had less efficient in feed conversion.

Conclusions

In conclusion, the results of the present study demonstrated that supplement synthetic Trp with pyridoxine and
iron tended to have greater feed intake and growth performance when compared to pigs fed diets with 5% SDPP.
The SDPP can be replaced with synthetic Trp in combination with pyridoxine and iron without any negative effect
on pig performance.

KEYWORD : Tryptophan, Iron, Pyridoxine, Weaning pigs, Performance
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Table 1. The composition and calculated nutrient content of dietary treatments
(% on as fed basis)

Trp + Be Trp + Bes

Ingredients Fe  SDPP+Fe

+ low Fe + Fe
Corn 83.34 87.10 83.80 83.80
Dehulled soybean meal 9.80 1.25 9.10 9.10
Soybean oil 3.00 3.00 3.00 3.00
Dicalcium phosphate 1.50 1.10 1.50 1.50
Limestone 0.70 1.10 0.70 0.70
L-Lysine HCL 0.50 0.40 0.50 0.50
DL-Methionine 0.30 0.30 0.30 0.30
Salt 0.30 0.30 0.30 0.30
Mineral premix 0.15 0.15 0.15 0.15
Vitamin premix 0.15 0.15 0.15 0.15
L-Threonine 0.20 0.10 0.20 0.20
L-Tryptophan 0.06 0.05 0.30 0.30
Spray dried porcine plasma - 5.00 - -
Calculated nutrient content, on as fed basis
ME, kcal/kg! 3400 3400 3400 3400
Crude Protein,% 12.20 12.20 12.20 12.20
Calcium,% 0.70 0.70 0.70 0.70
Phosphorus,% 0.32 0.32 0.32 0.32
Lysine,% 1.00 1.00 1.00 1.00
Met + Cystein,% 0.58 0.58 0.58 0.58
Threonine,% 0.61 0.61 0.61 0.61
Tryptophan,% 0.22 0.22 0.44 0.44

' ME is calculated, whereas all other values are analyzed.
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Table 2. Composition of vitamin premix! (gram, as-fed basis) and mineral

premix” in experimental diets (mg per kg, as-fed basis).

Trp + Bs Trp + Bes

Item Fe SDPP + Fe

+ low Fe + Fe
Vitamin Bs (pyridoxine)  0.153 0.153 0.306 0.306
Vitamin B3 (niacin) 1.256 1.256 1.256 1.256
Vitamin K3 0.100 0.100 0.100 0.100
Vitamin B> 0.150 0.150 0.150 0.150
Calpan 0.918 0.918 0.918 0.918
Vitamin B 0.102 0.102 0.102 0.102
Vitamin B> 0.375 0.375 0.375 0.375
Folic acid 0.031 0.031 0.031 0.031
Biotin 0.250 0.250 0.250 0.250
Choline 66.667 66.667 66.667 66.667
Vitamin E 20.000 20.000 20.000 20.000
Vitamin A/Ds3 0.175 0.175 0.175 0.175
Copper 5.00 5.00 5.00 5.00
Iodine 0.14 0.14 0.14 0.14
Iron 80.00 80.00 40.00 80.00
Mn 3.00 3.00 3.00 3.00
Se 0.25 0.25 0.25 0.25
Zn 80.00 80.00 80.00 80.00

' Vitamin premix was supplied on a corn-based carrier.

2 Mineral premix was supplied on a corn-based carrier.
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Table 3. Effect of diet on feed intake of the experimental piglets (g/day)

Trp+Bs  Trp+B
Weeks  Fe SDPP+Fe © ¢ PTE0 oM gig?
+ low Fe + Fe

1-2 548.51% 451.49b¢ 413.71¢ 596.93% 38.07 ok
3-4 743.40% 639.85° 646.88° 856.73% 54.98 *
5-6 942.95 899.06 826.83 982.35 51.64 ns
7-8 1100.90 1132.00 1079.50 122990  79.49 ns
1-4 645.95% 545.67° 530.30° 726.83% 45.27 *
5-8 1021.91 1015.55 953.16 1106.11 59.94 ns
1-8 833.93 780.61 741.73 916.47 47.36 ns

©b¢ Means with different superscripts in the same column differ significantly,
P <0.05; ns: not significant, P> 0.05

ISEM: Standard error of the mean.

Probability of significance: ns, not significant, P > 0.05; *: P < 0.05; **: P <
0.01.

Table 4. Effect of diet on weight gain of the experimental piglets (g/day)

Trp + Bs Trp + Bs
Weeks Fe SDPP + Fe SEM!  Sig?
+ low Fe + Fe

1-2 160.37° 144.85° 157.26° 254.05% 20.92 ok
3-4 328.23 287.43 265.46 392.26 36.68 ns
5-6 371.20 357.84 377.84 369.64 35.24 ns
7-8 469.40 538.85 462.02 518.57 44.89 ns
1-4 244.30° 216.14° 211.36° 323.15% 2431 ok
5-8 420.30 448.35 419.93 444.10 29.18 ns
1-8 332.30 332.24 315.64 383.63 24.56 ns

2> Means with different superscripts in the same column differ significantly, P
<0.05; ns: not significant, P > 0.05
ISEM: Standard error of the mean.

’Probability of significance: ns, not significant, P > 0.05; **: P < 0.01.
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Table 5. Effect of diet on feed efficiency of the experimental piglets (g feed/g)

Trp + Be Trp + Be

Weeks Fe SDPP + Fe SEM!  Sig.?
+ low Fe + Fe
1-2 3.79% 3.42% 2.84% 2.49° 0.30 *
3-4 2.34 2.44 2.75 2.31 0.24 ns
5-6 2.66 2.83 2.29 2.87 0.23 ns
7-8 2.45 2.44 2.40 2.42 0.14 ns
1-4 3.07 2.93 2.80 2.40 0.18 ns
5-8 2.56 2.63 2.35 2.65 0.15 ns
1-8 2.81 2.78 2.57 2.53 0.12 ns

2> Means with different superscripts in the same column differ significantly, P
< 0.05; ns: not significant, P > 0.05

ISEM: Standard error of the mean.

?Probability of significance: ns, not significant, P > 0.05; *: P < 0.05.
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Table 6. Effect of diet on amino acid contents of pigs blood (%)

Amino Trp + Bs Trp + Bes _
_ Fe SDPP + Fe SEM!  Sig?

acids + low Fe + Fe

ASP 11.13 10.76 11.39 37.42 12.71 ns
GLU 9.10 9.06 9.19 9.74 0.22 ns
SER 62.70 61.52 61.82 69.07 1.98 ns
HIS 50.53 54.67 53.65 52.66 2.12 ns
GLY 7.94 7.46 7.88 7.65 0.45 ns
ARG 36.43¢ 44.98? 39.86% 41.85% 1.42 ok
ALA 11.65 11.34 11.55 12.62 0.37 ns
TYR 16.69 20.01 17.03 18.60 1.04 ns
CYS 24.17 25.48 44.62 52.79 8.92 ns
VAL 7.42 8.75 8.29 7.54 0.40 ns
MET 10.41 11.62 8.15 8.09 1.36 ns
TRP 16.04° 12.11° 17.80%° 29.08* 3.72 *
PHE 55.05 49.60 52.74 42.99 5.55 ns
LEU 12.66 11.76 12.28 12.42 0.28 ns
LYS 7.45 7.15 7.72 7.80 0.28 ns
PRO 35.07 26.57 39.36 30.52 5.15 ns
THR 38.08 45.53 41.81 41.90 2.21 ns
ILE 9.87 11.98 11.45 12.03 1.30 ns

abc Means with different superscripts in the same column differ significantly,
P <0.05; ns: not significant, P > 0.05.

ISEM: Standard error of the mean.

2Probability of significance: ns, not significant, P > 0.05; *: P < 0.05; **: P <
0.01.
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INTRODUCTION

One of the chicken ancestor in the world, Gallus gallus (red jungle fowl), was derived from Indonesia. They have
been crossed with other chicken breeds and formed local village chicken which is distributed across Indonesian
peninsula. Consequently, each region has specific village chicken and some of them have been characterized based
on their morphological differences and claimed as a specific local village chicken of such region. There are 31 sub
varieties of domestic chicken in Indonesia that have been identified based on their morphological characteristic
differences. Among them are Nunukan chicken in Borneo island and Pelung chicken in West Java (Nataamidjaja,
2010). The rest have never been identified well, so they are generally called village chicken or local village
chicken.

Generaly, the performance of village chicken is small and has low productivity both egg production and body
weight gain. However, most of consumer prever village chicken to commercial broiler chicken which make the
prize of village chicken become more expensive. Moreover, village chiken are more adaptive to environment
(tropical environment) and resistant to desease compare to commercial broiler chicken.

One of the solutions to increase village chicken production is to cross village chicken with other breed which has
high productivity especially in term of economic traits such as body weight and egg production. Several research
reports have been assumed that good management skills in breeding (such as cross breeding), feeding and
marketing were the keys factor to improve poultry production (Niranjan et al., 2008; Hidayat, 2012; Kperegbeyi
et al., 2009; Allahyari et al, 2011). In previous study, we have reported that Bangkok crossbreed chicken was a
good candidate for increasing the productivity of village chicken (Saili et al., 2015). Therefore, the objective of this
study was to evaluate the characteristics of egg production, fertility and hatchability of F1 local village chicken
Cross.

METHODOLOGY

The research was conducted at Laboratory of Animal Production, Faculty of Animal Science, Universitas Halu Oleo,
Indonesia. Twenty F1 of local village chicken cross (F1-LVC cross) hens aged = 10 months and weighted 1977.30
=+ 245.64g was used in this experiment. Those hens were produced by crossing local village chicken (LVC) with
bangkok-crossed breed chicken (BCB) in previous reasearh. Two groups were made and each group consisted
of 10 hens and 2 cocks of different breed for each group, and they all were kept individually in cages. Ten hens
were performed backcrossing with LVC cock and 10 hens backcrossed with BCB cock. These four cocks aged *
12 months, and weighted 2597.00 £ 232.77g. All chicken were fed by commercial feed which has approximately
2960 kcal/kg and 17.15% crude protein. Artificial insemination was applied 2 times a week during the experiment
to produce fertile egg. Egg collection and weighting were conducted on daily basis and then incubated for 21 days
using automatic incubator machine under the condition of 38.5°C and 70% of humidity. Candling was performed
on day 7 of incubation to observed fertilized egg.

The variables measured included egg production, egg weight, egg fertility, egg hatchability and day old chick
(DOC) weight. Egg production indicated the ratio between number of egg production and number of hens on
daily basis, while egg weight was obtained by weighting each egg soon after egg collection on daily basis as well.
The fertile egg was observed at day 7 of incubation using electric light assembled in incubator machine, whereas
hatchability and DOC weight were calculated and measured using electrical balance, respectively, following 21
days of incubation. All data collected from each group were tabulated, presented as a mean and then compared
the averages between groups using Orthogonal Contrasts Test (Steel and Torrie, 1980).

RESULTS AND DISCUSSIONS
Egg Production
There was no significant differences (P>0.05) in egg production between F1-LVC cross hens crossed by BCB
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and LVC cocks. The F1-LVC hens crossed by BCB cocks could produced 8.33 &= 1.29 eggs per clutch while hens
crossed by LVC cocks produced 7.94 = 1.29 eggs per clutch. The average of eggs production obtained in this
research was somewhat lower than egg production of village chicken reported by Sartika and Gunawan (2007)
(53.44 eggs per six months or 8.9 eggs per clutch).

Egg Weight

The results showed that the average of egg weight obtained in this research was 41.43 = 0.43 g. The average of
egg weight of hens crossed by BCB was slightly heavier (41.73 = 0.45g) compared to egg weight of hens crossed
by LVC (41.13 £0.95g), but no significant differences was showed (P>0.05). The average egg weigth obtained
in this research was higher than egg weight obtain from LVC crossed by both BCB (33.89g) and LVC (34.07g)
reported in previous study (Saili et al.,, 2015).

Egg Fertility

All eggs in each clutch were incubated using automatic machine equipped with candling apparatus for 21 days
under the condition of 38.5°C and 70% humidity. On day 7 of incubation eggs were performed candling to
determine the fertile egg. Through candling, the condition of air cell, yolk, and albumen were possible being
evaluated. It also can detect the bloody whites, blood spots, or meat spots, and enables observation of embryo
development. The developing embryo indicated by the existence of a small reddish area with blood vessels
extending away from it. This is the embryo floating around inside the egg, looking like a huge red spider. If the
embryo dies, the blood draws away from the embryo and forms what is called a blood ring (Anonymous, 2013).
The results of this observation were presented in Table 1.

Table 1. Egg fertility of F1-LVC cross hens crossed by different cock breeds

The data showed that egg fertility of hens crossed by BCB was lower (77.27%) than hens crossed by LVC (78.26%),
but, none of them showed statistically differences (P>0.05). The results were lower than the average of egg
fertility of village chicken reported by Muryanto et al. (2012) in which egg fertility of village chicken could reach
83.4% and its cross breed was 84.4%. The lower egg fertility obtained in this research might be caused by the
technical problem during application of insemination and the quality of semen.

Hatchability

Hatchability represented hatching rates of egg following incubation either natural incubation or machinery
incubation. Hatchability of F1-LVC cross hen crossed by different cock breeds were presented in Table 2.

The results showed that F1-LVC cross hens crossed by BCB cocks could produce egg with high hatchability
(91.50 £ 6.97%) compared to hens crossed by LVC cock (90.26 = 5.31), though no significant differences
(P>0.05) were observed. The average of egg hatchability gained in this research (90.88%) was higher than village
chicken hatchability (68.33%) reported by Bachari et al. (2006), and Sutiyono et al. (2006) in commercial egg
layer crossed breed by village chicken (46.51%). King'ori (2011) reported that fertility and hatchability are trait
that influenced by both genetic and environmental facrors such as good selection, proper post-lay handling of
fertile eggs and the correct incubation process. While Abiola et al. (2008) reported that turning frequency during
incubation could affect the hatchability of egg. In this research, the incubator machine was automatically turning
the eggs frequently, so the embryo could develop well during incubation.

Table 2. Hatchability of F1-LVC cross hens crossed by different cock breeds

Day Old Chick (DOC) Weight

Day old chick weigh was measured a couple hours following hatching process in which the chick feathers had
been dried. The averages of DOC weight obtained from this research were presented in Table 3.

Table 3. Egg and DOC weight of F1-LVC cross hens crossed by different cock breeds

The average of DOC weight obtained from BCB group was higher (27.64g) compare to LVC groups (27.19g),
but no significant difference (P>0.05) was showed between groups. The average of DOC weight obtained in this
research (26.44 £ 2.13 g) was lower to DOC weight reported by Bachari et al. (2006) in village chicken (35.51g).

CONCLUSSION

Based on the results, it was concluded that there was no significant differerences in egg weight, fertility and
hatchability between F1-LVC cross hens crossed by BCB and crossed by LVC. It seems that production trait of F1-
LVC cross hens has been stable, therefore in the future research, selection based on other economic trait such as
feather color could be taken into consideration to produce more economic local village chicken.

KEYWORD : F1-LVC, BCB, Cross, fertility, hatchability, egg weight
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Table 1. Egg fertility of F1-LVC cross hens crossed by different cock breeds

Cock breeds No. of egg No. of fertile egg % Fertility
BCB 198 153 77.27+3.24
LVC 207 162 78.26+4.25
Averages 157.5 77.77£0.70

Table 2. Hatchability of F1-LVC cross hens crossed by different cock breeds

Cock breeds No. of fertile egg No. of hatched egg Hatchability (%)
BCB 153 140 91.50+6.97
LVC 162 147 90.74+5.34
Averages 157.5 143.5 90.88+0.88

Table 3. Egg and DOC weight of F1-LVC cross hens crossed by different cock breeds

Cock breeds Egg weights (g) DOC weights (g)
BCB 41.73+0.45¢g 27.64 £1.19
LVC 41.13+0.95¢g 27.19+1.40
Averages 41.43+0.43¢g 27.41 +£0.32
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ALLELIC FREQUENCY OF 24-BP INDEL (INSERTION-DELETION) IN PROMOTER
PROLACTIN GENE OF PAPUA LOCAL CHICKENS

Sintje Lumatauw, M. Affan Mu fin

University of Papua

INTRODUCTION

Papua local chickens are non-commercial breed found in the Papua land, and they become one of Indonesia
germplasms. These chickens have been considered as a primary commodity due to their contributions in welfare
improvement of the local society in the region. Besides their high variability in body weight (Lumatauw et al.,
1995; Haryani, 1999; Mu'in, 1999) and carcass percentage (Rahayu, 1990), the Papua local chickens also show
high variability in the number and egg weight produced in every clutch (Lebang, 2002). This indicates that the
production and reproduction performance of Papua local chickens are easy to improve through genetic selection.
Today, with the advance technology in molecular biology, genetic improvement of an animal population can be
done through molecular approach. Polymorphism detection on the loci of protein coded gene associate with
economically traits of animals is become possible. If a polymorphic loci associated with economically traits of
animal is found, that polymorphic loci therefore can be used as molecular marker in selection program to improve
a specific trait.

Prolactin is a peptide hormone secreted by the anterior pituitary gland and it has a wide role in the activities and
biological function in all vertebrates. In birds, prolactin hormone (cPRL) has a crucial role in egg production and
brooding behaviour due to the increase of prolactin secretion (Shimada et al.,, 1991) that results in regression of
the ovary (Sharp et al., 1984) therefore, stop the egg production (Shimada et al., 1991).

The cPRL is coded by a gene located on chromosome 2 (Miao et al., 1999; Au and Leung, 2000), and become a
candidate gene for brooding trait (Shimada et al, 1991; Dunn et al,, 1998) and egg production (Cui et al, 2006).
Chicken prolactin gene is 9.536 bp in size, consists of 3 parts: promoter-1, promoter-2 and promoter-3 with 330
bp, 287 bp, and 314 bp, respectively (Kansaku, 2000), whereas the five exons of cPRL are exon-1 (81 bp), exon-
2 (182 bp), exon-4 (180 bp) (Ohkubo et al., 1998), exon-3 (59 bp) (Miao et al., 1999), and exon-5 (418 bp) (Cui et
al., 2004). The intron parts are: intron-1 (714 bp), intron-2 (406 bp), intron-4 (744 bp) (Dhara and Soller, 1999).
The size of intron-3 remains unknown.

Promoter of cPRL is located on the start point and become crucial due to its early activation function for
transcription of cPRL gene expression (Lewin, 1997). Mutation that occurs on the promoter region causes the
cPRL gene fail to express its product and unable to express the brooding behaviour Therefore, the egg production
will increase.

It has found several mutations of cPRL promoter region, and one is 24-bp (Cui et al, 2006; Liang et al.,, 2006;
Rashidi et al., 2012). Indel on -358 site where Insertion (I) or Deletion (D) is presence. There are two alleles of this
24-bp locus: I and D alleles. In non-commercial breed of chickens, the I allele frequency vary from low to medium
(Cui et al,, 2006; Begli et al., 2010; Rashidi et al.,, 2012), while in the commercial layer, the I allele is commonly
found. In their study, Cui et al (2006) did not find any other allele except the I allele in White Leghorn. In chicken,
24-bp Indel polymorphic is known significantly associated with egg production (Cui et al., 2006; Begli et al., 2010;
Rashidi et al., 2012). These findings give an opportunity for breeders to form and develop a future layer type of
the Papua local chickens.

The objective of this study is to get information regarding the allele frequency and genotype of 24-bp Indel in
promoter cPRL gene of Papua local chickens. This information therefore, will be useful in the formation and
development of layer type of the Papua local chicken in the future.

MATERIALS AND METHODS

Blood Samples

Sixty DNA samples isolated from blood samples of sixty Papua local chickens were used in this study. The
experimental chickens that consisted of 25 males and 35 females were randomly collected from several farmers
in Manokwari Regency of West Papua Province. About 1 ml of blood sample was collected from each bird via
brachialis venous. The blood samples were carried to the Biochemistry Laboratory of Biotechnology Study Centre,
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Gadjah Mada University for DNA isolation and DNA analysis.

DNA Isolation

DNA samples isolation of experimental birds was carried out by applying phenol-chloroform extraction method
(Sambrook et al.,, 1989). The DNA samples obtained from the result of the isolation was measured for its
concentration and purified (Muladno, 2002).

DNA Amplification and Genotyping

Specific DNA fragment amplification contained the studied loci was conducted with the Polymerase Chain Reaction
(PCR) technic. The primer used to amplify the specific DNA fragment was forward: 5-TTT-AAT-ATT-GGT-GGG-TGA-
AGA-GAC-A-3', and reverse: 5'-ATG-CCA-CTG-ATC-CTC-GAA-AAC-TC-3’ (Cui et al., 2006).

Genotype identification of 24-bp Indel/cPRLp was as follow: I genotype (Insertion-Insertion) characterized by one
DNA fragment size 154 bp; ID genotype (Insertion-Deletion) characterized by two DNA fragments size 154 bp and
130 bp; and DD genotype (Deletion-Deletion) characterized by one DNA fragment size 130 bp (Cui et al., 2006).
Data Analysis

Data of genotypes and alleles of the studied locus (24-bp Indel/cPRLp) on Papua local chickens were estimated
for their frequencies by using Nei and Kumar procedure (2000). Locus was polymorphic when the common allele
frequency found in the population did not exceed 99%.

RESULTS AND DISCUSSION

Prolactin gene in chicken (cPRL) specifically on the promoter region is a candidate gene for brooding behaviour
(Shimada et al., 1991; Dunn et al., 1998), and egg production (Cui et al., 2006). cPRL promoter gene is an
important part that responsible in the expression or the function of cPRL. The position of promoter in cPRL gene
is located at the starting point (Lewin, 1997) and has its role in activating the early transcription for the gene
expression. If a mutation occurs in this promoter region, the cPRL gene will not function and fail to express its
product, thus, the brooding behaviour will not appear.

Specific DNA fragment (size 130 bp and/or 154 bp) amplification located at the promoter region, contained 24-
bp Indel on -358 site that flanked by a pair of specific primers (Cui et al., 2006) has demonstrated by using PCR
(Polymerase Chain Reaction) in 60 DNA samples of Papua local chickens. The result of amplification showed three
genotypes II, ID and DD (Figure 1). The chickens with II genotype were 4 birds, ID genotype were 29 birds and DD
genotype were 27 birds.

The three genotypes found in this study were as the result of the presence of mutation on the promoter region.
The polymorphism of 24-bp Indel on -358 site was due to the presence of insertion (I) and or deletion (D) as many
as 24 bp (Cui et al., 2006; Liang et al., 2006; Rashidi et al.,, 2012). Sequence of DNA fragment size 154 bp (I allele)
and size 130 bp (D allele), presented in Figure 2 and 3, respenctively.

Results for allele frequency and genotype calculations of 24-bp Indel/ ¢cPRLp found that II, ID and DD genotype
frequencies were 6,7%, 48.3%, and 45%, respectively while the I and D were 0.31 and 0.69.

The I frequency of 0.31 found in the Papua local chickens was considered medium. This is in accordance with Cui
et al. (2006), Begli et al. (2010), and Rashidi et al. (2012) that the I frequency on non-commercial breed (local
chickens) varied from low to medium, while on commercial breed (layer type), the I allele was common (common
allele). In 2006, Cui et al did not find any other allele except the I allele on White Leghorn.

Based on the above research information, it was known that the presence of I allele (Insertion) in chickens gives
positive effects on traits related to egg production. On the other hand, the presence of the D allele (Deletion) in
chickens tends to give negative effects on egg production. Indel (Insertion-Deletion) is a term in molecular biology
that has different definitions on several aspects. In the study of evolution, indels are used to bear a meaning for
an insertion event (insert or interpolation) and or deletion (delete) (Kondrashov and Rogozin, 2004; Ogurtsov et
al, 2004). In chickens, a 24-bp Indel (Insertion-Deletion) polymorphism is known significantly associated with
egg production (Cui et al, 2006; Begli et al., 2010; Rashidi et al., 2012). The presence of medium frequency of [
allele found in Papua local chickens in this study indicated that the formation of Papua local chickens population
that are high in egg production become easy to realized through a controlled mating application within the Papua
local chickens with II and ID genotypes without chickens with DD genotypes involve. Therefore, the brooding trait
in Papua local chickens will slowly disappeared and in turn a high egg production of Papua local chicken will be
formed.
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Several researches of 24-bp indel on the promoter region gene in cPRL of several breeds or genetic groups of
chickens and its effects on quantitative traits had been demonstrated. Cui et al. (2006) carried out a research to
study polymorphism on the promoter region gene in cPRL of several breeds of chickens and studied their effects
on egg production. Genotyping of polymorphic 24-bp indel (insertion-deletion) loci on -358 site of cPRL gene was
applied on 177 chickens that consisted of White Lenghorn, Yangshan, Taihe Silkies, White Rock, and Nongdahe.
Results showed that the I allele (Insertion) and the D (Deletion) frequencies were 1 and 0; 0.05 and 0.95; 0.20 and
0.80; 0.22 and 0.78; 0.17 and 0.83, respectively. In the further analysis found that a polymorphic locus of 24-bp
indel was significantly associated with the egg production where the presence of I allele gave positive effect on
egg production. Jiang et al. (2005) informed their study that chickens with homozygote insertion (II genotype) of
24-bp on promoter region of cPRL could reduce the cPRL expression so that the chickens showed no brooding
trait. It was concluded that the cPRL promoter could be used as genetic marker for brooding trait in chickens.
Rashidi et al. (2012) studied the native chickens of Iranian and found that the allele frequencies of polymorphic
24-bp loci indel of cPRL were 0.59 for the I and 0.41 for the D allele. The frequencies of II, ID and DD genotypes
were 0.39; 0.40; and 0.21, respectively. As comparison, result on polymorphic 24-bp Indel on this promoter
region in Quail showed that the I and D alleles frequency was almost balance, 0.52 and 0.48 (Lotfi et al., 2013).

CONCLUSION

Polymorphism of 24-bp indel on the promoter region of prolactin gene was detected in Papua local chickens. The
[ allele frequency was 0.31 and categorized medium. This indicated that the brooding trait on hen population of
Papua local chickens could be eliminated by increasing the I allele in the population through a controlled mating.
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Figure 1. Genotypes of the 24-bp indel at np 358 by PCR with agarose gel
electrophoresis in Papua local chickens. Lanes 1 and 11: DNA marker
(100 — 3000 bp); lanes 2 — 4: DD (deletion-deletion, size:130 bp); lanes
5 —7:ID (insertion-deletion, size: 130 bp and 154 bp); and lanes 8 — 10:
IT (insertion-insertion, size: 154 bp).
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forward primer insertion (24-bp)

\4 \4

2221 tttctagaaa tagctagaat tttaatattg gtgggtgaag agacaaggaa gacaagaaga
2281 gacaagacaa ggaaggaaga gaagacacct gcaggcaggg agaataacat tttacaaaca
2341 tagaggataa cagtctcaga attgacaact ggagttttcg aggatcagtg gcatttgcaa

reverse primer

Figure 2. Sequent of DNA fragment in gallus gallus prolactin gen (promoter
region), 154 bp (insertion allele). Source: GenBank: AB011438.2

deletion (24-bp) forward primer

v

1741 tcccatagta gaaattgtaa agtatttttc ctttctagaa atagctagaa ttttaatatt
1801 ggtgggtgaa gagacaagga aggaagagaa gacacccgca ggcagggaga ataacatttt
1861 acaaacatag aggataacag tctcagaatt gacaactgga gttttcgagg atcagtggca
1921 tttgcaacta attcagggca aaattttggc gttctctaca tccagcc§1e ctcagcatcc

reverse primer

Figure 3. Sequent of DNA fragment in gallus gallus prolactin gen (promoter region),
130 bp (deletion allele). Source: GenBank: AF288765.2
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The effect of GH gene and /GF-/ gene on dominance effect of bodyweight of
Korat chicken
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Technology

ABSTRACT

Normally, major genetic effect role in growth performance of broiler chicken is heterosis. Heterozygous genotypes
cause to the effect, therefore, the highest magnitude effect should be found in the heterozygous genotype.
Objectives of the study were investigate the association between genotypes of growth hormone gene (GH) and
Insulin like growth factor I gene ({GF-I) and dominance effect of the bodyweight of Korat chicken (KR). Dominance
effect of bodyweight at O, 4, 6, 8 and 10 weeks of Korat chickens were estimated by BLUP method with Animal
model with dominance effect. PCR-RFLP technique was used to genotype the GH and IGF-I gene. General linear
model and ordinary least square were used as model and estimate the genotypes effect. The significant association
was accepted at a < 0.05. Highly significant association between genotypes of GH and IGF-I and the dominance
effect in all weeks were found. Regard of GH gene, the highest magnitude of genotype effect, however, were not
found in heterozygous genotypes. The results suggest that the GH and IGF-I genotypes have significant different
effect on bodyweight in KR, but the effect of heterozygous genotypes were not the highest effect.

Key words: Growth performance, Dominance effect, Crossbred chicken, GH gene, IGF-I gene.

Introduction

Alternative meat chicken is needed for answering of new generation consumer requirement. Better texture,
and flavor are desirable properties of chicken meat. KR is Thai indigenous crossbred chicken, it was established
under the cooperation between Suranaree University of Technology, Thailand Research Fund, and Department of
Livestock Development. The ultimate goal of the establishment of the chicken is to be the strong tool for small
holder farmer’s occupation, and to answer the need of consumer.

From previous studies Keambou et al. (2010); Williams et al. (2002); Youssao et al. (2009) reported that heterosis
is main role for growth traits of chicken. Heterosis will be generated by heterozygous genotype (Hanafi and Iraqj,
2001; Keambou et al.,, 2010; William and Pollak, 1985). Therefore, heterozygous genotype of loci related with
growth traits of chicken should be associated with the highest dominance effect, this is the hypothesis of the
current study.

Growth hormone (GH) is a single polypeptide secreted by eosinophilic granulocytes of the anterior pituitary (Kato
et al, 2002). It has many physiological functions in animals (Ma et al., 2012), such as promoting muscle growth
(Ohlsson et al., 1998), bone formation (Millar et al., 2010). The GH gene is one of the most important genes that
can affect chicken performance traits because of its important function in growth and metabolism (Vasilatos-
Younken et al,, 2000). The GH gene is a candidate gene for body weight secreted by the anterior pituitary gland
under the hypothalamic control of two hormones, GH-releasing hormone (GHRH), which increases the secretion of
GH, and somatotropin release-inhibiting factor (SRIF, also called somatostatin) which inhibits its secretion (Nicoll
et al,, 1986). It is known that GH is the main regulator of postnatal somatic growth, stimulating anabolic processes
such as cell division, skeletal growth and protein synthesis (Daughaday, 2000).

Insulin-like growth factor-I (IGF-I) secreted by liver which this liver region have GH receptor for get GH and
adapted is /GF-I at liver regions (McMurtry et al., 1997). IGF- is a highly conserved, 70 amino acid, single-chain
polypeptide secreted by liver which that plays an important role in the control of growth and metabolism in
chickens and mammals (Dawe et al., 1988; Florini et al., 1996). The IGF-I gene is a candidate gene for growth,
body composition and metabolism, skeletal characteristics and growth of adipose tissue and fat deposition in
chickens metabolism, skeletal characteristics and growth of adipose tissue and fat deposition in chickens (Zhou et
al., 2005).

Regard to the mentioned studied, the objective of the current study were investigate the association between
genotypes of growth hormone GH and IGF-I genes and dominance effect of the bodyweight of KR.
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Materials and Methods

Experimental design, animal and genotyping

Four hundred and seventy-eight Suranaree University of Technology (SUT) female chickens were mated with one
hundred and four Leung Hang Khao (LK) male chickens to produce 644 KRs. All chickens were tagged with an ID
for individual data collection.

All KRs were checked their genotype of GH, and IGF-I gene, and were separated into 6 groups follow their
genotypes (A1A1, A1A3, A3A3 and AA, AC, CC respectively). CRD was applied for the experimental design, there
were 4 replications in each genotype, and 30 KRs in each replication.

The protocol of Thakur et al.(2006) and Moe et al.(2009) were followed for genotyping the GH, and IGF-I gene,
respectively.

Data and statistical Analysis

There were 3,220 data of body weight of the age at O, 4, 6, 8, and 10 weeks which include with the genotyped
KRs’ body weight and 25,309 pedigree data were used to estimate parental dominance effect of body weight.
Parental dominance effect were estimated by animal model with permanent environment and parental dominance.
Restricted maximum likelihood; REML were used to estimate variance component. BLUPF90 3.0 (Duangjinda et
al.,, 2007) software was used for the estimation.

The association between genotype and dominance effect of body weight of KRs was analyzed by general linear
model and ordinary least square and compare difference of genotype by Tukey's range test. Significant differences
were accepted at a < 0.05.

Result and Discussion

Significant different effect of different genotypes for both of genes were detected, the highest magnitude effect,
however, were not the heterozygous genotypes.

In cased of GH gene were found highly significant association between genotypes and dominance effect of the
body weight of KRs in all weeks (Table 1). The effect of genotype A3A3 was the lowest in all ages of KRs, while the
effect of genotype A1A1, and A1A3 were the highest at the age of 0, 2, 4, 6, and 8 weeks. At the age of 10 weeks,
the effect of A1A1 genotype was the highest. The result related with Feng et al. (1997); Kuhnlein et al. (1997); Nie
et al. (2005) in issue of GH gene had to related with growth trait of chicken and A1A1 genotype were related with
the best growth trait.

In the case of IGF-I gene, highly significant association between genotypes of IGF-I gene and the dominance effect
of the bodyweight of KRs were found in all weeks (Table 1). Genotype AA had the highest effect at the age of
0 week, while genotype AC had the highest effect at 4, 6, and 8 weeks. And at the 10 weeks, genotype CC had
the highest effect. The result related with Amills et al. (2003); Kadlec et al. (2011); Moe et al. (2009); Pandey
et al. (2013); Tang et al. (2010); Wang et al. (2004); Zhou et al. (2005) found that IGF-I gene effect to growth
performance in chicken.

Even the significant different association between different genotypes and dominance effect were found in
both of genes, but the results were not accorded to the hypothesis of this study. Many factors, epistasis effect,
environmental effect, for example, may cause to the effect of the genes. Expression of each genotypes of both of
genes should be the further investigation.

Conclusions

The significant association between GH, and IGF-I gene and dominance effect of the body weight at 0, 4, 6, 8, and
10 weeks of KR were detected. However, the heterozygous genotypes of both of genes were not the highest effect.
Expression of each genotypes of both of genes should be the further investigation for better understanding about
the role of these genes on heterosis effect of body weight of chicken.
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Table 1 Dominance effect of GH gene and /GF-I gene in Korat chicken
Gene Genotype Dominance effect + SE
1d 4 wk 6 wk 8 wk 10 wk
A1Aq 1.13+0.23? 5.45+0.50° 11.65£1.202 11.45+1.97* 11.67+1.28*
(n=137)
AiA3 1.28+0.28* 3.75+0.61° 8.23+1.48* 4.86+2.42%0 6.64+1.57°
GHgene (%)
g A1A3 0.04+0.25° -0.321+0.54° 2.52+1.30° 0.60+2.13° -3.68+1.39¢
(n=123)
P-Value 0.00 0.00 0.00 0.00 0.00
AA 1.24+0.42* -4.67£1.27° S2.75£2.17° -10.43+£3.35> -14.85+2.85¢
(n=35)
AC -0.58+0.24° 1.17£0.71 3.57£1.21°  -0.82+1.87*  0.08+1.59"
gene cC 0.20:£0.24*" 2.93+0.72*  7.88+1.23"  3.29+1.90"  9.34+1.61°
(n=124)
P-Value 0.00 0.00 0.00 0.00 0.00
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INTRODUCTION

Meat of native chicken is popularly eaten in South-East Asia. Meat of native chicken has a unique taste, texture,
and low fat. Selling price of indigenous chicken meat is around two or three times higher than selling price of
broiler meat. Moreover, native chicken is suitably managed under tropical climate. Indigenous chicken meat
becomes more interesting channel in niche market. Betong chicken (KU Line) was developed from the close flock
of Betong chicken breed which is a native chicken breed in the southern part of Thailand by Kasetsart University.
Growth performances and reproductive traits have been remained to be an important criterion in this population.
However, carcass traits also are important in selection program in poultry breeding. Carcass traits must be
considered to a criterion for selection program in order to increase profitability. Carcass traits can be generally
measured from their progeny and relative because these traits must be slaughtered before measured. Therefore,
the objective in this study was to estimate variance components and heritabilities for some carcass traits in Betong
chicken (KU Line) from its progeny.

METHODOLOGY

A pedigree population was constituted of 945 chickens from 7 generations deep. Performance data were collected
from 526 chickens of the offspring in Betong chicken (KU Line) population. The offspring used in the present
study were produced from 28 cocks and 97 hens. There were 2 progeny test flocks which were received same
feeding, management and diets according to the recommendation of Putsakul et al. (2010). All animals were
recorded pedigree and performance data.

All chickens in progeny test were weighed at 16 weeks old. Birds were randomly sampled within full-sib family in
order to measure carcass traits. Chickens were slaughtered at 16 weeks old. Chickens were fasted an overnight
and weighed LW before slaughtering. The process of slaughtering for ante-mortem and post-mortem according
to the good manufacturing practices for poultry abattoir from Thai Agricultural Commodity and Food Standard
(TACEFS, 2006). Carcass was dissected into the different cutting parts according to standard of chicken meat (TACEFS,
2005). Carcass, breast muscle and leg were weighed in this step.

The performance data were collected namely BW16, LW, CW, BMW and LEG. Descriptive statistics were
calculated. Variance components and heritability estimates were estimated with the Average Information
Restricted Maximum Likelihood (AI-REML) (Johnson and Thompson, 1995) by WOMBAT software program (Mayer,
2013). The information or prior values for estimation of variance in multiple trait analysis were obtained from
single trait analyses in the same dataset. The animal model used in this analysis is shown in Figure 1.

RESULT & DISCUSSION

Descriptive statistics for BW16 and carcass traits (LW, CW, BMW, and LEG) are summarized in Table 1. The
percentages of CW, BMW, and LEG were 81.26%, 14.41%, and 25.73%, respectively. The mean of BW16 and
carcass percentages of Betong chicken (KU Line) were consistent with the previous reports in Betong chicken (KU
Line) (Putsakul et al., 2010; Makchumpon et al., 2015).

Variance components and heritability estimates of BW16 and carcass traits (LW, CW, BMW, and LEG) are shown
in Table 2. Heritability estimates of BW16 and carcass traits were ranged from 0.45 to 0.60. The heritability
estimate of BW16 was high (0.47) which was supported in the earlier study result in Betong chicken (KU Line) by
Wangtaweesukkamol et al. (2013). There was genetic variation in BW16 in this population. Selection of BW16
in parent stock can improve BW16 by genetic selection in the next generation. However, heritability estimate for
BW16 has been found to be different from the report in native chicken breed in Ethiopia by Dana et al. (2011).
Difference in heritability estimates might be attributed to method of estimation, breed, sample size, population
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structure, and environmental effects.

Leg weight had the highest value of heritability estimate. The estimate of heritability of LEG was found to be
higher than that of LEG by Gaya et al. (2006). Heritability estimate of BMW (0.56) was high in agreement with
the other estimates which were reported by Chen et al. (2008) in Chinese native chicken, Le Bihan-Duval et al.
(1999) in broilers and Zerehdaran et al. (2004) in broilers. The heritability estimates of LW and CW (0.50 and
0.45, respectively) were high. Moderate heritability estimate of CW was published by Zerehdaran et al. (2004)
in broilers. Therefore, all of the estimates for carcass traits (LW, CW, BMW and LEG) were high heritable, genetic
selection would be effective in improving these traits.

CONCLUSION

The results showed that genetic variation in BW16 and carcass traits (LW, CW, BMW, and LEG) were found in
Betong chicken (KU Line) population. Heritability estimates of BW16 and carcass traits (LW, CW, BMW, and LEG)
were high. Genetic selection of BW16, LW, CW, BMW, and LEG can improve genetic gain in these traits on this
population. These carcass traits can be improved by genetic selection in Betong chicken (KU Line) population.
Selection of carcass traits in parent stock can be effective in genetic response on these traits in their progeny.
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a, G®A 0
y; =X,b, +Z,a, +e;; var =
e, 0 R®I

where y, = the vector of the observations, b,= the vector of fixed effects including
hatching batch and sex, a,= the vector of animal additive genetic effect, X,= the incidence
matrix of fixed effect associating elements of b;, Z, = the incidence matrix of random effect
associating elements of a,, e,= the vector of residuals, A = the numerator relationship matrix,

I = identity matrix, G and R = the (co)variance matrices of additive genetic and residual,
respectively.

Figure 1 Animal model

Table 1 The number of records (N), mean + standard deviation (SD), minimum (Min) and
maximum (Max) of carcass traits

Trait’ N Mean + SD Min Max
BW16 (g) 526 1,931.58 +£376.28 962 2,949
LW (g) 251 1,912.49 4+ 374.65 1,197 2,763
CW (g) 252 1,554.14 + 328.59 957 2,222
BMW (g) 252 275.55+42.98 159 399
LEG (g) 252 492.03 +121.24 266 738

1 BW16 = body weight at 16 weeks old, LW = live body weight, CW= carcass weight, BMW =
breast meat weight, and LEG = leg weight
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Table 2 Variance components and heritability + standard error (hZ + SE) of body weight and
carcass traits
Trait' o2 o2 h2 + SE

BW16 13,389 28,435 0.47 £0.12

LW 11,927 23,929 0.50+0.13

CW 7,026 15,631 0.45+0.13

BMW 332 945 0.56+0.15

LEG 1,269 2,117 0.60 + 0.14

1 BWI16 = body weight at 16 weeks old, LW = live body weight, CW= carcass weight, BMW =
breast meat weight, and LEG = leg weight, 02= additive genetic variance (g°) and
o2 = phenotypic variance (g’)
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ABSTRACT

[Objectives] Shell strength is an important trait in the chicken egg industry, but the influence of egg shape on
shell strength has not been investigated sufficiently. The main objective of this study was to clarify the relationship
between egg shape and shell strength and to estimate the genetic parameters of traits related to shell strength.
yMethods zWe assessed two populations of White Leghorns that were divergently selected for strong and weak
shell strength according to non-destructive deformation of the eggshell (NDD) over 16 generations. We used the
restricted maximum likelihood approach to estimate the genetic parameters of three traits—NDD, shell breaking
strength, and shape index (100% X width/length). The phenotypic correlations between the shape index and
breaking strength were calculated within and across generations.

[Results] The heritability estimates for the three traits ranged from 0.371 to 0.534 for the strong line and
0.409 to 0.487 for the weak line. The phenotypic correlation between breaking strength and egg width across
generations was positive in the weak line but negative in the strong line. However, in both lines, within-generation
correlations between breaking strength and egg width were consistently positive. Similarly, the phenotypic
correlation between breaking strength and egg length across generations was positive in the weak line but
negative in the strong line, with the within-generation correlations of these traits consistently negative in both
lines. Under the selection, the relationship between egg shape and shell strength was not obvious. However,
analysis of the genetic parameters revealed that egg width had positive and length had negative genetic
correlations with breaking strength. In conclusion, our results revealed that rounder chicken eggs tended to be
more resistant to breakage than were more elongated eggs, for the range of values studied.

INTRODUCTION

Because it leads to substantial economic losses, eggshell breakage is a serious problem in the poultry industry.
In addition, eggshell breakage poses a potential threat to food safety (Bain et al., 2006), such as salmonella
contamination, and can be linked directly to poor eggshell quality. Therefore, considerable research effort has
been directed toward reducing shell breakage and has largely focused on increasing eggshell thickness and
breaking strength (Mertens et al., 2006). Traits including non-destructive deformation (NDD), eggshell thickness,
and eggshell weight are generally considered to be reliable criteria for estimating eggshell strength. In addition,
several studies have confirmed that eggshell strength is highly dependent on the egg shape index (Anderson et al.,
2004; Altuntas and Sekeroglu, 2008). In the present study, we furthered this line of reasoning by assessing how
long-term selection for a single eggshell trait, NDD, affects the shape index in White Leghorns. Specifically, we
clarified the relationships between egg shape and several traits related to eggshell strength.

MATERIALS AND METHODS

We used two populations of White Leghorns which were divergently selected from a single base population (n
= 412) for 16 generations according to eggshell strength. Specifically, birds were selected for high or low NDD
values, referred to hereafter as the weak line and the strong line, respectively. From generation 2 to generation
12, selection was based on individual performance; 80 female and 10 male chickens were selected per generation,
by using the full-sib mean for male selection given that they did not have their own records. From generation 13
to generation 16, to prevent excessive inbreeding, a within-family selection procedure was used (Nirasawa, 2010).
The restricted maximum likelihood approach (Patterson & Thompson, 197 1) was applied to estimate genetic
parameters for three traits—NDD, shell breaking strength, and egg shape index (that is, 100% X width/length)—
in a multiple-trait animal model (Henderson, 1975). The strong line comprised 3843 birds (average, 240.1
per generation) in total, and the weak line comprised 3689 birds (average, 230.6 per generation). Each record
represents the average of three measurements taken on three different eggs laid by a given hen between 36 and
38 weeks of age.
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RESULTS AND DISCUSSION

Egg size and shape index

Over the 16 generations of selection, the generation average for egg width decreased from 4.19 to 4.04 cm in
the weak line and from 4.22 to 4.06 cm in the strong line. Similarly, the average egg length decreased from 5.77
to 5.52 cm in the weak line and from 5.78 to 5.46 cm in the strong line. The size of eggs tended to be smaller
after selection in both lines, consistent with a previous study in which single-trait selection (that is, NDD) reduced
egg size (Murao, 2015). Regarding the egg shape index, the generation average increased from 72.7% to 73.2%
in the weak line and from 73.1% to 74.4% in the strong line (Figure 1). However, none of these averages differed
significantly between generations 1 and 16 (P > 0.05).

Correlations between egg shape and shell strength traits

Correlations between egg width and length, and breaking strength and non-destructive deformation were
calculated using the averages of across generations (referred to as the overall correlations) as well as within each
generation. Overall correlations using whole generations for weak and strong lines were as indicated in Table
1. Egg width and breaking strength showed the positive correlation, 0.871, in the weak line, however, it was
negative, -0.280, in the strong line. Egg length and breaking strength showed the positive correlation, 0.630,
in the weak line, but it was negative, -0.507, in the strong line. Therefore, these correlations between two lines
were quite different.Regarding within-generation correlations (Table 2), egg width and breaking strength showed
positive correlation in all generations in both lines. In contrast, correlations between egg length and breaking
strength were nearly O or negative in both lines. Therefore, the sign of the overall correlation coefficients was
quite different than that found within each generation.

Genetic parameters

The heritability estimates for three traits—NDD, breaking strength, and shape index—ranged from 0.409 to 0.487
for the weak line and from 0.371 to 0.534 for the strong line (Table 3). Phenotypic and genetic correlations
between shape index and breaking strength were all positive in both lines. Therefore, our analysis of the genetic
parameters revealed that rounder chicken eggs tended to be stronger than were more elongated eggs for the
range of values examined. Together, our findings suggest that long-term selection on the sole trait of NDD
decreased egg width and length in both lines of White Leghorns. Because the base population for this study had
been selected by using multiple traits including egg weight, suspending selection on all traits except eggshell
strength apparently decreased egg size. In support of this explanation, egg weight decreased in both lines
selected according to eggshell strength only (Murao 2015). In addition, correlation values (Tables 1 and 2) were
inconsistent depending on whether the overall population or that for the generation was analyzed. However, in
both lines, within-generations correlations of breaking strength were positive with width and negative with length,
and genetic parameters (Table 3) similarly showed the positive effect of width and negative effect of length on
breaking strength.

To clarify the mechanisms underlying the changing sign of correlation values within compared with across
generations, we present three populations—generations 2, 8, and 14 (G2, G8 and G14)—from the strong line
as an example (Figure 2). Within each of these generations, breaking strength and width clearly were positively
correlated, but when grouped into a single, overall population, the correlation between breaking strength and
egg width was negative. We consider that two types of pressure served to ‘hide’ the positive within-generation
correlation between width and shell strength when we estimated the overall correlation in the combined
population. First, downward pressure was exerted leading to the selection of smaller eggs in both lines because
of the suspension of selection on egg weight. The second pressure was caused by the intended selection on shell
strength: the strong line was under pressure to move toward increased breaking strength, whereas the weak line
was selected for decreased breaking strength. Therefore, the synchronized effect of these two pressures moved
strong-line populations toward a decreased width and increased breaking strength. Therefore, even though the
within-generation correlation was positive, the correlation for the overall population emerged as negative in
the strong line. In contrast, pressure toward selection of decreased eggshell strength led to the overall positive
correlation between breaking strength and width for the weak line.

In conclusion, the relationship between egg shape and shell strength was obscured under selection for NDD
only. Our results ultimately revealed that rounder eggs tended to be more resistant to breakage than were more
elongated eggs for the range of values studied.
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Figure 1. Generation average of shape index for weak and strong lines
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Figure 2. Breaking strength and egg width in the strong line

Table 1. Overall correlations between shape traits (width and length) and

eggshell strength traits

Weak line Strong line
Width Length Width  Length
Breaking strength 0.871 0.630 —0.280  —0.507
Non-destructive deformation —-0.908 —0.829 0.594 0.699

Negative correlation values are in red.
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Table 2. Within-generation correlations between shape traits and breaking

strength
Weak line Strong line
Generation Width  Length Width Length
1 0.205 0.007 0.183 —0.097
2 0.095 —-0.164 0.253 —0.135
3 0.316 0.041 0.128 —0.233
4 0.295 —0.085 0.162 —0.167
5 0.267 —0.136 0.116 —0.132
6 0.183  —0.217 0.089 —-0.190
7 0.329 0.028 0.045 —0.197
8 0.251 —0.179 0.170 —0.241
9 0.193 —0.073 0.217 —0.084
10 0.271 —0.093 0.092 —0.280
11 0.278 —0.050 0.157 —0.257
12 0.015 —0.148 0.157 —0.257
13 0.368  —0.025 0.084 —-0.196
14 0.155  —0.121 0.343 -0.217
15 0.114  -0.127 0.264 —0.049
16 0.092  —0.177 0.134 —-0.081
Average 0.214  —-0.095 0.162 —0.176

Negative correlation values are in red

Table 3. Heritabilities (diagonal) and phenotypic (upper triangle) and genetic
(lower triangle) correlations between shape traits and eggshell strength traits

Weak line Strong line
NDD BS SID NDD BS SID
NDD 0.409 -0.751 -0.076 NDD 0.457 -0.702  -0.059
BS —0.832 0.487 0.250 BS -0.824 0.371 0.287
SID —-0.086 0.315 0.479 SID —-0.049 0.311 0.534

NDD, non-destructive deformation; BS, breaking strength; SID, shape index
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INTRODUCTION

Black-bone chickens are more likely consumed in every year, as their meats have several good substances to
healthy of consumer. For example, melanin is an antioxidant to increase immunology (Tian et al., 2007). Carnosine
is a natural dipeptide consisting of f-alanine and histidine, which plays role for physiological buffer in muscle and
anti-oxidant function (Rosick, 2006; Tu et al., 2009). In addition, their meat has many properties to body including
reinforce immunity system, prevent emaciation and feebleness, treat diabetes and anemia, and cure women’s
diseases like menoxenia and postpartum complications (Qi et al,, 2012; Tian et al,, 2007). However, the growth
rate of black-bone chicken breeds is slower than others Thai native chicken, which means they have not reached
their full economic value yet. Therefore, combining the valuable meat quality of the black bone chickens with the
efficiency of the Thai native chicken (Pradu-Hang dam: KKU55), as same as black characteristic, is interesting.
However, all varieties of black chickens, genetic information for growth were scared. This information is necessary
to bring the weight of the genetic parameters as a basis to consider to make progress in the breeding of growing
the next great.

The aim of this research was to study general and specific combining abilities existing in growth traits of purebred
and crossbred to selection improvement program.

MATERIALS AND METHODS

Data

Body weights at 0, 4, 8, 12, and 14 weeks of age were defined as growth traits form generations 1, a number of
animals on Table 2. Black chicken breeds were three native chickens including Black-bone Chinese (BC), Black-
bone Hmong (BH), Thai Native chicken (TN) and were bred by diallel mating system. This system produced nine
mating pairs included BCxBC, BCxBH, BCxTN, BHxBC, BHxBH, BHxTN, TNxBC, TNxBH and TNxTN. Black chicken
and crossbred Thai native chickens (Pradu Hang dam) was reared in an experimental farming of Research and
Development Network Center for Animal Breeding (Native Chicken), Faculty of Agriculture, Khon Kaen University.
Male to female ratio was 1:5. After hatching, all chickens were kept data from O till 14 weeks of age. Preparation
of the data contained the number of the animal, hatch, sex, father number, mother number, generation, birth
weight, body weight at 4, 8, 12, and 14 weeks of age, the pedigree file contains the serial number, father number,
mother number and generations.

Statistical analysis

A diallel analysis was used to estimate the general and specific combining abilities and the specific combining
ability, according to Griffing’s (1956) method 1.

A diallel table was set up as follows:

Table 1 Mating system for the test diallel analysis.

where,
P=number of lines for crossing;  Xi= grand total of breed i;
Xj= grand total of breed j; Xij= population mean;

General combining ability effects of crosses was calculated as:
gi= 1/2p (Xi. + Xjj) - 1/p2 X..
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Specific combining ability effects of crosses was calculated as:

sij = Y2 (Xij + Xji) - 1/2p Xi. + Xi + Xj. + X,j) + 1/2pX..
Reciprocal combining ability effects of crosses was calculated as:
rij= Y2 (Xij+Xji )

RESULTS AND DISCUSSION

BODY WEIGHT

At O week, the body weight of S-BHXTN, G-TN and S-BCxTN were 33.97, 33.90 and 33.65 g, and were higher than
other breeds (P <0.01; Table 3). Body weight at 4 weeks old was lower in G-BH, G-TN, S-BCxBH, S-BHxTN and
R-TNxBH compared with G-BC and S-BCxTN (P <0.01). At 8 weeks old, G-BC body weight was higher than G-BH
(794.03 vs 526.38 g;P <0.01), meanwhile the significant lowest body weights were recorded in S-BCxBH (612.59 g),
S-BHXTN (613.78 g) and R-TNxBH (656.28 g) At 12 and 14 weeks, the body weight of S-BCxTN was the highest (P
<0.01), while the body weight of G-BH was consistently the lowest.

COMBINING ABILITIES ON BODY WEIGHT

The crossbreeding genetic estimations for GCA, SCA and RCA on BW at day old to 14 weeks old are presented
in Table 4. The crossbreeding genetic estimations for GCA were positive at 4, 8, 12 and 14 weeks old in a G-BC
strain. However, the values of the G-TN strain were positive at 8, 12 and 14 weeks. The variation in GCA is due
to additive genetic variance. G-BC and G-TN will be good for selection on genetic improvement program for body
weight. The crossbreeding genetic estimations for SCA for BW were positive at day old to 14 weeks old only in the
S-BHXTN strain. However, the values of the S-BCxTN strain were positive at 4, 8, 12 and 14 weeks. The variation
in SCA is due to non-additive genetic variance; heterosis, dominance, over- dominance and epistasis (Singh and
Kumar, 1994; Adebambo et.al., 2011). The crossbreeding genetic estimations for RCA were negative at day old
to 14 weeks old only in the R-BHxBC strain, but the values were positive at day old to 14 weeks old only in the
R-TNxBC strain.

CONCLUSIONS

BCxTN, using G-BC as a sire line and G-TN as a dam line, should be developed as crossbred due to good general
combining ability for body weight. The diallel mating system was effective selection of growth traits to genetic
progress.
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Table 1 Mating system for the test diallel analysis.
. T Dam Breeds
Sire Breeds BC BO TN
BC v v v
BH v v v
™ v v v
BC = Black-bone Chinese, BH = Black-bone Hmong, TN = Thai Native chicken.
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Table 2 Number of data analysis.

Parameters BW0 BWw4 BWS8 BW12 BW14
Purebred
G-BC 72 71 67 67 67
G-BH 55 50 47 44 43
G-TN 108 103 100 99 96
Main crosses
S-BCxBH 63 60 54 51 50
S-BCxTN 79 76 73 72 72
S-BHXTN 79 77 74 71 70
Reciprocal crosses
R-BHxBC 86 80 80 76 74
R-TNxBC 103 100 94 89 88
R-TNxBH 54 51 43 42 41

Table 3 Least square means of body weight of Black bone chicken and crossbred (g/bird).

Parameters BWO BW4 BWS BW12 BW14
Purebred
G-BC 32.71% 344.08 @ 794.03 @ 133343 ¢ 1580.75%
G-BH 29.874 208.20 ¢ 52638 f 926.59 ¢ 1108.84 4
G-TN 33.90% 268.05 4 666.70 4 1230.81° 1522.19°
Main crosses
S-BCxBH 30.60 ¢ 265.16 4 612.59°¢ 1093.14 4 1297.60 ©
S-BCxTN 33.65¢% 340.26 2 779.322b 1371.392 1635.97 2
S-BHxXTN 33.97¢% 255.714¢ 613.78 ¢ 1088.03 ¢ 1324.71 ¢
Reciprocal crosses
R-BHxBC 31.88b 287.87 ¢ 711.13 ¢ 1148.82¢d 1388.78 ¢
R-TNxBC 30.98< 317.38° 748.19b¢ 1355.512 1599.66%
R-TNxBH 31.85b¢ 251.434 656.284¢ 1171.90% 1376.34 ¢

abedef Means with different superscripts on the same column are significantly different; BWO,
BW4, BW8, BW12 and BW14 mean body weights at 0, 4, 8, 12 and 14 weeks, respectively.

Table 4 Combining abilities for body weight at birth weight, 4, 8, 12 and 14 weeks old.

Parameters N BW0 4wk 8wk 12wk 14wk
General combining abilities (GCA)

G-BC 344 -0.07 40.01 61.17 81.55 87.83
G-BH 239 -0.82 -30.37 -70.95 -131.89 -158.58
G-TN 506 0.89 -9.65 9.78 50.34 70.75
Specific combining abilities (SCA)

S-BCxBH 278 -0.03 23.74 -7.07 -19.75 -12.15
S-BCxTN 372 -0.66 5.33 14.09 40.49 33.15
S-BHXTN 371 0.69 0.45 17.49 20.45 12.26
Reciprocal combining abilities (RCA)

R-BHxBC 396 -0.64 -61.35 -49.27 -27.84 -45.59
R-TNxBC 474 1.34 11.44 15.56 7.94 18.16
R-TNxBH 231 -1.06 -2.14 21.25 41.94 25.81

G: General combining ability; S: Specific combining ability; R: Reciprocal combining ability.
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Introduction

Success of improvement in commercial broiler production system has been achieved by selection for early growth
and combined with improvement of environmental factors. The age at slaughter of commercial broiler chicken is
reduced to 42 days or less than that and slaughter weight is higher than 2 kg. The production system and meat
from broiler are similar all over the world. Native chicken meat in several countries in Asian countries is famous
for unique taste and it can be sold with 2 or 3 times higher price than commercial broiler meat especially in niche
market. However native chicken production system is different, takes long time to slaughter age and has high cost
of production. Betong chicken is a renowned indigenous breed in the southern part of Thailand. Betong chicken (KU
Line) has been developed by Kasetsart University from selection in a closed flock based on growth performance
and general appearance to maintain some outstanding characteristics of original Betong, for example, slow
feathering rate, golden brown feather color, red single comb and yellow skin. Dissimilarity of feather color (golden
brown and white) was observed after selection for a few generations. Even they were developed from the same
genetic origin; growth of them should be studied. Growth of animal is affected by genetic and non genetic factors.
Non linear growth functions, logistic growth function, Richard, Gompertz and Von Bertalanffy, were usually
applied in chicken and parameters describe body weight and age relationship (Grossman and Bohren, 1985;
Rogers et al,, 1987; Yang et al,, 2006). The parameters interpret animal biology and body weight at hatching, age
and body weight at inflection point and mature weight can be predicted. Several studies show that growth curve
parameters were heritable and differ between male and female (Barboto, 1991; Mignon-Grasteaue et al., 1999;
Yang et al., 2006). Therefore, the objective of this study was to investigate the different growth patterns due to
feather color, sex and hatching batch of Betong chicken (KU Line).

Materials and Methods

Data originated from 3 hatching batches of golden brown and white Betong chiken (KU Line) flock at Kasetsart
University. After hatching, each chick was identified by a wing band and weighted on the day of hatching and
weighted weekly until 8 weeks of age and then every 2 weeks until 16 weeks of age. Chicks were reared in
housing system and feed and water were supplied ad libitum acording to routine method . Sex of chick was
classified by size of comb at 4 weeks old, and was confirmed at 8 weeks old. Standard routine vaccination rogram
was provided for chickens in the flocks. Thus, total of 2,145 chickens with 20,221 records were included in this
analysis. Two mathematical functions, Gompertz and Von Bertalanffy (Zheng, 1995; Mignon-Grasteaue et al.,
1999) were chosen to fit the body weight data. The functions are shown as:

Gompertz function:

y=A X exp(-B X exp(-K X 1))

Von Bertalanfly

y=A X [1-[B X exp(k X t)]]?

where y is the body weight at age t; A is the upper asymptotic weight at infinity age or the estimation of mature
weight; B is the integration constant; K is the rate of maturation; Five models with combined data (Model I), each
main effect (color feather, sex and hatching batch; Model II, Il and IV) and those 3 combination effects (Model V)
were employed for each function to determine the importance of the effects. Marquardt algorithm of nonlinear
estimation was carried out with the convergence criteria of 10° (SAS, 1990). Mean square error (MSE), coefficient
of determination (R”) and reduction sum square were computed for goodness of fit for each model. Predicted
values of body weight at hatching and age and body weight at inflection point were calculated.

Results and Discussion

Estimates of growth curve parameter and predicted values for Gompertz and Von Beterlanffy function are
shown in Table 1 and 2. Small differences of MSE and R* between Gompertz and Von Bertalanffy functions for
every model were found and MSE of Von Bertalanffy was lower than that of Gompertz while R* of them was
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high with similar values (0.96 to 0.98). Fitting parameters for each effects, feather color, sex and hatching
batch, decreased MSE and reduction sum squares of Model II, IIl and IV compared with Model I were significant
(P<0.05). Moreover differences of estimated parameters between male and female (Model III) agreed with several
studies in commercial and native chicken (Mignon-Grasteau et al., 2000). Hatching batch in this study referred
to the environment and management conditions which affected on estimates of growth curve. It is indicated
that the combinations between those effects needed to be examined with Model V and the results revealed
that interactions were found but not strong (Figure 1 and 2). However fitting the curve independently for each
combination effects could explain the growth pattern of chicken. Estimates of “A” referred to mature weight from
Von Bertalanffy (1,664.60 to 4,011.40 g) were higher than those from Gompertz (1,487.49 to 3,113.90 g) but
values of “K” could not comparable but the magnitude of K was similar between those 2 functions. The higher
values of K showed the younger age at inflection point which resulted in light body weight at that point. Estimates
of growth curve parameters in the same feather color and sex but different hatching batch of Betong chiken (KU
Line) were vary. Environmental effect from hatching batch 3 was poorer than that from hatching batch 2 and 1.
The estimated mature weights of commercial broiler were higher than Betong chicken (KU Line) due to genetic
origins and selection for rapid early growth rate (Knizetova et al., 1991; Hancock et al., 1995) Overestimated body
weights at hatching from Gompertz were observed, on the other hand underestimated values were shown from
Von Bertalanfly . Most of the estimated parameters at inflection point of Gompertz were higher than those of Bon
Bertalanffy. Age and body weight at inflection point ranged from 43.42 to 72.19 days and 493.21 to 1,188.56
g and 47.64 to 69.45 days and 547.18 to 1,145.54 g for Gompertz and Von Bertalanfly, respectively. In Betong
chicken (KU Line), female and light weight (white color) reached to the inflection point faster than male and heavy
weight (golden brown color). The inflection point of commercial broiler strains in male was estimated to be 44.4
days of age (Golimytis, 2003). In contrast, the point in some purebred meat type chicken was later (Knizetova et
al,, 1991).

Conclusion

Gompertz and Von Bertalanfly functions were well fitted to estimate growth curve parameters. Von Bertalanffy
seemed to be better than Gompetz for this Betong Chicken (KU Line). Models fitted with each combination
between feather color, sex and hatching batch were the best according to less MSE. White feather color and
female chicken reached to the inflection point earlier than golden brown feather color and male chicken. Due to
the different of hatching batches, improvement of environment and management affected the growth of chicken.
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Table 1 Estimates of growth curve parameters +£SE and predicted values of body weight at hatching

(BW,) and age and body weight at inflection point from Gompertz function

| ) At inflection point

Item A(g) B kx10°(d") BWy(g Age (d) BW(g)
Model I with combined data
Combined data 2,226.00 £17.53 3.82+0.02 2.33+0.02 48.78 57.53 818.90
MSE 35,410.00
R’ 0.96
Model II fitted feather color effects
G 2,304.40 £19.27 3.85+0.02 2.33+0.03 48.98 57.87 847.74
w 1,977.10 £34.64 3.74+0.05 2.32+0.05 46.86 56.88 727.33
MSE 32,357.00
R’ 0.96
Model III fitted with sex effects
M 2,694.90 £21.60 3.96+0.02 2.26+0.02 5143 60.88 991.40
F 1,887.40 £16.08 3.66+0.02 2.34+0.03 48.68 5542 694.34
MSE 18,572.70
R’ 0.98
Model 1V fitted hatching batch effects
H1 2,254.30 £26.79 3.71+£0.03 2.31+0.03 55.04 56.78 829.31
H2 2,432.00 £39.39 3.87+0.04 2.17+0.04 50.90 62.32 894.68
H3 1,944.00 £24.93 4.02+0.06 2.65+0.05 3489 52.50 715.16
MSE 34,462.50
R’ 0.96
Model V fitted combinations of feather color, sex and hatching batch effects
G:M:H1 3,113.90 +£38.72 3.93+0.03 2.16+£0.03 61.15 63.37 1,145.54
G:M:H2 3,043.20 +47.52 4.04+0.04 2.09+0.04 53.37 66.85 1,119.53
G:M:H3 2,367.70 £29.94 4.12+0.05 2.54+0.05 38.35 55.77 871.03
G:F:H1 2,108.50 £26.46 3.58+0.03 2.17+0.03 58.64 58.80 775.67
G:F:H2 1,951.30 £29.77 3.79+0.05 2.39+0.05 4396 55.78 717.84
G:F:H3 1,588.70 £21.32 3.89+0.07 2.81+0.06 32.38  48.37 584.45
W:M:H1 1,874.80 +44.64 3.64+0.08 2.50+0.09 4944  51.63 689.70
W:M:H2 2,851.10 £103.70  3.85+0.07 1.94+0.08 60.85 69.45 1,048.86
W:M:H3 2,258.20 +49.41 4.18+0.10 2.62+0.08 3441 54.63 830.75
W:F:H1 1,774.50 £63.51 3.51+0.07 2.16+0.09 53.10 58.12 652.80
W:F:H2 1,939.70 £59.03 3.64+0.07 2.15+0.08 50.92  60.09 713.58
W:F:H3 1,487.40 £32.29 3.83+0.10 2.82+0.10 3224  47.64 547.18
MSE 13,356.40
R’ 0.98

" A = upper asymptotic weight at infinity age or the estimation of mature weight; B = integration
constant; K = rate of maturation; G = golden brown; W = white; M = male; F = female; H1, H2 and

H3 = hatching batch 1, hatching batch 2 and hatching batch 3, respectively; MSE = mean square error;

R? = coefficient of determination
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Table 2 Estimates of growth curve parameters +SE and predicted value of body weight at hatching (BW)
and age and body weight at inflection point from Von Bertalanffy function

At inflection point
Age (d) BW(g)

Item' A (g) B x 10 K x10*(d") BW,(2)

Model I with combined data

Combined data 2,678.80 £17.53 7.83+0.03 1.53+0.02 27.25 55.82  793.72
MSE 35,041.20

R’ 0.96

Model II fitted feather color effects

G 2,774.80 £35.44 7.87+0.03 1.53+0.02 27.02  56.15  822.16
W 2,350.20 £61.74 7.74+0.07 1.54+0.05 27.09 5470  696.36
MSE 32,270.00

R’ 0.96

Model I1I fitted sex effects

M 3,316.40 +41.38 7.99+0.03 1.45+0.02 27.08 60.29  982.64
F 2,232.30 £28.32 7.63+0.03 1.57+0.02 29.64 5275  661.42
MSE 18,442.60

R’ 0.98

Model 1V fitted hatching batch effects

H1 2,714.60 £49.06 7.67+0.04 1.51+0.03 3445 55.19  804.33
H2 2,972.80 £73.99 7.93+0.06 1.41+0.04 2629 6147  880.83
H3 2,233.40 £41.80 8.14+0.08 1.82+0.05 14.30  49.01 661.75
MSE 34,354.10

R’ 0.96

Model V fitted with combinations of feather color, sex and hatching batch effects

G:M:H1 4,011.40 £80.55 7.90+0.31 1.32+0.02 36.98 6537 1,188.56
G:M:H2 3,863.00 £96.01 8.11+0.49 1.31+0.03 2593  67.87 1,144.59
G:M:H3 2,768.20 £52.19 8.27+0.76 1.71+£0.04 1425 53.14  820.21
G:F:H1 2,580.80 £26.46 7.50+0.34 1.40+0.03 40.35 57.92  764.68
G:F:H2 2,268.40 £50.38 7.89+0.08 1.64+0.05 21.19 5254  672.12
G:F:H3 1,783.50 £33.69 8.01+0.09 1.98+0.06 14.13 4428  528.44
W:M:H1 2,146.80 £73.43 7.61+0.10 1.73+£0.08 29.63 4742  636.09
W:M:H2 3,716.60 £217.80  7.87+0.08 1.19+0.07 3592  72.19 1,101,21
W:M:H3 2,633.00 £85.46 8.31+0.13 1.76+0.07 12.70  51.90  780.15
W:F:H1 2,144.50 £116.10  7.40+0.09 1.41+0.08 37.66  56.56  635.41
W:F:H2 2,327.50 £105.7 7.66+0.10 1.43+0.08 29.83  58.18  689.63
W:F:H3 1,664.60 £50.60 7.91+0.15 1.99+0.09 15.02 4342  493.21
MSE 13,210.30

R’ 0.98

" A = upper asymptotic weight at infinity age or the estimation of mature weight; B = integration
constant; K = rate of maturation; G = golden brown; W = white; M = male; F = female; H1, H2 and
H3 = hatching batch 1, hatching batch 2 and hatching batch 3, respectively; MSE = mean square error;
R = coefficient of determination
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INTRODUCTION

In poultry industry of Thailand, manufacturers are interested in commercial native chicken production with an
intensive and large-scale farm. The Commercial native chickens are originally crossbred native chicken developed
for rapid growth, high meat quality and more stress tolerance (Tirawattanawanich et al, 2011). And then, the
manufacturers can be responsive to their consumers who prefer high quality of the chicken meat such as tender
meat, less fat and cholesterol. However, when the production of commercial native chicken has been changed to
larger-scale or intensive farm, it may challenge some problem such as heat stress and oxidative stress which these
factor affecting chicken productivity. Previous studies have identified that different factors in housing system,
such as light, temperature, humidity, density and startle (Hester et al,, 2005) ; have all been implicated in stress
induction. An outdoor, free-confinement system might prevent stress, enhance comfort and chicken welfare,
reduce abdominal fat (Wang et al., 2009) and increase meat flavor quality (Fanatico et al., 2006). All and all,
housing system is an important environmental factor affecting the production and stressor stimuli in term of gene
expression levels. Mostly, the stressors in poultry production at the cellular level are associated with oxidative
stress due to an excess of free radical production or inadequate antioxidant protection (Surai, 2015). Being known
as stress response indicator, heat shock protein 70 (HSP70) is capable of controlling cell balancing-condition
and damage (Beloor et al, 2010) by the stress. In the condition of oxidative stress-induced, heat shock protein
participates in detecting intracellular changes, protecting against protein misfolding and preventing activation
of downstream events related to inflammation and apoptosis (Kalmar and Greensmith, 2009). On the other hand,
oxidative stress can cause overproduction of free radicals (Uttara et al. 2009) and then the process of oxidative
damage will express in biomolecules, (lipids, proteins, DNA) which leads to cell injury and death (McCord, 2000).
The first level of antioxidant defense of the living cell is antioxidant enzymes and the important antioxidant
enzymes consist of superoxide dismutase (SOD) and catalase (CAT). The function of SOD converts superoxide
enzymatically into hydrogen peroxide and then, CAT has a function to transform hydrogen peroxide into water
(Surai, 2016, Halliwell, 2012). Therefore, the study was conducted to analyze the effect of housing system,
comparing between floor-housing and integrated chicken-fish farming system on the expression of genes involve
antioxidant enzyme containing superoxide dismutase (SOD), catalase (CAT) and heat stress gene as heat shock
protein 70 (HSP70) in commercial native chickens.

MATERIALS AND METHODS

Sample and extraction of Total RNA

Ten commercial native chickens from both housing systems were randomly selected for blood sampling.
Blood collection was repeated on day 21, 45, 60 and 72 for total RNA extraction. Total RNA was extracted
from white blood cell by GeneJET RNA Purification Kit (Thermo Scientific). The quantity was measured using
a spectrophotometer (NanoDrop 2000 Thermo Scientific, Waltham, MA, USA) and store at -20 °C for use in
quantitative Real-time PCR

Quantitative Real-Time PCR

One-step quantitative real-time PCR (QRT-PCR) was used to measure expression patterns of genes involved in
antioxidant enzyme (SOD, CAT) and heat stress (HSP70). The primers of SOD and CAT genes followed Yarru et al.
(2009); SOD gene (forward: 5’ AGGGGGTCATCC ACTTCC3’ and reverse: 5’CCCATTTGTGTTGTCTCCAA 3’) and sized
122 bp, CAT gene (forward: 5’GGGGAGCTGTTTACTGCAAG 3’and reverse:5 TTTCCATTGGCTATG GCATT3’), and
sized 139 bp. Documented from Mazzi et al. (2003), the primers of HSP70 gene were (forward: 5’AACCGCACCACA
CCCAGCTATG 3’and reverse: 5’CTGGGAGTCGTTGAAGTAAGCG3’) and sized 360 bp.
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Quantitative real-time PCR was conducted using CFX96 real-time system (BIO-RAD). The total volume of the
reaction was performed for 25 pl which containing 21 (20 ng/ p 1) of total RNA, 12.5 yl of 2X SYBR green RT-
PCR. Reaction Mix (BIO-RAD), 2 pl (3 pM/ p 1) of each primer, 1 ul of iScript reverse transcriptase for one-Step
RT-PCR (BIO-RAD) and 6.5 l of nuclease free water. Then, complete reaction mix was incubated in a real-time
thermal detection system as follows: cDNA synthesis 10 min at 50°C, iScript Reverse transcriptase inactivation 5
min at 95°C, PCR cycling and detection (40 cycles); 10 second at 95°C, 30 sec at 58°C, and ending with a melting
curve analysis from 65°Cto 95°C. We considered 18s-ribosomal RNA used as the endogenous control gene in the
qRT-PCR. For each sample, the experiment was performed in duplicate.

Statistical Analysis

The relative quantification of gene expression was recorded after normalizing for 18SrRNA gene expression
computed by using the 2 **“ method (Livak and Schmittgen., 2001). Relative normalized expression (2 **“) data
were analyzed by the GLM procedures at a significance based on the 0.05 level of probability. Type of housing
systems and age of chicken at blood collected are used as fixed effects in the model. Then, means were compared
using Duncan’s multiple range tests.

RESULTS AND DISCUSSION

The results showed that the response ability in gene expression level of commercial native chicken, which gene
related to heat stress and oxidative stress. Commercial native chicken in two housing systems was no statistical
difference in expression of SOD and CAT genes. However, the level of HSP70 gene expression demonstrated a
significant (P<0.05) up-regulated at age 21 days (2 **“ = 1.38) and then down-regulated at age 60 days (2 **“ =
0.23) in the integrated chicken-fish farming system. Relative normalized expression (2**“) data of SOD, CAT (Figure
1.) and HSP70 (Figure 2.) genes in commercial native chicken were fluctuated change at different ages of blood
sampling. The results of the present study indicate that chicken from the integrated chicken-fish farming systems
was capable of cooling better than floor housing system. As the result of beneficial linkages between fish farming
and livestock production, in which, we can use fish culture water for cooling livestock housing (Little and Edward,
2003). At the same time, HSP70 gene set the stage for rapid induction of expression within minutes of cellular
stress and then, exposed to stress, such as oxidative damage, physical injury or chemical stressors (Stetler et al.,
2010). So, this is a reason to be possible that raising of commercial native chicken in floor housing system enables
cooling less than the integrated chicken-fish farming system, and may be affected productivity interest due to heat
stress.

CONCLUSION

The results from this study indicated that a different of the commercial housing system was effected on gene
expression, the especially gene related stress response ability. So, the results of this study further confirm that
the housing system will affect the physiology of the chicken, production and adversely affect the level of gene
expression as well.
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Figure 1. Relative normalized expression (244") of antioxidant enzyme
genes: a) superoxide dismutase (SOD), b) catalase (CAT) in different
housing system; floor housing system and integrated chicken-fish
farming systems of commercial native chickens at the age of chicken 21,
45, 60 and 72 days. Values represent the mean of 10 chickens per
housing groups.
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Figure 2. Relative normalized expression (2"24¢Y) of heat stress gene:
heat shock protein 70 (HSP70) genes in different housing systems of
commercial native chickens at the age of chicken 21, 45, 60 and 72 days.
Asterisk indicates a significant difference between housing groups; floor
housing system and integrated chicken-fish farming systems at P < 0.05.
Values represent the mean of 10 chickens per housing groups.
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INTRODUCTION

Currently, human in the 21* century are concern about their health due to increasing presence of chemicals in
foods. Furthermore, public sectors in developed countries have realise and support on use of “original life or
slow life”. On the contrary, in Thailand, use of antibodies, pesticides and other chemicals have been commonly
used in livestock sector. Therefore, we need to explore on possible resources to be used as functional food in
Thailand. Especially livestock products, Thai native chickens has good meat quality in terms of taste and firmness
(Jaturasitha et al., 2008), low cholesterol level than broiler (Charoensin et al., 2013; Wattanachant et al., 2005).
As a result, demand for Thai native chicken meat has been increasing fast. There is also a report on the presence
of antioxidants in Black-bone chicken (Chen et al., 2008) that protect against cancer (Vinarov et al.,, 2002).
Moreover, traditional Chinese believed that the uterus will recover quickly at postpartum if Black-bone chicken
meat is given to women after delivery (Ho et al., 2011). Hence, Thai native black chickens may also contain
essential antioxidants. Recently, Khon Kaen University-Research and Development Network Center for Animal
Breeding (Native Chicken) (KKU-TRF) has developed Thai native chicken crossbred chickens to increase poultry
products. Therefore, this study aims to determine cholesterol identity in Thai native and their crossbred chickens
and compare with Black-bone populations in order to suggest improvement for functional food in the future for
Thailand poultry industry.

MATERIALS AND METHODS

Chicken population

We used Complete Randomized Design (CRD) in the present experiment. Black-bone (Black Chinese, BC; Black
Hmong, BM), Thai native (Pradu Hang Dam, PD) and crossbreds (PDxBC, PDxBM, BCxBM, BCxPD, BMxPD and
BMxBC) were fed broiler feed ad libitum based on age. Birds at week 0-4, a diet consisting as crude protein 21%,
metabolisable energy 3,150 Kcal/kg were provided, while at week 4-16 ration containing crude protein 19% and
metabolisable energy 3,150 Kcal/kg were fed.

Data collection

Body weight of individual birds were weighed at 0, 4, 8, 10, 12 and 14 weeks of age using electronic spring
balance. Cholesterol in blood plasma of each population was measured using in-house method (AOAC, 2012). At
12 weeks of age, all birds were not provided with feed and water for at least 8-10 hr prior to blood collection,
but birds 97 were selected randomly. About 1.0 cc blood was collected from wing vein using syringe and placed
in a microtube 1.5 ml, which was stored in refrigerator with 4 °C. At 12 weeks of age, birds were slaughtered to
evaluate breast, thigh and drumstick weight.

Data analysis

General linear model (GLM) was used to compare cholesterol level among breeds and LSMEANS was used to
separate the means at (P<0.05) by SAS ver 9.0. Model was represent in terms of cholesterol level (mg%) which is
cholesterol level (mg/100g), is overall, is fixed effect as male and female,is fixed effect as 2.1 and 2.2,is fixed effect
as BC, BM, PD, PDxBC, PDxBM, BCxBM, BCxPD, BMxPD and BMxBC. In term of carcass trait, breast, thigh and
drumstick was expressed as percentage of live weight.

RESULTS AND DISCUSSION

Cholesterol level

The effect of sex and population on cholesterol level is presented in Table 1. Sex tentatively affected on cholesterol
level (P<0.10). Female birds blood contained slightly lower cholesterol (93.23 mg%) than the male (99.87 mg%),
which is in line to the earlier report for Thai native chicken female (Sanchai et al., 2000; Charoensin et al., 2013).
Similarly, Chinese native female chicken contains lower cholesterol in serum than male (Musa et al., 2007).
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On the other hand, there was highly significant on cholesterol level among populations (P<0.01). Black-bone BM
(88.50 mg%) and crossbred PDxBM (74.50 mg%) contained lower cholesterol than the other groups. In addition,
both black-bone BM and crossbred PDxBM weighed heavier body weight age at week 12 than the other groups
(Table 1). Hence, our results infer that the Black-bone BM and crossbred PDxBM are appropriate to improve for
functional food in the future. We further suggest that the Back-bone BM and crossbred PDxBM could be included
for chicken stewed with Chinese medicine. We also measured the heaviest body weight for Black-bone BC(1333
g) and crossbred BCxPD (1371 g) at the marketing size and the cholesterol level was close to Black-bone BM.
Therefore, Black-bone BC and crossbred BCxPD may also be suitable to improve for functional food in Thailand.
Skin color

Consumers strongly believed that the black skin color is associated with high melanin content in chicken meat. In
Figure 1, Black-bone BC represented dark-black skin color compared to other chickens, and BCxBM and BMxBC
were close to Black-bone BC. Therefore, we recommend to use Black-bone BC as sire and dam line to improve
black skin color in population. This results further confirms that Black-bone BC is appropriate to be used as for
functional food in the future.

Carcass percentage

Breast, thigh and drumstick percentage among breeds did not differ significantly (P>0.05) show in Table 2.

CONCLUSION AND SUGGESTION

We classified 9 chicken populations into 2 groups to be used as functional food in the future for Thailand poultry
industry. The first chicken group consisted of Black-Bone BM and crossbred PDxBM, and these population
contains low cholesterol and the lightest body weight at the marketable size were. The second groups were Black-
bone BC and BCxPD and these birds had low cholesterol, the heaviest body weight at 12 weeks of age with dark-
black skin color.
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Figure 1 Skin color of Black-Bone, Thai native and their crossbreds chickens
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Table 1 Means+SE cholesterol level of Black-Bone, Thai native and their crossbreds chickens

Breeds
Traits

BC BCxBM BCxPD BMxBC BM  BMxPD PDxBC PDxBM PD

Cholesterol level (mg%)

Mixed 97.92+ 10442+ 93.82+ 96.12+ 88.50+ 104.50+ 108.75+ 74.50+ 100.44+
5.268¢ 6.005¢  4,078¢  3.83BC  557AB  455BC 7.88¢ 11.144  4.078¢

Female 99.60+ 101.80+ 91.13+  82.85+ 77.50+ 108.83+ 102.50+ 107.67+ 107.67+

3.37 3.14 5.88 7.89 8.25 10.26 3.50 5.86 5.86
Male 95.00+ 106.00+ 96.43+ 106.40+ 99.50+ 100.17+ 115.00+ 122.83+ 122.83+
3.76 11.00 4.80 2.34 6.43 10.83 5.00 5.86 5.86

Marketing size (g) of age at 12 weeks

Mixed 1333+ 1102+ 1371+ 1148+ 951+ 1086+ 1357+ 1188+ 1235+
25.94 23.7°E 25.54 2530 282F 25.6" 19.64 24.88¢ 23.78

Female 1211 1145 1165 1012 872 1023 1240 1137 1142
Male 1534 1038 1217 1298 976 1269 1454 1325 1500
Mixed breeds

Female 93.51+2.35%

Male 99.84+2.40°

BC = Black Chinese x Black Chinese, BCxBM = Black Chinese x Black Hmong, BCxPD = Black Chinese x
Pradu Hang Dam, BMxBC = Black Hmong x Black Chinese, BM = Black Hmong x Black Hmong, BMxPD =
Black Hmong x Pradu Hang Dam, PDxBC = Pradu Hang Dam x Black Chinese, PDxBM = Pradu Hang Dam x
Black Hmong, PD = Pradu Hang Dam x Pradu Hang Dam. # B in the same row indicate significant difference

among groups (P<0.01); *® in the same row indicate significant difference among groups (P<0.10).

Table 2 Carcass of Black-Bone, Thai Native and Their Crossbreds Chickens

Breeds
Traits
BC BCxBM BMxBC BMxPD PDxBM PD
Breast, % 14.36+0.8 15.41+£1.9 11.80+1.9 14.34+0.8 12.91+1.9 14.144+0.8
Thigh, % 13.52+0.4 14.65£1.0 13.19£1.0 13.70+0.4 11.68£1.0 13.58+0.4

Drumstick, %  11.57+0.4 11.86+0.9 11.15+0.9 10.97+0.4 12.31+£0.9 11.69+0.3

BC = Black Chinese x Black Chinese, BCxBM = Black Chinese x Black Hmong, BCxPD = Black Chinese x
Pradu Hang Dam, BMxBC = Black Hmong x Black Chinese, BM = Black Hmong x Black Hmong, BMxPD =
Black Hmong x Pradu Hang Dam, PDxBC = Pradu Hang Dam x Black Chinese, PDxBM = Pradu Hang Dam x
Black Hmong, PD = Pradu Hang Dam x Pradu Hang Dam.
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INTRODUCTION

The existence of extension agent is needed to increase effectiveness of extension activities. A good performance is
the main thing in extension agent. This only allows when the socialization program is hosted by the institutional
system extension that clear and its implementation supported by competent of extension agent .

To increase a competency and a good performance of extension agent, the government make every effort to
revitalize an extension activities through play a role, function themselves and organize back agricultural extension
that realized unity understanding, and unity of the policies. One milestone to revitalization of the extension
by implemented the act of system agricultural extension, fishery and forestry (SP3K) No 16 Tahun 2006 on
18 October 2006. The act is a starting point in empowering farmers through the improvement of the human
resources and institutional the agricultural extension agent.

The Act No 18 year 2009 mention that the extension of animal health is an effort to empower farmers that aims
to improve knowledge, skills, and change attitude and behaviour that conducted through non formal education.
Extension was a non-formal education institution that emphasized the behavioral changes of the farmers and their
family to more defenseless into a better direction, have a challenge own in doing their functions and roles. The
agricultural extension agent who will educate the farmer and family in order to get a satisfaction and increase they
income. Hence, this policy is important due to revitalization of extension agents, that is a front line for agricultural
development. Harianto, et al. (2014) stated that extension agents play an important role in the development of
farms in a region, because they are agent of change and as technical service in the community, therefore, it is a
requirement of extension agents having performance that can be as an empowerment and empower the farmers.
Performance is an implementation of the plan that had been developed. The implementation of performance is
conducted by human resources with the ability, competence, motivation and interests. When the organization
respect and treats human resources nicely, it will affect attitudes and his behavior in running performance.
According to Mardikanto (2008), performance as notes of outcome resulting from certain function of extension
agent. A member of a contribution to core can be measured with the assessment of the performance of work.
Performance of extension agent is an assessment for overall work activities that have already been done and then
to be compared with conformity target to be achieved through the set indicators. According to the minister of
agriculture Act number: 91/PERMENTAN/ OT.140 /9/2013, performance of agricultural extension agent can be
assessed through three main indicators such as, extension preparation, the implementation of the extension and
evaluation. These three indicators are able to give an overview of extension agent performance and provide input
about point-point that a weakness of agricultural extension agent.

Considering the importance of assessing the performance of extension agents as this assessment can be used
for them improve their works, empower the farmers, and subsequently, the performance of extension agents
become much better,and finally the farmers will be defenseless and independent. Extension agents with a good
performance can be seen from the results of extension works at the farmers level (Abdullah and Ibrahim, 2014).
Farmers who have been empowered and independent will be able to increase their welfare by increasing cattle
production and finally affecting their income. The aim of this study was to examine the performance of extension
agents at Pinrang Regency, South Sulawesi.

MATERIALS AND METHODS

This study was conducted in Pinrang Regency, South Sulawesi Province, Indonesia, during a period of three
months (February - April 2016). The method of this study was descriptive that aimed to explain a base line
condition of event.The sample was collected using census method, in which this method is a technique in doing
sampling that covering the total members of the population (Sugiyono, 2011). The reason using this method
due to that the number of population was not too large as well as to avoid error. The number of respondent in
the present study was all the extension agents; 101 persons. The data were collected through survey with the
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help of a questionnaire and then followed by conducting focus group discussion. All measurement of extension
agent performance was conducted using scoring method. Indicators of measurements for this study was
using an indicator that based upon the agriculture minister Act number : 91/PERMENTAN/OT.140/9/2013.
The assessment of extension agent performance were based on by three main indicators such as, extension
preparation, the implementation of the information, and evaluation and reporting. Indicators performance of
extension agent were: a). Extension agents performance in preparation of extension, variables for this factor were
how to make data for assessing a potential areas and agro ecosystem, how to guide farmers in drafting a group
farmers plan, how to establish a extension programs, how to make an annual work plan. b) Extension agents
performance in the implementation of the extension, variables for this factor including conducting desimination
of extension materials based on the need of the farmers, implementing demonstration method, implementing field
visits, implementing course method, increasing farmers capacity in access to the information, creating a group
farmers, increasing level of group farmers, developing farmers institution, increasing commodity production.
c) Performance of extension agents in evaluating extension, variables for this parameter were to evaluate the
performance of extension, make a report on the implementation of extension. Data obtained in the study was
analyzed descriptively. The measurement of each questions was scoring with the lowest score was one and the
highest score was five.

RESULTS AND DISCUSSION

Performance has a correlation with capability of the farmer in an institution. Extension agents as a human
resources in an organization of extension have the potential that serves to achieve a goal of organization. The
performance of extension agents itself was one of a reflection on human resources potential, while human
resources was an essential factor and the engine of organization. The expected of extension agents performance
could be an assistance and consultant for the farmers. The results of this study showed that the majority of
extension agents performance at Pinrang Regency was categorized as a good performance. Assessment for each
indicators elaborated as follows.

Performance of livestock extension agent in preparation of extension

The performance of the extension agents in preparation of extension account for 87.1% of extension agents. This
percentage included making data about the potential of the region and agro ecosystem which included work area
map, potential of the work area, a monograph of the work area, and the plan of extension activities. This indicated
that preparation extension activities has been done by extension agent in regency Pinrang. At the preparatory
stage of extension, the extension agents knowledge is needed. Van Den Ban and Hawkins (1999) stated that
education has a function as the basic knowledge for the extension agents to unites the various center science to
farmers in accordance with the need. At this stage, the largest score was on the parameter for creating data about
potency of the region and agro ecosystem.This results showed that almost all the extension agents have carried
out the creating of data about potency of the areas that contains maps the work area, potential map of the work
area, monoghraphy areas and plans for activities extension village (RKPD). The ability of the extension agents to
assess the potency of area due to most of the extension agent live in this work area, made easier for them to make
this work.

Data of the potential regions prior to conduct extension was required, considering characteristic of the farmers
was varied not only individual characteristic but also social and physical environment. Furthermore, extension
agent have to understand and capable to determine a characteristic of the farmers in changing their behavior.
This finding was consistent with Abdullah (2012), stated that extension can change attitude of the farmers
when extension agent conducting a preparation before doing an extension activities. Performance extension
agents in guiding and assisting of plan drafting on farmer group (RDKK) account for 51.5%. A total of 75,2%
extension agents have performed the preparation of programa extension that including the development of
programa extension village, recapitulation village programa, problems ranking, the drafting of programa and
synchronization of extension activities. While performance extension agents to the annual work plan account for
91.1%. This indicated that performance of extension agent in preparing extension at Pinrang Regency has shown
a good performance.

Performance of livestock extension agent in implementing an extension activities

Implementing of extension has a strong correlation with extension activities that performed by extension agent.
The results showed that there was 46.5% of extension agent have conducted dissemination of extension materials
based on farmers need covering more than 8 topic of extension materials in one year. A total of 92.0% of extension
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agents have performed an extension using field visit method with average of visit was 45 per year. Implementing
of extension method that was conducted by extension agent more than 3 times a year was demonstration method
was 56.4%, field visit method was 53.5% and course method was 56.4%, respectively.

This finding showed that the existence of extension agent was important due to the capability of extension agent
in changing farmer behavior. Van den Bans and Hawkins (1999) stated that human behavior has a relation to
their past experiences, likewise farmers. The response of farmer to extension relate to their past experience. When
extension agent capable to assiss a farmer in increasing knowledge, motivating a farmer and helping a farmer in
facilitating to find a resources in terms of finance, infrastructure and marketing, the farmer will keep connecting
to the extension agent.

Performance of extension agent in increasing access to information in developing farmer business account for
60.4%. The performance of the extension agents in the development of farmers economic institutional was 48.5%.
While the performance of the extension agents in improving the level of farmer group/Gapoktan was low, account
for 29.7 %. Meanwhile, performance of extension agent in developing non formal insititutional of farmers business
to be a legal institutional farmer bussiness was 49.5%. This finding showed that performance of extension agent in
implementing extension activities was quite well except for the aspect of developing institutional business is still
require to be increased.

Performance of livestock extension agent in evaluating and reporting of extension activities

Each program of extension activity that have been planned should be ended by evaluation and should be started
by the evaluation of previous activity. The purpose of evaluation is to examine whether a program or activity
has been implemented fit with a planning and match with a goal of extension activity. Hornby and Parnwell
(1972) stated in Mardikanto (2008) that the word evaluation in daily life often interpreted as the same terms of
assessment, which is a the act of decision-making to judge an object, the state of, event or certain activity.

While reporting was a technique of management in collecting data in line with the implementation of the
socialization program and the problems faced by. Reporting activities was an important to monitore and observe
on the process, activity, the results and the impact of a particular activity in order to keep the activities in the right
track.

The result research, 73.3% extension agents evaluated the performance of extension for 4 times. An activity to
evaluate and report an extension activities was conducted using an instrument made by working unit management
and organizers of extension in each level of administration and was conducted for period of once. While
performance extension agents in making report on the implementation of extension per month, per quarter , and
per year was 89.1%. This finding showed that an activity to evaluate and report the works of extension agents
in Pinrang Regency have been conducted based on the Act of number 91/PERMENTAN /o0t.140/9/2013. Thus,
it can be said that performance of extension agents in Regency of Pinrang in general has run well, just need to
improving the role of extension agents in the development of farmers or the farmers group to be institution of
economic people in rural areas.

CONCLUSION AND RECOMMENDATIONS

The performance of extension agent in preparation extension account for 88.71%, with parameter of variables
were making the data area and the potential for agro-ecosystems covering the work area map, a map of potential
areas of work, monographic work area, and plan activities of extension. A total of 51.5% of extension agents did
to guide the farmers in preparation of the business plan. Performance of extension agent in the implementation
extension account for 46.5% through conducting dissemination of extension materials according to the needs of
farmers over 8 topics extension in a year. A total of 92.0% extension agent performed the method of extension
in the face-to-face, which was more than 45 visits/year. Application of the method of extension was more than
3 times/year through demonstration method (56.4%), visit days (53.5%), and the course (56.4%). Performance
of extension agent in the economic institutional development; the development of farmer groups into a limited
liability company was still low (4.0%), on the other hand, development of farmers groups into farmers cooperation
was high (49.5%). In the extension evaluation, 89.1% extension agents reported the implementation of extension
per month, per quarter, and per year. Thus, it can be concluded that the performance of extension agents have
generally been going well, and the need of the role of extension agent in the development of farmer groups to
become an economic institution in rural communities.

KEYWORD : livestock extension agent, performance, farmers, empowerment
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ABSTRACT

This study was conducted to Investigate the potentials of Bligon Goat Farming System for income generation
in the rural community of Girimulyo Village, Gunungkidul Regency of Yogyakarta Province.Data was collected
from 30 Bligon goat farmers which taken purposively as the respondents with semi structural interview.
Enterprise budgeting of Bligon goat farming business made to analyze profitability and feasibility that could be
used for further planning for farmers to develop their business. The result of this study showed that the Bligon
goat farming was a potential alternative to be developed for income generation that can be developed in rural
communities to generate of income. Nevertheless, government policy was urgently needed such as provide loans
with low interest rate below 6%. Furthermore, the production system in the term of kidding interval and mortality
in the breeding system were needed to be improved. kidding interval should be lower than 8 months and mortality
of kid until 12 months age should be lower than 6% would give higher farm income value. It was a challenge for
scientists to develop technology that supports the improvement in those two aspects.

INTRODUCTION

Indonesia is an agricultural country because around 85% of the population lived in the rural and had livelihood
as farmers. Nevertheless,the average ownership of arable land was small, around 0.1 - 0.5ha especially in Java,
including in Yogyakarta. Small farmers generally had low income so that they kept animal, such as goat, to
increase their income although it was only complementary and supplementary to their farming system. Murjito, et
al. (2011) stated that almost all goats in Indonesia were kept by small farmers in the rural in a small scale around
2-7 heads because they only had small capital. Smallholder farmers’ resource were limited and weaken by varied
agricultural conditions, such as land, water and soil fertility and types of crops and livestock (Verschelde et al.
2013). However it was believed that animals may kept by smallholder farmers to eliminate poverty, especially
in the poor countries and developing countries (Pica-Ciamarra, et al., 2015). Goats were small ruminants that do
not require plentiful resources and much capital as cows do. Goats grew faster than cows and their meat were
an excellent source of red meat similar to beef. Therefore, development of Bligon goat farming business would
support the red meat consumption of Indonesian society as well as provide employment opportunities in rural
communities.

Maart-Noelck and Musshoff (2013) stated that in regard to decide investment for expanding the farming business,
farmers had a tendency to learn previous investments and assessed the gained value from time to time. They
would decide to invest if the investment was proven profitable. However, in order to do so, the smallholder
farmers needed to understand the characteristics of the production systems to develop a profitable Bligon goat
farming business plan.

Enterprise Budgeting was an accounting technique which was used to handle problems of scale economies,
replacement of durable inputs, inflation and technological change. Along with proper and correct analysis, it could
also help farmers make the most appropriate decision to develop business plan for their profits (Bradford and
Debertin, 1985; Kay, et al., 2008; Paudel et al., 2013). The objective of this study was to investigate the potentials
of Bligon Goat Farming System for income generation in the rural community of Girimulyo Village, Gunungkidul
Regency of Yogyakarta Province.

MATERIALS AND METHODS

Study areas

The study was conducted in the village of Girimulyo, Gunungkidul regency in Yogyakarta province, which were
source of Bligon goats. In 2015, the total population of goat in Indonesia were 18,879,596 heads, whereas in
Yoyakarta Province were 411,209 heads. The increase rate of national goat population in 2010-2015 period was
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an average of 1.29%/year. In the same period, Yogyakarta Province had greater growth rate than the national’s
which was 6.68%/year (Directorate General of Livestock and Animal Health, 2015). This indicates that Yogyakarta
had the potential for the development of goat farming including Bligon goat in that study area.

Data collection

The data were collected from 30 respondents of Bligon goat farmers in the study area taken with purposive
sampling method. The basis for respondents selection to extract the data of production was the minimum
ownership of one goat of productive female and the minimum goat-raising experience of one year. The data
was collected by survey method through deep interviews to farmers using a complete structured questionnaire.
Technical data was collected in July to September 2013 and assumed that these data related technology had not
changed until 2015. Meanwhile, the economic data in the form price of input and output were taken in December
2015.

Data Analysis

Data from the completed questionnaires were tabulated and edited, then used as a basis for further analysis. The
analysis was performed descriptively for demographics characteristic and livestock production system.Enterprise
Budgeting (EB) of Bligon goat farming business usedfor the analysis of income generation was used as a basis for
developing a profitable business plan in the future (Paudel et al., 2013; Kay et al., 2008).

RESULT AND DISCUSSION

Identity of Respondent

Table 1 showed that the number of goat keeping remained small with an average of 5 heads. This showed that
they kept the goat as a side job only, supplementary to their farming, that cause low productivity and marginally
profitable. The average of agricultural land ownership was 0, 74 ha/farmer. This was quite wide compared to
farmers in the irrigated areas especially in Java which was only about 0.10 ha (Widiati, 2006).

Bligon Goat Farming Production Systems

In general, farmers in developing and poor countries including in the research area, raised goats together with
crop farming, utilizing the family labors. Goats could graze forages from existing plants outside the crop field ,
in addition they were also given some leguminous plants, cassava and corn from the crop field. In return, they
produced manure that could be used as fertilizer for the soil in the field. Nugent and Yotopoulus (1976) stated that
technology could improve production and productivity, but it cost while most farmers have only limited capital.
Therefore, developing the smallholder goat farming needed financial aid of cheap credit to access technology such
as feed technology which can increase productivity.

Animal feeding. Cost of feed took the highest percentage (60-70%) of all operational cost (Murjito, et al, 2011).
Farmers in research location gave forage such as by-products, field grass and legume from their own crop field,
thus feeding cost was almost reduced but it needed time from family labours to collect the forage. Feeding cost
could not be completely reduced because farmers still need to buy concentrate such as rice brand and pollard
as feed supplement for the goats. The average concentrate feeds given to the goats in the study area was 0.93
kg/day/farmer. As the capital was limited, they could only afford a few, depending on the daily cash availability
(Widiati, 2006 ; Murjito, 2011). For the goat that is in a period of growing and the male goat at least needed
concentrate feed £ 1 kg / day /head, depending on the weight of goats (Murjito, 201 1; Ginting and Simon, 2009).
Therefore, concentrate feed for goats in the research location amounting to 0.93 kg / day / farmer for 5 heads
was not yet meet the needs.

Animal breeding. The main product of the goat farming was kids that was born to raised to adulthood and then
to be sold for revenue, thus the female goat reproduction quality should be better managed. Generally, natural
mating was implemented using superior males in the study area as the breeder mate. The technical parameters of
reproduction would affect the cost and revenue such as service per conception (S/C), kidding Interval, litter size or
the number of kids per birth and kid mortality up to 1 year age. Result of this study for the technical parameters
respectively were 1.44 times, 8.83 months, 1.56 heads and 6.7%. Meanwhile, same study in different village
showed that the result for those parameters respectively 1.23 times, 8,53 months and 1.74 heads, but no data on
kid mortality (Murjito et al., 2011).

Marketing of goat production. The results of this study showed that the goat farmers usually sold the kid at 8-12
months age to the middleman of village. Direct selling the markets were considered time consuming and more
costly as there was a “marketing cost”. As they were utilizing the family labours, time spent in the market was
considered a waste because those particular time could be better be used to work in the crop field.
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Enterprise Budget Analysis for Bligon goat

Technical and economical practice in the Bligon goat production system were used for EB. In general, non-specific
Bligon goat farming was a commercial business. In technical parameters, the use of forage was from grazing
only, therefore the cost of forage feed was equal to the use of labor. In goat production system, farmers generally
produce kids, maintained until about 1 years old age and then it sold to receive a extra income. However, some
farmers kept animals as a savings in a sense that they could sell them at any immediate time they need cash.
Enterprise Budgeting of Bligon goat farming in the study area was shown in Table 2.

Table 2 showed that the Bligon goat farming generates positive of farm income although small. If it was calculated
based on income derived from management and family labor, it was IDR 2,256,330 ($1 = IDR 13,500) which was
beneficial for farmers to support their daily life. In rural area where job opportunities were limited, animal farming
activities were remain in practice, even though the marginal value of labor was low but it showed positive merit
(Widiati, 2012). In the cultivation activities, the lack of government policy or less appropriate with the farmer
conditions would result in lower income value connected to the input costs (Sttr et al, 2013). Based on EB for
Bligon goat farming, some aspects that could be improved to increase profits were : shortening kidding Interval
was below 8 months and reduce kid mortality to below 6%. In addition, the government policy was urgently
needed to provide cheap credit with low interest rate below 6% in order to develop of the farming business.

CONCLUSION

Bligon goat farming was an alternative that could be developed in rural communities. Although farm incomes
were small but farming practice still lasted, showing the scarcity of employment opportunities in the rural area.
To increase the farm income, government policy was urgently needed such as provide loans with low interest rate.
Adoption of technology in Bligon goat production system should be pursued, especially of kidding interval and
mortality of goat until 1 year age must be lower than the current practices.

KEYWORD : Income generation, bligon goat farming, enterprise budgeting, Gunung Kidul

Table 1. Bligon goat farmers identity as respondents in the study area (n=30)

No. Item Average Deviation
standard
1. Age of farmers (year) 43.53 5.37
2. Formal education of household head (years) 9,33 2.62
3. Experience on raising of goat (years) 18.40 5.50
4. Goat ownership (head) 5.93 2.26
kid (heads) 1,23
young goat (heads) 1,67
mature male (heads) 1
mature female (heads) 2,03
5 Agr