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Based-Extenders on the Quality of Frozen Goat Semen
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Academic Year 2016

Abstract

The objective of this study was to investigate the effects of seminal plasma removal and
sources of lecithin based-extenders on the quality of frozen goat semen. The study was divided
into 2 experiments as the following:

In experiment 1, the effect of soybean and sunflower lecithin levels in semen extender on
frozen goat semen quality was determined using repeated measurements in randomized complete
block design (RCBD). The semen samples, from good semen quality bucks, were collected and
diluted with 4 different levels of soybean lecithin and sunflower lecithin (1.5, 3.0, 4.5 and 6%).
The frozen-thawed sperm quality was examined at 0, 2 and 4 hr of incubation at 37°C.
This experiment was repeated for 5 weeks consecutively. The results showed that total motility,
progressive motility and viability of frozen-thawed sperm in 3.0% soybean lecithin level were
higher than those in 1.5 and 6.0% (p<0.05). For sunflower lecithin, the frozen-thawed sperm
quality of 3.0 and 4.5% level were significantly higher than 1.5 and 6.0% (p<0.05). However,
the total motility and progressive motility of frozen-thawed sperm in 3.0% sunflower lecithin was
the highest when incubated at 37°C for 4 hours. From this experiment, it could be concluded that
3.0% of soybean and sunflower lecithin were the suitable level to use as a cold shock protectants
in frozen-semen extender.

In experiment 2, the effect of seminal plasma removal and sources of lecithin
based-extender on frozen goat semen quality was studied using repeated measurements in a 2x2
factorial in randomized complete block design (RCBD). The treatment arrangement was 3.0% of
soybean and sunflower lecithin based-extender with and without seminal plasma removal
compared to egg yolk (20%) extender without seminal plasma removal. The semen samples,

from good semen quality bucks, were collected and assigned to 5 different treatments.



®)

The frozen-thawed sperm quality was examined at 0, 2 and 4 hr of incubation at 37°C. Then
the membrane sperm and acrosome integrity (FITC-PNA/PI) were analyzed after thawing (0 h)
at 37°C using flow cytometry. This experiment was repeated for 5 weeks consecutively.
The results showed that there were no effect of seminal plasma removal and sources of lecithin
based-extender on total motility, progressive motility, average path velocity, straight-line
velocity, curve-line velocity, amplitude of lateral head displacement, beat cross frequency,
straightness, linearity and acrosome and membrane sperm integrity percentage of frozen-thawed
sperm (p>0.05). However, the total motility, progressive motility and average path velocity of
frozen-thawed sperm in 3.0% sunflower lecithin was higher than 3.0% soybean lecithin when
incubated at 37°C for 4 hours. In addition, total motility and progressive motility of frozen-
thawed sperm of four treatment groups were lower than control group.

Results from both experiments could be concluded that both of soybean and sunflower
lecithin could be used in extender of goat semen without seminal plasma removal. Nevertheless,
the sunflower lecithin showed a better result as a cold shock protectant in frozen-semen extender
than the soybean lecithin. Thus, the sunflower lecithin is recommended to use in frozen-semen

extender.
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Eovumadoqd (sperm plasma membrane) U3zney dresu Ty 1 Talsdu
(Figure 4) dauveudory s (lipids) Usznevdie Wealnlaila ( phospholipids)
Inalalafla ( gycolipids) Haznoiadansoa (cholesterol) druved WoaTullatla ffly
mﬁﬂizﬂammﬁ'aﬁmmaﬁaqﬁ dlvadlu siiaveavh@dalnd u (phosphatidyl choline)
wazWeanaaaenn 11Uy (phosphatidyle thanolamine)uamﬁlaﬁm‘?ﬂﬂiﬁu TERCERE RN

) o 1 1 4 4 a o A 4 a
dsumsdn-oenves Tuanaa1e MuBeRuraaogd MinNveRuadogIvI0aaL s

q

a J 1
A9 AUANMS Inad -oenaaUeIaT 50199 (Flesch and Gadella, 2000) Hagliunum

o w [ a Ao 1 4 A Y ad [ @ d v ana
A ﬂlﬁ@ﬂ1iﬂ{]ﬁuﬁﬂﬂl‘lm ANNANYTUVDUIDHUDFINANNANNUTNUNITUFINTDAUD

o | < A A Y 4 aly Yo =l <3 o Yo aAaa a
RG] HJ'EJGI,ﬂﬂGniJ“VI!Elf]?!iJl%ﬁaﬂq%qﬂiﬂﬂ31ulﬁﬂﬁ1ﬁl ﬂﬂgﬂﬂfl’i’E)Gli'lﬂWﬁJ‘]f’)@]if]ﬂ"llfNﬂqfﬂ
Y

q

anaIAY (Moce et al., 2010)



10

OUTSIDE
Phospholipid (75%) Glycollplds (5%)

t AT

=
o

Hydrophdbic enyironment

/ Integral M )
Cholesterol (20%) protein eripheral protein

INSIDE

Figure 4 Structure of the plasma membrane

Source: Sheriff and Ali (2010)

A ) & & S & A o
2. pdiHeana@d (seminal plasma) (Huaiudsenounisluinyonnounsvias
A 1 1 1 Aa o A A < I o [
poNU gnHanNIIN vateddulaun aeusiivia ndiAa (65 Wesikud )  aeugnuuIn
S I S A A ) ] o 1 @ = [ 1 A A
(30 WosFua) MrasgnraiuInnnemeludume NeWNogY HazaAoNIIWDUY 15 UDA-
1 I 1 .
waawve sz iaanuiunsa-aralseane 7.0 89 7.2 Yszneudle (1) T1sAu (protiens)
1 ] o v @ a [ a a o & 1 o
drlnggnraauianvennogauas Avuiuea Namaa IANNIUTUABNTAITIINUDY
pguaz JunumaemsUfausiuly () @13nquussig ( ions) lAun Tandew ( Na')
=~ [ 4 - o {
Tnunandey (K) daned 2n”) upaFon (Ca™) aae'lsa (C1) tazuuamila (Mg Hmrhin
o I ' A o Aa o
FnEIaNUITUNITA-A1 (buffer medium) AruauMIdsun)awsdueedludn nazilsy
9 v AanAa XY a 9y [ Y 1
ANMWLIAABUTUUTUUMTUTINTOAUNAIDFD (3) a3 linaaann 1dun ‘Na;ﬂi‘nﬁ (fructose)
Ja . Aa a = . L4
¥DIUNDA (sorbitol) waz'lnawresa WealvSaladu (glyceryl phosphorylcholine) (4) 1o Ty
o a A LA Y a A . . a . . =
Hazans Iy HASHITOUNTYDU 1aun NIALATA ( citric acid) nsADLH U (amino acid) U
unumdnyaens wa Tuadu (Metabolism) M3AADUNVYBIAI0ET LAz MIVUTIA10GD
] 1 [ A @ 4 9 2K o @ a g9 = Y4 =\
Aunens  Tussuuauiugmag s aihmidlegaingssuuauiu e uneile
4 @ o Y A g 9 a . . ~ o w
ulmiuedatmihiidluas Aueyyadase (antioxidant enzymes) Hunumlumstia
A A a aR % = 1 3 v o VoA
youdenaanmswa luadu uag (5) luiu Idadrumnnilududuasssesninarsngui
[ a2 s . .
T¥ndau Yseneudie aeaamaesoa Weoa 1u'lala lanae’lsa (diglyceride) ttaz
o v J 1 a o [ 1 a {
lasnaelsa (triglyceride) daiusazsiaiinnllsenounazdadiuves  voalulala A

4

UANAAY (Figure 5 1az Table 1) dadiuvosroda il lata luwiveanaun Ianuduius



J

11

v o 1 a L A a o @ Jd
nudadiuvesvloa T latla MBeruwadeqd ¥t Snulassadwueusaa wolums

weavedguaziunumaemsgausiuly (Juyena and Stelletta, 2012)

q

[ Male genital system

~

J

[ spermatozoa ]

(

peptides
proteins

seminal plasma ]

L\—L

~

stabilization
of PM

immunoregulatory

ioxidati s
antioxidative enzymes AST,
enzymes ALT,ALP,LDH
-/ L
\ 4
. maintenanec of
reduction of LPO, metabolic activities
prevention of ROS e
membrane stabilities
maintenance
of motility

.

destabilization

ions

hormones

sperm
transport

A%

-

A

. sugar,lipids
- motility,
bqffermg, capacitation,
¢ maintenance immuno-
v capacitation and of function pr?)lzlirc%%lon tolerence
immuno- acrosome reaction
stimulatory
immuno- binding of sperms
suppressive Into oviduct ET
sperm-zona
interaction v
\4 v
Y l > spermatozoa

Figure 5 The model focuses the main content of seminal plasma and their functions on

spermatozoa and the female genital tract

Source: Juyena and Stelletta (2012)



12

Table 1 Phospholipids composition of ruminant seminal plasma

Percentage of total phospholipids

Phospholipids
Bull Buffalo Goat
Phosphatidyl choline (choline plamogen) 17.6-32.9 17.3 15.7-22.4
Phosphatidyl choline 24.5-30.0 21.7-34.1 15.2-22.0
Phosphatidyl ethanolamine 5.4-10.3 10.8-11.7 1.1-15.6
Phosphatidyl ethanolamine 5.0-16.3 4.1-4.9 1.6-4.3
Sphingomylin 11.6-16.3 13.0-13.8 10.6-19.8
Phosphatidyl serine 1.3 2.8 1.1-5.9
Phosphatidyl inositol 0.8 2.9 1.5-6.0
Lysophosphatidyl ethanolamine 1.2-2.2 5.6-6.6 4.3-14.2
Lysophosphatidyl choline 1.2-2.2 3.1-3.9 3.2-9.8
Diphosphatidly glycerol 5.0-8.8 3.5-7.4 0.3-0.5
Phosphatidic acid 0.4 0.5 0.2-1.4

Source: Juyena and Stelletta (2012)
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HUFDAWITUFLUI N9H e NS uIasvesinye INYINNUAUAANNTIUAY Wunmag
o Ao o A YY) A a 1 3 A Yo o @
WU !Lﬁg‘ﬂﬁTﬂﬂJuLWf’Jﬁf’Nﬂu@l’mq%ﬁﬂﬂﬂTiﬁﬂqmﬁﬂ“NiuﬂTiLLGHLL“lN LW@iﬁiﬂET%Tuqu}
ag YA ~ [ 4 A 091 dy A
@?ﬁ]Glﬁﬂ%?@]ﬁ@ﬂﬂ”lﬂﬂﬁ;ﬂﬁﬁﬂﬁ%ﬁWﬂ (Purdy, 2006) p9n1sENoUYRIAITAZAD N uFN

v A o

2
Tdtuluilegiud deil

{ o Y o o o @
2.1 ansdszaeuniminnthuivinesusealsuanmuindonl
Y a ] @ a a I Y 1 dy o Y ~ [
Mnzaunu@Igd U Famla Womua Hwsn nia Wuau ssmari iminlSuauga
I [ @ o a A oy dy [ I~
anuilunsa-ae tazdlSuauganssiueod luanlumsazaaenainge Tasannuily
9 Y
nsa- A luasazanedeviaindeuns 1Jsuas 6.75 89 7.2 (Fukuhara and Nishikawa, 1973;
Y 9 )
Wahjuningsih, 2012) tagausisueaa luanvesasazatadonatinediamuasiloadu
MIFoNIINANNTULAE 13103 UUATIVINNITUBLTN 1A DAn)Teuar 1,300 D4 1,500

Haaeea luanen lansy (Joshi ez al., 2006; Choe et al., 2006)
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Y [ d' ] d‘ d' o a 9 1 oy =) 1
2.2 s ldiwasanu eselumsindouivesdiogd laun hataytaaiee
1 a I 1 I
iy Win Taa nglaa uanlad 01510 Tue 1udu (Mann, 1954) o613 l5naw Tuasazaie
A g} Lﬂy a 9 I Y o A I oy A A v o A
ponatiuouns enlduialaamiuais Inudsnu esnnduhmaytia@ernununny

Twwliveanardu1veaune (Pellicer-Rubio ef al, 1997)

[ <3 A < o an a Y [l
2.3 enstloarumssenitiesninanuiduvesdiogiivateria Taun luuag
Y
unlugiunuaien wu unda unnen luliy (homogenized milk) WuRe wazihnzi  Taol
Turanavesoa W latlanas Tataudd laluTas@u  (low density lipoprotein) il 1fiviowu

s A <
msaagﬁaaﬂwaﬂizmmmmmwu (Purdy, 2006)

ad o . . a d‘ Y =) o a a =
2.4 mﬂgmuz (antibiotic) LG]ZJL‘W’E]53\11J'H5’E]‘V]WQ'IfJﬂﬁl,i]iilulm‘LIIWUENi}a“]fW

1 9 ana A 1 (% v A
(YU mﬂmwuu%aummummﬂimwu (Evans and Maxwell, 1987)

:’ A A a 3’ dy IS ) [
2.5 1 LW@LWN‘]J?N’IQPUENHHW@ Lﬂummazmt’l Llazﬂiuﬁuaaﬁuaq

[ a 9 I 3’ o { a = [ 1
LL‘N@]“LJE]E)ETTM]mmzmmtﬂuumauﬁﬁzmﬂ llﬁ’q‘ﬂ‘ﬁ ﬂfl”lﬁﬁ]’lﬂl!i‘ﬁ’lﬂllagUlﬁ]’ﬁ]'ﬁ]u@]’l\‘lc]

Y [~ 1 A
2.6 8131109 UTUATIBNINMTUFUTY  (cryoprotectant) (¥M tofiaw Inanea
a [} J 'Q
(ethylene glycol) lawnadarionloa (dimethyl sulfoxide) nfeuldunn fe nawesea
d’ o Y g’ 4 [~ Id? a =
(glycerol) tasi1 1% Inanave st lunaz uenwaaswdniluTuanalvgyu aanmsinanan
oy [ ° Y A o A 1 o = = A 4
wwiuang uazimhndwdured vl latageilosnumsinnadenevesdoiuaaa

pgazaANs lnai-0onUeIa13@ 199 (Tuli and Holtz, 1994; Kundu et al., 2000)

R 0 w o o & . oa .
3. NIUBUYIUUBO LﬂwuumE)umﬂﬂﬂumi‘vnmlﬂmuﬁmlﬁlm (deep freezmg of semen)

v
[ %

as AAA 9 A an 1 2 a3 . . .
Faaguugindeuldnunaly Ao FBusudawuusiagy  (Simple rapid freezing) lavan

v
=

garigiaslined 4 esruwaiBod newih lUselulonuniioszanTulasnumar Yszunw

a =

409 5 [uAAT NYUrgl -100 BIFIFAITEA D4 -120 DIAUFATEA UIU 10 W NOUJUAN

U

=~ 13 g’ dy o Y a d' Y
Glu"luimmumm -196 DA UL BT ﬂTiLLGISLL"U\iuH“]fE)‘I/]ﬂ,‘ﬂlﬂﬂﬂ1i!ﬂaﬂullﬂa\1ﬂ1\1ﬂ1u
=~ < a A A A J a = 1 4 1
fﬂElﬂWWLLag‘V]NLﬂiJﬂRJGlULG]ma’EJEIi] 3Jﬂ’3111l’dﬂ\ﬁ/]%3ﬂE]GlﬁlﬂﬂNﬁLﬁﬂWWﬂﬁ@ﬂQﬂﬂi%ﬂ@ﬂﬁN”]

UDIAI0G 1HU 1HOVUI¥AA (Rodriguez and Martin, 1994) 13 Taneuia3e (Watson, 1995) 1z

. A4 A 9 a = ’a
0213 T3 (Jones and Martin, 1973) tiiagouogitazes Ins lsudone ou lainussqog

a A = = 9 1 1 A Y SN 1 Y o eazl =R A
ﬂ?ﬂiuﬂgqm!ﬁﬂﬂmﬁiJ‘]JG]‘ﬂNGD"JLﬂlI mwaslw”lnmmimmzmumm@mmaa"lm”l@ ANUY WY

o & [ A A Y a v @ 1 3 A = A a
mmmrﬂuamammzﬁmmum‘iﬂmﬂuaumwmﬂﬂmmma WDAAANUITYNIYNINA

Y
=2 v v

a o Y 091 dy 1T a [ ddg}
VUNUAIDAD ‘VI”I(lwﬂﬂ!ﬂ1Wu?!ﬂf@tl%tlﬂlﬁﬁaﬂﬁgﬁ"mﬂ““u (Purdy, 2006)

q
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todehiinanegamwiinvonnzuznga

3’ dy 2 A 9y Y v o Ay o o 1 '
ﬂﬂ!ﬂTW"U@Qu“ﬂf'ﬁ]L!W%LﬂﬂLmﬂ!ﬂﬂ’Jﬂl@ﬂﬂ‘]J‘VifﬂfJ{I"l]i]fJ aail Tlaveinaaneunsuaas
% < a [ a y a
A fania mmgsﬂu msaﬂqm‘ﬂgﬂumimﬂm LV]ﬂUﬂﬂWSﬂU'E{TQLGﬁﬂJuﬂaWﬁTﬁlﬂ uae

a d' a A g’ dy = = (% dy
yHavesasan luasazaeeeinye Us1vazioonnail

1. INTWaVOINOWUE

Q

o = d‘ (% 4‘ dl
Zamfirescu 18¢ Nadolu (2009) mmsanymsdasuulatvesdnsimsinasunves

[V 4

a ' ‘;y { [ g’ { 13 T @ 4 .
@Q"ﬂﬁgﬁ'JNlH!,GAIffJﬁﬂﬂ‘]J‘L!'llfd]ffJL!%LL‘IN‘D'IﬂW@!LW%WU‘ﬁ“]i"ILHU( Saanen) uazeallwu (Alpine)

E)

%

o { o < 1 :JI ' [ [ :/I 1
IUIU 38 A ﬁmmﬁmnﬂmmazﬂﬂ NWUN ﬁ’E]G]ﬁ'lﬂ'li’s:,fillul,?fﬂinﬂﬂ1ill,°lﬂlﬂl\‘l AL 10 5\‘1

A3

Y

S I d v A A a ] 1 I [ T 3 9 1 ] &£ a
90 1lesidua Nl InegINNNOLNZLAAZAINUADMTUBLIL IAUANAIAY FURADIN
v g 4 9 & v ¥ ¢ 1w o o o &
naneiladauunerveaianeludrdad i WugnI sy aewug olguazees luu 59N
2 v
fasenmeusn wu Tnvuims  gaurgiitazanudu MI@eInsiamMsuazquaw dana li
Y 4
o [~ @ 1 Y o Y ' o v o
AU IFeUNZ LB AIazA1BUANAINNY TIAITIMIAaEeneung T uIhwIGTa
SR A Az R g
ureivonanilutinyoLFag
2. aNTNAVLIGYNIA
9 Y
A o a A 1 o [
e (2552) himsAnyanTwavesngniasenua i ureNng WU FgnHaL
~ dy A @ o’dy A 1 % =\ Y S 3 4
ued Inaydisuiuieaaziugiiuies wun  Jedevesggmaiwa Iraudesisuans
A ~ Y a J I  JAaaa @ a < A A o 1
naeUNVBIAIY Y oduaNFInvedIngd tazaNNE luMIInapUNAN YA VB
o a gl 491 An < ] = [ 9 1 o 1 =1
areqd Tiweaansamuanweuns luggruaniggrund uazgeiou uana1 Nuod1all
@ o w A a 1 g/ 4 [~ [ 1 1 @
Wedandaneana (p<0.01) dewaldnanwinFounzusuisvasazareliauwanaianudie
9 Y
A9ANREINUMSANBIVEY Tuli Hag Holtz (1995) 518911 ggmalinanonunIniiiie
[~ o J J o Y o A ~ a ana
UFUALUNERUTYIRANUDS T 1W dasImsnaounvetegd tazanuanse lumslsie
a o 9 1 J < J o w A A
seavosaganasazats Tugglulisae 4513 uaz 49:3 nledidud mwdan) awnige
' 9y a I J o ag/l dy >~ 9y [ [
ganiluggluldnd (292 naz 32:3 wesidud amda) Netiervvznertony Fuas
a { v w A ' g} g 1 2
QUUAN HAZANNFUTUINT NAIHIADAMN NI UFOLN T
3. HAVRIITNITANQUHNNBITY
~ 1 ' a 3 o w 1 a3 :l dy
sHNIIIV (2551) NA111 Maaganiitluduaoudidgylumsusuiaiuie
(deep freezing of semen) NM11#InseadrandiluananazFuniivesaninuadon
[ a { o a 1 4 4 a
Tassounagludegiuldounlas aunsah Iinaanudenes asigoiueadeqd laun

dunanednsIMIMdoUNLAzANNAINTD  TUMT UFIATeAUI0EY  1INMIANEIVA
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4 a

g oy { o a . .
Mohammed tagame (2012) 11!fnﬁL!‘]ﬂ.!sll\iu'llsd]fﬂllwgwu‘ﬁ“]f']@ﬂ 9¥919 ( Saudi Aradi) iag

q E]

A

aidnd (Damuscus) WoITouifioy IBN15aagUunN 2 1LY AD LUV Simple rapid freezing
1z Slow freezing WU MTAAQUUANIUUY Simple rapid freezing dana 1HoATINTIAADUN
a [ I I 4 1 a .
YOO gINAIATAY (47.7440.66 1WOITFUA) GINIIMIAAYUNYIULUY  Slow  freezing
J I A
(34.15+1.04 1losiHud)
¥ oy : v g e
4. ¥aINMITHA YN UBANATINABA UM WU UFDUNZUFUT
= 1 J = = a I
NNHAWMIANET WU o9alsenoumeFuniivousiueanarauinziu

1 3 o g} dy Y an T 3 :/1 d’l A cAAA ~ 1
gilassademanusnuinye unzA1 s mMsurud 9eil esnnwueu lwindyeFonn
egg yolk coagulating enzyme %50 EYCE (Roy, 1957; Leboeuf et al., 2000; Sias ef al., 2005)
' s @ 4
ADNIT 314711&1]1‘!!61!”1,“]111 phospholipase A2 (Iritani et al., 1961; Iritani and Nishikawa, 1963) %9

Y v
thwinTuanadszana 5589 60 Alaaadu wawanaeuia lugisnseatuosnin
T A 4 yd [ 1 a Aaaa Aa
swoeglusiiueanar  auwewng ulmiidudnsadiinalgnse lales laga
{ Aaa [ g} 4 I Aaa

(hydrolysis) 1)asuaganin luuasluasazarsdenainye inaounsa la Tyadau

J

oz 1n3 1oy S19N%U (acrosome reaction) e 14 Inssadwveudoiurade

=

v Aa 09/’ [~ dyd o 1 Y Aa Aaaa
(Iysolecithin) 5$ﬁ'J'Nﬂ']'iaﬂqmﬁgllﬂluéllu@@uﬂ"lﬁLLGI)'LLGUQ ﬂﬁﬂmﬂumwﬂmﬂﬂﬂgﬂﬁm
qadeviNY

] 1 A aly ¥ o Y a g} dy [~ [
Tiaunsanudemsnlasuntlasguugiilauazildinansanaz neuluniuseusudand
. . . . <3 [ o [ I A
A2a18 VINMTANYIVD Tritani 1A Nishikawa (1963) uaaalimiudi sz luuaandinlu
A g} dy ! Y = . . A dy a v o da
159218190919 BN AN IHANNNIA ( viscosity) INNUU LaglaANUTUNUTIFIaY
ADOATINTIAAOUNVDIDED
) Y Y v
Ritar 1@ Salamon (1982) MsAnUNBaANANIENUAINE1D Taetiniuie aah
~ 1< Y ] a = 3’ dy a a . ~ (= [
Sanuldnnneuns VIANETAZABINMNFRFUANS T -1UA (Tris-base) N 14T lajuag
Yoo &y A& 4 _ S g o A
wammsiludlensoatlumieq (centrifuge) NTLAVAWSI 900 xg WU 10 WIT tWeLLEN
a 1 a gl g a a A A ] S 3 4
HUoANAENIBN  ARUANAITRNII R AN —ud an liuas 12 nlesirud
v v Y
WU nguihims funeniiveanaiau 19U 10359 Toa1msiziasonvoogang
' ' ] Y
Tu Tuah 6 nasazate targaga uazgennnquinilutenaiiveanaidut 2 59 taznquy
A I a d < 4 o w
A liilunsaiueanataun (37.3, 36.4 uaz 26.7 1osiFua audie)
o ° = = = ' o 1o
DUUN tazAUE (255 1) MmsanvlSesumeuszrinamsiluuenuay luiluuen
v 9 v [
UeaNaFINABUIANAITaz BN ¥ ANT o qud Ay luaanszau 20

J 2 Jd év 49} 13 1 Ad a S o
wesiyua ADAUNTWUUTOLUWSLFLLUI WU nauNdutensivoana1auINenI NG

q

A ~ A s3I o o o AnAa s3I o o
maaumm@qﬂ 62 .0 L‘]J?Jil“]ﬂ!@]) LLQS%THQHW’JBE’I%N%’JQ (72.4 Lﬂf’]il“ﬁu@]) Haldazay
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1 oA 1 a s 3 4 o w Y o
gannngui lilunenwlueanaiain (36.0 naz 51.8 Wedidua awday) deanaoant
U 9 Y
MIANEIVOY IINT HazANe (2 557) waved Mstlutenaiueanaiduidonunwinge
13 0 =] g’ dy v o @ 0 2’ dy Y LI
uneuua Tagihmssanuiugeainneuns 1 3 42 dniugenuns iy iy
U A ' d' 1 a 1 d' y a d'
3 nqu Ao nquit 1 litluwenwsiiveanaiaw nquit 2 uaz 3 Punensiiveawaraui
<3 I )=} =} o @ 1 a A oy ti’
AM157 1,500 souiilunan 5 19 wag 10 1N MINAIED AeMANAI 0T8I 1Y
a a A a ] A @ J 3 4 1 Ao a 1
wilansd-wa maylvuasnszan 20 wosidud wud  ngquiilunenisiiveawarain dewa
9 2 ~ A o =Y A 9 4 a 4 g’ dil [
Timsnaeunvetegd Suvedl Uriauas Wy IvadogIauysel U IFOUN T
wasazane Iaganngui luilusenaiiveanaidun
o s & s e v X '
5. wavesmsilesnumsfenifosninaduaenamwiiuFeunzurd
Y [ A < 1< 1 o o A
astlosdumsdon iiles nanuduiludiwlsznoudidyluasazarodeas
oy g 1 1 = an a o $ g
nde laun arslunguilealulalla wie wdau uaz Tawuda laTdldsdu  dwmdhidu
= o a o a { =S 4 s a a
wilouldundovaidegd wiohunuivealu lallavewdeouradoginusssumalu
' a [ J aa {a a
senINMIangurgl lunszuIUMILELI unavesagaundouan luasazaeneag
oy dy d' = [} d‘ I3 1 = an 1
WuFeniige Av e (egg yolk) tiesnnluesdlsznovvedliuas adaue glu
a [ J 4 : o a a aa
Ysmannnuazfadiesnilszneuduiaiuayunsiainionvretodl 509890170 FAUIN
o A L &£ wa & o < A < Y =
D104 (soybean lecithin) Fallgmuautimilumstlosnumsyon ioaninanubulndifes
@ v = ) a A 1 & 2’ dy o o’dy 9
duliuas Bnnih llduluasazaevenly  msusuda hiyedaineignaiouunaiy
a ] 4
FUA 1BU WUBY (Reed et al., 2009) I (Crespilho et al., 2012) 1ng (Salmin ef al., 2012) L1ag
1 I J an o A @
UWg (Phutikanit er al, 2011) 08131500y unasveLAFAULAzsEAURA AL T uETAzaY
= g’ dy 1 Y 3) dy ! v 9 o = ' dy
Renine danaliguamiiudouana1eniuae Aawansaneiae lii
5.1 waveslunasluasazmedensrinvenonaumwiinveunzusuds
. J ' [l A :} dy o @
Manjunath (2012) 81271 Tuaslumsazaedenaingousnnniuaisiloaiu
3 < Y v v R o = a £ g A Ao
MIFoNIINANUIBUNAT GaeTuBany Tsau lusiiveanarauivedIa sauiluTisAunii
4 a a o 1 ' J ad o
Itz Tns Teungaoonodfausnula Sendn lumes aidlsu (binder of sperm, BSP) ¥11#
& 2w g & yy y 2 =
awnsn aergmsmusneminge Blugduuvves  veamiad lauuaiu anmsanyives
. 1 a ] @ J 3 J A :’ dy
Situmorang (2002) WU M3aw luasszay 20 wedidua Tumsazaedonninie In
! 9 3/ dy 13 @ aA Ao adaa A ~
danaldnunmiihnyeusudidtazaeanga lasiismaueginsiauazmandoui b
) Y o 2 2w o A yw v
arihvasazaegaga wazamsngaeigmsmusneninge 3 lugdvesveanadlduin

[ 1] 1 < 1] Aa [ g} 4 1
NI 7 U 'EJEJ'N”lﬁﬂ@"Ill 53’;@’]_|ﬂ']§ml|IléllLWN(114ﬁ?ﬁﬁga"lflﬁﬂﬁnﬂuucdﬁﬂllwgLmﬂ@"lxﬁnﬂ(lu

S & A o e
HuveIa 19109019 10HAVBI EYCE eusieaudasas 113
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. Y o = a 1 = oy dy
Eiman i8¢ Terada (2004) lavmsfnwimamady liuasluaisazaeneaainie
= ~ 1 oA 1 a ] Y I A a ] I3 J
ung Tasnlseuiisuszninengui lieuluues  (NY) dungquin@ulauag 20 nesigual v)
k4 Y
lumsazaneenainsestianid-we -palad (TCG) wag n3d-wed-nie lad (TH) WU
@ 4 { 091’ a o 1 { A ] 1T o J 3 4
gnsIMIndsuNNIuavesegIndlazatenguiay luuas ( TCG-Y Wiy 46.0 1lesidud
Y J a3 7 ' oA 1 a 1 Y J 3 4
uaz TH-Y v 57.0 wesidud) ganiingui ludu luuea ( TCG-NY Wy 1.0 wlesidud
% J 2 o 1 A v o v A aa = Y Aa [
tag TH-NY (M1 2.0 losidud) ad1aiisdAgean1aada (p<0.01) masqﬂ"lmmmm‘lm
A gl g [ = A4 9 o a [
uasluensazanedonainye annsaflesiuanudomesvesdoudioginnmsusuda
Y 1 Yo A A a o 1 1 a ] U @
1aa dewalionsimandounvesogavatazalsgenaims lidy liuasediesdamy
. . Y o = S o 3’ Ady ] @ o’dy A
Ajadi tazamz (2012) lashmsany manusnyninsedannweungiugiuiios
a v d o & da yo 4 o
uolsm Taeldmsazaredoniainie Mawlaiuag N3gaY 5.0 , 10.0, 15.0 1Az 20.0

7 A o J & o = o a
SIGHE AN LllE]‘Vnﬂﬁﬁi?ﬂﬂﬂ!ﬂ?WHTl“ﬁ@ﬁlu%’JINQﬂ 0 , 1, 3488 5 nadanuaisazany

& S & A 2 o S & 4 - ~ "o A A
ROINWUUFD LAZIUDINUIAHIUUFONGUHIN 5 OIAUFAUFIT WU BATINITAADUNVDY

=

@ a o I A a ] J < J A a0 =
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@ A A :JI a o A Y s 2 4 I A a ]
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I <3 A v a [ A ~ uazl a ) A
20 1osisua HIATINITAYUDIDHIGIFA Iﬂﬂﬂﬁﬁ"lﬂ1§Lﬂa@uﬂﬂﬂﬁﬂﬂﬂlﬂﬂ@q%iu%ﬂiﬂﬂ‘ﬂ 5

I3 4

MY 10 tlosigua
Tukiuea@edny Priyadharsini ttazasie (2011) MimsanyulSeuieunanisiay
1 A Y] o S I L A g’ dy a Aa [~ oy dy

luuasiszan 10 7o 20 wosidud luarsRenaidesiansa-we lumsusudainiouny

@ 4 4 ] 1 Y 4 1 a Y] [] 1 [

WUFIANI 1 W IAdanmandeuivesegdrasazate uana1enu (35.2 £2.40 Loy
d 3 o o o = o A Y o A

30.123.18  1WesIFuUA MUEIAY ) uaANA ANVANYIAVOABORUAIOET (60.56 +1.31 1Az

J 3 4 o W 4
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d A J

J <3 J o o P A a ] A @ I3 T A A 1
weosiyua RFVGRENT)) Gluﬂqumﬁuhleuummzﬂu 10 WosiFua NﬂTZIQﬂ'Nﬂq‘JJVIWIN]lﬂJLMQ 20

S 2 4 [ A v o W aa 9 =< .
weosiyua DYNUUITIAYNNADA ( p<0.05) HOANADINITANYIVDY Bispo uazade (2011)
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an A \ :' g ' <
5.2 HAVDUATAUDINNTABAUM W UTBUNZUFUT
an A g [ < A S A w & Aa
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Table 2 Comparison of the main phospholipids isomers of lecithin from different sources

Components Typical value (%)
Phospholipids Soybean Sunflower
Phosphatidyl choline; PC 20 15
Phosphatidyl ethanolamine;PE 18 16
Phosphatidyl inositol; PI 11.5 7.2
Phosphatidic acid ; PA 43 52
Lyso PC 4.6 0
Linoleic Acid 0 443
Oleic Acid 0 11.6
Sources Avanti Polar lipids, Inc., Lekithos, Inc.,

AL, USA FL, USA
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Table 3 Descriptive statistics of fresh semen quality of experimental buck used in Experiment

1.1 (mean + SD)

Semen volume Progressive motility Sperm concentration
Lot no. N 0
(ml) (%) (x 10 cells/ml)
1 3 1.440.1 78.3+2.9 6.2+1.96
2 3 1.44+0.8 77.543.5 6.1+0.55
3 3 1.0+0.0 77.5+3.5 5.3+0.58
4 3 0.9+0.2 80.0+0.0 5.6+1.00
5 3 1.8+1.1 75.0+7.1 6.4+0.13
Overall mean 1.3+0.4 77.7+1.8 5.9+0.46
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Table 5 Effect of different levels of soybean lecithin-based extender on total motility

percentage of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation

at37°C
Hour of incubation at 37°C (h)
Soybean (SB) levels

0 2 4

1.5% 31.4° 16.2° 4.0
3.0% 57.0° 438° 11.4

4.5% 53.4' 32.0" 8.0

6.0 % 46.0° 17.1° 4.2
p-value <0.05 <0.05 >0.05
SEM" 2.94 3.11 117

Treatment contrast(p-value)

Linear ns ns ns

Quadratic 0.0028 0.0001 ns

Cubic ns ns ns

¢ Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean

ns no significant difference (p>0.05)

&0 0 Trt
' SB 3.0% ., — 10
— 20
SB 4.5% 3.0
s0.04 ‘ — 4.0
SB6.0% & T~
o 40.0—
=
N
2 SB1.0% _
— 30.0-
=
=
20.0

10.0

0 2 4
Incubation time (h)

Figure 6 Effect of different levels of soybean lecithin-based extender and incubation time on

total motility percentage of frozen-thawed sperm
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Table 6 Effect of different levels of soybean lecithin-based extender on progressive motility

percentage of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation

at37°C
Hour of incubation at 37°C (k)
Soybean (SB) level
0 2 4
1.5% 16.6° 9.4° 1.6
3.0% 38.6" 24.2° 5.6
4.5% 36.2° 19.6' 4.6
6.0 % 31.0° 11.8° 1.8
p-value <0.05 <0.05 >0.05
SEM" 2.49 1.79 0.64
Treatment contrast(p-value)
Linear 0.0212 ns ns
Quadratic 0.0019 <0.0001 ns
Cubic ns ns ns

** Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean

ns no significant difference (p>0.05)

Trt
40.0-
SB 3.0% = —1.0
o —— 2.0
3.0
——a.0

SB 4.5%

200 SB 6.0% =

20.0

10.0-

Progressive motility (%)

0 2 4

Incubation time (h)

Figure 7 Effect of different levels of soybean lecithin-based extender and incubation time on

progressive motility percentage of frozen-thawed sperm
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Table 7 Effect of different levels of soybean lecithin-based extender on average path velocity

(um/s) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at

37°C
Hour of incubation at 37°C (h)
Soybean (SB) level
0 2 4

1.5% 81.26 87.84 61.20
3.0% 85.14 82.30 69.82
4.5% 84.56 84.08 64.10
6.0 % 76.64 75.26 58.92

p-value >0.05

SEM" 2.14 2.02 2.80

SEM "standard error of mean

VAP (um/s)

20.0—

50.0—

70.0

&0.0—

S0.0

SB 3.0%

SB4.5% T

SB1.0%

SB 6.0%

Trt

—1.0
—20

3.0
— 4.0

2 4

Incubation time (h)

Figure 8 Effect of different levels of soybean lecithin-based extender on average path velocity

of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 8 Effect of different levels of soybean lecithin-based extender on straight-line velocity

(um/s) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at

37°C
Hour of incubation at 370C (h)
Soybean (SB) level
0 2 4
1.5% 63.04 66.20 41.66
3.0% 66.64 63.84 54.32
4.5% 64.02 62.56 49.94
6.0 % 61.42 60.06 49.70
p-value >0.05
SEM” 1.38 1.72 2.32
SEM "standard error of mean
T0.0- Trt
: —10
SB 3.0% —20
3.0
65.07] SB 4.5% e
SB 1.0% ‘4/

SB 6.0%
0.0

55.0

VSL (um/s)

S0.0

45.07

40.0

0 2 4
Incubation time (h)
Figure 9 Effect of different levels of soybean lecithin-based extender on straight-line velocity

of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 9 Effect of different levels of soybean lecithin-based extender on curve-line velocity

(um/s) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at

37°C
Hour of incubation at 37°C (h)
Soybean (SB) level
0 2 4

1.5% 144.34 147.94 112.90
3.0% 134.74 159.94 134.62
4.5% 129.08 135.12 118.20
6.0 % 114.68 125.88 106.56

p-value >0.05

SEM" 4.50 5.19 5.86

SEM "standard error of mean

VCL (um/s)

160.0—

150.0—

140.0-

130.07

120.0=

110.0=

100.0-

SB 6.0%

Trt

—1.0
—20

3.0
— 40

2 4

Incubation time (h)

Figure 10 Effect of different levels of soybean lecithin-based extender on curve-line velocity of

frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 10 Effect of different levels of soybean lecithin-based extender on amplitude of lateral
head displacement (um) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour

of incubation at 37°C

Hour of incubation at 370C (h)

Soybean (SB) level
0 2 4

1.5% 6.72 7.02 5.44
3.0% 5.94 7.08 5.92
4.5 % 6.20 6.72 6.00
6.0 % 5.68 7.12 5.46

p-value >0.05

SEM" 0.18 0.20 0.29

SEM "standard error of mean

Trt

—1.0
——20

3.0
— 40

SB 1.0%¢

5.5

ALH (um)

5.0

5.5

0 2 4

Incubation time (h)

Figure 11 Effect of different levels of soybean lecithin-based extender on amplitude of lateral
head displacement of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of

incubation at 37°C
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Table 11 Effect of different levels of soybean lecithin-based extender on beat cross frequency

(Hz) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at

37°C
Hour of incubation at 37 0C (h)
Soybean (SB) level Overall mean
0 2 4
1.5% 28.86 27.04 35.72 30.54°
3.0% 22.76 25.20 28.18 23.58
4.5 % 20.40 23.74 26.62 24.91"
6.0 % 23.86 24.54 26.72 25.38
p-value >0.05 <0.05
SEM" 1.10 1.01 1.44
Treatment contrast (p-value)
Linear 0.0099 ns 0.0166
Quadratic 0.0027 ns ns
Cubic ns ns ns

** Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean

ns no significant difference (p>0.05)

40.0—

35.0-

—
N
Z
= 0.0 SB1.0% _
Q
m
250 SB 6.0%
SB3.0% 7
20.0 SB 4.5%
T T T
0 2 4

Incubation time (h)

Figure 12 Effect of different levels of soybean lecithin-based extender on beat cross frequency

of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 12 Effect of different levels of soybean lecithin-based extender on straightness

percentage of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation

at37°C
Hour of incubation at 37°C (h)
Soybean (SB) level
0 2 4

1.5% 79.20 74.16 67.60
3.0% 76.80 76.20 72.20
4.5% 76.60 74.60 68.60
6.0 % 79.00 78.71 72.00

p-value >0.05

SEM" 1.30 112 2.46

SEM "standard error of mean

Trt
—1.0
—20

3.0
—a0

80.0—
SB 1.0%

_ SB 6.0%
7.0

SB 3.0% =——
7enT SB 4.5%

T4.0

STR (%)

7207

To.0-

B5.0—

Incubation time (h)

Figure 13 Effect of different levels of soybean lecithin-based extender on straightness of

frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 13 Effect of different levels of soybean lecithin-based extender on linearity percentage of

frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

Hour of incubation at 370C(h)

Soybean (SB) level
0 2 4

1.5% 44.80 45.80 40.40
3.0% 50.00 47.60 44.40
4.5% 50.60 47.20 45.08
6.0 % 51.80 46.62 47.40

p-value >0.05

SEM” 1.18 1.34 1.31

SEM " standard error of mean
Trt

5207 SB 6.0%

SB 4.5%

—1.0
—2.0
3.0
S0.0- 4.0
SB 3.0%

45 .0

46.0

LIN (%)

SB1.0%
44 .0

42 .0

40.0

Incubation time (h)

Figure 14 Effect of different levels of soybean lecithin-based extender on linearity of frozen-

thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 14 Effect of different levels of soybean lecithin-based extender on viability percentage of

frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

Hour of incubation at 37 0C (h)

Soybean (SB) level Overall mean
0 2 4

1.5% 36.3 19.3 3.1 19.5"

3.0 % 49.1 27.9 8.4 28.46"

4.5 % 45.5 22.6 6.7 24.93"

6.0 % 35.6 212 43 20.36°
p-value >0.05 <0.05
SEM" 1.75 1.49 0.78

Treatment contrast (p-value)

Linear ns ns ns
Quadratic 0.0003 ns ns
Cubic ns ns ns

“® Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean

ns no significant difference (p>0.05)

50.04 Trt
: SB3.0%,_ o
A —20
SB 4.5% L 3.0
. —aan
40.0- M
SB 1.0% h .
SB 6.0% N

30.0-

viability (%)

20.0-

10.0—

.07

Incubation time (h)

Figure 15 Effect of different levels of soybean lecithin-based extender on viability of frozen-

thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C



40

4 aa I @ { @ 1
Naﬂﬁ‘ﬂﬂaﬂﬂﬂ'ﬂﬂ‘ﬁ 2 wammmcmumﬂmaﬂmumauﬁizﬂmNq 1uﬁ15aza1aﬁamq

g/ dy ' g’ dy [
UUBDADAUNTWUUGDLULNSLLBLLUN

Y Y 1 Y 4 1
nnmsAnpgamniusenewinigmnaasdesh 2 wun  UsmesinFedan

K1)

Y
3 \ £

a3 91 = 1w A aa A 9y Y 4

nu'ldrensdedunas iy 1.5+0.3 dadans e lUasgmunimalendesganssend
oA oA A Ay v 9y A o e 4 o

wu Heginmaeun lldendunde  wihiiy 76,5422 ulesidud wazilensiatiuaiu

uduveIRI9gd Tagld hemocytometer WU S1udUTIOGINAY 111AU 6.5+0.87x 10° A7

Avlaaans (Tablels)

Table 15 Descriptive statistics on semen quality of buck in fresh ejaculates used in Experiment

1.2 (mean + SD)

Semen volume Progressive motility Sperm concentration
Lot no. N 0
(ml) (%) (x 10 cells/ml)
1 3 1.9+0.4 77.5+2.5 7.0+1.49
2 3 1.44+0.6 75.0+5.0 6.9+0.43
3 3 1.24+0.2 80.0+0.0 5.310.43
4 3 1.6+0.4 75.0+0.0 7.5+1.06
5 3 1.440.1 75.0+5.0 6.0+2.57
Overall mean 1.5+0.3 76.5+2.2 6.5+0.87

v
= (% v

HaveuaBAUMINMAAMUA TURszAUMmeq  Tumsazae@enninyonegumwiiuye

" &
UNS HBLUUI

A a a
1. MIAADUNVDIOGD

' o an < @ 1 y A
ﬂ?ﬂNﬁﬂWiﬁﬂ’H'l NUI ITAY VBUAKAUINNINAANTUNSIU mwaiﬁ’mamﬁauw

MHUAYDI0ED (MOT) UANANNUDENNTITIAYNADA (p<0.05) (Table 16) Taswun

i
a a

A a 3 o o s 2d LA A 4
NRAUNAVLATAUITINNAANTIUASIUITEAD 3.0 uae 4.5 L']J’E)il“]ﬂ!@] HUATNIFAADUNTINVIUAUDN
q

v
1 1 =

a a [ J 3 J ] A v o w aa
2HIPINNNAUNANTEAY 1.5 L1ag 6.0 weosiua DYNUUITIAYNNTADA (p<0.05) (Table 17
Y an < @ o v g} { [
Uag Figure 16) UAZILAUQAFAUIINNAANIUASIU uamﬂuﬂumsuuma%wmazmﬂ
! Y A A 9 Y a 1 o 1 A v o W aa
mwa“h/imima@um"lﬂmwmmmaqﬂ (PMT) UANANWNUDYNUUYTIAYNNADA (p<0.05)

T ' { A aa < @ [ J 3 4 1
(Table 16) IﬂEJW‘]J’J"I ﬂquﬁmmaGﬁ@]umﬂmam}mmmimu 3.0 uag 4.5 weosiyua ﬁﬂ1



41

= Y 9

zﬂ' 1 a [ o‘/ d' zﬂ' 1 g’ dy Y 1 3’ 1
m3maaum”lﬂwwuwmaqwmazmﬂ (Glf’ﬂﬁN‘Vl 0) LagLNdUY mwa”lﬂumamgu

[
I =

a ) { 1 1 { a aa <] o
AIUANYUHIUN 37 DI UG AT Tugalueh 2 t;Nmm’qu“ﬁmmawumﬂmawm@lmu

o IS I 4 [ A v o W aa v A ] oy tﬂy Y 1 oy [
seav 1.5 1osisua DYNUUITIAYNNANA (»<0.05) UALNBDUNUNYD Ulﬂumﬁm’quﬂmﬂu

v
= =

a o { 1 1 { A aa <} @ @
QUNUYUN 37 DIFNLTAUT Y F 19N 4 WUN ﬂqu‘ﬁmmaﬁmumﬂmaﬂmuﬁmuim‘u 3.0

s d LA A A Y] 9 a = s ' A A
L‘]Jf’)ﬁlﬁliuﬁ b\ ﬂWﬂ'liLﬂﬁ@‘Ll‘ﬂUl‘].]ﬂlNﬁlﬂ‘U@Q@’q% ﬁl\iq@ NMIANYIU WU NITIAADUN

E4

o A Ay v v a o A . 30X 99 1 &
nanua tag manaeud lldmihwesegindiazate  uazietmninge 1Alusiinu

Aaa ~ ) ~ = ) v ) .
AVANQUNNNN 37 parurartee Tusa 1uah 2 uag 4 Nuur Tinaaauuudu 1A Quadratic

o
v A A

' Y an [ 4
ADTLALVDUATAUNANAANIUAL TUNNNTY (Table 18 LAz Figure 17)
° A 4 o A
2. a5l uM3INaUNVR IR I
' o an <3 Y 1 <3 {
VINHAMIANET WU SzAUVDIRTAUIINIWAaMUAz U deawalims Anwsumae
4 { < 4 : a a ' 1 o
Tumsiadeud (VAP) waganuiirlumsnaounlu 38183 (VCL) vosoqd lawanaiany
aa ' 1 { A aa I @ { [
NADA (p<0.05) (Table 16) TAWUIN AFUAANEATAUNNNAAMUATIUNTEAY 3.0

19

I <3 Jd A 3 A A A a 1 T A A
Wosiyua U AuG) |mae Glumsma@u% VDIDFIGIFA AN Gluﬂ’qmq WU ITAY 6.0

9 a

I <3 4 1T AW a T A a aa < o A @
weosiyua DYNUUITIAYNNADA ( p<0.05) HAZ NANNAURAFAUIINIUAANMIUAZIUNTE A

I A

I I A ~ aas 9y ' P A a Aaa
1.5 uag 3.0 woesigua uﬂﬂmiﬂumitﬂaeuvﬂu meqqmﬂuﬂqumﬂmaﬂmumﬂ

[

< v A o S I 4 1 =) an
WAAMUASIUNTZA 4.5 10z 6.0 1WoT1FUA DI 1UTITIAYNIADA (p<0.05) (Table 19, 20
1a21 1ae Figure 18, 19 11ag 20)
v 4 4 o a
3. ANHUNMIINADUNVD VYD
1 o aa < o 1
NHAMIANY NN F2AU vBuaFauNuaamuaziy  aenalianunitaes
4 A o o ! < 4 ~ am 1 < =
MInaUNaIURI (ALH) sasiadiuanusimsnasunluinasmennuis unaslums
A ~ o 1 < A A an 1 < A A
MADUN (STR) LALHATIFIUANINISIVOINITAADUN IIDATIADA NS IVDINITAAOUN
1uAR TAY (LIN) TAMANA1AUNIEDaA ( p<0.05) (Table 16) Tagnuan ngullauaFAUIIN
< o Y] < I L= Y A A o A @
waamMuazusEAY 6.0 Woikud YA1ANNNNBINIIAFBUNTIUNIVEIDFIaIaz Al
o' 1 oA A [ < I 4 . 1
MNNNGUAANIZAY 1.5, 3.0 Haz 4.5 1W/o51HUA (p<0.05) (Table 22 1oy Figure 21) Al
@ 1 < A ~ as 1 I A A A [ 1 <3
as1dIuANNEINInasun luldaseweanusunaslumsnasuitazons 1@ IUANNS)
A A Aas 1 3 A ~ ans 9y 1 I A a [
YBIMIIAdoUN 1UIDAIIMEANGI0INMIAaRUN TUIN TAY ganIinguihuszd 1.5, 3.0
S I o
1ae 4.5 1WosIHUA (p<0.05) (Table 24 1182 25 uag Figure 23 LA 24)
Y [ o Aan I o M ] oy {
UBAINT WU HAVBITLAY @FAUNNLAAMUAZIY tazs Tualumsuniuiye
wasazate dawaldanudlumsdiediuiivesegd  (BCF) Jswananiuniana

1 A ] 09} dy Y 1 g} 1 AA S
(p<0.05) (Table 16) Tagwun IJJ’ETLIllHTLGIIE’JUl'JGlu’(’)Nl!"IQUﬂ'JUﬂNQiMWQﬂJ‘V] 37 oNFLss L e



42

) { 1 { a Aaa < [ @ I <3 J 1 § [l
Tuda Tuan 4 nguidnadaunnwaamuazIuszay 1.5 nlesigua iannudlunmsae

1 o a [ [ { A 1] 3 4 1 v o w aa
dauriavesegigenilunguidusedu 3.0, 4.5 uag 6.0 wefidud sdnliiodiyneana

Y
A

= dy U d' 1 [ 9 a d‘ ) oy 9 1 3' 1
(»<0.05) NMITANEIU NUN mmaiumamamummmeqﬂ UDVUUNYD "lﬂumquu

'
aa

~ o A A ) Y Y .o
AIUANYUNYUN 37 parniarFod Tusd Tuan 4 DuudTivanawuudulne - Quadratic A9

[ Aan < [ { A 4
ixﬂ‘wumzawumﬂmaﬂmu@\muﬁmuﬁu (Table 23 ttag Figure 22)

adAaa

4. MUIUAIDAINTIN

Q

a

J @ an < @ 1 s 3 4
iﬂﬂl?lﬁfﬂiﬁﬂ‘]el'l WU HAYDITSAVLAHAUITININAA M UANSIU mwaelﬁ’mmmumm

Ana o 1w | A o W aa ' 1A
UPIN (viability) HANANNU BYNNUITIAUNNADA  (p <0.05) (Table 16) Tagwun nauN
a an I o A 1% J 2 J Ao anaa 1 o a
WURAYAUINNAANTIUAZIUNTEAD 3.0 Liag 4.5 Lﬂ@ﬁlcﬁu@ mmauaqwmmammuaqa
3 o ' J { a o I 3 4 J o 1 v o w
MnuanaNasay QQﬂ’NﬂQMﬁWlNigﬂﬂ 1.5 uag 6.0 tosiyua LL@Iﬂ@]NﬂuﬂﬂNﬁuﬂﬁTﬂﬂJ
9 ]
NNADA (p <0.05) MNMIANEIL WUNIIUIUBFINTINADIIUIUDFINIHUAKAIAZAY
A 1 g’ dy Y 1 3’ 1 Aaa = M A = 9
u,azmmmumfe'lﬂumqmqummuqmvmuﬂ 37 DALY “lu%ﬂmm 0 mmﬂuu

@

1 o aa <} @ { A 3y
ﬁﬂﬁQLLUULﬁUIfB{\‘] Quadratic ﬂaszﬂmmm«mumﬂmaﬂmumauﬁmuﬁu (Table 26 tag

Figure 25)



43



44

Table 17 Effect of different levels of sunflower lecithin-based extender on total motility
percentage of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of

incubation at 37°C

Hour of incubation at 37 0C (h)

Sunflower (SF) level Overall mean
0 2 4

1.5% 34.6 21.8 9.0 21.80°

3.0 % 53.2 37.6 18.0 35.20°

4.5 % 56.8 34.6 142 36.26"

6.0 % 41.8 18.8 6.8 22.46°
p-value >0.05 <0.05
SEM" 3.29 2.36 1.45

Treatment contrast (p-value)

Linear ns ns ns
Quadratic 0.0034 0.0002 0.0024
Cubic ns ns ns

** Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean

ns no significant difference (p>0.05)

p— Trt
—1.0
SF4.5% ——20
SF3.0% S 30

—4.0
S0.0 .

SF6.0% o
40.0

SF1.0% =

30.0—

Motility (%)

20.0

10.0-

0 2 4

Incubation time (h)

Figure 16 Effect of different levels of sunflower lecithin-based extender on total motility
percentage of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of

. . (O]
incubation at 37 C
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Table 18 Effect of different levels of sunflower lecithin-based extender on progressive motility

percentage of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation

0
at37 C

Sunflower (SF) level

Hour of incubation at 37OC (h)

0 2 4
1.5% 20.0° 14.6° 4.8
3.0 % 33.4" 19.6" 10.4°
45% 37.0° 21.0° 8.8"
6.0 % 28.6" 11.2° 3.2°
p-value <0.05
SEM" 2.19 1.35 0.85
Treatment contrast(p-value)
Linear ns ns ns
Quadratic 0.0042 0.0002 0.0006
Cubic ns ns ns

“** Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean

ns no significant difference (p>0.05)

40.0— Trt

B
oooo

30.0—

20.0—
SF 1.0%

10.0—]

Progressive motility (%)

0 2 4
Incubation time (h)
Figure 17 Effect of different levels of sunflower lecithin-based extender and incubation time on

progressive motility percentage of frozen-thawed sperm
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Table 19 Effect of different levels of sunflower lecithin-based extender on average path
velocity (um/s) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of

. 0
incubation at 37 C

Hour of incubation at 370C (h)

Sunflower (SF) level Overall mean
0 2 4

1.5% 90.36 85.16 87.76 87.76"

3.0% 89.58 90.88 95.46 91.97°

4.5% 87.80 85.24 75.76 82.93"

6.0 % 75.90 71.36 70.40 72.55"
p-value >0.05 <0.05
SEM" 2.96 3.31 4.18

“® Different superscripts within column indicate a significant difference (p<0.05)

SEM " standard error of mean

Trt

1.0
—2.0

100.0—

— 4.0

as.0—

0.0

5.0

VAP (um/s)

80.0=

5.0

0.0

Incubation time (h)

Figure 18 Effect of different levels of sunflower lecithin-based extender on average path
velocity of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation

at 37°C



47

Table 20 Effect of different levels of sunflower lecithin-based extender on straight-line velocity

(um/s) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation

at 37°C
0
storage at 37 C (h)
Sunflower (SF) level
0 2 4

1.5% 68.38 65.62 66.02
3.0% 67.70 69.36 72.02
4.5% 67.36 66.20 56.58
6.0 % 62.02 62.96 61.46

p-value >0.05

SEM” 2.03 1.52 2.75

SEM " standard error of mean

Trt
—1.0
—20

3.0
s —a0

F5.0

70.0—
SF 1.0%:

SF3.0% \

SF4.5% T

-

55.0-

VSI. (um/s)

SF6.0%
60.0—

55.0—

Incubation time (h)

Figure 19 Effect of different levels of sunflower lecithin-based extender on straight-line
velocity of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation

at 37°C
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Table 21 Effect of different levels of sunflower lecithin-based extender on curve-line velocity

(um/s) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at

37°C

Sunflower (SF) level

Hour of incubation at 37°C (h)

Overall mean

0 2 4
1.5% 155.78 142.62 161.32 153.40°
3.0% 145.88 155.24 172.76 157.67°
4.5% 138.24 136.34 108.56 127.71°
6.0% 114.50 110.48 112.14 11237°
p-value >0.05 <0.05
SEM" 5.93 6.79 9.20
“® Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean
180.0-] Trt
——
— 3o

VCL (um/s)

160 .0—

140.0=

120.0—

100.07

SF 1.0% .

SF3.0% o

SF4.5%

SF6.0% —_

Incubation time (h)

Figure 20 Effect of different levels of sunflower lecithin-based extender on curve-line velocity

of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 22 Effect of different levels of sunflower lecithin-based extender on amplitude of lateral

head displacement (um) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour

of incubation at 37OC

Hour of incubation at 370C (h)

Sunflower (SF) level Overall mean
0 2 4
1.5% 7.18 6.76 7.38 7.10ab
3.0 % 6.82 7.22 7.94 7.32°
4.5% 6.32 6.30 6.28 6.30b
6.0 % 5.10 4.80 6.06 5.32°
p-value >0.05 <0.05
SEM" 0.26 0.30 0.35
“" Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean
5.0 Trt
—1.0
— 2.0
3.0
— 4.0

ALH (um)

5.0

5.0

4.0

SF 1.0% =

SF3.0% =

SF 4.5%

SF 6.0%

Incubation time (h)

Figure 21 Effect of different levels of sunflower lecithin-based extender on amplitude of lateral

head displacement of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of

incubation at 37°C
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Table 23 Effect of different levels of sunflower lecithin-based extender on beat cross frequency

(Hz) of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at

37°C
Hour of incubation at 370C (h)
Sunflower (SF) level Overall mean
0 2 4
1.5% 25.60 26.68 31.68 27.99°
3.0% 25.94 25.84 26.36 26.05"
4.5 % 23.26 27.00 22.09 24.12°
6.0% 24.54 24.12 27.26 2531
p-value >0.05 <0.05
SEM" 0.52 0.44 0.98
Treatment contrast (p-value)
Linear ns ns 0.0212
Quadratic ns ns 0.0051
Cubic ns ns ns

*" Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean

ns no significant difference (p>0.05)

Trt

—1.0
—— 2.0

32.07

——ao

BCF (Hz)

]

—

SF3.0%
SF 1.0%
SF6.0%

5.0

24.0—
SF4.5%

22.07

0 2 4
Incubation time (h)

Figure 22 Effect of different levels of sunflower lecithin-based extender and incubation time on

beat cross frequency of frozen-thawed sperm



51

Table 24 Effect of different levels of sunflower lecithin-based extender on straightness
percentage of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of

incubation at 37°C

Hour of incubation at 370C (h)

Sunflower (SF) level Overall mean
0 2 4

1.5% 73.20 77.20 72.80 74.40°

3.0% 73.20 71.80 71.40 72.15°

45% 74.80 71.80 67.00 71.20°

6.0 % 78.80 84.20 80.00 81.00°
p-value >0.05 <0.05
SEM" 0.87 1.44 1.78

“® Different superscripts within column indicate a significant difference (p<0.05)

SEM " standard error of mean

Trt

1.0
— 20

55.0

— 4.0

=0.0-

SF6.0%

75.0 SF4.5%
SF1.0%e—" )

SF3.0%

STR (%)

¥0.0

55 .0

0 2 4

Incubation time (h)

Figure 23 Effect of different levels of sunflower lecithin-based extender on straightness

percentage of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of

. . o
incubation at 37 C
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Table 25 Effect of different levels of sunflower lecithin-based extender on linearity percentage

of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

Hour of incubation at 370C (h)

Sunflower (SF) level Overall mean
0 2 4

1.5% 44.80 46.80 42.80 44.80°

3.0% 44.40 44.00 41.40 43.26°

4.5 % 48.00 44.20 42.40 44.86"

6.0 % 54.40 56.60 50.20 53.73°
p-value >0.05 <0.05
SEM" 1.20 1.49 175

“® Different superscripts within column indicate a significant difference (p<0.05)

SEM " standard error of mean

Trt

1.0
—— 2.0

B0.0—]

——an

5.0 SF6.0%

i0.0=

LIN (%)

SF4.5%

B SF1.0% __—
5.0 o

SF3.0% e

40.0—]

Incubation time (h)

Figure 24 Effect of different levels of sunflower lecithin-based extender on linearity percentage

o
of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37 C
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Table 26 Effect of different levels of sunflower lecithin-based extender on viability percentage

of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

Hour of incubation at 37 0C (h)

Sunflower (SF) level Overall mean
0 2 4
1.5% 40.2 23.8 7.3 23.74°
3.0% 50.0 26.2 10.4 29.20°
45 % 46.1 23.1 10.1 26.75"
6.0 % 38.9 20.0 6.2 20.27°
p-value >0.05 <0.05
SEM" 1.77 1.61 0.79

Treatment contrast (p-value)

Linear ns ns ns
Quadratic <0.0001 ns ns
Cubic ns ns ns

“" Different superscripts within column indicate a significant difference (p<0.05)
SEM " standard error of mean

ns no significant difference (p>0.05)

Trt
—1.0
——20

SF3.0% o 3.8
S0.0— R, :

B60.0—

40.0—]

30.0

Viability (%)

20.0

10.0=

0 2 4

Incubation time (h)

Figure 25 Effect of different levels of sunflower lecithin-based extender on viability percentage

of frozen-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 27 Descriptive statistics of fresh semen quality of experimental buck used in Experiment 2

(mean + SD)
Semen volume Progressive motility Sperm concentration
Lot no. N 9
(ml) (%) (x 10 cells/ml)
1 3 1.1+0.3 78.3+2.9 3.940.32
2 3 1.9+0.8 78.3+2.9 7.2+1.34
3 3 1.9+0.3 76.7+£5.8 6.7+2.57
4 3 1.9+0.2 75.0+5.0 4.5+0.3
5 3 1.8+0.2 75.0+7.1 6.9+3.14
Overall mean 1.7+0.4 76.6+1.6 5.840.55
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Table 29 Effects of seminal plasma removal and sources of lecithin-based extender on total motility

percentage of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

hour of incubation at 37°C (h)

group
0 2 4
Treatment combination
Control 722" 52.6 34.2"
RxSB3 % 56.6" 49.8 8.2"
Rx SF3 % 60.0° 55.8 23.6"
NR x SB3 % 54.0° 48.4 12.8"
NR x SF 3 % 59.2° 52.8 13.2°
p-value <0.05 >0.05 <0.05
Seminal plasma removal
R 58.30 52.8 15.9
NR 56.6 50.6 13.0
Sources of lecithin
SB 3% 553 49.10 10.5
SF 3% 59.6 54.30 18.4
Pooled S.E. 1.59 2.11 2.86

® Different superscripts within column indicate a significant difference (p<0.05)

0.0

G0.0—

40.0—]

Motility (%)

20.0—

control

> RxSF

NRxSF

NRxSB

> RxSB

2
Incubation time (h)

Figure 26 Effects of seminal plasma removal and sources of lecithin-based extender and incubation time on

total motility percentage of post-thawed sperm
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Table 30 Effects of seminal plasma removal and sources of lecithin-based extender on progressive motility

percentage of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

hour of incubation at 37°C (h)

group Overall mean
0 2 4
Treatment combination
Control 49.0 28.4 18.0 31.8°
RxSB3 % 294 23.8 3.8 18.53
RxSF3 % 31.6 21.0 14.0 23.80°
NR x SB 3 % 27.6 20.4 5.6 17.86"
NR x SF 3 % 33.0 25.8 8.2 21.80°
p-value >0.05 <0.05
Seminal plasma removal
R 30.5 24.8 8.9 -
NR 30.3 20.7 6.9 -
Sources of lecithin
SB 3% 28.5 22.1 4.7 18.20°
SF 3% 323 234 11.1 22.80"
p-value >0.05 <0.05
Pooled S.E. 1.39 2.01 1.22 -

" Different superscripts within column indicate a significant difference (p<0.05)

S50.0

410.0—

30 .0

20.0—

10.0—

Progressive motility

0=

control

, RxSF
NRxSF

NRxSB

Incubation time (h)

s
ooooo

Figure 27 Effects of seminal plasma removal and sources of lecithin-based extender on progressive motility

percentage of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 31 Effects of seminal plasma removal and sources of lecithin-based extender on average path velocity

(um/s) of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

hour of incubation at 37°C(h)
group Overall mean
0 2 4

Treatment combination

Control 89.08 75.18 62.06 75.44°
RxSB3 % 92.20 87.58 62.00 78.30°
Rx SF3 % 92.30 91.88 81.98 89.11°
NR x SB 3 % 91.80 83.92 59.10 78.30°
NR x SF3 % 100.86 93.06 71.28 90.32°
p-value >0.05 <0.05

Seminal plasma removal
R 92.25 87.90 71.99 -

NR 96.33 90.32 65.19 -

Sources of lecithin

SB 3% 92.00 85.75 60.55 -
SF 3% 96.58 92.47 76.63 -
Pooled S.E. 1.79 2.53 3.62 -

** Different superscripts within column indicate a significant difference (p<0.05)

110.0—
— 1.0

Nl
oooo

100 .0

Q0.0+

80 .0

VAP (um/s)

¥o.0

50.07

0
Incubation time (h)

Figure 28 Effects of seminal plasma removal and sources ot lecithin-based extender on average path velocity

of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 32 Effects of seminal plasma removal and sources of lecithin-based extender on straight-line velocity

(um/s) of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

hour of incubation at 37°C (h)

group Overall mean
0 2 4
Treatment combination
Control 72.12 55.78 47.38 -
RxSB3 % 66.12 60.46 49.72 -
Rx SF3 % 66.26 64.02 60.58 -
NR x SB3 % 63.38 61.72 47.82 -
NR x SF3 % 73.20 64.04 60.36 -
p-value >0.05 -
Seminal plasma removal
R 66.19 64.03 54.19 -
NR 68.29 61.09 53.63 -
Sources of lecithin
SB 3% 64.75 62.24 47.81 58.26"
SF 3% 69.73 62.88 60.01 64.20"
p-value >0.05 <0.05
Pooled S.E. 1.74 1.92 2.67 -
“® Different superscripts within column indicate a significant difference (p<0.05)
75.0] _TI:Q-S
—i

65 .0

0.0

55.0

VSL (um/s)

50.0—

45.07]

control

, RxSF

NRxSF

RxSB
NRxSB

024

Incubation time (h)

Figure 29 Effects of seminal plasma removal and sources of lecithin-based extender on straight-line velocity

of post-thawed sperm after thawing (0 hour) and 2 and 4 hour of incubation at 37°C



72

Table 33 Effects of seminal plasma removal and sources of lecithin-based extender on curve-line velocity

(um/s) of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

hour of incubation at 37°C (h)
group Overall mean
0 2 4

Treatment combination

Control 155.28 154.30 115.70 141.76°
RxSB3% 195.44 188.04 120.24 158.93"
RxSF3% 196.08 205.80 146.56 182.81°
NR x SB 3 % 191.70 178.56 104.48 158.27"
NR x SF 3 % 198.94 202.64 124.84 190.37"
p-value >0.05 <0.05

Seminal plasma removal
R 195.76 196.92 119.94 -

NR 195.32 190.60 137.00 -

Sources of lecithin

SB 3% 193.57 183.30 98.90 -
SF 3% 197.51 204.22 158.04 -
Pooled S.E. 5.00 7.33 11.58 -

"¢ Different superscripts within column indicate a significant difference (p<0.05)

210.0

150.0—

NRxSF

5

=] 150.0— )

=5 " RxSF
N

—
O

> 120.0+ -, control

. NRxSB
20.0— - RxSB

0 2 4
Incubation time (h)

Figure 30 Effects of seminal plasma removal and sources ot lecithin-based extender on curve-line velocity of

post-thawed sperm after thawing (0 hour) and 2 and 4 hour of incubation at 37°C
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Table 34 Effects of seminal plasma removal and sources of lecithin-based extender on amplitude of lateral

head displacement (um) of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at

37°C
hour of incubation at 37°C (k)
group
0 2 4
Treatment combination
Control 6.46 7.06 5.68
RxSB3 % 8.38 8.34 6.64
R x SF3 % 8.16 8.92 7.20
NR x SB 3 % 8.50 8.12 6.06
NR x SF 3 % 7.96 8.52 6.48
p-value >0.05
Seminal plasma removal
R 8.27 8.63 6.92
NR 8.23 8.32 6.27
Sources of lecithin
SB 3% 8.44 8.23 6.35
SF 3% 8.06 8.72 6.84
Pooled S.E. 0.16 0.22 0.49

“® Different superscripts within column indicate a significant difference (p<0.05)

9.0

NRxSF

= RxSF
7.0

ALH (um)

., NRxSB
- RxSB
~ control

6.0

5.0

0 2 4

Incubation time (h)

Figure 31 Effects of seminal plasma removal and sources of lecithin-based extender on amplitude of lateral

head displacement of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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Table 35 Effects of seminal plasma removal and sources of lecithin-based extender on beat cross frequency

(Hz) of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

hour of incubation at 37°C (h)

group
0 2 4
Treatment combination
Control 25.62 26.00 25.18
RxSB3 % 31.96 28.08 23.36
Rx SF3 % 30.64 29.80 23.58
NR x SB 3 % 28.76 27.00 25.60
NR x SF 3 % 29.20 28.10 24.76
p-value >0.05
Seminal plasma removal
R 31.30 28.94 24.04
NR 28.98 27.55 25.18
Sources of lecithin
SB 3% 30.36 27.54 24.48
SF 3% 29.92 28.95 23.17
Pooled S.E. 1.21 1.29 1.7
Trt

32 0 RxSB «

30.0—

25.0

BCF (Hz)

26.0-
control .

24.0-

2207

0 2 4
Incubation time (h)
Figure 32 Effects of seminal plasma removal and sources of lecithin-based extender on beat cross frequency

of post-thawed sperm after thawing (0 hour) , 2 and 4 hour of incubation at 37°C
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Table 36 Effects of seminal plasma removal and sources of lecithin-based extender on straightness

percentage of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

group

hour of incubation at 37°C (k)

0 2 4
Treatment combination
Control 78.60 73.60 77.00
RxSB3 % 69.00 70.60 81.40
Rx SF3 % 69.20 66.60 73.40
NR x SB 3 % 67.40 70.40 82.80
NR x SF 3 % 69.60 64.80 84.20
p-value >0.05
Seminal plasma removal
R 69.10 68.60 77.40
NR 68.50 67.60 83.50
Sources of lecithin
SB 3% 68.20 70.50° 82.10°
SF 3% 69.40 65.70° 78.80"
p-value >0.05 <0.05 <0.05
Pooled S.E. 1.00 1.22 2.35

“® Different superscripts within column indicate a significant difference (p<0.05)

0.0

85.0

B0.0—

T75.0

STR (%)

T70.0

65 0

B50.0-

RxSB

NRxSB

= control

= NRxSF
RxSF

Figure 33 Effects of sources of lecithin-based extender and incubation time on straightness percentage of

post-thawed sperm

2

Incubation time (h)
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Table 37 Effects of seminal plasma removal and sources of lecithin-based extender on linearity percentage of

post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C

hour of incubation at 37°C (h)

group Overall mean
0 2 4
Treatment combination
Control 54.00 41.00 45.00 -
RxSB3% 34.40 36.20 54.00 -
RxSF3% 35.60 32.80 43.80 -
NR xSB 3% 34.00 36.00 58.00 -
NR x SF 3 % 38.40 31.80 38.80 -
p-value >0.05 -
Seminal plasma removal
R 35.00 34.50 46.30 -
NR 36.20 33.90 54.50 -
Sources of lecithin
SB 3% 34.20 36.10 53.40 42.10"
SF 3% 37.00 32.30 47.40 36.86"
p-value >0.05 <0.05
Pooled S.E. 1.58 1.54 3.55 -
** Different superscripts within column indicate a significant difference (p<0.05)
B50.0] "
NRxSB —_— 14
30
——an
55.0 RxSB s.0
50.0
g _ control
E 45 .0 o
= RxSF
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o
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Figure 34 Effects of seminal plasma removal and sources of lecithin-based extender on linearity percentage

of post-thawed sperm after thawing (0 hour), 2 and 4 hour of incubation at 37°C
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NRxSF and E: control group)
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Table 38 Effects of seminal plasma removal and sources of lecithin-based extender on sperm membrane and

acrosome integrity of frozen-thawed sperm after thawing

Parameters (%)

group
MAI MDAI MAD MIAD

Treatment combination

Control 56.82 0.12 37.22 9.60

RxSB3 % 42.44 0.20 43.12 14.26

Rx SF3 % 40.42 0.10 45.68 13.78

NR x SB 3 % 36.68 0.34 51.94 11.18

NR x SF 3 % 47.70 0.12 41.20 11.00
p-Value >0.05 >0.05 >0.05 >0.05
Seminal plasma removal

R 41.43 0.15 44.40 14.02

NR 42.19 0.23 46.57 11.09
Sources of lecithin

SB 3% 39.56 0.27 47.53 12.72

SF 3% 44.06 0.11 43.44 12.39
Pooled S.E. 0.35 2.47 2.60 0.78

MAI: membrane acrosome intact sperm, MDAI: membrane defect and acrosome intact sperm, MIAD:

membrane intact and acrosome defect sperm, MAD: membrane and acrosome defect sperm
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Appendix Table 1 Composition, pH and osmotic pressure (mOsm/kg) of the different freezing

media dissolved with Tris-base with 7% glycerol

Extender pH Osmotic pressure
SB 1.5% 7.0 1320
SB 3.0% 6.8 1349
SB 4.5% 6.8 1358
SB 6.0% 6.8 1410
SF 1.5% 6.9 1330
SF 3.0% 6.8 1336
SF 4.5% 6.7 1365
SF 6.0% 6.7 1386

EY 20% 6.7 1380




Table 4 Summary of analysis of variance for total motility (MOT), progressive motility (PMT), average path velocity (VAP), straight-line velocity (VSL),
curve-line velocity (VCL), amplitude of lateral head displacement (ALH), beat cross frequency (BCF), straightness (STR), linearity (LIN) and

viability of frozen-thawed sperm in different levels of soybean lecithin-based extender and incubation time at 37 °C

Level of significance (P-value)

Source of variation

MOT PMT VAP VSL VCL ALH BCF STR LIN Viability
Incubation time <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Treatment <0.05 <0.05 ns ns ns ns <0.05 ns ns <0.05

Incubation time x treatment <0.05 <0.05 ns ns ns ns ns ns ns ns




Table 16 Summary of analysis of variance for total motility (MOT), progressive motility (PMT), average path velocity (VAP), straight-line velocity (VSL),
curve-line velocity (VCL), amplitude of lateral head displacement (ALH), beat cross frequency (BCF), straightness (STR), linearity (LIN) and

viability of frozen-thawed sperm in different levels of sunflower lecithin-based extender and incubation time at 37 °C

Level of significance (P-value)

Source of variation

MOT PMT VAP VSL VCL ALH BCF STR LIN Viability
Incubation time <0.05 <0.05 ns ns ns ns <0.05 ns ns <0.05
Treatment <0.05 ns <0.05 ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Incubation time x treatment ns <0.05 ns ns ns ns ns ns ns ns




Table 28 Summary of analysis of variance for total motility (MOT), progressive motility (PMT), average path velocity (VAP), straight-line velocity (VSL),

curve-line velocity (VCL), amplitude of lateral head displacement (ALH), beat cross frequency (BCF), straightness (STR), linearity (LIN) and

viability of frozen-thawed sperm with and without seminal plasma remove and sources of lecithin based-extender compared to egg yolk extender

and incubation time at 37 °C

Source of variation

Level of significance (P-value)

MOT PMT VAP VSL VCL ALH BCF STR LIN
Incubation time <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Treatment <0.05 <0.05 <0.05 ns <0.05 ns ns ns ns
AB <0.05 ns <0.05 ns <0.05 ns ns ns ns
A ns ns ns ns ns ns ns ns ns
B <0.05 <0.05 <0.05 <0.05 <0.05 ns ns <0.05 <0.05
Incubation time x treatment <0.05 ns ns ns ns ns ns ns ns
Incubation time x AB ns ns ns ns ns ns ns ns ns
Incubation time x A ns ns ns ns ns ns ns ns ns
Incubation time x B ns ns ns ns ns ns ns <0.05 ns
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