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Abstract— Both Betong chicken (KU Line) and Thai
Native chickens were the high quality of the meat and low
carcass fat compared to broiler chickens. The objective of this
study was to determine the growth performance, carcass
characteristic, meat quality and association of polymorphism in the
ApoVLDL-II gene with fat accumulation in the female broiler, Thai
Native and Betong (KU line) chickens at 4-14 weeks. The chickens
were used and reared under the same environment and management
(100 chicks per breed). The results showed that body weight (BW) of
broiler chickens was significantly higher than Thai Native and
Betong (KU line) chickens (P < 0.01) through all the experiment. At
4-8 weeks of age, feed conversion ratio (FCR) of broiler chickens
was significantly better than Thai Native and Betong (KU line)
chickens (P < 0.01), then increased at week 8-14. The percentage of
breast, abdominal fat and subcutaneous fat of broiler chickens was
significantly greater than Thai Native and Betong (KU line) chickens
(P < 0.01). However, Thai Native chickens showed the highest
percentage of liver (P < 0.01) when compared to other breeds. In
addition, the percentage of wing of Thai Native and Betong (KU line)
chickens were significantly (P < 0.01) higher than broiler chickens.
Meat quality was also determined and found that, pH of breast meat
left from slaughter 45 minutes (pH45) and 24 hours (pH24) of broiler
was significantly higher than Thai Native and Betong (KU line) (P <
0.01) whereas the percentage of drip loss, thawing loss, cooking loss
and shear force was not significantly different between breeds. The
polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) technique was used to genotype the polymorphism in
the ApoVLDL-Il gene in the broiler, Thai Native and Betong (KU
line) chickens. The results found that, the polymorphism in the
ApoVLDL-Il gene at VLDL6 loci was not associated with fat
accumulation in those studied population.
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1. INTRODUCTION

HE Betong chicken (KU Line), a slow growing chicken is

a meat type strain popular in the southern region of
Thailand. The Betong produces a high-quality meat which is
softer and has a better taste that of other native Thai (low
carcass fat and high lean meat(, but is not as flabby as broiler’s
meat [1]. Thai native chickens are raised by small farmers and
is a slow growing chicken with poor performance. However,
both Betong chicken (KU Line) and Thai Native chickens
were the high quality of the meat and low carcass fat
compared to broiler chickens. In Thailand, with the increasing
demand for chicken meat, farm households tend to produce
more broilers and other Thai Native chicken breeds, especially
on a large scale. However, compared to commercial broilers,
Betong chicken (KU Line) and Thai Native chicken have not
been produced enough for consumer demand because of their
poor growth performances and little is known about the meat
quality of Thai Native breeds. To understand fat accumulation
in chickens, the objectives of the present study were to
identify the polymorphisms of the chicken ApoVLDL-II (Apo-
very low density lipoprotein II) gene in the broiler, Thai
Native and Betong (KU line) chickens. In growing chickens,
very low-density lipoprotein (VLDL) is is the major
transporter of triglycerides and attempts to reduce excessive
fatness in poultry. Moreover, the VLDL genes reported most
abundant mRNA species present in livers of hens or estrogen
treated roosters [2]. We developed PCR-RFLP to genotype the
polymorphisms of apoVLDL-II gene and study the growth
performance, carcass characteristics and meat quality of the
broiler, Thai Native and Betong (KU line) chickens.

II. MATERIALS AND METHODS

A. Experimental Stocks and Growth Performance

The female broiler, Thai Native and Betong (KU line)
chickens’ chicken were reared under the same environment
and management from 4-14 weeks (100 chicks per breed). In
order to determine weight gain, all birds were weighed in the
beginning, every 2 weeks, and the end of the experimental
period. These data were used to measure BW, average daily
gain (ADG) and feed intake (FI). FCR was calculated from
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BW and FI. At 14 weeks of age, all chickens were euthanized
by CO; inhalation. Immediately after euthanasia, these birds
were killed and slaughtered. Carcass and organs were reported
as a percentage of live weight.

B. Meat Quality

To determine breast meat quality, the breast muscle (M.
pectoralis) was dissected from each broiler chicken sample
and evaluated for meat quality characteristics. Meat quality
measurements include drip loss, thawing loss and cooking
loss, and are calculated as the difference between initial and
final weight, and expressed in percentage. Shear force data
were obtained from TA-XT. plus texturometer and analyzed
by a specific software (Stable Microsystems Ltd., Surrey,
UK). The pH was measured in the left breast muscles 45
minutes (pHas) after slaughter and after 24 hours (pHz) of
cooling at 4 °C, using spear tip electrode combined with pH-
meter (CP-401, ELMETRON, Poland).

C.DNA Isolation and PCR-RFLP

At 14 weeks of age, 0.5 ml blood samples were taken from
the wing vein of respective populations for DNA extraction.
Genomic DNA was isolated from the whole blood using
saturated salt method [3]. PCR-RFLP amplification of
ApoVLDL-II primer (Forward 5’- CCT CTA TGA CAT GGT

TGC CT-3’; Reverse 5’- ATG GGT TTG ACC CTG CTA
TG-3’) was carried out in total volume of 25 pl, 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.
PCR products were checked in 1.0% agarose gels stained with
ethidium bromide to determine the presence of product.
Thereby, 10 pl of each PCR products were digested overnight
at 37 °C by 3 U of Sfcl restriction enzyme (Thermo Scientific,
USA). The digested fragments were electrophoresed using 2%
agarose gels stained with ethidium bromide to determine the
presence of product.

D.Statistical Analysis

The least square model according to the characteristic of
experimental material was constructed. Analysis software is
SAS (version 9; SAS Institute Inc., Cary, NC, USA)

III. RESULTS AND DISCUSSION

The growth performance of broiler, Thai Native and Betong
(KU line) chickens were shown in Table I and II. The BW of
broilers was highest )P < 0.01( in all experimental periods.
The BW of Thai Native was higher than Betong (KU line)
chickens (P < 0.01).

TABLEI
LEAST SQUARE MEANS AND STANDARD ERROR OF BW AND AVERAGE DIARY GAIN OF THE FEMALE BROILER, THAI NATIVE AND BETONG (KU LINE) CHICKENS
Groups
Items - - - P-value
Broilers Thai Natives Betong

BW+#
4 wks 1,255.70 +3.41° 366.47 +3.41° 321.31+3.41° <.001
6 wks 2,246.22 £9.35° 602.99 £9.21° 539.92+9.21°¢ <.001
8 wks 3,113.02 £ 66.65* 872.28 + 63.53° 781.82 + 62.55° <.001
10 wks 3,450.22 + 147.65* 999.95 + 132.35° 969.13 + 115.85° <.001
12 wks 3,739.14 + 178.36* 1,244.63 £92.55"  1,141.19 + 82.01° <.001
14 wks 3,974.22 +118.02* 1,459.84 £59.93>  1,332.80 + 50.77° <.001
ADG#
4 wks 49.70 £ 0.17* 15.11+0.17° 11.99 £ 0.17° <.001
6 wks 70.80 + 0.64* 16.98 £ 0.63° 15.65+0.63° <.001
8 wks 63.36 +3.96" 19.00 + 4.23° 17.21 +£3.76" <.001
10 wks 26.04 +6.17 13.59 +£6.36 13.56 +4.88 0.282
12 wks 18.46 +4.54 18.50 + 1.99 12.27 +£1.59 0.084
14 wks 20.20 +£4.33 15.99+2.17 13.72+1.73 0.377

ADG (g/h/d). “® ¢ Means in the same row with different superscript are significantly difference (P < 0.01).

In broiler chickens, the FI was higher than Thai Native was
higher than Betong (KU line) chickens (P < 0.01) at 4-10 weeks,
while there was no significant difference between breeds at
10-14 weeks. Based on our results, the broilers showed better
FCR compared to other breeds )P < 0.01( at 4-8 weeks.

The carcass characteristics of the female Broiler, Thai
Native and Betong (KU line) chickens are shown in Table III.

There were no significant differences between breeds in the
total percentage carcass yield and drumstick )P > 0.01(. The
highest values of breast muscle and tenderloin percentages
were found in the group of broiler chickens (P < 0.01),
whereas there was no significant difference between groups of
Thai Native and Betong (KU line) chickens.

The percentage of wing was higher in Thai Native and
Betong (KU line) chickens than broilers. Relative weights of
liver were highest in Thai Native chicken, whereas the value
was similar between the broilers and Betong chicken.

The percentage of abdominal and subcutaneous fat in Thai
Native and Betong (KU line) chickens were significantly
lower than the broilers (P < 0.01). These results are in
agreement with the findings of [4] and [5], who reported a
similar growth performance of a slow growing Betong chicken
(KU Line). Moreover, the previous studies reported a slowing
growth and carcass of Thai Native chickens [6], [7].
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TABLE II
LEAST SQUARE MEANS OF FI AND FCR OF THE FEMALE BROILER, THAI
NATIVE AND BETONG (KU LINE) CHICKENS

TABLE IV
LEAST SQUARE MEANS AND STANDARD ERROR OF MEAT QUALITY OF THE
FEMALE BROILER, THAI NATIVE AND BETONG (KU LINE) CHICKENS

Groups

Groups

Items - - - SEM  P-value Items - - - P-value
Broilers  Thai Natives Betong Broilers Thai Natives Betong

FI pHo 6.57+0.17 6.10£0.07  6.15+0.06 0.124
4-6 wks 134.41* 38.48° 37.76° 4.19 <.001 pHas 6.40 +0.10° 5.84+0.06° 5.91+0.04° 0.004
6-8 wks 124.89* 49.88° 47.86° 7.67 <.001 pHo4 5.83+£0.03* 5.66+0.01° 5.70+0.01° 0.006
8-10 wks 95.74* 46.55° 45.41° 8.29 0.002 Drip loss' 5.53+1.15 486+1.05 5.13+£0.53 0.913
10-12 wks 94.894 60.408 45.39% 9.59 0.015 Thawing loss'  4.46 +1.01 3.17+£098 4.68+1.13 0.579
12-14 wks 79.37 56.64 54.96 11.73 0.307 Cooking loss' 16.91 + 1.55 1424+ 150 13.03+1.72 0.323

FCR Shear force?>  2.49+0.14 236+0.13 2.70+0.10 0.861
4-6 wks 1.89° 2.26% 241° 0.07 0.002 ! Percentage of Drip loss, Thawing loss and Cooking loss; 2 Shear force
6-8 wks 1.978 2.604 2.784 0.19 0.035 )kg/cm?(; * » ¢ Means in the same row with different superscript are
8-10 wks 518 350 335 0.91 0339 significantly difference (P < 0.01).
e - . In this study polymorphism of ApoVLDL-II gene at VLDL6

FI (g/h/d); ® ® ¢ Means in the same row with different superscript are
significantly difference (P < 0.01).

TABLE III
LEAST SQUARE MENAS AND STANDARD ERROR OF CARCASS
CHARACTERISTICS OF FEMALE BROILER, THAI NATIVE AND BETONG (KU
LINE) CHICKENS (PERCENTAGE OF LIVE WEIGHT)

Groups
Items - - - P-value
Broilers Thai Natives Betong

Carcass 84.17+0.95 82.50+£0.52 82.25+0.42 0.243
Breast muscle  1537+0.50°  820+027°  7.81+022° <001
Drumstick 19.81 +£0.45 21.15+£0.24  20.94+0.20 0.086
Tenderloin 442 +0.13* 3.75+0.07° 3.47+0.05° 0.006
Wing 7.61 £0.16° 9.44 +0.89* 9.70 +£0.07* <.001
Liver 1.21 +0.06° 1.56 £ 0.03* 1.35+0.02° 0.001
Abdominal fat 4,78 +0.49° 1.29+£0.24°  2.07+0.20° 0.003
S“bC“ft;“eous 3.68+0.53"  0.79+£030°  1.39+022°  0.004

&b ¢ Means in the same row with different superscript are significantly
difference (P < 0.01).

Regarding fat content, the highest fat content was recorded
in broilers. Similar results have recently been observed, where
broilers had a higher fat content in both meat portions than
Thai Native breeds [8]. Thai native chickens also included a
lower fat than broilers and unique compositional
characteristic. In this study, however, broilers had more fat in
the meat than the older slow-growing birds. This confirms that
the genotypic effect on fat deposition could go beyond age
influence in some cases [9]. Additionally, we found the
increasing of growth rate in broiler chickens has been
associated with increased fat deposition [10].

In terms of the pH of breast meat, Thai Native and Betong
chicken showed lower values than all other types of chicken
investigated in the present study at pHis and pHxs (P < 0.01;
Table IV). The highest pH value was observed in the breast
meat of broilers. Differences in pH values among the breeds of
chicken investigated may be attributed to the pre-slaughter
stress, which changes muscle glycogen content and eventually
has an effect on the rate and extent of pH decline [11]

In our study, the percentage of drip loss, thawing loss,
cooking loss and shear force were similar among the breeds of
chicken (Table IV).

loci were performed by PCR-RFLP (Fig. 1), the amplified
492-bp product from the ApoVLDL-Il gene. For total 300
chickens of the female broiler, Thai Native and Betong (KU
line) chickens, we found only genotype BB (396 bp and 96
bp). The results found that, the polymorphism in the
ApoVLDL-1I gene at VLDLG6 loci was not associated with fat
accumulation in those studied population.

1000 bp
600 bp

500 bp
400 bp

100 bp

Fig. 1 The PCR-RFLP pattern for the ApoVLDL-II gene with Sfcl
digestion. M = Marker; ND (no digestion PCR product) = 492 bp; BB
=392, 96 bp. The numbers listed on the left of the figure are
fragment sizes

However, the study of lean and fat chicken lines found
heterozygous genotype in VLDL6 locus (AA) observed
significantly (P<0.05) higher BW and fat weight [12], [13]
also reported other locus of ApoVLDL-II gene in lean and fat
chicken lines including VLDL9, VLDL10 and VLDL17. They
found polymorphism in apoVLDL-II gene was significantly (P
< 0.05) associated with BW and fat weight at VLDL9 and
VLDL17 loci in lean chicken. In addition, polymorphism of
apoVLDL-Il gene at VLDL6, VLDL9 and VLDLI10 loci was
significantly (P < 0.05) associated with BW and fat weight.
Moreover, [13] reported the interaction of ApoVLDL-Il gene
and lipoprotein lipase (LPL) gene with fat in lean and fat
chicken breeds. These finding suggested that growth and fat
accumulation were control by many loci of apoVLDL-1I gene.
Furthermore, in chickens reported that the polymorphysim and
expression of lipogenic enzyme regulated fat deposition
during chicken adipogenesis [14], [15] reported that fatty acid
synthase, suggest the possibility that a combination of malic
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enzyme, fatty acid synthase or acetyl CoA carboxylase and
lipoprotein lipase, which gene polymorphism and mRNA
expression interact to regulate lipogenesis in the chicken.

IV. CONCLUSION

In conclusion, we found that growth rate of Thai Native and
Betong chickens (KU Line) are slower than broilers, while the
lipogenic capacity of adipose tissue is decreased in Thai
Native and Betong chickens (KU Line). Meat quality was not
significantly different between breeds. The polymorphism in
the ApoVLDL-II gene at VLDLG6 loci was not associated with
fat accumulation in those studied population.

ACKNOWLEDGMENT

The authors gratefully acknowledge Animal Research
Farm, Department of Animal Science, Faculty of Agriculture,
Kasetsart University, Bangkok, Thailand, as well as the
Kasetsart University Research and Development Institue,
Kasetsart University, Thailand for funding support.

REFERENCES

[11 N. Gongruttananun, and R. Chotesangasa, “A study of growth and
carcass yield of Betong chickens compared with those of Native and
crossbred Betong x Native chickens,” Kasetsart J. (Nat. Sci.), vol. 30,
no. 3, pp. 312-321, 1996.

[2] R.J. Hache, R. Wiskocil, M. Vasa, R. N. Roy, P. C. Lau, and R. G.
Deeley, “The 5' noncoding and flanking regions of the avian very low
density apolipoprotein II and serum albumin genes. Homologies with the
egg white protein genes,” J. Biol. Chem., vol. 258, no. 7, pp. 4556-64,
Apr. 1983.

[3] J. Sambrook, E. F. Fritsch, and T. Maniatis, Molecular cloning: a
laboratory Manual, vol. 3, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York, 1989.

[4] A. Putsakul, C. Bunchasak, B. Chomtee, S. Kao-ian, and P.
Sopannarath, “Effect of dietary protein and metabolizable energy levels
on growth and carcass yields,” in 48th Kasetsart University Annu. Conf.
Animal Vaterinary Medicine, Bangkok, Thailand, 2010, pp. 158-166.

[5] T. V. Nguyen, C. Bunchasak, and S, Chantsavang, “Effects of dietary
protein and energy on growth performance and carcass characteristics of
betong chickens (Gallus domesticus) during growing period,” Int. J.
Poult. Sci., vol. 9, no. 5, pp. 468-472, 2010.

[6] S. Jaturasitha, V. Leangwunta, A. Leotaragul, A. Phongphaew, T.
Apichartsrungkoon, N. Simasathitkul, T. Vearasilp, L. Worachai, and U.
terMeulen. “A Comparative Study of Thai Native Chicken and Broiler
on Productive Performance, Carcass and Meat Quality,” in Conf. on
International Agricultural Research for Development, Witzenhausen,
Germany, 2002.

[7]1 S. Jaturasitha, T. Srikanchai, M. Kreuzer, and M. Wicke. “Differences in
Carcass and Meat Characteristics between Chichen Indigenous to
Northern Thailand (Black-Boned and Thai Native) and Imported
Extensive Breeds (Bresse and Rhode Island Red),” Poult. Sci., vol 87,
no. 1, pp. 160-169, Jan. 2008.

[8] S. Wattanachant, S. Benjakul, and D. A. Ledward, “Composition, color,
and texture of Thai indigenous and broiler chicken muscles,” Poult. Sci.,
vol. 83, pp. 123-128. Jul. 2004.

[91 H. Tang, Y. Z. Gong, C. X. Wu, J. Jiang, Y. Wang, and K. Li,
“Variation of meat quality traits among five genotypes of chicken,”
Poult. Sci., vol. 88, no. 10, pp. 2212-2218, Oct. 2009.

[10] E. Timova, and A.Teimouri, “Fat deposition in the broiler chickens,”
Sci. Agric. Bohem., vol. 41, no. 2, pp. 120-128, Feb. 2010.

[11] C. Berri, E. Le Bihan-Duval, M. Debut, V. Sante-Lhoutellier, E. Baeza,
V. Gigaud, Y. Jego, and M. J. Duclos, “Consequence of muscle
hypertrophy on characteristics of Pectoralis major muscle and breast
meat quality of broiler chickens,” J. Anim. Sci., vol. 85, no. 8, pp. 2005-
2011, Aug. 2007.

[12] H. H. Musa, and G. H. Chen, “Association of Polymorphisms in Avian
ApoVLDL-II Gene with Body Weight and Abdominal Fat Weight,” Afr.

[13]

[14]

[15]

J. Biotechnol., vol. 6, no. 17, pp. 2009-2013, Sep. 2007.

H. H. Musa, G. H. Chen, and B. C. Li, “The Effect of Interaction
between Lipoprotein Lipase and ApoVLDL-II Genes on Fat and Serum
Biochemical Levels,” Afr. J. Biotechnol., vol. 6, no. 7, pp. 847-852, Apr.
2007.

R. W. Rosebrough, B. A. Russell, S. M. Poch, and M. P. Richards.
“Expression of lipogenic enzymes in chickens,” Comp. Biochem.
Physiol. A. Mol. Integr. Physiol., vol. 147, no. 1, pp. 215-222, May.
2007.

C. F. Semenkovich, T. Coleman, and R. Goforth, “Physiologic
concentrations of glucose regulate fatty acid synthase activity in HepG2
cells by mediating fatty acid synthase mRNA stability,” J. Biol. Chem.,
vol. 268, no. 10, pp. 6961-6970, Apr. 1993.

170



