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lipid percridation and ROS. Peromdafion of these umsaturated fatty acids m the sperm membrane leads to eellular dysfimetion and
Toss of mentbrane integrity (Amini et 2l I Moreover, due to its lower cytoplasm content than mammalian
cperm, poultry spemm receives less protactive material and is concequently more vulnerable fo oxidative damage (Zong etal, 2023).
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ment, an: ‘B vitamins improve semen qualty and reduce spemm apoptosis by decreasing.
membrane against cxidative reactions with asfioidants improves the quality and function of poulery

sperm. Considering that the long-term storage of avizn sperm can be highly ben:ﬁusl n the poultry industry. developing suitable
extenders for avian semen preservation i essential (Khoso et al,, 2024). Thus, thus study amed to evaluate the effect of adding.
dufferent levels of biotun to twkey semen on sperm viability and
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Abstract: Twkey's reprodnction relies heavily on armficsl insemination making shori-ferm semen preservation crucial. This smdy vestigated
the impact of biotn supplementation on trkey sperm quality durme short-term cold storage. Semen was ditated with extenders confinine various
biotn concentrations (0. 25, 50, 100, and 200 nmol) snd stored at 5°C for 24 hours. While inifia] sperm quality was unaffected by biotin levels,
proloneed storage revealed sienificant differences. A biotin concentration of 25 nmol consistently oufperformed other levels in maintaning sperm
muoitility, visbility, snd membrane integrity, with the lowest rates of morphological sbnormsalides. Cooversely, a 200 nmol biotin concentration
negatively impacted sperm viability (P < 0.05). For each meatment, 25 mmol of biotin consistently preserved the best sperm quality and viabdlity
(P < .05). These findings suggest that adding 25 nmol of biotn to trkey semen extenders is a effective srategy for presenving sperm quality
and extending its lifespan mder cold storage conditons.

Eeywords: Antioxidant, hiotin, extender. sperm quality, ey,

1. Introduction

Several factors contribute to reduced sperm quality and farility dunng in vitre storage. One of the most sigmficant factors 15 the
ureversible alteration of the sperm's phosphohpid membrane due to hpad percsandation (Pardyak et al, 2024). Stonng sperm at low
temperatures mereases the production of reactive oxcygen species (ROS), which have been shown to cause harmful effects on the
sperm cell structure (Gualtien et al, 2021). Dunng spermatogenesis, sperm lose a large portion of their cytoplasm, where most
enzymes ae located, resulting in hmited anthiooidant capacity, Additionally, the concentration of antoeadant factors m semunal
plasmz decreases durmg semen processing and dilufion. Therefore, adding anticcadants to semen dunng storage 15 2 practical
approach to mamtammg sperm quabity and enhaneimg ferbity (Qamar ef al., 2023).

The sperm membrane m pouliry contams unsatarated fatty zcids, predommantly n-6 fatty acids, which are highly susceptible to
lipad peroxadation and FOS. Perccadanion of these unsaturated fatty acids in the sperm membrane leads to cellular dysfinction and
lossnfmhmmgntvmmetal 2013; Elomda et al , 2024). Moreover, due to ifs lower cytoplasm content than mammalian
sperm, pouliry sperm recerves less protective material and is cunseqlmtl'-'mre'mhu:bleto oxdative damage (Zongetal , 2023).

Biotin, or vitamin B7, is a water-soluble vitzmun from the B complex, also known zs vitapun H. It acts a5 a coenzyme m the
metabolism of fatty acds, carbobwdiates, and amme acds, as well as m the synthesis of vitamins BS and B12 (Montazer et al ,
2021) Itha;be&u;hawnﬂutuhmm;EandBa:ebm&ﬁmalmtesucularh_mmandplzvapummemlemspermﬁmchmal
parameters (Hassan-Bafran et al, 2019}, Vitamums D) and B are also effective m freating male mfertility and protecting the muclear
DMA from damage caused by emvironmental stress and pollution. A deficiency m B vitamuns, due to thewr role in DNA synthesis,
development, and repair, can impair spermatogensss. B vitamins mmprove semen quality and reduce sperm apoptosts by decreasing
ROS (Kaltsas et al | 2023).

Protecting the plasma membrane against ceadafive reactions with anhosdants mmproves the quality and funchon of poultry
sperm. Considenng that the long-term storage of avian sperm can be hizhly beneficial m the poultry mdustry, developmg surtzble
extenders for avian semen preservation 15 essental (Khoso et al, 2024). Thus, this study ammed to evaluate the effect of adding
different levels of biotn to turkey semen on sperm viability and quality parameters.

2. Materials e Methods

1.1. Study location and animals

The present study was conducted at the poultry research farm of Agnicultural Sciences and MNahwal Resouwrces Unrversity of
Ehuzestan, located in Elmzestan province, Iran. A total of 18 male twkeys, averazing 7 months old, were used for this study. The
birds were kept mdoors as a group and fed 2 dief accordng to the Mational Research Council (WEC) recommendations. The diet
was based on corn (61%), barn (11%), alfalfa (3%), barley (5%0), soybean (11%), oyster (1.3%), phosphate (1.2%]), soda (0.1%3), salt
(0.25%), methiommne {0.15%), viamm supplement (0.25%), il (1.5%); with metabolizable energy (2855 kealkg), crude protein
(12%%), calemm (0.83%5), phosphorus (0.36%), chlonine (0.18%), and sodium (0.18%). The turkeys had free accass to water.

1.2, Semen collection and preparation
Semen were collected by abdomunal massage method from each twkey weekly for five weeks. Samples were mmmediately
transferred to the laboratory and were pooled to reduce errors due to mdividuzl differences and diluted in Modified Finger’s soluhion
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{Sodium chloride: 6.80 gr, potassium chlonde: 1.73 gr, calemm chlonde: 0.64 gr, magnesnim sulfate: 0.25 gr, sodium bicarbonate:
245 g, distilled water: 100 ml) m a ratio of 1:10 (Tzbatabaei et al | 2011}

1.3, Semen processing and experimental groups [
The pooled and diluted semen was divided mto equal abquots and supplemented with different concentrations of biotin (S1gma-

+ = - -
Aldrich), including 0. 25, 50, 100, and 200 nmaol i =
14, Aszzeszment of sperm quality parameters
The treated semen samples were stored at 5°C in a refiigerator, and sperm quality paramseters were exammed at 1, 6, 12, 18, and =

24 bows after storage. Sperm total motility and progressive motility were estimated using computer-assisted sperm anakysis (CASA, N Casinremns aff ik PRaril Acsarintin
video test-sperm 2.1, 5t. Petersburg, Fussiz). Frve mucroscopic fields were analyzed for each semen sample (Santos et al., 2019). piv Aadesiaiervirat il Viteviears: Pavvrinekegi
Sperm plasma membizne integrity was evaluated using a hypotone swelling test (HOST). A 10 pL semen sample was nuxed with ; R
100 uL hypo-csmote selution (1.35 g fiuctose and 0.375 g sodmm cifrate dissolved m 100 ml distilled water, pH=T) and meubated
at 37°C for 30 munutes. The percentage of swollen and coaled tails m 200 sperm was counted usmg a 400k phase contrast microscope
and considered indicative of normal plasma membrane mtegnty (Wang et al, 2022). Sperm viability was evaluated usmng the eosm-
nigrosin staimng method. A small drop (10 pL) of semen was placed on a pre-wammed slide and mixed with a larger drop (20 uL)
of the stain (10 z mgrosan, 1.6 g eosm, and 2.9 g sodmm cifrate dissolved m 100 ml dishlled water). After drying, wiability was
assessed by counfing 200 cells by microscope at 1000= magmficaton uwsing immersion o1l Spermatozoa with unstained sperm
heads were considered wizble, while sperm with stained or parhally stained heads were counted as dead (Amimi et al, 20135).
Morphological sperm abnomalities were determumed by examinmg semen smears stained wath eosin-mgrosin on a glass shde A
total of 200 spermatoroa was counted on each shde at 1000+ magmification usng mmersion oil, and the percentage of
morphologically abnormal sperms in the bead mid-piece, and tail was estimated (Wang et al |, 2023},
1.5 Statistical analysis
Diata were analyzed using SPS5 soffware (version 20} with a completely randomwzed desizn One-way analysis of vanance
(AMNOVA) was conducted to compare sperm quality parameters among treatment groups at each storage time pomt Repeated
measures ANOVA was emploved to assess changes in sperm parameters over time for each treatment group. Dhnean's mulhple
range test was used for post-hoc compansons of means.

3, Eesults

3.1. Tetal Sperm Motility

The findmgs of this study demonstrated that total sperm motlity was influenced by the addron of varving levels of biotn to
the semen extender in 2 fime-dependent manner (Table 1}, While the total metlity percentage did not show significant changes after
1 kour of semen storage across different treztments, a significant mmerease in motlity was observed at the 2 5-nanomoele biotin level
after 24 howrs of storage (P = 0.05). Moreover, a detailed analymis of total sperm motility percentages over vanous storage durations
(Fig. 1} indicated that the 25-nanomole biotn level consistently preserved optimal sperm motlity over time (P < 0.03).

Trestments (mmol) Storage period (hours)
1 1] 12 18 4
Control 9125239 TE.00=2.42° 60.00=2 89 35.00=2 04 28.754.73"

Biotin 50 B9.00=3.54 BB.75:1.25" B1.50=3.13" B0.65=3.15" 5833441 nn c " I“Es 0 F
Biotin 100 B87.50=3123 T3.67x2.33% 66.67=7. 26 55.00=035 25.00524%
Biotin 150 B8 75230 T5.00=7 645 61.67=5.33= 46.25=7.180 30.12+5 245
Biotin 200 B6.80=4.56 T6.67£1.67 483323 3F 42.50=4.T00 35,062 508

Povalue .64 0014 o.oxe 0011 o4
Table 1 — Efect of biotin levels on total sperm motlity (%) during chilled semen storage in nrkeys. Diata are presented as Mean = 5E; means
within the same colunm with different superscripts differ significantly (P < 0.05).
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Contral Biotin 5 RBintin 50 Biotin 100 Biotin 200

Figure 1 — Effect of biotn levels (nmol) on the sperm fotal motility over storage dme. Diata are presented s Mesn = 5E; groups with different

superscripts differ significantty (P < 0.035).
3.2, Progressive Sperm Motility

Table 2 illustrates the mipact of different otin levels on progressive sperm moblity. Somlar to total sperm motility, mrfial

progressive motility was unaffected by biotin levels. However, prolonged storage of wp to 24 hows mevealed that a biotn
concenfration of 23 nmol consistently outperformed other levels I mamtaining progressive motility (P = .05). Notably, higher
ot concentrations (100 and 150 omel) negatively impacted progressrve motility at the 18-howr storage fime (P = 0L05). Figure 2
shows that the 25 nmol biotin concenfration maintaired superior parformance in preserving progressive sperm mothty over time
compared to other biotin levels and the control group (P = 0.03).

Treamnents {nmol) Storage peried (hours)
1 & 12 18 24

Control B2 20327 80502 40 TT 252 2om T6.00=3 400 52675040

Biotin 50 21.50=3.34 T212+] 53 6333601 40 500 6T 12 500 51%

Biotin 100 B1.00=1.68 67677 310 53347 .60 IR 3528 20.00=5.04

Biotin 150 21.25=4.80 G5 40=1 458 43,674 48 28.00=3 40° 27.67=1 45+

Biotin 200 B5. 75260 675022 538 53204 41 48 252 600 25253 61

Povalue 0.83 0.03 0015 0.003 0.026
Table 2 — Effect of biotin levels on sperm progressive motlity (%4) during chilled semsn storage in tarkeys. Diata are presented  as Mesn =
SE; mesns within the same colmnn with different superscripts differ sipnificantly (P <0005

e nnc"IVEs 0F

Control  Biotin25  Biotin 50  Biotin 100  Biotin 200 Mar[_‘,h/2025

Figure } — Effact of biotin levels (mmol) on the spenm progressive motility over storage dme. Diata are presented as Mean = 5E; groups with
different saperscripts differ significantly (P < 0.05)

Sperm progressive motility (%)
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3.3, Sperm Viahility
The effect of different bictn levels on sperm wiability 1= presented m Table 3. After one hour of semen storage, no sigmificant
differences in sperm viability were observed across the vanous biotin levels. However, as the storage dwration mmcreased, lower
brotm levels (25 and 50 pmel) positrvely influenced sperm viability. Specifically, at the 6-hour, the highest sperm vizbility percentage =T, 11
was recorded at the 25 pmel biotm level (P = 0.05). After 24 hours of storage, the highest sperm viability was associated wath the F

- -
25 ol biotin level, whils the lowest was observed at the 200 nmel level (B = 0.05). Changes in sperm vishility percentages over — >
timee (Fiz. 3) mdicate that the 25 nmel biotin level consistently demonstrated supenor performance I mantzimng sperm viabality
(P = 0.03). =

TreaTnents {nn'l:-lj m?_-epﬂmdmj W0 asfrrreg g pf il Fodd oy umineyy for
1 & 12 18 Er) i Afesissamani of Vatrrbeerey Parmifshop
Conirol 03.75=4.30 92 704,73 912542 B2 503230 7125411
Biotin 50 04 503.57 TB33£3.450 T33506.05 65.336.37 5433608
Biotin 10 0533204 B0.15+2 B0 T30 .67 66.67£1.67 53.40=3.38
Biotin 150 05.11=3.54 T8 263 400 56252 30 4757470 37135375
Biotin H) 05.751.50 7820=6.01" 72504 33" 63.754.27° 532024 25°
Povalue 0.97 0.039 0.002 0.003 0.005
Table 3 — Effect of biotin levels on spenm vishility (%) during chilled semen storage in urkeys. Diata are presented as Mean = 5E; means within
the same column with different superscripts differ significantty (P < 0.05).

3.4, Plazma Membrane Integrity

Table 4 shows the impact of different biotin levels on the percentage of sperm with intact plasma membranes. After one hour of
samen storage, the sperm plasma membrane infegrity was not significantly affected by the biotin treatments. However, at the 6-hour,
the lghest percentage of plasma membrane mtegnity was observed with the 25 nmol biotin level (P < 0.05). After 24 bowrs of
storage, the highest plasma membrane integrity was associated with the 25 nmol baotn level, while the lowest was observed at the
200 nmol level (P = 0.05). Regarding changes m plasma membiane mbegnty over different storage times, the 25 nmol baotin level
consistently demonstrated the best performance (Fiz. 4).

Treamnents (pmol) Storage peried (hours)
] 12

1 2 18 24

Control B4.50=4.86 83.25+] 25= B4 58333 73.25=2 06 617541

Biotin 50 B7.33=3.07 59 50=8.18° 66.11=4.58° S0.67=0.40% H.GT=536

Biotin 100 85.74=3.10 70,1242 gk 563 7=1.04 47.33+3 93+ 38.33=441%

Biotin 150 B5.00=2.36 71332 400 48.T0=3.80F 19434 217 26.75=1.9T

Biotin 300 88.00=2.17 T010=5.03" 62.84=2.63° 46.253.73° 41.25=2 06"

Povalue 085 0.012 0.001 0.009 0.001
Table 4 — Effect of biotin levels on sperm plasms membrane integrity (%4) during chilled semen storage in mrkeys. Data are presented as Mean
= 5E; means within the same cohmn with differsnt saperscripes differ significandy (P < 0.05)

w1 hoar ®6& hours =12 hours 18 hours  ® 24 hoors nnc"l“Es 0F

’ Conirol Biotin 15 Biotin 3  Biotin 100 Biotin 200 March/2025

Figure 4 — Effact of biotn levels (nmol) on the spenm plasms membrane integrity over storage ame Data are presented as Mean = S5E; groups
with different superscripts differ significantty (P < 0.03).

Sperm plasma membrane integrity
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3.£. Sperm Morphological Abnormalities

According to Table 3, the effect of different biotin levels on sperm morphological sbnormalities at 1 and 6 bours of semen storage
was not significant. However, after 12, 18, and 24 hours of storage, the percentage of sperm moaphelogical abnormalities at the 25
and 50 nmel biotin was sigmficantly lower compared to the 100 and 200 nmol levels and the control group (P = 0.03). Regarding
the changes m the percentage of morphological abnormalihies over ime, the results suggest that biotin has a mimmal impact on
reducing and mmproving this parameter. However, the increase in sperm abnormalifies over time was slightly less pronounced m the
25 nmaol hrotin treatment (Fig. 5).

Treamnents (pmol) Storage period (hours)
1 ] 12 18 24

Comtrol 3.75=047 525049 B.25=0.45% 0.12=0.48" 1225117

Biotin 50 3.50=0.65 507103 8.00=0.41% 102020758 13.00=0.01%

Biotin 100 300071 5.520.66 13750 50° 17.75=0.85" 21.50=0.88"

Biotin 150 4.02=0.70 G.04==0.86 13.50=1.16= 18.00=1.08 21.40=0.75

Biotin 200 3.50=0.29 555040 11660 6 1550104 19.10=1. 10

P-value 0.81 0.82 0.001 0.008 0.0001
Table 5 — Effect of biotn levels on sperm sbnormalities (%) during chilled semen storage in nwkeys. Data are preseated as Mean = SE; Maans
within the same columm with different superscripts differ siznificantly (P < 0.05).

"1 hour ™6 howurs #12 honrs 18 hours ™24 hours

3
£
=
=
E
g
=]
=
£
=
w

o
Conirol Biotin 25 Biotin 50 Biotin 100 Biotin 200
Figure § — Efect of biotn (nmel) levels on sperm morphological defects over storage time. Diata are presented as Mean = 5E; groups with
differant superscripts differ significantly (P = 0.05).
4. Results

In poultry, although arfificial insemination using fresh semen yields satisfactory results, techniques and solufions have been
proposed to preserve sparm over 2 longer period for subsequent msemunzton. By understanding and rephicating the natural
conditions for spemm. 1t 15 possible to mamtain sperm viability and ferblity outside the body for a certamn penod. Antioxdants have
gamered attention among turkey breedars for preserving semen for artificial insemmation (Taffaldanc et al, 2016). While a2 certain
level of mactrve oxygen species (ROS) 15 pecessary for nommal sperm functon, excessive ROS can react with all hiclogical
macremolecules, causing oxadatve damage and loss of sperm fimetion. Increased free radicals are byproducts of zerobic metabolizm
and stress signals that, if not neutrahzed, lead to oxidative damage and dismiption of cell structures, ncluding sperm (Baskaran et
al., 2021; Dh Meo and Venditn, 2020). Chadative stress is cwrently considered one of the main causes of mfertility, as it increases
the 1=k of DNA fiagmentation, reduced motility, and abnormal sperm morphology. Although a certain ameount of FOS actnaty 15
essential for normal sperm fimetion, excessive levels result in pathologcal effects on sperm parameters and semen quality, ultimately
leading to reduced fertlity or male mfertibty (Fumar and Smgh 2018).

Antosadants protect cells from damage caused by free radicals by regulahing ROS-related enrymes and mamtaining cellular
bealth (Sundaram Sanjay and Shukla, 2021). The effectiveness of vitamuns and other anticcodant supplements in preserving the
quality of buman and ammal spermo in vitro has been well-documented (Dhatta et al | 2019 Ghallab et al , 2017; Eanmmezhad et al.,
2024).

Biotin 15 essential for reproductve function in marmmals (Y, 2023). The hteratmre review reveals that research on the mpact of
biotn on male reproductive performance 15 mostly limited to lmans and lzboratory anmmals, with rare studies on poultry. One
study showed that supplementing the sperm emironment with vanous bictin concentrations mmproved the metlity, v1abality, and
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plasmz membrane mtegnity of goat sperm after freemng and thawang (Fanjan et al., 2022}, Ehamsuk et al. found that addng vitamun
B9 (folic acid) to the sperm freemng mednim m hmans improved sperm viability and motbty (Ehamsuk et al, 2014).
Supplementing rooster diets with vitamuns C and E, anticadants similar to biotin, miproved sperm motility. Progressive spermn
motlity 15 a key determmant of fertility and ensures successful and complete farhihzanion. Dunng cold storage of semen, sperm
viabulity decreases, potentially due to the impact of free mdicals on membrane struchwe (Diarestam et al., 2019).

The cwrrent stady found that biotin, with 1ts antioxadant properties and possibly other vitanin effects, dose-dependently mproved
sperm quality parameters and semen preservation m furkeyvs compared to the control under in viro condiions. Montazen et al
(2021} demonstrated that brotin plays a crucizl role in preserving sperm parameters, including chromatin quakity, plasma membrane
integnity, and sperm viability after freeming and thawmg in normoezcosperme men Adding 10 nmol of biotin to human sernen diluent
significantly preserved sperm motibity and viability after freezing and thawmg (Ezltmr et al, 2012). However, orzl hichn
supplementation m muce led to reduced motlity and morphology parameters compared to controls (Pastén-Hidalgo et al, 2020).
Conversely, another study mdicated that biohn effectvely increased sperm viabality and metlity m men conpared to the control
dunng freermg-thawing (Kalthur et al., 2012}, Other research in rams and stallions found that supplementation of vtz B12 to
diluents improved sperm parameters, including viability, progressive motility, plasma membrane infegrity, and normal sperm. n 2
dosa-dependent manmer (Ahmadi Hamedani et al., 2016). Hossemabadi et al. (2020} reported that adding specific doses of vitanun
B12 to human semen diluents improved total sperm mothty. Other studies also showed that vitamm B9 supplementation nmproved
sperm motilify parameters in rats and rabbits (Ghadhban et al., 2020; Pietrzik et al., 2010). Ahgmng with the present result=. B
vitamms are known to play a role m male fertlity and improve spemm quality in mdividuals with reproductive issues. For mstance,
B2 and B12? consumpton m oligozoospernue men mereased the hkelthood of retmming to normozoospermia. Thus, B vitamins
might be considered part of infartility treatments (Teampoukas ef al., 2021).

Addimg anfioxidants to diluents reduces oxdative stress. Therefore, selechng an appropriate anfoxidant level 15 crucial for
balancing ROS production during freemng (Mehdipour ef al., 2022). The mam challenge n menzgng coadative status 15
distingushing between natural and abnormal ROS concentabions, complicating the standardrzation of semen diluents (Kowalezyvk,
023,

Crverzll the anticendant properties of B vitamuins melude direct inhibition of ROS, especially superosade, mdirect ROS mhibiion
through glutathione maintenzanee, protection agamst oxidative stress responses via cytokines and growth factors, and reduction of
coxidative stress from homocysteine (Alzoubt et al, 2014; van de Lagemaat et al., 2019). These vitamins enhance antioxidant
capactty and counteract lipid perceadation through mﬂeasad ghitathione peromidase activity, leading to mproved spam motlity,
viabulity, and plasma membrane mmtegnity (Ogawa et al, 2024). B vitamuns are cofactors in many key sperm metabolic enzymes and
positively affect sperm nuclel and zerosome ﬁmc’l:l.ocn_ B witamun deficiency mmpairs the actvity of the methyltetrabyvdrofolate
reductase enzyme, which comerts homocysteme to methionine, resulting mn mereased homocysteme levels that are associated with
reduced sperm quality (Fasul et al., 2022). In the present study, biotn improved sperm quality parameters in tmkeys duwing cold
storage, with the most sigmificant effect observed at the 25 panomole concentration.

£, Concluzion

In general this study's findings suggest that supplementing the dilnent medium with 25 nmol of brotin has the most favorzble
effect on preserving sperm quality and maintaimng viability m fukey semen under cold bqmd storzge conditions (3°C) compared
to the control and other concentrations of this witamin
Acknowledgments: The authors gratefully acknowledged the Agnieultural Sciences and Natwral Resources Unmversity of
Ehuzestan for supporting and funding this research.
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