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Received 31 May 2024 The study was conducted at a chicken farm in Phong Dien District, Can
Revised 26 Jun 2024 Tho City, from May 2022 to July 2023, to assess the association between
Accepted 15 Dec 2024 the NPY/Dral polymorphism and key reproductive parameters in Ac hens.

A total of 400 hens were raised in cages according to the individual method
at the age of 16-67 weeks. The results showed that NPY/Dral had a high
Keywords association with average age of first egg laying, laying rate, the total
number of eggs, feed intake/10 eggs and FCR (P<0.05). The Ac hens had
Ac chickens, egg production, the age of the first egg laying at 117 days old (11 genotype), 119 days old
laying rate, native chicken, (1D genotype) and 121 days old (DD genotype). In the period from 16 to
NPY/Dral, genotype 67 weeks old, Ac hens with Il genotype had the highest egg production (149
eggs/hen/52 weeks of laying), laying rate (42.3%) and the lowest of
average feed consumption/10 eggs (1.33 kg), FCR (3.54 g feed/g egg).
These results indicated that hens with Il genotype can be used in breeding
Ac chickens for egg production.

1. INTRODUCTION feathers, and distinctive five-toed feet. Notably, its
skin, flesh, bones, and beak are all black, making it
a unique breed within Viet Nam's poultry sector.Ac
chickens are commonly raised in the Mekong Delta
and Southeastern provinces of Viet Nam and are
traditionally valued for their medicinal properties,
believed to promote health. However, research on
the fertility of Ac chickens remains limited,
highlighting the need for further studies in this area.
The NPY gene located on chromosome 2, including
4 exons (sizes of exons 1, 2, 3 and 4 were 86, 188,
82 and 195 bp, respectively) and 3 introns (sizes of
introns 1, 2 and 3 were 965; 4,300 and 2,300 bp,
respectively) (Gene ID: 396464). NPY was a
polypeptide with 36 amino acids, belonging to the
family of polypeptides secreted by the pancreas
(Tatemoto et al., 1982). NPY participated in
neuroendocrine function, regulating heart rate, the
reproductive system and gastrointestinal tract,

Poultry production plays a significant role in
Viet Nam's agricultural sector, with the total poultry
population reaching 544.5 million. Additionally, the
country's poultry egg production increased from 16
billion eggs in 2020 to over 18.3 billion eggs in
2022, highlighting the sector's steady growth.
(General Statistics Office of Vietnam, 2023). To
meet consumers' demand for poultry eggs, Vietham
has imported, researched and put into production
many commercial chicken breeds with high egg
productivity such as Leghorn chickens, ISA Brown
chickens, Hyline chickens, etc. These chicken lines
have early sexual maturity (1—-20 weeks of age), no
longer have brooding instincts, and had high egg
production. However, consumers still like to eat
domestic eggs and are willing to pay higher prices.
Among domestic chicken breeds, the Ac chicken is
characterized by its small body size, white scratchy
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controlled body temperature and regulated the
secretion of pituitary hormones. The NPY gene
affected the release of GnRH in the hypothalamus,
which had an important function in controlling feed
intake in birds, impacting their reproductive activity
and age of sexual maturity (Li et al., 2013). In Viet
Nam, there are not many studies on gene
polymorphisms and their association with
reproductive performance traits on Ac chickens.
Therefore, the present study was conducted to
evaluate the association with the NPY/Dral
polymorphism to the reproductive traits on Ac
chickens at 16-67 weeks old.

2. MATERIALS AND METHODS
2.1. Experimental animal

The present study was carried out at a local chicken
farm in Phong Dien district, Can Tho city, from May
2022 to July 2023. From 16 to 67 weeks old, Ac
hens were kept individually in a cage (cages
dimensions: width 25 cm, length 40 cm, height 35
cm) (Figure 1), feeding the diets consisting of 17%
crude protein and 2,850 kcal/kg metabolisable
energy (Table 1), and a 16 hours/day lighting
regime. The hens had ad libitum access to feed and
water throughout the experiment. All experimental
chickens were vaccinated and treated according to
the procedures of Emivest Feedmill Viet Nam.

Table 1. Chemical composition of diet

Chemical composition Content
Dry matter (%) 87.0
Crude protein (%) 17.0
Metabolisable energy (kcal/kg) 2,850
Crude fiber (%) 5.00
Calcium (%) 3.50
Phosphorus (%) 0.85

20.0

Figure 1. Ac hens at 15 weeks old

The reproductive traits were followed during the
study period, including: average age at first egg
laying, body weight at sexual maturity, total number
of eggs, egg production rate, eggs weight, eggs
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shape index (the ratio of small diameter/large
diameter), feed intake/10 eggs and feed conversion
ratio (FCR) (Table 3).

2.2. Methods
* DNA extraction and genotyping

Chicken feather samples from each individual were
collected, preserved in plastic bags and stored at -
20°C. Using the method of Bello et al. (2001) for
DNA extraction. Besides, using specific primer
pairs for the NPY/Dral polymorphism based on
previous research by Xu et al. (2011a) (Forward: 5°-
TCTCAGAGCTCCAACGTATGA-3’, reverse: 5°-
ATATTTCTGTGCCTGAACAACA-3’).

The PCR was performed in a 50 pl reaction
consisting of 12 pul MyTaq Buffer 5X, 1 ul MyTaq
DNA Polymerase (5 unit) (Bioline, Meridian
Bioscience), 1 ul each primer (20 uM), 4 pl genomic
DNA (50 ng/ul) and 33 pl PCR water. The PCR
thermal cycler was carried out with the following
conditions: denaturation (95°C for 5 min), 35 cycles
of 95°C for 30 seconds, annealing 59°C for 30
seconds, extension 72°C for 45 seconds and final
extension 72°C for 10 minutes. The PCR product of
each gene was incubated with the Dral restriction
enzyme (Thermo Fisher Scientific™) overnight at
37°C. The final products of each gene were
separated on 3.5% agarose gel for 45 minutes at 80V
for identifying genotypes. Besides, the polymorphic
site was also recognized by sequencing with
Sanger’s method.

* Determine the association between NPY/Dral
polymorphism and reproductive performance of
Ac hens

After determining the genotype, hens raised in cages
to collect reproductive parameters for the purpose of
investigating the association between the NPY/Dral
polymorphism and reproductive performance. The
experiment was arranged completely randomly with
three treatments as follows:

— Treatment 1: 87 hens with DD genotype.
— Treatment 2: 183 hens with ID genotype.
Treatment 3: 130 hens with 11 genotype.

* Recorded data: reproductive parameters based on
research of Doan et al. (2011). Each hen was noted
the age at first egg and body weight at first egg. Eggs
were collected at 5 p.m each day, and each egg was
marked to track individual performance.
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— Egg shape index (%) = (small diameter,
mm)/(large diameter, mm) x 100

— The average age at first egg (days old): record the
age of each individual at first egg.

— Body weight at first egg (kg): record the hen's
body weight at first egg.

— Total eggs from 16-67 weeks old (egg/hen/52
laying weeks): record the number of eggs per day
for each individual.

— Laying rate (%) = (Total egg of each individual
per week)/7 x 100

— Feed intake/10 eggs (Kg): (Total feed intake
each individual/Total egg of each individual) x 10

— FCR (g feed/g egg): Total feed intake each
individual/Total egg weight of each individual

2.3. Statistical analyzes

The data was recorded using Excel software. The
association between generations and productive traits
was analyzed based on ANOVA — One-way Analysis
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of Variance of Minitab software version 16.0. Data
are presented as Least square mean + Standard
deviation. Allelic and genotypic frequencies were
calculated by POPGENE version 13.0. A high P
value can result in an extremely large output when
having a large number of alleles/locus, loci and
populations. In most cases, P<0.05 should be used.

3. RESULTS AND DISCUSS

3.1. Allelic and genotypic frequencies of
NPY/Dral in Ac chicken population

The PCR products of NPY/Dral polymorphisms
were determined by PCR-RFLP method with specific
primer pairs and Dral restriction enzyme.
Electrophoresis results on a 3.5% agarose gel
indicated there were two alleles (D and | alleles)
corresponding to three genotypes DD, ID and IlI.
Figure 2 presented the 1l genotype had one band on
agarose gel with a size of 248 bp, the ID genotype
obtained three bands with sizes of 81 bp, 167 bp and
248 hp; and the DD genotype had two bands with
sizes of 81 bp and 167 bp.

r"—"-—:
ID

11: 248 bp
DD: 167/81 bp
I1D: 248/167/81 bp

ID

11 1 ID

248 bp

<— 167 bp

<+— g1bp

Figure 2. Presentation of PCR products of NPY/Dral on 3.5% agarose gel electrophoresis

Lane L: DNA marker (100-1,000 bp); lane C: negative control; lane 3, 4, 5: DD genotype; lane 6, 7, 8: 11 genotype;

lane 9, 10, 11: ID genotype

The DNA sequencing results indicated that
NPY/Dral polymorphism was an Indel with 4 bp
TATT (forward strand) inserted into | allele (Figure
3) and AATA (reverse strand) in | allele (Figure 4).
This result was similar to previous publications by
Li et al. (2009) and Xu et al. (2011b) on native
chicken Ningdu Shanghuang (China) that also
showed two | and D alleles corresponding to three
genotypes I, ID and DD on this polymorphism. In
Viet Nam, the result of Ngu et al. (2015) in Noi
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chickens also showed the | and D alleles
corresponding to Il, ID and DD genotypes. In
addition, the research results of Li et al. (2009) on
Wenchang chickens also confirmed NPY/Dral
polymorphism with A allele (240 bp) and a allele
(161 bp and 79 bp) corresponding to AA, Aa and aa
genotypes, respectively. Although the amplified
DNA fragment size was different from the present
study, the NPY/Dral polymorphism position was
similar in the above results.
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Figure 3. The nucleotide sequence of a DNA fragment (forward strand) on NPY gene
(a) lallele; (b) D allele
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Figure 4. The nucleotide sequence of a DNA fragment (reverse strand) on NPY gene
(a) lallele; (b) D allele

Evaluating the allelic and genotypic frequencies of a
gene is an important step in the process of breeding
research. This result provides genetic diversity

among individuals in a population. Besides, the
combination of gene polymorphisms with
phenotypes that helps to select many individuals with
the desired genotype or phenotype.

Table 2. The allelic and genotypic frequencies of NPY/Dral locus in Ac hens population (n = 400)

Polymorphism Observed Expectated p
Genotypes Alleles Genotypes
DD ID I D | DD ID I
NPY/Dral 022 046 032 045 0.55 0.20 049 031 0.137
(87) (183) (130) (80) (198) (122)

92



CTU Journal of Innovation and Sustainable Development

Table 2 presented the D allelic frequency (0.45) was
lower than | allele (0.55). This result was similar to
the study of Fatemi et al. (2012) that B allele
frequency (0.78) (corresponding to allele 1) was
higher than b allele (0.22) (corresponding to allele
D) in the Mazandaran indigenous chicken (Iran). In
contrast, a allelic frequency (0.54) was higher than
A allele (0.46) in Chinese native chickens (Li et al.,
2009) and Azarbaijan native chickens (Iran) had a
higher a allelic frequency (0.76) than A allele (0.24)
(Abdi et al., 2014). The allelic frequencies were
different among the investigated gene
polymorphisms, and the cause may be due to
different factors affecting the population such as
mutation, genetic drift or selective pressure to
improve reproductive performance, leading to
increased genotype frequencies of individuals with
high egg productivity in the population (Masel,
2012).

Besides, allele D frequency (0.45) and allele |
frequency (0.55) so the expected genotype frequency
in the population according to the Hardy-Weinberg
law was DD (0.20), ID (0.49), Il (0.31). This result
represented a statistically insignificant difference
with the observed genotype frequency (P>0.05). This
proved that the NPY/Dral polymorphism obeyed the
Hardy-Weinberg law. This proved that the Ac hens
were selected randomly from a population with a
relatively large number of individuals, and the
population was not affected by genetic drift and
selection.

3.2. The association between the NPY/Dral
polymorphism and some reproductive
traits on Ac hens

Table 3 showed the genotypes of the NPY/Dral
polymorphism  had  statistically  significant
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differences in parameters related to reproductive
performance of Ac hens from 16 to 67 weeks old
(P<0.05). The average age of the first egg laying in
hens with Il genotype (117 days old) was earlier than
ID genotypes (119 days old) and DD genotypes (121
days old). This result indicated that Il genotype had
the earliest age of sexual maturity and this was of
great significance for bringing economic efficiency in
egg production.

The association between NPY/Dral polymorphism
and age at first egg laying was also found by Dunn et
al. (2004) on 772 broiler chickens with age at first egg
laying ranging from 189.4-193.8 days (193.8 days old
in +/+ Dral genotype; 198.0 days old in +/- Dral
genotype and 189.4 days old in -/- Dral genotype). In
addition, Vu and Ngu (2016) also confirmed the
NPY/Dral polymorphism on Noi chickens that was
closely related to the age at the first egg laying (190.5
days old in Il genotype; 178.5 days old in DD
genotypes and 178.0 days old in 1D genotype).

The average age of laying the first egg of Ac hens in
the current study was earlier than some other
domestic chicken breeds such as Lien Minh chickens
(186-187 days old in VIPR1/Hhal polymorphism
and 178-189 days old in VIPR1/Tagl
polymorphism) (Nguyen et al., 2018) and Noi
chickens (161-168 days old) (Hoa et al., 2021). The
first egg-laying age of Ri chickens was 133 days old;
the chicken flock reaches a 5% laying rate at 147 days
old and the peak at 217 days old (Thinh et al., 2021b).
Lac Thuy chickens lay early, with a laying age rate of
5% at 137 days old and a peak laying age of 196 days
old (Thinh et al., 2021a). Thus, Ac hens in this study
had an earlier age of sexual maturity than some native
chicken breeds raised in Viet Nam.

Table 3. Association of NPY/Dral polymorphism with reproductive traits in Ac hens at 16-67 weeks old

(52 laying weeks)

Genotypes
Iterms DD(n=87) _ ID(n=183) Il (n=130) P
AFE (day) 121+4.16° 119+5.65P 11745.33¢  0.001
BWFE (g) 733+31.3 7314422 7324339  0.869
Egg weight (g) 36.240.66° 35.840.83° 36.2+1.012  0.001
Egg shape (%) 77.4+0.432 77.3£0.282 77.1£0.47°  0.001
Total eggs (eggs/52 laying weeks) 124+15.2¢ 132425.2° 149+12.82  0.001
Laying rate (%) 35.6+4.02° 37.5+6.64° 42.3+£3.03*  0.001
FCR (g feed/g egg) 4.25+0.552 4.17+0.832 3.54+0.24° 0.001
Feed intake for 10 eggs (kg) 1.61+0.222 1.56+0.342 1.33+0.11° 0.001

AFE: Age at first egg; BWFE: Body weight at first egg

ab: Means with different letters in the same row differ significantly (p<0.005)
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The egg weight of Ac hens with NPY/Dral
polymorphism ranges from 35.8-36.2 g/egg. This
result was equivalent to the study of Lan et al.
(2018) in Ac hen eggs (33.4-37.2 g/egg) at 16-23
weeks old. The egg shape index of the NPY/Dral
polymorphism ranges from 77.1-77.4%. The body
weight at the first egg with DD genotype (733
g/bird) was heavier than 1l genotype (732 g/bird)
and 1D genotype (731 g/bird). Cheung et al. (1997)
suggested that NPY gene stimulateed early sexual
development in chickens and controlled feed
absorption. The NPY gene influenced the release of
gonadotropin hormone (GnRH) and played an
important role in controlling feed intake in birds,
forming sexual characteristics and controlling
ovulation. The effect of the NPY gene on the body
weight of hens may be due to its role in controlling
feed intake and growth hormone secretion (Dunn et
al., 2004; Wu et al., 2007).

Besides, hens with Il genotype (149 eggs/hen/52
weeks of laying) had higher egg yield than ID
genotype (132 eggs/hen/52 weeks of laying) and
DD genotype (124 eggs/hen/52 weeks of laying).
High egg productivity in Il genotype resulted a
higher laying rate (42.3%) compared to ID genotype
(37.5%) and DD genotype (35.6%). The results of
Li et al. (2009) on Wenchang native chickens
(China) indicated the NPY/Dral polymorphism
affected egg productivity up to 300 days old, in
which hens with AA genotype (corresponding to 1l
genotype in the present study) had the highest egg
number (88.9 eggs/hen/300 days old) and the aa
genotype was the lowest egg production (81.6
eggs/hen/300 days old). The egg productivity of Il
genotype in this study was higher than Bang Troi
hens at 37-40 weeks old (34.1%) (Thinh et al.,
2020). According to Hoa et al. (2021), the egg
production of Noi black chickens was 74.3 eggs/hen
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and Noi dark brown chickens was 77.9 eggs/hen
from 25 to 50 weeks old. The total eggs of Ho
chicken and Dong Tao chicken were 88.5 eggs/hen
and 94.9 eggs/hen, respectively (Duy et al., 2020).
In addition, Noi chickens with DD genotype
(NPY/Dral) was 50.9 eggs/hen/20 laying weeks
(Ngu et al., 2015). These results showed that
NPY/Dral polymorphism was a potential molecular
marker to improve egg productivity in Ac chickens.

Besides, the average daily feed intake of hens with
DD, ID and Il genotypes were the same (54.0
g/hen/day). Hens with Il genotype had the lowest
feed consumption/10 eggs (1.33 kg) and FCR (3.54
g feed/g egg) compared to the others. This result
showed that Il genotype (NPY/Dral polymorphism)
can be of interest because of its feed
consumption/10 eggs and low FCR, contributing to
increasing the economic efficiency of livestock
production in the direction of egg production.

3.3. Laying rate, egg production and feed
intake/10 eggs

Table 4 and Figure 5 showed that the laying rate of
Ac hens was low (0.0-2.09%) at 16 weeks old but
gradually increased in the following weeks, reached
a peak (52.9-60.0%) at 30 weeks old and then
gradually decreased. At 30 weeks old, hens with |1
genotype had a higher laying rate (60.0%) than ID
genotype (55.5%) and DD genotype (52.9%). The
laying rate of Ac hens in the current study was high
compared to some other domestic chicken breeds,
such as Ri chicken, at 38 weeks old (39.9%) (Mui
and Dang, 2016); Lac Thuy chicken at 40 weeks old
(33.6%) (Van et al., 2015); Bang Troi chicken at 37
to 40 weeks old (34.1%) (Thinh et al., 2021a); Ri
Lac Son chicken at 40 weeks old (31.4%) (Thinh et
al., 2021b).

Table 4. Laying rate (%), egg production and feed intake/10 eggs of Ac hens during 16-67 weeks old

. Egg number Cumulative total egg  Feed intake/10 eggs
V\flzks Laying rate (%) (eggs/hen/week) number (eggs/hen) (kg)

DD ID Il DD ID 1 DD ID I DD ID 1

16 000 164 209 000 011 015 000 011 0.15 - 295 232
17 427 578 7.80 030 040 055 030 052 069 116 854 6.32
18 151 129 131 106 090 092 136 142 161 335 388 383
19 19.7 161 196 138 113 137 274 255 298 261 318 261
20 250 247 259 175 173 182 448 428 479 210 210 201
21 271 286 299 190 201 209 638 628 688 197 185 1.77
22 29.1 308 325 203 216 228 841 844 916 188 176 1.68
23 319 341 356 223 239 249 106 108 117 171 160 153
24 346 365 401 243 255 281 131 134 145 157 149 136
25 386 403 463 270 282 324 158 162 177 141 135 118
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. Egg number Cumulative total egg  Feed intake/10 eggs
Welzks Laying rate (%) (eggs/hen/week) number (eggs/hen) (kg)
0 DD ID Il DD ID 1 DD ID 1 DD ID 1

26 432 451 525 3.02 316 3.68 18.8 19.4 214 126 121 1.04
27 493 505 56.2 345 354 393 22.2 22.9 253 111 108 0.97
28 511 536 579 357 375 4.05 25.8 26.7 294 1.07 101 0.94
29 51.9 552 598 363 386 4.18 294 30.5 335 1.05 099 0091
30 529 555 600 370 389 420 33.1 344 377 1.02 098 0091
31 521 525 59.0 3.64 367 413 36.8 38.1 419 1.05 1.04 0.92
32 50.6 490 570 354 343 3.99 40.3 41.5 459 1.08 111 0.9
33 46.3 466 56.7 324 326 3.97 43.6 44.8 498 117 117 0.96
34 447 454 555 313 318 3.88 46.7 47.9 537 122 120 098
35 440 46.1 552 3.08 323 3.87 49.8 51.2 576 123 118 098
36 447 468 542 313 327 379 52.9 54.4 614 122 116 1.00
37 425 439 534 298 307 374 55.9 57.5 651 128 124 1.02
38 419 447 530 293 313 371 58.8 60.7 688 130 122 1.02
39 419 438 522 293 307 3.66 61.7 63.7 725 130 124 1.04
40 39.9 441 512 279 3.09 358 64.5 66.8 76.1 136 123 1.06
41 409 419 508 286 293 3.56 67.4 69.7 796 133 130 1.07
42 379 435 500 266 3.04 350 70.1 72.8 831 143 125 1.09
43 39.6 43.1 486 277 3.02 340 72.8 75.8 865 138 126 112
44 383 409 464 268 286 3.25 75.5 78.7 89.8 142 133 117
45 36.8 425 471 257 297 3.30 78.1 81.6 931 148 128 115
46 365 40.7 464 255 285 3.25 80.6 84.5 96.3 150 134 117
47 356 389 443 249 272 310 83.1 87.2 994 153 140 1.23
48 342 396 436 239 277 3.05 85.5 90.0 1025 159 137 125
49 346 384 429 243 269 3.00 87.9 927 1055 157 142 127
50 338 383 436 237 268 3.05 90.3 953 1085 161 142 125
51 320 372 429 224 261 3.00 92.6 979 1115 170 146 127
52 327 349 414 229 244 290 948 1004 1144 167 156 132
53 319 358 400 223 250 280 97.1 1029 1172 171 152 136
54 309 340 407 216 238 285 99.2 1053 1201 177 160 1.34
55 304 311 386 213 218 270 1014 1074 1228 180 175 141
56 294 331 379 206 232 265 1034 1098 1254 184 164 144
57 274 317 371 192 222 260 1053 1120 128.0 198 172 1.47
58 291 303 357 203 212 250 1074 1141 1305 188 180 152
59 269 309 350 189 216 245 1093 1163 133.0 202 176 155
60 284 292 357 199 204 250 1112 1183 1355 191 187 153
61 281 302 343 197 211 240 1132 1204 1379 194 180 158
62 264 289 329 185 202 230 1151 1224 1402 206 188 1.66
63 266 270 314 186 189 220 1169 1243 1424 205 201 173
64 251 278 257 176 195 180 1187 1263 1442 217 196 212
65 264 262 243 185 183 170 1205 1281 1459 206 208 224
66 250 249 229 175 174 160 1223 1299 1475 217 218 238
67 243 246 229 170 172 160 1240 1316 1491 224 221 238

Average 35.6 375 423 - - - - - - 161 156 1.33
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Figure 6. Cumulative total egg number on Ac hens at 16-67 weeks old

Table 4 and Figure 6 showed that cumulative total
egg number of hens with Il genotype (149
eggs/hen/52 weeks of laying) was the highest
among the three hen groups. This result was higher
than the egg yield of hens with Il genotype (50.9
eggs/hen/52 laying weeks) in the study of Ngu et al.
(2015). The results of Thinh et al. (2021) on Lac
Thuy chickens showed the total accumulated eggs at
40 weeks old was 57.6 eggs/hen.

Besides, the feed consumption/10 eggs of Ac
chickens at 16 weeks old was high (ID and Il
genotypes were 29.5 kg and 23.1 kg, respectively).
The reason was that the chicken flock had just
started laying in the early stages, so the laying rate
was still low. The time to consume the least feed was
at 30 weeks old (DD, ID and Il genotypes were 1.02
kg, 0.98 kg and 0.91 kg, respectively) because
during this period the chickens were at peak laying.
The average feed consumption/10 eggs of Ac
chickens from 16 to 67 weeks old was 1.61 kg (DD
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genotype), 1.56 kg (ID genotype) and 1.61 kg (Il
genotype). In Lac Thuy chicken, feed
consumption/10 eggs from 19 to 41 weeks old was
4.49 kg (Thinh et al., 2021a), Ri Lac Son chicken at
20-40 weeks old was 4.0 kg (Thinh et al., 2021b), in
Lac Thuy chickens at 20-40 weeks old was 3.44 kg
(Van et al., 2015).

4. CONCLUSIONS

Hens with Il genotype of NPY/Dral polymorphism
raised in individual cages had the average age of
first egg laying of 117 days old. During the period
of 16-67 weeks of old, Ac hens with Il genotype had
149 eggs/hen/52 weeks of laying, an average laying
rate of 42.3%, and feed intake/10 eggs of 1.33 kg
and FCR 3.54 (g feed/g egg). These results showed
that hens with Il genotype of Dral polymorphism
can be used in breeding Ac hens for the purpose of
egg production.
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