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Introduction: In recent years, the emphasis on improving growth traits and increasing body
weight in broiler lines has led to a significant decline in reproductive performance in broiler
breeder flocks (Blesbas et al., 2004). Reduced fertility has become a major challenge in broiler
breeder management. Although roosters account for only 10% of the flock population, their role
in fertility is estimated to be as high as 50% (Cerolini et al., 2006; Akhlaghi et al., 2014). Among
the main factors contributing to declining fertility, age and nutrition are of particular
importance. Fertility reduction is often attributed to obesity, lower semen quality, decreased
libido, and reduced mating efficiency (Romero et al., 2008). Peak reproductive performance in
male chickens and turkeys is observed between 30 and 40 weeks of age and gradually declines,
nearly ceasing by 75 weeks (Noiraud and Brillard, 1999). Sperm count and fertilizing capacity
increase from 24 weeks to a peak at 39 weeks, then decline by 72 weeks of age (Kelso et al.,
1997). Enhancing the reproductive potential of aging broiler breeder males is therefore essential
(Fouad et al., 2020). Serine, a traditionally non-essential amino acid, plays critical roles in
protein synthesis and cellular signaling (Metcalf et al., 2008; Hunter, 2012). Choline is an
essential nutrient with key metabolic functions, including as a membrane phospholipid
component, in hepatic lipid metabolism, and as a precursor of acetylcholine (Dudley, 1929).
Choline is a methyl donor involved in methionine synthesis and indirectly functions in protein
synthesis. In addition, it constitutes about 39% of the phospholipids in the plasma membrane
and plays a role in cell maintenance and repair by synthesizing very low-density lipoproteins
and providing phosphatidylcholine (Del Vesco et al, 2013). Despite numerous studies on the
effects of unsaturated fatty acids, antioxidants, and some amino acids on sperm quality, no
comprehensive study has been conducted on the interaction effects of the amino acid L-serine
and choline supplementation in the nutrition of older broiler breeder roosters. This study
investigated the effects of the amino acid serine and choline supplementation on sperm quality
of older broiler roosters.

Materials and Methods: This experiment was conducted on 36 aged Ross 308 broiler breeder
roosters aged 45 weeks. Birds were randomly assigned to six groups of six individuals each and
housed under controlled environmental conditions in a standard poultry house. The study was
designed as a factorial arrangement in a completely randomized design with three levels of L-
serine and two levels of choline. Birds were adapted to semen collection through abdominal
massage for two weeks before the experiment. Semen volume was measured using a graduated
collection tube (Zamiri et al., 2010). Sperm concentration was determined using modified
Blaise-Tweel extender with a pH of 7.4 and osmolality of 310 mosm/kg (Amini et al., 2015).
Forward progressive motility was assessed by diluting semen samples in NaCl (1:20), placing
a drop on a slide, covering it with a coverslip, and examining under a light microscope at 400%
magnification (Akhlaghi et al., 2014). Plasma membrane functionality and integrity were
assessed using the hypo-osmotic swelling test, while sperm viability and morphological
abnormalities were determined by eosin-nigrosine staining (Tapeh et al., 2017).
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Results and Discussion: results showed that that sperm concentration was significantly
affected by different levels of serine and choline (P < 0.05). In the interaction of experimental
treatments, the highest sperm concentration was observed in the group receiving 0.3% serine
and 470 mg choline, indicating a positive effect of these compounds on spermatogenesis and
increased sperm production . The highest sperm concentration (4.08) occurred in the treatment
containing 0.3% serine, while the control group had the lowest concentration (3.46). Consistent
with this finding, Ansari et al. (2016) reported that oral supplementation of the non-essential
amino acid aspartate in the diets of aging broiler breeder roosters significantly increased sperm
concentration with rising intake levels. The combined effect of L-serine and choline
supplementation also increased the percentage of progressive sperm motility during the trial
weeks; this synergistic effect was significant in weeks 4, 5, 8, and 9 (P < 0.05). The highest
progressive motility (50.75%) was recorded in week 8, whereas the lowest value (35.00%) was
observed in the control group. In agreement with these results, adding serine to rooster semen
as a diluent has been shown to improve sperm quality and fertility (Chankitisakul et al.,
2022).The interaction of serine and choline significantly enhanced total sperm motility from
week 5 to week 9. The highest total motility (88.75%) was obtained in the treatment with 0.15%
serine and 470 mg kg™ choline in weeks 8 and 9, whereas the control diet yielded the lowest
motility (70.00%), showing a significant difference from the combined treatment (P < 0.05).
Analysis of sperm viability indicated that diets containing L-serine and choline had a significant
effect on this trait (P < 0.05). The best viability was observed in the group receiving 0.3% serine
with 470 mg kg™ choline, reaching 88.75% in weeks 8 and 9, which was significantly higher
than the group lacking serine and choline (P < 0.05). The lowest sperm viability (68.25%)
occurred in the control treatment. L-serine, through its antioxidant properties and the regulation
of genes involved in glutathione synthesis, increases glutathione concentration and reduces
oxidative reactions (Zhou et al., 2018; Sim et al., 2015).The combined use of serine and choline
significantly improved sperm membrane integrity and health compared with the control, with
this increase becoming significant from week 6 to week 9 (P < 0.05). The highest membrane
integrity (88.00%) was observed in week 9 with 0.3% serine, while the lowest value (68.75%)
belonged to the group without serine and choline. Examination of sperm abnormalities revealed
that treatments containing serine significantly affected this parameter (P < 0.05).
Supplementation with L-serine at 0.15% and 0.3% reduced abnormal sperm percentages, with
significant decreases observed in weeks 5 and 7. The lowest percentage of abnormal sperm
(13.62%) occurred in the 0.3% serine group, which differed significantly from the diet lacking
serine (P < 0.05). The effect of choline supplementation and the combined effect of serine and
choline on abnormal sperm percentage were not significant (P > 0.05). These results agree with
the findings of Long and Conn (2012), who reported that adding choline phosphate to duck
semen extenders reduced acrosome head abnormalities.

Conclusion: The results of this study showed that the use of the amino acid L-serine and choline
supplement in the diet can significantly increase sperm concentration, sperm membrane health,
total sperm motility, sperm viability, progressive sperm motility, and reduce the percentage of
sperm abnormalities in most weeks of the experiment, indicating the synergy of these two
compounds in improving sperm quality in older broiler roosters, which can further increase the
fertility and productivity of older broiler roosters in the poultry industry.

Keywords: L-serine, Choline, Broiler breeder roosters, Sperm quality, Membrane integrity,
Fertility.
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K3, 2 mg; Vitamin Bj, 1.8 mg; riboflavin, 55 mg; niacin, 10 mg; pantothenic acid, 30 mg;
pyridoxine, 3 mg; Vitamin By Img; Vitamin B2, 0.015 mg; Vitamin H», 0.2 mg.
** Supplied per kg diet: 120 mg manganese, 40 mg Iron, 120 mg Zinc, 16 mg Copper, 2 mg
Iodine, 0.3 mg Selenium.
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Table2- The effect of L-Serine Amino acid and choline supplementation on sperm
concentration (billion per milliliter) of aged broiler roosters.
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Treatments Third  Fourth Five week Six week  Seventh Eight Nine
week week week week week
‘S
0 3.59°  3.67° 3.65P 3.69° 3.66° 3.64° 3.62°
0.15 3.69°  3.782 3.782 3.79? 3.782 3.90° 3.972
0.3 3.64% 3772 3.828 3.81% 3.828 4.01? 4.04°
oSl st Glesl0.022  0.019 0.017 0.022 0.012 0.026 0.045
SEM
=C
0 3.61° 3.74 3.71° 3.75 3.72b 3.79% 3.82°
470 3.672 3.74 3.80° 3.78 3.80? 3.912 3.942
oSl st Gl 0.018  0.015 0.014 0.018 0.015 0.022 0.037
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C x S
0 X 0 3.55 3.62° 3.56° 3.61° 3.59 3.47° 3.46°
470 x 0 3.62 3.722 3.75P 3.76 3.74 3.80° 3.78P
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0 x 03 3.60 3.79° 3.79% 3.842 3.80 4.012 4.08?
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P-Value
S 0.0192 0.0019  <0.0001 0.0006  <0.0001 <0.0001 <0.0001
C 0.0371 0.8791  0.0002 0.2289 0.0016 0.0011 0.0345
SxC 0.6673 0.0185  0.0111 0.0134 0.1062 0.0005 0.0206

*ok *
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Percentage of serine added to the diet C*": mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).
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Table3- The effect of L-Serine amino acid and choline supplementation on forward motility
sperm (percentage) of old broiler roosters

Treatments Third Fourth Five Six week  Seventh Eight Nine
week week week week week week
S*
0 42.87 39.50 40.25° 40.87° 39.62° 38.75° 39.37°
0.15 41.12 40.25  42.12% 42.12° 45,502 48.25% 48.75%
0.3 41.25 41.75 44,502 45.622 46.252 49.122 49.872
oSibe sl Slpsl - 0.754 0.709 0.888 1.109 1.258 0.823 0.959
SEM
C**
0 42.33 39.75 42.33 42.25 42.41 44.25° 45.00
470 41.17 41.25 42.25 43.50 45.17 46.50? 47.00
oSibe il Bl 0.616 0.579 0.725 0.905 1.027 0.672 0.783
SEM
C x S
0 x 0 44.50 37.00°  37.50° 40.00 36.25 35.004 35.00°
47 x 0 41.25 42.000  43.00% 41.75 43.00 42.50¢ 43,755
0
0 x 015 4125 40.50*°  43.00% 41.75 44.75 47.00° 50.00?
47 x 0.15  41.00 40.00*0  41.25° 42.50 46.25 49,5020 47.502b
0
0 x 03 41.25 41.75%  46.50° 45.00 46.25 50.75% 50.00?
47 x 0.3 41.25 41.75*  42.50% 46.25 46.25 47.502 49.75%
0
oSl syl Bl 1.067 1.003 1.257 1.569 1.778 1.165 1.356




SEM

Mgme Jloinl o
P-Value
S 0.2154 0.1013 0.0118 0.0197 0.0028 <0.0001 <0.0001
C 0.1973 0.0837 0.9362 0.3421 0.0744 0.0295 0.0877
SxC 0.2639 0.0245 0.0036 0.9506 0.1662 0.0009 0.0014

FEXENN SRORIORNTIR VRS CUTRORNTIR- BRI
(P<0.05 ) sst, o Jlsime 5T chls iglite Gy o by (sl 5:Slo s 2 3
S™: Percentage of serine added to the diet, C™": mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).
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Table 4- The effect of L-Serine amino acid and choline supplementation on sperm total
motility (percentage) of old broiler roosters

Treatments Third  Fourth Five week Six week  Seventh Eight Nine
week week week week week
‘S
0 76.62 7625  76.125° 75.37° 73.75° 75.37° 77.00°
0.15 7625  78.25 81.372 81.872 83.75% 86.122 88.372
0.3 76.37 7825 81.88% 83.75% 85.00? 88.12° 88.00°
oSibeslutl Gl 1,035 0.970 0.958 0.988 1.178 0.890 0.767
SEM
=C
0 7525  76.75 78.67 79.17 78.33° 80.67° 82.17°
470 77.58  78.41 80.91 81.50 83.33% 85.752 86.75%
oSl st Glesl 0.845  0.792 0.782 0.806 0.962 0.727 0.626
SEM
C x S
0 x 0 75.00  75.00 71.25° 71.25¢ 67.50° 68.25¢ 70.00¢
470 x 0 7825  77.50 81.00% 79.50° 80.00° 82.50° 84.00°
0 x 0.15 75.00 77.75 82.25% 81.25% 83.75%  85.00% 88.00%
470 x 0.15 77.50  78.75 80.50? 82.50°®  83.75% 87.252 88.752
0 x 03 75.75  77.50 82.50° 85.00° 83.75% 88.752 88.50°
470 x 0.3 77.00  79.00 81.25% 82.50% 86.25% 87.50° 87.50°
oSkeslutl Gl 1,464 1.371 1.355 1.397 1.677 1.260 1.084

SEM




oo Jlai| g

P-Value
S 0.9667 0.2682 0.0007 <0.0001 <0.0001 <0.0001 <0.0001
C 0.0668 0.1541 0.0570 0.0557 0.0017 0.0001 <0.0001
SxC 0.7907 0.8576 0.0006 0.0040 0.0035 <0.0001 <0.0001

PSS 3 5 e e 0 03531 ol T oy oy o o3yl oy s S
(P<0.05 ) ssl o Joine D51 elyls cglise Gyo by o ke 50 0 59
S*: Percentage of serine added to the diet, C**: mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).
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Table5- The effect of L-Serine amino acid and choline supplementation on sperm viability
(percentage) of old broiler roosters

Treatments Third Fourth Five Six week  Seventh Eight Nine
week week week week week week
S*
0 73.12 76.50 74.37° 75.25° 76.50° 74.75¢ 74.87°
0.15 74.62 76.62 80.372 81.50? 82.50? 83.37° 86.122
0.3 74.37 78.62 82.502 82.502 83.122 88.622 87.75%
oSibe sylubial Gl 1,291 0.901 0.937 0.740 0.902 0.799 0.853
SEM
C**
0 72.75 76.41 78.92 77.67° 79.17° 80.58° 80.83°
470 75.33 78.08 79.25 81.832 82.25% 83.922 85.002
oSibe sylitkal Gl 1,054 0.735 0.765 0.604 0.737 0.652 0.697
SEM
C x S
0 x 0 71.25 74.75 71.75¢ 70.50° 71.25° 70.254 68.25¢
470 x 0 75.00 78.25 77.00° 80.00? 81.75% 79.25¢ 81.50°
0 x 015 73.25 76.25 82.50? 80.00? 82.50% 83.00° 85.502
470 x 0.15  76.00 77.00 78.25% 83.00? 82.50? 83.75° 86.752
0 x 03 73.75 78.25 82.502 82.50% 83.75% 88.50% 88.752
470 x 0.3 75.00 79.00 82.502 82.50? 82.50? 88.75% 86.752
oSibe 3ylutal Gl 1,827 1.274 1.325 1.047 1.276 1.130 1.208
SEM
Soigine Jlot! o
P-Value
S 0.6845  0.2021 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
C 0.1004  0.1267  0.7631 0.0001 0.0084 0.0020 0.0005
SxC 0.7912  0.4752  0.0077 0.0008 0.0004 0.0016  <0.0001

£S5 e oy w008 03533l s 0% Lo 0 0358 ooy S
(P<0.05 ) satt o hoisine D31 b glize Gy b slo Sk g 2 53
S*: Percentage of serine added to the diet, C""* ™ in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).
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Table 6- The effect of L-Serine amino acid and choline supplementation on sperm membrane
health (percentage) of old broiler breeder roosters

Treatments Third  Fourth Five week Six week  Seventh Eight Nine
week week week week week
S
0 77.62  75.87°  75.00° 75.62° 76.88° 76.00° 74.37°
0.15 76.25  77.50% 81.37% 82.122 83.132 86.75% 86.25%
0.3 76.00  79.37% 81.87% 82.75% 82.50? 86.50% 87.75%
OrSbe 3 lilil Bl ol 0.929 0.951 0.892 0.848 0.945 0.722 0.974
SEM
“C
0 75.75  76.67 78.67 78.08° 79.33% 81.33° 80.58°
470 77.50 78.50 80.17 82.25% 82.332 84.83% 85.00?
0eSke 3 luill Bl ol 0.758 0.777 0.728 0.692 0.771 0.589 0.796
SEM
C x S
0 x 0 76.50  73.50 72.50 70.00° 71.75° 71.00° 68.75°
470 x 0 78.75 78.25 77.50 81.25% 82.002 81.00° 80.00°
0 x 0.15 75.00 77.50 81.00 81.75% 83.75% 86.75% 85.00%
470 x  0.15 77.50 77.50 81.75 82.50% 82.50? 86.75% 87.50?
0 x 0.3 75.75 79.00 82.50 82.50% 82.50% 86.25% 88.00%
470 x 0.3 76.25 79.75 81.25 83.00% 82.50% 86.75% 87.50?
OrSSke 3 lilisl Bl ol 1.313 1.364 1.261 1.199 1.336 1.021 1.378
SEM
Sgae Jlonl daw
P-Value
S 0.4290 0.0565  <0.0001 <0.0001 0.0003 <0.0001  <0.0001
C 0.1201  0.1127 0.1624 0.0005 0.0132 0.0005 0.0010
SxC 0.7134  0.1940 0.0646 0.0003 0.0007 0.0001 0.0013

PSS 5 05 ke oy 4y osaagsil s C

(PZ0.05 ) sisly o oo ST S cglize i b slo S0k 5 0 53
S*: Percentage of serine added to the diet, C"" mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).
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Table7- The effect of L-Serine amino acid and choline supplementation on abnormal sperm

(percentage) of old broiler roosters

o e pyodin  ploya oo i i win in ide ada g
Treatments Third  Fourth Five week Six week  Seventh Eight Nine
week week week week week
S
0 14.75 14.62 14.622 14.25 14.372 14.37 14.12
0.15 14.50 14.50 14.25% 14.12 14.25% 13.75 13.87
0.3 1450  14.37 13.75° 14.37 13.62° 13.87 13.87
OrSSke 3 lilisl Bl ol 0.186 0.177 0.200 0.195 0.212 0.257 0.253
SEM
“C
' 14.50 14.58 14.42 14.25 14.08 14.00 14.17
470 14.67 14.42 14.00 14.25 14.08 14.00 13.75
OS3le 3,15zl Bl ol 0.152 0.144 0.163 0.159 0.173 0.210 0.207
SEM
C x S
0 x 0 14.75 15.00 14.75 14.50 14.25 14.50 14.50
470 x 0 14.75 14.25 14.50 14.00 14.50 14.25 13.75
0 x 0.5 14.25 14.50 14.50 14.00 14.50 13.50 14.00
470 x  0.15 14.75 14.50 14.00 14.25 14.00 14.00 13.75
0 x 03 14.50 14.25 14.00 14.25 13.50 14.00 14.00
470 x 0.3 14.50 14.50 13.50 14.50 13.75 13.75 13.75
OS3le 3, Bl ol 0.263 0.250 0.282 0.276 0.300 0.363 0.358
SEM
Soigine Jlot! o
P-Value
S 0.5594 0.6147 0.0210 0.6703 0.0492 0.2183 0.7272
C 0.4486 0.4249 0.0877 1.0000 1.0000 1.0000 0.1716
SxC 0.5594 0.1435 0.8885 0.3165 0.3743 0.5047 0.7272
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S*: Percentage of serine added to the diet C*" mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).
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