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Extended Abstract

Introduction and Objectives: Recent studies have shown that consuming different sources of
omega-3 fatty acids can play an important role in improving sperm quality in different species.
The purpose of this study was to investigate the effects of using different sources of omega-3 fatty
acids in the diet of Qezel ram, on volume and concentration of semen, fatty acid profile and
characteristics of fresh and frozen-thawed sperm.

Material and Methods: In this study, which was carried out for three months, 16 adult rams of
Qezel breed were selected and randomly divided into 4 groups, and each group received one of
the diets, all of which were isocaloric and isonitrogenous. The first group: diet without oil
(controg_, the second group: diet with palm oil, the third group: diet with flax oil and the fourth
group: diet with fish oil. After habituation of the rams, sperm collection was done weekly with an
artificial vagina for 13 weeks. After evaluatln% the appearance and measuring the sperm volume,
sperm concentration and motility in the fresh sperm samples, the sperm samples were frozen
packing in straws. Physiological and biochemical characteristics of sperms after freezing-
thawing, including sperm motility parameters (CASA), viability percentage, HOST and Hancock
test and fatty acid profile were evaluated. ) o ) )

Results: The results showed that the concentration, viability and integrity of sperm plasma
membrane in the third and fourth rouBs were significantly increased compared to the control and
second groups (P<0.01). Also, the abnormal morphology in the third and fourth groups was
significantly reduced compared to the control and palm oil receiving groups (P<(_).018. Motility
parameters such as total motility, straight line velocnx (VSL), curvilinear velocity (VCL) and
average path velocity (VAP% in the third and fourth groups showed a significant increase
compared to the control and the second group (P<0.05). Also, there was a significant increase in
progressive motility in the fourth group compared to the first and second groups, and in the third
group compared to the second group (P<0.05). Diet containing palm oil caused a significant
Increase in sperm palmitic acid in week 12 (P<0.05). Eicosapentaenoic and docosahexaenoic fatty
acids increased significantly in the grqus receiving fish oil and flax compared to the group
receiving palm oil and control (without oil) (P<0.01). The rest of the measured fatty acids did not
show any significant changes. o ) )

Conclusion: The results showed that adding fish and flax oil to the diet of Qezel rams for 3
n}onths improves the quality of physico-chemical characteristics and improves the freezing ability
of sperm.
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3- Curvilinear velocity (um/s) (VCL)

4- Average path velocity (um/s) (VAP)  5- Straight — line velocity (um/s) (VSL) 6- Lateral head displacement (um) (ALH)
7- Linearity (%) (LIN= VVSL/VCLx100) 8- Straightness (STR) (%) 9-Beat/cross frequency (BCF) (HZ)


http://dx.doi.org/10.61186/rap.14.41.89
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.41.9.4
http://rap.sanru.ac.ir/article-1-1358-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-05-10 ]

[ DOR: 20.1001.1.22518622.1402.14.41.9.4 ]

[ DOI: 10.61186/rap.14.41.89 ]

ay

Jbigne sVgkls Jals P) ubwl»o)ay& ‘@Bw url" SLS&JD Oy (Juosas! hol

inlojl gloyr olond S 5 g (STyed M8V o

Table 1. Food items and chemical composition of experimental diets

2l oS 9y b o) Jals (223) S5 361
Fish oil flaxseed oil Palm oil control Items (%)
26.07 26.07 26.07 20.96 4
Alfalfa hay

25.13 25.13 25.13 26.04 €3 ks
Corn Silage

11 1 1 10 piS ol
Weat Straw

20 20 20 28 >
Barley

13 13 13 13 PS5 (pogme
Weat Bran

0.8 038 0.8 1 Sl el
Calcium phosphate

05 05 05 05 '
Salt

# ol JoSo

05 05 05 05 Min - Vit premix
3 0 0 0 it ol (ple (29,
Ca -salts of fish oil

0 3 0 0 i gapnlS (IS 09,
Ca -salts of flaxseed oil

0 0 3 0 wiall (o9,
Palm oil

oy (alosd Gl

Chemical components (DM)

(Mcal/kg) puudgplio LB (551

2.4 2.4 24 2.38 Metabolisable energy
(Mcal/kgDM)

10.98 10.98 10.98 10.96 (0)) pB (xS

Crude protein (%)

)5 e 3o ¥ onl ( Medlop anly Jlsm YO+ E ey o Malop ol lim Ve

D3 yeoling e Madlipe 3olg Sl B0 e A polig ip,5slS 13 (ol JoSo S i

Sk 1385 b S s 3 WA lS 1Sk 30 A b S o Vo SIS Sk 30 ¥ e S ke S0 ¥ 50
8585 51,8 oolazl 3y90 g 00 dgs Wgll il LeuS €8 b ) (LoaundS Sad) 005 (5 )58 (£)08 Cygody IsE sy dad ik
*Composition of livestock sug)lement per kilogram: vitamin A 500 thousand international units, vitamin D3, 100 thousand

international units, vitamin E,

0 thousand international units, iron 3 thousand mg, manganese 2 thousand mg, zinc 3 thousand mg

grams, cobalt 100 mg, phosphorus 90 thousand mg, calcium 180 thousand mg, sodium 60 thousand mg.
* All oils were obtained and used in powdered form (calcium salt) from Kimia Danesh Alvand Company.

Jslxe 5l pyel (S3dghyge (2b)) sln (et al., 2010
Wged yb s oo VO jglale s b oalitwl SeSSla
FgSen 10+ ol slacgsySue 4 oad LIS (e
Schafer & Holzmann, ) ué 039381 SsSSls Joloeo i
5003 )3 oY (g9, 1y bslss ol il oylab (S s (2000
g el Yoo Jblas 3l b3 ouiligy oY K bawgs
dop X QliS)n b cwlms B oSy S
.(Bucak et al., 2010) uis dusloes (rubopus (cbop ol
slatiges ) 2l o) o 3 5 ol o 0355 i
etns (DPBS) 551 (S5 Jslowo sz w2 b Jg> (s
990 b adds Ve Gdeds pymol (9l sladlg) w00
P55 o 2 il dgl 55 B3 sl Nad sy yilo VO
258928 oo issSeo Ve ialef] g po 3 il 8
Wlal dop A plb Sas Jsle yid ke ¥y (05Y) Jgilio
bdg) ;| plS" ;o s (Hamilton et al., 1992) .
e il glp 88 8 WSSyg p0 ddd Ve Cided
gyl as eolanwl (V:Y) )58 1 Jgilie Jolone 5l 28
@ e Gl S5 G slaledy ol dlie il
oS dlewgds iy st e LAS Jatie oli&ilnﬂ
O 3 G5 ol 2 b pSeilul 3 BlSgileg S
Jsb 4 4 iz} (oo Conle L EC-1000 (Ml
Ol b 5B cwlbus &S o (Lo +IYY (3D jlad g o Yo
d> YO+ 50,5 Coonnd (glod A 03l 39y yiog,Suo + /YD

= ) el Algay 5 p el Slooks; a0

S5y ) g Sen 0 Ll (LS 1 am 45 el 09,55
PY L g osd bolse (ol oY (59, el jl g Sn V- L
(0 )S Sl G b A a0 YO digli b i K0
28,5 518 B (glod 5 jo) Sy Cotody Bl 5 pinS diges
(Bucak et al., 2010) wus  obj,l xFee oleS )5
3l Jobo plowdly slie (So)lSo oy p sobateds
Jobre s (sl a8 oozl HOST Kgouslpud o
P 1Y eS8 p)5 IR Jgenl (o Ver (Gomlgen
Sy 9 o bl jlade Oyl e Vev )3 o Sl
plosl gl 398 Lol (1Ken Lgles b 15,5 1,5 el
Aoy Vo r je0 Lo oliS7n sladiges Tl s oy
o 9 085 Sauty il 31,5 il a0 Yo glod )> ddBd Ve
3 dgSan Ve g oad w0 593 9y Jobxe Soks il
oo 5l e See Voo b el e iged
3 s See Vo e b 4683l ogrado 423 YV p )5 ]
9031y 518 ouds Lode i 5l oY (g9, |y 0ads bgloes diges
G5y ySee p)5 4o g9y pY g A oxligy JoV L
XFee oo )5 b eyl Voo laws .o ool )3 ol iS50
Ol 00)53 00 5 pygie p3 b (sbap sl 45 05 0)leds
Bucak ) a8 ,8 jlasys wlls  olewdl slie b (lap


http://dx.doi.org/10.61186/rap.14.41.89
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.41.9.4
http://rap.sanru.ac.ir/article-1-1358-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-05-10 ]

[ DOR: 20.1001.1.22518622.1402.14.41.9.4 ]

[ DOI: 10.61186/rap.14.41.89 ]

oo e SNl ol 5 lssanlio oM ¢ S e o LS 350 e (JSbaes] i

ay

aalllas pl 3 led o Jlasl Ty 25 ids ciyly By p iyl
chle (il cel pizmen (U 5 (ale () JoSo
09,5 S spsbods (P<+/+0) Ba5 ofb (o wlo )3 bap
b anls 05,5 5 cpyidn YIES L Lale (8, oS il
el px> 9y Jg sl |y ppl chle oy a8 VAP
clale als (Y Jois) wis sdalie (g)b gre ,ib o
» s Jibe 5 sl slacdlé L6 gl
b Slg o eppml JS Sl iolj8l il o (g5lup ol
iz LSy calo S o b Ly chle oo S8
o2l > (Surai et al., 2000) sib Lygye slbasel;ssS) )
el bl g LS 5 alo s, EPA 3 DHA Lul,
w2l |y 0gg Slacn sy 9 Yoy lapniNlingy
Al-Anazi ) 3, Ken 5 ¢;6¥1.(Oldham, 1995) uS’
Lan din b oy slaawl a5 05,8 5155 (et al., 2017
g LS 5dgua— pwgaVbgun Hoe g9y »SU b w59
ol &S 2gdee Figilopml JRlBEl el (Sgeyen S8
by slaog,s > clale il s Slg oo o e
Slsieas LPUFA oMoy il oS 5 (alo oy, oaiS
Sl Ol 9N Wlgi o LaadgilisSl i (lajlo iy
a3 ol g oy i Mlasg yp pdsilio )3 5550 (slo 1 51
gt S s 1, (5uTsed 5 TS o 5L
ok slié (Bl SlS 5 plgisa O slassl
hmen lp pr ol & 0ad ol Clbw GBI el
Ferramosca et al., ) .S o S8 W xdge  olic
cel S5 il 5 VIRl (€5, 199580 po wg s ;5 .(2017
235 p el (S gladinld g clale g oo Gl
ol 58 W glodse S p> w0 oylis aS(Mahvi, 2022)
olitl el S Qb b ads (iS5 )0 uioed bl oo
65 0394 1 yeol (VL) poudians joano 53 & oo g (Sloodi
.(Mourvaki et al., 2010) 15,5 p o0l Cluogas ple )
o a8 3 Vg5 e kS 5 555 5 o 5l
15 A sl 105l 6593 pypusl 3 el Lylbg
DHA N-3 5 DPA N-6 (o ity LiissS g 1555 55 p yse
OUS gy 5 4 Ogliste gl el Sl o a5 Wil o0
Girler et) o3l p sl cuas” isli8l cely PUFA il
(Karimi et al., 2017) 0. (oLiSgu—dezio o(al., 2015
o 3 90 Sl (ol slid cullew Ll 55k 5l
S5 Ca wp Sl Gl asd e ppl p3 g S
8l 938 pyel 2es g alewdly lid Cueles
slie sSles iald el SliSF—osleos] dwgp
(Safaringjad & Safarinejad, 2012) oni  slawdl
Ohbiy oy @ glidl s ©p ol (39381 cul b
Sl ) o3l sl oy (sl Cooglio g5 o
w3 Gl ppel 035 seie g S (slaJlive S
S )bSS (sleess o5 ((Khoshvaght et al., 2016)
Clale 5 o w9 eyl (b s STols)ge 9 slid
9 Sok; e wCuol odd 0ald Ui Y gds > p iyl
bojles (3 el Clale g olowdly slis (Solse
Slog)S S 5yoboay (pP<e/o)) iy gyl dne oglis

VoY el I¥Y o)leis /,Vm)\.e@ s b cludg clauingsy

039k C g b (slalad onlisisy jlo)lST ol S gl
b g oty dspd Voo dy (slod doliy 5301 lod jamwlinnsT o
S5k ploj g 0dd sy dbogye (ot ilooe (L (L
3ylaliwl oy ol 4y boypo oo b oy il a4 bgyye
ladiges )3 dg29e ypdusl (liee 9 5 9 02D dunlie
SAS 9.4 38le 5 5l ealisl b laosls z g lol Julow 4y 550
oYy deweds odld e Jby Sas Jdod i
pbx! Shapiro-Wilk cus jl sslazwl L s UNIVARIATE
a9 5l oolazwl b loj jo J1SS LB 4y eodly 4y jors s
S Glgiea Glas il o s a8 ws slsl MIXED
5 55 b b Slis el 18 435 5 5 ol
b5 pldl do pd O pdaw 43

o (S5 3 gLl
01 sapelS YIEol oy (elbipus] s golio)] o3lizul
—dezxie pypl (S gladosald Gl (S e sl
VSL TM o amd o bt ol (Y Jods) 15 oliSa
LS 5 alo e, oS il claog,S )5 VAP 4 VCL
Sl Wb sy 008 il o ali (elbog,S Ay Cons
5 ‘.m?).u.)‘ 0459y yiuns J)m .(P<'/'(§) Susld d)l.)u.;:m
0liS il 09)5 A Cans (ol g, 0ALS Cdlyyd 04,5
01135 il 09,8 g el (gl ine Lialjil Al g Wl
b Ofg) oS Bl 09)F 4 o kil (IS
05,5 9 oy sl (P<+/+0) casly g)ine Ll
O ©9li Ozned 9 LS (G89) 9 (lo gy oS b
95 ogie ol (hgy oS 8Ly 5 dald 095 4
loslosi (o jo lapyel (S lajially plo (pizzen
b bl bl ol @l mils gyl ine coglis
@5 o ) ppel Clale g (I ol SRlE
an 5 ok sloasl b VSl 0ad el sl
Oecred D)l cals g5 55 (Moallem et al., 2015)
9 colis (Alizadeh et al., 2014) ,\Ken o odljle
Masoudi, ) (s3s2me o (Moradi et al., 2019) ||,Ken
, (Shah et al., 2016) |, Kan 5 oli 5 z55 ,» (2021
P Cogot e sy J1 5l (rlie gl g
aiir Sl ol 4l 53 000,855 1) (045 sopeds)
S Clogad 5 e TR 0 el gl
P eyl (S Slaogad denp 4y lp Ad il
) Jols DHA i 5 4 (lyise (rislef] slaag
0,1 pypusl <5 1> 5 peI3M6 3,8 kas )3 VISl oy (losad
OSen 9 Sl (Moradi et al., 2019) g0
JoSo aydss &5 W0 )S° jo)l58 (Strzezek et al., 2004)
N-3 bl o slasenl Gl b Vi) (ol s,
900 9 pyeel 3 g p odind by (alewdly slis
il aUls o YU olis (53,88 ol o cullus
0ol 53 M Sl ep el pI i S o L glewdly (slis
S0 Gl g Jerend 3 &8 (Sliie g 0lge (B 9 555


http://dx.doi.org/10.61186/rap.14.41.89
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.41.9.4
http://rap.sanru.ac.ir/article-1-1358-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-05-10 ]

[ DOR: 20.1001.1.22518622.1402.14.41.9.4 ]

[ DOI: 10.61186/rap.14.41.89 ]

)lﬂjs){é d.\59l:1‘> Aol 9 ulﬂ.\:&}L@)ﬂMﬁ {@Bw L;Ln .Lié.ss > ‘J_o'lé.\&l ol

¥

1355 el S51iSn iS5y 5 SISl Skl
o555 5 pyesl gl Stally e (¥ Jsz) (P<-/-0)
SV oog, b 1 sl ine s5boss wll iy 04538
P el SSPISe 155890 5 SSPLlisl ol 29
5 3ald 4 Cows IS g (plo €9, 0aiS bl > (slaog)S
il (s B Ry oEgy eaS Sy a8
G il 4l &S wd e i s ol (P<+/-0)
Slaawl blgy 1o lyus el olo 90 j il ey
Fairetal.,) o)Kon g pl puli b oS 4 o p ypuol >
olas 5 23532 038 e3lizal 58 sy (2le (35, 51 S (2014
Oy vl 5 45 45 (Moallem et al., 2015) ), Ken 4
as” Wby olas (Firouzeh et al., 2021) -, San 5 s
0 o pd Vo Hladeds YIS e lgieds LS &l ayds
sl g9y Lol 05 B pypesl 3 DHA s sixe Lyial3l sy
OExed bl (g ine Dol el 2 sladnl
Ul 98, (Perumal etal., 2019) o, Se o Jbog s
5 Vel o S lyisar GBS (g, ol odlizl & 028
3,5 oyl CatS daus el Sl sl cusls
p ool & Slygs 5| PUFA sl &S oid yasulie doud 4
Bleshois et ) caol o34 iz 3l aassS 51 (g0l slass )
al., 1997; Cerolini et al., 2006; Gulliver et al.,
dgdn Sloj 0yed S &S ub samline Buiss (plys (2012
» Y K C)L.a 4).\:4 [ ul)." J9x d]){ 039) 50
g b0y (pl & Cun lidjse g8 0 e Cliogad
SH e Saotn JB g8 53 0jg) YA silup sl 0)93 4
Cans &S 00,8 (5,155 (Lenzi et al., 1996) |,\Ken 4
i Joodia posal Jlygee (2 53 oyl (002 9 59
Ol ol 8l s )3 sy ool Sl Sl 9 394800
IS b GRE o cbawl elal e
PUFA g 5uuiisilopl meas Jlais] sl
Cr il ol o wlle o) ole sy gl 58
b3 oo oxiS J5S slaygiSh (cangig) 3)Slas il o
ol clale (g9) Wlgi oo Sind 9 NBd oS 5
U105 1 ads il 5 b p M liwg w0058 pulas

.(Surai et al., 2000)

PO/ o Sleossy YF/OY L) LS €4, eauS by
PVIOY) b ol (s9) 008 €dl)d 5 (o pien (LS (S )L
Al 1y e o yieS (Lié o )bS OUFY 5 Sleos;
b 9 b ale GEgy oM 8Ly 09)5 ) (o e
S398r90 b Sl sl 2as (ppiomen Cudld Jlade (o yieS
&S (P<+/+Y) cuily ()l xe Golds aog)S o b ut
9 Otde C A ol 8 eaiS Bl g dald oS
Sidhrge e nyieS cuipa OIS 5 el éy)
o slaaidl b iod ool i ) lap el )3 (ornbo i
5 colia 4 (Jafaroghli et al., 2014) ) Kea 5 <4
oM 5 z98 el (g9, (Moradi et al., 2019) -, Sen
opliils o8 oyl (55, (Gholamietal., 2010) Ko 4
9“59: (:).u.)l «9) (AdGEI et al., 2009) ul)li‘m 9 J.)LC 9
5 dgy 03,8 ol YKol puo laicds plo 4, 5l &S
oS &l ;1 & (Firouzeh et al., 2021) -, Seng dyrw
Slods 3 Cisllas 39y 03,8 edlais] YKol xo lgicay
& gide & Sl piel oliSisled! I 8k
ol el Wi ol Qlid 0 Slee 5 (Sl
sasay (Celeghini et al., 2008) 5445 oo (585 g0 3 )Shas
el olid cdla Ll L YRl plie 445 du) o
5 olal b o pyml dlessl I 8L Gleds ials
ol a8 ol sleasw (Ansari et al., 2012) Ko
DHA & Ll L5 & bayye pysl CaisS (59, Vol Curto
Cerolini et) -, Ken 5 gy ©li)liS b 5 adl o
2LiSg —slexs! 1 3 pyl DHA Jluis (al., 2006
Obles 9 ugmed Ll o (20l (2 g B sk
2 phals plas WS 5)l55 (Bleshois et al., 1997)
(ROS) Jib 58 (slnog)S skl bl 4 DHA laie
STl Sty s N3 O sl sl
wUly Jwli8l el a5 (Hodge et al., 2006) sl o
i) sl S8 GBI g Jlsow le sl 3l
Rodrigues et al., )sgs 0 (s59/58)50 5 S 20 cp ]
SLROS ials il wlg o DHA (plpby (2017
Wy el LiSE leodl dwgyy )3 & 290 e
.(Bleshois et al., 1997) g o
Pl 33 22 slaspl iy 5
9 O g (2l (hEg) 0ad el agsy) ool
Gy il lude j3 o me glay sbul el g8 0 Wb


http://dx.doi.org/10.61186/rap.14.41.89
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.41.9.4
http://rap.sanru.ac.ir/article-1-1358-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-05-10 ]

[ DOR: 20.1001.1.22518622.1402.14.41.9.4 ]

[ DOI: 10.61186/rap.14.41.89 ]

ois e SNl el 5 lissanlio oM ¢ S e o S 5E0 (e« JSbasn] i

AW VEY 50l 1FY ojladds /oma,len b (ob clides sloaing

Table 2. The effect of different sources of omega-3 on the motility characteristics of ram sperm after freeze-thawing

P value SEM R O o) ol 09) aals
Fish oil flaxseed oil Palm oil Control

0.001 0.97 71.65° 73.507 63.00° 65.96” T™ (%)
0.005 0.93 34.81% 34.93* 30.01¢ 31.65™ PM (%)
0.002 0.91 54.84% 52.67% 48.63° 49.93° VSL (um/s)
0.009 0.70 110.20? 110.142 105.83° 106.47° VCL (um/s)
0.0001 0.91 58.93% 57.33% 51.36° 52.18° VAP (um/s)
0.169 0/099 3.58 3.59 3.34 3.36 ALH (um)
0.226 0.81 49.55 50.58 48.55 48.27 LIN (%)
0.098 0.62 84.45 84.44 83.28 83.42 STR (%)
0.989 0.31 20.15 20.13 20.09 20.02 BCF(HZ)

&ald (VAP) 5:55ke yums 53 sy (VCL) gtio yuamo 33 sy (VSL) paitins yuamno 53 sy PM) 039 iy S 065 (TM ) JS S o0 1 Jods Slousgise
)'DL?-"‘ 03yl (ot <SG ) dldioyue B> .(BCF) PEES olS s uls)s ((STR) CS > ()29 paitians Hluxe ((LIN) S g b giress ‘(ALH) PtES oS

(P<+/+0) ol glis 39
#Description of the table: total mobility (TM), progressive mobility (PM), speed in a straight path (VSL), speed in a curved path (VCL), speed in an
average path (VAP), range of lateral movements (ALH), Movement linearity criterion (LIN), movement straightness criterion (STR), lateral movement
frequency (BCF). Different letters in a column indicate the significance of the difference (P<0.05).
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Table 3. The effect of different sources of omega-3 on the gualitative traits of ram sperm fresh and after freeze-thawing

Lo oy LS e &b o Aals s
P val EM Bl (=9 O oS 3OS oo
value S Fish oil flaxseed oil Palm oil Control (o) &

o4 d);o)'b.}] Slaw
—deie (o mbeyd
%) Lj‘lmf@

Traits measured in

frozen-thawed
semen

0.0005 0.92 73.68° 74,53 67.530 69.87° (129) (oo
Survival (%)

rop)lis  Solss

0.006 1.06 64.48° 65.40° 59,418 61.42° ,E,.enﬁb),ane‘fﬁigémy
%)

by Sidedee

0.001 0.48 16.75 18.56° 20.02° 20.11° (322)

Abnormal
morphology (%)

X% d)ﬁfc)’l.ﬁ\ Slaw

o3l e @le

Traits measured in

fresh semen

0.037 0.22 165 159 157 1.50 (2sbe) e e
Semen volume (ml)

3 33kbio)p ol clale

0.01 0.1 3.34° 3.46° 2.96° 2.98° (ke

Sperm concentration
(billion per milliliter)

(P<eTo0) ol @glis (1390 o sime odimd (Ui (g K5 5D dldia e g y>
Different letters in a column indicate the significance of the difference (P<0.05).
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Table 4. The effect of different sources of omega-3 on the composition of fatty acids (percentage) of ram sperm

Jol wian VW oaan
ol sald ol ol gy pyg el oy o el sem pal
treatment Control Palm flflaxseed fish S alue Control Palm laxseed fish S alue
C14:0 9.25 9.55 9.59 9.21 0.34 0.8 8.02 7.50 7.34 7.75 0.46 0.74
C16:0 26.81 27.60 28.94 28.42 0.87 0.38 27.44 3255 25.35 24.18 1.16 0.004
C18:0 17.43 17.26 16.97 16.39 111 0.92 16.69 18.18 16.77 16.87 0.82 0.56
C18:1 11.77 11.06 11.20 10.98 0.97 0.94 11.08 10.44  10.22 9.85 0.36 0.18
C18:2 5.06 4.84 4.93 4.54 0.39 0.83 4.92 471 4.55 451 0.32 0.79
C18:3 1.82 1.68 1.60 1.81 0.19 0.83 1.83 1.61 2.03 1.78 0.13 0.25
C20:4 0.93 0.98 0.96 1.03 0.05 0.82 1.01 0.94 1.02 0.98 0.04 0.29
C20:5 0.54 0.58 0.56 0.52 0.03 0.68 0.63 0.45 0.76 0.82 0.04 0.0006
C22:6 20.03  21.01 2092 2014 098 0.84 2042 1464 30.88 3195 092  <0/0001

(P4 0) ol gls (409 I3 gize oaimd (LS gt S ) il s B9y
Different letters in a column indicate the significance of the difference (P<0.05)
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