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Abstract

Introduction: One of the major costs in commercial poultry production is the purchase and upkeep of roosters,
which are the sires and key contributors to flock fertility. Although roosters make up only about 10 to 15% of the
flock, their genetic quality accounts for over 50% of the flock’s fertility. Finding cost-effective solutions, such as
artificial insemination, to reduce the expenses associated with acquiring and maintaining breeding roosters is a
major concern for producers. Unlike in mammals, artificial insemination is not used in birds because sperm quality
and fertility decline after the freezing and thawing processes. Cryopreserving bird semen would allow us to use
roosters with superior genetics without their presence. This would reduce genetic defects, lower costs, and help
with the global distribution of semen. It would also decrease disease transmission risks, prevent extinction, and
create gene banks for better breeds. Despite extensive efforts, developing an effective cryopreservation method
for avian sperm remains a challenge. The lower fertility rates observed with cryopreserved poultry sperm,
compared to other animals, are a significant hurdle for commercial applications. This difficulty may be related to
the unique physiological features of bird sperm. Many hypotheses have been proposed about avian sperm,
including the idea that poultry sperm contains a distinctive fatty acid profile, rich in omega-6 fatty acids.
Supplementing sperm with essential fatty acids like omega-3 through dietary means has been shown to improve
their reproductive performance. The success of cryopreservation heavily relies on maintaining sperm’s biological
functions, which are influenced by factors such as extenders, cooling rates, and thawing protocols. Research has
focused on optimizing parameters for sperm survival after thawing, including motility, viability, membrane
integrity, and structural stability. Despite these efforts, fertility rates above 60% using cryopreserved sperm have
not been reached. Studies indicate that providing diets rich in omega-3 fatty acids can enhance various sperm
quality parameters and boost fertility. Dietary fats’ type and source affect sperm performance. This is because of
their involvement in intricate molecular processes and their role as hormone and signaling pathway precursors,
which are crucial for sperm function. Research on fatty acids’ impact on sperm uses fresh samples. Data is lacking
on whether dietary supplements containing essential fatty acids can improve cryopreserved and thawed sperm
quality. In this study, besides assessing motility and viability, parameters such as plasma membrane integrity,
sperm morphology, membrane stability, lipid peroxidation, and DNA fragmentation will be evaluated in the
frozen-thawed sperm of broiler breeder roosters.

Materials and methods: Thirty-six 42-week-old Ross 308 roosters were randomly allocated to four groups
(n=6/group) and housed in individual cages under standard conditions (21-24°C, 75% humidity, 15L:9D
photoperiod). Experimental diets included: 1) Control (no oil), 2) 2% flaxseed oil, 3) 2% sesame oil, and 4) 1%
flaxseed + 1% sesame oil. All diets were isoenergetic and isonitrogenous, formulated using WUFFDA software.
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Semen was gathered using abdominal massage on days 1, 20, 40, and 60. It was immediately diluted (1:20) in
Lake’s extender, which had 5% glycerol, and held at 5°C for 2 hours. Afterward, it was frozen in 0.25 mL straws
with liquid nitrogen vapor before being stored at -196°C. Thawing was performed in 4°C water for three minutes.
Motility was assessed using computer-assisted sperm analysis (CASA). Viability was determined by eosin-
nigrosine staining. Membrane integrity was measured with the hypo-osmotic swelling test (HOST). Lipid
peroxidation (MDA) was measured using the thiobarbituric acid assay. Morphology was evaluated by phase-
contrast microscopy. For fertility trials, pooled semen from each group was used to inseminate 20 hens/group
(250 pL containing 300%10¢ sperm). They gathered the eggs for five days after insemination, placed them in the
incubator, and candled them on day 10 to determine their fertility. The data obtained from this experiment were
statistically analyzed using the GLM procedure in SAS software. The comparison of means was conducted using
the Tukey test at P<0.05.

Results and discussion: Flaxseed oil (2% of diet) or a mix of flaxseed and sesame oil (1:1 ratio) improved total
motility, progressive motility, sperm lipid peroxidation, membrane integrity, sperm viability, and fertility. These
results were superior to control and sesame oil treatments (P<0.05). Fertility rates were significantly higher in the
flaxseed (80%) and mixed oil (79%) groups compared to the control (60%, P<0.05), though hatchability did not
differ significantly. The findings show that dietary flaxseed oil or its combination with sesame oil significantly
enhances frozen-thaw sperm quality in broiler breeders. The improvements in motility, membrane integrity, and
oxidative stability likely result from increased incorporation of omega-3 fatty acids (particularly DHA) into sperm
membranes, improving fluidity and cryoresistance. The antioxidant properties of omega-3s may also mitigate
freeze-thaw-induced lipid peroxidation.

Conclusions: The study suggests that adding 2% flaxseed oil or a 1:1 flaxseed-sesame mixture to rooster diets
can improve frozen-thawed semen quality and fertility in commercial poultry. Future research should optimize
fatty acid ratios and evaluate long-term reproductive performance. The protocol provides a practical approach to
reducing male maintenance costs while enabling global semen distribution in breeding programs.
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Table 1. Ingredients and chemical composition'of experimental diets

Foodstuffs (%) Control Experimental diets?
Corn 68.15 61.45
Soybean meal 8 8
Wheat bran 19.5 22.7
Sodium Bicarbonate 0.15 0.15
table salt 0.25 0.25
Dicalcium phosphate 1.17 1.15
DL—Methionine 0.05 0.1
Bentonite 1.25 2.5
Calcium carbonate 1.08 1.1
Mineral premix 0.25 0.25
Vitamin premix 0.25 0.25
Vegetable oil 0 2
Vitamin E (mg/kg) 200 200
Calculated chemical compositions

Metabolizable energy (kcal/kg) 2750 2750
Crude protein (%) 11.8 11.8
Calcium (%) 0.70 0.70
Non-phytate phosphorus (%) 0.35 0.35

! Based on NRC (1994). 2 For the preparation of experimental diets, three experimental diets including 2% flaxseed oil, 2%

sesame oil, 1% flaxseed oil, and 1% sesame oil were added to the basal diet, respectively.

(050 con ) ialosl Gloo ez 9 Liss; 5z gl oS 5 =Y Jgor

Table 2. Fatty acid composition of oils and experimental diets (%)

Oils

Experimental diets

Fatty acids Flaxseed Sesame Control Flax.seed Sesa}me A mixture of ﬂa{;seed
oil oil and sesame oil

Myristic 14:0 0 0 0 0 0 0
Palmitic 16:0 6.41 9.71 0.47 0.61 0.68 0.64
Stearic 18:0 3.99 4.89 0.08 0.16 0.18 0.17
Arachidic  20:0 0 0.47 0 0 0.01 0
Saturated fatty acids' 10.40 15.07 1.03 1.24 1.34 1.29
Oleic  18:1 17.79 41.54 0.97 1.33 1.80 1.57
Unsaturated with a double bond? 17.79 41.65 0.97 1.33 1.81 1.57
Linoleic18:2 n-6 16.28 42.60 1.46 1.78 2.31 2.05
Linolenic 18:3 n-3 54.18 0.48 0.05 1.13 0.05 0.60
Arachidonic 20:4 n-6 1.35 0.20 0 0.03 0 0.01
Total unsaturated fatty acids n-6 17.63 42.80 1.46 1.81 2.31 2.06
Total unsaturated fatty acids n-3 54.18 0.48 0.04 1.13 0.05 0.60
Unsaturated with multiple double bonds? 71.80 43.27 1.51 2.94 2.36 2.54
Ratio of n-3 to n-6 3.07 0.01 0.03 0.62 0.02 0.29

I'SFA: Total fatty acids 14:0,16:0, 18:0, and 20:0
2 MUFA: Total fatty acids 16:1, 18:1, 20:1, and 22:1
3 PUFA: Total fatty acids 18:2, 18:3, 20:4, 20:5, and 22:6
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Table 3. Effect of feeding oil sources on sperm quality parameters of roosters after freezing and thawing of

semen
Experimental diets P-value
Item
Control Sesgme Flaxseed an d Flax§eed SEM Diet Time DietxTime
oil sesame oil oil
Membrane peroxidation 4.10°  4.20% 3.25¢ 3544 019 0.000  0.088 0.100
(nmol/mL)
Membrane integrity (%) 61.41°  60.95° 68.90* 66.70°  1.12  0.000  0.006 0.640
Abnormal Morphology (%) 22.30 20.04 18.40 19.75 1.50  0.270  0.180 0.470
Viability (%) 61.13°  63.26™ 69.60% 72.00*0 134 0.000  0.001 0.260
DNA fraction (%) 8.72 7.67 8.80 9.80 0.60 0.560  0.009 0.480
=4 Different superscript letters in each row are significantly different (P<0.05)
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Table 4. Effect of feeding oil sources on rooster sperm motility parameters after thawing frozen semen
Experimental diets P-value
Sperm motility parameters Control ~ Sesame Flaxseed and Flaxseed SEM Diet Time DietxTime
oil sesame oil oil
Total Mobility (%) 58.75° 58.63° 65.15* 65.30* 0.58 0.002 0.025 0.25
Progressive mobility (%) 18.4% 18.67° 22.002 22.902 1.2 0.011 0.002 0.05
VAP 33.90 32.50 40.20 40.50 0.74 005 0.20 0.41
VSL 44.80 42.60 48.50 47.80 0.52 0.045 0.08 0.12
VCL 126.80  125.25 132.20 133.50 1.65 0.80 0.15 0.13
ALH 7.80 7.70 7.90 7.80 14 078 085 0.23
LIN 39.00 39.50 38.45 39.80 087 050 0.52 0.45
STR 50.52 49.90 53.60 52.53 098 0.09 0.11 0.35

VAP: Average path velocity, VSL: Straight-line velocity, VCL: Curvilinear velocity, ALH: Amplitude of lateral head

displacement, LIN: Linearity, STR: Straightness

*b Different superscript letters in each row are significantly different (P<0.05)
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Table 5. Effect of feeding duration of oil sources on rooster sperm parameters after thawing frozen semen

. . Experimental diets P-value
Feeding duration Sesame  Flaxseed and
(days) Control . . Flaxseed oil Diet Time DietxTime
oil sesame oil
Total mobility (%)
0 62.33 64.00 66.00 68.67 0.54 0.21 0.90
20 57.67 62.00 61.75 59.25 0.34 0.12 0.75
40 57.50 57.50 69.25 68.67 0.62 0.13 0.11
60 57.50 51.00 63.60 64.60 0.08 0.16 0.20
Morphology (%)
0 33.27 18.33 20.33 21.33 0.40 0.30 0.50
20 21.33 21.00 23.25 20.00 0.35 0.23 0.40
40 20.50 22.50 14.00 18.67 0.10 0.21 0.18
60 20.00 18.33 16.00 19.00 0.19 0.13 0.15
Membrane integrity (%)
0 65.33 66.00 70.67 69.00 0.30 0.15 0.41
20 61.00 64.00 67.50 62.50 0.23 0.23 0.52
40 62.00 60.50 72.25 70.33 0.21 0.19 0.17
60 57.33 53.33 65.20 65.00 0.13 0.32 0.50
Viability (%)
0 67.33 67.67 74.67 82.33 0.90 0.40 0.54
20 60.00 65.33 63.50 73.25 0.75 0.35 0.34
40 58.50 57.50 71.00 64.67 0.11 0.10 0.62
60 59.00 64.00 69.20 67.80 0.20 0.19 0.08
Sperm DNA fragmentation (%)

0 8.33 7.00 7.00 6.33 0.50 0.30 0.80
20 8.32 12.33 5.50 8.75 0.40 0.23 0.56
40 4.50 4.50 10.00 7.00 0.18 0.21 0.12
60 18.33 11.33 8.20 12.80 0.15 0.13 0.11
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Fig. 1. Progressive sperm motility percentage after thawing frozen semen at different feeding times
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Fig. 2. Sperm peroxidation at different times of feeding oil sources after thawing frozen semen
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Table 6. Fertilization and hatching of eggs fertilized by roosters fed with oil sources

Experimental Diets

Reproductive traits Control  Sesame oil  Flaxseed oil  Flaxseed and sesame oil ~ P-value
Fertility' (%) 60° 700 80° 79° 0.02
Hatching? (%) 79 80.5 81.5 80 0.08

! Fertility percentage on day 10 of incubation was calculated based on the number of incubable eggs in the machine.
2 Hatching percentage on day 21 of incubation was calculated based on the number of fertilized eggs laid in the machine.
@< Different superscript letters in each row are significantly different (£<0.05)
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