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Abstract

Semen cryopreservation is affected by individuffedences and use of cloned animal from the
same source is the main tool to eliminate genetiation. Pomegranate seed (PS) contains fatty
acids and phenolic compounds which have antioxigaoperties. Essential fatty acids and
antioxidants are vital for production of healthyesp by improving sperm membrane integrity
and protecting sperm from oxidative stress.

In this study, the effect of dietary supplememtatof PS on some blood metabolites and sperm
parameters following freezing-thawing of semen loined goats were investigated. 5-6 years
cloned male goats (N=9, 50 + 2 kg) were randombiggeed to three different isocaloric and
isonitogenous diet groups: supplemented with O tohn 30 and 60% (g/100 g of barley)
replaced with PS for a total of 9 weeks. Sperntectibn was carried out within 10-14 weeks.
Semen samples were diluted whit cryo-protectant &oden in liquid nitrogen. Sperm
parameters, reactive oxygen species (ROS) as wellakility to induce fertilization were
evaluated following freezing/thawing.

According to the results of our study, treatmenthwPS induce higher plasma cholesterol
production compared to control group al’ &eek. However, testosterone and MDA
(malondialdehyde) level of blood plasma were nghificantly affected by PS treatment. In
comparison to control group, PS supplementationifssggntly improved total sperm motility and
viability in both 30 and 60% PS groups and redu&dS production. Cleavage rate and
developmental competency to blastocyst stage weitasto fresh sperm. In conclusion, dietary
supplementation with PS can improve sperm motditg viability following freezing-thawing
and maintain developmental competency.

Keywords: Semen cryopreservation, Pomegranate seed, SpeiifitynGtoned Goats, Essential
fatty acids.
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Introduction

It is well-accepted that the results of any expentron animals are inevitably influenced by the
genetic and uncontrolled environmental factors FEdr evaluation of independent factor(s) in
animal science, especially in science-based mediexperiments, attempts have been made to
control the environmental influences, neverthefgmsetic variation remains as a major nuisance
factor [2]. One approach that may partly solve tiigblem is providing a homogenous large
sample size. The other approach is the employnfadentical twins or use cloned animals from
the same donor cell source [3].

One of the most important issues in animal breedimgich has yet to be addressed is
investigating the effects of dietary supplements mproductive outcomes. Atrtificial
insemination (Al) in farm animals offers many betsefin terms of decreasing the risk of
sexually transmitted diseases through semen quaityrol, using superior sires to improve rate
of genetic gain, and managing kidding time [4,A]benefits from both fresh/liquid and frozen
semen, but its successful conception and econonmnafit pmainly depend on sperm
cryopreservation technique [6]. Many efforts hawerb developed for optimization of semen
cryopreservation output aiming to improve fertitiva rate [7, 8]. However, semen
cryopreservation technology hasn’'t been optimized rhajority of domestic animals and a
variety of cellular injuries may lead to decreassgerm viability and motility [9, 10]. In
addition, excessive production of ROS plays a eéntle in induction of cryo-injury [11].
Evidences suggest that high ROS level can resiutiféntility through sperm membrane damage
and DNA fragmentation [12-14]. Naturally, semen haBigh innate antioxidant capacity [15].
However, loss of these antioxidants during sperocgssing or their dilution or removal of
semen plasma will inevitably increase ROS productdn the other hand, mature spermatozoa
have a negligible cytoplasm to store any type a@i@xidant. Therefore, spermatozoa is highly
prone to ROS induce injuries [16].

Spermatozoa are sensitive to lipid peroxidation tdutaeir high content of polyunsaturated fatty
acids (PUFAs) [17-19]. On the other hand, the lipatnposition of sperm plasma membrane is
essential for providing membrane fluidity as wedl @lowing sperm to undergo capacitation,
acrosomal reaction, and sperm-oocyte membranenf&@, 21]. In vitro supplementation of
antioxidants and/or PUFA into semen extenders owvgs cryo-survival rate of spermatozoa

[22]. Recent evidence suggested dietary supplementavith flax-seed oil can significantly
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improve sperm cryo-survival parameters [23]. Thusshg diets containing both antioxidant and
appropriate PUFA may be able to increase sperniitierttributes and a higher fertilization
rate. In this study, we showed that supplementatibRS containing a combination of fatty
acids such as punicic acid and antioxidants inefyflavonoids, polyphenols and vitamin such
as tocopherols [24, 25] which can improve semalityuand reduce sperm cryo-injury. Using
nine cloned Lori-Bakhtyari goats were a noteworhyilege in this study.

Material and methods

Chemicals

All chemical reagents were obtained from Sigma (Stuis, MO, USA) unless otherwise
indicated.

Pomegranate seed’s Composition

Pomegranate seed was analyzed according to Karast al 2006 [26]. Fatty acid composition
was determined using gas chromatography (Agile®O6&K) with a FID (Flame lonization
Detector) and a capillary column (Table 1). Thensioal compounds of PS was measured using

spectrophotometry based on Capannesi et al 20Q@{Pplementary table 1.

Animals and location

This experiment was carried out at the animal fafmReproductive Biotechnology research
center, Royan Institute (Isfahan, Iran latitude3®2N). Nine fertile cloned male goats from the
same donor cell source [28] with 5-6 years old amehn live weight of 50 + 2 kg were
randomly allotted to three dietary groups, eachugravith three replicates, and housed in
individual pens. The diets were formulated accaydm the small ruminant nutrition system (
SRNS), Cornell University (Version:1,9,4468). Theerimental groups were contained 30 and
60 % PS. In addition, the diet with no supplememés considered as the control group. For
balancing the diet energy, PS were replaced wittepan the treatment groups. The dietary
ingredients are shown in supplementary Table 2. gdes were fed with their corresponding
diets for a total period of 9 weeks, and the speoftection was carried out at weeks 10 to 14
[29-31].

Blood samples
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In all three dietary groups, 15 ml of jugular blogaimples were collected in the morning before
the starting date of the project week 0, and coetinto 4' and &' weeks following treatment.
For serum separation, the collected blood sampkre wtored for 2 hours at room temperature
followed by a centrifugation at 1200 rpm for 30 mirhe sera were stored-af0°C for further
analysis.

Biochemical analysis of blood serum

Commercial colorimetric diagnostic kits were usedrtieasure cholesterol (Pars Azmoon Kits;
Pars Azmoon, Tehran, Iran) by an automated ana{yaamhnicon-RA 1000 Auto analyzer; DRG
Instruments GmbH, Marburg, Germany). Testosteramecentration was determined using a
commercial RIA kit (Demeditec Diagnostic, GmbH, @any) by a fully automated ELISA

reader (Stat Fax® 3200 Microplate Reader; MIDSCI.,CBalm City, USA). Plasma

malondialdehyde (MDA) level was detected using caroal biochemical assay kits produced
by Boehringer Mannheim, Germany or Randox Private,lUK. The data was analyzed using

an automated biochemical analyzer (ABX Mira, Motitpe France).

Extender preparation

The basic extender comprised of 2.7 g Tris, 1.4tgocCAcid, 10 g fructose;15% (w/v) egg yolk
and 7% (v/v) glycerol was added to a basic extef@®r The osmotic pressure and pH of the

extender were 420 mOsm/kg and 6.8, respectively.

Semen collection and processing

Semen collection and processing were carried audrding to Forouzanfar et al [33]. In brief,
ejaculates were obtained by artificial vagina frbma goats twice a week, started from 10 to 14
week which was corresponded to the breeding se@utober-November, 2016). The collected
samples of raw semen from each group were traresptwtthe laboratory at 35 °C. A total of six
ejaculates with at least 70% motility, 80% morplydally normal appearance, and >1 ml
volume were used for the freezing step. The dillgechen with the extender (1:20 v/v) was
cooled to 4°C for two hours, drawn into the 0.5stnhws (Biovet, L'Agile, France), hematocrit
sealed, and stored at 4°C for 1 hour for more dmation. The straws were exposed to liquid

nitrogen (LN) vapor for 12 minutes, plunged into,l&hd stored in LN until the thawing process
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for evaluation of sperm parameters. Thawing step eearied out by plunging the straws into a
37°C water bath for 30 seconds followed by speraiyais by a well-trained staff [34].

Assessment of sperm motility, viability, and ROS prduction

Evaluation of sperm motility was carried out asvivasly described by Shafiei [34]. After the
thawing, 4-5 straws from each replicate were dduteith fertilization medium (Tyrode's
albumin lactate pyruvate medium- Fert-TALP) to fioancentration of 1x10spermatozoa/ml.
The percentage of sperm with rapid progressiveghased fast in a straight line (class A), slow
progressive that move forward but tend to traved icurved line (class B), and non-progressive
that do not move forward despite that they mové thds (class C), as well as the total motility,
which refers to the population of sperm that dig@ay type of movements were measured using
a computer-assisted sperm analysis (CASA) systdde(VTest, Itd: version Sperm 2.1© 1990-
2004, Russia) The control of the system is carpatl by a calibration test by a neubauer
chamber and microscopic ruler. For each sperm sgmifll was placed on a sperm counter
(Sperm Processor, Aurangabad, India) and spermeatmration and motility for each sample
were analyzed and reported [35].

A hypo-osmotic swelling test (HOST) was used fotedéng sperm membrane functionality
[36]. Sperm viability was evaluated using a liveadestaining, eosin-nigrosin staining as
described previously [37]. All experiments wereaafed more than three times.

We used flow cytometer (FAC Scan; Becton Dickinsan Jose, CA) to determine the ROS
content in diluted-thawed semen as described puslid38]. In brief, the samples from each
group were centrifuged at 700 rpm for 10 min, tkeégb was resuspended in 1 ml of phosphate
buffer saline (PBS). The percentage of ROS-posipermatozoa was measured following
incubation of one million sperm/ml with 5uM of, Z’-Dichlorofluorescin diacetate (DCF-DA)
for 30 min at room temperature. Regarding mechamsiROS reaction with DCF, it is note-
worthy that once DCF-DA enters the cell, it losssaister group and upon interaction with ROS,
it produces a fluorescence compound. Live sperrdym® a detectable amount of physiological
ROS and therefore, the sperm may become DCF pesitivorder to differentiate between the
physiological amount of ROS and the pathological SR@roduction, we reduced the
concentration of DCF-DA (5uM) so that only sperntiscgvhich produced extra-physiological

concentration of DCF-DA were detectable.
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In vitro maturation (IVM) and fertilization (IVF)

IVM, IVF and embryo culture were performed as diémad by Forouzanfar et al [39]. Goat
ovaries were recovered at the local slaughterhopleed in normal saline (0.9% sodium
chloride) at a temperature between 25°Cand 35°@ tlaen transported to the laboratory within
2 hours. The cumulus—oocyte complexes (COCs) caagrat least 3-4 and above layers of
cumulus cells, and oocytes with a uniform cytoplaand homogenous distribution of lipid
droplets in the cytoplasm were recovered by aspiratrom follicles of more than 2 mm
diameter on the surface of the ovaries and seldotatie IVM. The selected COCs were washed
three times in the aspiration medium (HEPES-tissueire media + 10% fetal calf serum + 100
IU/ml heparin) and then cultured in maturation noedi(tissue culture medium 199 + 10%fetal
calf serum + 5 mg/ml FSH + 5 mg/ml LH + 0.1-mMcystane) in 5% CQ@ at 39 °C and
maximum humidity for 20 to 22 hours.

Sperm preparation

1. Three straws representing one freezing operaticgach replicate were thawed, pooled, and
washed through two gradients (40%-80% solutionsPuofe Sperm (Nidacon; Gothenburg,
Sweden) to separate motile sperm with normal mdggyoby centrifugation (700 rpm for 15
minutes at room temperature). It is important téenthat rate of sperm motility after sperm
processing was higher than 90% in all samples.

2. Fresh sperm was washed by capacitation solutwem, it was put in humidified air condition
by 5% of CQ at 39°C for 45 minutes. In order to separate mosiperm with normal
morphology, centrifugation were performed (700 flgml5 minutes at room temperature).
Matured COCs were partially stripped of the cumutedls, transferred into 100ml drops of
fertilization medium, and fertilizedn vitro at 39 °C and 5% C 5% G, and 90% N
atmosphere. For IVF, sperm at a final concentratib® x 16 sperm were incubated with 20 to
25 matured oocytes/100-ml droplet for 22 hours utide same gas atmosphere condition as for
IVM. Cumulus cells were removed from presumptivggags by vortexing in 2 ml PBS for 1
minute .Embryos were transported to modified syinth@viduct fluid (SOF) medium containing
fetal calf serum (FCS) (10% v/v) under mineralinila humidified atmosphere of 5% ¢@nd

90% N, at 39°C. Subsequently cleavage and blastocystra&ach group were assessed on Days
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3 and 7 after insemination, respectively and d#ifeial staining of blastocysts was assessed on

Day 7 after insemination.

Statistical analysis
The results are reported as the mean + standayd(&f) for each experiment. The data of each
attribute was analyzed using one-way analysis damae (ANOVA) following the Tukey post-

hoc for mean comparisons. P-vaki8.05 was considered statistically significant.

Results

Fatty acids content of pomegranate seed (PS)

The results of GC-Mass analysis for PS showed 8at % of fatty acid contents in PS were
unsaturated fatty acids (Table 1). Among them, garinolenic acid, oleic acid, and linoleic
acid constituted 64.8, 10.8, and 9.8 % of totakyfatcids respectively, while punicic,
eicosadienoic, palmitoleic, conjugated linoleiajac, and alpha-linolenic acids comprised 2.3
% of the total fatty acids.

Blood serum parameters

Figure 1 presents the mean value for testosteahrdesterol, and MDA concentrations in blood
plasma of cloned goats at 0" 4nd & week of experiment. The results for cholesterol
concentration in plasma showed that the treatmenipg induce higher cholesterol production
compared to the control group &t and &' week (P-value<0.05). However, the testosterone and
MDA levels of blood plasma were not significantlifegted by the treatment with PS (P>values
0.05,).

Sperm parameters

As shown in Table 2, a significant effect was obedrfollowing treatment with PS on sperm
motility of cloned goats following freezing-thawingrocess. The PS supplementation
significantly improved total motility in both PS38hd PS60 groups compared to the control
group. Using 30 % PS significantly improved, thassl B motility compared to both control and
PS60 groups. This resulted to a higher class A+Blitgan this group compared to the other
groups. Furthermore, class A+B motility was sigrahtly improved for PS30 and insignificantly
for PS60 over control. In addition, supplementatwith PS60 increased the class C motility

compared to the PS30 and control groups.
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Table 3 presents the mean percentage of spernlityiabperm membrane integrity and DCF-
positive sperm for ROS content in semen samplekoofBakhtyari cloned goats following
freezing-thawing procedure. Percentages of sperability and membrane integrity were
significantly higher in both PS supplemented groopsipared to the control group, while PS60
group showed the highest means for the aforemesttiggarameters compared to the other
groups. Results for ROS production showed that sligiplemented with PS in both treatment
groups significantly reduced the rate of DCF-pesisperm compared to the control group.

The analysis of sperm fertilizing ability and dey@ihental competence showed that there was
no significant (P < 0.05) difference between tremaghge rate and the developmental competence
to reach the blastocyst between the fresh spermpgand PS60 (Fig 2). The inner cell mass

(ICM), trophoblast and total cell number were ngn#icantly different between the two groups
(Fig 3).

4. Discussion

Mammalian semen quality depends on season, breeeétig background, sire health, age, and
most importantly on diet [40-43]. Investigating tlyeneral roles of dietary supplements on
reproduction performance is of particular interdstsartificial reproductive technique (ART)
researchers [44, 45]. However, genetic and enviemincross-talk has been remained as a
conflicting factor for food supply experiments. bigicloned animals from the same cell source
can remove the breed, genetic value, health, aedasgunwanted factors and subsequently
provide a more accurate evaluation of dietary tneats [23]. Severah vitro experiments have
been done to improve sperm quality via additioamioxidants [46, 22], vitamins [47] and fatty
acids [48] into semen extenders. Therefore, oueex@nt was also designed to improve sperm
cryopreservation potential/resistance via suppleatem with PS.

In this study, initial analysis revealed presenta bigh content of unsaturated fatty acids in PS.
Therefore, based on background literature [41],meothesized that supplementation with PS
can increase the PUFA content of sperm membraaeatmxidants content of seminal plasma, it
can improve sperm quality following freezing-thagiprocess. Figure 1 shows a testosterone
decrement from week 0 to week 4 and remained lowdéwsk 8 but no significant difference was
observed between groups. Unlike testosterone,ahes for cholesterol in blood plasma showed

a significant increase at weeks 4 and 8 in botatitnent groups compared to the control group.
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Cholesterol can stabilize sperm membranes at lonpéeatures [49, 50]. Sperm cells from
species having higher ratio of cholesterol: pho$ipltbare more resistant to cold shock during
freezing-thawing process [51]. Therefore, improviggerm parameters following freezing-
thawing may be attributed to higher cholesteroltenhof sperm membranes. However, further
assessment of antioxidant levels and cholester@l lef both sperm and seminal plasma are
required to improve this conclusion.

A positive correlation has been reported betweéal tdood level of cholesterol concentration
and testes volume [52]. In addition, cholesterohcamtration in seminal plasma positively
correlated with sperm motility and count [52].

Our results showed percentages of sperm total itgptiability and membrane integrity were
significantly higher in both PS supplemented groomspared to the control following freezing-
thawing process. Furthermore, diet supplementeld R& in both treatment groups significantly
reduced the rates of ROS production. ROS whichymedin vivo, as results of normal cellular
respiration otin vitro by exogenous sources during cryopreservation pspcaakes sperm cells
susceptible to ROS injuries. It has been repoftad, phenolic compound contents of PS have
antioxidant properties [53, 54], as we expect, a@opositive effect of PS in goats diet may be
attributed to its antioxidant properties. It hasiaeported, dietary supplementation using
different fatty acid sources, water/oil-solubleawitins and probably minerals, improved the
semen quality in bovine [55], horse [56], ram [BAd goat [58]. These improvements are likely
to be related to increasing the antioxidant costehteminal plasma or/and sperm.

Results of chemical analysis showed that linoleid @and gamma-linolenic acid are the most
prevalent constitute of fatty acids in PS. Therefomprovement of sperm parameters in this
study could be attributed to the existence of d#f¢ fatty acids, although this finding needs
further investigation, as we did not measure andpared the constitute of these amino acids
before and after treatment and between groupscdordance with our result, Esmaeili et al.
showed dietary supplements including fish oil 8 source) improved the quality of ram’s
spermatozoa compared with dietary n-6 and satusatertes [59].

The ultimate goal of semen cryopreservation isclmeve high fertilization and developmental
competency rate. Therefore, based on our previogerience and others knowing that
fertilization and developmental competency ratelener when semen samples were compared

to samples that were not treated [60-62], thus srapared the fertilization and developmental

10
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competency between fresh semen samples from uedrggoup as golden standards with PS
supplemented cryopreserved groups. The result leealespite a small reduction, no

significant difference was detected for cleavade eand ability of cleaved embryos to reach the
blastocyst stage. Assessment of quality of blastobgtween the two groups revealed no
significant difference in terms of total cell numbkand trophoblast but the number of cells in
ICM were slightly but significantly reduced. Takengether these results suggest PS
supplementation improves the quality of semen sartit can well tolerate cryo-stress during

freezing and thawing.

Conclusion

The combination of reproductive technique alondhwitetary supply has opened a new avenue
for improving in vivo sperm capacity for semen cryopreservation, esfhedor those sires
which candidate for. According to the results of study, dietary supplementation with PS can
improve sperm motility, vitality and number of spewith intact plasma membrane following
freezing -thawing. This improvement is likely reddt to both antioxidant properties and high
contents of fatty acids in PS. To solidify this clusion, the concentrations of both antioxidants
and fatty acids need to be determined both in P& ianseminal plasma before and after

treatment.
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Figure legend:

Figure 1. Testosterone, Cholesterol and MDA of goat’s blcedifion supplemented PS (CON), PS30
and PS60.

Figure 2. In vitro development of goat cumulus—oocyte comedefertilized by frozen-thawed goat
semen with supplemented PS in diet. Results anessged as mean + standard error of the mean (SEM).
Groups contain: Fresh sperm; PS60: sperm freezeethdiet supplemented with 60% PS.

Figure 3. Result of differential staining Blastocysts DayResults are expressed as mean + standard error
of the mean (SEM). Different superscripts withie #ame column demonstrate significant differentes a
P < 0.05. Groups contain: Fresh sperm and PS6fmdpeeze-thawed diet supplemented with 60% PS.
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Table 1: The type and percentage of fatty acigsmimegranate seed.

Fatty acids %
Myristic acid (C14:0) 0.1
Palmitic acid (C16:0) 6.3
Palmitoleic acid (C16:1 9c) 0.3
Stearic acid (C18 (0)) 5.1
Oleic acid (C18:1c c9) 10.8
Conjugated linoleic acid (C18:2 11t,15c) 0.3
G Post thawing motility (%)+ SE
roup Class A Class B Class C Class A+B total
Control 2.86+0.37 11.33+0.90 22.70+1.72 13.97+0.80 35.32+2.0%
Linoleic acid (C18:2 n6) 9.8
Arachidic acid (C20:0) 0.1
Alpha-linolenic (omega 3) (C18:3) 1.1
Gamma-Linolenic acid (C18:3,9c.12c,15c) 64.8
Punicic acid (C18:3 n3 9c¢,11t,13c) 0.1
Eicosadienoic acid (C20:2) 0.2
Behenic acid (C22:0) 0.8
Erucic acid (C22:1c) 0.3
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PS30 2.98+0.37 17.13+129 22.61+1.41 20.21+1.48 42.82+1.4%
PS60 3.12+0.53 12.17+41380 34.31+2.08 15.3+1.46 49.60+2.4%

Table 2:Effect of dietary supplementation with 0 (contr@dp, and 60% PS, on the spenmmtility
of Bakhtyaricloned bucks following freezing- thawing.

Different superscripts within the same column desti@te significant differences at P < 0.@Foups
contain: Control; without PS, PS30; supplementett 8% PS and PS60; supplemented with
60% PS.

Sperm motility characteristics in computer - agsistemen analysis (CASA): class A, represents goats
sperm with progressive and fast motility, classdpresents goat sperm with progressive but slow
motility and class C, represents goat sperm with-prmgressive motility.

Table 3: Percentage of sperm viability, intact meanb integrity (HOST +) and DCF-positive (ROS
contents) in semen samples of Lori-Bakhtyari clogedts following freezing-thawing processes.

Groug viability (%) + SE Membrane integrit-HOST" (%) + SE ROS content(%) + SE
Control 32.3+0.7% 34.2+0.38 62.0+1.61
PS30 40.1+1.78 40.4+0.88 38.7+3.76
PS60 49.4+2 98 47.6+0.60 42.8+4.75

Different superscripts within the same column desti@te significant differences at P < 0.@Foups
contain: Control; without PS, PS30; supplementeiti 8% PS and PS60; supplemented with
60% PS.

Table Supplement 1: Chemical compounds of PS.

Chemicals Percentage or Dry Matter
Phenolic compounds 01.61
Total Tannin 01.31
Condensed tannin 00.11
Dry Matter 53.10
Crude protein 09.93
Ether extract 12.01
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Ash 02.03
Neutral Detergent Fiber (NDF) 59.29
Acid Detergent Fiber (ADF) 38.98

Item Diet
Control PS30 PS60
Non-Fiber Carbohydrate (NFC) 83.26
Metabolism energy of Dry Matter (Mcal.kg DM) 03.02

525
526

527
528
529
530
531
532
533

534 Table Supplement 2: Ingredients and compositiah@®experimental diets.
535

536

537  Groups contain: Control; without PS, PS30; supplaee:with 30% PS and PS60; supplemented
538  with 60%PS.
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Ingredients (%) of DM

Alfalfa hay 29.44 29.44 29.44
Corn entered 9.81 9.81 9.81
Barley 29.44 22 17
Wheat straw 29.44 28 24
Pomegranate seed 0 8.83 17.66
Salt 0.59 0.59 0.59
Calcium carbonate 0.39 0.39 0.39
Dicalcium phosphate 0.39 0.39 0.39
Vitamin premix 0.49 0.49 0.49
Chemical composition....

ME(Mcal/kg DM) of DM 2.31 2.29 2.31
MP (%) of DM 10.3 10.25 10.41
EE (%) of DM 2.2 1.9 14
Ca (%) of DM 0.66 0.65 0.63
Phosphorus (%) of DM 0.31 0.30 0.28

539 ME, DM, MP, EE, Ca and P represents Metabolismgnddry matter, Metabolism protein,
540 Ether extract, Calcium and Phosphorus, respectiVélgimin premix per kilogram contained:
541 140 g of Ca; 70 g of Na; 70 g of P; 20 g of Mg; 8.4f Fe; 2.4 g of Zn; 2.6 g of Mn; 0.24 g of
542  Cu; 0.0001 g of Se; 0.1 g of Co; 0.1 g of I; 400,00 of vitamin A; 100,000 IU of vitamin D3;
543  and 100 IU of vitamin E, and 3 g of beta-hydroxytate.

544

545

546
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Highlights:

In this study, initial analysis revealed the presence of a high content of unsaturated fatty
acids in pomegranate seed (PS).

The PS supplementation significantly improved total motility of both PS30 and PS60
groups compared to the control group.

Percentages of sperm viability and membrane integrity were significantly higher in both
PS supplemented groups compared to the control group, with PS60 group illustrating the
highest means compared to the other groups.

The cleavage rate and the developmental competence to reach the blastocyst between the
Fresh sperm group and PS60 has shown no significant difference.

These improvements assures the increment of antioxidant content in seminal plasma

and/or sperm.



