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STUDIES N  LEEP FROGZING OF BULL  AND  BUFFALO SiMEN FOR
FRESZABILITY, LHNZYME LUEAKAGE AND FERTILITY

Rame of Student o o  Major Advisor
V. Ry Jani Uie 3o Ba Kodagall
Uspartment of Ubstetricas amxi UGynaecology,

Gujarat College of Veterinary
33@\00 ard Animal Husbandry,

The present studies on deep freesing of bull and
buffalo semen for freezability; enzyme leakage and rertility
were carried out at the Uepartment of Ubatetrics and
Uyneacology, Gujarat Veterinary College, Anari.

An experiment was undertaken to study the freezability

of apermatozoa for 45 ejaculates (2 ejaculates / bull) from

23 bulls (20 Surti + 3 {,F.). Ten bulls (7 buffalo bulls and
3 H.t. bulls 43,54, provided the semen ejaculates having very
good freezability. The semen ejaculates from nine (39.2%)
buffalo tulls were moderately suitable for freezing. Four
burfalo bulls (17.%:) proviied the semen ejaculates; which
could not stand to freezing satiafactorily.

Twenty five ejaculates from five Surti buffalo bulls were
aplit diluted in Tris fructose yolk glycerol (irYu) and lactose
fructose yolk zlycercl (LFYG) diluents, On the basis of post-
thaw spermatozoal recovery; TFYG was proved to be the vetter
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diluent for vuffalo semen freezing as compared to LFYG,
Fifteen semen ejaculates from 3 H,F, bulls were split
diluted in five diluenta, IFYG and egg yolk citrate
glycerol (£YCG) ranked high, followed by Lalciphos-473
(L-478), whole milk glycercl (WMG) and AMUL spray glycerol
(A30) for freezing of bull semen, on the basis of post-thaw
sparmatozoal recovery.

For ell the ejaculates of bull and buffalo semen,
Per cent dead and morphologically abnormal apermatozos
significantly (P < 9,01) increased subsequent to freezing.
The sparnatozoal head hreadth in bull and buffalo semen
dsoreaged significantly (P < 0,05} after freezing, whereas
the spermatozoal heand length measurements showed decrease
in freezo~thawed samples, but the difference was non=-

aimﬂ.fiamt.

Seventeen semen ejaculates from five buffalo bulls
wore processed to eatimate the pre-freeze and post-thaw
levels of transaminases (GUT and GI'T) in seminal plasma

_ and hyaluronidase activity in sperm extract (25 x 10°
spermatozoa). The seainal plasma levels of both the
transaminases (GOI' and Gi'T) were increased significantly

(P £ 0,01/ in freeze~thawed samples., TFYG diluent protaected
the spermatozoa nmore efficiently, as the pre and post-
freaeze release of G and G'T enzymes in seminal plassa
was lowver in TFY: as compared to LI'YG in diluted semen

sanples. The levels of WUT enzyme were relstively higher
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in 'flat' semen samples bafore and after freezing, as
campared to those in semen samples having initial
sparmatozosl motility. The hyaluronidase enzywme activity
in sperm axtract of buffalo semen, significantly (¥ { 0,05)
decreaged after freezing and thawing, The difference in
hyaluronidase activity between the dilutors wag non-
aignificant,

The overall fertility following 426 inseminations
in Surti buffaloes was 57.244, requiring on an average
2,69 inseainations per conception, in Kankrej cows the
overall fortility percentage following 285 inseminations
using Friesian frozen semen was 46,21/, requiring on an
average 2,46 inseminations per conception, In repeating
Kankrej cows and heifers in a farm, 3,5 inseminations
were required per conception., The fertility percentages
betwean eight bulls under study; varied apparently.
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Argificial Insemination has become the focal point
of overall improvement of livestock., The contribution of
Al ¢o mpm performancej increase productivity and to
pramotes bettement of the quality of end products has
long been a recognized reality in the dairy-animal industry,
Al techmology has been developing since its starting with
the introduction of Artificial vagina in nineteen thirties,
use of dilutors in forties and following discovery of
glycerol as cryosprotactive agent for freezing of asemen, in
fifties, The frozen gemen tecimology is gaining momentum
of its popularity in most of the advanced and developing
comtries and its increased use has been accepted in
improving animal breeding and augmenting production at
fagter ratea, uJuring the year 1977-78; the use of frozen
seman has been reported in 38 countries of the world, In
27 of thase countries 99 or more of the cows inaeminated
were with frozen semenj 32 countries used frozen semen on
more than 90W and only 3 countries used frozen semen on
leas than 60» of the AL cows (Iritani, 1980),

The burst of research on semen collection, processing,
evaluation, extenders, buffers, insemination techniques etc,,
has eontributed extensively to the aweeping changes and
rapid establishment of AL industry. However, the buffalo
semen ms received relatively little attention

(Bhattacharya, 1974). Suffaloes are mainly fou:d in



recently developing countries of Aaiaj where Al is not
widely applied, India hag the best germ plasm of this
spacies, which has an exceptional production potentiality.
Involvement of this important domestic animal in the
specially selected breeding programmes and the quicker
disaimination of the superior germ plasm can be of much

help.

Kumber of reperts exist relating to deep freezing
of cow bull semen, Freezing tachnique for cow bull semen
is fully aestablished, but it could not be satiafactorily
applied in total, to ireeaze buffalo semen, which is said
to be having lower freegzability, regardless of ¢ Lutor
or the method of freezing used (Sengupta, 198V . ... ...uch
ia known apropos the lower freczability of buffalo semen,
Mere conirolled and exhaustive field trials are required.
teo establish the real merit of this new technioue for
improving the dairy buffalo,

An effective diluent is an aessential link in the
frozen semen technology. ieveral diluents have been
tried for freezing bhull semen to achieve higher conception
rates. Relatively few reports deal with the use of
suitable diluents for buffalo semen freezing, based on
agtual fertility trials,

An evaluation of the quality of frozen-thawed semen
is aof parsmount importance to predict the fertility of



Bulls, Laboratory tasta of seminal quality are used
axtenaively in research on seminal physiology, aemen
biochamistry and quality control. Ho single test or
cambination of tests have been proved to be totally
reliable for accurate prediction of semen quality in
relation to fertility. However, anzymatic teats can be
applied for the better evaluation of bovine semen pre and
post=_{reaezing (Grakmef %}F 3/, Jstudies on enzymatic
systans of the spematozoa are essential to understand
their life proceasses, The detailed elucidations of some
of these fundamental processes can be of great value for
the development of the teclmique of sto: nd use of
bovine semen over a long period of time.So.. ..ch werk
has heen reportad for bull semen; however; very littio
is known in this regards for bhuffalo gemen,

Hensuration characters of spermatozoa are reported
o be related with fertility (Bishop gk Ales 1979). The
knowladge regarding the changes in mensuration characto-
risticas of spermatozoa due to the effect of freezing is
scarea, which should he given due importa:ace in relation
to the attempts towards ~ °~ °  Detter fertility,

In AI progremme, the genetic improvement must come
from jreater gelection pressure on the bull aide followed
by more extensive use of the superic. , asm,
Fertility of the male is the greatest infiuencing factor,



avnd RemouX
and men to be immunostimulant (Renoux, 1978) and has been used
as an adjunct for thesrepy of certain malige

gnancies (Chirigas,
1978), imsunostimulation seems to be an attregtive way to treat
patients in whén some ¢omponamt of immme system is suppresased.
Therefore, immmomedulatory effect of levamiso.

Singe viral infections including sttemuated virul vaccines, can
alse mppress immmologieal functions (Brody gt al.,1964; Reed
ot 81.,1972; Mangt gt 81.,1976 and Pike g al.,1977), it appears~
Ya¢  stmltaneous adninistyetion of levamisole and virel vaceine
would be & very useful method of increasing fmmmnity during

vageination,

A linited work has beem carried out to study the imx
sodulatory effect of levamisels in India, Hasmorrhagic Septicaemia
in oattle and buffaloes and Ranikhet Diseage in poultry are

In view of the above faots, the study on imsunemodulat
effeet of levanisvie 13 taken up with the fullowing objectives.

nicks vagoinated against Ranikhet Disease.

(2) To study the effect of dose of levamisole in lmmunopotentie
stion amongst vacoinated chickas,
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(A)

II.

The present project involves the deep freezing of cow
and buffalo bull semen using a simple freezing tecmique in
various diluents; studies on freezablility of ssmen from
different bulls; the effect of freezing on enzynme levels

ani mensuration characters of apematozoa and the fertility

of frozen hovine senen, ihe relevant literature ias reviewed
as under,

(a) Lidutara:

dilutors have aoie significant effect on the
freezability of saemen sample as far as the post-thaw motility
ias concerned (Mohanty, 1973). :any dilutors have been tried
for Zreazing the bovine semen, This is still an active

fiald of research, as Ifar as bulfalo semen 1s concarned,

(1) Cow Jall semen?

According to sSaroof and ilixner (1955) dilutors
containing 20 egg yolk amxd 2,9% sodium citrate solution
with level of 7% ;dycerol were ideal for sperm survival and
motility after freaezing the bovine seaen,

For preservation of bovine seman in deep f£rozen state,
Bruce (1956) fourx! milk hased diluent with 104 skim nilk and
10% glycerol, :sivin: hetter gnematozoeal revivapility as
campared to standard egz yolk citrate lycerol diluent,
0'Lell andd Almquist (1957) also reported that the spermatozoa
frozen in milk based diluents naintained higher post=thaw



motility than those frozen in egg yoli citrate glycerol
extender,

Amann and Almquist (1957) compared the heated
reconstituted milk and heated fresh skim milk for {reezing
bovine seman, They observed 425 post-thaw motility in
heated fresh skim milk diluent,

Davia gt al. (1963) amxi 3tainbach anxi Foote (1964) in
their separate experiments on freezing bovine semen {ound
Tris buffered fructose yolk :;lycerol extender superior as
campared to citrate yolk glycerol exterder,

In their studies regardi:- 7~ )
motility of bovine spermatozoa, .+ \1970) observed
that pre and post-freezing mot....., ... .. ..... ) egg Yolk
tria (LYT), intermediate in egg yolk citrate (&YU) and
lowest in HMinnesota GO (ildnn GU), Post freezing mean
motility was 32%, 264 and 19 for YT, &YC and HMinn GU,
respectively. lowever, Muller (1972, did not £ind the
significant difference in post-~thaw motility for the bovine
sencn diluted and frozen using three glyceral containing
madia viz,, sodium citrate yolk, Tris yolk lactose and
iaiciphoa.

Simmet (1975) used "iriladyl' ( a concentreted form
of Tris ;) for diluting bovine semen at romm temperature and
directly filling, sealing and freezing after equilibration
at 95°C, Better results were achieved with this method as
compared to Cassou's method of freezing.



Stoyanov and Kogtadaov (1973.) compared a raffinose
yolk diluent (witihout lycerol) with a lactose yolk .flycerol
diluent for freezin; bull senen. For the two diluents
respectively, the sperm notility was 53,5 and 6.9 in
fresily diluted semen, which reduced to 34.2Z% and 32,74
post {reezing,

Ala=ud=uin gh ake (1979) atudied the effect of four
different dilutora: whole milix yolk lycerol, laiciphos-271,
lactose yolk ;Jlycerol and glucose yolit citrate ;jlyceral on
freezability of bull senan, 7They did not owserve the
significant diffare:;nce in poat-thaw spermatozoal motility
and longevity at 37,5%°C, OUn tihe basis of absoluce Lixdex
of longevity of spamatozoa lactose yalk glyecerol diluent
seamed to be the best,

Bonia g al. (1980, in their studies on the
freozability and ruvivability of bovine spernatozoa used
three different extenders; viz,, o33 volk lactose (:¥L,,
egg yolk citrate («Y¥i) and egs volk tris citricwglucose
(1YTCE),  Un thawing, :YL ;jave consiatently better recovery
(53420 # 0,0%3) than LYC and YTCG (42,50 + 0,014/,

Sattar gt gl. (1980) studied the freezabllity of HBovine
semen using two dilutors, viz., egg yoli citrate and skim
nilk exterxlor, The post-thaw spermatozoal notility was

59010 & 0,93% and 63,45 & 0,569 Zor tiese two dilutors,
regpectively., .lowever, dalni and Hoy (1972) reported very



poer post-thaw spermatozoal recovery (O =30%) of frozen
buffalo semen; extended in egg yolk citrate and milk diluent,

Bl Kafrawi andi darrada (1974) in two trials, tested
four different extenders for Lreezing bovine semen, In first
trial, ojaculates f£raoa 8 buffalo bulls axd 10 Friesian
bulls were diluted and f£rozen in either egg yoli lactose
glycerol (LXL) or egs yolk fructose («il'), Pogt=thaw sperma-
tozoal motility in iYL and LYI' for Friesian semen was 41,7
andd 25,4 respectively., Jotility of buifalo semen in YL and
<YF wag 37> axd 20,82 in a second trial, the sjaculates
were diluted and frozen using either egg yolk skim milk
glycerol (LY5) or exg yolk citrate glycerol (LYo, After 8
ponths agtorage in liquid nitrogen, the post~thaw precovery
of spematozoa was 52,3 and 48,95 raespectively for Friesian
senen in LYS and V0, The corresponding recovery rates for
buffalo semen were 406,25 and 383,15
(i) guifale aanen:

in an attempt to find out the suitable dilutor for
buffalo semen, Flukinger gk al. (1976) tried six different
dilutors = viz., :¥C (without pi adjustment), =YC (with pi
adjustaent) CAY, Laiciphos, Tris (without p.i adjustnent) and
Tria (with pd adjustnent)., They observed the highest post-
thaw spermatozoal motility in semen diluted with Tris, with
or without pil adjustments, followed by «YC, Laiciphos and Cail,

In a study with buffalo semen, which was diluted in
three different extenders, Irozen and stored in liquid
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nitregen, save the highest post thaw spermatoscal motility
for semen diluted in Tris (34,50 & 1,45%) followed by
citric acid whay (14,75 &+ 1.82%4) and agg yolk glucose
biearbonate (11.52 & 1.63%) (Takkar gt Al., 1580).

Chitmnatya (1979) tested three dilutors for freesing
Murrah buffalo semen, For ssmen diluted in egg yolit citrate:
gcitric acii whey and Tris egg yolk glyocerol, aper motility
prior to freezing averaged 604, 60,7%% and 60,855, which
was reduced poat thawing to 29,5%, 29,39 and 31.10:
respectively,

Five different diluents comprising of lactose esg
yolk glycerel, fructose e@gg yolk glyocerel aui tiwwe different
combinations of lactose and fructose with equal proportion
of eg; yolk and glyeerol were tried for buffalo semen freszing.
Bagsd on post-thaving recovery, livability at 37°C and
absolute index of livability, the diluent comprising lactose
(114), fructose (Gi), yolk (20/4) and glyeerol (5%) renked
high among the diluents tested (Almad and Chaudiwy, 1980),

- Guanmel gt al. (1979) diluted 53 ejaculatas from a water
buffalo with Tria diluent and frozen in straws. The perosntage
of motile spermatomoa on timwing aversged 62,

In a comparison of 6 diluents for i{reesing buffale
semen, Crabo gt al. (1980) found the higiwst post-thaw
spermatozoal motility in Tris citrate egg yolk (96%),
fallowed by TEST milk egg yolk (48%), lactose egy yolk (331,
oitrate egg yolk (294) and milk aitrave (29%),
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Shetti et al{1981) sucosssfully carried out buffalo bull
semen freezing using concentrated form of Tris (Triladyl),
At 20°C, 5°C and =196°C, tiwe mean progreasive motility
percentages were 79,45, 74.48 and 35,36/ respectively.

Meharaing gt al. (1980) reported the post thaw
motility of frozen buffalo semen diluted in Tris yolk
gycerol, to be 54 amd 48% for 15 mt, and 1 nonth astored
samen sanples.

In & trial to evaluate the suitability of citric
acid whey (CA¥W) and Tris buffered diluent for the
preservation of buffalo semen at -196°C, Uharmagena and
Rajemahendran (1930) processed 47 ejaculates from B
buffalo bulls. They split diluted all the ejaculates with
the dilutors uder study. They reported that the post
thaw motility with Tris at O, 24 and 96 hr after freezing
was simificantly better than with CAW,

Patil gt al. (1981) frozen the buffalo semen by -
Landshut ministraw (0.3 ml) methed in various dilutors,
viz,, Triladyl, Tris and citric acid whey (CAW). The poat
thaw ravival rates of spermatozoa for theae three dilutars
ware 51,55 ., _J.99% and 22,41 ° ~snectively. They further
found the addition of #MSF (Progresaive Hotility
Sustaining Factor) to semen was beneficial irrespective
of dilutor,
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(b) rxtanation rata’

The optimal musber of live spermatozoa in frozen
semen dose is an important factor to achieve the deasired
concantion rate. The requirenent of number of live
apermatozoa in a frozen asenen doae haa however, not
remaired fixed in the stwdias reported earlier,

Hapen (1961) studied the different dilution rates
for froesing and storage of bovine semen, Hes reported
that for optimum results, a concentration of atleast 10
million spermatozoa per ml of semen doase ia a muat,
However, Foote (197¢) used B millim and 4 million motile
sperms per ml in a frozen semen doge without any
significant effect on fertility. In this contrast,
Pavithran gt gl. (1972) reported that diluted buffalo
semen ghould contain about 100 million apermacozoa per ml
before frevzin:g. They further stated that, the rate of
dilution of the buffalo samen had profound effect on the
survival rates after freesing.

LDarii and Nauk (1979) noted that spera survival tine
of bovine frozen thawed semen was higher at dilutiom of
1810 than at 13, 1320 and 1:30, Chinnaiya and Ganguli

(1980) studied the freezability of buffalo semen diluted
with egg yalk citrate, citric acid whey and Tris diluents
at 1310 and 1:20 dilution mte;tzgta?mj.ng the fertility

reasults; due to different dilution rates.
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(o) Enckagzing of smmen:

Since the freeging technique for semen was -»mbxmd;"
exparinents have successfully been conducted to freeze. the
extendied segen in pellets, in glass smpoules, in plastic
pipettes or in polyvinyle straws, dut it is world wide
practice to package frozen semen in single dose container,

Plastic straws for packaging the bovine gemen appear
to offer some advantages over glass ampoules. Addler (1961)
replaced the use of glass ampoules with plastic atraws for
packaging and froezing the semen in liquid nitrogen,
Cassou (1964) gave real impetus for using straw technigue
for freezing semen, vho first introduced a polyvinyle
atraw with the capacity of 1.2 ml (large) semen, Further,
it was modified to 0,5 ml (medium) and 0,25 ml (mint)
oapacities, |

Minitub, a plastic straw with globe seal was developed
in Yest Germany by Simmet (1972). In 1975; he replaced
plug in French medium straw by steel and glass balls, which
sealod straws perfeotly. ile furtier reduced the size of
minitub to 0,3 m). semen oapacity. This method of packaging
and freezing of gemen is known as “Landshut methed®,

Pavithran gt al. (1972), Roy and Bhatt (1973, and
Bandopadhyaya gt al. (1974) used glass ampoules for
freezing of semen, succeasfully. Roy (1974) used "Tupol"
polythane tube for sucorsaful f{reezing of buffalo semen,
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Shetti gt al. (1981) and ¢atil at al. (1981) used mini
straws (0.3 ml) for buffalo semen freezing with 7ood results.

Hethod of bovine semen freezing in straws and in
ampoules have been compared by many workers. Linares (1969)
concluded that the straw method is better than ampoule
method of freezing as far as economy and efficiency are

concerned,

Ganguli (1974) reported that semen {rozen in ampoules
gave 43,24 concaption rate as compared to 50% with samples
frozen in polyvinyle straws. According to salson (1977),
the conception rate of buffalo semen frozen in the French
medium straws exceeded hy 1% over tie results with ampoule
frosen semen.

MonJi gt ak. (198)) compared the ampoule and straw
freezing of buffalo semen, Spermatozoa frozen in straws
showed 25 to 30 more post-thaw recovery than in ampoules.

Higher post thaw motility (I’ < 0,005) was observed
when spermatozoa were frozen in 0,5 ml french straws then
in 0,25 nl continental atraws (Zarazua gt al., 1977).

(d) @ycacalization:
3ince Polge, Smith and Parkes (1949) first reported
the action of ;glycerol in low temperature preservation of

bovine spermatozoa, glycerol has bheen widely used as the
primary cryoprotective agent in attempts to freeze the semen.
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(1) Cou bul) gemen: ,

Graham gt al. (1958) suggested that glycercl can be
added to bull seamen at 35°C ar 5°C with no asignificant
effect on fertility. Clegg % al. (1965) found that glycerol
addition at higher temparature was detrimental to gper-
matozoa, when egg yolk citrate extender was used, However,
if a Jris yolk exterder was used, glyceral could be added

to bovine spermatozoa prior to coaling (Foote, 1‘;37&1‘.
| et at-
Foulkes((1977) reportsd that lactose based diluents

for freezing bovine semen did not require the separats
addition of glyeceral containing fraction. However,
addition of glycerol containing fraction of the diluent
in more than one steps at 5°C was fourxi to be better for
milk diluent (Almquist, 1959).

Foote (19700 could observe that the fertility rate
in citrate jlycerol yolk extender was the same when
glyceral was added in different fractions or in aingle
fraction at 57,

caataew gh ale (1975) investipgated the effect of
addition of the glycerol containing partion of bovine
senen oxtender in different fractions or in a aingle lot.
Thay could not ohserve any .pmoﬁblo difference on post-
thaw recovery or fertility among frozen samples exte:ded
with gycerol fraction of the diluent.
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Miller and Van Demark (1953) reported optimum survival
of bull spermatozoa following freezing in yolk citrate
axtonder with 6 and &5 glycerol; while &4, 19, 12 and 20/
were comparatively lcss satiasfactory. whereas, :apen (1%361’3)
while freezing the bull ssmen at four different levels of

@lyverol observed that glycerol levels of 7 and 1058
maintained maximem motility compared to O and 134,

Alaquist and {ickersham (1962) tried 5, 10 and 204
glyoerol levels with ekinm milk dilutor, There was a highly
simiflcant increase in mean livability with a decrease in

glycercl percentaze.

Rodriguez gt al. (1975) tested 5, 7, 9 and 1%
glycerol levels for freezing of bovine semen. They found
that 7 to 11¢ glyearol levels provided optimal apermatozoal
survival. They alao pointed out the relationship between
Zlycerol level and freezing rata.

Robbins gt al. (1976) examined different glyceral
levels in their freezing trial of bull semen, Among the
glyoerol levels teated (1, 4, 7, 10 and 134) 8,5% showed
optinum post-thaw gpermatozoal recovery, They established
the intesaction between the slycerol levels and thawing rete,

(11) Bygtalo i) sewen:

Almad and Cheudhry (1980) suggested 5 -~ - ° - -~
to be optimum for freezing buffalo semen in LiYu or.
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vaas and Jaimslesn (1980) tried two glycerol levels,
viz,, 3 and 54 with IFYG dflutor for freszing buffalo
semen, They found 54 glyceral level to be better on basis
of post-thaw recovery. Crabo gt al. (1980) tried five
glycerol levels (5 to 9%) for freezing buffalo semen in
LFYG diluent. They found 5 to 73 glycoerol levels to be
beneficial, Among three glycerol levels tried: 5, 7 and 9%
for tuffalo semen freezing in LFYU diluent, Heuer (1932)
found 7% to be optimum.

Chinnaiya and Ganguli (1980 4~ 70 o0 77 o
buffalo semen freezing, tried H, 7
volume with three diluents vizg: el . . ... .7, <rls aad
egy yolk citrate, They could not £ind any significant
difference in poast=thaw recovery of spermatozoa dus to

variation in glycerol levels.

Haandari and Chauhan (1980) could {reeze buffalo
senmen with good recovery using 6.4% glycerol by volume
in Tris extender, shetti gt al. (1981) amd Fatil gf al.

(1981) used 6% glycercl in "Triladyl" diluent for
satiafactory freezing of buffalo semen,

(o) kouilihration:

The gpermatozoa require time €o adjust themselves
with glycerol and other constituents of the extender
bafore they are subjected to freezing. An abrupt freezing
may give freezing shock to spermatozoa and therefore
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it is neceasary to equilibrate their metabolic activities
at 5°C for gome time,

Wiggin and Admquist (1975) equilibrated the milk
diluted bovine semen at 5°C for 30 mts or 120 nts before
freezing in liquid nitrogen. The difference in apemm
motility and per cant intact acrosome between two
equilibration time was not significant,

Ennen gt al. (1976) found no significant effect
on post-thaw spermatosoal motility, when they equilibrated
the bull semen at 5°C for 2, 4, 6, 10 or 18 hra, even-
though they recommended & to 10 hrs equilibration period
to be optimua.

Gilbert and Almquist (1978) studied the effect aof
U, 3 or 9 hrs equilibration time on 10 bovine ejaculates
exte:xied in Tris yolk glycerol extender and packaged in
0.3 a2l continental straws., Un the basis of post-thaw
acrosonal retention and spermatozoal motility, they
reported that 3 or 9 hra of equilibration tine waa
superior to 0 i of equilibration,

In rocent studiea, the buffalo geman diluted in
Tris and equilibrated for periods ranging from O to 6 hrs
at 5°C gave maximumm pogt-thaw recovery when the equili~
bration time was & =5 hrs (Shandari and Chauhen, 1980).

Working with buffalo semen extended in Li'Yu extender
and frozen in liquid nitrogen, Crabo et al. (1980) noted
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that an equilibration tine of 7 hra gave better resulta
than of 5 hrs in tems of post-thaw motility and percen-

tage of spermatozoa pasaing through sephadex G'2 filters.
(2) Ersazing fachniqua’

Vapour freezing using liquid nitrogen as a refri-
gerent 13 now well accepted technique every where, Most of
the laboratories use liquid nitrogen refrigerator for this

purpose.

Shetti gt al. (1981) and “atil gt al. (1981) adopted
the "thermocole box freeszing unit', They adjusted two-
wire meshes at four and 15 cms distance from the level of
liquid nitrogen in a 5 litre capacity themmocole bex,

At both the lavels 5 ats exposure af liquid nitrogen
vapour was given to the straws on & wire mesh, The freezing
was effected by immersing the atraws in liquid nitrogen
containing goblets 10 mta after total vapour axposure,

(g) sbawing:
The process of liquification of frozen seaen geems

t0o be simple, but is ong of the most important factors
affacting post-thaw spermatozoal viability.

Robbins gt nl. (1972) campared different thaw rates
Wy plunging straws into water either at %°C/4 mts,
26°C/1 mt, 35°C/30 sec, 75°C/6 sec, or 75°C/12 sec, They
found that thaw rates achieved by using 35°C and 75°C
water resulted in aignificantly greater retention of the
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acrogme and maintenance of post-thaw motility than did
the lower temperatures,

Considering mean per cent acrosones and per cent
motility, Senger g% al. (1976) stated that the 35°C thaw
far 1 or 3 mta resulted in better recovery as compared to
5°C thaw for bull semen diluted in Tris yolk glycerol and
frozen in liquid nitrojen,

Rapid thawing rates (50°C/15 sec or 65°U/75 sec.)
for semen packaged in plastic straws have shown %0 simnd-
ficantly increage the post-thaw acrosomal maintenance and
per cent motile spermatozoa (Robbins gt id., 1976). They
further reported that, when rapid thaw rates were used,
the level of glycerol had to be increased to achlave
optimum post-thaw recovery of spermatozoa,

Kim and Kim (1978) studied the effect of rapid and
slow thawing on notility and fertility in bovine frozen
semen, They observed that sperm motility was higher in
samen thawed in water at 30°C for 1 at than in iced
water far 12 hrs.

For the bull semen exterxded in three different
oxtenders and frozen in straws, Chander gt al. (1979)
deduced the common thaw rates to be 40°C for 30 sec for
otimun post-thaw motility and per cent intact acrosones.

In an experiment involving large number of
inseminations, Almquist gt al. (1979) using ailk diluted
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boving semen fromen in 0,3 ml atraws, compared thawing
tines of 12 sec and 30 seo in a warm water bath at 32°
to 35°C., They observed significantly higher fertility
when semen was thawed for 30 seoa than for 12 sec.

Hube and Uribve (1980) froze the bovine semen in
mini straws and thawed in water at 5°, 17° or 40°C or in
air at 21°C, dSamples thawed at 40°C gshowed significantly
higher post-thaw motility and higher percentage of narmal
agrosomss than those thawed at lower temperatures.

Pace gt al. (1981) reported that 90 days non-retwrn
rate for spermatozosa frozen in 0.5 ml straws and taawed
in 37°C, water was higher than that for spermatozoa thawed
in either ambient temperaturs water or ice-water.,
ERSNEART, 7Y :

All the bulls do not zive the ejaculates suitable
for freezing., An ability of spermatozoa to undergo the
freeging at ultralow temperature varies from bull to bull,
Age (IL'Insksys and Osipova, 1972}, season (Hochnke gk al.,
1976), breed (Bibarski'gt k., 1971) and species are soue
of the established factors, which affest the freezabllity
of bull semen. As compared to bull asmen, buffalo semen
has been reported havin; low freezability. Patil {1980)
reported that out of 14 frozen semen stations in

operation at present in India, only 3 or 4 are involved
in freexzing of buffalo semen,



Viachos g% al. (1965) found conaiderable difference
in freaezability of semen bhetween Mmlla, Unly 404 of the
total bulls used, sjaculated semen suitable for deep
freezing in liquid nitrogen,

Of 108 bulls at an AL centre, 60,18% provided semen
suitable for deep freezing as reported by Molinari and
Valpreda (1968).

Bivorski gt al. (1971) investigated the sexuml
development and freezability in 46 Polish Black and
Wnite Lowland (WL) and 48 olis Red & hite Lowland(Rul)
bulls aged 12 months. 71.7: of il bulls were sexually
mature at 12 nonths .. _.- ... 31.1% produced semen
suitable for freezing versus 22,94 and 12,5% respectively
for the /L bulls.

Roberts(1974) reported that about 307 of the bulls
reared as potential sires in Al units don... .men that
does not freeze satiafactorily with conventional extender.

Haave (1972) evaluated 270 bulle (3 ejaculatea/bull)
for freezability. He found 53,1 of samples showed
satisfactory freezability (atleast 25 forvard motility
post~thawing).

In their study on freezabillty of Lull semen Jtel
ag al. (1972) evaluated 51 bulls and S :88 bulls
were found suitable for freezing. They did not find the
significant differences between adult bulls and young
bulls aged 18 -26 months in relation to freezability,
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Szilagyi and Muller (1972) carried out deep freezing
experiments with 2022 semen ejaculates from 75 bulls. They
reported that the ejeculates of 61 bulls showed good
freazability, 12 oulls were not good and the ejaculates
from 2 bulls were totally unsuitable for freezing,

Sahni and Roy (1972) carried out the trial on deep
freezing of semen samples collected from 10 buffalo bulls.
They reported that the semen aof only one bull could stand
to freezin;. {he results of post-thaw motility of remaining
nine vulls were very poor.

Pavitiwran at al. (1972) froze the semen from five
buffalo bulla. They found significant variation between
the freezability of semen from diffaerent bullas,

Verses g% al. (1972) in their atudy on freezability
of bovine semen observed the ejaculates from 18 bulls
with suitable, reasonably suitable and unsuitable for
freezing under electron nicroacone., Tha ejaculates of
2 bulls, vwhich ware not freezable,showed consistently
damaged acrosomes (swelling, detachment or rupture) in
fresh semen and to a ;jreater extent in freeze-thawed semen,

Bochnke g% pl. (1976) examined 20000 semen ejaculates
from bulls for freezability., ojaculates with less than
6.0 x 107 gpemmatozoa axhibited below-average freezability.
They further stated that freezability varied with season.
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(C) LaIViimdizin) il 1ok’ Ja 0T

Horphology of spermatozoa is one of the criteria
employed for tiie evaluation of bull semen, Cytomorphological
charactaristics of spermatozoa are affected by genetic
factors like atrain, breed and species difference

(ilukharjee and singzh, 1965) and by nonegenatic factors like
age of the male, season, temperature, shock, dilutors and
preservation (Temar gf al., 1964),

Lagerlof (1)34) stated that the presence of 18 =20
of abnarmal gpermatozoa was comparable with good fertility.
Herman and Swanson (1941) reported this level to be upto 304,

Storage of semen at 4°C for 43 hrs had no effect an
percentage of live sperm (liafez and Jar-iish, 1956). Thay
observed 81.1.: live gpermatozoa in the buffalo semen.

| Kumaran (1965) carried out the canparative studies on
morphology of f£resh and frozen bovine gemen, ile found that
parcentage of albnormal spermatozoa varied from 7 to 20

in fresh genmen and fron 23,7 to 32,0 in ifrozen asenen.

Hob and Jiranek (1971) studied the srermiolo;ical
eriteria or deep Irozen vovine somen, Jhey reported the
morphologically abnornial sperm percentage to e 10,98
post-thawing versus 12,5 in Iresh semen,

Kodagali gt ake &1973}3 in their studies on semen

characteristics of Jurti buffalo bulls reported the abnormal
parcentage o ba 9,79 £ 1.39: in Lresh ejaculates.
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Shetti gt al. (1981) studied percentage of live and
morphologically abnormal spermatozoa in buifalo semen
dlluted with 'Triladyl’ diluent. They observed live
spermatozoa percentages at 20°, 5°¢ -196°C, whieh
averaged 80,99 £ 0,888, 77.9 & 1.10: - 122 X 7,35
respectively. At the same three to -~~~ e levels, the
abnormal spernatozoa were 7,50 ¥ 0,293 9,53 x 0,315 and
9e10 £ I 1500 respectively,

Patil gt al. (1981) 4in their trial on buffalo senen
freazing, used three different dilutors. They reported,
that on Zreezin: the overall live percentage of apermatozoa
in various dilutoras simificantly decreased from 83,64 2 0,94
to 52,74 + 3,21 and the overall percentage of morphologically
abnomal spermatozca increased fram 12,59 £ 1.09 to
14,08 £ 1,304 at 3° and =196°C prespectively,

Gualitative and quantitative changes in asperm
morphology affect the preservation of semen in vitro
(Roberts, 1971/, ifann (1964) showed that apermatozoan
head is mainly concarmned with the fertility of mammalian
spermatozoa, iukherjee and Kumar (1971 reported that
the fertility of bulls is positively correlated with
spermatozoan head length., Bishop gt al. (1954) and
Hukherjee and Rajwar (1971) also found the mensuration
characteristics of spermatozoa to be rclated to fertility.
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Rajendrakunar gt al. (1977) in their stwiieahgi“” o
biometrics of buffalo-~bull spermatozoa in relation to
fortility reported the overall mean for the apermatozoal
head length, head breadth and head shape as 7.83 & 9.0327 a,
4,79 £ 0.0305 u and 1.63 2 0,09 m  respectively,

Rajwar and tlukherjee (1970) studied the effaect of
temperature shock on cytomorphology of bull and buffalo
gpermatozoa. They obsarved that the head breadth of bull
spematozoa and head area of huffalo gpermatozoa ware

greater after a temperature shock of $°C than at 30°C,

Kodagali gt ale (19731) studied the biometrical norma
of the Surti buffalo spermatozoa, The average values for
head length, head breadth, nmidpiece and tail length and
total gpernm length were 7.0613 + 0,22 a4, 4,591 2 0,51 A,
50,715 £ 0,93 a and 64,333 + 2,17 u  respectively.

Hao and 5idha (1975) studied the biometrics of
spermatozoal dimensions in bulls. The :ariana and Jersey
bulls' spermatozoa had the head length of 9.7 a and
916 u and the head breadth of 5,10 u and 4,72 a
respectively.

Sharma and Gupta (1973 atudled the mensuracion of
spermatozoa of buffalo bulls. The head length averaged
8.43 M, total length 60,7 am and tail main piece length
L7.3 M.

Jain (1979) studled the effect of deep freezing on
morphology of the spermatozoa in buffalo semen. e noted
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the decrease in average head length from 7.5376 + 0,0585 to
7.1699 = 0,624 nicrona, which was highly aignificant in
two bulls, but non-significant in other two. The head
breadth decreased from 4,5966 3 0,0258 to 4.5128 3 0,0252
microns, which was nonsignificant for individual bulla,

With all the current research and sophistiocated
tecniques, the damage in frozen-thawed spermatozoa can
not be prevented, which lead the release of certain
important enzymes, The engymatic tests for the evaluation
of semen quality have been of much help in bovines to
predict the fertility of bulls., stewart gk ak. (1972)
conducted aix conventional subjective laboratory tests on
fresh and frozen semen samples relating to motility,
live/dead ratio, morphology and survival after incubation,
They could not find a significant correlation between any
of the subjective tests and fertility. The post-tiaw
motility of frozen semen is being widely accepted in a
routine evaluation of frozen semen quality. But Kelly and
durst (1963) in their study regarding the relationship
between certain laboratory criteria and fertility of
bovine semen, observed that motility immediately on thawing
ard survival time of spermatozoe were not correlated with
fartility,

The assay of the roleased acrosomal enzymes into the
seminal plamna 1s an early and senaitive indication of
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damsge sustained by spermatozoa during the processing of
semen (Allison and Hartes, 1970/.

(a) Zranseninasas:

Enzymes which tranafer an amino group of aainomcid
to a keto acid are known as transaninases. Transaminase
enzyme activity has been found in semen, Graham gt Al.

{1974) reported the use of aspartate aminotranaferase (GUT)
level in semen as an indicator of semen quality. The
releage of Glutamic Uxaloacetic Transaminase (GU) has been
used, by many workers as a measure of the sperm membrane
peraesabllity,. An increased membrane permeablility reflected
by elaevated extracellular /I concentration in the seminal
plasna, race and uraham (1970) showed that the release of
GUL wag inversely correlated with fertility in bulls,

Pace and Uraham (1970) stated that GUT found in semen
is mainly associated with the sperm cell and that the
apount founxi in seminal plasma mainly arose from leakage
from the sperm cells. They further reported that the
amount of UUL released was sijnificantly correlated (0,80)

with the sperm concentration.

Chauhan and Srivastava (1973) in their studies on
enzyne canposition of buffalo seminal plasma reported
that GUT:GFT ratio was much lower in buffaloc than in bull
seminal plasma (i.e, 5:1 V 42:1),
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Varshney gt al. (1978) determined trensssinasas
in seninal plassa of buffalo semen., The Glutamate
Pyruvate Transaminase (GPT) value averaged 20,4 & 0,47
units/ml and the GUT waas 83,5 % 3.0 unita/ml, the later
baing less than half of the sinilar value reported in
ocase of bull semen by Flipse (1360), who assayed 63
gsamples of bovine semen for GUT and GPT values, {t gave
an average of 623 » 48 units of GUT and 15 & 1 units of
G’T par ml of geminal plasma, le further atated that
the conocentration of hoth of which in seminal plasma wasg
aignificantly correlated with rmumber of the spermatozoa
per nl of semen,

Crabo gk al. (1971) suggested the extracellular
GOr as a measure of membrane injury in spermatozoa., the
amen diluted with citrate phosphate, Tricin or Tuii ghowed
the increased levela of GOT with time adl cooling.

Breeuwsna (1972) observed the simificant increase
in seminal plasma leval of GUT after freezing,

In their stwdiles on the transaminase activity of bull
semen Semkov gt al. (1973) did not observe the aiznificant
correlation hetween the gpermatozoal motility arxt il
activity., The GUD activity averaged 210 units for seminal
plama and 58 units for spermatozoa,

Coultar and Foote (1973) diluted the bovine semen in
low 11pid diluent and frosen in liquid nitrogen vapour,
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They observed the higher GUT concentration extracellularly
in freeze thawed semen samples.

Zahariev gt al. (1974) in their studies on trans-
aminase activity of bull's semen, found the GFI activity
in spermatogzoa and seminal plasma to be correlated with
the percantage of motile spermatozoa in freshly collected
semen, The enzyme activity was 17.2 units in spermatozoa
and 13,0 units in seninal plasma before freezing amnd
12.6 and 11,6 units respectively after Ilreezing.

Roychaudiury at al. (1974) studied the efiect of
cold shock on WI and GUFT release, They observed that
cold shook caused simnificant release of GUI' and G/T from
bhull spermatozoa, if diluted with sodium citrate buffer,
The enzymatic release was not significantly high, when
the senen was extended with Tris-citric-acid iructose
extender.

In their study on biochemical changes in frozen
bull semen Buruiana gL al. (1979) found the sperm GUT
activity in decreasing trend in Ifresh, irozen and frozen
stored semen. It was between 52,5 to 80.2 u in fresh
semen, 36 to 48,4 u  in one month old semen and from 10,9
to 11.6 U in 13 month old semen,

Chinnaiya gt al. (1979) studied the extracelliular
rolease of transaminases from buffalo apermatozoa on

freazing. They reported that the citric acid whey diluent



showed significantly lower relsase of GUT and thereby
better protectotive action on spermatozos as compared to
ogg yalk citrate or Tris diluents.

Jain (1979) studied the effect of deep {ruezing on
release of GUT froa buffalo spermatozoa, He found the
significant difference in GUT value pre-freeze and post=
freeze which decreased from 351.28 + 69,01 to
201.7h £ 20,7H units/ng protein,

(v) Hymluconidasa:

There are very few reports on hyaluronidase activity
in buffaloes, Th- hyaluronidase is one of the important
enzymes concerned with fertilization. (Austin, 1960).

The mwm hyaluronidase is believed to pamit spurmatozoa
to disperse and penstrate the cumulus oophorus, thereby
facilitate the fertilization of ovun. Losas of acrosomal
integrity is a sign of spam damage, It allows the release
of hyaluronidase found to be logated in agrosomic ayaten,

Bwyer (1947 in his studies found the close corre-
lation between hyaluronidage activity and asperm density,
He reported, 100 million aperm pack of 1 ml bull semen
comtained 7 units hyaluronidase,

Kooner and Ludwick (1971) found ths significant
correlation (~),96) betwean hyaluronidase activity and
spermatozoal motility. Jhanda et al, (1931, in their
study with iurrah buffalo semen observed that the sperm
motility was inversaly related to the nyaluronidage

Artivivro fo anmmen
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Holmwan gt al. (1978) observed the significant
differance between hyaluronidase activity between undiluted,
diluted and frozen thawed aseuen, the activity odeing 12.0,
22.6 and 37,75 respectively. They also studied the
relationship between aperm characters and hyaluronidase
activity and found non-significa.t carrelation batween
hyaluronidase activity and parcentage of sperm abnormality.

Chinnaiya et al (1979), using different diluents found the
significant rate of release of hyaluronidase on dilution,
Tris showed low rate, follav;md Wy citric acid whey and
sodiun citrate,

Ganguli (1979) estimated the hyaluronidase activity
in apsmatozoa diluted in Tris and citric acid whay,
e found on freezing and thawing the extent of damage to
spermatozoa and the hyaluronidase release were almost
similar for both the dilutors.

aizada qt gl. (1980) observed the positive
oorraelation between hyaluronidase actlivity of asperm extract
and aperm count in RS (Bos indicua) and ifurrah bulls,
They also reported the significant correlation batween
hyaluronidage activity in spern extract aml fertility
(R = 0,98, P < 0,08).

Patil gk al. (1981) undertook a study to estimate
acrosonal deamage and assay of hyaluronidase leakage in
~ buffalo spermatozoa in fresh and freeze-thawed semen in
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various dilutors, The hyaluronidass activity markedly
declined from 636,25 ug ia fresh samen to 406,00 x 9,70

ug/25% % 106 of sperm extract poagt-freezing in various
dilutors.

GHTILITY T 3

The real and practical aﬁoceas of tiwe attempts nmade
on extending, freezin: or preserving spermatozoa for longer
duration can be bast judged by their ability to fertilize
the ova, when artificially inseninated, Large scale field
trials in UsseAs and durope have clearly shown that
properly frozen semen, when inseminated gave conception
rates comparable to conventionally preserved semen

(Rice gt al., 1957/,

At Reading in inglamd, 3tewart (1954 reported for
the firast time, the birth of a calf fram inseninations
with deep frozen semen, Kumaran (1965) reported for the
first time fartility of frozen bull semen in India,
though the results were not satisfactory, uring the same
period dasirao (1964) and Settergren (1966 reported the
Lartility of 40 «775 fallowin; the first ever inseninations
with frozen water buffalo semen in India,

(1) Qos jsall, sanen’

Jairudeen (1968) reparted the conception rate of

b 36 to first ingeminations by using imported frozen
Friesian semen,



3

Davidovic gk al. (1971) obtained over 7% of
concaption rate by using deep frozen semen for inseminating

over 550 cows.

For 538 cows, the firat service inseminations as
reported by Jondet (1964) gave 687 conception rate.

Picket gt al. ({1959) artificially inseminated 329
cows with frozen semen and repaorted 72.9/% fertility on
60 =90 day non return rate basis,

A atudy was made on the conception rate by
inseminations with deep frozen semen performed in 87,224
eows over the period of 3 years by iair (1975). ile reported
that the overall conception rate varied from 38,88 to
B1.486 (Av, 40,18%),

On the basis of 66 days non return rates, invaiving
over 30,000 £irst service inseminations with milk diluted
Friesian frozen saemen, Almquist gk al. (1979) obtained
gver T3% conception rate, |

Foote (;1975) reported 74,1, ) to 90 days non
returns for Tris extenied semen involving owver 50,000
inseninations in field fertility trials in cows.

Maulic gt gl. (1975) found the conception rate of
b2.246 with Frieaian frozen semen in iaryana cows,

Guha (1972) reported the first service conception rate
of 46% using frozen asmen for Friesian half bred of liaryana.
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Roy (1974) reported 85,9% and 80,64 conception rates
on 60 days non return basis by semen frozen with "Tupol"
freezing tecimique in ifurrah buffaloes and Friealen cows
raspectively,

For 110 and 107 females inseminated with frozen
thawed semen, extended in conventional egs yolk citrate
and in a chemically defined medium Tris, Jlar and Pickett

(1980) obtained the conception rate to first inseminations
72.7% and 71,04 reaspectively,

Austin gt al. (1978) reported the conception rates
of bh 6 and 43,64 reaspectively for 1425 confirmed first
inseminations carried out on randomly selected cows with
Jersey frozen and liquid semen,

In a field study on 319 cows, the conception rate
of females inseminated with semen Lrozen in dry ice plus
alochol was 52,68 against 58,04 for frozen ssmen in liquid
nitrogen (Ishil gk al., 1978). |

Chimaiya gk al. (1974) compared the concepstion rates
obtained by using imported frozen Friesian aemen and the
one frozen in laboratory and reported the conception rate
ranging from 30,8 to 52,1% and 42,6 to GJ,. .. ctively.

Tamar (1981) reported the overall conception rate of
61.34/4 involving 194 inseminations in . .ana cows with
deep frozen semen of ilolstein Friesiaa bulls,
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Singhal gt al. (1981) found higher conception rates
for Friesian frozen semen than those for Brown Swiss and
Jersey bulla on fam level,

(14) jutLalo hull ssmen:

Un 60 days nen return baals Pavitharan gt al. (1972)
found the conception rate to be 80:» for about 200 frozen
ssmen ingeminationa in buffaloes,

By using iflurreh buffalo frozen semen in 145 buffaloes,
most of them had previously falled to conceive to natural
mating, Llinwadi gt gl. (1974) obtained the conception
rate of 25,549 in a field level fertility trial,

Takkar gt al. (1980) roported the conception rate
of 36.12% uaing frogzen bulfalo semen extenxied with iris,

Roychaudhury (1978) obtained 50% concaption rate in
Surti buffaloes with frozen semen extenxied in egg yolk
citrate glycerol extender,

Shamma gt al. (1979) in £1ield trials obtained the
conception rates of 28,4 aixi 24,55 using buffalo genen
fruzen in egg yolk citrate glycerol and cltric acid whey
dilutors respectively.

Chinnaiya at al. (1979) carried out fertility trials
using frozen furrah buffalo semen, The semen was diluted
with egg yolk citrate jlycerol, citric acid whay (Cii)
and Tris yalk glyecerol, The corresponding fertility rates



were 57,14, 58,44 and 46,225 based on 119, 77 and 119
inseminations, raspectively.

Shafi (1979) reported, 504 conception rate for
frozen buffalo semen,

| Vasanth (1979) has successfully frozen the semen of
Surti and iurrah buffalo bulls using Tris yolk glyocerol
diluent., Under f£ield conditions, using Irozen semen in
13659 buffaloes, he reported the conception rate of 454,

Jainudeen (1980) obtained the average pregnancy rate
of 304 by using the frogen semen in Agian Swamp buffaloes.

Chinnaiya and tanguli (1930) reported first service
and overall conception rates of 45% and 45K, - wid 4y
and 314 and 40% using buffalo semen irozen in three
different dilutors viz,, citric acid whay, egg yolk
citrate and Tris respectively.

Toelihere (1980, obtained the conception rate of
30% with frozen buffalo semen, which was lower than,
58% obtained uasing fresh liquid semen,

Meharsing gt al. (1980) reported conception rate of
45.835 to £irst service 72 inseminations with frozen
buffalo semen extended with Iris dilutor,

The firat service inseminations in 993 and 221
buffalo cows with semen frozen in pellets and straws
gave the conception rates of 53,94 and 57.2:4 respectivaly
on fam level fertility trials (Zhou, 1981).



Austin gt al. (198%) carried out 450 first
inseninations on randomly selected bufinloes with chilled,
and frozen semen of !lurrah buffalo bulls and obtained the
mean conception rates 28,53% and 42,604 respectively,

Patil gt al. (1981) undertaken a atudy on deep
freezing of buffalo semen in three dilutors with and
without addition of epididymal conatituent, Based on 34
inasminations, the overall fertility rate of freeze
thawed semen was 47,064, for Triladyl, Triladyl + MISF,
Tris and Jris « 4i8F dilutors it was 42,86, 50,00, 55.55
and 50,00% respectively.

Hleuar (1982) reported ths fertility percentages
of 33.8%, 54,35, 56.7% and 53.89 for uffalo senen
diluted and frozen in L¥Y4u, Tris, Tris milk and akim milk
diluents respectively followingz 1154 total inseminations.
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The presant research project was carried out at the
department of Veterinary Jbstetrics and uynascology;
Gujarat Veterinary College, Anamnxxi; for a period of 12
months ce.a.uneing from 1at June "531 to 31at .lay '32,

axuarinantal hreedingz hilla:

In all, 23 bulls were available for study. Swenty
of them were HSurti buffalo bullis ranging between 4 to 7
years of age; and three were cowebulls of :iolstein
Friesian breed aging between 4: to 5.; yeara, “he :olstein
Frieaian bulla used for this atudy were owned by Livestock
lesearch Station, Veterinary College, Anani but were
stationed at the Uynaecoloyy departnent of the collegze;
where the two other buffalo bulls were also naintained
in the identical manazemental condition, The remaining
18 buffalo bhulls were stationed at a well orpanized fam
and a Jdemen Sank situated at the diastance of about 80 and

40 kns respectively,

All the bulls selected for this study were in zood
health; wxier constant veterinary care and supervision
and naintainad in nearly identical managenental conilitions.
All these bulls had normal libido and service behaviour,

raridizatian:
All the jlass articles used during the stuly were
gterilized in hot air owven at 160°C far 30 mta.
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Buffer solutions, lubricant, rubber articles and artificial
vagina aetc., were autoclaved at 10 1lb, pressure (115.0%.;
for 20 nts.

Liacticn of semen?

The schedule of semen collection was twice in a
week for all the bulls, The semen ejaculates ware obdtained
in aterilized graduated collection tuhes; attached through
a rubber cone to artificial vagina for bulls, with smooth
rubber liner; at a imer temperature of 42«44°C,
A geparate artificinl vagina was used for each ovull,
Usually the semsn collections were made between 6,30 to
730 Asils For semen collaection, the bullas of the asane

species ware used, as teasers,

After the collection, the semen containing tubes
waere placed in a beakeri half £4illed with water at
32° -35°C, till processing,
Bvaluatian af asnen’
(a) In a jraduated collection tube vaolume, colour and

consistency of semen were observed and noted
immediately after callection.

(b) - ivity of fresh semen was estimated putting
a drop of semen on a clean glass slide placed on a
blothern stage at 37°C, and viewins through
10 X objective of a phase contras’ CT0NRe



(c)

(d)

This activity was expressed in ) to +++ee grade as
per the standard technique of ilerman and Madden

(1953)., The sperm concentration was estimated by

using a portable photoelectric colourimster
employing 4,9 ml of 2,7 ' .ium citrate solution
axi 0,1 n1 of neat aemen; at 540 m u,

Parcentage of Live and Abnoimal spermatozoa:
Differential staining technique was used for
eamting live~dead and abnormal spermatozoa. The
eosinnigrosin stain was used as per Hancock (1951)

disaolving eosin 1.67 gns and nigroain 10 gms in
100 ml of double glaas distilled water., Far
staining to be donae, the proportion of atain and
seuwen was kept as 4 drop: 1 drop reaspectively. The
‘indform thin siears were prepared. Une hwdred
spermatozoa were counted for each of the two
i.o:nions from each stalned slide under oil
immersion objective of phase contrast microscope,

The individual projressive motility and per cent

motile spermatozoa were estimated by putting a

d¢illuted semen drop on a glass alide unider a covar-
1, using biothema at 37°C, on 25 X objective of

& .2 contrast microscope,
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Bilustian®

Following these initial evaluationa, the samples
ghowing required optimm quality (iinimum +++ Maass activity
and 70'% motility) were processed further, diluting theam
in the eelected dilutora. In present studies, the
different dilutors used for bull and buffalo bull semen
were as followat
Ear Jull. asman:
(1) Egg yolk citrate glyeerol (LYCu),
(i1) Tris-fructose-yolk glycerol (IFYG),
(111) Laiciphos=478,
(iv) AHUL spray-glycerol {aA:#G),
(v) “nole-nilk glycerol (:.li),

Eqr tuffalo ull. asasn:

(1) Lactose fructose yalk glycerol (irY¥u),
(11) Tris fructose yolk glycerol (¥FYu),

Using standard proceduwres, the required anount of
dilutors were prepared just before use., The LYCu was
prepared as per Salisbury gk al. (19#). The TFYG was
prepared as per the recommendation oi . ... (1979), Fer,
LFYG dilutor, the ingredients were used in a propartion
suggested by Almad ani Chauwdhry (1980), The Laiciphos was
imported amd used as per the instructions given by the
ammtam:mr*. Tha preparation of A =+ ycerol

- ———

*IV «France.
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dilutor was based on the formula of €1 Alamy (1979). The
whole milk lycerol was prepared as per the standard
procedures, according to Thacker & Almquiat (1953).

Antibiotics ~Penicillin @ 1000 i.,u./ml aml
Streptamyein @ 1000 mg/ml were added in each dilutar.
(For canpoaition of dilutors pl. see Appendix I1I), |

While diluting emch semen sample, the concentration
of spermatozoa in a sample was taken into consideration,
The dilution rate was adjustedj keeping about 50 to 60
million spermatozoa per ml of semen befors freezingi
and thereby allowing at leaat 12.5 to 15.0 million live
spermatozon available in each 0,5 ml fLrozen senen dose,
after thawing,

Ersezing qf sensn:
(a) dlycaralizatian

Uilutors LFYG and TFYG were incorporated with 5%
and 66 flycerol respectively. When these two dilutors
ware used, slyceralization was carried out at roon
tanperature; by diluting in single step the semen with
glycerol containing dilutor., The diluted semen wes
maintained at roa: temperature till filling of straws.

The other dilutors used during the study contained
™ glycerol by volume, .. .  "mre LYCG; Laiciphoa-478,
ASG, and '1G; where the baaic dilutor (without glycerol)
was divided into two fractions - A and B, The "A' portion
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of the dilutor consisted of the basic dilutor, without
glycercl, which nade 534 of the total requirement ol the
dilutor. Fraction 'i*, the other half portion, consisted
of the basic dilutor with twice the desired final
eoncsntration of glycerol, by volume, immediately after
collection and initial evaluation, each ejaculate was
practically half diluted at room temperature, uaing
fraction ‘A', The partially diluted semen wis then placed
in a wate) bath containing water at 32°C, and cooled
gradually to 5°C, dSimultaneously, the fraction '3' was
also cooled to 5°C, Glyocerolization was carried out

at 5°C by addition of equal volume of fraction '3' to the
fraction 'A', in four parts at 15 minutes interval, The
diluted semen, waas then drawn into the 0,5 ml plastic strawa,
(b) EAlAng af the atravWa’

The straws were fixed in clamps, which hold 15

'mediun atraws. The closed ends of the straws were fitted
into the nozzles of the f£illing comb, which was comnected
at the other end, to a vacum suction pump, through &
plaatic tube, Assuring ail the connections to be perfect,
the open ends of the straws were dipped into a sealzer
containing diluted semen and the switch was put on. “he
£111lin: of the straws was obtained due to aspiration.

The wmifaorm 1 to 15 oa air space was created in
ssch straw by fitting the open enda of the olemped straws
into the teeth of the plagtic bubbler.
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The sealing powder - polyvinyl alcchol powder -
was spreaded evenly in about 4 -5 mm thicknass on a
glass plate, The open endis of the straws held in the
olanp were thon dipped into the powderi when the powder
had penetrated about 5 mm into the atraws, a satiafactory
plug was made.

After sealing, the straws were placed in the water
bath at the temperature, sinilar to that af diluted semen
i.e, at 32°C when one atep dilution was practiced and at
5°C in case of two - step dilution,

(o) coulldbratian:

Jealed straws were gradually coocled to 5°C
temperature by putting them into a plastic box. This was
tranaferred into a thernocole box containing ice; where
the straws were further maintained at 5°¢ for 5 ars
equilibration time,

(d) Exmezing techniqua:

A "thermocole freezing wmnit” was used lor freezing
of the samen. Vapour freezing method using liquld
nitrogen was adopted, A rectangular thermocola box of
10 litre capacity wns usaed., Inside of which, on the
upper part, two flat wooden astrips were fixed tranaversely
at the distace of about 2", 4 line was marked 4 cms
below the level of wooden strips in the therunocole box.
Avout G =7 litres of liquid nitrogen was poured into |
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the thermogole bax, upto the lavel of nmarked line, while

Ireezing,

Following the equilibration, the straws were taken
out of the water and dried rclling pgently in pre-~cooloed
turkiash towel,.

The dried straws were immediataly placed on the
wooden strips, harizontally and the thermocole box 1id
was closed, The straws were exposed to the liquid nitropgen
vapour axactly for 10 mts. The lid of the tharmocole box
was then openaed and the strawa were tranaferred into the
goblet containing liquid nitrogen (=~196°C), assuring that
the full length of the atraws were dipped into the ligquid
nitrogen, Immediately after deep freeszing, one straw was
thawed aryl the gemen was exanined for apermatozoal motility.
The samples showing more than 40 post-thaw motility were
transferred through the canisters in liquid nitrogen
storage containers, “he aubatandard sanples were disocarded,

The different colcoura of the straws were usad,
bull-wise and dilutor-wise for easy identification.

(e) Znawings
Thawing of frozen sewen was effected by immersing

the ghraws in water kant at 102° -« 104°F in a thermosa

for 15 to 29 sacorxia,



Hokila Lreazing:

With a view to facilitate tihe working a “mobile
freezing unit" was established for freezing the semen ol
buffalo bulls, stationsd at the fam & Semen Sank, away
from the laboratory. The dates for freezing of the semen
ware pre-deternined with the respective authorities. All
the neocsssary equipments and buffaers etc., kept at 5°C
in a themocole box containing ice cubea, were carried to
the place of work, in a jeep, on the previous night of the
day of work, Un the next day morning, observing the strict
hyzienic neagures the semen wasg collected; from the
selaected bulls, evaluated and diluted as per the
requirements,

The diluted semen was filled axxi gsesled in the
French nediun straws and maintained separately bull wise
and dilutor-wise in a thermoccle box at 5°C for
equilibration, yJuring the equilibration period, the
filled and sealed straws were transported snoothly in the
Jeep to the pre-cooled laboratory, where the actual
freezing was carried out,

The present research project was divided in five
separate experiments, for easy working and better inter-
pretation. A tast freezing was done previous to each
experinent,
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The ability of spermatozon to undergo the freezing
at ultra low temperature varies from bull to bull, To
study the freezability of semen of various bulls, an
experiment was carried out, involving all the 23 bulls -
(20 Surti and 3 i,F,). Two ejaculates from each bull were
collected one at a time at weekly interval,

The semen was evaluated for volume, colour
conslatency, aperm concentration, nass and individual
motility and live and abnornal counts. The samples
Lulfilling the required atandards were diiuted depending
upon the concentration of spermatozoa and frozen in liquid
nitrogen vapour, For all the ejaculates of cow bull and
buffalo bulls, IFYC dilutor (FAU: 1979) was used,

Tha post-thaw recovery was estinated twice,
impediately after I{reezing and 24 hra after storage in
liquid nitrogen, using a biotherm at 37°C on 25 X objective
of a phase contrast microscope looking for progressive
motile spermas, |

An attempt was made to stuly the efficiency of
various extenders for freezing of bull and butfalo gemen,
uaing split ejaculate technique,
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Three ./, Bulls and five Surti buffalo bulls were
involved in this study. For freezing of ., bull semen,
five extendiers were tried viz,, &YOu, THFYG, AsG, ~ 70
Lalciphoa=473. Two extenders, LFYG and i¥FY. were
for buffalo gemen freezing. Iive ejaculates from . ...
bull were procassed separately for this experiment,

Aftar collection and initlal evaluation, the semen
ssmples with optimunm quality were split into {ive aliguots
in case of ii,}'. bull ejaculates and in two aliquota in
ease of buffalo semen., These samples were then diluted
using dilutors wxier trial at the rate of 1:20; pacdktaged
in French nediun gstraws end frozen in liquid nitrogen as
described earlier,

The poat-thaw recovaery of spermatozoa was estinated
immediately after freezing and 48 hra after storage in
ligquid nitrogen, The live andi anormal counts of the
spormatozoa were assessed, using the same eosin-nirosin
stained alides for sach ejaculate,

Fo* 3'&1"?“ &x" ur‘“""
A BUNEALY 3 aulaTucUA s

The enzymatic testa for the evaluation of aemen
quality have been of much help particularly with bovine
species, iffect of deep freezing on releass of trans-
aninases and hyaluronidase enzymes was studied on semen
sanplea of five Surti buffalo bills.
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Seventesn ejaculates from the five buffalo bulls
vere used for pre-freeze and post-ireeze study of release

of enzymes,
(a) lvalucaaidase assay:

After collection and evaluation, the semen samples
were aplit up in two parts, each of 0,5 ml. They were
then diluted separately with TFYU and LFYG dilutors, in
such a way that the diluted sample contained approximately
25 million gpematozoa per ml., The 2% million sperm bead
was prepared by centrifuging one ml of diluted sample at
1500 r.p.n. for 15 mta, The estimation of enzyme
Hyaluronidase was carried out in fresh diluted samples
within shortest posaible time after collection of aemen
and preparation of aperm beads (umually within 6 hrsj.
The ssmples wers kept at 5°C €ill the estination.

The remaining quantity of the diluted semen in both
dilutors, was frozen ard stored, The postefreeae
estination of the enzyme activity in spern extract was
carried out after 24 hrs of storage in liquid nitrogen,

Based on liberation of Neacetyl :ucosanine from
onxyme the estimation of liyaluronidase activity in spemm
extract was carried out as per the procedure detailed
by Bollet gt Al. (1953). The procedure involved the
fallowing stepal
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In a omntrifuge tube containing approximately 25
nillion aperm pack }

0.1 nl sodium acetate buffer (0,05 M, pi 3.8),

0.2 ml ilyaluronic acid (6 mg/ml),

0.1 ml Sodium chloride soln, (2 i soln.),

0,01 ml Sodium hydroxide soln, (4 i soln.),

0,1 ml Potassium tetraborate soln. (0,8 ¥, pH 9,1)
were added.

Incubated for 1 hr at 37°C,

Incubation waa followed by heating the tubes in
boiling water bath for exactly 3 mta,

The solution in the tube, than cooled to room temp,

Then 3,6 ml of P-limethylamine benzaldehyde (P-iiiAl)
(10 ;ms8/100 nl acetic acid to be diluted 10 times in
acatic acid) was added %o the solution,

Tubes ware again placed in a water bath at 37°C for
20 nmts.

Then the tubes were centrifuzed for 10 mts at 2000 r.p.ae.

The intensity of colour devaloped in a supernatent was
measured in Spectrophotocolourimeter gt 580* u.,

The amount of hyaluronidase enzyme releagsed from the

sperm extract pre and post Ireezing was expreased as U0,
(i.0. Uptical vensity) readings, and the difference in
enzyme activity waa noted.



(b) satization of GOT snd GET: %

The sane bulls and the very ejaculates were utilized
for estimation of the transaminases in the semen before and
after freezing. From the diluted samples, 1 ml of semen
(containing apprax. 50 million spermatozom) was centrifuged
at 1500 r.p.n. for 15 ats,

7111 the estimation of the enzymes, which was
carried out in most cases six hra after the caollection
of semen, the separated seminal plagma was maintained at
5°C in sterilized vials,

The activity of transaminases (GUT and GPT) was
estinated in the spem-free seminal plassa separated
. fron the frozen-thawed samples, after one mak gtorage
in the liquid nitrogen. Two atraws were thawed for each
sample and 1 nl of seminal plasna was proceased for the
enzymatic estimations immediately after thawing. <he
transaminases (UUL and UPT) were determmined by the
colorimetric method according to Heitman and Frankel (1957),
WL reacts with substrate ( X ~ketolutaric acid and
aspartic acid) to produce axaloacetic acid which then
reacts with 2,4~dinitrophenylihydrazine to produce colour
in alkaline medium, GiPT reacts with substrate (< -keto-
Zlutaric acid and alanine) to produce pyruvic acid which
than reacts with 2,4=linitrophenylhydrazine to produce
colour in alkaline mediwm. The enzymes were neasured in
intarmational units (1) of enzyme/lit,



The ejaculatas fram three i, F, bulls and five Surtl
buffalo lls were available for this study. Two ejaculates
froa each bull were utilized, Two semen smears were
prepared from each ejaculate prefreeze and post-freeze by
mixing a drop of semen with three to four drops of nigrosine-
eosin stain, I'ifty straizht live aperns were randomly
salacted for each ejaculate and their head length, head
breadth (maximum), axi total length were measured on
projection nmicroscope (Lenameter, having 4 X objective
lense and overall magnification of 93X L on a circular
graduated ground glaas,

Dlaias U Pioodedi UL, AL

The ability of spermatozoa to fertilize the female
has been the moat reliable test for the quality of aemen,
As a part of the present study, fertility trials were
conducted at field and farm levels for the bhulls selected
on the basis of the results of tst and lind experiments
of this project, Julls with good freezability and dilutor
with good sulitability were selected for their use in
fertility trials. In all, for fertility study eight bulls -
3 Hot's and 5 HSurti - were gelected, The required mmbers
of semen ejaculates were collected and evaluated.
Ejaculates showing ovtimum quality were diluted ani frozen
in a way that at leaat 12 to 15 niliions live spermatozoa
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ware available per dose of frozen semen, packaged in a
0,5 ml capacity maedium straws,

T¥Yy extender was used for diluting both, bull and
buffalo semen., The frozen semen was stored in liquid
nitrogen at leaat 10 daya before it was used. All the
inseminationa were performed between Uctober *H41 to
March '82, during the period of six months,.

(a) EactAlity traal at £ield devel:

The frozen ilolstein bulls' semen dosea were
distributed for insemination in Kankrej cows andd heifars
at field level in two advanced districta of Uujarat state,
The trained inseminators at village Al centres were
involvad with the inseminations and pre;mancy diagnoslis
work. The pregnancy diagnoais was performed per rectally,
90 days after inseminations. Totally 251 cows and heifers
ware inseminated using 2085 Irozen semen doses,

The frozen buffalo hull semen was utilized for
inseainating the Surti buffaloes amxd heifers coming for
inseninations at the College A.L, Centre, vhere qualified
and well experienced veterinarians perforned the
inseminations and the pregnancies were dia;nosed by per
ractal palpations 60 to Y0 days after inseminations,
Totally 342 buffalo and buffalo heifers were inseminated

using 426 frozen semen doses,
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Keneat  heesdar  cova’
About 98 frozen semen doges of two Holstein bulls

were utilized to study the efficacy of frozen semen to
sattle the repeating Kankre) oows and heifers of Livestock
Research Station, Gularat Agricultural University, Anand.
A fam veterinarian perfomed the inseminations, The
pregoancy diagnosis was besed on rectal palpationa 75 ~90
days after inseminations, All the inseminations were
performed rendoaly on repeat breeding Kankrej cows amd
heifers,
Atasdatical analyala’

The percentage values of progressively motile, live
and abnormal spermatozoa were tranaforned to arcsin V %
hefore atatistical analysia. The analyals of variance

and othar atandard statistical procedures were ocarried
out as described by Snedecor and Cochran (1971).
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Ne REgULZS
The last couple of decadas have witnessed a apate
of research in processing technology of semen and the
uss of frozen semen for genetic inmprovement of dairy
animals. ilowever, caomparatively poor head way has been

made in Al programmes involving buffaloea, The research
leading to progsress in deep freezing of buffalo bull semen
has been engaging the attention of many workers in India
anl abroad, but the results lack consensus, uuring the
Present research project,certain important aspects an deep
freezing of buffalo semen were aelaborated, and the results
achlieved were as follows.

Uaing standard procedures, 50 ejaculates from 20
Surtsi buffalo bullas and 25 ejaculates from 3 .0, bulls
were examined for normal seminal attributes, The perusal
of Table-1 shows that for the buffalo, the volume of senen
averaged 3,08 & 0,19 ml. The mass activity and individual
motility averaged 2,11 + 0,17 and 77.4 & 1,634
respectively, The average sperm concentration was 1022.34 1
22,22 niliion/ml and the per cent live and morpholojically
abnormal spermatozoa averaged 5\35.?56 & D40 and 9,72 2 0,35
reapectively. ’

For cow bull semen the average semen volume was
5,65 = 0,095 nl, The mass activity and individual motility
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averaged 3,44 + 0,078 amd 79,8 x 0,684 respectively. The
sperm concentration averaged 1514,8 + 2,50 million/ml.

The averages for per cent live amd morphologically abnormal
spermatozoa were 87.08 « 0,49 and 9,2 + 0,42, respectively.

The colour and consistency of senen for all the
ejaculates varied from milky white to thick crsamy depending
upon the concentration of spermatozoa in particular
ejaculate,

OF_SPaidATUZ0A:

Two senen ejaculates from each of 23 bulls -~ 20 Surti
ard 3 H,F, were subjected to freezing at ultra low
temparature (~196°C), The sjaculates were studied for the
freezability of spermatozoa on the basis of post-thaw
motility. 7The difference amonist the bullas for
freazability of spermatozoa was significant (Table-3,

Fige 1) ut of 29 buffalo bulls, seven provided semen
having very good freezability { 2 50 post=-thaw spermato-
zoal motility). : ammen ejaculates from other nine
bulls were mode. .. __ .ultable for freezing (postethaw
spernatozoal motility > 305 but ¢ 505/ and the remalning
four bulls showed poor freezability. ( < iE=thaw
sparmatozoal motility/. Three (i,F, bu..; orovided the
semen ejaculates with very good freezability (Table-=2).

From the analyais of variance, it waas ravealed that,

the postethaw motility at O hr varied aignificantly between
the bulls, but the difference in freezability between the
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ejaculates of the same bull was found to be non-significant

(Table=3), After 24 hra storage of semen in liquid nitrogem,

it was observed that the postw«thaw motility differed
sigmificantly bhetween bulls as well as between the
ejaculatas,

It was obmerved that, the correlation between mass
agtivity and freezability of gpermatozoa was non-
significant ( r = 3,23 2 0,19).

Co MFLCHCY O ol ULORy:

Five ejaculates from each of tha five surti huffalo
lls and three H,F, bulls were utilized to study the
efficacy of different dilutors. It was observed that the
imdividual motility of spermatozoa in buffalo semen
averaged 76,20/ and 73,4064 for semen diluted in TFYG and
LFYG diluents before freesing; it declined to 57.80% and
Sh.2 . 1ediataly after freezing and 55.20. and 49,404
afte: - _; storage in liculd nitrogen, respectively
(Table=t, Fig, 2.

The post-thaw notility imnediately after freezing and

after 48 hrs atorage in liquid nitrogen did not differ
significantly between the buffalo bulls, while the
difference in post-thaw motility of spermatozoa was
significant between the dilutors at U hr and 48 hrs post-
freezing (Table~5), The difference due to dilutors on the
sparmatozoal motility before and after freezing was found
to be non-aimnificant, iowever, the difference in
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spermatozoal motility between temperatures and the inter-
action between dilutors and temperaturs was highly
simificant (Table=6),.

The comparison of progressive motile peroentage of
sparnatozoa in freeze-thawed buffalo semen in different
dilutors was done by critical difference test. It was
observed that TFYu dilutoé was having significantly

(P < 0,01) higher percentage of progreasive motile
sparnatozoa caompared to LWFYG dilutor at O hr, as well as
48 nhrs post freezing (Table-17).

For H,F, bull semen, the individual progressive
motility of spermatozoa before f{reezing in A3G; L-478,
WG, TFYUG and £YCU diluents avaraged 76.335%, 75.004,
75433%, 82,004 and 79.66%, which reduced to 3h.33w, 35,666,
38,004, 61,664 and 56,66% immediately after freezing and
further declined to 29,3%4, 33,004, 33,00%, 50,66/ ad
54,665 atter 483 nrs storage in liquid nitrogen;
respectively (Table~7, Figz, 3),

Ag shown in Table 8, when the post-thaw motility of
bull spermatozoa was observed at 0 hr, the difference
batwaen tha bulls was found to be non-ainiricant, but
the ssme varied sisnificantly on the basisz of post-~thaw
motility itaait. when examined after 43 hrs of storage in
liquid nitrogen. The fiva dilutors used for freezing the
il semen were found to be differing significantly Ifrom



each other on the basis of post-thaw motility of
spernatozoa at 0 hr and after 48 hra post-freezing.

Critical differcnce test was employed to compare the
prozressive motile apermatozoa of bull semen in various
dilutors (Table-16). It was observed that, Y4 diluted
semen showed significantly (¥ < 0,01/ higher percentage
of gpermatozoa as compared to WOG, WG, L4773 and ASG
diluted senen at O hr as well as 43 ws post={reezing.
There was no significant difference between the dilutors
S0 o L4783, At O hr and 48 nrs poat-freezin;, Wil amd
BYCG dilutors differed simificantly f£rom Al diluter,
while the differences between L-478 and Wil were non~
sinificant, ASG dilutor differed significantly (# < 0,01)
from i 1G and L-473, 48 hrs poat-freezing (lable-16),

The comparison betwean bulls showed the sipilicant
differences in postethaw motility, (¥< 0.01), (=316
gave a siynificantly higher poate-thaw gpermatozoal motility
fallowed by :1'=317 and :W'=307 (Fig. 3).

The analysis of variance for spamatozoal notility

of cow bull senmen revealed that the differancesdus to

tempaerature and interaction (dilutor x temperature) were

significant (v < 0,01 (TLable-y,,

The per cent live apermatozoa was calculated in neat

{pre-freeze) and froeoze-thawed semen samplesa diluted in
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varioua dilutorsg for bull axi buffalo semen, The live
percanta e of the apermatozoa in neat buffalo semen
averajzed 86,244 which declined to 65,32 and 65,265 4in
freeze-thawed samples diluted in TFYU and LIYG diluents,
respectively (Table=10).

The statistical analysis revealed that the per cent
live spermatozoa did not show significant difference
betwesn buffalo bulls as well as between dilutors (Zable-11/.
However, the difference in per cent live spermatozoa
between tenperatures was highly significant (Table-12).

The average live percentage of spermatozoa in i#
bulls' neat semen was 83,26, which in fro -
samples diluted in A3G, L-478, WiG, TFYU and YOG, diluents
daclined €0 6. ., _i..o., .o ... 99.456 and 62,9%%
rospectively (Tablae-13),

The comparison of per cent live spermatozoa in bull
senen diluted in various dilutors was done by critical
difference test, It waa observed that T diluted
senan had aigmificantly (P < 0,01) higher purcentage of
live gparmatozoa as compared to LYCG, L-473, 221G and AsG
diluted semen. The differences betwesn Auu, L-473 amd

re nonesimificant, LYCU and L=-473 dilutors did not
differ significantly for per cent live spermatozoal count
(Tanle-16).
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The analyais of variance for per cent live spermatozoa
of bull semen revealed that the differences betwean various
bulls were non-significant whereas they were found to be
sinificant between dilutors as well as between
temperatures (Table-14, 15),

The percentage of morphologically abnarmal spermatozoa
was egtimated in neat arndd freeze~«thawed semen samples
of cow and bhuffalo hulls diluted in various diluenta,

In buffalo neat semen, the morphologically abnormal
sparnatozoa averaged to 7.96i which increased to 15,52
and 15,634 in freeze-thawed sanples diluted in TFYu and
LFYG diluents, raapectively (Table=10),

Analysis of variance for percentage of morphologi=-
cally abnormal apermatozoa in buffalo semen showed that tha
difference between tenperaturs was highly significent

(Tahle=12); whareas it was non-asignifiocant between bulls arxi
between dilutors (Table-11, 17J.

The percentage of morphologically ammarmal spermatozoa
in i,F. bulls neat semen aver .3,93%, which inoreased to
15.464, 16,004, 15,26#4, 16,66/ and 16,06/ in Ireeze thawed
gemen sanmples, diluted in A3G, L-477, Ui, TFYG and LYCJ
diluents, respectively (Table-13).

On statistical analysia, it was revealed that the
difference in percentage of norphologically abnormal
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spermatozoa was significant between dilutors as well as
between tamperatures, but it was found to be non=-
significant betwesn the bulls (Table-14, 15).

For post-thaw coaparison of per cent marphologiocally
amormal spermatozoa in various dilutors, critical
difference test was done, The observations revealed that,
dilutors TFYG and EYCU did not differ asignificantly for
this character., ilutors A3G, L-478, and YW.ii also gave
non-aignificant differences in per cent amormal sperma-
tozoal count, Jilutor «it was significantly different
from TFYu and LYCG dilutors (Tavle-16).

Fo B2 G LUAKAGE:
(a) Zranssminases

The aseninal plasna levels of (lutamic oxaloacetic
transaminase (GOT) and Jlutamic pyruvic transeminase (W’l)
were aestimated pre and post freeze, “he levels of GUUD 4in
seninal plasna before freezing averaged 8,02 and 9,42 i.u,
for THYG and Li'YG diluted aemen samples, which increased
to 12,682 and 16,23 1i.u. respectively in f{reeze-thawed
sanplas (Table-18, Fig. 4).

The levels of GT in seminal plasua averaged 2,67 f.u.
and 3,05 1.u. before freezing, which increased to 3,65 amd
4,03 1.u. respectively after freezing in iFYu and LFYG
diluents (Lable=18, Fig. 9).
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Analysais of variance revealed that the difference
in GOT levels was founx! to be aignificant between
tenperatures as wall as between dilutors, whereas the
difference in levelas of UPT waa fouxd to be significant
between temparatures, but it was non-significant between
the dilutors (Table=-19).

(v) lvaluconidase AGtAVARY:

The activity of hyaluronidage enzyme in spermatozom
pre anx post-freezing was estinmated for 17 senen ejaculates
from five Surti buffalo bulls. The hyaluronidase activity
in spermatogoa bafore freezing averaged 0,064 and 0,065

(0.0,) for TFYU and L'TG diluted semen samples; which
decreased to 0,039 and 0,030 (U..) for the two dilutars
respectively in freeze thawed samples (Table-20, Fig. 7).

Analysis of variance for hyaluronidage activity in
spematozoa was carried out, The difference in the enzyme
activity between dilutors was found to be non significant,
The paired 't' test revealed that the difference in
hyaluronidase activity was significant (¥ < 0,01) between
the temperatures (pre awi post-freeze),.

VAU

Uy AsisUhnd IO CARACRELS U it

The mensuration characters were atucied for cow bulls'
and buifalo bulls' spernatozoa before arxi after Ireezing.

The head breadth and tie head length of the buffalo
apernmatozoa averaged 4,.6175 ani 7.83202 microns in neat



sanen, which decreased to 4,4384 and 7,7113 microns
respectively, in freeze- thawed samples (Table=21j.

The average head breadth and head length of the i,.F,
bull spermatozoa in neat semen were 5.2273 and 9.4052
microna which decreased to 4,8595 and J,1665 microns
respectively, after freezing (Table=22),

The total length of the spermatozoa averaged
53,7890 and 55,620 microns in neat semen and 59,0440 amd
55,7187 microns after freezing for buffalo bull and cow
bull semen, respectively (TLable-21, 22/,

“he paired *t' teat was carried out to study the
differences in mensuration ciharacters before and after
freezing., it was observed that the difference in head
breadth were aimilicant Lor both cow bull axi buffalo

bull spermatozoa Jetwesn temperatures (pre and poast Lreeze),

whereas tahe head length neasurenents did not show
sigznificant difference for both the gpeclaes before and
aftor freezing.

buring the present study totally 426 inseminations
were perforned in 342 Surti buffaloes, using I'ris diluted
frozen semen from five surti buffalo bulls.
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The overall fertility percentage achieved was 57,24,
Un an average 2.69 inseminations ware required per

conception,

The fertility amongst the buffalo bulla under study
varied, It waa 62,02, 52,173, 0G1.433, 53.33) and 50,004
respectively for five buffalo bulls viz., 48, ., 58, 4,
Sy 38 and 3By (Table-23, Fig. 8).

&

Hdumber of inseninations required per conception
were 2.57. 2.83' 2.27, 3.37 and 3,20 for buffalo bulls
SBM, :mM. 31’“&1. 353&,“{ al‘l.l SBAT’ K’Bspﬂctively (Tﬂme"a‘h
Flg. 8)'

(v) In cqua aad haifera:

In all 285 inseminations were parformed in 251
Kankrej cows and heifers, using {ris diluted frozen semen
fron three H,i', bulls. The overall fertility achieved

was 46,215, Un an average 2,46 ingeminations were required
per concaeption,

For the three bulls, H.F. 316, il'e 317 and H.F. 307,
the fertility percentages were 52,87, 43,75 and 36,90
respectively (“able-25, I'igz. 8).

The munbaer of insominations required per conception
ware 2,06, 2,93 and 2,50 for the three btulls, i.i'. 316,
Hote 317 and H,F, 307 reapectively (Table-26, Fig. 8).
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There was differenge in fertility results of these
bulls senen at various Al centres., The centre-wise

fertility results are presented in Table-2:,

(e) Uas

Total 98 inseminations were carried out using frozen
semen fram iLi'. 316 and H.F, 317 tulls in 37 repoat
breeding Kankrej cows and heifers, which had repeated 7 to
18 times, It was possible to settle 28 repeat breeders
uaing frozen semen, The semen of L}, 316 bull required
3.35 inseminations per conception and i.F. 317 bl
required 3,97 inseminations per conception. vn an avaerage
3.5 inseminations were required per conception in these
repeating aninsala (Lable=27),



To achieve rapid and sure success in dairy cattle
and buffalo breeding proxrasmes, the use of Irozen seaen,
technology has no substitute so far. The preservation and
usage of semen has become ong of the important branches
of research in the field of Animal Reproduction. The
superior germ-plasa has a great role to play in dairy
cattle and buffalo breeding pz?ogrmas. The present research
project involves studies on freezability, post-thaw
revivability, enzyme leskage (pre and post freezing) and
fartility of bull and buffalo semen. The results obtained

have been discusased,

The important seminal attributes obaserved in the
present stuwdy as volume, colour, consistency, individual
notility, asperm concentration, per cent live aparamatozoa
and norphologically abnomal speruatozosl percentage were
within the opiinmal range for both the species - buffalo
bull and cow bull, in accordance with their breed
characteriatics (Table-1). '‘he mass activity of bull
semen was in the optinal range, with the average 3.44 + 3,07.
But the average mass activity of buffalo semen, in prosent
study was 2,11 » 0,17, which was lower than the nomal;
due to the fact that, some of the mulls used in thias
®xperinent sometimes provided the semen ejaculates without
the initial motility, Such static sanplaes gained motility



on dilution and could be frozen with good post-thaw
spermatozoal recovery, i‘hese findings are comparable with
the observations of Chinnaiya (1932, who removed the
inhibitory effect of seminal plasna fron visible immotile
semen sanples, washed and treated the spermatozoa with
three semen extenders to regain the motility in 304 of the
samples, which could be frozen, and the post-~thaw motility
was observed to be above 40/, Abhi gt al. (1968) in their
study on initially non-motile gperms in buffalo bulls,
obgserved the motility in varying degrees, following dilution
in more than 85% ‘flat' semen ejaculates. These findings
also suppobrt to the observations made in the present

experiment relating to initially non-motile semen sauaples.
Be FRessZDG OF Sieddii:
(a) txtension Rate:

Ag, many sperms are killed ever urder the best

freezing conditions, the total sperm concentration per dose
of frozen semen is kept always higher than that in chilled
senen, It varies from 12 to 60 million per dose as

sugzested by sulivan (1970),

The concentration of spermatozoa preferred in the
present study was approximately 12 to 15 million per
frozen semen dose, which was higher than recommended by
Brantan g% al. (1954) who found 10 million sperms per
insemination as optimum and Foote (1973) who could observe

even 4 milliion spernatozoa per insemination dose, without
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affaecting the fertility. ilowever, the dilution effected
in present study ia well in agreement with the lovels
suggested by Lapen (1961%), villett (1950), Willett and
Largon (1952) who preferred minime 12 million of spems
neaded for insemination without loss of fertility.

Pavithran gt al. (1972) reported that the rate of
dilution of the buffalo semen had a profound effect on the
post-Iireezing spermatozoal survival rates. ie suggeated
to keep at least 100 million spermatozoa per ml bafore
freezini., At the sane tine, it should not be forgotten
that the decreased scainal dilution rates reault in
decreased dilution of microorganisms present in semen and
80 provide a greater challenge to the action of aatibiotics
in the diluted senen (‘ickett gk Ale, 1976/, ‘lam (1964)
also mentionad that a good concentration of notile
spernatozoa in a aenen sanule is occasionally atasleading,
Thease findings support the dilution rate adopted in the

pmaeﬂt atudy .

(v) Cackaging af Seman:

Packaging of bovine semen in plastic straws has been
advocated by a growing segment of the A,l. industry.
Automated gysteus for packing bovine senen in plastic
straws, reports of hiher conception rates; eater
apermatozonl utilization and greater atorage efficiency
have all made processing of senen in strews increasingly

popular,
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The French mediun strawvs of 9,% ml capacity were
used for packaging of semen in the present study. The
increasing experinental aevidences suggest that, the reduced
volune of doge delivery in ~I ia better tolerated by the
uterus. “his indicates the use of 0,25 ml straws rather
than 0,5 ml. However, Jarazua gL al. (1977) observed
simificantly higher post-thaw motility, when spermatozoa
were frozen in 9,5 ml French medium straw than in 0,25 ml
straws, This obaervation supports the use of 0,5 ml straws,

which was enployed in the present svudy.

“1-carol 13 being used universally as a primary
cryoprotective agent for freezing of semen, The anounts of
glycerol and methods of jglycerolyzation vary depenxiing
upon the exterxiers, Ireezing method, species axd the recipes
developed by individual laboratory,

In the present atudy. 59 and 64 glycerol was used,
respectively, in LI'YG and WFYG dilutors, In A, L-473
and iy dilutors 7% glycerol was preferred,

The amount of slycerol used (5% with LFYG dilutor,
was in accordance with the lavel sugrested by Ahmad and
Chaudnhry (1980) and Crabo at al. (1980, riowaver, it was
lower as compared to 7% & optimal level in thls dilutor,
Sugrested by Heuer (1982), recently,

The necessity of such
higzher loevel of Zlycerol in

presence of two sugars in a
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dilutor is questionable according to the findings of
Krishnamurthy (1981), who compensated the glycerol reduction
from 6 to 3% by using in an extender, the combination of
fructose and lactose, with good post~thaw spermatozoal
recovary. He supported the proposition that certain
beneficial effects could be derived by reducing the level
of ;lycerol in frozen semen extender, Stoyanov and
Kostadnov (1973) agreed with these findings, who could
succesatully freeze the hull semen using raffinose yolk
diluent, without ;lycerol., Though glycerol is considered
€9 be the best cryaoprotectant in frozen gemen extenders,
its incorporation is increasingly being doubted. The extent
+0 which the use of combination of sugars to replace or
reduce the slycerol levels in f{rozen semen extender, yet
renainsg to be determined,

The satisfactory results in terms of post-thaw
spermatozoal nmotility and fertility achieved by incor-
porating 8% glycerol in TFYG diluent in the present atudy
agree with the results obtalned by 3Bhardari and Chauhan

(1980) who used 6.4 . ‘cerol in Tris extender with
mtiasfactory post- ; rmatozoal regovery, The present
findings can, also, be compared with thoas of Shatti gt al.

(1981) and Yatil g% al. (1981) who used 6% glycerol in
Triladyl and Tris extenders for successful free:. .
buffalo semen, Dassand Jainmxieen (1980) observed 50 glycerol
to be beneficial in Tris diluent for freezing buffalo semen,
which was lower than that used in present study,
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However, Chinnaiya and Ganguli (1980) could not find any
significant difference in post~thaw recovery of buffalo
spermatozoa when they used three levels of glycercl 6, 7
and 8% each in three dilutors.

In the present study for LEYCG diluent, 7% glycerol
was used, which can be compared with the study of liller
and Van Usmark (1953) who reported 6 to 84 glycerol in
YCG to be beneficial, The observations made by liapen
(196}!)}, lioussel gt al. (1964) and Rodriguez gk al. (1975)
also aupport the choice of 7% glycerol levels in present
study. lowever, Kobbina (1975) recamended 8,54 glycerol
levael, to be better, which was higher, than what was used
in present experiment.

In milk based diluents, Almquist and Wickersham (1962)
observed 5% glycerol level to be better, but as it is a
general practice to use 10/ glycerol in milk based diluents,
7% glycerol was preferrcd for present study in ASG, L-478 and
WMG dilutors. The postw-thaw recovery of spernatozoa was
net as good as reported by other workers.

(d) Eguildhcation:

There exists a difference in opinion regarding the

tine during which semen should be equilibrated with glycerol
before freezing.

In the present atudy, 5 hrs equilibration time was
used with all the dilutors, which is in agreament with
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the atudy of Bhandari and Chauhan (1980), The 7 hrs
equilibration period suggested by Crabo gt al. (1980)

was longer than the one used in the present study. However,
Ennen gt al. (1976) recommended 4 to 10 hrs equilibration
period to be optimum which supports the present study. The
glycerol equilibration tinme used in present stwiy was
quite longer as compared to the findings of Jondet (1972)
and Wiggin and Almquist (1975) who suggested 1 mt and

30 mts equilibration time, respectively without any adverase
effegt on poat~thaw sparmatozoal motility and intact
acrosomes. ‘lowever, the period of equilibration preferred
in pregant study falls in between 3 hrs and 9 hrs, the

two periods suggested to be optimun by Gilbert and
Almquist (1978).

(e) Zhawinaz:

Although much work has been reported on the relative
merits of different thawing methods, there is no general
agreenent on vhather any particular technique offers
significantly better results, Hate of thawing is one of
the moat important factors affecting post-thaw apermatozoal
viability (Robbins gt al., 1972; 1976; Rodriguez, g% 8l.,
1975). '

In the present study, the thawing rate used was
102 = 104° for 15 =20 seconds, with satisfactory results,
This can be compared with the results of Robi:ina at al.

(1972), Kim and Kim (1978), Chander gt al. (1979,
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Almquist gt al. (1979}, Hube and Uribe (1980) and Yace

a% al. (1981) who all recommended the use of thawing rates
for straw frozen senen ranging between 35° to 40°C for

15 =30 geconds. iiowever, Robbins gt al. (1976} advocated

the rapid thawing rates (50°0/15 sec or 65°C/75 sec.)

which were hisher than the one preferred in the pregent astudy.

Co FRELZABILITY OF SPuoMATUZOA:

In the present experiaent, it was observed that,

there were significant differences amongst the bulls in
reapect of the ability of their ejaculatas to withstand

the ultra low temperature during freezing (Table~3,, The
results of this experiment revealed that out of 23 cow ,
bulls and buffalo bulls, only 1) (3 bulls + 7 buffalo bulls =
43,5,5) bulls provided the ejaculates with very good
suitability for freezing. In the other nine buffalo bulls
(39.2%) ejaculates were moderately suitable for freezing,
while the semen of remaining four buffalo bulls (17.3%/

was totally unsuitable for freezing. These findings are

in accordance with the observations of sSahni and oy (1972)
and ravithran gt al. (1972) who observed. si;nificant
differences between the freezability of semen from different
buffalo bulls. <The overall ovservations of the present
expariment are also supported by the findings of itoberts
(1971), Vlachos gt al. (1965), iolinari and Valpreda (1963.,
Biborski gf al. (1971), iaave (1972/, Szilagyl and dwller
(1972), Otel gt al. (1972) and Verses gt gl. \1972/, who
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A
observed the significant differences between the bulls
in reaspect of freezablility.

The lower freezability of some of the buffalo bulls'
semen in the present experiment, might be explained in
relation to the findings of Sengupta (1981), who stated
that, regardless of the dilutor or the method of ireezing
used, post-thaw motility in general was poorer in buffalo
semen than bull semen, !ie concluded that the differences
in the biochemical profile of semen of the two apecies
were mainly reasponsible for the differences in their
ability to maintain the viability of spermatozoa during

in-witro presemtioh.

The buffalo semen exhibits much seasonal variation
in the quality of semen (Kodagali gt al., 1€ﬂ3b'.' Haja,
1992). ilence, variation in freezability of bull semen
as reported by Bochnke gt al. (1976) may be true for
buffalo semen too.

The freezability of aperas seaas to be related with
their morphology. The fresh bovine semen ejaculates which
ware not freezable, when viewed under electron microscope,
exhibited large number of swollen, detached or ruptured
acrosomes, as reported by Verses gt al. (1972), who could
also observe the damage to the sperm membrane in
ejaculatas with good motility, which did not staad to
freozing. The age factor also is responsible for the
freezability of semen, as observed by Holinari and
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Valpreda (1963), who reported that the semen ajaculates
from youner bulls showed lower freezabllity as compared
to those from adult bulls.

The probable reasons for no freezabllity or lower
freezablility of the ejaculates from some of the bulls in
the present expaeriment, may be due to some alterations in
acrogomal morphology or break in sperm membrane inteyrity,
which could not have been identified under simple nicro-
acope, {ndividual variations in some biochemical profiles
of the semen or inherent inability of spermatozoa to
withatand the ultra low temperature as probable reasons
also camnot he rejectaed, The factors responsible for low
freazability such ag age and season, can easily be ruled
out, as the bulls studied in the present experiment were
in same age group and the ejaculates were proceassed for
freazing during the most favourable period of the year
(Jeptember to February/. This is alao supported by the
observations of Singh (1982/, who found the percentage af
unsuitavle buffalo ejaculates lowest during Jvamuary to
Harch and Votober to uJecember. iaranath gf al. (1982)
observed in buffalo bullas, the average post-thaw motility
to be better in winter season, however he could not find

the differcnces between ages of bullas on freezability of
spernatozoa,



By using proper dilutor and correct procedure, the
fertilizing ability of semen can be maintained for years,
by deep freezing. It is a common practice to select a
dilutor on the basis of its ability to maintain the motility
of spermatozoa after thawing, Lventhough it is well known
fact that, motility and fertility do not reside in the
same parts of the spern cell and may suffer different
degree of damage from an ldentical treatment. Using non-
motile sperm, succassful Al has been reporsed ( Tyler, 1973),
but the finding that, non motile sperm 1s not able to
facilitate it's passage through cervical mucus (lioyes gt al.,
1953/ 1is suy estive of the importance of proressively

motile spermatozoa in a semen dose for Al,

Humber of dilutors have been tried for Ireezing of
bull semen by using various buffering media and varying
levels of coryoprotective agents as glycerol, sugars or
eygg yolk etcs The introduction of Zwitter ion bulfers
for buffering egz yolk as extenders for bull semen has
led to the application of Tris (hydraxyaethyle amino-

methane) aa a common buffering agent,
Suflalo agnan:

Two widely used buffalo semen axtenders, IFYG and
LFYG were tried to test their efficacy. Yn the basis of

post~thaw motility of spermatozoa, TFYG was found to be
the better exte:nder for buffalo semen as compared to LFYU,
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In the present experiment, the post=-thaw motility of the
spermatozoa diluted in TFYG dilutor, averaged 57.80% and
55.20% respectively at O hr and after 48 hrs post-freezing
(Table=4), The present findings are in accordance with the
results of Crabo gt al. (1980) who observed the progre-
ssively motile spermatozoal percentage to be 56/ in freeze-
thawed buffalo semen diluted in Tris extender. The post-
thaw spermatozoal motility observed in TFYG diluted buffalo
semen in present study was higher compared to the findings
of Chimnaiya (1979) as 31.10%, Vasanth (1979) as 45%,
Shetti gt al. (1981) as 35.36%, Patil et al. (19817 as
50.59%, Meharsing et al. (1980) as 54% and Bhandari et al.
(1982) as 38.60%. However, the value of post-thaw
revivability of spermatozoa obtained in present study was
lower as compared to Gunzel et al. (1979) who reported
the post-thaw spermatozoal motility to be 62% in Tris
diluted buffalo senmen.

The post-thaw motility obtained in the present study
in TFYG diluted semen was comparatively higher (Table-=17).
This may be due to the inclusion of fructose in the diluent.
Hafez (1962/ observed the beneficial effects on post-thaw
gpermatozoal motility following inclusion of fructose in
the diluent. The similar observations of MHarczewski (1967,
supported the findings of present experiment. Though the

level of fructose suggested by him was not in accordance

with the level used in the present study. The presence

of fructose in the diluent gaid to be providing the source
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of netabolisable energy, But, as it is known that the
metabolism of spermatozoa in vitrified state is extremely
low, the role of fructose gsolely as a metabolisable source
of encrigy is doubtful, Lventhough it is well established
that spermatozoa preferentially utilize glucose or mannose
rather than fructose (Mamn, 1964), the inclusion of |
fructoge in frozen semen diluents is more beneficial than
other monosaccharidas,

With LFYG dilutor, the post-thaw motility of buffalo
semen averaged 54,20 and 49,40/ respectively at 0 hr and
483 nrs post-freezing (Table-4), which was higher as
compared to Ahmad and Chauwdiry (1980) who reported it to be
40,714, In this rclation Stoyanov and Kostadnov (1978)
observed lower apermatozoal motility as 32.7:% poat-freezing,
in bovine semen extended with lactose based diluent. The
present findings are in well accordance with the
observations of Bonia g al. (1980) who fourxl spermatozoal
motility to be 53.20: in freeze thawed bovine semen diluted
in lactose baged diluent,

It was expected to observae better post-thaw
spermatozoal recovery in the semen dnutad with LFYG
dutor. Though 1t could not exceed the recovery rates
obtained in TFYU dilutor, the revival rate was quite

satiafactory,



Nagase (1964) and Kpishnanurthy (1981) studied in
detail the cryoprotective action provided by sugars. Jdartin
and bmmens (1961) sugested tnat addition of fructose to
lactoas in an extender brought about an increase in
overall survival rate of spermatozoa, Ahmad and Chaudhry

(1980) agreed with these findings, viv Jjustilicd <ne
inclusion of two suzars in the diiuent astating that after
the dapletion of fructose present in seninal plasue,
fructose present in the diluent comes into play. iy the
tims this source is exhausgted, hmakdmm producta of
lactose in the form of glucose and galactose start gerving
as the energy inputa. Alsc, these sugars in diduent allowed
the least variation in ommotic equilibration surrowxiing
the cell.

Sull semans

In the asplit diluted H,F, bull semen the post-thaw
spermatozoal motility averaged 61,665, 56,66, 38,00%,
3%5.66% and 34,00% in TFYG, LYCG, WG, Le478 and ASG
diluentsa, msimcthxvely (Table=7), Un perusal; these
observations showaed that on the basis of poat-thaw
sparmatozoal motility, TFYG and £YCG diluents ranked high
for freezing cow bull semen, as compared to iili, L-473 or
AdG dilutors (Table-16),

The results achieved in tems of post-thaw sperma-
tozoal recovery in the present axperiment with TFYG diluter
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are in accordance with the findings of Davis gt al. (1963)
and Simmet (1975). The percentage of progressively motile
aperwmatozoa was higher in present experiment, compared to
the results obtained by Beatty at al. (1970) and Bonia

&% al. (1980 as 32% and 42,50% respectively.

By using LYCG dilutor, the post-thaw spermatozoal
recovery obtained in present experiment is well in
agreenent with the observations of sarcof aid .iixner (1955,
and Beatty gt al. (1970), who found satiafactory recovery
of freezo-thawed spernatozoa extended and f£rozen in bYCG
diluent,

In the present experiment, it was observed that the
post~thaw apernatozoal recovery of bull spermatozoa was
relatively lower when L=478, ASG or Wi dilutors were used,
These reasults are not in accordance with the findings of
Ala=ud-bin gt gl. (1979) who did not find the significant
differcnces in post-thaw motility of apermatozoa in bovine
semen diluted in Lalciphos, Wiy, lactose yolk glycerol or
glucose yolk citrate glycerol., Amann and Almquist (1957)
observed 42% post-thaw motility in heated Iresh milk

diluent, which was higher than what was achieved in the
present study,

The results obtained in present study uaing milk
based diluents did not agree with the finiings of bruce
(1996) and 0'Dell and Almquist (1957) who reported that the
spermatozoa frozen in nmilk based diluenta maintained
higher post-thaw motility than those frozen in EYCG axtender,



The observations made by Muller (1972) suggested
that, the post-thaw spematozoal recovery did not differ
significantly in three dilutors viz,, Tris yolk lactose,
EYCG and Laiciphos, These findings are not in agreement
with the observations of the present experiment, in which
Laiciphos dilutor was ranked third on baais of Dost-thaw
spermatozoal motility.

The poor recovery of spermatozoa in these dilutors
may be due to the fact that, the relationshipa between
glycerol level and freezing rate (Rodriguez gi al., 1975)
and, also, between zlycerol level and thawing rate
(Robbina g& al., 1976) were not delt in the present study.
This mizght have contributed, at least in part, to the poor
recovery rates in milk based diluents in the present study,
Horeover, the probable reason for not getting hetter post-
thaw apermatozoal recovary in AiG diluent, may be
attributed to reduction of equilibration tine, as ElAlanmy
(1979) with "infant milk formula® ( SMAG-D), diluent had
recommerxied 15 hrs of equilibration tine to be optimunm.

Though the concentration of live spermatozoa may be
predicted by observing the initial motility of semen
(Laaley, 1951), yet the actual evaluation of the live
percentage is desirable. Htone at al. (1950) and
Laslay (1951) stated that semen having more than 30%


file:///4hich

initial dead spermatozoa may not be good for preservation.
Tomar (1970) cited Lasley and Bogart (1943, stating that
the fartility is questionable from semen samples with less
than 504 live gpermatozoa. As 50% deatruction of spermatozoa
is a common finding for frozen senen (‘avithran gt al.,
1972); this itaelf explains the probable reason for the
lowar fertility obtained by using £rozen semen in earlier
fertility trials,

In the preaaxxﬁ study, the post-~thaw live percentages
of buffalo spermatozoa averaged 65,32»% and 65.240 in IFYQ
and LFYG dilutors respectively (Table-10), <The difference
in the live asperm percentage between dilutors was non=-
significant, whereas the decrease in live percentage at
teaperature 37°C to =196°C was significant (P < 0,01),
These observations sug;est the higher valuss of post-thaw
live aperm percentage as compared to those reported by
Shetti gt al. (1981) as 38,22¢ and Fatil gt ak. (1981)
as 52,745,

Ag observed in the pregsent study, the average live
pesrcentage of spermatozoa in ..F, fresh semen was 88,2854,
which in freeze-thawed samples diluted in ASG, L=473, JLid,
Loae and EYCG declined to 60,460, 61,66 i auiv .y voe i
arxi 62,934 respaectively (Table-13/. These findings are
wall in accordance with the obaservation of Jondet and
Rabadeux (1976) who reported 63,34 live spermatozoa in
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freezo-thawed bovine semen., 3iJimilar observation was,also,
made, by dalasov (1969) who found 69/ live asperm count
in freeze~thawed sanples of bull semen.

In the present study, the per cent live count of
spermatozoa was expected to show variations in accordance
with per cent post-thaw motility, but it was not observed
80, It needs to be pointed out here that the probable
interference due to presence of glycerol in frozen semen
diluents, which did not allow the preparation of semen
sears to be uniform and ideal owing to the reaesyness of
the medium, Mareovar, the ey yolk present in diluents
is, also, reported to be interfering in live-dead staining
of the spermatozoa (Chaube and Sengupta, 1972). These
fagtors at least, in part, might have affected in arriving
at the aotual live spermatozcal count in present atudy.

It has been found necessary to seek for a new or modified
staining procedure for live-dead count in Lreeze-thawed

semen sample,

All spaecimens of semen oontain a proportion of
abnormal cells (Laing, 1979/, iany workers regard the
axtent to which abnormal forms of spermatozoa are preasent
coupled with types of abnormality as the best indicator
of fertility. Conventionally, semen with more than 207
total abnomal cells is discarded (Laing, 1979).
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The percentage of morphologically abnormal spermatozoa
observed in the present study on buffalo semen average
7.96% in neat semen, which increased to 15,524 amnd 15.68%
in freeze-thawed samples diluted in TFYG and LFYU diluents,
respectively (Table-10j. The values in neat semen found,
were in agreenent with the same reported by Kodagall gt al.

(197;) as 9,79%. Shetti at al. (1981/ reported 9.16%
abnormal apermatozoa in freeze-thawed buffalo semen samples,
which was lower than the values observed in present
experiment, liowever, morphologically abnc: . 3permatozoal
percentage obgerved by Patil gt al. (1981) as 14.08%, was
camparable with the present findings.

As revealed from the results of the present experiment,
the per cent morphologically a'mormal spermatozoa in ii.F,
neat semen averaged 8,93%, which increased to 15,468, 16,004,
15.26%, 16,664 and 16,06/% in freeze-thawed semen samples
diluted in ASG, L-478, WG, TFYS and L¥CU, respectively
(Table=13), were quite low as compared to the findings of
Kumsaran (1965), who reported 23,7 to 32,0% abnormal
spermatozoa in {rozen bovine semen, However, the present
findings are well in accordance with the study of iHob and
Jiranek (1971) who found post-thaw almormal spermatozoal
percentage to be 16,9% in bull semen,

Gs BN Loabadss
bvaluation of the quality of frozen semen has remained
a subject of research in many of the {rozen semen



laboratories during the recent years. For succesaful
fertilization to occur many of the properties of asparma-
tozoa are responsible and most evaluation techniques,
evaluate only one or two of them, Though fartility of
animals inseminated alone can reflect exactly the quality
of ssamm, fertility trials are often time consuming and
may involve the risks by inadvertent usage of semen having
low fertility. It would certainly be easier if laboratory
tachniques could subgtitute for fertility trials. The
motility estination under microscope ia the most widely
used seminal character for assessing the quality of semen,
may be because it 1s quicker method. Pickett gk ake (1961)
obsarved that the correlation of motllity estimates with
the fertility varies from 0,21 to 0,79,

It has been observed with the use of frozen gemen
that the spermatozoal recovery ratea, thoush present after
thawing, have resulted in very low Iertility, in aome cases,
Thia may be due to damage of apermatozoa during the process
of freaezing. There ia no satiafactory method, which can
tell about the axtent of damage that occurred %0 sperma-
tozoa during the process of {reezing. Une can depend upon
the biochemical teats by estimating the preasence of
enzynes, which are limited only to spern cells, in seminal
plaga after freezing and thawing. Although most of the
enzynes found in seminal plasma have their origin in
acceasory glands, at least some mizht be the result of
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leaksge from spermatozoa (Anand, 1981). In this context,
acroscme should be given a special attention, as its apical
ridge in the bull apermatozos deteriorates with aging or
injury to the cell and the iaportant acroscmal enzymes may
be releassd out (Samcke, 1972).

(a) Zranasminasaa:

Urmham gt al. (1974) have stressed the importance
of the uso of Ulutamic axaloacetic transaminase (GUL) enzyme
level in the semen as an indicator of quality of frozen
seasn, UOT enzyme is reported to e purely cellular (Pace
and Urahan, 1976). lowaver, Yeitze (1976, found much of
it to be derived Irom diémteg;rated protoplasnic droplets
and only anall part from sparmatozon. If these findings
are beliaved to be of value, the levels of GUT in miml
plasma as an indlcator of sperm cell damage occurring during
freezing, needs re-evaluation. Anand (1981) considered the
epididymis as one of the sources of GUI and GPT (Ulutamie
Pyruvic Transaminase) in bull seminal plasma, but he did
not reject the possihle leakage of thase engymes from the
deaaaged spermatozoa,

The results of the present expariment revealed
simnificantly nore values of +'. as wall as GPT enzymes in
freeze-thawed samples as compared to pro-reeze loevels

(Fig. & & 5), These findings can be compared with the
obsarvationas of Kayeh "wy Qhk idde (1974), who tamii the
significant ralease C. dd WD from bull apermatozoe



diluted with axiium citrate buffer on cold shock. 7he
sinificantly higher U goncentration extracellularly

in freeze-thawed semen samples was obgerved by Coulter
and Foote (1973), Breeuwsma (1972) and Chimalya gk 4l.
(1979), which is well in accordance with the results of the
pregent experinent,

the loss of '»Ji enzyme activity Irom spermatozoa and
thoe release of the sane extracellularly in seminal plasma
is suggestive of sperm membrane injury, as reported by
Crabo gt ale 1971/, - iese Sindings explain the ne iowve
correlationship between gpermatozoal and scminal plasna
concentration of trangaminases, oo the decrease in spem
level of UUT concentration after Sfreezing as observed by
Burutana gt al. (1975) ad Jain (1979} and also the
decreased levela of GUT in spermatozoa post=Ireezing, as
observed by Zahariev gf al. (1974) are also very well
comparable with the results of the present experinment,
However, the decreased seminal plasma levels of T in
freeze-thaved samples from bull (froa 13.0 units befaore
freezing to 11,60 u after freezing’ as observed hy
Zahariev gf al. (1974) did not agree with the fLirkiings of

the preaent experiment,

The seminal plasia levels of WD and GWWY in fresh
buffalo semen deterained by Varsimwey @t ade (1473) as
(3345 + 3.0 units/ml and 20,4 x 2,47 unita/nl respectively,

were not in accordance with the levels Jfound in the
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prasent experinent., %“his mi;ht be due to the positive
sorrelationship betwaen spermatozoal concentration and WX
levels in gemen as observed by Sinchal ab al. (19763
Varahney gt al. (1973) and Jace arki uranham (1980,. It nay
bo recalled here that the enzyae values obtalned in the
pregent experinment were in diluted senan containing about

50 million spersiatozoa par ml,

The levels of (W reported in mull seninal plasma
by various workers viz., flipse (1960) as 623 x 43 units,
Semkov 2% al. (1973) as 210 i.u. and Koychawthury af al.
(1974) as 205.56 wu. are more as compared to tie values
obtainad of the enzyme in present experinent. This can be
explained by citing the findings of Varshney gk al. (1973
who obaserved that Uil value in buffalo semen was less than
half of similar value roported in case of bhull, whereas

G’ value waa comparable to that in il senen.

The resulta of the pre axperi that
the extracellular releage of VW in WPYJy dilute. ...
samples was sinificantly lower as compared to k'Ya diluted
<My Lewre WYy dflutor provided better rotection to
spermatozoa, as compared to L'Yu, These findings can very
well be compared with those of Hoychaudhury gt al. (19742,
who did not find the AT release significantly high in
Iris diluted bull semen on cold shock, ilowever,

Chinnaiya gt al. (1979) reported that extracellular
release of transaminases from buffalo aperaatozoa on
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freezing was significantly lower in CAW dilutor as compared
to EYCG and Tris.

It i3 interesting to note overhere that in the preasent
experiment, out of 17 samples processed for estimating
activity of transaminasea in seminal plasma, five asemen
ssaples were static i.e, without initial spermatozoal
motility. The (I values obtained pre freeze in such atatic
samples were relatively more than the similar values
obtained in initially motile sampies. The former showed
still more increase in freeze-thawed samplas (Figz, 6J.

These findings are well in accordance with the
observations made by Crabo gt gl. (1971/ who found the
negative correlation between motility and asrtate amino-
transferase (UO) release, Similar observation was also
made by Sadykov and Puzili (1971), who found significant
gorrelation between GUT activity and spem survival.
ilowevar, the present findings did not agree with the study
of Semkov gt al. (1973) who did not ovserve the significant
correlation between tiw spematozoal motility and GUT
activity. Zahariev gt ale (1974 found Gl activity in
spernatozoa and seminal plasma to be correlated with the
percentage of motile spermatozoa in freshly collected bull
semen, which did not aw with the results of present
study with huffalo semen.
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From the limited obgervations made on static seaen
samples and their pre anxd post freezing seminal plasna
GUT levels, it appears that the level of UL i indicative
of the possibility of cell damage in initially flat semen
samples, The mean level of GUI pre freeze and post freeze
in notile asmen samples and initially static samples were
Teh5 Leue, 1263 L.u, and 12,1 1.u, and 191 1.u.
respactively.

Currently, the problem of obtaining initially non
motile senen samples in buffaloes at various buffalo semen
banks is increasing, which warrant more intensive studies
on this aspect. However, the results obtained in the
prasent study on GUT enzyme level pre and post-freezing
in initially motile and static scmen samples in buffaloes
point out to one of the probahle aesticlogies for initially
static somen semplas,

(v :

The hyaluronidase enzyme which is solely of testi-
oular origzin has been considered to be the best "marker
enzyme" for the acrosomal integrity. ilyaluronidase
activity in asperm extract founrd to be sipnificantly related
with fertility (iRaizada g% al., 19830/, Acrosocue has been
rmtomznmmzymwalurmummwao—
logical significance of acrosome is comected with the
vital function for fertilization by releasing lytic enzymes,
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The role of seminal hyaluronidase in fertilization process
consiasts in demuding the egz of its surrounding follicular
cells by acting on hyaluronic acid, 80 as to enable
penetration and fertilization, "

Many workers reported the increased percentage of
danaged acrosomes in tull spermatozoa following freezing
and thawing treatmenta (Chaves, 19793 Ganguli, 1979;
Gilbert and Almquist, 1973; “atil gt al., 1981}, and the
protection of acrosome is neceasary for preserving the
narmal hyaluronidase activity of spermatozoa (swyer, 1%7b) .

In the present expariment, the significant difference
in hyaluronidase activity in spermatozoa was fournxd between
diluted buffalo semen saamples hefore freezing and in
freeze-thawed ssmples. The enzyme activity obtained was
expraesaed as difference in optical density readings read
from Jpectrophotocolourimeter. it averaged 0,064 and
0,069 (0. L,) for THYu and LFYU diluted samplas before
freezing, which deareased to 0,039 and 0,030 for the two
dilutors reaspectively in freeze thawed samples (Table-2.).
These findings are in agreement with the observations of
Holznanh gt al. 1973/, Gangpuli (1979) and Patil gt al.

{1981), No significant difference was founi in hyaluronidese
enmyme activity in spermatogoa between iI'Yu and LFYU
diluted buffalo semen pre and post freeze., 3imilar resuits
were obtained by Uanguli (1979) who did not observe the
aimificant difference in release of hyaluronidase enzyme



froa spermatozoa bhetween two dilutors Lris and CAW,

However Cnimnaiya (1979) fourxl signifieant difference in
rate of release of hyaluronidase on dilution, The lowest
rate of enzyme release was from Tris diluted semen folluwed
by CAW and citrate diluted semen samples.

Standard graph of known ¢ ; aostyle
@ucosanine against Uptical Den..., could not be plotted
in present study, as li~acetyle~-glucosamine was not readily
available so the actual values of enzyme in relation to
known quantity of Neagetyle glucosanine could not be
obtained, and a0 the values had to be expreased in optioal
denaity readings. However, on availability of li-acetyle
glucogamine the agtual values of enzyme would be
asoertained,

He jesbaUiae Lo CHARACTEN:

slenguration characters of spermatozoa are of much

value, ag they are reported to ove related with fertiliity
(Mukherjee and iumar, 1971; dishop gt i., 19543
Mukherjee and Rajwar, 1971).
(a) Butfala anaomatazon’

In the present experiment the head readth and head
length of the buffalo apermatozoa averaged 4,6175 and
7.8282 microns in neat semen (Table-21) whicii were lower

than the aimilar values of 5.3 u and 8 4 respectivaly,
as reported by Fiascher and uunzel (1978), for
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Egyptian water buffaloes., iHowevaer, the present values are
in close agreement with the study of Rajendrakumar gt al.
(1977) who reported the overall mean for tihe spermatozoal
head length and head breadth as 7.083 and 4,79 u
respectively. In buffalo semen, Kodagali gt al. (197%)
found the average values of head length and head breadth
of Surti buffalc apermatozoa as 7.618 and 4,591 microns,
which also agree with the present findings. The head
length measursment in ‘lurrah buffalo spermatozoa reported
by Sharma and Gupta (1978) as 8,43 microns was higher than
the values observed in present experiaent,

As obsarved in the present study, the head length
arnd head breadth of buffalo spermatozoa in freeze thawed
MQC averaged 7.7113 nicrona and 4,438 nicrona
respectively (Table-21), These findings agree uith the
observations of Jain (1979}, who noted that due to the
effect of freezing thare was a decrease in average head
length from 7.5376 to 7.1699 microns arxd the head breadth
from 64,5966 to 4,5128 nicrons, However, unlike hias
obgarvations the decrease in head :umgzh was non--
siygnificant in present experiment, instead, the pre freeze
and poast-thaw difference in head breadth, was highly
significant. Hajwar and Mukherjee (197)) cbserved the
increase in head area of buffalo spermatozoa after a
temperature shock of 5°C, which do not agree with the
Lindings of the present experiment.
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(») Bl _apnermatozont

The H,F. bulls under study showed the averags
spernatozoal head length and head breadth in neat semen
as 9.4050 microns and 5.2273 microns respectively, which
on freexing decreased to 9,1665 and 4,8585 microna
reapectively (Table-22).

These values are more than those reported by iacher
and Uunzel (1978), who found in Friesian semen, the
spermatogoal head length and head breadth to be 8 u and
4,25 u respectively. However the present values in neat
semen can be compared to those reported for ilaryana tulla'
spermatozoa as 9,7 u and 5.1 u  respectively, by hao and
Sidhu (1975). The same workers also reported the values
for Jersey bull spermatomoa as 9,161 microns and 4,72
‘microns respectively, which were lower than the findings
of present experiment with Friesian gpermatozoa., There
was a aignificant difference in values of head breadth
measurement between pre freeze and freeze-thawed
spermatozoa, however, such temperature effect in head
length measurements was non significant,

The values obtained for total length of spermatozosa
pre~Lreeze and poat-freeze do not appear to be of ruach

Ubviocusly, the only valid meagure of semen quality
is to aasess fertility by examining for prepmancy the
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inseminated females, The research on seman extension and
pregervation camnot be considerad to be complete without
fertility trials,
(a) Buffalo semen:

In the present experiment on fertility triais in
buffaloes, the aoverall fertility percentage achleved with
TFYG diluted semen was 57.24) (Tablo=23,, which is
camparatively hiiher than fertility rates obtained by
Takkar gt al. (1980) as 36,125, Vasanth (1979) as 45,
Chinnaiya at al. (1979) as 46,223, Patil gk al. (1981)
as 55.55% and Heddy gt al. (1982) as 475, in buffaloes
using Tris diluted frogen semen, Un first sarvice
insenination basis, .leharaing gt al. (1980) and
Chinnaiya anxl Gangull (1980) obtained the conception
rates of 65,89 and 40,0% respectively, using Tris diluted
Ireeze -thawed semen, these results were also lower as
compared to the fertility rate obtained in present study,
But this may be due to the fact that, the former values
are based on first service results. Similar results were
observed by Austin gt al. (1981 as 642,605 and Zhou (1981)
who reported thé £irst service conception rates of 53,9
and 57.26, on farm level fertility trials in buffaloes
using semen frozen in pellets and straws, respectively,

The overall fertility percentages obtailned by {iguar
(1982) as 53.&i, 54,34, 56,7 axl 53.83 for buffalo semen
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diluted and frozen in LFYG, Tris , Tris milk and skim milk
diluents respectively, These are well in accordance with
the results of present experiment. Roychaudhury (1978) and
Shafi (1979) obtained 50% conception rates using frozen
semen from buffaloes which were slightly lower than the
present findings. lowaver, ¢ = - llity results obtained
by “avitharen gt al. (1972) as - aite higher, might
be due to the fact that, it wvas on 60 days non-return basils,
On field level fertility trials., -limwadi gt Al. (1974)
obtained 25,5/, Sharmma gk al. (1979) obtained 24 to 28W,
Toelihere (1980) and Jainudeen (1980) obtained 30%
conception rates using frozen semen in buffaloes., These
results are quite lower as compared to the results found
in present fertility trials.

Ammad gt al. (1982) reported in buffaloas the average
requirement of number of inseminations per concsption to be
1.77 to 2.75, which is very well in agreement with the
fixdinga of present study, in which average 2,69
inseninations were required per conception (Table-24).

The reasons for camparatively higher fertility rates
achievcd in the present experinent may be malnly due to
tha following factors:

(1) Well awareness amongst the buffalo owners in the
area regarding the oestrous sims and time of
inssmination.



(11) Involvement of well experienced and technically
campetent veterinarians in inseminations and
pro.mancy diagnosis work,

(144) Post-insemination antibiotic treatment as and when
required,

Bu1), _aemen:

The overall mean fertility results of :i,}, bull

frozen sunen obtained in the pregent stwiy was 46,21
(Table=25;, The fertility results obtained are very well
comparable with those obtained by ‘uha (1972) as 45,000,
Chinnaiya gk ak. (1974/ as %) to 60 and :laulic gt al.
(1975) aa 42,23, who used frozen semen fram 'ricsian sires
in indigenous cows. ilowever, the present fertility results
are quite low as compared to the results reported by
vavidovie (1971) as 7%, Jondet (1964) as 684, ishil gt al.
(1979) as 52 to 534, Tomar (1981) as 61,34/ and Ylar and
Pickett (1980), who reported over 70:% conception rates by
using l'riesian frozen senen., 7The present lertility
results agree with the first service conception rates of
Liy 36 and 46,69 reported by Austin gh al. (1978) and
Jainudeen {1968/, respectively. :iowever, Almquist Qt al.
(1979), toate U‘;}?‘?‘)'}. “ickett gk Al. (1959/ ami oy \10740)
reported over 7 conception rates, on 650 to YU days non-
retwm basis, were naturally higher than the fertility

results obtained in the present study.
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The average mmber of inseminations per conoception
required in the present study was 2.45 (Table~26,, which
is very wall ocomparable with the observationa of Hair

(1975) who reported that, brown Swiss frozen semen required
2,49 inseminations per comoeption., Howaver, the fertility
trials undertaken by uureshi (1979) and Tomar (198%)
showed the requirements of 2,76 and 3 to 4 inseminations

 par gonception, respectively. These were higher than the
present finxiiag. The requirement of the number of
inseminations per conception in Kankrej cows in the present
fertility trials was quite less as compared to the results
obtained by kumaran (1965), who reported the mmber of
servicas required per conception as 8,0, 6,12 and 8,3 in

Red Eimhi. Sahiwala and Tharparkar cows, respectively.

It was obgerved from the preasent fertility trials
that there were significant differences in fertility rates
amongat the bulls and buffalo bulls atxiied for the purpose,
This may be due to the bull - difference in poat-thaw
motility of the semen (Singh gk al., 19803 Heddy 8% fde,
1982/, The fertility results obtained by using Friesisn
semen, in pregent study are comparatively low, duch low
oonception results, using frozen semen may be attributed
to the probable causes as sug ested by Kumaran (1965) and
Bhosrekar (1973), which include i

Lower post«thaw spermatozoal motility,

faulty Ainsemination tecimlque,
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axposure of gemen atraw to wvarm tamperaeture before
thawing,

improper condition of thawing of frozen semen and
delayed insemination after thawing. The lower
eonception rates might have also been due to poor
nutritional status and poor fertility of cows
(Natr, 1975),

The perusal of the fertility results of bull semen
in presant study, showed much variation in fertility
results obtained at various Al centres (Table=27). This
may be attributed to the efficiency of inseminators; as
they play an important role in artificial insemination
aservices (King, 1973/,

In the present study, the use of frozen semen in
repeating Kankrej cows and heifers required on an average
3«5 inseminations per conception (Table-28), which is
quite lowver to settle a repeat breeder, These findings are
much in contrast to the study of Bhoarekar (1973), who
obaerved more cases of repeat breeders due to the
ingeminationa with using frozen semen from Lrown Swiss
aires. Howaever, the exact role of frogen semen in
settling the repeating cows with ligquid semen, is not clear,.
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SUMMARY
AND
CONCLUSIONS



The present research project was deaigned to attempt
deep freaezing of the bull and buffalo semen at the
Mepartment of Veterinary Ubstetrics aixl ‘symaecology,
Gujarat Callege of Veterinary Jclence and Animal :lusbandry,
Anand., The project was ained to atudy the Lreezability
of semen from different hulls, to test the efficacy of
varlious dilutora for freezing; to estinate extracellular
release of certain enzymes (pre and post {reezing) and to
know the chan;jes in cytomorphology as well as nensuration
characters of spermatozoa subsequent to freezing. It also
involvad the fertilitvy trials in the fleld and at farm
levels using the freeze~thawed semen in Jurti buffaloes
and Kankre]j cows.

The freezability of spermatozoa in 46 ejaculates
from 23 bulls (20 surti and 3 :LF,) was studied in Tris
fructose yolk rlycerol (7'Yu) diluent. The si;nificant
difference (¥ < 0,01/ was observed among st the bulls under
gtwdy in their ability to nrovide the genen ejaculates
suitable for freezing. uut of 23 bulls, 10 oulls (63,55
provided the semen ejaculates having very ;jooxi Ireezability

( > 505 post-thaw motility of sz)ematazoa). “he semen
e@jaculates f£ram nine buffalo bulls (39,24 were noderately
guitable for freezing (post-thaw spemacozoal motility
between 30 and 504), The remaining four buffalo iulls
(17.34/ ejaculated the semen which did not stand to Ireezing
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satisfactorily (less than 30% post-thaw spermatozoal
motility). The initial motility and freezability of
spermatozoa were not found to be related positively
(r = 0,23) to some extant, under the present study.

For buffalo semen, two diluents and for bull semen,
five diluents were tried to stwiy their effic = .3 frozen
gemen axtenders., For freezing 'bufralo semen, iI'YG proved
t0 be batter as compared to lactose fructose yolk glycerol
diluent (LFYG), The post-thaw motility averaged 57,808,
54,200 and 55,2006, 49.40% at O hr and after 43 hrs post
freezing in the TFYU and L¥FYG diluents, respectively,

Out of five diluents tested for freezing bull semen, TFYG
and egz yolk citrate glycerol (L¥CG) ranked high, followed
by whole milk glycerol (M), Lalciphos-478 (L-478) and

AL spray glycerol (43G),. At O hr and 48 hrs post-freezing,
the poat-thaw aspermatozoal motility percentages averaged
34433, 35466, 38,00, 61,00, 56.66 and 29,33, 33.00, 33,00,
56,60, 54,60 in A3G, L-473, 4G, TFYG and 1XYCG diluents,
reapectively.

Live spern per cent in buffalo neat semen averaged
364 2l59, which later declined significantly (< ., .. _u
65.3>" -l 65,26% in freeze~thawed semen diluted in IFYG
and LiYw diluents respectively. The H.F, bull semen
showed the presence of 83,26/% live sperms before freezing,
vhich aignificantly (© < 0.01) decreased to 60,465 61.05.,
60,205, 65.03 0 and 62,9 - ezing and thawing in
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ASG, L-473, Wia, TEYG and YOG diluents, reapectively. in
reapacts of post-thaw live sperm percentagze bulls did not
vary aimificantly, however there were ai;nilicant

aiffera-~o1 bhetwee:n dilutors.

The nmarpholozically abnormal apermatozoal percentaje
in buffalo neat senen averaged 7.96, which in freeze-thawed
semen sanples increased al.nidicantly to 15.520 and 15.068.5,
The poat-thaw abnomal spern per cent did not show sinifi-
cant differences between bulls or hetween dilutors, in
ek o 1s' nent senen the norphologically abnormal spern
percentajzes aver:n;:ed 3,935, which al mnificantly increased
t0o 15,4863, 16,01, 15,20.1, 16,669 axl 15,060 in A, L-473,
Wi, WFYG and YOG diluents after freezin; and thawing,
regpectively. The differences in per cent post-:
abnaral apern counts were non-sinificant betwe... _ o
bulls but si;pificant differences were ovserved between

the dijiutors,

The levels of transaminases in buffalo seminal plasaa
ware detemined pre and post freezini. ‘ =28 of
Jlutamic oxaloacetic transaminase (uUl) before {reezing
averaged jev: ass D42 i,us in UiYa and WY dilaoo.
asamples, which sijnificantly (¢ < 0,u1/ increaged to 1deu2
a:xl 16.23 L.u. in Ireeze-thnved semen saapliag,
ragpectively., The difference in ) release was simificant

(i’ ¢ 9.91) betwaen dilutors, being lesser in 1Yy diluent,
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thereby protecting spermmatozoa nore efficiently during
freezing, as compared to LiYu diluent. ulutamic pyruvic
transaninase (UL} levels averaged 2,67 and 3,05 in buffalo
saninal plaana, before freezing, which si;nificantly

(P < 0,01) increased to 3,65 and 4,03 L,u, in THYG and Li'Ya
diluents after I[reezing, reapectivaely. ine difference in
releage of W1 wis non-significant between dilutors. The
lavals of (0 enzyme appearaed to he related negatively with
initial motility ol spermatozoa,

The activity of hyaluronidase enzyme in sperm pack
(25 x 106 aperaatozoa’ averaged 0,064 and 0,065 (0,u,)
before freezing, which significantly (2 < 0,01/ declined
in freaeze~thawed sanploes to 2.039 and 3,030 (V.. in TFYG
and LEYG diluents, respectively, The difference in
hyaluronidage activity between the dilutors wag found to bhe

non-sinilicant,

The changes in mensuration characters of spermatozoa
in bull and buffalo semen were stulied pre amwi post-freezings.
The head breadth and head length of buffalo spermatozoa
averaged 4,6175 and 7,8282 in neat semen, which decreased
to 4.4384 and 7.7113 nicrons resoectively in freeze thawed
genien samples. For H.,, bull, the spermatozoal head
breadth and head length averaged 5.2273 and 3.4052 nicrous
before freezing, which declined to 54,3585 and 9.1665 after
freezing. The differcnce in heard breadth was statistlcaliy

simificant (. < 0-05), unlike the head length.
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The overall fertility following frozen semen
inseninations in Surti buffaloes and buffalo heifers was
57.20%. Un an average 2,69 inseminations were required
per conception, The fertility nercentages obtained for
five muffalo bulls were 62,02, 52,17, 61.43, 53,33 and
50,00 for 88,., 38,5, SBe 3B, and 8B, respectively.
The frozen semen inseninations in Kankrej cows and heifers
resulted in overall fertility of 46.21% Un an aversage
2.46 inseminations were required per conception, For the
tinee i F, bulls, the fertility percentage were 52,87,
48,75 and 36,90 for H,F, 316, :d.1°, 317 and i}, 307
respactively, Un an average 3.5 inseminations were required
per conception on fam level fertility trial in repeating
Kankre ) heifers and cows,

Sanelualon:

1« Bulls showed significant variations in respect of their
abiliity to provide the semen ejaculates suitable for
fraeezing,

2. The correlation hetween mass activity and freezability
of spermatozoa wis fournxl to be rather non-significant.

3. Tris fructose yolk ;lycerol (TFYu) is a better dilutor
for freezing both, bull and buffalo senen,

4, The estimation of extracellular release of transaminases
in freege-thawed semen samples oan reliably be used for
selecting the guitahble dilutor and to know the quality
of Lrosen semen.
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The 0T enzyme levels wers coaparatively more,pre and
post Lreezing in the semen samples with initially non-
motile spermatozoa which can be suggeative of sperm
oell injury in static semen samples, lore intensive
stixiiea are necessary in this regards.

Hyaluronidage was founxd to be liberated from damaged
apermatozon, The hyaluronidase assay in frozen aemen
can be helpful to predict the lertility,

Henauration characters are affected due to ILreezing.
This can be considered as onae of the methods to
evaluate the quality of frozen semen, Fertility studies
are required to be carried out in relation to the
mensuration characters of freeze~thawed spermatozoa.

Frozen seman usfage in a proper manner, through
sxperienced technicians in healthy females offer

encouraging fertility results.



Table «1. Ubservations on normal seminal attributes of bull and

wutfalo semen,
Sp. deminal ! | Buffalo semen ﬁgll senmen
No.: attributes Hean 8,6, | C.V,% ! Hean 3o, C.V. %
1 V&m 30% ‘*\ 0.19 3110{8 5065 00095 aom
(ml) (597 (25)
2 Calour and Thin to thick milky Thin to thick cresmy
consis~ bu(w) ()
tency
3 tlaas e+(+) 0,17 56,87 +++(*) 0,078 11,37%
activity (2.11)(50) (3.44)(25)
L Individual 77,4 163 14,87 79.85 2,68 L, 24
motility (50) (25)
5 Spem con- 1022.?14 22,22 195,37 1514.80 2,50 10.28
centration 50) (2s5)
{(million/ml)
6 Par cent 85,366 0,46 3,78 87.08  0.49 2,81
1live aperms (50) (25)
abnormal (50) (25)
aarras ' ‘

* The figurea in parenthesis indicate the mumber of samples,



Table -2, Freezability of semen from different bulls on the
basis of post-thaw spermatozoal motility at O hr
axd after 24 hrs post freezing.

Pogt=thaw motility (i)

Bulls | Mass activity Indizggtility .
3 At O hr after 24 hrs
1 2 Av, 1 2 Av, 1 2 Av, 1 2 Av,
HE 316 4,0 3,5 3,75 85 90 87.5 60 50 55,0 60 45 52,5
HF 317 3.5 3.0 3.2 80 80 80,0 65 55 60,0 60 55 59,0
HF 307 3,0 3.5 3.25 8% 80 82,5 60 60 60,0 60 %5 57,2
88, 3.0 3.5 3.25 80 85 82,5 50 50 50,0 45 55 50,0
Séﬁa 4,0 3,0 3,50 80 90 85,0 60 850 55.0 55 50 52,9
3BHT 2.5 3.0 2,79 85 80 82,5 40 45 42.5 40 5 45,0

8Byr 2.5 2.0 2,25 80 85 82,5 55 40 47.5 50 40 45,0
SByg 3.0 3.0 3,00 90 85 87.5 60 60 60,0 50 55 52,5
S8y 4.0 3.0 3.50 80 90 85.0 60 55 57.5 60 55 57.5
B, 2,0 2.5 2.25 80 70 75.0 50 55 52,5 45 60 52.5
gt 3.0 2.5 2,75 75 80 77.5 40 50 45,0 35 40 37.5
SBiy 2.0 0,5 1,25 80 80 80,0 20 30 25,0 00 20 10,0
UFp ) 15 2,0 1,75 80 70 75,0 55 50 52,5 50 50 50,0
Dy 0.0 0,0 0,00 80 75 77.5 45 35 40.0 40 30 35,0
UFpy 3.5 340 3.25 75 80 77.5 20 25.0 00 10 5,0
DFCK 240 1,0 1,50 85 70  77.5 49 45,3 35 30 32,5
VP 300 1.5 2,25 70 70 70,0 S0 45,0 30 30 30,0
ORI 0,0 0,0 0,00 80 60 70,0 40 55 47.5 30 40 35.0
DFHR 3.0 2,5 2,75 80 75 77.5 30 40 35,0 30 20 25,0
R 0.0 1,0 0,50 70 80 75,0 40 50 45,0 35 45 40,0
UFag 0,0 0,0 0,00 80 80 80,0 50 40 45.0 30 35 32,5
Cu, 0.0 10 0,50 70 75 72,5 60 50 55,0 35 50 52,5
CBy, 10 0,0 0,50 80 79 75,0 53 50 50,0 40 50 45.0

EQY
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Table - 3, Analysis of variance for post-thaw apémtozm
motility between bulls and ejaculates at O hr
and after 24 hrs post freezing.

-
3 | i At Ohnr After 24 hrs
vatng DeFy Y

iﬂnsc ‘F’ Wlm M'a"l .F' mu@

"

Botwoen mdls 22 66,54 4.56 214,82 7,20

v ' " L,
m‘.ﬂ ‘ 0‘” ﬁ'ba ‘”l’a §021
Error 22 14,58 29.85

P< 0,00

N.3, = kon Significant.



Table -4, Buffalo spermatozoal motility (pro freeze) and
post=thaw at O hr a:ud after 48 hrs post freezing
in different diluents.

Individual PYost-thaw motility (i)
Bulls motility(%)
: (pre freeze ) At O hr After 48 hras
TFYG § LIYG TFYG LEYG TEYG  § LEYG
S8 70 75 60 55 60 50
75 70 55 65 50 60
80 75 60 60 59 50
80 70 70 50 60 50
70 60 65 60 65 50
AV, 75.0 70,0 62,0 58,0 98,0 52,0
3B, 80 80 55 60 50 60
80 75 30 55 50 50
85 75 60 50 60 Lo
80 a0 55 60 50 50
70 75 60 50 55 50
Av, 79,0 7540 5640 55.0 53.0 504
8By 80 80 60 55 55 50
85 75 65 50 60 50
70 80 60 50 55 40
70 7h 50 55 50 Lo
70 80 45 45 45 45
AVg _ . 7340 _ TT.Q _ . 569 _ . 51s0_ _ 53.0 _ _43.0
S8p,. 80 75 65 60 60 60
70 60 35 55 50 55
70 75 60 50 60 45
80 70 30 50 50 40
Ve | L o T340 L JT0.Q | L L5840 | 95.0_ _ 55.0 _ _51.0
S8 85 80 50 50 50 45
70 75 60 50 55 50
80 75 60 4% 60 40
75 75 60 55 60 50
Ave | o o TTeQ | 75,9 _ _ 57.0 _ _ 32,0 _ 53.0 _ _49.0
Overall 76,20 73,40 57 .80 54ds ¢ 21 55,20 49,40




Zable ~5. Analysis of variance for post-thaw buffalo
sparaatozoal motility between bulls in various
dilutors at O hr and after 48 hrs post freezing.

Source of }i).F. { At O hr i After 48 hrs
variation H Ml.3, F?‘ value j Mede § F value
Between 5 18,82 1.85°%  su72 18
bulls

L .
Between 1 82,22  7.99  119.76 10,89
dilutors
Brror &y 10.29 10,99

s p< 0,01
N3, = lion S5imificant,

Tatle-6, Amﬂai.a of variance for buffalo spermatogoal
motility between various dilutors and
temperatures pre and post-freezing.

-+
Source of variation D F. § M3, F wvalue
.. saen dilutors 1 70,75 1,093

' *%
Between tampsratures | - 3507.85 53.94
blutor X temperature 1 261.47 u.oe”
Hyrror 96 65-03

ae p £ 0,01

H.3, = iHon Significant
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Tadle -3, Analysis of variance for post-thaw apermatozoal
v notility in various dilutors for different
bullas at O hr anxi after 43 hrs post freezing.

3 of bop. | At O hr after 48 nhrs
variation H,9, ! Fvalue | M, S. { F value

. Helie o ey
Between 2 5465 1 33.06 28,74
Bulls

L %

bDilutors
Erpror 68 16,44 1.154
Total 74

*» P L 0,01, H.3, = Hon Significant,

Table -9, Analyais of variance for bull spermatozoal
motility at various temperatures in different

dilutors,
dource of S . .
variation b.F, MaSe F value
B. U\ﬁan L. )
Dilutors L 675.59 78.65
Between i
tenperatureas 1 14576,95 1696,97
i x - M
:e%;:g;tm b4 265,86 30,99
Lrror 140 8.59
Total 149

P 0,01



Table « 10,

Pre=Zroeze and post~thaw percentages of live and
abnoraal spermatozoa in bhuffalo gemen,

re freeze Foast froeaze
halls Id.% Abngmal Live % Abnormal %
! TFYG LFYG TFYU LEYS
SBRM a8 9 61 66 13 15
a7 8 63 65 17 . 16
a3 8 67 6h 18 18
83 7 62 60 15 19
89 6 69 62 18 20
Av, 86,4 7.6 6h s 63.4 16.2 17.6
Sidy g as 7 61 66 17 15
a2 9 66 71 12 13
a8 9 69 62 1h 16
91 6 71 66 1" 18
a7 8 63 65 16 i
Av. 86.6 7.8 66.0 %.O 1“00 1502
3B,z 86 8 63 66 17 16
90 11 71 69 18 18
az a8 62 66 13 12
az2 V4 63 62 10 10
a3 6 6h 65 16 15
AV. 85.6 8.0 65.6 65.2 1“-8 1500
Sﬁm L 90 8 68 60 L 12
as 6 66 68 1h 13
88 8 61 72 13 16
83 11 65 63 16 19
- a3 9 oh 65 15 1%
Ave 868 B4 6hB 66,0 154 .8
a8, 82 10 65 & 1w
3 8 s & & 1 3
8% 8 70 68 16 14
o a 62 66 17 15
I A S 67 19 16
Ave .8 8 65.2 65.6 7.2 15.8

Uverall

86,24 7,96 65432 65.24

15.52 15.68




Table -~11, Analysis of variance for buffalo semen for
different bulls in various dilutors for post-
thaw per cent live and abnoraal speruatozoa.

% Live spermatozoa §| ¥ Abnormal spermatozoa
—— -y

source of D.F.

variatin He 8o § Fvalue | H.5. |{F value
Betweaen . ilaide Peide
Bulls b 2.975 1 5.115 1
B.man HQSQ N.S‘
Dilutors 1 0 3.61 1
Erropr Liy 3.0059 13.925

Total 49

Ned3e = Hon 3ipnificant

Table - 12, Amalysis of variaice for per cent live and
abnormal spermatozoa in buffalo samen at
diffesrent temperatures.

Source of Live couat Abnorial count
variation Det'e !} ileie ! F value M,5, F value
Betwee . - 3t
teuperatures 1 29746  1176.6 504,502  272.27
krror L8 2.183 ' 2.1835

Total &9

*e P L 0,01
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Table - 14, 4Analysis of variance for pogt=tiaw live and
abnoimal apematozoal percentages for different
bulls in various dilutors,

Source of b.F, Live count abnormal count
variation M, S, F value Mo 3, § F value
dﬂtwen TP a3
Bulls 2 15.19 3,673 7.48 1,565
Between e , -
Error 68 Lol 4,78
Total 74

L L

P< 0,01, H,3, = Non 3ignificant.

Tanle - 15, Analysais of variance for per.cent live and
abnormal spermatozoa in bull semen at
different temperatures,

s Live Spermatozoa

# Abnormal spermatozoa

Source of D,F,

variation e 84 | F value i, 5. £ value
R *

é":.’ém& ures 1 2356,02 1463,36 272,02  157.23

Error 28 1.61 1.73

Total 29

w» P ¢ 0,01



Table -~ 16,

Comparison of means of post-thaw sparmatozoal
motility at O hr and after 48 huws, per cent
live and abnormal spermatozoa in bull semen
in various dilutors.

Pogt~thaw motility Live Abnormal
Pilutors &) sperm count i sperm count

At O hr § After 48 2 (4

B .

TFYG *61.662 56,662 65.43% 16,66
EYCG 56,4 66° 504 66° 62.93° 16,0680
WO 38,00° 33,00° 60,20° 15.26°
L4753 35,66°%  33,00° 61.66°° 16,0020¢
ASG 3u,33¢ 29,339 60.46° 15,467¢

* Averagea bearing different superscripts differ
simificantly.

Table - 17

Comparison of means of post-thaw spermatozoal
motility at O hr and after 48 hrs and per cent
live and abnormal spematozoa of buffalo semen
in various diluents.

Pogt=thaw motility Live Abnormal
vilutors (%) _ | sperm count i sperm count

At O hr | After 43 Ce) @)

hra
witn . -
) ”»

TFYG 57.80% 55,202 65,322 15,528
LFYG 54 , 209 49,409 65,248 15,682

* Avera;;es bearing different superscripts differ
siynificantly.



Table =18, Levels of transaminases (GUT and G#T) before and after

freezing in different dilutors for buffalo seminal

plagna,
GuT iog.ﬂ‘im ] GFYT i.g.ﬂitm

) (4n 50 x 10° spermatozoa) i (in 50 x 10" spermatozoa)

Buffaloy ‘iass n
Sull ﬂg§;~ Pre freeze ! Foat freeze | Pre freeze | Yost freeze

v

THYG T LEYG ! TFYG ! LFYG | TFYG | LFYG | TFYG ] LFYG
.:‘BAS '.'** 10.0 8.0 13.0 15.&) a.ﬂ ‘é.ﬂ “.5 I"OD
- 9.5 800 ’l’"o 2’.0 3.0 3.5 “'0 “.0
"*(*) 6.5 5'§ 9'0 1‘3.9 2.{3 3.‘\-) 200 305
AV. 2.“1 8.66 8.'6 ‘2.0 1‘5!33 3‘9 3.5 3.5 3'83
Sy, ¢ 6,0 9,0 10,0 110 2.0 2.0 40 45
+*t*) 7¢5 95 11,0 15,0 4,0 5,0 440 540
*+ ”) 6.() 7.0 15.{) 16.0 3.0 “.‘D ".Q 5;()

AR W M e Y W WP W G AR AR B W el st W T e S Gl e R A D W e ek B W ME A R ks e W@

Av, 2.33 6.5 8.5 12,0 14,0 3,0 3.66 4,0 4,83
33” A aad 5-{) 70“ 900 130‘3 “QQ 21";) l‘o5 2-0
e 6'{’ 7.5 9’0 12‘0 3‘{} &‘U 3.0 ‘..5
++(*) 6,5 8.0 10,0 15,0 2,0 2.5 3,0 4,0
Av, 2:.83 5,83 733 933 13.33 3.9 2.83 3.5 3.5
Cb, +(+) 6,0 10,0 9,0 16,0 2,0 2.0 3,0 44,0
- 12,0 15,0 19,0 22,0 2.0 3.0 540 ()
* 6.0 13,0 W0 20,0 2.0 3ei) 540 LeO
AVQ ().5 8.25 1200 1&.5 19.0 20{3 2.5 “00 “05
Ci, - 13.00 12,0 19,0 21,0 3,0 2,0 4,0 249
- 11.0 10,0 13,0 19,0 2,5 3,0 4ol boO
* 65 665 10,0 13,0 240 Lo 2,0 4,0
- 13.0 16,0 18,0 21.0 2,0 2.0 B0 $ O
Av, 012 1087 11.12 16,25 18.5 2.37 2.79 3.2%9 3.5
varall 802 9,42 12,82 16,23 2,67 3,048 3.G5 4,032




Table - 19, Analyais of variance of pre freeze and post—thaw
seminal plasna levels of GUT and GIT ensymes in
different dilutors and at various temperatures.

Source of D.F. GoT GrPT
variation Me 3, § I wvalue { «, 3, F value
Between v LA ik
temperatures 1 168,31 31.28 4,81  21.86
mn e .3’
dilutors 1 29.00 5439 0.72 3.27“
Epror 17 5.38 0.22
Total 19

e L 0,00

H,3, = iion Significant.



Table =20, lyaluronidase activity (ilA) in sperm paock
(25 x 108 spermatozoa) before and after
freezing in different dilutors.

08

idyaluronidase activity in 25 x 10”7 million
sperm eaxtract

Buffalo 1 T

bulls Pre freeze (0D) ; Post freeze (UD)
TPYG LG i TFYG Y6

aBAS 0,07 0,06 0.03 0,03
0,046 0,05 0,02 0,025
005 0.05 0,03 0,02

Av, 0.0053 0,053 0,026 0.025

8B, 5 0,06 0,05 0,04 0.025
0,05 0,0% 0,04 0,025
D07 0,06 005 0,02

WD S WP B AR WP S W SR MR AR W e We AN BR  mE WE R sl S MR AR A e A e

AV; 0.()6 0.053 ‘ 0.0"%3 0'023

33&‘ Do X7 Q.10 0409 0,05
0006 0'05 O‘m 6.03
0,08 0,06 0405 J.025

AV. 007 0;07 o.m{l 00035

CE‘ 0.06 6.05 0.% 0.02
0.07 0,08 0,048 0,03
Olm oom 0.05 .m

- 0,071 0,07 ' 0-»0‘05 ﬁ003

Av, 0,072 0,07 0,045 0.0

cs 0,06 0,07 0,04 0,035

2 0.08 0.09 0,035 0,04

0,06 0,08 0.03 Qe
0406 0.08 0,035 0,033

Av, 0,065 0,08 0.035 o ‘0:058- )

Overall

Av, 0,064 00652 0,039 0,030




Table -21.

spermatozoa in buffalo senmen,

Pre and post freezing mensuration coaracters of

Head length iead breadth Total length
Buffalo (microns) (microns) (microna)
bulls | Pre i Post Pre Post Pre Yoat
freeze , freeze ; fruecze ; freeze ; freeze ; freeze
88,4 7.788 7832 4,488 4,368 59,90 59456
7.701 7268 4,516 4,369 61,20 60,44
Av, 77645 7,550 b 502 4,3785 60,55 60,00
éﬁ%§{ 8,090 7992 4,928 4,334 56,48 57.53
7 .892 7.732 4,638 4,598 59432 61,02

-l e e an

wh s wn  wm

) my

Av,

B

Uvearall
Av,

- R eR N S MR SN W am R WS N Wk iR e e T e e

7991 7.862 4,783 4, b66 5790 59.28
7964 7917 4,356 4,291 59,94 60.23
7.826 7.633 4,398 4.512 58,69 59.66

;e A MR AN W R MR A e MR G A T e R W e W e

7.8495 7775 L7 b,402
7.852  7.870 4,342 4,289
7724 7,783 4,519 L0497
T+788 7.827 b,434% 6,393
7.832 7,368 6,834 b6ub
7.612 7704 4,906 4,564
7.722 7« 546 4,895 4,554
7.8282  7.7113  4,6175 64,4385

53.43 58,62
57.646 56432
57.86  53.45
57.75 57439

53,787 59.044




Table =22, Fre and post freezing mensuration characteristics

aof apermatozoa in bull semen,

tiend length /igad breadth Total length
Bulls (microna) mm) mlcrons)
Fre Post ’re Yot Pre Poat
freeze ; freeze ; freaze ; freeze : freczei freeze
HF 316 9.12 8,99 5,656 5,000 52,89 54,34
37548 92590  B.61  B.9U6  54.06 55.66
Av, 9,033 9.292 3.634 5.153 53,460 55.00
HE 317 9,020 9.188 b,752 4,430 53,02 51.192
9.636 8.8"‘“ 5.@56 “.‘.22 %.5:2 %.89
Av, 9,328 9.016 4,902 4,426 55.77 55,02
H¥ 307 9.429 9,242 54269 54010 56,28 57.39
9,386 G 141 5.019 L9983 53,99  56.84
Av, 9,408 9,192 5 104 4,997 57.62 57.82
g‘;"m 94052  9.1665 5.2273 46,8585 55.62  55.7187
Table =23, lertility of frozen semen for different buffalo
bulls.
Hoeof No.of L o, of .
Bulls aninals | animals aninals : "ff’f"\}liw
{ inseminated { followad | pregnant 7
38,4 99 79 49 62,02
SEHN 73 70 4L43 61,43
8B, L5 30 16 5333
SBap 35 28 1 50,00
Total 342 276 158
Uverall
mean )
fer’tility 57 2L




Table ~24, lhmber of inseminations required per conception
for different buffalo bulls wxier atudy.

g No, of o, of No, of
Bulls inseminations | animals conceived § insem,/concep.

88,4 126 49 2.57
By 98 43 2,27
3&3” 46 14 3.20
Total 426 153

Avy, 2069

| Table -25, Fartility of frogzen semen for different bulls,

T No j v
« Of ilo, of Ho, of
Bulls { animals { animals animal s Far%%my
inseminated i followed pregnant ‘
HF 347 a0 80 _ 39 48,75
HF 3Q7 84 8h 31 3649
Total 251 251 116

Uverall .
fertilicy _ 45,21




Tanle - 25,

Mumber of inseminations required per concaption
for different bualls,

Bulls flo, of Ho, of Ho., of
inseminations i aninals canceived } insen, /concep.

H 316 96 46 2,06

HF 317 28 3 2.93

HE 307 91 31 2.50

Total 285 116

ﬁ"f. 20“5

Table »27. Fartility in repeat breeding Kankrej cows and
heifers following inseminations with Zrozen semen,

Bulls Ho. of ’ Ho, of No, of
inseminations | animals conceived { insem./concep.

Cows sigifers

HF 316 67 16 [ 3.35

¥ 317 31 6 2 3.87

Total 98 22 6

AV, 3,50
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FIG.- 3
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APitiw In - 1L
PHePARATION OF DILUTORS

1. Tris fructose yolk glycerol (TFYG):
Iris buffer:

Tris P 30,4812 gns
Citric acid I 17.0000 gms
Fructose ¢ 12,5000 gms
Add Dist. water : 850,0000 ml,

Tria buifer $ 760 md
Egg yolk i 200 ml
Glycerol i 60 ml.

2. Lactose fructose yolk slycerol (LFYG)s:

11% Lactose i 56,25 ml
&+ Fructose P 18,75 ml
Bgg yolk ¢ 20,00 md
Glycerol ¢ 5,00 mi,

3. AMUL apray glycerol (AsG):

-~ 16 gus AJUL spray powder (Infant Milk Formula) was
suspended in 96 ml of double glaas distilled water,
heated first to boiling and then cooled to roon
temperature and iltered,

= 4 ml sodium citrate (2,9%) solution was then added
t0 neutralize the acldity to pi around 6.8,

- The basic suspension as prepared above was divided
into two equal fractions A and B,

~ To fraction i3, 14 glycerol was added.
(86 ml basic suspension + 14 ml jlycerol).

= The fresh semen was initially diluted with fraction A
at room temp. ‘



5,

i1

= Both the fractions gradually cooled to 5°C,

= At 5°C, fraction B was added to fraction & in three-
four parts, at 10 mts interval.

Whole milk glyocerol (WiG):

=~ Buffalo milk containing 5 fat was heated at 92°C
for 10 mta in a water bath,

- Hoated milk was cooled to room temperature filtered
and divided into two equal parts, A and i,

- To fraction B added 14% Jlycerol (14 ml glycerol and
% ml milk} . ‘

= Freahly collected semen was diluted with fraction A
at room temperature,

= Fraction A and B were then cooled gradually to 5°C,

- Fraction 3 was added to fraction A in three-four
parts at 10 mts interval, at 5°C,

Latciphos=478 (L-473)3

= 50 gas Laiciphos=478 into 400 ml bidistilled
water at 40°C,

= 50 ml fresh ezg yolk in 100 ml bidistilled water
at 50°C,

- Lgg yolk was mixed into Laiciphos preparation and
then divided into two equal parts A anx 3,

« Initial dilution was carried out in fraction A at
roon temperature,

- To fraction B 14# glycerol was added (86 ml
aqueous seln. + 14 ml glycerol).

= Fraction A and B were cooled to 5°C and then B
fraction of diluent was added to A fraction in
three-~four parts at 1) nts Interval.


file:///mtmp

iii

6. Lgg yolk ciltrate ;jlycerol diluent (EYCG):
2,9 sodium citrate soln - 80 ml
bLiygg yolk - 20 nml,
= The egg yolk citrate soln, was divided into two
equal parts 4 and B,

= The initial dilution was effected in fraction A at
room temperature.

- To fraction 8, 14% glycerol was added (14 ml glycerol
in 86 ml egz yolk citrate soln./.

= Both the Ifractions of diluent were cooled to 5°C
gradually,

- Fraction 3 was added then to fraction 4 in three-
four equal parts at 10 mts interval,

To all the diluents 1000 f.u, of reniciliin amd
1000 ug of dihydro Streptomycin were added per ml of
diluent,
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