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Effects of cooling on survival of swine spermatozoa
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Abstract

Effects of cooling of semen on survival of spermatozoa were studied in swine. The main

effects studied were incubation before cooling, centrifugation of semen and rates of cooling.

Incubation at room temperature (28°C) for 0.5 and 1.0 hour did not enhance the
percentages of sperm motility and mean value ranged from 54.38+3.67 to 56.8713.63 %.
The percentages of progressive motility declined from 10.4712.13 % in semen incubated at
37°C for 0 hr to 7.8111.54 % in semen incubated at room temperature for 1.0 hr (p < 0.05)
but not significantly different from those at 37°C for 0.5 hr and room temperature for 0.5 hr

(8.7511.93 and 10.31%1.78 respectively, p < 0.05). The percentages of hypermotility was

not aftected by incubation and ranged from 7.19 to 8.75 %,

Incubation at room temperature increased the sperm track velocity to 291.70%4.39 and
286.8915.21 um/sec in 0.5 and 1.0 hour respectively when compare to incubation at 37°C

for O hour (278.40X4.15 um/sec, p < 0.05). This effect was not pronounced for the short and

direct velocities. |

Cooling reduced all the parameter measured. Sperm motility declined from 75.6311.44
% before cooling to 35.9411.25 % after cooling {(p < 0.01). The progressive motility declined
from 17.341.15 to 1.3310.28 % (p < 0.01) and the hypermotility declined from 10.6310.67
to 4.9230.39 % (p < 0.01). Cooling reduced the track velocity from 308.5413.13 um/sec to
259.0613.40 um/sec (p < 0.01), the short velocity from 271.8112.49 um/sec to 173.0711.84

pm/sec (p < 0.01) and the direct velocity from 222.8912.73 um/sec to 126.9611.88 LM/sec
(p <0.01).

Centrifugation before cooling increased sperm motility form 51.251+5.64 % in control

group to 57.81%4.39 % (p < 0.01) in semen centrifuged at 500g, had no effect in semen

subjected to 800g and 1000g centrifugation. There was no centrifugation effect on the
progressive motility but the hypermotilities were higher in centrifugation groups (7.0311.45,
6.2511.42 and 6.2511.62 % in oL0g, 80Cg and 1000g groups respectively compared to
3.5911.01 % in control group, p < 0.05).
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The track velocity decreased from 287.5014.70 um/sec in control group to 279.81F
4.25, 267.4414.46 and 263.6714.95 um/sec in semen centrifuged at 500g, 800g and 1000g
respectively {p < 0.01). The short velocity in 800g group (186.0614.09 um/sec) was lower
than the control group (192.1813.91 um/sec, p < 0.05) and the direct velocity started to
declined when centrifugation reached 800g (137.13X4.42 and 189.8913.63 um/sec in 800g

and 1000g groups respectively when compared to control group (149.48+4.09 um/sec, p <
0.05).

Cooling reduced sperm motility from 80.4710.47 % before cooling to 25.55X1.41 %
after cooling {p < 0.01). The progressive motility was reduced from 25.6310.80 % to 9.38+
1.75 % (p < 0.01) and the hypermotility from 11.09%1.02 to 0.4710.18 % (p < 0.01). The
track velocity decreased from 336.491T2.48 to 212.72+1.79 um/sec {(p < 0.01), the short
velocity from 243.5412.46 to 138.901+1.17 um/sec (p < 0.071) and the direct velocity from

187.2313.08 to 97.91%1.43 um/sec (p < 0.01).

The rate of cooling from 37°C to 18°C increased sperm motility from 52.3415.1 % in
control group te 60.311£3.72, 60.3113.98 and 62.50%3.11 % in semen cocled down at the
rate of 0.5, 1.0 and 2.0°C/min respectively (p < 0.01). The progressive motility in control
group (18.2811.70 %), on the other hand, was higher than those in semen cooled down at

the rate of 0.5, 1.0 and 2.0°C/min (10.94+0.91 12.347+1.03 and 15.47+0 96 respectively, p

< 0.01). The highest hypermotility was in 2.0°C/min group (3.91X0.86 % compare to 2.34%

0.95 % in control group, p > 0.05)

The track velocities were higher when cooled down at the rate of 0.5 and 1.0°C/min
(336.61X1.74 and 305.07%2.90 um/sec) when compared to control group (297.62+4.03
um/isec, p < 0.01). The short velocity reflected the same pattern and velocity in 0.5 and 1.0°
C/min groups (201.5012.21 and 188.8412.49 um/sec, respectively) were higher than that of
control group (180.061:3.15 um/sec, p < 0.01). The direct velocity in control group (138.47%

3.64 um/sec) was lower that that of 0.5°C/min group (154.8313.21 um/sec, p < 0.01).
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Sperm motility before cooling (78.7510.47 %) reduced to 38.9811.96 % after cooling

(p < 0.01). The progressive motility reduced from 17.0310.94 % to 11.48+0.74 % (p < 0.01)

and the hypermotility from 5.380.55 to 0.3820.17 % (p < 0.01}. The track velocity reduced
from 348.9411.44 um/sec before cooling to 271.70F2.08 um/sec after cooling (p < 0.01).
The short velocity reduced from 207.5911.74 to 165.22F1.72 im/sec {p < 0.01) and the

direct velocity from 160.72%2.49 to 122.9112.02 um/sec (p < 0.01).

We concluded that incubation at room temperature (28DC) enhanced semen guality

while centrifugation reduced sperm velocity. Cooling semen slowly from 37°C to 18°C

resulted In better semen quality.
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Effects of Incubation
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i Effects of Incubation
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Effects of Incubation
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Effects of Centrifugation
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Effects of Centrifugation
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Effects of Cooling Rate
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Effects of Cooling Rate

10.00-

8.00 -

— o ——— e e e e e e o i ! e o= e 5 e

O Before cooling
s . B After cooling

A
e
4.004"

v

% hypermotility

2.00-

0.00-

Control  05C/min  1C/min  2C/min
Rate of cooling

A [ iy, E j -H'.d I J ; ' 1 ar
3UN 15 uaveamInITangruuluielsefasaraainisindouiiot 1aguusnauuaTuds

NITAAY NN

Effects of Cooling Rate

400.00-

N\

300.00

—_

. — K
-

200.00 o 1
O Before cooling

Track velocity
{micron/sec)

100.00 - W After cooling

0.00-

Control 0.5C/min 1C/min 2C/min

Rate of cooling

2
ay

o i e s i - . o
JUN 16 NAIAIDRIINITAAUUATHULTENNAEANNFIMINNNTENNE] NEULAZUAINITAA

HOUNNA



HAYBNNITARDUNNAFABNITIBATINUBNBFAGNT

28

.

250.00 -

200.00 -

150.00 -

100.00 1

50.00

Short velocuty {(micron/sec)

0.00-

BLUNNA

Direct velocuty {micron/sec)

0.00

NN

Effects of Cooling Rate

Control

0.5C/min 1C/min 2C/min
Rate of cooling

-l a -y ‘l'; ;l; -ﬂlﬂi 1 [~ 1 - £
sUN 17 NareednsINITasguTaRfaAs NG NAAT8904R

]
Before cooling

W After cooling

ADULASURAINITAR

200.00,7

150.00 L

100.00 I
50.00 L

Effects of Cooling Rate

— oy

Control

0.5C/min  1C/min  2C/min

Rate of cooling

JBefore an]ing_

B After cooling

HOUUN N

<) s o, 0 = - |
51U 18 WRTBIZATINITAARIUNLNUNTEVHADATIHITIN INATIUDIDAS

° A a

=y

ABULAZURINITAR



NATBINITRAD N NFIBNITI0ATINYBIRGIANT 20

AT lunNnARaUNTeRgA IdTuNanTEnUAnnIaa U R e el fufas ar e

NISLARAUNTBIEAA WLIIANTAIAIINFIIINNNAARIANN 348.94F1.44 TuasawAund fawnis

£y

anguund N ullu 271.7012.08 luasawauni udaniranaunnil (p < 0.01) ANIEINIIEREA

U

a4910 207.59%1.74 lupsew/Aun neuntsaaguunil nutlu 165.2241.72 Tuasau/Auni ud

iy

NFAARIUNAN (p < 0.01) UATAMNISIMNANAAAIRIN 160.7212.49 luAsaw/AuIN nauntsan

a

grunni i 122.9122.02 lupsawiuni udenisasanuunil (p < 0.01)

LY



HAYENNITRARIUNNADNT78ATIAYBIBAAGNT 3()

331504

[
|

AuIrasedatAlugiud Ay dlssnaunisfindudn dmadanninanesle a9

aﬂf i sl ot o o i i l:l'- o & [ o =y 0
£ I AIANNITIDARANANNAA YN LUUAUBNAABIIENNUA N AN UETEUTNANNITIBGA AL

b_

be

F o

ANNANUTOINUG (Harvey, 1960; Aitken, 1990) FauanalfiuinAArnsisagaanatlusinied
AINANYIIRUTI090QALABNN NI 119918909943 AN TR AN TNAINITTRAIHITI 1R

= ot o3 =i -=H' as -=-'ll -dl-d' v e F-3
AR A LALNIILTUNNUALUAAINARALNIMNDTATE UL NITIARDUNNLYIATI1D924R

W19 ENNITNANENANITUBLNUNTNAIENNTUILE I UIUNRANAITARIN N9 1T

daianisnanneng Al duT@eanidluvan (Rez@nd, 2526) Fenseuaunisdauluoaenesie

- 4 L b 7 Vv v 1
4

NNITIREAIUNTBUATINNTAAR UM N 1NLTE UANAINUUETAHNI IR UININ IR T BT
Q ol d: ol E -=’I'I" ¢ & ::, E 3 s +
avTuan? (Johnson et al., 2000) T91UNTEUIUNSNIUNTDLTUIINYR WUILTRALADINIUNTA

i 1
1

arunniatnUseanns 37° Wadoa aaNIINgUUANTAINIRaEanuluRanInIni LN ¥ia

L

Nl TadamAuly 2-3 wLLﬂ“mﬂ'nmL'n@LL'ﬂmewﬂumL'ﬁfammmunﬁ'”mums'l,um:"

L

F 1
amneiLun u@ﬂf-‘nﬂuumrﬂﬂﬁnmmmmhmmmmammu (Johnson et al., 2000} MINaR

% U U

¥ X
gungAudegnsangmaisenuasnifiingy 15° wadua ethamadafiasinlishes?
X
FNELWNNINTY
! o o b i . E 3 t.ulil o Y i 'I:l' ) lil o
agalefimnn  Wetinvreguindagns ingnumpivasilunaivaiodiluanaunaciinis

F - -] £ 2= . ¥ I ' iy, ydg
aagouuniautTon IfagaNA N unIwien R aguuni lARaw  (Pursel et al,

1973)

naaInnImaaedlursuatuildwudinisunindeneunisanguuu) il luinasanisan

| I
= aa| ar 1 1 =l

ARDUTITRNDAA (NINARRIN 1) NMINARBIAINGIINARDUNITLNNYMNN 37° aiTaa wash

k| q
2

28° walfiua TaenAdaatuNITNARey Eriksson waramy (2001) Tudawnlsiniigen 15°
aTes waziamaliiiuindresnisiadeun ilarunanssnulugasainisangui atels

ARTNNITNARDITDITNT I LI UIN VA IR N LT U LA SR AN U NIRTIRE LA TUNANTSNURINNTTLN

TSS90 4N ST U AU MAs e @ I Sudanistn? 37° wadua uash 28°

aadea WlEnaAunty Folddlifausuiuiasfenini e figamafidna

lunszumumsindadantudsgnsludaqiuinuusi iininaalin  15° wadea 49

d: -ﬂl b o Hi = = yr I al v é'r
ToHEIATININ PADAARIDINUNITNBRIRTINITOHNAMUATUNIUADNITE qumﬂqulﬂm RksIRP!



NAYBNNITRADUNNHFIAN TR TIATENeAAGNT 31

(Pursel et al., 1973) anuziAEfuEwLIMIIINT@eRauni 28° wadea TelndiAseriu

= i T 4 i o L dl =, ol a=§ I N
gaungivaretszinaluuouiau il ldnissauinatesdangundinszuauntsainng

mﬁ*ﬁmmaﬂuﬁé’ﬂﬁmwmmm’%’*wm@q Fawudnmisund 37° wadua funan 30 wnd

NN WANITMEaU M AaRY L T, 'LuwwiuLLmnmqmn'Lunﬂummu W

b_

ﬁmmﬂumi‘ﬂ:fqmuqﬁ 37° wades Hugnmpiifmnranlunnedewfiveacesd Wefialih

-‘:' ‘4' & 5 v as L ey b = o I 1
‘ﬂqmuﬂuNuLﬂuﬁ'ﬁﬂﬂL’]ﬂ"luu'ﬂﬂ’EI"]""?ﬂqlﬂﬂﬂ@l’ﬂﬁﬂﬂqqu@utﬂﬁﬂuﬂﬂf‘N LLﬂz’ﬂﬁ;QNﬂqu’ﬂﬂuﬂquﬂ

J q.-::'d o =

g saduaeraduldlsnnisunngomgll 28° wadua livinliagairdeufisianiuianas

E ]

I 3 --=II I -I‘ O 9 | 2 - 4 =y aft ) 2 Y -H. -
gt leimuiiasannnistai 37° wadoa ildacudiagianas Aelsuuni iuuhgoumni

mna lidusrazinaunu wenandudiinenunisundn@e 38° walss wunnlieqadl

N1972ATIMUBLAY (Maxwell and Johnson, 1996) uAeNtututadunmsanana

o

dufunsnindedaiiaaudd fy WTNVAIRNUEUTIUA I LA LA ZA LN BN aNN T

sl [ -‘l I..i'lﬂ: j i - ] cE ::r I E j Iﬂl B - | [V
Nrtudidie lfindeanviewnaguaiinisududaduy nisUnimegnsh 37° wadua wad
ANATAWIINNITULUES Az iAFTiIaINIsARaulAndInsiin i wssiatelussasiaa

Munzan (lkeda et al., 2002)

Hasanindeansianidnduatuasitfunasuin (Rsdn®, 2528: Asdnd waz 259,

2545) mi‘mmL'n'aLL‘ﬂLLﬁJqqqm@dl‘nLﬁmmmn (Holt, 2000) waZiUuN1s8IN TLAITLAWEAUALNNS

oy

Auine Wwonansdldfnswunivafieusneadeanaininde edneead viaieniliesd

1 i J ! v oF
VIHTUD NRWATTTLN

- &

i i - o al VR
N7 ﬁ‘uqumf}ﬂd'ﬂ’]ﬂuﬂﬁ‘ﬂﬂ‘muﬁlMﬂﬁiﬁm'ﬂ LY MBI AR PN LINLRN T o B TIATNEN ﬂ’lﬁ"ﬂl}lu

1
=iy

p A o e A q o i ¥ o o o oay
Mt LAEIENIZINANINTUN UM 4ATUT WANNTA AuReFAaInT 9T n = T e lvienaunu wan

nbL T4 off b

@:uuumfﬁmlﬁlmﬂﬁquﬁﬂﬂﬂﬂmnfaqfq fafraraalianuusegeiasidnaduiifuniniio
We LLm'ﬁ@:ﬁﬂﬁﬂqﬁlﬁi"ummm:mm‘mmn@e wntdacuusesfiazdesldnaimninienan-
Wagdmeluszuinefivyuniesiuldinnty  Snnsfnmuanssnuaasnnuusuassszonnd
wrnzanlun gV sseaianadesnan 'atm’l.?ﬁmuﬁnﬂfl‘i'nﬁfu:gul.ﬁﬂeluﬂﬂﬁwLﬁqﬁﬁ
L%‘ﬂ@ﬂﬁ‘ﬁi’mﬁ'ﬂﬂi.‘ﬁu 350g \Waa1 10 WM (Cordova et al., 1997) 500g fuaan 10 W
(Sanchez-Prieto et al., 1995) 600g Wulna1 5 U (Zeng et al., 2001) 700g {luIa1 20 14
(Cerolini et al., 2000) 800¢g Wuaan 10 wan (Cordova et al., 2002; Eriksson et al., 2002:

:

Kikuchi et al., 1997: Park and Yi, 2002 Yi et al., 2002) 1134611



HANBNNTTAARMNLSIBN1778ATINIBNRGAGNT 39

Tuseanuinuiinsuyansit 500g Wuean 10 wid finlinasinaauireseqaaniings
s s = . v & v = |
ALANLATNANTIuuMAtefusefiainndt  wassliiiudiuinsmuuisasinansynuae

di -il £ I-ﬂ. - dl Q o < Fror o v - T o
NITLARBUNUBIDYR Wi ldusafiimsnsanatavinlead iFuduasmetestsenauiunisladu

o (2 o & % oY e r _ % o - e =
ﬂ’\ﬁ'LQ@@WQIVINQQQWQ%WIWI’Tqﬁ'Lﬁﬂ’ﬂu'ﬂﬁﬂ’]qﬂﬂﬂﬂquﬂﬂiﬂ luﬂqu’ﬂQLﬁHQﬂu ﬂqﬁﬂHuLﬁQ'ﬂ\?ﬂ

| % = B 1 R l Pt [ o ' I
Ausagandnanann Weqd leFudunsuinnnd Aslldrnneadeuiisindr lunguauay

dauaanui lunisiadaufiresegidanyumissdoaarinues 500g {unan 10 uny
gl A liwansneainnguaduan fsenadlulylddeqddl "W Ae wefidudsanuin
" 1 : Y K VI o, T o s miw = =
T (ANAINTTEARURTII) ua A vieauiEalunsiedeuiideaadin Twaneving

ni 9 -I' k o T ﬂ‘ :Hl ) o gd o Lo
mgumqmmmwwmnmwﬂumm*&mmummmmmmwu Nﬂﬂ’i’i‘ﬂﬂﬂ'ﬂﬁ%ﬂuﬂlﬂﬁﬁ’m’l?

P 2 e

-HI r Jﬂ"’ di o e ) T ol 1 = 3 ' -'Hl
wyuwiE@egns? 500g Whunan 10 wii aslinad atelsfinudeyaiiiagidenditer

LazAT A FUNT AN BanansENLAInN Ty UMl Aengagn s \widyna Y sald

TunsAnmafaillsAnmdnsnisanguugiiann 37° wades aanne 18° wadea 1

nsraeuTirangan idiunsangnumniiaenisauani 05-2° waduanni Winadindinag

MY

angoamiuuuiild ity WegiiAanaiilunisiadeufizesagdlunisangumgiiiidngalu

o e =i Yy  alal v o R a m o e -1 o
AsnAaed (0.5° wadaa/uny) arliuamnagsn AU RtudstuIwIINITanfUYNUIIRANTEN
r

¥ 3, s £ ' % = B ﬂi ar ok P = 9 o
asdiaaliiBnrangnumnliednedrn Taduldmadeyaniuninliireadqneaciofunansznusin

A e

nsdemitasananuiulduindleiinnsasguuniiaderadianguingisanieasun 15°

adad (Johnson et al., 2000) uAliaagagnslAsunisUNN15° FATLA WLUNATNAUT e

asv ¥ ansnduniusenistaaiinsainadiuld (Pursel et al., 1973)

oy a u & ol e ¥ X o, e
atalefimn n1saaguuaRuTegnidsavet fulTuirrranindenis lasasulnnusn

a 9
1
i

-E j g ) il o 2 -=HI
N98AUUANYNTeIENdndTHARY W lANTEla UWE uATuN: lFfunansenuUeeiiadann

E j ﬂ: = b nl ‘ﬂ' g = & = 7 F -3 E J lli‘
Funrresindehasguuoivon lwnueiiidegnslFuinsuin w1 lvigum)ieasunigay

ad. =y tg F- = v g 1 -=il =5 a E Ig :.:' o I = -.}t' --=flI a=y
apaaN U N LRI TR IATINI M LTI AL NI TR NTANUT  NAPRINRIIRENNINTUNER

nsasatunpiiatnasmiainlifianuunnsineresguuunil uasiniegiseatimianas

ArutudeinTeansdamFAINITA TN IWEEIBINANTENLAINNITAAG U H lunatu

I “I 2 -4 - ::' ; "“' = e 1 lﬁl
g faufartUsraunadndalunisutuds  vslliliasannagdgnsiiasnlasanisuldsuilas

aomafiunnnindndaulaeiald



NAYBNNITAND UV NABN 1778 TINUANOGIANT 34

UTTUIYNTN

Wednd quslefu. 2528, niswanfiEN. AAITIARIANART,  AUENTWAINIEIINTR,

NMINENAL AR IUATUNT, VA lued.

F

AsAns anBletu uay 299 adienATnd. 2545, UftRnnsnnsuasifiny. naiedan

ANRRT, ALLZVIWENTETTNTNE, NUNINLNREAIUTRTIUATUNS, YA LY.

; - [ e % F_ % g =k -
ArrdAnm Qunfseinl. 2526, nmsnanfianluvy. NAMNGRANART-ERNTINEIUAZANEN

NTAURUG AEARUNNEAIARAT AANAINTAUNININGIRE, NN,

Aitken, R.J. 1990. Motility parameters and fertility. In C. Gagnon (Ed.) “Control of Sperm
Motility: Biological and Clinical Aspects”. CRC Press, Boca Raton, pp. 285-302.

Bwanga, C.O. 1991, Cryopreservation of boar semen. | a literature review. Acta Vet.

Scand., 32:431-453.

Cerolini, S., Maldjian, A., Surai, P. and Nobie, R. 2000. Viabiiity, susceptibility to
peroxigation and fatty acid composition of baor semen during liquid storage.

Anim. Reprod. Sci., 58:99-111.

Cordova, A., Ducolomb, Y., Jimenez, |., Casas, E., Bonilla, E. and Betancourt, M. 1997.
In wvitro fertilizing and chromatin condensation of deep frozen boar semen

packaged in 0.5 and 5 ml straws, Theriogenology, 57:2118-2128.

Cordova, A., Perez-Gutierrez, J.F., Lieo, B., Garcia-Artiga, C., Alvarez, A., Drobchak, V.
and Martin-Rillo, S. 2002. In vitro fertilizing and chromatin condensation of deep

frozen boar semen packaged in 0.5 and 5 ml straws. Theriogenology, 57:2119-

2128.

Eriksson, B.M., Petersson, H. and Rodriguez-Martinez, H. 2002. Field fertility with
exported boar semen frozen in the new FlatPack container. Theriogenoclogy,

08:10065-1079.



NAYBINITRADU)NFBN 70N TINYBIDGAGNT 35

Eriksson, B.M., Vazquez, J.M., Martinez, E*A.,' Roca, J., Licas, X. and Rodriguez-
Martinez, H. 2001. Effects of holding time during cooling and of type of package
on plasma membrane integrity, motility and in vitro oocyte penetration ability of

frozen-thawed boar spermatozoa. Theriogenology. 55:1593-160%.

Harvey, C. 1960. The speed of human spermatozoa and the effect on it of various

diluents, with some preliminary observations on clinical material. J. Reprod. Fertil.,

1. 84-95.

Holt. W.V. 2000. Basic aspects of frozen storage of semen. Anim. Reprod. 5Ci, 02:3-

22.

Ikeda, H., Kikuchi, K., Noguchi, J., Takeda, H., Shimada, A. Mizockami, T. and Kaneko,
H. 2002. Effect of preincubation of cryopreserved pocine epididymal sperm.

Theriogenology, 57:1308-1318.

Johnson, L.A. Weitze, K.F., Fiser, P. and Maxwell, WM.C. 2000. Storage of boar

semen. Animal Reproduction Science, 62:143-172.

Kikuchi, K., Nagai, T., Kashiwazaki, N., Noguchi, J., Ahimada, A., Soloy, E. and
Kaneko, H. 1997. Cryopreservation and in vitro fertilization of pig sperm coilected

from refrigerated epididymes. Thericgenology, 47:258.

Maxwell. W.M.C. and Johnson, L.A. 1996. Membrane status of boar spermatozoa after

cooling or cryopreservation. Theriogenolegy, 48:209-219.

Park. C.S. and Yi, Y.J. 2002. Comparision of semen characteristics, sperm freezpility
and testosterone concentration between Duroc and Yorkshire boars during

seasons. Anim. Reprod. Sci., 73:53-61.

Pursel V.G., Johnson, L.A. and Shuman, L.L. 1973. Effect of dilution, seminal plasma
and incubation period on cold shock susceptibility of baor spermatozoa. J. Anim.

&cl., 375324935

Rickmenspoel, R. 1962. Biophysical approaches to the measurement of sperm motility.

in D.W. Bishop (Ed.) “sperm motility”. American Association for the Advancement

of Science, Washington DC, pp. 31-54.



HAYBINITARDUUNNABNIIT0ATIAYBNDFAGNT 36

Sanchez-Prieto, J., lliera, M.J., Lorenzo, P.L., Gonzalez, J. and Orensanz, L. 1995

Effect of storage pericd on 3H-heparin binding tc boar spermatozoa.

Theriogenclogy, 43:314.

Steel, R.G.D. and Torrie, J.H. 1980. Principles and procedures of statistics: a

bicmetrical approach. MaGraw-Hill, Singapore. 633 pp.

Yi, Y.J., Cheon, Y.M. and Park, C.5. 2002. Effect of N-acetyl-D-glucosamine, and

glycero! concentration and equilibration time on acrosome morphology and motility

of frozen-thawed boar semen. Anim. Reprod. Sci., 69:91-97.

Zeng, W.X,, Shimada, M., Iscbe, N. and Terada, T. 2001. Survival of boar spermatozoa

frozen in diluents of varying osmolality. Theriogenotogy, 56:447-458.



