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INTRODUCTION

'The commanding impact of social transformation
of the weaker sections on the rural community in our
country hés long been recognised. No doubt, the care
and management of goats, rightly callea_"poor man's cow',
will form one of the most important facets of the livestock
production in the economic uplift of landless labourers
and socio=economically backward communities in our cowntry.
A variety of proddots are available from the goat snter-
prise, of which meat and milk are of major economic import-
ance. The increased emphasis placed on enhancing milk and
meat production, warrant the need for better understanding .
on the methods of improving the production potentials of

goats .

The most important and predominant factor involved in
the low production performances of our goat population can
be attributed fo poor genetic make up. Though selective
breeding and grading up of the local animals can bring about
improvement in the genetic potential of the indegenous stock,
crossing the indegenous breeds with Saanen and Alpine breeds
to evolve cross breds having the adaptability and disease |

registance of Indian goats and better production potential
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of the exotic breeds is envisaged for faster improvement

in shorter period of time.

Kbralé alone possesses 1,683 million goats out of

71 millionsin this country. The goat husbandry is one of
the most important livestock enterprises in Kerala, espe-

. eilally among rural community. Though Malabari is the only
goat breed popular in Kerala, a large number of non-descript
goats are being reared by farmers. By adopting intensive
breeding programmes, the non=descript goat population of
the state, can be transformed to a cross bred population

possessing better production potential.

The technigue of artificial insemination has occupied
foremost place in the development of technology in the
field of animal reproduction and proved to be the most ideal
biblogical tool for rapid propagation of sﬁperior germ plasm
for improvement in the reproductive efficiency and product=
ion performance. But artificial insemination in goats has
not yet developed to the same‘stage of perfection as that
in the case of cattle, even in most of the advanced countries
of the world. In India, the application of the technique of
artificial insemination for goat breeding is not popular

under field conditions, though attempts have been made on
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a limited scale in the organized goat farms. An all Indis
Co-ordinated Regearch Project on Goats for lncreased milk
production was started in 1971 at the National Dairy Research
Institute, Karnal with two additional units;, one in Kerala
and another in Assam. Alpine aﬁd Saanen are the two exotic
breeds which are being uiiliéed for evolving cross bred
goats in Kerala. Artificial Insemination can be the most
suited technique that has {to be aGOpted in large scale for
the improvement of éoats through breeding. As a preliminary
gtep two artificial insemination centres for goats were
comnissioned in Kerala Agricultural Univérsity for the ben~

efit of local farmers, to get their goats inseminated.

It is imperative to have a betier understanding on the
different semen.characteristics of goats, before large scale
implementation of artificial insemination programme fox
goat breeding. It is also necessary %o evolve suitable
extenders for lbng term preservation of superior quality
semen., Though glycerol has been accepted as an importani
ingredient in semen exitenders for long term preservation of
Semen in bulls, the effects of'incorporation of glycerol,

“either at room temperature or at refrigeration temperature
on the preservation and storage of buck semen in Tris diluent

and Reconstituted Skim milk diluent have not been well
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understood. Further, repdrts on different aspects of
freezing of buck semen are scanty, though there is great

scope for perfecting this innovation for goat breeding.

The present study was undertaken to find oul the

| normal semen eharaeteristics of bucks, the sultable leVei
: of glycerol iﬁco:poration'in skim milk;andvT?is diluents;
the effects of glycerolisation at room temperature and |

‘refrigeration temperaturé and to assess the effect of

 freezing, on buck semen. .



REVIEW OF LITERATURE



- REVIEW OF LITERATURB

Normal semen characteristics of buck semen
. NOrmal sepen‘characteriétigé were répbrted iﬁ Jamunapari

‘and'Bafbari bucks by Patel'(1967), Sabni and ﬁoy (1969};
Prasad‘gﬁlgl. (1970),'Mitta1 and Pandey (1972), Saxana'and
Pripathi (1980) and Singh and Sinha (1982), in Black Bengal
and Saanen Bucks by Sinba and Singh (1982) and Bordolei and
Sharma (1983). But similer reports on Alpine X Malaberi
cross bred bucks are scanty. Gomparative studies on the
quality snd quantity of successive ejaculates from Malabari

and Alpine X Malabari breeds are meagre.

Number of reports are available on the reaction time
during the process of semen collection from bucks (Shukla
and Bhattacharya, 1953; Sharme et al., 1957; EKurian and
Raja, 1965; Krishnan, 1967; Patil, 1970; Sinha and ‘Singh,
1982). Significant veriations in the reaction time between
yéars and between seasons are reported by Shukla and
4Bhattécharya (1953). In.shmmer the reaction time was found
to be less, énd-wéé‘foﬁnd indepeﬁdent of the sperm prdducta
ion. In a study involving three beebtal bucks, Sharma gi al.

(1957)'0bservéﬁ individual variation ia reaction time, which
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ranged from 62.6 to 159.4 seconds, whereas Kurian and

Raja (1965) reported an average reaction time of 35 seconde
in Malabari bucks. According to Krishnan (1967), the react-
ion time for Malabari and Saanen bucks were 40.6 seconds and
53;4 seconds respectivelys In an elaborate study, Patil
(1970) reported a wide variation in reaetion:time, waich
ranged from 25 to 150 seconds with a mean of 49.37 ¥ 2.45
geconds in Malabarl bucks. They observed negative correlation
between‘reactioh time and volume of semen. Sinha and Singh
(1982) reported an average reaction time of 60,53 + 1.223
seconds and 64.46 + 1.233 seconds for Black Bengal and
Saanen bucks respectively and concluded that the difference
in reaction time of Black Bengal and Saanen bucks might be

due to genetic causes.

Mann (1980) studied the characteristics of semen from
West African dwarf bucks for one year and concluded that
there'weveconsiderable variation in semen traits among
bucks and between ejaculates from the same buck. In contrast
Mohan gt al. (1380) could observe significant difference
between bucks for all semen charscteristics, in Fashmina

bucks,

Significant variation in semen volume was observed

between breeds (Eaton and Simmons, 1952), between bucks
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(Mittal and Pandey, 1972) and between ejaculates (Mohan et al.,
1980 and Saxena and Iripathi, 1980). The ejaculate volume
was found to be 0.2 to 1.2 ml in Beetal bucks (Sharma et al.,
1957), 0.4 to 4.2 ml in Malabari bucks (Kurian and Raja, 1965;
Patil, 1970), 0.67 2 0,03 ml in Native Zambian and 1.34 % 0.05
; ml in Boer bucks (Igboeli, 1974), O.Bﬁj; 0.04 nl in Kambing
Ket jang - Jamunapari (Eoh, 1975), 0.77 % 0.26 ml in Vest
African dwaff bucks (Mann, 1980), 0.62 + 0.02 ml in Pashmina
bucks (Mohan et al., 1980), 0.37 % 0.03 ul and 0,86 3 0,09 ml
in Jemunapari bucks (Saxena and Iripathi, 1980; Singh QE,QL.;
1982), 0,446 + 0,011 ml in Black Bengal and 0.720 * 0.016 ml

+

in Saanen bucks (Sinha and Singh, 1982), 1.01 & 0,04 ml in
Barbari bucks (Singh et al., 1982) and 1.48 ml, 0.88 ml and
0.88 ml in Anglo-Nubian, Marota and Moxoto bucks, respectively
(Vinha, 1982).

In a study involving Toggenburg and American bucks,
Eaton and Simmons (1952) reported that the semen volume
varied significantly’from year to year. Sharma et al. (1957)
found an increase in volume with an increase in body size,
Kurian and Raja (1965) reported that the intervsl between
collsctions did not markedly effect the semen volume. Prasad
et al. (1970) observed significantly higher semen volume in

advlts than in nine month old Barbari bucks, but Patil (1970)
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found no influence of age on e€jaculate volume in Malabari

bucks,

‘Significant effect of season on the semen volume was
noted by Baton and Simmons (1952), Shukla and Bhattacharys
(1953) and Kang and Chung (1976). ' A higher volume vas
; noted during post-monsoon éeason and lqwer'volume during
Qintér (?atil,‘1970); Vinﬁa‘(1975)vreportéd that the values
were greatést in Auﬁﬁmn énd lowést in summer. Ksng and
Chung (1976) opined that ejaculate volume increased with
decreasing day iength and vice versa., Negative correlations
Ibetwéen;éjaoulaté'volumg'and sperm concentration and motility
were hdted,'bum the ejaéulate volume was positively correlated
with percéntage'of abnormal sperms, pH and sperm motility
(Kang and Chung, 1976). A significant correlation between
ejacuiate volure and sperm number was bbserved, by saxena

and Tripathi (1980). '

Golour of normal seémen depends upon the conceniration

' of the spermatozoa lesser the sperm number, the more watery
and tfanslhcent the semen ldoks like, Various authors noted
wide variation ih colour of buck semen. Patil (1970) noted
"miiky yellow to thiek 6reamy yellow colour of semen in
Malabari bucks. Igboeli (1974) observed that colour of

ejaculate varied from creamy white to yellow in Hative
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Zambian and Boer bucks and reported that the colour c¢hanged
between breeds, bucks and ejaculates. Creamy to light
yellow colour for semen was noted in Black Bengal and Saanen
Breeds by Sinha and Singh (1982)., Singh et al. (1982) obser-
ved varying colours like watery, jellew, milky and creamy in

Jemunapari and Barbari breeds of bucks.

In Malabari bucks, pH of semen was reported to vary
from 6.4 to 6.7 with a mean value of 6,47 * 0.16 (Patil,
1970). In cross bred Kambing Katjang=Jamunapari, the average
pH was 6.8 (Koh, 1975). Kang and Chung (1976) reported the
range of pH from 6.8 to 7.2 for Korean Native bucks. Ihe
average pH of the semen in West African dwarf buck was found
t0 be 6.93 (Mann, 1980), in Pashmina 6.7 to 7.1 with a mean
of 6,84 # 0,02 (Mohan et ale., 1980) and in Black Bengal and
Saanen bucks, 6.79 + 0.009 and 6.72 *+ 0.004 respectively
(Sinha and Singh, 1982).

Highly significant variztion in pH and number of sperms
were observed between years by Shukla and Bhattacharya. (1953).
But Patil (1970) did not observe significant variation in
the pH of semen due t0 age of the animal. Though signifi-
cant variation was not found in the pH of semen due o differ=-
ent séasons in. bueks (Patil, 1970; Keng and Chung, 1976);
Mohan gt al.{1980) reported significant differences among
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bucks. According to Sinha and Singh (1982), there was

a significant effect of breeds on the variation of pH of

the semen.

in the case of Malabari bucks, mass aétivity of sperms
was reported to be in the range of '++' to '++++' (Patil,
1970). Mohan et al. (1980) reported an average mdtility
score of 4,19 % 0,09 out of 5 in Pashmina bucks, whereas
Saxena and Tripathi (1980) noted forward motility of 3.78 #
0.01 out of 5 in Jamunapari bucks. The'average mass moti=-
1lity of Black Bengal and Saanen bucks was 4.4%9 * 0.065 and
4.507 + 0.048 respectively (Sinha and Singh, 1982). Mohan
et al. (1980) noted a significant difference between

collections for mass activity in Pashmina bucks.

‘The initisl motility of sperms in Malabari buck semen
was obsefved to be 60 to 90 per cenﬁ (Rurian and Raja, 1965)
and 40 to 85 per cent with a mean of 66.14 * 1.34 per cent
(Patil, 1970).‘ Igboeli (1974) 6bserved initial mofility
of 52.3 * 1.5 and 53,2 * 1.2 per cent in Native Zambian with
body weight 27.1 # 1.8 kg énd Boer bucks with body weight
54.1 % 2.0 kg respectively. The initial motility of sperms
was observed to be 85.00 3 0.76 per cent‘in Katjéng-Jamunapari
cross bred bucks (Koh, 1975), 77.28 * T.75 per 6ent in African
dwarf bucks (Mann, 1980), 60.62 * 0.04 per cent in Pashmina
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bucks (Mohan gt al., 1980), 72.62 + 1.06 per cent in
Jamuﬁapari bucks(Saxena and Tripathi, 1980), 74.00 + 0.40
and 78.30 2,48 per cent in Jamunapari and Barbari bucks,
respectively (Singh gt al., 1982), and 76.22, 68.33 and |
62.75 per cent in Anglo-Nubian, Maroia and Moxoto bucks

, respectively (Vinha, 1982).

Significantly higher sperm motility was found in
adults in compariscn to nine months old Barbari bucks |
(Prasad gt al., 1970), whereas Patil (1970) reported that
age had no influence on initial motility in Malabari bucks,
Kurian and Raja (1965) reported that interval between
collections did not markedly effect semen characters. A
significant difference between collections for initial
motility was noted in Pashmina bucks (Mohan eb al., 1980).

According to Baton and Simmons (1952), all characters,
except motility, were influenced by season; but Shukla and
Bhattacharya (1953) observed highly significant. variations
in initial motility due to seasons. Patil (1970) reported
high initial mdtilit& during post-monscon (October, November)
and Scuth-west monsoon (June, July, August and September),
and lowest in winter (Decembef, January and Februery) in
Malabari bucks. Vinha (1975) obtained highest initial
motility of 86.87 per cent during spring season and lowest
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motility 6f 67.76 per ceut in winter. - In Korean native
bucks, highest initial sperm motility of 83.3 per cent was
observed from November to January and lowest motility of
5541 per cent from July to September by Kang and Chung (1976)
and reported that initial sperm motility was positively

. ecorrelated with pH. | |

The livability of spermatozoa is generally used as
a criterion for testing the fertility of semen. Imsley et al.
(1942) and Iasley and Bogart (1943) reported that the semen
samples containing less than 50 per cent live sperms were
of doubtful fertility. In Malabari bucks the percentage of
live spermatozoa was recorded in the range of 85 to 95 and
20 to 86.6 per cent (Kurian and Raja, 1965; Eatil.A1970).
The percentage of live sperm, in the semen of Native Zembian
and Boer breeds, was found to be 8742 # 1,0 and 87.7 # 1.0
respectively by Igboeli (1974). In the case of West African
awarf bucks, percentage of live sperm was found to be 84.93
(Mann, 1980). The liﬁe gperm percentage was observed to be
80.63 £ 0.29 in Pasimina bucks (Mohan gt al., 1980), 77.65 2
1,04 (Saxena and Tripathi, 1980) and 80.90 (Singh et al.,
1982) in Jamunapari bucks, 85.45 : 0.41 and 85,21 * 0,402
in Black Bengal and Saanen breeds respectively (Sinha and

Singh, 1982) and 8%.80 x 0,26 in Barbari breeds (Singh et al.,
1982). | .
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Prasad et al. (1970) stated that there was a
higher percentage of live gperms ;n adult Barbari bucks
in comparison to nine month old bucks. No significant
seasonal variation in the percentage of live sperm was
observed in Malabari bucks (Patil, 1970). It was reported
that the percentage of live sperm is positively correlated

to initial motility and pH of semen (Patil, 1970).

4

Dussardier and Szumowski (1952) observed 2,75 per cent
total abnormal sperms, of which two per cemt were bent tails
and 0.3 per cent detached head in buck semen. The percent-
age of sperm abnormalities was observed to be 6 to 12
(Kurian and Raja, 1965) and 1.00 to 18.62 in Malabari bucks
(Patil, 1970). An average of 3.11 & 0.28 per cent sperm
abnormalities in Kambing XKatjang - Jamunapari cross bred
bucks was feported by Eoh (1975). In Jamunapari bucks
abnormal sperms were observed to be 6.84 # 0.60 per cent
(Saxena and Tripathi, 1980). Sperm abnormalities in buck
semen varied from 5 10 20 per cent (Hafez, 1980; Memon and
Ott, 1981; and Mann; 1982). According to Sinha and Singh
(1982) the average sperm abnormalities were 7.870 t 0.214
per cent in Black Bengal and 6.196 # 0.273 per cent in
Saanen bucks. The percentages of abnormal sperms in Anglo-
Nubian, Marota and Moxoto bucks, were 11.05, 11.2%1 and 16.36,
respectively (Vinba, 1982). The average sperm abnormalities
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in the ejaculates of Assam local, Beetal and Saanen bucks,
were found to be in the order of 8.796 + 0,644 per cent,
9.225 » 0.818 per cent and 8.557 + 1.060 per cent (Bordoloi
and Sharma, 1983). The head abnormalities, mid piece
abnormalities and tail abnormalities were 3.948 + 0.477;
1169 # 0,093 and 3.547 + 0.546 per cent, reSPectively in
Assam local goats; 3.209 + 0.464, 1.875 + 0.269 and 3.750
0.400 per cent in Beetal bucks; and 3.558 + 0.507, 1.717 #
04334 and 3.240 * 0.658 per cent in Saanen bucks (Bordoloi
and Sharma, 1983). |

According to Saxena and‘Tripatbi'(1980), the proportion
of mid piece abnormalities (4.83 per cent) was significatbly
higher than that of head (0.88 per cent) or tail abnormali=-
ties (1.13 per cent) in Jamunapari bucks. They also observed
that the proportion of tall abnormalities varied signifi-

cantly between bucks.

Eaton and Simmons (1952) and Sinha and Singh (1982)
noted significant effeet of breed on percentage of abnormal
sperma. No significant difference was obserﬁed in head,
tail and total abnormalities of apermétozoa in different
breeds of goat (Bordoloi and Sharma, 1983) However, they
recorded significant differences in the mid piece abnorm-

alities of spermatozoa due to breed,
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There was pragtically no difference inr the percentage
of abnormal Spermatozoa between first and second ejaculate
(Arbeiter, 1964). On the contrary, Saxens and Iripathi
(1980) noted significant variation in the proportiocn of mid
plece abnormalities in successive ejaculates. The percent-
age of abnormal spermatozoa was not influenced by age of
the animal (Patil, 1970); wherees, in Barbari bucks aged
4.5 £ 0.5, 9.0 *+ 1.0 and 36,0 + 6,0 months, the percentages
of abnormaiISpermatozoa were 15.5 » 2.1, 5.7 # 0.7 and
4.5 2 0.6; reapedtively (frasad et al., 1970). A negative
correlation betweén sperm econcentration and percentage of

abnormal aperms was reported by Patil (1970).

Eaton and Simmons (1952) observed significant influence
of season on the sperm abnormality. According to Shukla
and Ehattgeharya (1953) there was sigunificent variation in
percentage of abnormal sperms due to seasons, Patil (1970)
recorded the maximum. sperm abnormalities during summer and
minimua nunber in post-monsoon and south~west monsoon.
Vinha (1975) observed significent seasonal variations in
the percentage of sperm abnormalities, the incidence of
abnormality being highest in spring and lowest in auturn and
winter., Ihe incidence of sperm abnormzlity was higher in

November to January than in July to September (Kanrg and
Chung, 1976).
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Williams and Savage (1925) expressed the view that
the total sperm count could serve as a valuable index for
the detection of male infertility. Bishop et al. (1954)
and Cupps et al. (1954) stated that the measurcment of
sperm concentration alone might not be of much practical
; value in assessing the potential fertility of the semen

samples used for routine insemination.

Number of sperms per ml of ejaculate was reported

to be 5.424 billion in Beetal bucks (Sharma et al., 1957);
2 to 3 billions (Kurian and Raja, 1965) and 1.1 to 7.49
billions in Malabari bucks (Patil, 1970); 1.65 * 0.02
" billions in Native Zambian bucks, 2.70 * 0.03 billions in Boer
bucks (Igboeli, 1974), 3.975 # 0.131 billion in Kambing
Kat jang-Jamunapari cross bred bucks (Koh, 1975); 3.22 # 1.22
billion in West Afrioiaﬁ dwarf bucks (Mamn, 1980); 4.795 &
0.293 billions and 2,293 x 0,728 billions in Jamunapari
bucks (Saxena and Tripzthi, 1980 and Singh et al.,1982);
2,440 + 0.041 billions and 2,780 + 0.036 billions in Black
Bengal and Saanen bucks respectively (Sinha and Slngh, 1982);

1.92 1 0.072 billlons in Barbari bucks (bingh et al., 1982)
and 1, 559, 1. 107 and 0.803 blllions in Anglo-Nubxan, Marota
and Moxoto bucks respecti vely (Vinha, 1982).

Eaton and Simmons (1952), Sinha and Singh (1982) and
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Vinha (1982) reported a significant effect of breed on
gsperm concentration. Eaton and Simmons (1952) stated
that the difference in sperm concentration mway be due to the
difference in the weight of the buck. Patil (1970) found
that the age'had no influence on the concentration of
spermatozoa in Malabari bucks. Mittal and Pandey {1972)
observed a highly signifieant difference in sperm concent-
ration between Barbari bucks, though differences in sperm
concentration between weeks were not significant..  Differ-
ences in sperm concenirationy between bupks and between
‘congecutive collecitions in Pashmina bucks, were significant
(Monan gt al., 1980). Highly significant difference in
sperm concentration due to variation of season was observed
by Baton and Simmons (1952) and Shukls and Bhattacharya
(1953). The sperm concentratior was found to be highest in
spring (Zaton and Simmons, 1952). Sharma et al. (1957)
observed‘high sperm concentration in winter and low ln
spring. ‘Patil (1970) observed that the sperm concemtration
in the case of Malabari bucks was maximum during South-west
monscon and minimum during summer; whereas in Angleo=Nubian
bucks highest sperm concentration was reported in éummer and
lowest in autumn (Vinka, 1975). Xang and Chung (1976) noted
& lower sperm concentration from November to Janusry and

higher concentration from July to Septeumber.
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Preservation of buck semen in glycerol contelning
diluents

Preservation of buck semen had been tried with
varying results in Glucose phosphate diluent (Rosenberger,
19443 Wanger, 1949; Schmidt et al., 1950; Guba et al.,
1951 and Hampel, 1951); in Bgg yolk citrate extender
(Bonger, 1951; Achneit and Rogen Winksl, 1953; Blokhuis,
19573 Roy et al., 1959; ZElokhuis, 1959; Knoblauch, 1962;
Jelam and Nambiar, 1963; Nacim ef al., 1964} Patel, 196T;
Gonan, 1971; Johmn end Raja, 197%; Koh and Ong, 1977; and
Singh et 2l., 1982)§ in Yolk glycine diluent (Roy, 1957;
Roy et al., 1959); in skim milk diluent (Dauzier, 1956;
Blokhuis, 1959; and fon and famdal, 1963); in Milk diluent
(Jelam anﬁ Nambiar,»1963; Tiwari gjigi., 1968; Sahni and
Roy, 1972; John and Raja, 1975 and Balakrishnan, 1979);
in IVD? diluent (Ronm and Aamdal, 1963 and Balakrishnan,
1979); in Cornell ﬁniversity extender (KEch and Ong, 1977;
Balakrishnan, 1979); in @oconut milk extemder (Pillai,
1971; Sahni snd Roy, 1972); and in Tris diluent (Balekrishnan,
19795 Matnew gf al., 1982; and Singh et al., 1982). The

giycerol containing diluents for pressrvation of buck semen
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was'also tried by several workers (Fraser, 1962; Anderson,
1969; Samouilidis and Hahn, 1972; Sahni and Roy, 1972;
Rossouw, 1974; Corteel, 1974; Founger, 1976; Nimkar, 1977;
Gonzalez, 1978; Singh gt al., 1982). préver, the study

of viability of bucﬁ spermatozoa at different periods of
étorage in extenders with varying levels of glycerol appears
to be scanty. Moreover, changes in the morphology of buck
Spermatozoa, during preservation and storage, have not been

studied elaborately.

Although inclusion of glycerol in extender for the
freezing of spérmatozoa remains the standard procedure,
~ very little has been known about the mechanism underlying
fhe uptake and metabolism of glycerol by spermatozoa. White
et al. (1954) observed that glycerol did not affect the
motility and reSpifation of spermatozoa in a fructose contain-
ing mediﬁm,'but increased markddly the oxygen uptake of
washed sperm suspensions, resulting in the formation of
lactic acid. .O'Dell et al. (1956) showed that glycerol was
taken'up readily and utilized by bovine spermatozoa, with
the production of Carbondioxide during anaerobic incubation.
Furthér, they concluded that spermatozoa, separated from the
seminal plasma showed a higher uptake and a higher metabolic

utilization of glycerol than those in the presence of seminal
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plasma. Mann and White (1956) showed that glycerol was
utilized aerobically by suspensions of washed spermatoczoa,
but there was little or no utilization of glycerol under
anaerobic conditions. It was a2lso noted that the disappeare
ence of glycerol was accompanied by an increase in the
oxygeh uptake and accumulation of lactlc acid, which appears
to be an intermediary product in the oxydative breakdown

of glycerol. - This breakdown was a function of live sperm-
atozoa and could bg abolished by heating or by . the addition
of spérmicidal agents. Mann and White (1957) OEserved;that
in ram spermatozoa, glycerol was oxidized to form fructose.
, Glycerol break down was essentially an oxidative function
gccompanied by the formation of fructose and its subsequent
utilizafion‘ Glycerol stimulated respiration and exérted

a "gparing effect" on aerobic glycolysis, but had no marked
effect on énaerobic glycolysis. About one=-sixth of the
glycerol exidatively utilized was recoverable as fructose
after a three hours incubation at 37°C, and nearly one-half
of it was recovered as lactic acid (White, 1957). It was.
observed that addition of glycerol to bull semen in Egg
yolk-citrate extender resulted in a marked increase in
oxygen uptake (Vandemark et al., 1957). According to
Pickett and Merilan (1959) a combination of glycerol and
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fructose maintained a greater degree of motility and
livability of bovine spermatozoa, at the end of 105 minute
of incubation at 38°C, than did either fructose or glycerol

alone. They found that addition of one per cent each of
glycerol and fructose was apparently optimum for maintene
ance of spermatozoan motility and livability, as the low
concentration of glycercl in the presence of fructose

could be converted largely to carbon dioxide without any

accompanying increase in toxie metabolic substances.

Bartlett and Vandemark (1961) opined that 4mine buffers
like Tris had been.used effectively for maintaining physio;
logical pH and that acted by direct titration of hydrogen
ions without immediate reduction in carbon-dioxide content.
Furthér, tﬁe capacity to produce equivalent éxtfa and intra
.cellular pH changes suggeéted its intraceliular penetration.
Between Tris-phosphate diluent and Glucose-yolk-citrate
diluent, Lcpatko (197&) observed no significant difference
in sperm'survival rate during preservétion of ram semen.
Bzlakrishnan (1979) reported an average motility of 75.39,
62.97, 49.90, 37:42 and 19.30 per cent respectively after
24, 48, 72, 96 and 120 hours of storage for buck semen
diluted with Tris at a rate of 1210 and preserved at 5°C,
Deka and Rao (1980) studied the preservability of ram
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semen and found that the percentages of progressively

motile spermatozoa after 72 hours of storage at 5°C

were 47.33 + 8.20, 58.53 + 7.04 and 57.37 & 7.06 in Egg
yolkecitrate (BYC), Tris-egg yolk-glucode and cow's milk
extenders respective1y7 The difference in motility per-
centage was significant between extenders and between
preservation times. Tris diluent.was found to be superior

to milk extender in assessing sperm motility'under micro-
scope. HMathew et zl. (1982) studied 18 combinations of

0,2 molar Tris diluent with six varying levels of egg yolk

at three levels of pH at the temperature of 3° %0 5°C and

6° o 8°C for buck semen and found that diluents containing
20 per cent and 25 per cent egg-yolk were superior on seventh
day of preservation at 3° to 5°C with an averagse motility

of 58.55 per cent and 61.29 per cent respectively. The pH
levels were not significant in meintaining motility. Further,
Iris diluent with five per cent egg yolk with pH seven was
found to be superior to diluents containing higher percent-
age of egg~-yolk for ‘the preservation at 6° to 8°C. Hill et al.
(1958), Sahni and Roy (1969) and Balakrishnan (1979) reported
that milk based diluents were superior to the egg-yolk

containing diluents for the preservation of buck semen.

Survival of bovine spermatozoa in 0.2 and 0.25 molar
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Tris-buffered yolk glycerol (TIG) extender was superior

to that in a standard citrate-yolk-glycerol (CYG) extender
at 5°C, =25°C and'-85°d (Davis et al,, 1963).  They noted
that semen, with 62 per cent average initial motility in

0.2 and 0,25 molar Tris-yolk-glycerol, respectively mein-
tained 50 and 48 per cent average motility after eight days
of storage at 5°C. When bovine spermatozoa were preserved
in 20 per cent yolke-glycerol extenders with 0.15, 0.20 and
0.25 molar Tris and adjusted with citric acid to pH of 6.5,
6.75 énd 7.00, optimum sperm survival was found in the

G.2 molax ektender with a pE of 64,75 (Davis gt al., 1963).
i1t was also found that in 0.2 moler Tris extender with a

pH of 6.75, average motility was 42 per cent after eight
days of storage at 5°C, compared with 35 per cent in Cormnell
Universiiy extender (CUB} and 18 per cent in a YG extender.
Foote (1970) reported that 0.2 molar Yris-yolk extender
buifered to pH 6.5 or 6.75 was superior to 0.2 molar with
pH 6,25 and 0.25 molar with pH of 6.25, ©.50 and 6.75 Iris
extender in preserving‘ﬁotility of bull spermatozoa. Further,
inclusion 0f 6.4 per cent glycerol in the extender at room
temperature was as satisfactory as glycerolation at 5°C

for maintaining sperm motility. In a study to compare the

efficacy of three diluents viz. BYC, TYG and citric acid
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whey, for preservation of buck semen at 5°C, Singh gt al.
(1982) reported that EYC extender was more efficient than
the other two dilutors. The effect of dilutors was not
gignificant, but the effect of period of preservation

was highly significant on percentage of motility and live

SpeXms.,

For preservation of sperms, skim milk diluent was
reported to be as effective as EYC diluent (¥lorentino,
1952; Thacker and Almquist, 1953; Almquist et al., 1954;
Salisbury, 1957; and Kim and Lee, 1970). Marion and Olson
(1952) and Collins (1953) stated that survival of bovine

spermatozoa in diluents prepared from skim milk éowder
depended mainly on the degree of heating in original manu-
facture of the milk powder. Collins (1953) observed no
.gtatistical difference between brands of milk powder but
-there was highly significant difference between lots of
milk powdef; Dauzier (1956) reported that goat semen
stored in skim milk diluent for periods below eight hours
gave 2 conception rate of 64 per cent, though good motility
was maintained satisfactorily for lohger periods. Hill

et al. (1958) using reconstituted skim milk as ram semen
diluent obtained satisfactory motility for a period of

15 days at 1:10 dilution. Melrose et al. (1958) found that
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skim milk powder was as effective as skim milk when

used as extender. Blokhuis (1959) carried out.ferti-

lity trials with buck semen diluted in skim milk and
obtained 55.5 per cent conception rate. Fisher amd Kandera
(1960) did not observe any significant difference in tbe

conception rate between Semen extended with skim milk

powder and whole milk,whereas, Ahmed (1963) found that heated

skim milk was inferior to heated homogenised whole milk as
a diluent for ram semen. The motility percentages of buck
spermatozoa, di;uted with dried milk, were 47 and 13 after
a storage period of 48 hours and 160 hours respectively
(Ron and Aamdal, 1963). According to Pavolvic and Vardin
(1968) there were favourable results with skim milk diluent,
for ram semen: They also noted that the conception rate
waé highest, when semen was diluted 11 times with reconsti-
tuteq.unheated skim milk extenders. Petruzzi and Tarantini
(1974) reported that ram semen diluted in powdered or homo-
genised pasteurised cows milk with or without egg yolk gave

better motility after storage for 96 hours at 5°C.

Willet at Onms (1956) used BYC, Yolk-citrate-glucose

- andnon=fat milk solids each containing 0, 1.25, 2.5, 5 and

10 per cent glycerol, as extender for bull semen to study

the preservability at 5°C. They cencluded that when
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glycerol concentration increased, the motility decreased

- markedly in EYC; and to a lesser extent in yolk-citrate-

glucose; whereas motility increased in non-fat milk solids.
According to Albright et al. (1958), addition of semen
directly to the completely formulated milk and egg yolk
diluents at 32°C, containiné T.5 per cent glycerol, sperm-
atozoa generally showed lower motility immediately after
-dilution; but motility declined at a slower rate during
storége in the same diluents without glycerol. Melrose et al.
(1958) reported that the addition of egg yolk or glycerine
tb & nine per cent solution of skim milk powder did not
enhance conception rate. Using skim milk and skinm milk
with 10 per cent glycerol as diluents, 9'Conor and Smith
{1959), obtained an increase of conception rate of 4.7 and
10.6 per cent with semen used on the second and third day,
respectivelj. Albright et al. (1960) could not observe
significant difference in sperm motility at seven days of
storage at 5°C either when 7.5 per cent glycerol was added
step wise, at 5° or 7.5 per cent glycercl was present in
the diluent prior to semen addition at 32°C. When 10 or

+ 13 per cent glycerol was incorporated in skim milk diluent,
an increase in spermatozoan livability, at the end oﬁ 14

days storage at 5°C, was obtained in comparisom to the
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motility percéntage in non-glycerol containing diluent
(Almquist, 1962). According to Almquist and Wickersham
(1962) the step wise addition of 13 per cent glycerol at’
5°C, maintained highly significant motility during 14 days
of storage, in comparison to the motility in direct addition
of semen at room temperature., Jones (1965) used a combinat-
ion of dimethyl sulphoxide, glyéeréi'and reconstituted skim
'milk for the preservation of ram spermatozoa and found that
.iﬁcorpoﬁation of eight per cent reconstituied skim milk was

better than seven or 11 per cent,

Tomar et al. (1964) reported that skim milk diluent was
very good for preserving normal'morphology of heads of
spermatozoa. The dilutors and the storage periods had not
exerted significént deleteripus.effect_on abnormalities of
bo%ine spermatozoa, however, Chaturvedi gt al. (1978)Ifound
that acrosomal abnormalities increased with the édvancemént
of storage pefiod in all dilutors used. Rao and Rac (1979)
studied the incidence of sperm head and tail abnormalities
in fresh and stored bull semen in three different diluents
viz. BYG, Tris and,Citr;c acid whey; and noticed no signi-
ficant difference in the incidence of head abnormalities
between fresh and stored sgmen. But a significant increase

was obs¢rved in case of tail abnormalities. However, no
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significant difference was found either in the head or

in the tail abnormalities between the diluents.

Zneltobryukh (1972) recorded the occurrence of acrosome

abnormalities as 21.4 and 25.7 per cent, respectively, in
fresh, undiluted and freshly diluted ram semen samples with
hypertonic diluent. In a study on ram semen, collected

by electro ejaculation, and diluted in egg yolk glucose
diluent, Watson (1975) observed that the percentage of mormal
acrosomes before chilling, after chilling to 5°C and one

hour after glycerolation were 98, 98 and 90 respectively.
Watson and Martin (1975) concluded that, although the presenee
of glycerol in the diluent improved the survival of ram
gpermatozoa, increasing the concentration produced significamt
deterioration of the acrosomes. Tasseron et al. (1977)

found that the damage of the acrosome, in fresh ram semen
extended with saline was 8.0 + 0.4 per cent; whereas in

fresh semen extended with raffinose-sodium citrate-yolk
containing five per cent glycerol used immediately and used
after -cooling, were 24.8 + 143 and 33.6 + 1.8 per cent
respectively. They suggested the necessity of improving the
diluents since about 50 per cent of the acrosomes were

damaged by dilution and cooling. Grocken and Asti (1980)
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found that the proportion of acrosome deformities in

fresh ram semen was 2.9 per cent, which increased after
glycerolisation to 20.7 per cent, however, there was no
relationship between the proportion of deformed sperm=-

atozoa and»motility.

Deep freezing of buck semen

Smith and Polge (1950) first reported the successful
recovery of motile goat spermatozoa after slow freezing
to =79°C, Subsequently, Barker (1957), Liess and Ostrowski
(1960) and Valchos and Tsakaloff (1963) found that the
miscroscopic evaluations and fertility trials with frozen
sémen were too poor to be of any practical application.
However, Fraser (1962) conducted a freezing experiment on
_buck semen extended in sterile skim milk to investigate an
optimum level of glycerol, a suitable equilibration period
and a satisfactory rate of freezing. On the basis of post-
thawing motility he reported the Dbest result with 6 to 9
per cent glycerol. The equilibration period provided was
8 to 24 hours. Temperature was reduced from 30°C to 5°C
in 30 minutes, them from 5°C to -10°C at the rate of 1°C
per minute, from ~10°C to =17°C at the rate of 2°C per
minute and from -=17°C to =79°C at the rate of 4°C per
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minute. Although, no mention was made about the percentage
of motile spermatozoa after frsezing, the frozen semen was
tested for fertilify through an insemination trial om six
does, five of which conceived at the first insemination.
Anderson (1969) observed best results of post-thawing
motility when buck semen was frozen in straws using skim
milk diluent, containing four per cent glycerol. Bonefert
(1969) reported that thevbest period for freezing the semen
of white UYerman goats was Sebtember to December and poste
thawing motility was found tp be 50 to\60 per cent in the
age groub of 2 to 3 years. Paggi (1971) after a study
involving raffinose egg yolk-glycerol diluent reported 65
per cent post-thawing motility. Samouilidis and Hahn (1972)
observed a post-thawing motility of 60 to 65 per cemt and
30 to 45 per cent following storage in medium sized and
fine straws respectively in Laciphos containing diluent;
and post-thawing motilitylof 60 to 70 per cant in Iris
diluent frozen in medium straws. Szbni and Roy (4972)
observed post-thawing motility of 30.0 + 9.4, 38.8 + 3.46
and 28.5 + 6.32 per cent in yolk-citrate diluent with 3, 6
and 9 per qenﬁ glycerol respectively. The results with
milk diluent were Similar.lexéept in 3 per cent level of

glycerol; where the post-thawing revival was only
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13. 7 + 5 .56 per cent and 6 per cent glycerol level was
signlficantly auperior to 3 and 9 per cent glycerol levels.
For varying equilibration periods, free21ng rate or diluents
did not significantly affect sperm survival, It was also
ebserved that the gsemen of Jamunapari could stand deep
freszing better than that of Barbari bucks. Rossouw (1974)
pointed out that buck semen equilibrated for 2.5 hours
aftér dilution in the rate of 1¢4 with semen and eny one of
the three diluents viz. Tris, Bgg yolk-phosphate-glycerol
extender containing 11 per cent lactose or 18.5 per cent
raffinose, the post-thawing motilities were 40, 19 and 8
per cent, respectively. When semen was diluted and frozen
with Tris extender containing 0, 5, 8 and 15 per cent
glycerol, motility on thawing was 0, 35, 27 and 13 per cent
respectively: Post-thawing sperm motility was 37, 29, 12
and O per cent when the equilibration times were 2.5, 5,

10 and 20 hours respectively and 48 , 49 and 38 per cent when
frozen semen was thawed at 40°G,\90°G and at room temper=
ature respectifely. Coriteel (19T4) reported that when semen
samples were diluted in skim milk diluent with or without
glucose, percentage of motlile spermatozoa was higher in
samples without plasma in éomparison o those with piasma,

voth before and after freezing. Corteel and Barit (1975)



32

observed 44.4 and 43.7 per cent post-thawing motility in
unwashed and washed spermatozoa, respectively. After
freezing and storage for 3 to S0 days, there was an addi-
tional loss of 16.6 and O per cemt motility fer unwashed
and washed spermatozoa respectively, whereas the reduction
in motility was 22 and 1.3 per cent respectively after
storage for 91 to 190 days. By using Tris-yolk-fructose-
citriec écid-glycerol extender for freszing buck semen.by
pellet method, 49.53 per cent post-thawing motility was
noted by Hukeri et al. (1977). By using Tris=yolk-fructose
citric acid-glycerol diluent for the freezing of buck semen
at =196°C with final glycerol concenmtration of 6.4 per cent,
Nimkar (1977) recorded ihe percentage of motile spermatozoa
as 44.09, 44.08, 44.20, 43.23 and 44.07 respectively at
0, 7, 14, 21 and 28 days. Gonzalez (1978) collected semen
- from four Anglo Wublan bucks and diluted in Laciphos - 271
extender with a spérm concentration of 200 to 300 million
before freezing and obiained 100 to 200 million live sperms
after thawing. Yhen ram semen with 80 per cent initial h
motility was used for freezing in egg yolk-Tris-lLactose
diluent, the postethawing motlility of 39 per cent could be
obtained (Zémfireséﬁlgﬁ al., 1979). In freezing experiment

conducted on ram Semen to know the efficacy of Tris, Lactose
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and raffinose based diluents and four thawing temperature

ie. 37°C, 45°C, 60°C and 75°C, spermatozoa survived best in
Bpjs-glucose~-yolk-glycerol extender and motility was maximum
when thawed at 37°C (Fukui, 1979). From an experiment carridd
out on ram semen involving Tris -citric acid-yolk-glucose,
Tris~citric acid=yolk; or in glycero-phosphate-EDTA-glyucose=
glycerol-yolk-Tris and glycero-phosphate-EDEA-glucosé-glycerol-
yolk extenders at glycerol levels of 3.5, 4.5 and 7 per cent
and equilibration times of 2,3 to 4 and 10 o 12 hours,

Saxena et al. (1979) obtained best post-thawing motility of
45 t0 48 per cent in semen samples diluted 1210 with Tris-
citric acid-glucose=yolk having 7 per cent glycerol with
equilibration time of 10 to 12 hours. Vivanco and Valera
(1980) recorded 38 and 29 per cent post-thawing motility for
ram.semen, when semen samples were subjected to rapid freezing
in Tris fructose and Tris-glucose extenders. Ram semen '
diluted in Lactose-yolk-Tris, Milk-yolk-Tris, Sodium citrate-
yolk and Saccharose-glucose=-yolk-Tris diluents with 3.5 per
cent glycerol, and then frozen in liquid nitrogen vapour in
ampules, medium sized and thin straws, the highest post-
thawing motility of 31 to 46 per cent was obtained with the
Lactose diluent (Zamfirescu gt al., 1980). An average post-
thawing motility of 60 per cent was obtainad by Harnath et al.
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(1982), when washed buck spermatozoa were frozen, after
gix hours equilibration'period, in Trigs-fructose-citric
acid-yolk diluent containing 6.4 per cent glycerol in
0.5 ml straws. Salamon and Rittar. (1982) noted that
buck spermatozoa could toleiate'a relatively wide range
in concentration of Tris; and glucoée and fructoselweie‘

more suitable components than lectose and raffinose in the

diluent.
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MATERIALS AND METHODS

From among the breeding bucks maintained at the
"All India Co-ordinated Research Project on Goats for Milk
Production" attached to the College of Veterinary and Animal
Sciences, Kerala Agricultural University, Mannuthy, Trichur;
six adult bucks (3 Malabari and 3 Alpine X Malabari) in the
age group of 3 to 5 years were utilised for this study.
These bucks were kept under identical management and feeding
regime. <They did not show any signs of systemic or repro-
ductive diseases throughout the period of study extending

from July '82 to September '83.

For the study of normal characteristics of buck semen,
two consecutive ejaculafes were collected twice in a week
‘from each buck by artificial vagina method (Perry, 1969),
Reaction time with respect to each ejaculate was noted by
- means of a stop- wateh. Immediately after collection, volume
and colour of each sample were noted and kept in a water

bath at 37°C.

The density, pH, mass activity and ﬁotility of each
sample were assessed as per the standard pfocedures (Roberts,
1971). Nigrosin-eosin stained smears were prepared and
utilized to determine the percentage of live sperms (Campbell

et al., 1956), Percentage of different types of sperm
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abnormalities were found out and classified as described
by Blom (1972). The sperm concentration was estimated

using Spectronic-20 (Perry, 1969).

| To sﬁﬁdy thé effect of addition of different levels of
glycerol at ro&m temperature and at refrigeration femper-
ature in reconstituted skim milk as well as in Tris-egg-
yolk-fructose diluent, on the preservability of sperms at
5°G;;seﬁén samples were collected from the selected bucks
twice a week at regular intervals. Immediately after collect-
ion of each gample, prelimigary evaluation was conducted.
Those samples which had over 70~per cent motility alone were
utilized for the study. Such semen samples from the bucks of
same genetic group were pooled before dilution. ZFrom each
genetic group a total of eight semen samples were utilized
for room temperature glycerolisation and four samples for

refrigeration ﬁemperature glycerolisation.

I, Glycerol addition at room temperature

a) Skim milk extender
To prepare the basic diluent 9 g spray-dried skimmed
milk powder (4nik spray, Hindustan lever Limited, Bombay)
was diluted to make up the final volume of 100 ml, by adding
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double glass distilled water. The milk so obtained, was
heated at 92°C for 5 minutes,and then cooled and filtered,
using sterile cotton wool. Penicillin and Streptomycin
were added at the rate of 1000 i.u. and 1000 microgram,
respectively pexr ml of the diluent. In addition 1.25 g
fructose was added and stirred well with the help of a
magnetic stirrer (Table 1). Then it was kept at 5°C in the
rafrigerator till further use. Before mixing with semen
sample, the extender was brought to room temperature and
split into four parts. UGlycerol.at 37°C was added to the
second, third and fourth parts of the diluent at the proport-
ion of one, three and severn per cent. The first part was

used without adding glycerol (Table 2).

b) Iris-Extender

The four combinations of Tris diluents with different
levels of glycerol were prepared and used for the present

study (Pable 3).

After preparation, the four parts of Tris diluenis were
"~ kept at refrigeration temperature. Prior to use the diluents

were brought tc the room temperatuvre.

Lo study the effect of glycerolisation at room temper-

ature, on the preservability of sperms, half of the pooled
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. semen sample was diluted seperately at the ratio of 1:10
with four parts of reconstitﬁted skim milk extenders and
the other half with four parts of Tris diluents, each having
different levels of glyceroi, and preserved at 5°C. For

dilution of the semen, split sampling technique was adopted.

II. Addition of Glycerol at refrigeration temperat%re

To study the effect of glycerolisation at refrigeration
temperéture on preservability of sperms, the pooled semen
samples were mixed with the first half of reconstituted skim
milk and Tris diluent both without glycerol, at the ratio of
$5 uging split samplé method at room temperature (30° to 32°C)

-

and transferred to the refrigerator. The second half of both
the diluents were prepared with the concentration of 0, 2, 6
and 14 per cent glycerol; and then kept at refrigeration
temperature. The respective glycerolated parts were mixed to
the semen containing non-glycerolated parts at 5in three_
steps of 20, 30 and 50 per cent at 10 minutes interval.  Thus
the final concentration of 0, 1, 3 and 7 pér'cent glycerol
was obtained. The diluted samples were preserved in the

refrigerator.

a) Skim milk extender

Basic skim milk solutions were prepared as in table 1
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and the non-glycerolated and glycerolated parts were

prepared as per table (4).

‘b) Tris extender

The basic solution of Tris was prepared as shown in
table (5). The non-glycerolated and glycerolated parts of

Tris extender were prepared as in table (6).

After the addition-of different levels of glycerol,
at room temperature and refrigeration temperature, for the
study on preservability of semen at 5° to 7°C in Tris and
skim milk diluents, one drop of diluted semen was taken
from sample and motility assessment was carried out (Laing,
1979). Wet smears weie also prepared from each sample and
air dried for 5 to 10 minutes. Taen the smears, prepared
from Tris diluent, were fixed for 10 to 15 minutes in
buffered formal saline (Campbell et al., 1960),‘ Smears were
washed gently in tap water for one minute. After air-drying,
the smears were stained in Glemsa stain by immersing the
slides for 4 to 6 hours (Hancoek, 1952; Watson, 1975).

Stained slides were washed in distilled water and air dried.

The dried smears, prepared from skim milk diluent, were
immersed in isopropyl alcohol for 20 to 25 minutes to aid in
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defattening and then allowed to air~dry. Then stained in
Giemsa stain as in the case of smears prepared from Tris

diluted semen.

Later, the étained smears were examined under oll immersion
objective of the microscope. One hundred sperms were counted
from each slide for morphological abnormalities>and acrosome
defects. The motility scoring, sperm abnofmalities and
acrosome defects were studied at O, 24, 48, 72, 96, 120 and

144 hours of storage.

To study the effect of deep~freezing on semen, separate
collections were made from all the selected bucks twice a
week at regular intervals. From each buck four ejaculates
baving atleast 70 per cent motility were utilized. ZEach eja=-
culate was extended with the'Tris-egg yolk~Fructose and
reconstituted skim milk diluents.

Tris extender

The composition used in part IV, table 6 was utilized for

freezing of buck semen.

Skim milk extender -

Reconstituted skim milk diluent was prepared as mentioned

in part IV, table 4 and used for the present study.
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The diluted semen as well as glycerblated part (equal in
volume) were transferred to the refrigerator for gradual
cooling in small sterile conical flask. The glycerolated
portion was added to the semen containing portion in three
stages as it was done in preservation studies under refrigera=-
. tion temperature. The glycerolated semen was maintained at
5°C for a minimum of six hours as equilibration period.
During this periqd French medium straws of diffeérent colours,
filling clips, a burdle of sterilized cotton wool, polyvenyle
alcohol sealing powder in a dish, towel, water bath:. with
500 ml of clean water with few drops of dettol were kept in
the refrigerator for cooling to 5°C. After two hours of
equilibration period the straws were filled gently with semen
by applying_negaiive pressure through the end with factery
seal, Then the open end of the straws were dried with cotton
wool, sealed with sealing powder and again wiped to take
away the excess powder sticking outside. The straws were
immersed in the cooled water bath at 5°C for 45 minutes. The
straws were then taken out of the water bath and dried by
rolling them in a pre-cooled towel. Then the strawswere
transported to Bull station, Dhoni for freezing. Wnile trans-
portation care was taken to maintain the temperature at 5°C

and to avoid shaking., The straws were arranged on the pre=-

cooled freezing rack with the help of a freezing ramp in the
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cold handling unit of the freézing laboratory. A wide-
mouthéd liquid nitrogen refrigerator (LNR=320-Union Carbide)
was used for freezing. A freezing grill was-placed 30 cm
below 1ts brim. Care was taken to see that the liquid nitro-
gen level touched the grill. The freezing vack with the
straws were transferred to the INR~320 quickly over the grill
after gix hours of equilibration period. Goblet was also
kept along with the semen. The straws were fﬁozen in the
liquid nitrogen vapour, at 4 cm above the liquid nitrogen
level, After eight minutes of freezing in the liquid nitrogen
vapour, the gtraws were colleeted by quick movement of hand
into the pre-cooled goblet and the goblet was plunged into
the liquid nitrogén. Iater, the goblet was shifted to
LNR=250 filled with liquid nitrogen for storage. Immediately
after freezing two siraws of each sample were thawed at room
temperature for 30 to 40 seconds. TFost-thaw motility wiih
respeci to each sample at 37°C was recorded under a phase

- eontrast microscope.

Ihe data on normal semen characteristlcs were subjected
to arc sine: transformation before gnalysis on the basis of
Helrarchial olassification. Retransformed mean values were
presented in the tables. The co-efficient of correlation,

among seminal attributes for first and second ejaculates over
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breeds, were worked out using standard procedure. The data
on preservation of buck spermatozoa were analysed as a

2 x 2 x 4 CRD factorial experiment separately for room temp-
erature and refrigeration temperature glycerolisation. ZTro-
portion values were subjected to arc sine tranéformation

- before analysis, Retransformed mean values were presented in
the tables . Comparison between room temperature and refri-
geration temperature glycerolisation were made using student
‘t’ test. Vhen the variance ratio was found significant then
Cochran's 't' was used for eomparisoﬁ between the methods of
glycerolisation. For freezing of buck semen, data were
analysed as a 2 x 2 CRD factorial experiment ( Snedecor and

Cochran, 1967).
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Table 1, Composition of basic solution for skim millk

extender
Ingredient Quantit
Skim milk powder () | 9
Distilled water (ml) to 100
Fructose . (g) | 1.25
Penicillin (iews) 100000
Streptomycin (g) 0.10

Table 2. Ingredients ¢f I %o IV parts of skim milk extender

Compogition Part I Part II  Part III Part IV
Basic solution (ml) 100 99 97 93
Glycerol - (ml) Wil 1 3 7
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Table 3+ Composition of I to IV parts of Tris extender

Composition Patt I Part II  Part III  Part IV

- Tris (hydroxymethyl)

;" aminomethane (g) 2.42 2.42- - 2.42 2,42
Citric acid (g) 1034 1434 C1.%4 1.34
Fructose (g) 1.00 1.00 1.00 1.00
Egg yolk (ml) 20,00  20.00 20.00 20.00
Glycerol (ml) Nil 1.00 3.00 7.00
Distilled water (ml) 80.00 79.00 77.00 73.00
Penicillin  (i.u) 100000 100000 100000 100000

Streptomyein (g) 0.10 0.10 0.10 0.10
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Table 4, Composition of I to IV parts of skim milk diluent
- fer glycerolation at refrigeration temperature

ST SO WP e S U Wt SO a5 A SR S e GO B TS W i ! G52 ATD G B €O e Sy S S Gun S s A PO W Wl W e il -t g L0 S D L A OS N O BC e €T e SIS W2 s S

Composition Pary I Part II Part III Pari IV

Noh-glzcegglated part
_ Basic solution (ml) 50.00 50.00  50.00 50.00

Glycerolated pard
Basic solution (ml) 50,00  49.00  47.00  43.00

Glycerol © (mi)  Nil 1.00 3,00 7400

AR ey e WP R WD W S A W G W D iy T O TP W T W Sy D . K G W T W M R S G I G S G WD WD T -y - v W

Total (m1) 100,00 100,00 100,00 100.00

Table 5. Composition of basic soluiion of Iris diluvent for
eddition of glycerol at refrigeration temperature

o T “vo TR - Ty —— O Ay St g < iy S S

Ingredients Part I Part II  Part III DPart IV

o oun 5 - iy OB GES Say any GED AR S e U e G NS QY AN Aty IR D ems IR GX) C3p e ta AN

Tris (hydroxymethyl)

aminomethane (gl 2,42 242 2.42 2.42
Citric acid (g) 1.34 1.354 1e%4 1434
Fructose (g) 1.00  1.00 1.00 1.00

Distilled water (ml) 80,00  78.00  T4.C0 66,00

OB b 200 mrs WIS Mt TP B s B Whvw oty b WD Swi BRI e D R A W0 M BT S YA O w30 L0 D P TR GNP Sy SID £ e St e etk o SRS NAD o — -
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Table 6, Composition of four paris of Iris diluents for
glycerolation at refrigeration temperature

Composition Part I Part II  Part III  Part IV

First half (non-gly-
. cerolated parts)

Basic solution  (ml) 40.00  39.00 37.00 33.00
Distilled water (ml) Wil 1.00 3.00 7.00
Egg yolk (ml) 10.00 10.00 10.00 10.00
Penicillin (i.u) 50000 50000 56000 50000
Streptomycin (g)  0.05 0.05 = 0.05 10.05

Second half (gly=
cerolated parts)

Basic solution (ml) 40,00 39.00 37.00 -33.00
Giycerol (ml) il 1.00 3.00 7,00
Egg yolk (ml) 10.00 10,00 10.00 10.00
Penicillin (i.u.) 50000 50000 50000 50000

Streptomyein (g) 0,05 0.05 - 0.05 0.05

s 0 s W DS D ST TP Pie Sup s W T s Y WP iy T iy A D WD A W AP - WS e cap VI M T CAD S S e e S > A . D Sy
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RESULTS

Normal characteristics of buck semen

The mean reaction time, for Malabari and Alpine X
Malabari bucks, is given in table 7. The overall average
reaction time was found to be 98,86 44309 secoﬁés. On
statistical analysis the reaction time, for the first ejacu=
late was not significantly correlated with volume, density,
mass activity, motility, live sperms, pH, concentration and
total sperm abnormalities (Table 21). However, significant
positive correlation (P [/ 0.05) was observed between reaction
time and mass activity for second ejaculate (Table 22).
Highly significant (P [ 0,01) difference between ejaculates

within buck>was observed for reaction time (Table 23).

The data on mean semen volume are presented in table 8,

The overall average volume of semen was found to be O.64 +
0,015 ml. There was significant positive correlation ,
(P /£ 0.05) between volume and density for the first ejaculate
as shown in table 21. It was also observed that semen volume
had a significant negative correlation (P L 0.05) with moti-
lity percentage in first ejaculate (Table 21). On further
analysis, the semen volume was found to be.significant

(P £ 0.05) between breeds. Highly significant (2 Z 0.01)
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difference was also noted for semen volume between ejacu-

lates within buck (Table 23).

In the present study,'the colour of semen of Malabari
and Alpine X Malabari cross bred bucks was found to be milky

&ellow, thin creamy, thick creamy yellow or creamy white.

The average density‘score of buck semen is presented in
table 9. The mean density score of 3.52 + 0.030 out of four
was observed for bucks: A highly significant (¢ £ 0,01)
positive correlation between density and sperm concentration
was found in the presenﬁ study for both first apd second
ejaculates (Table 21) and (Table 22). Statistical analysis
further revealed that there was highly significant difference
(P £ 0.01) between bucks within the breed for density of
semen (Table 23).

The overall mean pH of semen was 6,74 + 0,016 (Table 10).
On aﬁalysis there was significant (P / 0,05) difference in pH
of semen between bucks within breed (Table 23),

' The overall average mass activity of buck semen was
found to be 3.66 + 0,034 out of four (Table 11). There was
a significant (P / 0,05) positive correlation between mass
motilify and concentration for both the first and second

ejaculates as shown in table 21 and 22, Analysis of data
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further showed highly 51gnificant difference for mass
-acuxv1*y between breeds and between bucks within bread

{Table 23).

The data pertaining to mean motility percentage of
spermatozoa are presented in table 12. The overall initial
motility was 80,64 + 0,344 per cent. The initial motility
was positively correlated (P £ 0.05) with the live sperm
percentage for the first ejaculate (Table 21). Whereas,
highly significant positive coxrrelation (» yA 0.01) was'
observed between initial motility and live sperm percentage
for the secoﬁd ejaculate in Malabari and Alpine X Malabari
buck semen (Table 22). A significant (P / 0,05) difference
between Malabari and Alpine X Malabari bucks was obtained
for initial motility (Table 23).

'The data on average live sperms percentage are presented
in t&cle 13. The 6verall mean for live sperum percentage was
found to be 90.64 * 0.317. Significant positive correlation
of live sperm éercentage with sperm motility percentage was
observed for first (P / 0.05) and second ejaculates (P / 0.01)
in Malabari and cross bred bucks{Pable 21 and 22).

The sperm concentration for buck Semen is shown in
table 14. The overall mean concentration was recorded to be

3439 + 0,061 billion per ml. Statistical analysis revealed
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significant difference in sperm concentration between breeds
(P / 0.05) and between bucks within breed (P / 0.01) as in
table 23.

Irz overall mean value for total sperm abnormalities
was 1,40 + 0,265 per cent (Table 20). Statistical analysis
.shoﬁed significant (P [/ 0,05) differenbe in sperm abnormalities
between breeds. 1t was also observed that there was highly
significant (P / 0.01) difference for the percentage of sperm

abnormalities between bucks within breed (Pable 23).

The average abhormality percehtages of head, mid piece
and tail abnormalities of buck spermaitozoa are shown in tables
15, 16 and 17. The overall average percenfages of head, mid
piece and tail abnormilities weve 0,03 + 0,012, 0.13 + 0,023
and 0,70 + 0.229 respectively. The mean values on percentages
of protoplasmic droplets in buck spermatozoa are presented
in table 18. An overall mean of 0.30-+ 0.069 per cent of
protoplasmic droplet was observed. The overall mean for deta-
ched head abnormality was found to be 0.24 + 0,034 per cent
(Table 19).

Preservation of buck semen in glycerol coﬁtaining diluents

The data on percentage of motility at zero hour of

storage are presented in table 24. The overall mean motility
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of buck semen glycerolised at room temperature and refri-
geration temperature was found to be 79.63 and 80.41 per
cent respectively. On analysis the motility was signi-
ficant (P L 0.01) between breeds, when glycerolisation was

done at refrigeration temperature (Table 31).

The data on preservation of buck semen at 24 hours of
storage are shown in table 25. The overall average movility
was found as T73.75 and 7T7.%2 per cent at rcoom temperature
and refrigeration temperature glycerolisation respectively.
Statistical analysis revealed that there was significant
/L 0.01) difference for motility percentage between diluents,
" hoth in room temperature and refrigeration temperature gly-
cerolisation. The interaction between diluents and levels
of glycerol was found to be significant in béth‘cases of
glycerolisation, However, motility percentage was signi-
ficantly (P / 0.01) different between breeds for glycero-

lisation at refrigeratién temperature (Table 31).

At 48 hours of storage the overall mean motility in
extenders glycerolised at room temperature and refrigeration
temperature was recorded as 65,50 and T70.26 per cent réspect-
4ive1y (Pable 26). On analysis the motility percentage was
found to be significant (P / 0.01) betwsen diluents at the

two methods of glycerolisations. Similarly interaction
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between diluents and levels of glycerol was significant
(P £ 0.01) for both the cases of glycerolations. There was
significant difference (P / 0,01) for motility percentage in
levels of glycerol at refrigeration temperature glyceroli-~

sation (Table 31).

The date on parcentage of mean motility at 72 hours ars

in table 27. The overall mean motility of buck semen atl
roon Lemperature and refrigeration temperéture glycerolisation
was found as 51.68 and 63.28 per cent respechivelye: Stati--
stical analysis showed that there was slgﬁificant (2 £ 0.01)
difference for motility percemtage between breeds and between
diluents at room temperamure‘glycerolisationg whereas, at
refrigeration temperature glycerolisation significant (2 /0.01)
difference was noticed between diluents alone. The interaction
between diluent and levels of glycerol was found to be signi-
ficant in motlility percentage for both the glycerolisations.
It was also noticed that motility percentage varied signifi-
cantly emong the levels of glyecerol for refrigeration temper-

ature glycerolisation (Table 31).

The overall mean motility percentage of 39.52 and 51,55
were nolticed when glycerclisation was done at room temperature
and refrigeration temperature, respectively, at 296 hours of

storage (Table 28). On statistical analysis significant
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difference (P / 0.01) was obtained for motility percentage
between diluents for both the types of glycerolisations.

The interaction between diluenis and levels of glycerol was
also found significamt (2 £ 0.01) in motiliﬁy percentage

for both the cases. There was significant (P [ 0.05) differ-
ence between breeds for room temperature glycerolisation.
Significant (P / 0,01) difference was nmoticed in levels of
glycerol for motility peﬁcentage for refrigeration temperature

glycerolisation (Table 31),

The mean motility percentage of buck semen at 120 hours
of storage was 26,54 and 39,06 per cent at room tempeéature
and refrigeration temperature glycerolisation respectively
(Pable 29). On analysis the motility percentage was signi-
ficant (P L 0.01) between diluents at both the temperature
of glycerolisation. Similarly interaction between diluents
and levels of glycerol was noted as significant (B L 0,01)
in both the cases. But there was a significant (¥ L 0.01)
difference for levels of glycerol in motility percentage when
glycerolisation was done at refrigeration temperature

(Table 31).

The data on mean motility percentage at 144 hours of

storage are presented in table 30. The overall average

motility of 19.23 and 31.62 per cent was noted at room
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temperature  and refrigerétion temperature glycerolisation
respectively. Statistical analysis revealed that there
was significant (P £ 0.01) difference between Tris and Skim
milk diluents in mean motility percentage both a2t room
temperature and refrigeration temperature glycerolisation.
The interaction between diluents and levels of glycerol was
aISO-found_significant (e L O;O1) for ﬁotility percentage in
both types of glycerolations. However, the interaction
between breed and diluent for motility percentage was signi;
ficant (P L 0.,05) in refrigeration temperature glycerolisat-
ion. There was significant (P /£ 0.01) difference in levels
onglycérol,for'pefrigeration temperature glycerolisation in

mean motility percentage (Table 31).

The mean motility percentage of buck spermatozoa was
found to vary significantly between room temperature and
refrigeration temperature glycerolisation through out the

period of storage.

The mean percentage of total abnormality of buck sperm-.
atozoa at zero hour of storage are presented in table 32.
The overall mean for total abnormality percentage was 5.42 at
room temperature glycerolisation amd 3.14 at refrigeration
temperature glycerolisation. On analysis percentage of total

abnormality was found to be significant (2 £ 0.01) among
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the levels of glycerol at both types of glycerolisations.
However, significant difference (P / 0,01) for total abnor-
mality percentage was observed between diluents at refri-

geration temperature glycerolisation alone (Table 39).

The data on percentages of total sperm abnormality at
24 hours were 6,57 and 4.09 at room temperature and refri-
geration temperaiure glycerolisation respectively (Table 33).
Statistical analysis showed significant difference (P /£ 0.C5)
for total spermatozoan abnormality at room temperature gly-
cerolisation among the levels of glycerols; whereas highly
significant difference (P / 0.01) was noted at refrigeration
temperature glycerolisation. In addition there was signi-
ficant difference (P YA 0:s01) between diluents for total sperm
abnormality at refrigeration temperature glycerolisation

(Table 39).

The mean values for total sperm abnormality percentage
at 48 hours of storage are presented in table 54. The overall
mean for total sperm abnormalities was recorded as 6:76 and |
- 4423 per cent at room temperature and refrigeration temper~
ature glycerolisation respectively. On analysis sigﬁificant
difference (P / 0.01) was observed for total sperm abnormality
 between breeds; between diluents and among the levels of

glycerol at refrigeration temperature glycerolisation;
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whereas that was not the case at room temperature glycero-

lisation (Table 39).

The mean values at 72 hours of storage for total sperm
abnormalities were 691 and 4.47 per.cent at room temperature
and relrlgeratlon temperature glycerolisation, resPectively
(Table 35) For total sperm abnormalities, significant
difference (2 4 0.05) was noted among the levels of glycerol
at room temperature glycerollsatlon, and hlghly smgnlflcant
(B £ 0.01) dlfference was observed at refrigeratlon temperature
glycerolisation. When glycerolisation was done at refrl-
geration temperature there was highly significant difference

between diluents (Table 39).

The mean values for total abnormality percentage of
buck spermatozoa at 96 hours of storage are presented in
table 36. An average total sperm abnormalities of 7:00 per
cent was observed at room temperature glycerolisation asg
against, 4.45 per cent at refrigeration temperature glycero-
lisatione The data on analysis showed signlflcant difference
(P L 0.01) for total sperm abnormality between diluents and
among the levels of glycerol at refrlgeration temperature

glycerolisation (Lable 39),

The mean values of total sperm abnormality of 7.33 and
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4,62 per cent were recorded at room temperature and
refrigeration temperature glycerolisation, respectively
at 120 hours of storage (Table 37). The variation in
total sperm abnormality was found to be significant ‘
(2 /_ 0,01) for Tris and Skim milk diluents and for differ=-
ent levels of glycerol at refrigeration temperature glycero-
lisation; whereas, significant (P 1~0.05) difference due
to levels of glycercl was noticed for room temperature

glycerolisation (Table 39).

The average total sperm abnormality of 7.39 and 4.81
per cent was observed at room temperature and refrigeration
temperature glycerolisation respectively at 144, hours of
storage (Table 38). Statistical analysis revealed the
significant difference (? £ 0.01) in totai sperm abnormality
between diluents and the levels of glycerol at refrigerat-

ion temperature glycerolisation,(Table 39) .

The mean total abnormality percentage of buck sperma-
tozoa was found to very significently between room temperature

and reirigeration temperature glycerolisation through out

the storage veriod.

The data on percentages of head abnormality of buck
spermatozoa at zero hour, 24 hours and 438 hours of storage

are presented in tables 40, 41 and 42 respectively. The
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average head abnormality percentages of 0.69 and 0.40 were
observed at room temperature and refrigeration temperature
glycerolisation, respectively, at zero hour of storage.

The corresponding values were 0,63 and 0.37 per cent at
room temperature and refrige:ation temperature glyceroli-
gation, respectively, at 24 ﬁours of storage, 0.60 and 0.47
per cent at room temperature and refrigeration femperature

glycerolisation, respectively, at 48 hours of storage.

The mean values for head abnormality percentage of
buck spermatozoa at 72 hours of storage are shown in table 43.
The mean values for head abnormality percentage were 0457
and 0.49 at room temperature and refrigeration temperature
glycerolisation respectively. Statistical analysis showed
the significant difference (P £ 0.01) for head abnormality
percentage among the levels of glycerol at refrigeration

temperature glycerolisation only (Table 47).

At room temperature and refrigeration temperature
glycerolisation the average percentage of head'abnormality
were 0,64 and 0.54 respectively at 96 hours of storage
(Table 44). Data on analysis revealed significant difference
(P £ 0.01) for head abnormality among the levels of glycerol
at refrigeration temperature glycerolisation (Table 47).

The average values for head abnormality percentage

4
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of buck spermatozoa at 120 hours of storage were noted as
0,61 and 0.54 at room temperature and refrigeration tem-
perature glycerolization, respectively (Table 45). Signi-
ficant difference (P L 0.05) for head abnormality percent-
‘age was observed between Tris aﬁd Skim milk diluents and
among the levels of glycerol at refrlgeratlon tempera$ure

glycerolisation at 120 hours of storage (Table 47).

The head abnormality percentage of 0.67 was noted at
room temperature glycerolisation, as against,'0;59 per cent
at room temperature glycerolisation at 144 hours of storage
(Table 46). The incidence of head abnormality éercentagg
was found to be significant (P / 0.01) among the levels
of gljcerol at refrigeration temperature glycerolisation
(Table 47).

The data on average mid piece abnormality percentage
of buck spermatozoa at zZero hour of storage are presented
in table 48. The occurrence of'mid,piece abnormality was
noted to bs 1.54 and 0.86 per cemt at room temperature and'
refrigeration temperature glycerolisation respectively. On
Aanalysié, significant difference (P L 0.01) was observed
between bﬁéeds and among the levels of glycerol fér mid
piece abnormality percentage at refrigeration temperature‘

glycerolisation (Table 55).
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The mean value of 1.35 per cent mid piece abnormality
was noted .at room temperature glycerolisation as against,
1,01 per cent at refrigeration temperature glycerolisation
at 24 hours storage (Table 49). No significant difference
could be found for mid piece abnormality percentage either
at room temperature or refrigerétion temperature glycero-

lisation (Table 55),

The average mid piece abnormality percentages of 1.48
and 1.04 were worked out at room temperature and refriger-
ation temperature glycerolisation respectively at 48 hours
of storage (Table 50). Statistical analysis showed signi-
ficant differemnce (P [ 0.05) for mid piece abnormality
percentage between diluents at room temperature glycero-

" 1isatior (Table 55).

The data on average mid piece abnormality percentage
of buck spermatozoa at T2 hours of storage are shown in
table 51. The average mid piece abnormality percentage of
1.68 was noted at room temperature glycerolisationj while
the corresponding values was 1.22 per cent at refrigerat-
ion teméerature glycerolisation. Significant difference
(P £0.01) could be obtained between diluents for mid
‘piece abnormolity percentage at room temperature glycero-

lisation (Table 55),
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. Average mid piéce abnormality percentage at 96 hours
of storage can be read from table 52. At room temperature
and refrigeration temperature glycerolisation the average
mid piece abnormality percentages were 1.55 and 1.09
respectively. Significant difference (P L 0,05) could be
obtained between breeds for mid piece abnormality percentage
at refrigeration temperature glycerolisation at 96 hours

of storage (Table 55).

An average mid piece abnormality of 1.73 per cent was
observed at room temperature glycerolisation as against,
1.35 per cent at refrlgeratlon temperature glycerolisation
at 120 hours of storage (Table 53). On analysis no signi-
ficant difference could be find out either at room temper-

" ature or at refrigeration temperature glycerolisation

(Table 55).

The mean abnormality percentages of 1.78 and 1.56 were
noted at room temperature and'refrigeration temperature
glycerclisation respectively at 144 hours of storage .
(Table 54). Statistical analysis showed significant differ-
ence betweeh diluents (P L 0.01)at refrigeration temperature |
glycerolisation and between breeds (P L 0.05) at room temp=-

erature glycerollsatlon (Table 55)..
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The data on tail abnormality percentage of buck
spermatozoa at zero hour of stoiage are presentéd in
table 56, The mean tail abnormality percentage 6f 5e43
and i.98 were noted at room temperatureland refrigeration
temperature glycerolisation resPeétively: The data on
analysis shoﬁed significantfdirference between diluénts
at room temperature glycerolisation (P [ 0.05) and at
refrigeration temperature glycerolisation (2 £ 0.01). The
tail abnormality percentage was found 1o be significant
(P £ 0,01) among the levels of glycerol at room temperature
glycérolisation_and between breeds (P / 0.05) for glycero-
iisation at refrigeration temperature. However,'Ereéd X
diluent X level of glycerol interaction was also found %o
‘be significant (P / 0.05) at refrigeration temperature but

it was not at room temperature glycerclisation (Table 63).

An a%erage tail abnormality percentage of 4.50 was
noted at room femperature glycerolisation as against,
2.79 per cent at refrigeration teuperature glycerolisation
at 24 hours of storage (Table 57). Statistical analysis
revealed significant difference QP L 0.01) between diiuents
for tail abnormality percentage at refrigeration temperature

glyeerolisation (Eable 63).

Average tail abnormality percentage at 48 hours of

storage are shown in table 58. Mean tail abnormality

i
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percentages of 4.61 and 2.73 were noted at room temperature
and refrigeration temperature glycerolisation respectively.
There was significant difference (P / 0.01) for tail abnor-
mality percentage between diluents at refrigeration temper-

ature glycerolisation (Table 63).

The mean tail abnormalityvperceﬁtages of buck SPermétozoa
at 72 hours of storage were 4:52 and 2,74 per cent at room
temperature and refrigeration temperature glycerolisation
respectivly (Table 59). On analysis significant difference
(2 £ 0.05) could be found among the levels of glycerol at
roon temperature glycerolisation and between diluents (3[0.01)

at refrigeration temperature glycerolisation (Table 63).

Mean values for tail abnormality percentage for buck
spermatozoa at 96 hours of storage are in table 60. Average
tail abnormality percentage of 4,72 wag noted at room temper-
ature glvcerolisation as against, 2.79 per cent at refri-
geration temperature glycerolisation. Statistical analysis
revealed that there was significant difference (P / 0.05)
anong the levels of glycerol at room temperature glycero=
lisatién and between diluents (P £ 0.05) at refrigeration

temperature glycerolisation (Table 63).

At room temperature and refrigeration temperature

glycerolisation, average tail abnormality were 5.01 and 2.62
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per dénﬁ respectively at 120 hours of storage (Table 61).
Significant difference for tail abnormality percentage
was obtained among the levels of glycerol at room.temper—
ature glycerolisation (P £ 0.01) and at refrigeration
temperature glycerolisation ‘P L 0,05).

The data on mean values for taii'abnormality percentage
of buck spermatozoa at 144 hours of storége are tabulated
(Table 62). The mean values for tail abnormality percentage
were 5,04 and 2.64 at room temperature and refrigeration
temperature glycerolisation respectively. The data on
analysis revealed significant difference (P [ 0.01) for .
tail abnormality percentage between diluents at refrigeration

temperature glycerolisation (Table 63).

The mean values for the percentage of acrosome defect
of bueck spermatozoa at zero hours of storage are mentioned
in table 64, The mean values for acrosome defect was 0,87
per cent at room temperature glycerolisation as against,
0.29 per cent at refrigeration temperature glycerolisation.
Percentage of acrosome defect showed significant difference
befween breeds (P £ 0.05) at refrigeration temperature
glycerolisation and among the levels of glycerol (P / 0.05)

at room temperature glycerolisation (Pable T71).
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The data on acrosome defect of buck spermatozoa at
24 hours of storage are presented in tabie 65. The overall
‘mean of acrosome defect was noted as 2,76 per cent at room |
temperature glycerolisation, and 1.30 per cent at refriger-
ation temperature glycerolisation. The data on analysis
gave a significant difference (P /r0.01 ) among the levels of
glycerol for acrosome defect at the two types of glycero-
lisations. ZThere was significant difference between diluents
at room temperature glycerolisation (2 £ 0.01) and at
refrigeration temperature glycerolisation (P / 0.05). In
addition,significant differesnce (P / 0.01) for acrosome
defect was observed at diluent X level of glycerol inter-

action for room temperature glycerolisation (Table 71).

The mean values for acrosome defect of buck spermatozoa
at 48 hours of storage are shown in table 66. Average
acrosome defects were 3,62 and 2.79 per cent at room temper-
ature and refrigeration temperature glycerolisation respect-
ively. Statistical analysis showed significant difference
for acrosome defect between diluents at room temperature
glycerolisation (2 [ 0.05) and at refrigeration temperature
glycerolisation (B / 0,01). However, significawt difference
(B 0.01) for acrosome defect was noted among the levels of

glycerol at room temperaturé glycerolisation also (Table 71).
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Average values for percentage of acroséme defect of
buck spermatozos at 72 hours of storage are arranged in
table 67. Acrosome defect was 4.47 per cent at room temper-
ature glycerolisation and 3.92 per cent at refrigeration
temperature glycérolisation.- Statistical analysis revealed
significant difference for acrosoms defect among the levels
of glycerol both at room temperature and refrigeration
temperature glycerolisation‘(P / 0.01) and between diluents
(2 £ 0.01) at refrigeration temperature glycerolisation.
There was significant difference (P £ 0.05) between breeds

at vefrigeration temperature glycerolisation (Table T71).

Mean values for acrosome defect were 5.19 and 4.61
per cent at roém temperature and refrigeration temperaturg
glycerolisation respectively at 26 hours of storage (Table 68).
Significant difference (P [/ 0.01) could be obtained for
acrosome defect among the levels of glycerol at both the

- glycerolisations (Tadble 71).

The data on acrosome defect showed 6.14 and 4.84 perxr
cent as mean for room temperature and refrigeration temper-
ature glycerolisation respectively at 120 hours (Pable 69).
On analysis significant difference (2 £ 0.01) could be
observed among the levels of glycerol at the two types of

glycerolisations (Table 71).
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The mean values on acrosome defect were 7,08 and 6.15
per cent at room temperature and refrigeration temperature
) glycerolisation respectively at 144 hours (Table 70).
Statistical analysis revealed significant difference
(P £ 0.05) for acrosome defect among the levels of glycerol
at both the glycerolisations; Breed and diluent interaction
was found to be significant (p Vi 0.01) for acrocome defect
at room temperature glycerolisation. There was significant
difference (P z 0.05) between breeds at refrigeration temper-
ature glycerolisation (Table 71). #crosome defects of buck
spermatozoa stored in Iris and skim milk diluents are

shown in Fig. 1 and 2,

LR

Deep freezing of buck semen

The data on percentaze of post-thawing motility after
test freezing are given in table T2. The overall percentage
of postethawing motility of buck semen was 37.755. The mean
. pogt-thawing motility for Malabari buck semen was 36,087 per
Qent,;wiﬁh 41.649 per cent in Tris and 30,524 per cent in
gkim milk extendeyrs. Tor Alpine X Malabari bucks the meén ‘
post-thawing motility was 39.424 per cent, with 47.36 per ceﬁy
in Tris and 31.613% per eent in skim milk diluents. In Tris \\

diluent the mean- post-thawing motility was 44.443 Der gent .
. N
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whereas, in skim milk diluent it was 31.068 per cent
only.

On analysis there was highly significant (¢ / 0.01)
difference in post-thawing motility between Tris and skim

milk diluents (Table T72)..
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Table 7. Mean reaction time (seconds)

1. :Malahari Alpine X %alabari Grand
‘ NO . oTTEe T ' - - Total
E1 B2 Total B1 B2 Total

1 51,80 136.65 94.23 57.65 176.65 117.15 105.69
2 80,10 119.35 99.73 68.15 156.90 112,53 106,13
3 55435 124445 89,90 52,35 107.00 79.68 84.79

Potal 62,41 126,81 94,61 59,38 146,85 103.11 98.86
S.E. 6.480  8.942 5.811 4.441 8.768 6.326 4.309

Teble 8, Mean volume (mi)

suo Melateri . Apine ¥ Malaberl ~  Gramg

HNo. total
B4 BE2 Total B1 E2 Total

1 0,42 0.53 0.47 0,62 0.T9 G.T70 0.59

2 0,64 0,66 0,65 0.66  0.62  0.64 0,64

Total 0,53  0.58 0,55 0.66  0.79  0.72 0,64
S.E. 0,024 0,022 0.017 0.027 0.031 0,015  0.015

- E1 : First ejaculate E2 : Sacond ejaculate



Tapie 9. Density score

71

s1. Malabari Alpine X Malabari Grand
No. TToTmTTEeTEemeeses ’ total
: 81 B2 Total B4 B2 Total
1 3.67  3.62 3.65 3,77 3,62 3,70 3,67
2 3.5 3.05 3,10 3.5 3445 351 3.30
3 3,80  3.82 581 3442  3.33 %436  3.58
Total 354 3650 3452 3453  3.45 3,52 3,52
S.E. 0.069 0.070 0,035 0.051 0.048  0.035 0,030
Table 10. Iydrogen ion concentration (pH)
S1. Malabari “;flpine X Malifﬁii_--- Cpand
No. - ' - total
BEq B2 Total . B4 = B2 Total
1 6.69  6.77 6.73 6,58 6.73 6.65  6.69
2 6,86  6.87 6.36 6,73 6.78 6.76  6.81
3 6,60 6.65 6462 6.80 6.84 6.82  6.72
TOt&l (19 71 6076 6 74 6070 : 6.78 6074 6.74’
0.026 0,029 0,024 0.016

s e

0,033

0.019

T 7 4TS A P W TP W KD S S S0 W YR W
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Table 11. Mags activity score

51, Malabari _Alpine X Malibari' _ Grama
No. T Tt total
B9 B2 Total Bq E2 Total

1 3465 3,77  3.T1  3.85  3.92  3.88  3.80
2 2,92 3,07 3,00 3,72  3.15  3.73  3.36
3 3,80 3,90 3,85 3.80  3.75 3,77  3.81

- Total 3045 3.58 3052 73079 3080 3980, 3066
S.E. 0,081 0.074 0.055 0,052 0,048 0,035 0,034

Taple 12. Mean motility percentage

Malabari Alpine X Malabari

B1 Bo Total E1q Bz Total

Gpand
total

1 '79.50 81925 80-37 82050 84025 83037 81.87
2 76.00 78085' 77142 81.40 82-50 81095 79068
3. 718,25 81.25 T79.75 80.75 81.25 81,00 80,37

 Total 77.91 80.45 T79.18 81,55 82.66 82.10 80.64
"~ 8,E.  0.859 0.665 0.553 0.404 0.436 0.322 0.334

D S S AR VIR D G U ST S SR SN WS ARG GEP WY ACD S D B2 NBS INS Gy G S LAP WS S0 G0 G40 G SB A0 GAS S0 SIS SN N SR QNS SN AE CRD CHI WIS i GED AN G40 o S 00 D B WS G WIP S5 S
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0,101

“Table 13, Live spermatozoa percentage
81; Malabari _ -;fipfff_x Malaba®d = Grang
No. = [ "~ total
B4 B2 Total 31 B2 Total

1 91.85 90.00 90.92 92,35 95.05 92.70 91.81
2 88.42 88.34 88,38 90,85 90.80 90,82 839,60
3 89.80 91.42 90.61 91,30 89.52 90.41 90,51
Tctal 90002 90008 89.97 91036 91.12 91031 90064
S.E. 0.852 0.805 0,584 0,506 0.531 0,356 0,317
Table 14. Mean sperm concentration (109)

s, [Melabem __tipine X Malabarl = Grang
No. , total
E4 B2 Total B1 E2 Total
1 %483 3.72 3TT  3.76 3.50 3.63 3,70
2 2,81 - 2,56 2.69 3,22 5,08 %0 15 2,92
3 3491 4.14 4,02 3,14 2,96 3,05 3.54
Total 3451  ,3.47 3¢49 34 37 3.18 3028 3¢ 39
S,BE. 0.137 0.147 0,098 0.098 06,070 0,061
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Table 15. Percentage of head abnormality

s1. | Malabari Alpine X Maligafi--__ Grand

No. ~~==~ mm——— mem— total
B1 E2 Total B9 E2 Total

1 Nil 0,05 0,02 .Nil 0.05  0.02 0,02

2 Nil 0010 Oo 05 0005 Oo 05 0. 05 0005

5 0,05 Ml 0,02 Nl 0,05 0,02 0,02

Total 0,01 0,05 0.03 0,01 0,05 0,05  0.03

S.E. 0.017 0,028 0,017 0,017 0,028 0.017 0,012

Table 16. Percentage of mid piece abnormality

s1. Malabari__ Alpini-X Malabari Grand

No. | o total
B4 B2 Total B B2 Total

1 N1 0.05 0.02  0.10  0.05 0.07  0.05

2 Nil Nil ‘Wil 0.40  0.35  0.37 0.18

3 0.25 0015  0.20 0,10  0.10  0.10  0.15

Total 0,08  0.06 0,07  0.20 0.16  0.18  0.12

S.E. 0,027 0.052 0,054 0.037 0,023

0.043 0.033
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Pable 17. Percentage of tail abnormality

s1. Malabari Alpine X MalabaTi . Gpang

No. ~TTTTTTTTC - total
B1 B2 Total &1 B2 Total

1 1,05 0,75 0.90 0,40 0.65 0.52  0.T1

2 0,85 0,75 0.80 0,55  0.75  0.65  0.72
3 0,50 0,70 0,60 0,70 0,75  0.72  0.66

Total 0,80  0.73  0.76  0.55  0.71  0.63 = 0,70

Taple 18. Percentage of protoplasmic droplet

s1. ‘%izabari ;~_-;'Alﬁiné x;%alabfri' Grand
No. - , T " - total
B1 B2  Total  E1 B2 Total
1 0.75 - 0.45 060 0.10 0.05 0.07 0.353
2 0430 0.05 0.17 0.15 0.10 0.12 0.15
3 0060 0.70 0.65 0020 0020 0020 0.42

Total 0,55 0,40  0.47 0,13 0.11  0.13 0,30
S.E. 0.215 0.160  0.133 0,050 0.042 0.035 0,069




Table 19, Percentage of detached head

e s A $ih I AT (00D e KT U AR VID @S T AT s S

-

s1. Malabari L Alpine % Hai%?%fim_- Grand
No. - o total
B9 B2 Total B9 B2 Total
1 0.15 0.15 0.15 0.10 0,05 0,07 0.11
2 il 0.40 0.20 0.25 0,20 0,22 0,21
3 0.70 0.45 0657 0.20 0.30 0,25 0:¢41
Total 0.28 0.33 0.30 0.18 0.18 0.18 0.24
S.B. 0.089 0.070 0.057 0,056 0,050 0,037 0.034

Pable 20, Percentage of total abnormality

SL. . e Al e Grama
No. . ] ‘ total
E1 B2 Potal 21 B2 Total
2 1.15 1.30 1.22 1435 1.45 1.40 1.51
> 2§10 2,00 2,05 115 1.40 1.27 1.66
Total 1,73 1,58  1.65 105  1.26 1.4 1.40
S.E. 0,302 0.228 0.188 0.135 0.129 0.093 0.265

- D P




Table 21. Co-efficient of correlation among the different seminal attributes of the first
ejaculate of buck semen
Reaction Volume .= Density. Mass acti- Moti- Concen- pH Live  Total sperm
time vity. lity = tration’ Sperms abnormality
Beactlon 1,000 0,2429 0.1204 ~0.0323 0.1842 0.,0470 =0.0329 0.0569  =0.1028
Volume 1.0000  0.4973 =0.1090 =-0.4527" 0.3385 -0,6222 =0.2795  =0.0246
Density 1.0000  0.3803 =0,2573 0.8785 -0,2836 =0.1571  00.0238 -
Mass acti- *
vity : 1.0000 0,2819 0,5484 <0,0892 '0;1603 -0.2163
*
Conceritration 1.0000 -0.3506 =0.1373  =0.0433
pH 1,0000  0.1606 0.2345
Live sperms 1.0000  =0.2318
Total sperm
abnormality 1.0000

* Significant at S‘per"ceht level. *¥% Sigﬁificant at 1 per cent level.



Table 22, Co-efficient of corralation among the different seminal attributes of the second
ejaculate of btuck semen 4

Volume JDensity Mass acti- Moti- Concen~ Live.  Total sperm

Resction pH |
time vity lity tration sperns abnormality
Rpaction *
time 10000 =0s0103 O«0606 0.4958 0.3475 =0.0567 0.0322 0.0771 0.0174
Volume 1.0000 =0.0842 =0.1064 0,0151 = =-0.0587 =0.1814 =0.1522  =0.1400
Density - 1,0000 0.3291 =0.4272  0.8079 =0.2072 <-0.2965  0.2704
Mass acti- | %
vity 1.0000 =0.153%4 0.5388 =0,0851 =0,2481 0.2717
Motility 1.0000 =0.4385 0.2736 0.7861  -0.1243
Concentration 1,0000 ~0,1982 ~0,3629 0.3233
pH 1.0000 0,1159  0.0746
Live sperms 1.000C -0,0762
Total sperm
abnormality

O o e w -—am

1. 0000

* Significant at 5 per cent level

** Significant at 1 per ceat level

8L



Table 23, Normal characteristics of buck semen

- o
- -

- o e

AXROVA

- o

Mean sum of aquareg

=20 e qp g G0 N G G0e 9 i

*Significant at 5 per

"s ., : V| e ——————————————— - ———— - - - o - ——
ource . . d% Reaction Volume Density Hass acti- Moti~ Goncent- pH dive - Total ab-
‘ time vity lity ration sperms normality
Between. - , » ‘ : % ™ % o %
breeds 1 4335,00 1.768 0.009 4.676 528,067 2,891 0,002 58,838 30, 192
'Between | .
bucks within ' ¥ *5 e * X
breed 4 8834.58 0.352 3,360 4.285 T76.647 12,049 0,426 55.669 57.817
Between |
e jaculates :
within buck 6 64231 78 O 165 0.111 0.095 42,200 0.415 0.06% 13.605 2.717
Error 228 280T.85 0.035 95169 0.189 23.218 0.689 0.059 23.750 16,396
Total 239
cant level = ** Significant at 1 par cent level

-3
O
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Table 24. Mean motility percentage of buck semen at zero hour

étorage

Glyce~ Glycerolisation at room temp-

Glycerolisation at refrigerat—
ion temperature

D D P S A G 25 e S s AR W) AT B A

rol erature
level =~ —— e s
(%) B B DI D2 Mean

0 79435 79490 79498 79.27 79463
1 79435 79.61 79.98 78.97 79.48
3 79+65 79.90 79.98 79.58 79.78
7 79¢35 79.91 79.68 79.58 79.63

B1 B2 D1

81.30 79451 80.41 80,41 80.41
81430 79.51 80.41 80.41 80.41
81,30 79.51 80.41 80,41 80,41
81.30 79.51 80441 80.41 80.41

7943 79483 79.91 7935 79.63

81.30 79,50

80.41 80.41 80.41

- an

Table 25 .
storage

Glyce~ Glycerolisation at room temp-

Mean motility percentage of buck semen at 24 hours

-t ety - Gy an -~ un

Glycerolisation at refrigerat-
ion temperature

G W ey

B1 B2 D4 2 Mean

TTe81 7573 79.65 73.78 76.768
T7+81 76432 79.65 T4.39 T7.08
79.65 76.92 79.65 76.92 78.30
77485 76,33 76.64 77.55 77.09

78429 76433 T8.91 T5.68 77432

rol erature

level =~ -

(%) Bl B DI D2 Mean

0 72451 73426 77485 67.63 72.89

1 7247 72493 77422 67.93 72.69

3 T4e19 T4e53 TT.02 71,61 T4.36

T 74 .62 T5.44 76,29 73.76 75.03

Mean 73.46 T4.05 77.09 70,26 73,75

"~ B1 =~ Malabari D1 = Tris diluent

- Alpine X Malabari 2

B2

= Skim milk diluent
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Table 26, Mean motility percentage of buck semen at 48 hours

gtorage

Gly- Glycerolisation at room temp-
c¢erol erature

-y -

Glycerolisation at refrigerat-
ion temperature

level - -
(%) B1 B2 D1 D2 Mean

- - D e B S S W P Dy WD

B1i B2 D1 D2  Mean

0 65.34 63,55 74,18 54,08 64.45
1 © 65.36 64,09 75.01 55.97 64.72
3 65.49 66,02 70.75 60.59 65.76
T 66.49 67.62 69,17 64,92 67.0

68.36 65,88 T4.39 59.43 67.13
69,64 68.96 75.65 62,57 69,30
72.59 71494 74.99 69.45 72.26
71494 72.53 73,78 70.67 69.06

Mean 65.67 65433 T1.79 58.92 65.50

Table 27. Mean motility percentage of buck semen at 72 hours

- o we - - oy G T avh e S T e« S S

- s e T Gy s €2 B = L 00 i i B Gl e g M o0 T 0 B

Gly- Glycerolisation at room temp=-
cerol erature '

Glycerolisation at refrigerat-
ion temperaiure

LEVEL —mm i emm e imiom e e e

(%) B1 =m D1 D2  Mean

0  53.04 48.03 66.80 34.21 50.54

1 52.55 47.03 65,11 34.49 49.79
3 53.79 49.76 62,94 40.52 51.77
7 56496 52422 59.76 49.38 54.59

- S v . > VR S D D T St WD ST S S D () W iy S e WD B A A S

5649 57.21 T1.31 41.77 56.85
63443 64,01 72,53 54.41 63.72
65,17 66436 70,67 60,69 65.77
66,98 66.31 70,03 63,18 66.65

- D iy G S AP S umy e W ey O O W A3 WP WS S w0 o o o

 Mean 54.09 49.26 63.67 39.58 51.68

- o @ s @n Sow -l - o - o - " owap

- 63.,06.63.51 T1e14 55.05 63.28

- S S S A > T G W S G G TR e Lm0 W s



Table 28,
storage

- - - W - : - o=

Gly- Glycerolisation at room temp=
cerol erature

(%) Bf B2 DI D2 Mean

82

Mean motility percentage of buck semen at 96 hours

Glycerolisation at refrigerat=-
ion temperature

- com oo

B1 B2 D1 D2

s o om

Méan

0 38.92 3755 59411 19.41 38.24
1 . 39.91 33.93 55.64 19.99 36.89
5 41.79 38,63 51.86 29.08 40,21
7 44,91 40.70 47.99 37.70 42.81

45.89 47.32 64.42 29.22 46.60
50.61 51.96.66.27 36.18 51.28
53.22 53.84 65.02 41,85 53.53
55.09 54,46 63.16 46.24 54.77

- - i v G0 mm

- s tak e WP

Mean 41,37 37,68 53.66 26.23 39,52

51.20 51.89 64,72 38,27 51.55

Table 29. Mean motility percentage
gtorage

of.buck semen at 120 hours

a— e 200 e « -

Gly- Glycerolisation at room temp=
cerol erature
level ===-

e ,
(%) B} B2 D1 D2 Mean

- wvad an

Aty - -

Glycerolisation at refrigerat-
ion temperature

e o

BY B2 n 2

Mean

0 25.32 26.09 45.59
1 24;11 25012 39.21 12053 24062
3 28432 27.24 35.22 20,91 27.78

7 28-46 27075 27691 28030 28.10

A G g W L gy Wl S D -

10.03 25.71

1,56 32,05 50,00 16.10 31.81
39,28 38,04 56.28 22.45 38.67
44,22 41,68 53.77 32.46 42.94
44.95 41.20 48.74 37.48 43,08

Mean 26053 26.54 36i86 1?038 26054

39.93 38419 52,20 26.70 39.06
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Téble 30, Mean motility percentage of buck semen at 144 hours
storage ' ‘

Gly- Glycerolisation at room temp-  Glycerolisation at refrigerat-

cerol erature . ion temperature

leyel =-—=—w=- e e i - s e e e e e
(%) B} B2 D1 D2 Mean Bl B2 Y| D2  Mean
0 17,05 20.24 35,52 6.31 18.62 24.92 24.11 44.35 9.14 24,52

1 18,12 20413 30450 9484 19.12 30450 29.83 50,00 13.58 30.17
3 17041 19.77 23.09 14.44 18.57  37.01 34.59 47.48 24.91 35.79
7 18.93 22.38 18,43 22.92 20,63  37.90 34,90 43.09 29.97 36.40

Mean 17.86 20,61 26,65 12.77 19.23  32.47 30.77 46.23 18.66 31.62




Table 31.

Mean motility percentage of buck semen at 0, 24, 48, 72, 96, 120 and '144 hours of storage

ANOVA
Glycerolisation at Toom temperature Glycerolisation at r-ef-rigeration: temperature
Source ' _ \ - ' .
' o Mean sum of square , Mean sum of square : "
&2 O0Oh 24m 48n 72 96h 120n. 144h © af Oh 24h 48k T2k 96h 120h. 144h
~ o - - N . L. . - P [ - L i
o ’ *% . * - % %% 3 : ) '
Breeds - 1 2.65 4,73 1.35 245,29 149.47 - 0.003 127.88 1 26.89 28.83 3.90 1.15 - . 2,51 16.63 - 17,63
N . - ¥ * . EE % o , oot P *% *% *x -
Diluepts - 1 5.10 634.58 1937.85 6227.53 8500.22 5197.98 3289.85 1 0.00001 78.52 522.37 .1476.02 - 3759.05 3675.94 4758.87
Breed X : . . S . | |
Dilunent 1 2,73 0.19 0.33. 44,46 | 19.61 14465 0.08. 1 0.00001 1.77 3.68 . 0,09 0.02 9.76  54.08
Levels of : ) : . . : u . . ) *% . 4**' ' E ¥ - T A
glycerol 3 0.25 17,52 16,35 46.99 T2.37 37,73 . 15,39 3 0.00001 3044 3B.84 | 109.54 68.11 157.55 193,06
Breed X ‘ . : . o to
levels of° 3 0,12 0.19 5.68 1.00 10.52 3.68 1,78 3 0,00001 0,69 2.43 0.92 T 1.19 4.50 1.82
glycerol : - . . - 4 .
Dijuent X Iy % *% % - % ‘ *% ™ e *i e
.levels'of 3 0.61 41.%4 145.55 = 280,49 546.71 897.34 9%9.17 3 0.00001 17.57° 48.49 138,37 90.01 - 195.87 249.44
glycerol . ' L . o : ’ o
Breed X‘I . . . . .
diluent ; ) . .
lavels of '3 0.25 0,77 Te53 1._18 . 17.53 . 4,08 11.89 3 000001 0.74 1..93 . Q.50 2.54 2.10 - 0.78
glycerol’ : - ‘ )
Error 112 4,31 9,65 10,53 18,11 33,73  55.3%  53.34 48 2,03000 3.04  4.63 9.48 6:96 7.79 °  8.50
Total 127 v ’ .63

* Significant at 5 per cent level

*# Significant at 1 per cent level

£
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Table 32. Total abnormality percentage of buek sPermatozoa'
at zero hour storage

Gly- Glycevolisatlon at room temp- Glycerolisation at refrigerai-

cerol erature ion temperature

level —— ‘ asimtn et sy e - -
(%) Bt B D1 D2 Mean B9 B Di D2 Mean
0 4051 4.56 4021 48T 4,53 2448 2,33 2.58 2.23 2.40

1 . 5434 5,09 5.16 '5.27 5.22 3.18 2.94 3.43 2,71 3.06

3 5,66 5.45 3.27 5.85 5.56 2.56 3.32 4,09 2.84 3.44
7 6076 6.12 6038 6.49 6044 3071 3079 4032 3021 3075
Mean 5,54 5.29 5.23 5.60 5.42 3.21 3.07 3.57 2.75 3.4

Table 33. Total abnormality percentage of buck spermatozosa
at 24 hours storage

STy S o S w ws  TOD AD D ar® W2 S Wy W S Gy W G NP g P Sy B S VD T RS S o o - - am - -y

Gly- Glycerolisation at room temp=  Glycerolisation at refrigerat-

cerol erature ion temperauure

level =---=--- - m———— Sm————— e

(#) 31 B D»1 D2 Mesn Bt B D1 D2 Mean
.0 5.76 6,03 5,73 6,06 5.89 3.36 3.58 3.84 3412 3.47

1 6,57 6425 6.59 6.23 6.41 3,95 4.21 4,58 3.61 4.08

3 6065 6.49 6.74 6.41 6,57 4.34 4.46 4,92 3.85 4.40

7 7235 T.66 7.58 7,39 T4 4,32 4.60 5.11 3.85 4.46

G s S D ST T D U Ty WD s D T U W Gy AT WY D WD e A W P T s et WD R W AP S e WP > D B (9 ST WD WD TS il s SN AW B ot BT e SD e I D Jup P GAB e T 30 MRS

B FUP B0 O IR g Wy T P T WP S e s SHD W G U S I S s W g AP S e n n S o e TSI GND Kap W Tu (B S5 > Sy e U SR
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‘Table 34. Total abnormality percentage of buck spermatozoa
at 48 hours storage

Gly- Glycer@lisationhat room temp~  Glycerolisation at refrigerat-

cerol erature , “ion temperature

JEVOL mmmmmemmmmme—msmsememmeneien . ——— ———

() m1 m  »M 2 Mean B B B D2 Meen
0 6019 5.87 6.12 5.94 6,03  5.84 3,24 3,97 3,12 3.53

3 7412 6,93 7429 6.76 T.03 4473 4034 5.11 3.98 4.53

7 Te53 To56 7.6 T.39 7.54  4e72 4460 5.37 3.99 4.66

Table 35. Total abnormality percentage of buek spermatozoa
ab 72 hours storage .

U TR S CI e S P9 D ou SIRIAG TR e 07 i S W LA S CoF Y T et ST TR D st D Ml ZINHTT 1. 28 or kD TR ETY Tt (D R WY U S oy TR D S D TR S sy = bt

Gly- Glycerolisation at room temp~ Glycerolisation at refrigerat-

cerol eratur ion temperature

level ——mmeemes s e e - ——— e
%) B m 2 2 Mean 3 B D D2 lMean
0 6.35 5.73 5.94 6.14 6.04 3.85 3.87 3.98 3.74 3.86

1 6,49 6443 6,12 6,81 6,46 4.49 4.36 4.87 3.40 4.42
3 TeT3 Te04 T.02 775 Te38 4483 4,60 5.37 4.10 4.71

7 8e10 Te57 TaT8 Te89 7483 5.00 4.83 5.47 4.47 4.96
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Table 36, Total abnormality percentage of buck spermatozoa

at 96 hours storage
Gly- Glycerolisation at room temp- Glycerolisation at refrigerat-
cerol erature ' ion temperature
level =mecmrercc e m e e a e a e ———— ———————— , —————
(%) Bt B DI D2 Mean B1 B2 D1 D2 Mean
1. Tel19 6448 6451 6.98 6.74 4.34 4.21 4,86 3.72 4.27
3 Te28 6495 Te12 7.12 To12  4.73- 4.49 . 4.91 4.24 4.6
7 8401 TuT2 TeOT TeT6 Te86 4486 5435 5.62 4.61 5.10
Mean 7419 0481 6495 T.06 T00 4.43 4.46 4,91 4.00 4.45
Table 37. ITotal abnormality percentage of buck spermatozoa

at 120 hours storage
Giy- Glycerolisation at room temp=- Glycerolisation at refrigerat-
cerol erature ion temperature
level ==—=~=e- e e it o e i e e e e
(%) B1 B2 D1 D2 Mean B1 B2 n D2 Mean
0 6,02 647 6459 5,90 6,24 3.85 3.72 4.24 3.36 3.79
1 Te03 Te2T Te53 Te38 Ted5 4,58 4.71 5.24 4.09 4.65
3 Te89 Te55 Te96 Ted9 TaT2 471 475 5¢36 4.21 4477
7 8437 T+60 B8.78 T.21 7498 535 5434 5499 4.74 5.35
Mean 7045 7069 6098 7033 4061 4063 5019 4009 4.62




Table 38,
at 144 hours storage

88

Total abnoermality percentage of buck sPermanozoa

S 00— e e

Gly=- Glycerol¢sation at room temp-‘ Glycerollsatlon at refrigerat-
cerol erature - ion temperature

level —————— - - - an ooy S 480 s @ S 0o S iy o o it vt o @ -—~~f--~——~—~i--
(%) Bt B2 D 2 Mean BY B2 Dt D2  Mean
0 5076 6388 7030 5-38 6.31 4018 4034 4095 3061 4026
1. 719 TaT1 8407 6,86 T.45 4.68: 4.86 5.34 4.22 4.77
35 7.61 8419 8:54 T.27 Te89 4.91 4.96 5.8 4.10 4.93
T 8432 Teb64 Te94 8.01 T.98 5,06 5.59 6.11 4.58 5.32
Mean 7,19 Te59 7496 6485 7439 4,70 4.93 5.55 4.12 4.81

Dt e (T . D PR R D S T B el S S P D S D 2 W > e £ D e e ) Sy WD SR (g S S e 0

T N . T W s WD Sup S S a2 ap e G G




Table 39, Total abnormality pereentage of buck spermatozoa at 0, 24, 48, 72, 96, 120 and 144 hours.
- of storage . , ) , : :

ANOVA

Glyceroiisation at room temperature Glycerolisation at refrigeration temperature
Source , Mean sum of gquare . ,  Mean sum ofwsgpare

af O'h 24h 48h T72h 96h 120h 144h df Oh 24h 48n 7T2h 96h 120h 144h
Breeds 1 3,15 0.03 3.04 9:21 5.97 2,18 6.28 1 °'§l 1.31‘ 452 0.64 ooz 'o.gi 1-.1;1;2
Diluents 1 Te34 0,78 3:98 Ti66 0,54 19.76 46.97 1 29.99 34;47 39. 88 21. 18 25. 65 36.49 58,68
Breeds X - '
diluents 1 3.85 004'9 4.42 5059 0.52 00002 38002 1 1’77 0016 1.01 0006 0003 0003 1.81
Levels of *% % * * *% *% *¥ *% %% *¥%
glycerol 3 31495 18.55 17472 27.72 16.95 23.78 23,53 3 15.03 7«17 8.60 7T.02 8.62 12.70 § gg
Breeds X ‘

levels of 3 0;88 1,07 0,71 0.78 0:13 2,56 5.76 3 0:23 0.05 0.40 0,11 0.74 0.12 0.27
glycerol : ' -
Diluents X

levels of 3 1.27' 1,15 0.24 1,02 0.84 3,30 T7.51 3 1,29 0,28 0.19 - 1.26 0.26 0.06 0,42
glycerol ' .

Breeds X
diluents X
levels of
glycerol

Erpror 112 6487 6452 Te30 9.21 6459 8.34 13.08 48 1.82 0.99 0.49 0,75 0.64 0.84 1.31

3 1.36 0,09 0,83 0.78 0423 4,14 2:19 3 0.32 0.29 0.47 0.23 0.28 0.11 0.07

Total 127 ' ' ‘ 63

* Signlficant at 5 per cent level A ** Significant at 1 per cent level
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Table 40. Head abnormality'percentage of buck spermatozoa
at zero hour storage

- Gly= Glycerolisation at room temp~ Glycerolisation at refrigerat-

cerol erature ion temperature

level =~-w—=—- - e ———— m—————— e ——
(%) Bl B2 D1 D2 Meam B1 B D1 ° 12 Mesn
0 0.68 0.47 0.54 0.61 0.57 0.39 0.32 0.39 0.32 0,35
17 0474 0.65 0.85 0455 0.69 0,39 0.56' 0.56 0.39 O0.47
3 0.60 0.69 0,65 0.64 0.64 0.47 0.39 0.47 0.39 0.43
7 1,06 0.69 0.95 0,78 0.86 0.39 0.32 0.32 0.39 0.35

WO W T S e S T S G D T ) C7 e i S i S SR S G S S D GRS R G S PP Mty TP G o THO e S S A U Sy S0P Sl G S0 I G SN WO

Mean 0.76 0.62 0,74 0.65 0,69 0.41 0.39 0.43 0.37 040

Table 41. Head abnormality percentage of buck spermatozoa
at 24 hours storage

Gly= Glycerollsatlon at room temp~ Glycerolisation at refrigerat-

cerol erature ion temperature
leyel w==——mmmeomcn—— T mm e e o e e 5 e S o e e
(%) Bf B2 D4 D2 Mean Bt B2 D1 - D2  Mean

T 0 S D e Wt I T S Sy S Ty e P P D A A Y P Y U ) SR P G s 2 TP P T S P s e AP VD D e v PP e S s D A g A S g i S s SRS st S B T U R D

Mean 0.64 0.62 0.74 0.55 0.63 0437 0.37 0.43 0.32 0.37




Teble 42.
at 48 hours storage

Y Ay 4D S s 0 D T S e i WS s Wy -

Gly~ Glycerolisétion at room temp-
cerol erature

91

Head abnormality percentage of buck spermatozoa

— . - . N — > ey i e Gyt S

Glycerolisation at refrigerat-
ion temperature

lgvel ---------------- mmmem e ——— - -
(%) B B2 D1 D2 Mean B B2 D1 D2  Mean
0 0.59 0.50 0459 0,50 0.54 0.39 0.47 0.56 0.32 0.43
1 0.67 0.53 0.71 0.49 0.60 0,56 0.47 0.47 0.56 0.52
3 0.94 0,60 0,92 0.63 0,76  0.47 0,47 0.47 0.47 0.47
7 0459 0647 063 0,42 0452 0647 04T 0447 0ed7 047
Meanm 0469 0452 0.71 0,51 0,60 0.47 0.47 0.49 0.45 0.47

S Y D . . G5 G T WD WS w5 S ) TE Sep T VDD e G Eme T W Bas S

s - - et 6 wp > @

-

Iable 43, Head abnormality percentage of buck spernatozoa

at 72 hours sitorage

-p o - - - -

Gly- Glycerolisation at room temp=
cerol erature

e O Gt S i e s D S S S G s S Y D Y D G S S S ey SO S WS S ) D AT S SR G N e S D T T D e S

Glycerolisation at refrigerat=-
ion temperature

A D " B Sy S G D S S S P D S W T W TP S ¥ S e g e T SR D S e

(%) Bi B2 DI D2 Meam B1 B2 D1 12 Mean
1 0.55 0.60 0,65 0.51 0.58 0.32 0.39 0.39 0.32 0,35
3 0.65 0.59 0,69 0,55 0,62 0,77 0,25 0,56 0.39 0.47
7 0070 0076 1-00 0051 0073 0086 0.75 0.84 0077 0080
E"Iean 0057 0559 0069 0048 0057 0'58 0043 0051 0049 0049

Y S e G D e Sy S W g D P DR S > Pup S i Saie -

B . e R S P s U S
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Table 44, Head abpormality percentage of buck spermatozoa

at 96 hours storage

D — S G G T i WD Gy CP Sy e N CU G B S W e s B ard G - ncw w2

. Y et D (m wan S S N S T WD TN TP e SO W S e (P YW S S s G S s S T

Giyceroclisation at refrigerat-
ion temperature

LOVEL mmmmmm e et s e e e e e e e e
(%) B1 Bo D1 2 Mean B1 B2 D1 D2 Mean
0 0.68 0.51 0.59 0.59 0.59 0.32 0.25 0.32 0.25 0.28
1 0.72 0.47 0.54 0,63 0.59 0.39 0.56 0.66 0,39 0,52
3 . 0,62 0.76 0.76 0.62 0.69 0,75 0.77 0.66 0.85 0,76
7 0.55 0.89 0.73 0.68 0.71 0.88 0.56 0.77 0.66 0,71
Mean 0.64 0.64 0.65 0.63 0.64 0.56 0.54 0.59 0.51 0.54

Table 45. Head abnormality percentage of buck spermatozoa

at 120 hours storage

- R e W ey Bt 0 Ga - - anae

Gly= Glycerolisation at room temp-
cerol erature

Glycerolisation at refrigerat-
ion temperature

s - e Dty e S e T P W e w04 g T

B B2 D1 D2 Mean

A LD e U T e St ST s D g > Tt T ey By TP Wy BT o Vel Y G VD U G Seen SO

0.32 0439 0.47 0.25 0.35
047 0,66 0.77 0439 0.56
0.56 0.56 0.56 0.56 0.56
0.98 0.56 0.86 0.66 0.76

level -~ - .

(%) BY B2 D1 D2 Mean

0 0.56 0,42 0465 0435 0.49

1 0.71 0.53 0461 0.63 0.62 5
3 0,55 0.84 0.84 0.55 0,69

7 0,65 0.70 0,76 0.57 0.66

Mean 0;61 0061 0¢71 0052 0061

- - O P e e Y S T e S

0.56 0.54 0.66 0.45 0.54

Y AP P TS ey FED U A S op S Thee SR S P S PO WO S APY U THE D GV N o e W SN0
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Table 46. Head abnormality percentage of buck spermatozoa

at 144 hours storage

Gly- Glycerolisation at rcom temp-
cerol erature :

.y WD S e B g W EU G TS e W

Glycerolisation at refrigersi-
ion temperature

- ——— R0 Ry W w SR

. -y - (e B

level ~=mmmmmme—an—— - - e

(5 Bt B2 D1 D2 Mean BY B2 D1 D2 Mean
0 053 0442 0.63 0435 0448 0.39 0,25 0.39 0.25 0,32
17 0,69 0.76 0.86 0.60 0.73 0,56 0,66 0.56 0.66 0.61
3 0483 0.55 0.68 0,69 0.68 0,56 0.77 0.66 0.66 0.66
Mean 0:78 0059 0.77 0159 0067 0056 0063 0066 0.54 0.59

2 X ey S . - S i A D R G D D R Y s 2T S D

- - g T T I < Ly iy S R S T A

-



Table 47, Head abnormality percsntage of buck spermatozoa at 0, 25, 48, 72, 96, 120 and 144 hours

of gtorage
ANOVA
Glycerolisation at room temperature '~ Glycerolisation at refrigeration temperature
S - am - -
ource Mean sum of square Mean sum of square _
af OH 24h 48h T2h 96h 120h 144Ah df O h 24h 48h 72h 96h 120h-~144h
Breeds 1 750 0.23 11,90 0.24 0,02 0,003 14.01 1 0,13 0.001 0,009 6,03 0.09 O. 09 0,92
R ‘ . : S v , ‘ ' . '
Diluents 1 3426 1747 17.06 20.50 0.14 15.87 12.25 1 1.16 4.65 0.52 0,09 1.29 10. 08 3423
Breeds X | g
diluents 1 1415 0.16 2.06 0.66 0.62 1.45 0.90 1 3.23 2.07T 4.65 1.04 6.03 0.18 6.33
Lovels of ' | |
X% X * *¥
glycerol 3 5¢55 149 4487 8e83 1.67 347 10.35 3 1.16 3,62 0.34 9,16 12.63 6.78 12.28
Breeds X o

levels of 3 3.36 0.59 0.98 0.30 7.76 4.76 4.02 3 1.16 2.41 0.34 4.66 3.25 3,36 1,72
glycerol ' ' :

Dilvents X ' S ‘ . oo : o
levels of 3 2.55 1.01 0.61 2.54 1.05 2,535 2,15 3 0.82 0.17 1.55 2.29 2.04 153 2454
glycerol -

BreedsX

diluents X \ ' s ‘
lovels of 3 411 1.34 0.79 2.86 1.83 3,05 0.38 3 ‘151 1.03 2,92 3.45 1.84 1,38 1.51

glycarol
Epror 112 358 4.68 4.89 %.62 4.85 4.8% 4.52 48 1.77 1.29 2.15 2.09 1.62 1.98 1.92

- -—-— o = o - - o o - o e D e W S G RSP S G SR SU SBE T B P A L S S B G S D S SIS G P

Total. 127 63

- - - - - e - e s - - 4 Lo o ve e’ g cous CH S S C0S a5

* Significant at 5 per cent level *%¥ Significant at 1 per cent level B
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Table 48. Mid piece abnormality pereentage,oflbuck spermatozoa
at zero hour storage

Gly- Glycerolisatlon at room temp~ Glycerollsatlon at refrigerat-

cerol erature _ lon temperature

LOVEL mmmm—mm———m e m e - - - ——
(%) B1 B2 D1 D2 Mean B1 B2 D1 D2 Mean
0 0.93 1415 1,26 0.87 1,06 0.75 0.47 0.64 0.56 0.60
1, 0497 1.10 1.08 0.98 1,05 1.06 0.39 0.64 0.73 0.66
3 1018 1,03 1,01 1,21 1e11 . 1.08 0.77 0.98 0.30 0.92
7 1,58 1421 1440 1,37 1239 1,40 1.22 1.34 1.34  1.34

Mool 1,16 1.12 5419 4,10 1.14  1.07 0.68 0.88 0.85 0.86

Table 49. Mid piece abnormality percentage of buck sPermaﬁozoa
- at 24 hours storage ‘

RS W VR it P WD D o iy P W G GRS SR -0 s ~-'-&~-~~---~- - “ -, = -y .. o D

GlLy- G1vcerollsatlon at room temn» Glycerolisation at refrigerat=

cerol erature ion temperature
;%V Gl hadadedndusiadatent o To g i - - ) € €t i - -——n ’ -~ o
(%) 81 B2 D1 D2 Mean - Bt B2 D1 D2  Mean

- - o 2 - - o G e R o - - = -d W " e

0 1022 1,47 1.20. 1449 1,34  0.64 1.22 0.86 0.96 0.91
1 1.37 1446 1.30 1,54 1,42 1.08 0.75 0.96 0.86 0,91
3 1.43 147 1,25 164 145 1.08 1.26 1,04 1,31 1,17
7 1.18 1,24 1.50 0,95 1,06 0,96 1.20 C.94 1.22 1.07

b‘iean 1.30 1.41 1030 1.40 1.35 0093 1909 0395 1!08 1.01

. - o - - - o W - 0 S TS LD s T >SS DR S ey SAF W S Y S D ke 78 e s S e VP S ) QD




Table 50, Mid piece abnormality per
at 48 hours storage

T S M. DA oy O G At WP iy W

96

centage of buck spermatozoa

AR G W s e S S er Py S

Gly- Glycerolisation at room temp~ Glycerolisation at refrigerat-
cerol erature ilon temperature

leyel ==—==—mm-- - -— - ———————— ———-
() B1 B D1 D2 Mean B1. B2 D1 D2 Mean

0 1019 136 1418 137 1.27 0488 0477 0:66 1.00 0,82

1 153 1,59 1.26 1,89 1.56 1,28, 0.86, 1:02 1.11 1.06

3 133 1448 1:30 152 1.40 1.43 1,05 1.0%3 1.59 1.20

7 21472 1074 1646 2,01 173 111 1617 1,17 111 114

Mean 1044 1054 1&30 1069 1.48 1.17 0694 0092 1619 1&04

Table 51. Mid piece abnormality percentage of buck Spermatozoa

at 72 hours storage

o S TS e ey S D WD

Gly- Glycerolisation at room temp- Glycerolisation at refrigerat-
cerol erature ion temperature

level w-m=<- e e e o e e - —m———
(%) BY B2 D1 D2 Meamn- B1 B2 Di B2 -Mean

0 181 1469 1435 2.20 1.75 1¢17 0.86 0,94 1.08 1.01

1 1678 1.51 1038 1694 1665 1640 1.40 1656 1.26 1.40

3 1489 1448 1.39 ’1.99 168 1446 1.59 1.59 1.46 1452

7 176 159 1440 1.97 1.68 0,94 1.06 0.92 1.08 1.00

Mean 157 1.38 1.23

181

2.02 1,68

1421 1.23 1.22 1.22

- on - " e =
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Table 52. Mid piece abnormality peroentage of buck spermatozoa

at 96 hours storage

Gly- Glycerolisation at room temp~ Glycerolisation at refrigerat-
cerol erature ion temperature

level =~==—mwmm—=- . - —————————— e s e o e
(%) Bt B2 DI D2 Mean BT B2 D1 D2 Mean

0 1.60 1.51  1.72 1440 155 0.75 1.22 1.08 0,86 0,97

10 142 0TT 147 171 159 0,94 1.22. 1.31 0.86 1.07

3 131 1.54 151 1,34 1.42  1.08 1.31 1.31 1.08 1.20

7 1468 1,64 166 1,67 1.66 0.84 1.43 1.20 1,04 1.12

' 1,50 1461 1,59 1452 0.90 1.29 1.22 0,96 1,09

- S S e S T G SO AT G AT SR v e e P B Yy S s W W S g Cap T T 0 M

Teble 55, Mid piece abnormality percentage of buck spematozoa

at 120 hours storage

S a0 VI e S0 W SO R T W 4wy S -

Gly- Glycerolisation at room temp- Glycerolisation at refrigerat—
cerol erature ion temperature

level =- e —-  meeacedee

(%) B1 B2 D1 D2 Mean Bt B2 D1 D2 Mean

0 155 197 1276 1,73 1.74 1419 1,29 1.40 1.08 1.24

7 1.79 1.79 1,96 1.63 1.79 1231 149 1.36 1.43 1.40
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' Taple 54, Mid piece abnormality percentage of buck spermatozoa.
at 144 hours storage

Glycerolisation at room temp- Glycerolisation at refrigerat-

Gl ve

cégol erature ion temperature

level ~TUTTToTmEmmomemmmmTEeeEs : - - i e o o 5t 8 0 e e o i
)

(% B1 B N D2 Mean B4 B2 D1 D2 Mean

0 1¢23 1486 1,56 1.50 1.53 1,43 1.34 1.56 1.22 1.38
1 1061 2,14 2.01 1.73 1.86 1,51 1.72 1.92 1.34 1.61
3 1,78 2,01 2.01 1.78 1.89 1.86 1.53 1.86 1.59 1.72
7 1e76 1:98  1.84 1,95 1.87 159 1.56 1.82 1.34 1.57

T G e S T G S D G P WS W HP G G G S8 N S S T 23 B S R SR S VIS Of A e P T 96 - - e - -

Moan 1.59 199 1.85 1,72 1. 78 1.59 1.55 1.79 1.37 1056
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Table 55. Mid piece abnormality percentage of buck spermatozoa at 0. 24, 48, T2, 96, 120 and 144 .
hours of storage , ‘ - -

ANOVA
Glycerolisation at room temperature Glycerolisation at refrigeration temperature
Source I Mean sum of gquare o : . Mean sum of square

df Oh 24h 48h 72h 96h 120h 144h 4f Oh 24h 48h 72h 96h 120h 144h .

Ereeds 1 0.35 2,39 1.92 9.27 2.29 9.44 25.39 1 24.58 5.41 6.62 0.05 19.15 0.34 0.18

=

Diluents 1 .79 2402 26.63 65.67 0.68 0.63 2.37 1  0.13 2.27 9.44 0.01 8.55 3.66 15.08
Breeds X :
diluents 1 0.10 0.83 10979 1087 5.98 0019 0047 1 3.23 10.00 0.61 1.46 12040 4.71 0003
Levels -~ , * ‘

of glycer013 5.8? 2633 6486 0.28 1.74 0633 47T 3 15.% 218 3,62 7.82 1.10 C.78 1.71
Breeds X ' | '

levels of 3 3.41 0.45 '0.24 0:66 1,97 1,76 1.98 3  2.32 5.14 1.79 .33 0.92 2.31 0.78
glycerol ' o
Diluents X . , ‘
levels of 3 3.71 10,66 1486 0.70 2,47 4.71 0.83 3 0,37 0.99 3.41 1.36 0.52 1.65 0.41
glycerol ‘ .

Breeds X
diluents X
levels of
glycerol

Error 112 3412 4411 4,92 4.81 4.16 3,56 4.64 48 2.43 2,91 2.61 4.18 3.28 3.30 1.76

3 .j.25 4e41 1218 5.85 1.33 1,68 '0.39 3 5.88 0,62 1.15 3.54 0.95 3.02 4.67

Total 127 63

* Significant at 5 per cent level *%* Significant at 1 per cent level
, O



100

Table 56. Tail abnormality percentage of buck spermatozoa
' at zero hour storage

Gly- Glycerolisation at room temp- Glycerclisation at refrigerat-

cerol erature ion temperature

level - -—— - e e o e o o o e 2 e e e

( Bl B2 D1 D2 Mean B1 B2 D1 D2 Mean

0 12448 2,98 2,39 3,08 2,72 1446 1.82 1.69 1,59 1.64
1 3029 3033 2,84 3.80 3,31 1,79 2.23 2,35 1.69 2.00

3 36T . ZaT1 3458 3492 3.T5 2,03 2,30 24,69 1.69 2.16

T 3498 4413 3,90 4.20 4.05 1.90 2,42 2,84 1.69 2,15

Mean 3,36 3.52 3.15 3.74 3.43 2.37 1.86 1.98

Table 57.
at 24 hours storage

Gly- Glycerolisation at room temp-
cerol erature

WP Cné LN W B0 S DID D WE WA S B IS

1.79 2,19

Tail abnormality percentage of buck spermatozoa

Glycerolisation at refrigerat-
ion temperature

level ==-w- S e e e e e e e e e e
() B B DI D2 Mean B B D1 D2 Mean
1 4061 44071 4439 4422 4431 2,79 3,42 3.26 2,94 3,09
3 4453 4442 44T 4.33 4,48 2,94 2,78 3.46 2,32 2,86
7 5012 5031 5043 4.99 5021 2094 ’ 2064 . 3051 2.14 2.79
hedd 4463 4437 4.50 278 3426 2,36 2,79

Mean 4.56

2.80
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Table 58, Tail abnormality percentage of buck spermatozoa
at 48 hours storage o

Gly- Glycerolisation at room temp- Glycerolisation at refrigerat-

cerol erature ‘ ion temperature

J(?%Yel TR B b1 D2 Meam Bt B D1 D2 Mewn
O 438 4.02 431 4,02 4420 2,69 2,08 2.78 2,00 2.38
1 4458 407 4.58 4.07 4.32  2.53° 2,84 3.36 2.08 2,68
5 4465 4.TT 4,89 4.53 4,71 2,77 2,90 3.81 2.00 2,84
7 5.21 5.28 5.51 4,99 5.24 3.15 2,92, 3,65 2.48 3.03

Mean 4,70 4452 4481 4441 4.61 2,78 2.68 3.39 2,13 2.73

Table 59, Tail abnormality percentage of buck spermatozoa
at T2 hours storage

Gly- Glycerolisation at room temp- Glycerolisation at refrigerat-

cerol erature ion temperature

level - S — e e
(%" B m M D2 Mean B B D1 D2 Meen
0 8.%8 3,55 4,04 3,64 3,84 2,14 2,71 2.84 2,03 2,42
1 4,02 4,21 4.14 4,16 '4§11 2,18 2,58 2.96 2.,42 2,68

5603 4487 4.86 5.03 4,95 2,60 2.96 3.24 2,35 2,78
5605 5,15 5430 5,26 3426 2,93 3.65 2,58 3,09

- ’ . - . - awen ens oo s S as wms

Moan 4464 4640 4052 4452 4e¢52 2668 2.T9 3.16 2.354 274

- e o - - Y s S S - - en ws an e

-3 W0
U
]
H
-3
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Table 60. Tail abnormallty pereentage of buck spermatozoa
at 96 hours starage

Gly-~ Glycerollsation at room temp-A Glycerolisation at refrigerat-

cerol erature . ion temperature
1%§el - - : - m———— -— ———————
( Bt B D1 D2 HMean B1 B2 D1 D2 Mesan

0 4,09 4,18 3.82 4.46 4,14 2,96 2.54 2,96 2.54 2,75
1 4T 4428 4a89 4,56 452 3,10 2,35 2,84 2,58 2,71
'3 5;33, 4653 4473 5.12 4,92 2,82 2,28 2.96' 2.16 2455

7 5,64 5.08 5.43 5.24 5,34 3,04 3,32 3,56 2,82 3,18

Mean 4494 4.51 4.60 4,84 4,72 2,98 2,61 3,07 2.52 2,79

Table 61, Tail abnormality percentage of buck spermatozoa
at 120 hours storage

Gly- Glycerollsation at room temp- Glycerolisation at refrigerat-

cerol erature ion temperature
%gvel o o o e s 00 e e 5 - o - - -
) B B2 Dﬁ D2 Mean Bt R D1 D2 Mean

O 3,88 4,18 4,08 5,98 4,03 2,48 1.60 1.85 2,20 2.02
1 5032 4478 5.15 4,94 5,05 2,46 2,75 2,96 2.27 2.60
3 5.63 4.87 5,54 4.96 5.25 2.81 2,98 3.20 2,60 2,89
7 5.89 5472 5.95 5,69 5,81 2.90 3.18 3.57 2.55 3.04

. Mean 5,15 4488 5,15 4,87 5,01 2,66 2,59 2.85 2,40 2,62
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Table 62.  Tail abnormality percentage of buqk spermatozoa

at 144 bours storage

W . B G M P P P W S S S G5 2 T T SRS D S5 Dutt e A G SR €25 WED 6 T S WD GNS SB T e ae 40 GIY S S0 UED W

Gly~ Glycerolisation at room temp- Glyéerolisatfon at refrigerat-

cerol erature

ion temperature

evel T AP s W S US G GCE D TS WP GES G4 415 D WD ARS ace BUS 36 U Gun P S SR D U N -

%) By B2 D4 D2 lMpan B " 51 Mean
0 4.18 4.79 5.32 3.72 4.49 2.48 2.94 3.08 2.35 2.71
1 4.91 5,02 5.235 4.T1 4497 2,58 2.43 2.79 2.23 2.50
3 4091 5098 5088 5001 5043 2049 2054 3032 1083 2-52
T 532 532 5.43 5.22 5,32 2:T1 2.98 3,10 2.60 2,84
Moan 4.82 5.27 5446 4.65 5,04 2,56 2,72 2,24 2,64




Table 63, Tail sbnormality percentage of buck spermstozoa a2t 0, 24, 48, 72; 96, 120 and 144 hours
of storage ‘

ANOVA

Glycerolisation at room temperaturs

Glycerolisation at refrigeration teuperature

Source Mean sum ;f sgﬁare ‘ Mgan'sum'og sguare
- af Oh 24h 48n 72h S6h 120h 144h df Oh 24h 48h T2h 96h 120n  144h

Breeds 11 2.15 0.81 1.92 '3.72 1115 4.23 11:17 1'10.72 0.02 0,52 0.58- 6,58 0.24 1.19

) % ¥* % *% *% ¥*4 % .
Diluents 1 27.14 4031 9071 3.002 3.26 4029 36037 1 37-34 39028 77091 33039 14.69 10056 34.88
Breeds X
diluents 1 1159 025 1.94 4.13 0.005 0.52 30.89 1 1.19 0.92 5.02 0,10 0.87 4.65 0,08
Levels of P * * *% : 7 *
glycerO]. : 5 27‘09 14.92 12097 27045 15056 31 041 10, 19 3 4029 3067 30'86 3079 3044 11c09 ‘3033
Breeds X , ) ]
levels of 3 1.47 1.91 149 1.93 2.08 3.07 3.19 3 018 2.10 2,27 2.417 2.39 4.88 0.92
glycerol
Diluents X | :
levels of 3 2.31 0.17 0.26 1.33 2.03 0.56 5.57 3 3,92 2.54 1,94 0447 0.80 4.48 2,97
glycerol“
Brgedstx ﬁ .
diluents - _ ' .
19\7’615 Qf\ 3 2038 0040 1085 3«12 0.49 0091 3010 3 5958 0065 1056 O.E)S ' 0.47 0.27 2.00
glycerol , . ,
Error - 112 6e24 5499 5025 9432 5.11 5.93 9.44 48 1.7T1 3.25 1.65 2.29 2.42 3,47 1.66
Total 127 63

* Significant at 5 per cent level

** Significant at 1 per cent level

-

£



Table 64. Percentage of acrosome defect of buck spermatozoa
at zero hour storage
Gly- G@lycerolisation at room temp- Glycerolisation at refrigerat-
cerol erature ion temperature
lgvel - - - o o em —- —-—— - -
() 31 B . D D2 Mean B1 B DI D2 Mean
0 0s43 0655 0447 0451 0449 0,25 0:25 0025 0.25 0,25
1 0.43 0.64 0.55 0.51 0.53 0.39 0.25 0,32 0.32 0,32
5 - 0.64 0.87 0.56 0.99 0.77 0.33 0.25 0.32 0.32 0.32
7 1,02 0,87 0.86 1.03 0,94 0,39 0,25 0.32 0,32 0.32
Mean 0.61 0,73 0.60 0,74 0.87 0.35 0.25 0,29 0.29 0.29
Taple 65. Percentage of acrosoms defect of buck spermatozoa
" at 24 hours siorage ‘

Gly- Glycerolisation at room temp- Glycerolisation at refrigerat-
cerol erature ion temperature
level - o 2 o e e o e

) Bt ® DI D2 Mean B1 B D1 D2 Mean
1 2647 2,53 2.69 2,32 2.49 1.19 0.97 1.06 1.12 1,08
3 3035 3421 3475 2483 3428 1,66 1.46 1.93 1,22 1.56
7 3052 5058 4-28 2.89 3055 2033 1.93 2.42 1.86 2.13
Mean  2.77 2.76 3,03 2,51 2,76 1,39 1,21 1.47 1.14 1.30
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Table 66. Pergentage of acrosome defect of buck spermatozoa
at 48 hours storage

Gly- Glycerbliéatioh at rbom temp- Glycerolisation at refrigerat-

cercl erature _ ~ ilon temperature

leyel =w=mews - : - - -
(%) Bt B2 D1 D2 Mean 31, B2 DI D2 Mean
0 2,97 2,95 3,17 2.76 2.96 2.21 2.11 2,76 1.63 2.16

i 5048 3.59 3049 5.38 Sebd 273 2,78 3.45 2,94 2,76
5,96 3,79 4421 3.56 3,87 3.14 2,92 3.54 2,56 3,03
T 4,41 4,21 4.69 3994 4.31 3423 3,26 4,05 2.58 3.28

> o - omemts

G (A S R S R A 0 OTE Oy VI aEh SIS gt TUN G AN TUR WS

Mean 3,69 3.57 3.87 3,39 3.52  2.83 2.75 3.43 2.21 2.79

W G R R D D D P S e = - o= - e e .-

Table 67. Percentage of acrosome defect of buck spermatozoa
at 72 hours storage

- - - - - - - - o ¥ e e -

Gly~- Glycerolisation at room témp- Glycerolz.sation at refrigerat-

cerol eraturs ion tbmpe“ature
%evel ——————— - e o o e o o e s e
# B ®m D D2 Mean Bt B D1 D2 Hean

0 5.68 3.8 3.68 3.47 3.58 3.8 2,71 3.43 3,07 3.25
1 4051 4046 4245 4.52 448 3.95 3,71 4.10 3.57 3.8
3 4089 4,69 5.15 4445 4479 4035 4.09 4.58 5.85 4,21
7 5,29 4,94 5.25 4.98 5.1 4.5T 4.35 4,98 5.97 4446

Mean 4.5 . 4438 4.61 4.34 44T 41T 3,69 4.25 3.61 3.92
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Table 68, Percentage of acrosome defect of buck spermatozoa
at 96 hours storage

Gly- Glycerolisation at room temp= GlyCerolisation at refrigerat~

cerol erature ion temperature
%evel -————————— e e 5 0 e
# 3 B D1 D2 Meam B B B D2 HMean

0 4.32 3,95 3499 4.27 4413 3.85 3.45 3.34 3.97 3.65
1 5005 4487 4.82 5612 4.96 4449 4.47 4.24 4.3 4.48
3 5¢74 5453 5.62 5.65 5.63 5.12 5.11 5.24 4.99 5.1
T 5,05 6,29 6417 617 6,17 523 5.36 5.36 5.25 5,20

Mean 5.27 5013 5.12 5.28 5¢19  4.606 4.57 4.51 4.72 461

- - ey - an an Y Y - e - > - e > R s S T G T MR O W OO S e W

fable 69, Percentage of acrosome defect of btuck spermatozoa
at 120 hours storage '

Gly- Glycerolisation at room temp=- Glycerolisation =% refrigérat-

cerol erature ion temperature

1eYel cmmmwememcmmmmacecc——————ceae  om————— i e 2o e e

% BI B D 12 Mean B B2 M D2 Mean

0 4455 515 4.T1 4.99 4.85 4.24 4,15 4.05 4.33 4.19

1 5¢85 5.97 589 5490 5,91  4.49 4.71 4,22 4,99 4,59
6458 6491 6.85 6,63 6.T4  5.23 4.96 4.84 5:35 5,09
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Table 70. Percentage of acroqome defect of buck spermatozoa
at 144 hours gstorage

v
G G B WD A T BT e R B D e A M WD W W D AR VI S I €D G G §5 GCF G WY GIB EIA g WGP TN GER G w30 G RS SR AED S VD I SI5 T 600 GER L) <m SHR B G2 BR) SO SED G SRS A GO S WD WOR

Gly- Glyecerolisation at room temp- Glycerollsation at refrlgerau-(

cerol erature , - ion temperature

%evel ----- - s - o e e e o - - e e e o e o 0
#) Bt R D1 D2 Mean B1 B2 M D2 Mean

O 5022 6.45 6.19 5-4'5 5.82 6004 5031 5&64 5070 5067
1 6686 Toe50 TeT2 6.656 To18 6423 5,72 5.08 5.86 5,97
3 Te36 8,08 8.14 7429 T.71 6,74 5.85 6459 5.98 6,29
7 815 Tue25 8.03 Te36 Te69 6.85 6,61 T.24 6,24 6.73

S S SU D TR S et G S W R O i D S ST A G AT D ST  G MA ALY SN SR0 AP W dha 0 Lt SN GND A D S AR VIR S Wi S el A5 Gl WG e ) €30 €3 Ade SIS €8 U WD S UAD N e GuB D Wb W gk SIS



Table 71. Percentage of acrosome defect of buck
hours of storage '

ANOVE

spermatozoa"at 0, 24, 48, 72, 96, 120 and 144

Glycerolisation at room temperature

Glycerolisation at refrigeration temperature

Source

Q
(¥s

Mean sum of SQu;re ' Mean sum of square
df Oh 24h 48h T2h 96h 120h 144h 4f Oh 24h 48h 7T2h 96h 120n  144h
‘Breeds 1 5.89 0.022 1.0% 2.33 1.03 1.02 8.24 1 4.6; 3542 ‘0.33 8.2§ 0.23 0,39 8.13
Diluents 1_ T.63 26.33 16.89 4.48 1.34 0438 27.65 1 02001 11.36 T2.41 14.54 1.00 3.84 4.23
Breeds X %3k :
diluents 1 1.99 2,33 0,09 6.52 0.81 3.21 77.21 1 0.001 0.43 10,63 2.14 0.09 3.84 '1;29
Levels of * % *% X % % * ™ *% X% *% *
glycerol 3 17.29 57.83 25.38 28.00 42.01 50.31 33.27 3 0,520 40.85 11.67 9.89 17.28 9.66 4.64
Breeds X '
levels of 3 2.95 0,20 0,09 0.20 1,02 2,99 8,82 3 0,520 046 0,16 2.18 0.48 0.45 0445
glycerol ‘
Diluents X . ‘
levels of 3 3.83 11.81 1.26 1.46 0,38 1.23 0,28 3 0,001 2.24 0.44 0.49 1,61 1,02 1.12
glycerol
Breeds X : .
diluents X
levels of 3 031 2,78 1,08 0,19 1.31 2.28 1.99 3 0,001 0,19 9.34 0.42 0.32 0.09 1.05
glycerol . : : . |
Eypor 112 4.7%3 2.50 3.71 4,03 3.01 3.89 10.67 48 0,780 2.40 3669 1,46 0.85 1.51 1:45
Total 127 63
¥ Significant at 5 per cent level ¥¥ Significant at 1 per cent level
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Table 72. Percentage of post-thawing motility Qf_buck

semon

~ Diluents Malabari  Alpine X Malabari Mean
Ipis diluent  41.649 47.236 44443
Skim milk ,,  30.524 31,613 31,068
Mean - 36,087 . 39.424 574755

ANOVA

Source .af MSs F

 Breeds 1 334417 3,878
Diluents 1 5364602 62,270
Breeds X Diluents. 1 15,178 1,761
Error 1 '8 | 8.617
Total 11

* Signiiicanf at 1 per'cent level



Fig. 1. Acrosome defects of buck spermatozoa .
stored in Tris diluent

Fig. 2. Acrosome defeets of buck spermatozoa
stored in recomstituted skim milk diluent






DISCUSSION




DISCUSSION

Normal characteristics of buck semen

Two:hﬁn&red and forty ejaculates, 20 first ejaculates
and 20 sécond ejaculates, each from three Malabari and
three Alpine X Malabari bucks collected have been used to

_study +the normal characteristics of semen.

In the present study. the overall mean reaction time ::
is found to be 98.86 + 4.309 seconds. For Malabari and
Alpine X Malabari bucks the reaction time is found to be
94,61 t'5;811 and 103,11 :-6.326 éeconds respectively. These
valies are.wifhin the rénge of reaction‘time reported by .
Sharma et al. (1957). According to Kurian and Raja (1965),
Krishman (1967) and Patil (1970) the average reaction time
for Malabari bucks was 35 seconds, 40,60 seconds and 49,37
seconds; respectively. 4However, pfesent observation on
reaction time is higher than the reported values for the
same breed. In the present étudy, the reaction time for
first ejaculate is 62.41 + 6.480 ssconds and for second
ejaculate 126,81 + 8.942 seconds in Malabari bucks. The
reaction time in;Aipine X Malabari for first and second
ejaculates are found to be 59.38 + 4.441 and 146.85 + 8,768
seconds réépectively (Table 7). There ié siénifiéant différ-
ence between ejaculate within buck in both the genetic o

groups (Table 23). This isin accordance to the observation
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made by Mann (1980). Significant differemce in reaction
time between breeds was reported by Mohan et al. (1980)

and Sinhz and Singh (1982). However, in the present study,
difference between breed inm reaction time could not be
obgserved (Table 23%), A significant positive correlation
is Sbserved between reaction time and mass activity in
second ejaculates. This shows that time lapée between

ejaculate increasés the mass motility of second ejaculate.

The mean volume of semen is found to be 0.64 + 0,015 ml.
in th;-presént observation. For Malabari and Alpine X |
Malabari bucks, the volume is 0.55 + 0.017 and 0.72 + 0.015
ml respectively (Table 8). These values compare favourably
with the earlier reports of Sharpa gt al. (1957); Kurian
and Raja (1965); Koh .(1975); Mohan et al. (1980); Sinha
and Singh (1982). Howefer; higher average values for semen
volume have been reported by Igboeli (1974), Singh gt al.
(1982) and Vinha (1982). In the present study, the memn
volume is observed to vary between breeds (P [ 0.05).
Similar reports are made by Eaton and Simmons (1952) and
Vinne (1982), There is significent difference (® £ 0.01)
between ejaculates within buck alsc. This is in accordance.
with the observation made by Mohan gt al. (1980); and
Saxera ‘and Tripathi (1980). The first ejaculate volume is
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found to have significant positive correlation (¥ / 0,05)
with density and negative correlation (P / 0.05) with
motility percentage (Table 21).

In the present study, coldur of buck semen varies from
milkbw'yellqw t6 creamy white. This observation'compares
favourably with the reports of earlier workers (Patil, 1970;
Igboell, 1974; Sinha and Singh, 1982; Singh et al., 1982).

The overall density score of buck semen is found to be
13,52 + 0.030 out of four (Table 9). The density score
varie‘é significantly (P L 0.01) between bucks within breed
(Table 23), which shows significant poéitive correlation
(2 £ 0,01) with sperm concentration, both in first and
second ejaculates (Table 21 aﬁd 22). This shows that the
density gcore is a good indicator for sperm concentration in
‘buck sémenf -

The present study shows that the overall mean pE of
buck semen is 6.74 + 0.016.. Mean values for pH of Malabari
and Alpine X Malabari buck'semen are found as 6.74 + 0.026
and 6.74 + 0.019 respectively (Table 10). These values are
well within the range of values reported by Patil (1970),
Mohan et al. (1980) and Sinha and Singh (1982). Semen pH
igs found to vary sigﬁificantly due to bucks within breed.

This observation is in agreement with earlier report . of
Mohan et ai. (1980).
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The overall mass activity score in the present investi-
gation, is 3.66 + 0.034 out of four. For Malabari and
Alpine X Malatari, the mean mass activity is found as 3.52 +
0.055 and 3.80 + 0.035 respectively (Table 11). These values
are within the range of massﬁact;vity reported by Patil (1970)
and Saxena and Tripathi (1980). However, higher values have
been reported by Mchan gglgl. (1980) and Sinha and Singh
(1982)., 'In the present study, mass activity is found to vary
signifidanfly (P / 0.01) between breeds amd between bucks
within breed. However, no significant difference is observed
between ejaéulates, eventhough Mohan gt al. (1980) observed
significant difference between ejaculates. Mass activity is
found to be positively correlated (® £ 0.05) with sperm con-
centration, both in first and second ejaculates (Table 21 and
22). This denotes that, mass activity score can be considered

as a direct indication of the sperm concentration.

The overall mean initial motility percentage in buck
semen 1s observed to be B0.64 + 0.334, which is within the
range reporied by Kurian and Raja (1965), Patil (4970), Mann
(1980), Saxena and Tripathi (1980}, Singh et al. (1982) and
Vinha (1982). In Malaberi bucks, motility percentage is
observed to be 79.18 *+ 0,553 which ie in clese relation to

the values reporited by Kurian and Raja (1965) and Patil (1970).
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- The difference in motility percentage varies sighificantly
(P / 0.,05) between breeds (Table 23). This is in accordance
with the findings of earlier workers (Singh et al., 1982;
Vinha, 1982). Though Mohan et al. (1980) reported signi-
ficant difference in initlal sperm motility of Paéhmina
bucks between collections, in the present study, there iz no
significant difference between ejaculates'in Malabari amd
Alpine X Malabari bucks. In‘the present observation,
initial motility is found to have significant positive
‘correlation with the live sperm percentage, both in first
and second ejaculates (Table 21 and 22). "his clearly
indicates that the percentage of initial motility can be
considered as an important parémeter to denote the live sperm

count in buck semen.

The overall mean live speim percentage of buck semen
is found as 90.64'3 0.317. In Malabari and'Alpine { Mala=-
bari, the mean live spterm percentages are 89.97 + 0.584
énd 91.31 + 0.356 respectively (Table 13). These values are
within the range reported by Kurian and Raja (1965),lPatil
(1970), Igboeli (1974), Sinha and Singh (1982). In the
present study andertaken, percentage of live sperm is found
to have.significant positive correlation with mbtility per-

centage both in first ejaculates (2 /£ 0.05) and second
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cjaculates (P £ 0.01). Similarly, Patil (1970) also

reported the significant correlation (P / 0.05) between

percentages of live sperms and motile sperms.

The overall sperm éoncenfration (% 109) is observed'
to be 3.39 * 0.061 per ml. In Malabari and Alpine X Mala-
bari bucks, the mean sperm concentration (X 109) is found to
be 3.49 + 0.098 and 3,28 + 0,070 respectively (Table 14).
in Malabari bucks, Kﬁrian and Raja (1965) reported sperm
conceptration (X 10°) as 2 to 3 whereas Patil (1970) reported
1.12 to 7.49 blllions with a mean of 3.534 + 1,761‘billions.
There is significant difference in Sperm concemtration
between breeds (B / 0.05) and between bucks within breed:
(P /£ 0.,01) in the present observation (Table 23). Eaton and
Simmons (1952), Sinha and Singh (1982) and Vinha (1982) have
alsc reporited significant effect of breed on sperm concent-
ration., Mohan et al. (1980) have reported significant differ-
ence in sperm concentration between consecutlve collectionsg.
However, in the present study; no significant difference
could be seén between ejaculates; although the sperm concent-
ration is less in the second ejaculates of both the breeds

gstudied.

The average total sperm abnormalities of buck semen is

observed to be 1.40 + 0.265 per cemt. In Malabari and
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Alpine X Malabari'bﬁcks the total sperm abnormality per-
centages are 1.65 + 0,188 and 1.14 t 0.093 respectively
(Pable 20)., Patil (1970) reported mean total abnormalityAr
of 4;34‘i 0.48 per cent in the range of 1.00 to 18.62 per
cent in Malabari bucks. In #hevpresenj study, the total
sperm abnormality percentage varies significantly between
breeds (P £ 0.05) énd between bucks within breed (P £ 0.01).
These observations are im accordance to the findings of
Vinha (1982), Sinha and Singh (1982). In the study under-
taken presently, there is no significant difference for
total sperm abnormality percentage in first and second
ejaculate. ZThis observation is in par with the report of
Appeiter (1964). |

The overall average percentages of abnormalities of
head, midpiece and tail are found to be 0.03 + 0.012,

0,129 + 0,023 and 0,70 * 0.229 respectively (Table 15, 16
and 17). The percentage of sﬁerms with attachment of
protoplasmic droplet is found to be 0.30 + 0,069. The mean
detached head abnormality is found to be 0.24 + 0.034 per
cent. Bordoloi and Sharma (1983).peported 3,948 per ceﬁt
head abnormality in Assam local goats and 3.299 per cent
in Beetal bucks and 3.558 in Saanen bucks. According to
them, percentage of midpiece abnormality is 1.16 in 4ssam
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local, 1.87 in Beetal bucks and 1.71 in Saanen bucks.

Tail abnormality percentages have been 3.54, 3.75 and
3¢24 in Agsamulocal, Beetal and Saanen bucks respectively.
In the present study, percentages of abnormality observed
in different parts of:theAspérmatozoa are lower than the
values reported by Sinha and Singh (1982), Vinha (1982)
and Bordolol and Sharma (1983).

Preservation’of buck semen in glycerol containing
diluents

The overall mean percentage of initial (zero hour of -
storage) motility at room temperature glycerolisation is
observed to be 79.63, which decreases to 19.23 per cent at
144 hours of stbrage. Similarly the mean initial motility
percentége of Bda4i at refrigeration tempgrature‘glyceroli-
sation declines to 31.62 per éent at 144_hours of storage
(Table 24-30). Duiing the entire period of storage, the
motilitf percentage‘of buck spermatozoa at refrigeration
temperature glycerolisation is found %o be significantly
superior to that at room temperature glycerolisation. The
present observation is in agreement with the report of
»Almquist and Wickersham (1962), who also observed that shep
wise additionief glycefol at 5°C maintained superior

motility in comparison to the motility obtained by direct
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addition of semen to the completely formulated diluent a%
room temperature._ However, Albright et al. (1960) reported
no- significant difference in sperm motility.at seven days
storage at 5°C, when glycerol was added step wise at 5°C

or added at room temperature (32°C),

&t;room temperature glycerolisation, mean motility
percentage in Tris diluent is found to be 79.91 at zero hour
and 26,65 at 144 hours of storage; and in skim milk dilvent
initial motility is noted to be T9.35 per cent and at 144
hours 12.77 per cent. A% refrigeration temperature glycero-
lisation, mean motility percentage is found to be 80.41 at
~ zerc hour and 46.23 at 144 hours in Tris, while in skim milk
diluent, mean motility percentage of 80.41 at zero hour is
found to éeeline»gfadually to 18.66 per cent at 144 hours of
storage. In the present study highly significant differ-
ence (P,L'0.01) is noted in the motility percentage between
diluents from 24 hours to 144 hours irrespective of glycero=-
lisation method (Table 31). This clearly shows, that Iris
diluent is significantly guperior to skim milk dilvent in
the preservation of buck semen both at room temperature and
at refrigeration temperature glycerolisation. The present
cbservation is in accordance to the findings of Falakrishnan
(1979) and Deka and Rao (1980).
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The mean motility at room temperature glycerolisation
for Malabari and Alpine X Malabari buck semen are found to
be 79.4% and 79.83 per cent respectively at zero hour. The
motility graduwally reduces to 17.86 and 20.61 per cent at
144 hours of storage. Similarly at refrigeration teumper-
ature glycerolisation, the average percentages are found to
be 81.30'and 79.50 at zero hour and 32.47 and 30.77 at 144
hours for Malabari and Alpine X Malabari breeds respectively.
On analysis, there is significant difference between breeds
in motility percentage at zero aﬁd 24 hours of storage at
refrigerétion temperature glyéerolisation; whereas, at roon
temperature glycerolisation the difference is foundlto be

significant at 72 and 96 hours of storage.

At room température glycerolisation, the percentage of
motility at zero level of glycerol (control group) decrsases
from 79.98 to 35.52 in Tris diluent and 79.27 to 6.31 per
cent in ékim milk diluent. Similarly, at refrigeration
temperature glycerolisation in the control group the motility
percentage is found to decline from 80441 to 44.35 in Iris
diluent and 80.41 to 9.14 per cent in skim milk diluent
(Pable 24-30). In both the types of glycerolisation, Trig

diluent in control group is found to bs superior to skim
‘ \

milk diluent. The difference observed in motility percemtage

v
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between the two conirol groups may be due to step wise
addition of the diluent to the partially diluted semen at
refrigeration temperature glycerolisation. It is further
observed that skim mllk diluent with zero per cent glycerol
can maintain above 50 per cent motility of buck spermatozoa
up to 48 hours of storage (Table 26); whereas, Tris diluent
can maintain the same motility percentage up o 96 hours
of storage (Table 28). The decline in motility due to pre-
servation in Tris diluent observed in this study is cém-
paratively less. than that reported by.Balakrishnan (1979).
However, it is in agreement with the report of MatheW'gjlg;.
{1982}, who obtained an average of 58 per cent motility for
seven days of storage. 'However, the present observation of
motility percentage in skim milk diluent without glycerol

is in agreement with the report of Ron and Aamdal (1963).

The percentage of motility is found to vary signifi-
cantly due to different levels pf glycerol at refrigeration
temperature glycerolisation during storage from 48 hours to
144 hours (Table 31). But, level of glycerol does not show
any significant influence on the percentage of motility at

. room temperature glycerolisation. The effect of interaction
between diluents gnd levels of glycerol is found to have

highly significant effect on the percentage of motility
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at 24 to 144 hours of storage at room temperature and

refrigeration temperature glycerolisation (Table 31).

With one per cent glycerol, percentage of motility
at zero hour is found to be 79.98 and 78.97 in Tris and
gkim milk diluent respectively, while at 144 hours of
storage only 30.59 and 9,84 per cent could be observed
at roon semperature glyceralisation, “whereéa, at refri-
geration temperature glycerolisation in Tris and skin milk
diluents, the percentage of initial motility is found to
be 80.41 and the Final motility at 144 hours of storage is
50,00 and 13.58. From the present study, it i8 observed
that the buck spermatozos can be preserved up to 95 hours
with more than 50 per cent motility in Tris diluent eont-
aining one ner ecent glycerol in-roam temperature glycero-
lisation and wp to 120 hours at refrigeration temperature
glycerolisation (Table 28 and 29). Similarly,at room temp-
erature and refrigeration temperature glycerolisation in
skim milk containing one per cemé glycerol, the sperm can
be preserved successfully (with above 50 per cent motility).
up to 48 hours and 721hours of storage respéctively (Table

26 and 27).

At three per cent glycerol, the motility percentages
are 79.98 and 79.58 in Pris and okim milk diluents respoect-

ively at zero hour, on zoom temperature glycerolisation,
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then the motility reduces to 23.09 and 14.44 per cent at
144 hours of storage. ©Similarly, at refrigeration temper-
ature glycerolisation in Tris and skim milk diluents
containing three per cent glycerol, the initial motility
of 80.41 per cent declines to 47.48 and 24.91 per cent _
respectively (Table 24~ 20). The present study shows that
buck spermatozoa can be preservéd successfully in Iris
diluent with three per cent glycerol up to 96 hours and 120
hours of storage at room temperature and refrigeration
temperature glycerolisation respectively (Table 28 and 29).
In the same way, skim milk dilueﬁt with three per cent
glycerol can preserve above 50 per cent motility up to 48
hours at room temperature glycerolisation and 72 hours at

refrigeration temperature glycerolisation (Table 26 and 27).

With seven per cent glycérol in Tris and skim milk,
the motility percentages at zero hour are found to be 79.68
and 79,58, which reduce to 18.43 and 22.92 per cent at 144
hours of storage at room temperature glycerolisation. At
refrigeration temperature glycerolisation in Tris and skim
milk diluents the initial motility of 80.41 per cent declines
to 43,09 and 29,97 per cent respectively at 144 hours of
storage (Table 24-30). The present study reveals that
above 50 per cent motility can be maintained in Tris diluent
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with seven per cent glycerol up to 72 hours and 96 hours
of storage at room temperature and refrigeration temper-
. ature glycerolisation respectively (Table 27 and 28).
Whereas, skim milk diluent can preserve up t6 48 hours at
room temperature glycerolisation and up to 72 hours at

reffigeration'temperature glycerolisation (Table 26 and 27).

From the present study, it is observed that through
out the period of storage the motility percentage of buck
spermatozoa is higher in diluents with seven per ecent
glycerol, followed by three and one per cent in skim milk
diluents at both the types of glycerolisation; Whereas in
case of Tris diluent, at room tempsrature glycerclisation,
higher motility percentage is noted with zerec per cent
glycerol followed by 1, 3 and 7 per cent; but in case of
réfrigeraticn teaperature glycerolisation higher motility
percentage is noted with one per cent glycerol, followed by
3y zero and 7 per cent. The present observation of maximum
percentage of motility at 144 hours of storage in Iris
diluent with one per cent glycerol is iﬁ par with the obser-
vation made by Pickett and Merilam (1959). Although, using
Iris as a diluent with 6;4 per cent glycerol, Davis et al.
(1963), Davis gt al. (1963) and Foote (1970) observed above
40 per cent motility of bovine spermatozoa at elght days of
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storage, Singh et 21. (1982) using the same diluent observed
13430 + 0,78 and 5.00 + 0.63 per cent motility for Jamuna-
pari and Barbari bucks respectively at 96 hours of sborage.
Howaver, in the present study, Tris with ssven per ceut
glyceroi ghows a higher percentage of motility than that
reported by Singh et 21. (1982).

Willett and Ohms {1956) have observed that motility
percentage of bovine spermatozoa increases significantly as
the glycerol concentiration increased in skim milk diluent.
Similar increase is observed in the present observation also.
The present study in skim milk diluent regarding motility
percentage is in accordance with the finding of 41lbright
et al. (1958) who found that, in general, the addition of
7.5 per cent glycerol reduced the decline in motility with
“1ncreasing age. Almguist and Wickersham (1962) noted that
when glycerol is added slowly>to the partially diluted semen
at 5°C or added in low concentrations, sufficient time is
allowed for establishment of osmotic equilibrium before

sperm motility is affected. Irn pariwith the observation

madé, in the present study alsq; 1, 3 and 7 pér cent glycerol’

in Tris and skim milk diluent shows comparatively lower
motility at room temperature glycerolisation in comparison

to the refrigeration temperature glycerolisation with the
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same level of glycerol. 0'Dell gi al. (i959) observed
that lactic acid accumulation in skim milk diluent in
presence of 10 per cent glycerol was approximately 25 per
cent leas (P L 0,01) than that of skim milk diluent without

glycerol,

Nahas (1961) observed that Tris had a good bufferingA
capacity and was relatively nen toxice to living cells.
Tris in addition to its better buffering capacity, can
readily diffuse into sperm cells and serve a3 an intra
cellular buffer (Bartlett and Vandewark, 1961). Ths pre=-
sence of fructose in this extender might serve as an
additive nutrient besides maintaining osmotic¢ pressure and

" thus have a beneficial influence on motility percentags.
Lgcithin fraction of egg yolk (Blackshaw, 1954) prevents
the spermatozoa'frém_undergoing cold=shock, ' A1l these
factors may contriﬁute for the bemeficial effects of Tris
diluent over skim milk dilusnt bothk at room temperature and

at refrigeration btemperature glycerolisation.

In the present study, at room temperature glyceroli-
sation for both Tris and skim milk diluents, total abnor-‘
mality peréentages'are found to be higher than that at
refrigeration temperature glycerolisation. This is akin
to the Teports of Almquist and Wickersham (1962), who noted
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that when glycerol is added slowly to the partially
diluted semen at 5°C, or in low concentrations, sufficient
time is allowed for establishment of osmotic equilibrium
before sperm ultrastructure is affected. Fresent study
reveals, that as the days of storage advance total sperm
abnormalities increase in both the diluents, irrespeective
of glycerolisation methods. This ig in agreement with the
reports of Chaturvedi et gl. (1978) and Rao and Rao (1979),
who observed an increase in the incidence of sperm abnor-
malities during the storage. There is no significant differ-
ence between diluents, at robm temperature glycerolisation
as observed in the present study, Rac and Rao (1979) also
coﬁid nét observe significant difference in sperm abnor-

| malities amonglthe diluents ﬁaed.

In the present study, it is noted that there is signi-
ficant difference in :percentage of abnormality among ‘the
levels of glycerol at zero hour of storage (P . 0.01) and
at 24 hours, 72 hours and 120 hours of storage (P [ 0.05)
lat room temperature glycerolisation (Tavle 39). However,
at refrigeration temperature glycerolisation there is
significant difference (P / 0.01) among the levels of gly-
cerol at all intervals of storage (Table 39). With both
methods of glycerolisation, in Tris énd skim milk diluents,
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the total abpormality percentages are seen lower in control
groups and the abnormalities tend to increase as the levels
of glycerollincfease; This may be attributable to osmotie
and electrolyte chénges that could have taken place between
the spermatozoa and the diluent as indicated by Rao and Rao

(1979),

¥rom the tables 40-46, it can be noted’ﬁhat changes in
head abnorwality through ocut the sterage perisd are main-
$ained below 0,22 per cent. The present finding, of head
abnormzlities is in close agreeuwent with the reﬁor% of Rao
and Reo (1979) who stated that the osmotic and electrolyte
changes which take place Letween the sperm and sxtender
during preservaticn did not produce any recognizable changes
in the shapse of head 50 render thew abnormal. Ilagerlof
{1934}, Blom‘(1950), Rac (1974) have reported that the
abnormalities of sperm heaé arise in the testes, but not

cutside the genltal tract,

The overall mean mid piece abnormality percentages are
found to e 1.%4 and 0.86 at zero hour of storage at room
temperature and refrigeration teuperature glycerolisatidn
respectively. Thaese vaiues gradually increase corréspond-
ingly to 1.78 and 1.56 per cent at 144 hours of storage ‘
(Table 48-54). Although, there is an increase of mid pieco~
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abnormality percentage as the days of storage advance in
both the diluents and glycerolisation methods, significant
difference in the interaction between diluents and levels
of lecerol is not obgerved through out the perioed of

storage.,

Tre overall mean percentages of tail abnormality at
roon temperature and refrigeration temperature glyceroli-
sation are found to e 3.43 and 5.98 respectively at zero
hour of storage and $.04 and 2.64 respectively at 144 hours
of storage (Tadle 56«62), Cn analysis of the data signi-
ficant difference bziween braeds at zerc hour of storage
(P £ 0.05) at refrigeration temperature glycerolisation,
iz observed. Significant difference hetween diluents at
nero hour of storage (P £ 0.05) at room temperaturs gly-
cerolisation and at zero, 24, 48, T2 and 144 hours of
gtorage (P £ 0. 01) and 96 bours (P / 0.05) at refrigeration
tempsrature glycerolisation are alao observed (Table 63).
However, Chaturvedi gt al. (1978) and Rao and Rao (1979)

. bave not repofted_significant difference in the incidence
of tail abnormality percentage between diluents, though a
s*gnificant lncfoase was recorded during »torage. Blom
(1950) and Rao and Rac (1979) reported that tail abnorma-

lities of spermatozoa might increase afier ejaculation and -
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during storage. In the present study, tail abnormality
percentages are found to be higher at all hours of storage
at room temperature glycerelisation in comparison to that
at refrigeration temperaturé‘giycerolisation. This is in
accordance to the report of Almquist and Wickersham (1962).
There is significant difference in tail abnormality per-
centagé among the levels of glycerol at zero and 120 hours of
storage (P / 0.01) and 72 and 96 hours of storage (P L 0.05)
at room temperature glycerolisation and 120 hours of storage
(P £ 0.05) at refrigeration temperature glycerolisation
(Pable 63). This'may be attributable to the effect of
glycerol at room temperature glycerolisationg aé the level

- of glycerol increase abnormality percentage also increase.

From the present study, it is observed that the overall
mean percentages of acrosome defect of 0.87 and 0.29 at room
temperature and refrigeration temperature glycerolisation
respectively, at zero hour of storage, gradually increase to
7.08 and 6.15 per cent in the same order at 144 hours of
storage (Table 64-70). Comparison between room temperature
and refrigeration temperature glycerolisation on acrosome
defect is found to be significant at all hours of storage.
At refrigeration température glycerolisation, there is

significant difference between breeds (P / 0.05) at zero,
72 and 144 hours of storage. Though there is significant
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difference at both the methods of glycerolisation on
acrosonme defeét, it is not observed at all thé intefvals
of storage, irrespective of glycerolisation methods
(Table T1). The present study reveals the increase of
acrosomal abnormalifies with 'the advanéement of storage
period in both the diluents at both the methods of glycero-
lisation, which supports the réport of Chaturvedilgﬁ al.
(1978), who'aléoxnoted the increase of acrosomal abmormali-
fies with the advancement of storage period in all the
diluents used, Hoﬁever,watson (1975) noted normal acrosome
percentages of 98,.98 and 90 before chilling, after chilling
t0 5°C and one hour after glycerolisation in ram semen.
The lower values of acrosome defect in the present studj'
may be attributable to low susceptibility of buck spermatozoa
to cold conditions under preservation in comparison to ram
semen. In the present study, there is éignificant difference
in percentages of acrosome defect among the levels of glycerol
at almost.gll-the hours of storage irrespective of glycero-
lisation methods (Table T1). Increase of acrosomal abnor=
malities with the increase in glycerol level, in the present
study support the report of Watson and Martin (1975), who
observed that although the presence of glycerol in the

diluent improved ths survival of ram apermatozoa, increasing
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the concentration of glycerol produced significant deteri-
oration. The present observation on acrosome defect of
the buck spermatozoa are in agreecment with the findings
of Groken and Asti (1980), who have reported that the pro-
portion of acrosome deformities increased after glycero-

lisation in ram semen.

Dgap freezing of buck semen

Pogt-thawing motility of buck semen has been reported
$0 be 50=60 per cent (Ebnfert, 1969); 30-45 per cent
(Samouilidis and. Hahn, 1972); 30-40 per cent (Sahni and
Roy, 1972); 40 per cent (Rossouw, 1974); 44.4 per cent
(Corteel and Barit, 1975); 40.53 per cent (Hukerilgi‘éia,
1977) and 44.09 per cent (Nimkar, 1977); &0 per cent
(Harnath et al., 1982). In the present study, the overall
average post thawing motility is found to bs 37.75 per cent.
Post thawing motility percentages in Malabari and Alpine X
Malabari ave 36.08 and 39.42, respectively.: However, the
variation between breeds in post-thawing motility percentage
is statistically not significant. However, Sahni and Roy
(1972) had observed that semen of Jamunapari could withstand

deep freezing better than that of Barbari bucks.

The average post-thawiﬁg motility of buck semen in Tris
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and skim milk diluent is fduna as 44.44 and 31.06_per cent
reapectively., The variation, on analysis shows gignifi-
cant difference (? L 0.01) between diluents, Trj.s' diluent
being superior to skim milk diluent. Milk diluent is
reported to be inferior in preserving buck semen by Sahni
and Roy (1972). Suitability of Tris containing diluent
for freezing has been reported by Hukeri et al. (1977),
Nimkar (1977), Fukui (1979), Sazena gt 2l. (1979), Vivanco
and Valera (1980), Zamfirescu gt al. (1980), Salamon and
Ritar (1982) and Harnath gt al. (1982). In the present
study also, it is observed that Tris diluent in comparison
to skim milk diluent is more suited for the freezing of

buck semen.
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SUMMARY

Normal characteristics of buck semen, desirable level
of glycerol incorporation in Iris and reconstituted skin
milk diluent, effect of glycerolisation at room temperature
and refrigeration temperature and effect of freezing on buck

spermatozoa were subjected to éystematic study.

A total of 240 ejaculates, from 3 Malabari and 3 Alpine X
Malabari bucks maintained at AICRP on Goats for Milk Product-
ion, Kerala Agricultural University, were utilised to study

the normal characteristics of buck semen.

4 To study the effect of glycerolisation in Tris and skim
milk diluents on preservability of buck spermatozoa at 5°C,
the semen samples from Malabari an@ Alpine X Malabari bucks
with more than 70 per cent initiel motility were pooled
separately. From the two genetic groups, eight pooled
samples each were utilized for room temperature glyceroli-
sation and four each for refrigeration temperature glyceroli-
sation. The pooled samples were diluted 1:10 with Tris and
skim milk diluents using split sample technique with each

one having 0, 1, 3 and 7 per cent of final glycerol con-

centration. In the case of refrigeration temperature glycero-

lisation, semen samples were initially diluted with 50 per

cent of the mom-glycerolated parts of the diluent and later
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glycerolated parts were added step wise at 5°C. After
dilution a2ll the samples were stored at 5°C in the refri-
gerator, One drop of diluted semen was téken from each
sample and motility assessment carried out from zero hour
to 144 hours, at 24 hour intervals of storage., At the same
intervals, smears of dilutad sémenlwere also jrepared and
stained with Giemsa stain and examined for vaiious types of

sperm abnormalities,.

To study the effect of deep freezing on btuck spermatozoa,
~four ejaculates each from six bucké were utlilized. The sémeﬁ
samples were diluted in Tris and skim milk diluents, each
having seven per cent glycerol. The post-thawing motility

with respect to each sample was assessed.

The overall average reaction time was found to be
98.86 + 4.309 seconds. There was significant positive corre-
lationAbetween reaction time and mass activity in case of
second ejaculates. It clearly showed that time lapse befween

e jaculates increased the mass motility of buck semen.

The mean semen volume was found to be 0,55 + 0.017 and
0.72 + 0,015 ml in Malabari and Alpine X Malabari bucks
respectively. Significant difference in semen volume was,

observed between breeds and between ejaculates within buck.

—,.-’l// - -

B <
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The colour of buck semen varied from milky yellow

to creamy white.A

Thé overall density score of buck semen was 3,52 +
0.030 out of four. The density score was found to vary
significantlj between bucks within breed. Significant
pesitive correlation between density score and sperm con=-

centration, both in first and second ejaculates was observed.

Mean values for pH of Halabari and Alpine X Malabvari
semen were 6.74 + 0.026 and 6,74 + 0.019 respectively.
Semen pH was found to vary significantly due to bucks within

breead,

The overall mass activity score was 3.66 + 0.034 out of
four, The Malabari and Alpine X Malabari bucks the average
wass activity score‘was 3.52 f 0.055 and 3.80 ﬁ 0.035. respeect-

| ively. Significant variation in mass activity between breeds
and between bucks within breed was noted. Mass activity was
positively correlated with sperm conncentration, both in first -

and second ejaculates.

The mean motility percentage of Malabari and Alpine X
Malabari buck semen was found %o be 79.18 + 0.553 and 82.10 £\

0.322 respectively. The difference in motility percentage \R
. ) *\‘\

varied significantly between breeds. Initial motility was A

N . N\

found to have significant positive correlation with the live .
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sperm percentage, both in first and second ejaculates.
Hence, initial motility can be considered as an indicator

of live sperm percentage in buckAsemeﬁa

The overall mean live sperm percentage was 90,64 +

0.317 in the present study.

In Malabari and Alpine X Malabari bucks, the mean sperm
concentration (X 107) was 3.49 + 0,098 and 3.28 + 0.070
respectively. Significant difference in sperm concentration
was noted between breeds and between bucks within breed.
Sperm concentration was slightly higher in the first ejacu-
late than in the second ejaculate.

The average total sperm abnormalities was 1.40 + 0,265
per cent. Average total sperm abnormalities of 1.65 + 0.183
and 1.14 + 0.093 per cent were noted in Malabari and Alpine
X Malabéri.bucks respectively. There was significant vari-
ation between breeds&between bucks within breed for total

sperm abnormality percentage.

The overall average percentages of abnormalities of
head, mid piece, taill, protoplasmic droplet and detached
head were 0,03 + 0.012, 0,13 + 0.023, 0.70 + 0.229, 0.30 +
0.069 and 0.24 + 0.034 respectively.

The mean motility percentage of buck spermatozoa was
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found o vary significantly between roon temperature and
refrigeration temperature glycerolisétion through out the
period of storage. However, refrigeration temperature
glycerolisation was.significantly supgrior to room temper=
ature glycerolisation in the preservation of motile sperm-

atozoa. The overall mean percentage of initial motility

at rodm temperature glycerdlisation wasg 79.63, which decreased

$o 19.23 per cent at 144 hours of storage; similarly, the
mean motilit& percéntage'of 80~41 at refrigeration temper-
ature glycerolisatlon declined to 31. 62 per cent at 144
-hours of storage, At room temperature glycerolisation, mean
" motility percentage in Tris diluent was 79.91 at zero hour
and 26,65 at 144 hours of storage; and in skim milk diluent
initial motility was T9.35 per cent and at 144 hours 12.77
per cent. Tris dilvent was significantly superior to skim
milk diluent in the preservation of buck semen both at room

temperature and refrigeration temperature glycerolisation.

| Gomparétive evaluation-éf motility percentages up to
144 hours of storage showed that above 50 per cent motility
could be maintained up to 96 hours and 48 hours respectively
’in Tris and-skim milk diluents with zero per cent glycerol
both at Toom temperature and refrigeration temperature

glycerolisation.

P
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With one per cewnt glycerol level, zbove 50 per cent
motility was maintained in room temperature and refrigeration
tomperature glycerolisation up to 96 hours and 120 hours
respectively in Tris diluent; whersas it was only up to

- 48 hours and 72 hours respectively in skim milk diluent.

Back spermatogzoa could be preserved with above 50 per
cent motility in Tris diluent with three per cent glycerol
up to 96 hours and 120 hours of storage at room temperature
and refrigeration temperature glycerolisation respectively,
Similarly, skim milk diluent with three per cent glyecerol
could preserve motility percentagé above 50 per cent up to
48 hours at room temperature glycerolisation and 72 hours

at refrigeration temperature glycerolisation.

It was observed that above 50 per cent motility could
be preser%ed in Tris diluent with 7 per cent glycerol up to
.72 hours and 96 hours of storage at room and refrigeration
temperature glycerolisation respectively. Whereas, skim
wmilk diluent with the same concentration of glycerol could .
preserve 50 per cent motility up to 48 hours at room tempw \E
erature glycerolisation and up to 72 hours at refrigeratibp: ‘

temperature glycerolisation. 3 \\g

In the present investigation, throughout the period of .

storage, the motility percentage of buck spermatozoa was
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higher in diluents with seven per cen# glycerol, followed

by three and one per cent in skim milk diluents at both

‘the types of glycerolisation, Whereas, in case of Tris
diluent, at room temperature glycerolisation, higher motility
perceﬁtage was noted with zeio per cent glyceroi, followed

by one, three and seven per cent. From the present study

it could be concluded that skim milk diluent with ssven pér
cent glycerol at refrigerétion temperafure glycerolisation
could be used for pfeservation of buck spefmatozoa with above
50 per cent motility up to 72 hours of storage; and there was
no advantage in addition of glycerol at room temperature in
skim milk diluent. Similarly,Tris diluent with one per cent
glycer61 was found'to ve suitable for ?reservatioﬁ of buck

spermatozoa at 5°C in both the methods of glycerolisation.

At room temperature glycerolisation for both Iris and
sktiim milk diluents, total abnormality percentages wers hiéﬁer ‘
than that at refrigeration tempeiature glycerolisatioh. Signi-

* ficant difference in total abnormality percentage was noted
among the levels of glycerol at zero hour, 24 hours, 72 hﬁurs\\
and 120 hours of storage,'at'rpom temperature glycerolisation. %\
Eoweveﬁ, at refrigeration teﬁperatﬁre’élycerplisation,.there g-
was significant difference in abﬁormaiity among the levels of K\

glycerol at all intervals of storage. With both methods of ‘ .i

glycerolisation in Tris and skim milk diluents, the total
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-abnormality percentages were lower in control groups; and

higher as the level of glycerol increased.

The average head abnormality percentages of 0.69 and
0,40 were observed at roon temperature and refrigeration
femperature glycerolisation, respectively, at zero howr of
storage. There was an increase of mid-pieée abnormality
percentage as the days of storage advanced in both Tris and
‘gkim milk diluents irrespective of glycerolisation methods.
Significant difference was observed between room temperature
and refrigération temperature glycerolisation in tail abnore
mality percentage from zero hour to 144 hours of storags.
Tail abnormality was higher at all hours of storage at room
tempsrature glycerolisation in comparison to that at refri=-

geration temperature glycerclisation.

The overall mean percentages of acrosome defect of
0.87 and 0.29 at room and refrigeration temperature glycero-
lisation respectively, at zero hour of storage, gradually
increased to 7.08 and 6.15 per cent at 144 hours of storags.
The present study revealed an #ncrease in acrosomal defects
with the advancement of storage perloed in Tris and skim

milk diluents, at both the methods of glycerolisation.

The overall average post-thawing motility was found to

be 57.75 per cent. Post-thawing motility of 36.08 and
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39.42 pei cent wére observed in Malabari and Alpiﬁe x
Malabarihiuck gemen respectively. The average post-thawing
motility in Tris and skim milk diluent was 44.44 and 31.06
"per cent. The variation showed significant difference

between diluents,‘Tris diluent being superior to skim

milk diluent,
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ABSTRACT

A systematic study was carried out on normal character-
istics and preservation of buck semen in chilled and frozen

conditions.

A total of 240 ejaculates from 3 Malabari and 5 Alpine X
Malabari bucks were utilized for the study on normal semien.
characteristics. The overall average reaction tims_was
98,86 + 4.309 seconds. Significant positive correlation
between reaction time and mass activity was observed. The mean
semen volume was found %o be 0,55 * 0.017 and 0.72 + 0,015 mi
in Malabari and Alpine X Malabari bucks respectively. OSemen
volumé was significantly higher in cross bred bucks. The
colour of buck semen varied from milky yellow to cfemy'white°
The overall density score of buck semen was 3,52 + 0,030 out of
four. Mean values for pH of Malabari and Alpine X Malabari
semen were 6.74 * 0.026 and 6,74 + 0,019 respectively. Mass
activity varied significantly between bucks. Significant
difference was noted in motility percentage between breeds.
Initial motility was having significent positive correlation
with the live sperm percentage. The overall mean live sperm
percentage was 90.64 + 0.317. Significant difference in spernm
concentration was observed between bucks. Average total sperm
abnormalities of 1.65 + 0.183 and 1.14 + 0.09% per cent were
noted in Malabari and Alpine X Malabari bucks respectively.
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Bffect of room temperature and refrigeratien temperature
glycerolisation of Tris and reconstituted skim milk diluents,
~ each having 0, 1, 3 aﬁd 7 per cent glycerol, on preservabllity
of cuck spermatozoa was studied. Motility and abnormality
assessment’were made at zero hour to 144 hours, at 24 hours
interval., Skim milk diluent with seven per cemt glycerol at
refrigeraticn temperature'glycerolisetion precserved above 50
per cent sperm motility up to 72 hours of storage. No added
advantage could be observed in the addition of’glyeerol at
room temperature in skim milk diluent., Tris diluent with one
per cent glycerol was found to be sultable for preservation |
of buck spermatozoa at 5°C, in room temperature and refriger#
ation temperature glycerolisation, Refrigeration temperature
glycerolisation was found to be significantly superior to rccm
temperature glyeerolisation in preserving motility percentage

in both the Tris and skim milk diluents.

| In both the diluents, totel abnormality percentages at .
room temperature glycerolisatlon were SignlfiCdntly higher than
that at refrlgeratlon temperature glycerolisation. Wity both
methods of glycerolieation in Tris and skim milk, the total
abnormality percentages were higher as the level of glycerol
increased. The present study revealed an lncreese in acrosomal
defects with the advancement of storage period. The occurence

of acrosomal defects was significantly higher in room temper-

ature glycerollsation.'



iii

Four ejaculates each from six bucks were diluted in Tris
and skim milk diluents each with.seﬁen per cent glycerol, to
' study the effect of deep freezing and pdst-thawing motility.'
The average post-thawing motility in Tris and skim milk
diluent was 44.44 and 31.06 per cent respectively. _Tris dilu-
ent was found significantly superior to‘skim milk diluent for

freezing buck spermatozoa.
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