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Indian economy is very much dependent upon the live-
atook and ite products. Sullocks alone provide employment %o
three crores of people and many more earn thelr livelihood
from the cow. Desides cattle, -mtﬁhcn ale play an ioportant
role in the developuent of 'agmrmﬁ econony of the country,
Although cattle and duffalo of Indiam constitute 23< of the
world bovine population { 175,0 million cattle and 51,0 million
uffaloes, as per 1961 cattle census )s The contridution of
livestock ladustry to the matioml income is Very meagre. ( 7%
of the sationmal income ), The averasge milk pruduntton of h cow
ig 369 1bs, and that of buffalo 1077 lba. per year as compared
to 4126 lbss in UsSelAesy 5976 1lbas in U,X, and 7005 1lbs, in
Demoark j;r years Cur per capits consumpiion of wilk is as
low as 4,6 ounces a day against 10 ounces as recomuended by
nutritionists (Parnerkar 1965)

ROLE OF BUVFALO s :

Prom economy point of view buffaloes are slsc of not
less importance. They produce 59,94 of the total wilk produced,
though they constitute only thirty percest of the total milch
antul.o' in the country. Pesides wilk, done, hoves, horas and
bide aleo add to the natiomal income, Therefore attempts for
the improvement of our native bduffalo ils the iwmense need of
the hour, A great deal of genetioc variabllity exiats in
vuffaloes snd there is wide soope for the improvement in

productive potentislity of these animals by wodera breeding
techniques, |
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The artificial insenination is a wodern tool in the
bande of animel breeders for raisisg healthy and economic live-
stock, Presently it hms served as the only key to chronde prodlem
of paucity of proven sires in wasy of the developing agricultural
countries of the world, and means to inprove, iﬁ ghortest poodhi.
tine, Thus 1t ig very fine sootechnique for exploiting the suimal
resources for the welfare of bumanity and as well as for inprov‘
went of livestockj but suocess of A.I, is very much dependent on
the ability of dilutors in preserving the "in vitro” vitality and
fortility of gpernatoBon, &s A.I. issioply deposition of the
pervatosoa lato the female reproductive passage by mechanical
means than by male himself, A proven sire can beutilised to the
maximus through A.I. aod thue hundrede of calves can be produded
within the breeding 1life of a bull, A, I, zade possidle o uoce ulm g
of a bull fifty to hundred thei more than the tatural service, Sven
after the death of sire the semsn can be ntntnﬁ. preserved ty
freese dried method through Al 2z

Ae 1s 18 now practised throughout the world aend is uoopt—
ed as the most practicable sootechnique for improvemsnt of uvuto&.

The idea of artificial ineesination is not new, Thé Arab
horse-breeders were practising it as far dack as 1322 A,V as _
ported by de-Tonne. This has been cited by Heape(1897) and mnﬂd “t g
(1934)3 however oa sound soientific lines it was firet smployed g
in 1779 by Adbott spallansasi, au exinent Itallsn physiologist,

in bis experiment on dogm
Rugeiang were the first to euploy A. 1, in practical fielad

on large soales and firest A.l, centre was ecatablished by BI,Ivauoff
in the year 1907, In Indias sporadic attempts were made to take up
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the work of A.I, bave been made since 1939, but comprehensive
studies into the problems of A,L, with a mecisl reference to
Iandian conditions bave been taken up at Indian Vety. Reseasrch
- Institute since 1942 under & scheme aponsored by Indian Counetil
of Agricultural Fesearch, New Delhi, Fublished works on various
agpects of A.Ts in buffaloee are scanty, It has been alno odserved
that uifalo bul; senen cannot be preserved ag effectively as dull
semen 10 B, Y0, & B Y.Pe Further it bms als begn cbserved that the
quality of buffalo tull semen detoriates earlier during winter
season than bull eemen, therefore, factors influescing quality
~of semen ani advancement of eome of dilutors for preserving
buffalo-bull eemen still remained an interesting field of tmit
tavestization, because short survival of buffalo-bull spermatozoa
during winter season and the seasonal behaviour exhidited by the
tuffaloes during the same season, makes it very 4ifficult to carry
out the breedine programne sffectively and efficiently, It was re-
ported that 924 of the total number of duffaloes bred annually,
are bred during sutusn anl wiaster season alone (Sharmapal 1986),

Donne used wilk as eewen diluent as early as 1837,
although he could not get biﬂlr results. The toxieity of raw
wilk for spernatozoa was alec not known 1o early dayas,
v ¥ IHE gTUDY s~ The present investigation aine at 1.

To find out a better and more effective diluent for preservation

" of tuffalo=btull gemen which could fulfil the besic need of the day.
To evaluate the comparative efficiency of certain diluents for
preservation of buffalo-bull gsemen,

and %0 determine whether any recognisable deviations ohqw in
the livability and metabolisms of eperwsdue to preservation .

-
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About one and half century ago, an Italian physiologiat
Abbott Spallansani (1780 )found out the sootechnique of Artificial
Insenination and practised in dogs successfully, Hunter produced
a pregoancy in the human by this method in the year 1799. The
.run of Aels remaiced untapped for about one century except a
fow mporadic atteupts to exploit this method for regular breede
ing prograzme. In 1899 Ivanoy,a fuseian Academician commenced |
research in thie field, and established firat A.I. ceatre in
1907, later in early tens of 20th century many atteupts were
vade by dtﬁﬂ'mi workers to find ways and mosns for preserving
semen in different medim, and wany diluents were recommended,like,
solution containing glucose, chickebrain subdstance, evaporated
wilk, boiled muscle extiract, buffered eggeyolk and gelagine eto.
Hilk and other biclogical fluids wore also tried, but no
encouraging results could be obtained by Domne (1937)7 Nolleiker
(1956)) and Hoffman (1905). £ |
' The protective aotion of egge-yolk wap first dezonstrated
bty lardy and Phillipe (1939)s They pointed out that the acticn of-
yolk pmmitus gperms against cold shock was due to presence of
au active subptance lecithin or similar mbstance pho:pboll.po‘td
presnt either in separate foxm or in comdination with protein,
Donne was firet to use milk as coewen diluent in the year
1837, and further Phillips and Iardy (1940) reported that bull
gernatosoa could survive in an evaporated milk diluent for 48
bours, but were sonsmotile sfter 72 hourse
Underbjerg ot 8l,(1942) concluded that autoclaved milk
had no beneficial effects on fertility, but Nihailone ( 1949 )
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reported encouraging results with milk as diluent for stallion
uwon;( hauiiilove (1950) also reported the ﬁu of milk ag gemen,

later Jaequet (1951) recommended that use of cauned
gkinmed milk for diluting semen, and alsc suggested that it was
superior to wmilkeyolk and having many advantages over B.Yolk
oitrate, Sobek (1951) reported that the toxic effect of wilk on
the spermatozoa can be easily eleminated by heating., He obtain-
ed satisfactory resilts with milk yolk ard wilk yolk citrate.
5% high fertility was obtained with the use of milk yolk, than
Ee Yo Co

Thacker and Almquist (1951) in their experime nt obser-
ved that a satisfactory spermatozZoal survival rate could be got
in either hemogenigsed milk or pasteurised skim wilk only after
they had been boiled for at least 10 minutes in covered vessel,
and allowed to cool prior to the addition of semen,

In Algeria semen used in 1951 wag diluted in E,Y,C,
average conception rate was 60, In 1952 the semen wasg diluted
with milk, 64% conception rate was obtained. A total of 997 cows
was ingeminated in 1952, :

Vlachos (1952) observed the conception rate as 76=83%,
when boiled cows milk was used as semen diluent in 82 cows,and -
72,55% when Bgg yolk plus N/15 sodium citrate was used in 510
cows,

Jacquet and Cassau (1952) recommended the use of powder=-
ed otim milk dissolved in glass diet., water, 10 times to the
‘volume of powder milk and 104 egg yolk, Semen diluted in this
diluent could be used for 6 days, and gperms can be preserved
for 15«20 days.They discarded the camned wilk, as it is much

variable in relimbility.
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Ayyar (1952) roém-nm the use of heated milk with
citrate buffer for diluting bull and buffalo semen and found
that sewen can be pregerved as effectively ae FY.Cs Velss
gt 8l (1952) obtained 58, 5% conoeption rate when 2 C,Cs €88
yolk + 100 CuCe okim milk + 10 drops of dihydrostreptomycin
vas used as semen diluent and when 5000 cows were ingeninated
with % Y:0s 59.%¢ conception rate wne noted by him,

sanfile (1952) observed the average concaption rate in
1210 cows ingeminated with semen diluted with gkimwed milk
(previcusly heated to 95-97°C) as 4.2% higher then the conception
rate in 1130 cows for which 5,¥.Ce wae used as semen diluents

In the year 1953 Thacker and Almquist reported that
there vas no appreciable difference in the percentage of surviving
gperpatosos in boiled ekim wilk or yolk citrate diluents it was
slightly higher in boiled homogenised milk during first 10 days
than 1a yolk citrate, but there after motility wae retained

- o

longer in yolk citrate, Various methods of heating milk for
various periodsproved that the length of time of beating sas
not as important to livability as heating to a tewp, of at
least 92%,

Flerohinger et sl (1953) found in hig experiment that
gemon preserved in milk for 3 days gave wore satisfactory
rcmlt; of conception than S¢YeCe They aleo compared boiled
houosontua wilk without antibiotics with egg yolk citrate
containing penicillin and gtreptomycin as bull semen diluent
(111), and obtained conception rate aa 72,7% for boiled
nomogenioed wilk diluent, and 714 for L,YCs on the basie of
60=90 day nonereturn rate. Collins (1953) in his experiment
obgerved that the fertility resulte were similar with milk and
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Be Yo Co vhen used ao semen diluente,

Dreber and Webd (1953) obtained a 69.8% oomopttou‘ rate
on 60-90 day non return rate, when homogenised milk was used as
eemen diluent in 6009 comg for insemination, and 59.2%6H 60-90
day non return rate when G060 COwS were gi.ey lnseminated with
B T,Fs They alesc observed that cemen of those bulls, which gave
poor response on pregerving in 5,Y,P, gave very good resmults with

homogeniged wilk, Poters (1953) desoribed the preparation and
advantages of i, yolk diluent, however he could not find any |
appreciable differences in the motility and fertility rates
between sawples preserved either in milk yolk or in yolke
spernasol diluent, Ia the year 1953 Sobek observed that when
wilk diluent wap used the cvonception rate md;-;-not appreciably
different frow that when E,¥.Cs diluent was _éna. but the calves
have greater bdirth wt, the percentage of male calves was greater
and there were more twing, Hefore use, bolled wilk was added to
the yolk and Y,C, diluents in the ratio of 41l,

Almquiat et al, (1954) reported that there was no
difference apong fertility of bull sewen diluent with heated
fresh homogenised milk, heated fresh pasteurised skim wilk and
%o Yo Os Aluguist (1954) reported that when semen from high and
low fertility bulls wue diluted in fresh heated homogenised milk
anmd B.Y.Cey and uged for insesmination, bheated milk with comwonly
used antiblotics i.es streptomyeln and penicillin, was of mecial
value as diluent for semen from bulls of relative low fertility |
and that it improved the fertility rate.

Perkins et a8l (1954) made a comparative study of the
fertility of bull semen diluted in E.Y.Ce anl beated homogenised
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wilk and found no significance difference between thege two in
60=90 day nonsreturn, although they found a highly significant
difference in noneraturn percent, between 2 day nnd 3 day old
senen with those two dilutores Milk dilutor wag best with 2day
0ld semen, They also found improvement in nonereturn percentage
with bulls of lower fertility when milk dilutor was used,

Bolton gt als, (1954) made comparison of 3049 of 3049 cows
ingeninated with either yolk citrate diluted semen, or semen
diluted in skimmed milk, which was heated to 96-100°C for 101%
minutess He found 4,207 more conception in E, Y, 0. at 60«90 day
noneroturn rntn; It was suggested that poor resulte in milk
diluents may be due to high population of baoteria,

Bonnadonna (1954) found conception rate in 2091 cows
lagseninated during autumn with semen diluted with milk + 107
egg yolk, was 50,47 Ves 47,97 in 5341 cows inseminated during
summer with gemen from the eame bullp, diluted with eggeyolke
citrate, Seasomal oﬂoot might bhave accounted for the difference
in conception ratess Almquist, Plipse and Thacker (1354) found
that differences were not statistically significant in nonereturn
rates for 4689 first ineewioation with 105 semen sanples diluted
in milk, milk corn starch or yolkecitrate, or for 8399 firet
ingeninetions with 72 samples diluted in howogenised milk + corn
starch, skimmed milk + ocorn starchy, or yolk citrate, Rosults were
not affected by age of semen upto 46 hrs, The addition of corn
starch to increasse the viecosity of the milk diluent, was
Mm found to be unueceosarys

Veiga gt el.(1954) found, following 84 insenination of
Friesian cattle (in Srasil) in which a okimmed milk diluent waps
‘used, conception rate was 60,7% Ve, 46,07 Lu cane of 1004
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inssnination ueing an egg yolk citrmate,

Simunio (1955). studied skimmed milk heated to 95°% for
10 minutes to replace citrate in & yolk diluent., Uemen character-
iatiocs were aho studied with and without wilk, when 6304 cows
were ingeminated with gemen in milk diluent, the 90 day note
retura rate to l¢t eervice was 5l.4%, de recommended the use of
nilk ag sewen diluemt.Xerrush (1956) compared heat treated
skinmed milk and heat trested homogenised milk with 2, Y.Ce and
obminad the Tollowing results,

Sndeebnlindimds '
31s Hame of dilutor Noe of Conception Remarkas,
Foe - Insexination rate.

1, leated troated
homogenised milk 4637 68481
2, TYolkegitrate 5051 646 9%
Heat trested kin
el - - 6850 7067%
4 Yolk citrate 7976 69,14

The low coot of skimmed milk, together with the
resilts obtained justify its wider use as a dilutor,
srivastava and Prabhu (1955) tried asix dilutors for
diluting buffalo-bull semen navelysw
1, Active Principle.
2. Bggeyolk phospbate. .
%s Fgaeyolk citrates
4. Autoclaved wilke
S Spersasole

6, Glucose,30debloard, sulphamezathis
* and ou::oll (CeDilutor).

G=Dilutor had glven beet resilts followed in order of decreasing
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suitability and efficiency by mperumeol, R.Y.Js Autoclaved wilk,
Aotive Priociple, Purther the fertility results were favoursble
with G ae ReYeFe/ Be Y. 0o Jaskowaski (1956) made a covparative
iavestigation on the use of four diluents namely e

1s BYeCs ( after salidury ).

2 EeTeTeCe{ after Wilavanov ),
dkiomed boiled milk and skimmed boiled milk ¢ 10% egg yolk dpto
a dilution of 1:40, he did not find any eignificant difference
in the livability of gpermatozoa anong the dilutors ugsed, At
1180 dilution he found a statistically significant and higher
spern livability in heated gkimmed wilk with 10¢ egz yolk,

Heolrose (1956) compared conception rates using 99
skis wilk powder dilucent with citrate diluent, both diluents
containing 500 unite of streptonycin, which are represested in
table 2

.

TABLE2
Table showing conception rates in skimmed
pilk and Eggeyolk citrate.

ST

8l. Bame of the dilutor tioe of Congception Temarks,
X0 Inseninations ZHate F
1, Skio wilk diluent - 5076 68.4

2, Sodium gitrate diluent 5113 63¢5

¥o i.nﬁruu in conception rate could be cbtained on inoreasing
the quantity of streptomycin from 500 ¥ge to 1000 Mg, per C.C,
Better fertility rates were obtained with semen of poor fertile
wulls when diluted in milkediluent, sohmidt (1956) obeerved that
the upe of boiled milk ap a diluent bad no adverse effect on
fertility upto a dilution rate of 1315, at 1331 there was slight

decline,
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Mihailov (1957) reported that when cowe nilk was
used to dilute bull semen and 956 cows were ineeninated at
2 stationss The conception rates were 9l.7 amd 94,0% respectivelye
uilk Marketing Toerd of Zngland and valse (1957) reported the
results of use o heat treated hovogeniged milk and skie oilk
as sewen diluent, The conception rates obtained were 69,67 with
gtandard. %7.Ce The board also reported thant there was practically
no difference betwesn heat treated liquid skim milk powder and
revonstituted milk powder in the conception rate, Hendrikee and
Joltag ( 1957) found that okim milk diluent containing 5% egg
yolk maintained better motility than those containing 10m 15
of egg yolk. They got 2,27 better resulte with skim milk than
EoTale 08 inseminating 8000 cows with E,YeCe and 600 with
giinomed wilk and Fgg yolk.

Gokbhale (1958)recounended the use of glucose, soda-
bvicard, and sulphsmesathine dilutor for diluting wuffalowbull
aenen, md.foum it very effective with higher concepiion rate
as compared to the citrate or phogphate bHuffers, e obtained
the following conception rates with differeat dilutors,glucoee
ALlutor 52,29%, FeTele dilutor 40,8%, H,Y.Ps dilutor 41,0%0n
the rate of 90«120 day noswreturis, '

neidel (1958) used fresh skimmwed wilk with 104 %, Y. Co
and antidblotice for dilution of bull semen and got encouraging
resulte. Albright, Ehlers and ﬁ'l{b (1958) made a couparative study
Of Ba¥sCes Bo¥o glycine, skim wilk end shole wilk, with or
without addition of glycerol anl their various combinations.
Pour semen samples frow esch of three bulls were divided into

@ glycerolated and noneglycerolated group, snd extended 1324
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In 10 different diluente. It was found that E.YeCey Tellsy Sells
and B Y, giyoine were on an average lower in motility, after
S=7 days of storage than thelr combinationss Soth coubinations
whole milk yolk glycine and skim wmilk yolk glycine, showed
bigher average wmotility on day 7 than 4id whole wilk yolk
oitrate, skis wilk yolk citrate, whole milk with ekim milk
or yolk citrate yolk glycine, ylk citrate yolk glycine wae
superior to either yolk citrate or yolk glycine alone., Whole
wilk, okin milk and wilk yolk ecitratesavd higher motility
after extension then the zame extenders comtaining glycerol.
Yo other combinations involving glycerol showed statistically
sigoificant differenca.

0' Comnner and Szith ( 1959) ia their experiment
obtained the following results over a period of six weeks one
collection was made per week from each of 16 Priesiac dullp
at 16 different A,1, centres one balf of each sauple was
d1luted with hont treated skinmed wilk and antibioties to the
norpally in use at Milk lirkoung Yoards A, I, centresy the
other half differed in containing 107% glycerol. Zach half was
then divided into four parts for use on lst, ‘2nd. rd and 4th
day of ege respectively. For a total of 14,319 taneeminations
the difference between the two diluents was significant except
on the fourth day when the percentage of nonereturus was 50.0.
for the milk diluent and 60,6 for the wilk glycerol diluent,
but on the lat and 2nd days of otorage the percentage none
return were wore for skim milk with antibioties in case of
okinm ilk with antiblotics, and 2,9% per day with skim wilk
and glycerol with antiboities.

Alnquigt ( 1959) founi out that the uwe of wilk
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glycerol as semen diluent was cheaper and more efficient
than heated skimmed wmilk containing antiblotios when heated
ekin wilk without glycerol was used in 'a large A, I, practice
954 of diluted geven was used before 25th hour after collection,
and a conoception rate of 717 based on 60«90 day nonereturn
wne oblained, After the {atroduction of 104 glycerol he
obSailned an average nonereturn value of 7%%¢ when 44% of the
gemen wap used after 25hours, and 127 on 3rd and 4th daye.

Comparison of conception rates in gkinmed milk and
egz yolk diluents are repregented in table no. 3

PTABLE X0, 3

Comparieon of conception rates in gkimmed wilk
and ggg yolk diluents.

Rdfwomn Diluent aml Hoe Of Tonreturn R EM A RK 8
treatnent ingemina- conception
tion, rate
Almgquist Skim wilk heated 2873 67.8% Average high
et a ;( 1954) 'yolk citrate 2674 66, 8% ‘fortu_tty bulle
rerrmish{ 1956)ckin wilk heafed 6850 QT 90-120 day
" ) Yolk citrate 7978 '9:1 ’?on-raturn Qoncepe
tion rate,
Solton and Skim milk heated 1494 66,4 suggeeted reduced
mrrell( 1954)Yolk citrate 1555 70.7 concept ion rate
in milk due %o
bocterial
T T 69,3 contamination,
Adler and Skiv wilk heat o
T TR ot verty po g R s
a terilise
Yolkmoitsate 2370 63,6
Bclrou 9% skim milk
et al.(1958) powdered heated 5076 68,4 Conception rate
Yolk citrate 5113 635 increase confined

to 6 of 17 bulls,

112 h{ non return

conception rate. |
¥elro 9% s.M.powdered = 2025 673 112 days nonereturn

et all1958) bheated conception rate.
: Presh skim milk htd, 1449 6849

Table qum from the book " The semen of animals and 4,1, by Naule.

S
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Phokott et al,(1960) in their experiment to
deteruine whether wmotility and fertility of bull gemen would
be improved by the addition of egg yolk to heated skimmed
wilk it was found that better results could be obﬁiﬁod Sy
adding the yolk in 4 perte at 15 wminute interval than by
adding all at onoe or over different periode e.g. 10 winutes
30 winutes and constant drips (30 minutes)s There was no
statistically significant difference between the use of skim
wilk + yolk + glycerol aod E,Y.C. glycerol from the point
view of over all conception rates. There was no gignificant
difference in the 60-90 day uonereturn percentage between
extonders ou the lst & 2nd days, but there was a poseidble
significance in favour of E,Y.Cs on. the 3rd day, spermatozoa
stored in skin milkeyolkeglycerol at 5°C showed eliphtly better
wotility during a 10-day period. Albright, Brb, and Thlere(1960)
on the bapis of their experiments had shown that extenders
consisting soley of milk constituents i.e, whole milk or gkiwm
milk gave favourable results at 5°C and poor results with
prolong storage at 37%,

Joehi (1961) used four diluents for diluting
senen of buffalowbull, nemely wholeemilk, ©ilkeyolk
reconstituted powdered milk and G, dilutor.(Glucose-nod, Bicard,
egg yolk diluent). He found that milk yolk gave better results
than either whole milk or G dilutor, Reconstituted powder !ntlk
wae not found to be me statisfectory as 0. dilutor or other
two diluentoe '

Bt Tomar and Desai (1961) tried three dilutore for
diluting buffalo buil, namely, inmed milk, skimwed milk egg
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yolk giynlm and skinmed milk + Eggeyolk + glycine + fructose,
The buffalo=bull semen wng diluted (1l:l) and stored at 5-7“0._
Notility was evalunted after varying storage perilods, and 43
motility wae precerved for an average of 2,62, 8,1 and 7,65
days by the three dilutors respectively., The 4difference hetween

skivsed wilk and the two egg yolk diluents we2p highly
significant,

Roplanoweki (1961) made a study of the influence
of glycerol and of antiblotics on bull gemen stored in a milk
yolk diluent at + 5%, e wethods of adding glycerol were
investignted, The wmost effective method under lad, conditions
wag found to be its addition in portions after w.i.ltﬁg the
diluted semen to +5%C, The 4iluet that gave the longest
survival of spermatosoa consisted of wilk 80 C.C.y0lycerol
10 Celsy streptomycin 0,1 mioro-gramme.

Piokett and Cowan (1961) in their experiments foumd
out that in an unheated ekin milkegyolkeglycerol diluent
gperpatosoal motility was maintaloed as effectively by the
addition of 0.5 wg. oystein hydrochloride per ml, as by 1,0

"or 1,5 mgs » with 0.5 ng. there were 487 wotile spermatosoa

vé, 447 in the ocoontrol heated stim wilk yolk diluent, In
wotility etudies 10% egg yolk vas nearly ae otfectin in
inhibiting the epermicidal factor in unbeated okim milk ae
egg yolk + heat treatment, In field trials using gemen
diluted in unheated skin milkeyolk glycerol and in heated
whole homogenised milk glycerol there were 70,6 nonereturns
to 391 first lugeniomtions with the former and 72,3 to 394

with the later.
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Sharva and Matajan ( 1961) tried five dilutors for
pregserving dbuffalo semen, namely BeYeley BeYeFey EY. Glycine,
BeYe Milk snd FYe Glucose sod.=biwocarb, The semen was diludnd
in 1110 proportion and 1350, The motility wae best preserved
in 5Y, Glucose sodaw=biecarb, at the 1110 level of dilution.

Butehingon and Cooper {(1961) carried out an
extensive study with diluent composed of 107 eggeyolk, 37
glycerol and 874 treated skim milk to determine ite keeping
quality shen used over a 2 day period. Boutine uge of this
diluent ctowed a 3 monthe conception rate of 75,%5¢ for 106745
cows, The nuwber of repeat services has been consideradly
reduced,

Oskocs and Osan ( 1961) in their experiment diluted
pesen sasples with 5,Y.C, and milk glycerol and stored in
referigesater, Initial wotility wae 75,66 and 66,133¢ for
EoYeOs and M,0. diluted ssuples and motility after 10 days
was 10,% and 12,724 respectively. Conception rate to let
ingsenination was 57.4¢ and 65.,8% resgpectively for ¥.G, and
FeYeCo dlluted semen.

shters & Mikota { 1962) carried out analyesis of
variance on data, collected over 2 nou-concurrent periods of
'two years, on % nonereturn to lot Lnsemination in four breeds
. of cattle, Sewen was diluted with milk in one period and milk
and 107 glycerol in the other, Vith the milk diluént there
wae a decline in average wonthly percentage nonereturn of
4,8% for gemen used oan the 3rd day after collection compared
with that used on the 2nd day. For the wmilk plus glycerol
diluent the figure vas 2,65

¥ahajan and sharma (1963) reported that G dilutor

l
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(Glucose soda, bicarb,-egg yolk diluent) was superior
significantly to other diluents, HeYeCep HeYeFey EYo Olycine
| and E.!.l:?tlor! wilk for preserving buffalowsbull gemen, Thi

average/of days for which the germ gurvival in thip diluent
were 16 and 12 at dilution rate 1310 to 1:50.

Kale ( 1963) reported that buffalo semen can be
preserved for 3 days with desirable wotility of wmatom(ﬁwo
404) in diluente containing wilk which were previously heated
upto 92% o 95%, |
HEAT TREATHWT OF MIIK,

In early days the toxicity of raw wilk as spermatosoal
livability was not known,

, gebek (1951) was first to report that the toxic effect
of milk on spernatosoa can be easily eleminated by heating,

Thaocker and Almguist (1953) etudied various wethods of
heating for vaerious periods and concluded that the length of time

of heating was mot s important to livability as besting to temp,
of at least 92°C, During the same year they observed in the second
experiment that gentle boiling at 95°C for 1=10 minutes gave
beiter spermatosoal survival than 4id vigorous boiling, They

aleo obgerved that boiling the milk in open vessel was baruful

to livability of spermatosos whereas boiling in covered vessel
was not baraful sven Tor an hour,

Plipse gt al, (1954) reported that the factors present
in unheated milk, which wers toxic to bovine permatozon were
sssoclated with albusin containing fraction, lactinin had been
found highly toxic to a spermatosomslacto-per-oxidase when added
to hoated gkim milk and used ae semwen diluent in storage trial,

exhibited no toxicity for bovine wernatosos at the concentration
useds |
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Thacker, Plipse and Alnquist (1954) in their experiment
obgerved that bovine Wweruatosos were sensitive to produots
developed in mllk upon excessive heating, as well ag to chemical
and physical factors present iu unheated milk, In attempts to
identity a factor in unheated skimmed wilk which was toxio to
@ersatosoa caesein and protein free wilk serur: were prepared
and found devoid of toxic factor, They found that toxiolity wae
associated only with elbumin coutaining fraction, They also
observed that heating thoese fraction at 92°C for 10 miautes
eleninated the toxicity, It was eleo noted by them that heating
of euglodulin and preudoglobulin fractions resulted in decresse
in sperm livability when compared to sinilar factor in unheated
wilk,

Sancke gt al, (1956) studied in detall heat treatment
of skiv milk which was used in place of egg yolk citrate, Piretly
the skiummed wilk wae hemted rapidly to temperature ranging from
73% to 105%C for 3«9-27 minutes, There was mo significant diffe
erence in the livability of spormatozoa when the milk was heated
trom 73°C to0 979 for 27 minutes or from 81°C to 105% for 3 or 9
mioutes, but significant decremse in livablility was obtained
when it was heated at 37°C for 3 and 9 winutes or from 81 to
105°C for 27 winutes indicating that the heating time was
important only at 73°% and 105%, sSeconily the skimmed milk
wns beated to 77°C to 97% for 1e10 minutes, optioum livability
of apers was obiained when heating was for one minute at 87-97%, .
There nae 8 significant decrease in livability when the milk was
heated for 1 minute at 77°C and 82°C.

PCWER OF HYIROGEN (pH),

Concentration of hydrogen and hydroxyl lone are
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conveniently exprezeed as pH,

The effects of pil on motility of spermatozoa were
studied as far back ap 19%4 (Dubinick, 19%4). He reported that
at pil 4,2 the spernatozoa of wmaun, dog end stallion became
iomotile, but the motility was resumed again with ehift towards
alkalinitys At @ pi of 3.5 « 3,4 an irreversible immotility
ensued, Zasblednove (1937) pointed that the resistunce of
sermotosoa % pH changes wee influenced by the type of diluent
¢uployed. lardy and Phillipe (1939) end latter Phillips and lerdy
{1940) recommended that bovine semen be stored in a narrow rtngi
of pH 6,7 » 6,8 in a diluent developed by thems

Guerreiro ( 1940) reported that when ram semen was
acldified with lactic ncid, all motility wae retalined at pE 5,95
At pil 4,65 only 5% oscillatory wotility was observed followed
by death df spermatosoa, At PB 4,45 wotility vwas irreversibdbly
destroyed, Addition of Fa E!oo-, stinulated motility at pH 7.63
it ceased at pli 8,6, but was reversidle. The addition of Nawol
413 not affect votility at pH 8,6, but caused it to cease at pH
Ge2y and at P 9.2, and at pi 9,8 the wotility could not be
reversed

Moore et @l (1940) noticed that the degree of acidity
directly affected the ﬁoultty of ran spermatozoa at pil values
below 6,0, At pH 5,37 wotility ceased cowpletely,

sergin ot ale. (1941) reported that optimum piH for
etorage of ram and bull spermatozoa was W be in the range of
neutrality ani survival was reduced below pH 6,0, Easley gt al,
(1942) ¥illelt and saalisbury ( 1942 ) stressed the importance

of proper pH during storage.
mmense ( 1947) observed that rabbit gpermstosoa were

L P L RT R I L e e TR
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wore rapidly killed in acid than ia slkaline wmedis. Sperms
remained imwotile for onme to two hours at pH 5.8 before actual
death, Anderson (1947) believed that a well duffered mwedium whioh
tended to be more mcidic showed loast pH changes during o torage
and maiuntained sperm motility dest,

Blackshaw and Iumens (1951) found pH 7.0 to be optioum |
for motility of Bull gperme and indicated wide range of tolerance
between pil 5.5 and 8,5 in whioch the gperme were not greatdy i
affected. . : ‘

Flger (1952) ascertained the pH of 1% sauples of 1
res and bull semen, AfSer storage for 15 and 30 winutes respective- {
ly pt was again ascertained; in both cases the pii of good quality
eenen was 04 lower, and ihat poor quality semen bad decreased | ‘
less or not at all. :

Jean Hlaia (1953) obgerved that the higher the esperm ‘
concemtration the wore rapid was the lowering of pH in bull semen.
He algo concluded that when thbe semen reached a pH of 6 or less,
eernsatosoal viadbility was irremedially affected, even the
addition of eoddun citrate fallsd to delay epers wortality wuch
longer, and so long as PH was maintained botween 6.5«7,0 by the
addition of egg yolk citrate or esgg-yolk phosphate diluents and
gsemen stored at 37°C, there was good vitality after 210 minutes.

 Peresy Peres (1953) reported that when diluents with
different pli values ranging from 5,0 = 6,25 were sdded to ssuples
of ass semen in which the pll arranged 7.6. Tewporary anamolies in
spermatososl wotility were observed in those semples in which the
dirfereme in pi between sewen and diluents were greater than
Oede Schwars (1955) reported that when the pH of the semen wag
acid, the na-nito tended to be in favour of 22
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Riivas Doday (1956) recorded the changes in pH in
diluted sewen samples of stallion Mull and rem semen incubated
both merodbically and anaerobically at 36,53 for 45 wminutee, The |
sun of change under merobic and amserobic conditions was used
as an exppession of spermvitality. The values for the stallion,
bull snd the ram respectively were 0.%4 0,49 and 0,56,
| Riockard (1957) observed better livability at pHl
Tal = 7o4 whon bovine semen was incudated at 37 < 393 for 12
bours, The trend was reversed M at 4 ~ 63 when

"'I
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Yulegova ( 190%8) reported that the spermatosoal
viability was greatest when the pH was neutral (7,07) of buck
senen, He algo observed that when the pH of the semen used
to inseminate Angora does was neutralyconceptiocn rate was
highest and the viability of young greateste

willett and Ohmg ( 1958) reported that activation of
gpernatosoa was caused by an increase in pH in their experinent,
They concluded that in wost inetances wotility was greater after
the addition of sodium hydroxide than after that of sodium
bicarbonate, but the differences were not significant,

sohindler ot al, (1958) studied initial and post
storage pH, buffering cepacity fructose gontent, as well as
initial and post storage level of total reducing substances
and laotic acid in cock and dbull semen, They reported that the
pH of cock semen changed slightly during etorage where as that
of dull semen decremse considerably. vhole cock esmen and semen
plagua had a nill buffering capacity than whole semen and sewen

plamabt bulil,
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In the present study seven adult nurrah buffalo-bulls
wore uged maintained at Sewen Yank Patna, having S-10 years of 1
8ges The bulls were daily given exercise in the morning, and
given water bathe, The animals were feod groundnut ceke, wheat
bran end crushed waise, two pounds each, and to it were added
wineral nmixture and salt one ounce esch, Hay was given with the
rate of 15 lbs, per animal per days The concentrates were given
in wmorning and evening divided into two egual parte, The animals
ware allowed to drink water twice in a day.

The experiment was continued for three monthg from
April to June.

An ancestrous buffalo was used as dusny for collection,
Prior to proceeding with experinential obgervations, the technique
to be followed for exawination of various semen characteriastiocs
were standardiesds Thirty five semen colleotions were studled, /(%
Cive from each animal using an ertificial vagina, Collestions W
were take: twice in a week in foremoon houres For esoh btull
separate A,V. vas uged, with tewp, varylng from 40-45°C, Each
Ae¥e was provided with an ineulating bag covering the rubbedr cone
- and semen oollection tube to protect the spermatosos from externsl
atmospheric influence during the process of collection,

' The sewen was taken in the laboratory immediately after
colleetion where it was kept at 32°C. in & water bath and ‘
exanined for different characteristios and diluted for preservation,
At the time of collection thrust and sex lidido of the anivals ‘
were recorded, The following seninal attributes wers studieds=

.
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1, Voluwe,

2o Colour,

Y« Consisteancy.

4. Yaes activity,

5. Motility,

6+ Power of Hydrogen ( pH),

Te Sperm concentration,

Be Percentage of dead gperuves,
1, JYOLMME 1~ Volume of the semen was recorded directly from the
graduated oollaction tube. |
2, COLOUR 1= It ﬁu obhserved by naked eye and recorded ag creany . .
¥ilky or Watery.
3, CONSISTENCY t- Comsistency was recorded as thick, medius or

thin, and obeerved by naked eye.

4. MASS ACTIVIDY s~ Inmediately after collection the sesen was

exanined under low power (10 x 5 ) wagnification of the miecroscope,

putting one droplet of m&n on the slide without cover glip at

30°C, The mass sotivity was graded in the following five scales,
Individual wovement of

gorm, 0O wave, .
Slow Taves. : + »
Fairly rapid waves. + 4 4
Very rapid waves. + 4+ 44
vaves formation like TR T r

lightening in the clouds 7
SeMOTILITY y= Motility was considered as an extensive index in
the evaluation of semen, The movement of individual gperm was
saxen into conelderation while grading tbe motility. The semen
was diluted with corresponding dilutor (13100)s A droplet of
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diluted semen was taken on .‘ olean glass slide, gently warmed
up=to body temperature, covered with a coversbip and exauined
under high power (40 x 10) wagnification, mcﬁwnm which were
progressive wotile, only were taken into consideration, Other
type of motils spermatozoa were neglecteds

The motility grading was done by the following method
advocated by Herman and Swanson{1941) with plight wodifications.

Table showing 4iff

T S RSP S PR TR

TABLEN.S
erent gradinge of souens

Crade Percentage of Movenente.
iive gperm. =
0 lio motility fo movenent,
0.5 to 1.0 10 to 20% wmotile No waves, wovement wmostly
: pernatosoa. weak and oscillatory.
1.0 to 1.5 20 to 30% motile Hovements vainly vigorous
spermatosoa end rapid but no waves and
eddies are formed,
1.5 to 2,0 30 to 40¥ wotile R
spervatosoa
2,0 to 2,5 - 40 to 507 wotile wave formation with slight
' spernatosoe whorls which wove slowly
acroas the field,
2.5 to 3.0 50 to 601 motile o dme
eroatonos
3,0 to 3.5 60 to 70% motile Hapid and vigorous movements,
, spernatozoa with waves and whorls or eddies fIxx
swirling wotion. forn and change with great rapidity,
3.5 to 4.0 T0 to 80% motile w0 '
gpernatosoa.
4,0 to 4,5 B0 to 90% motile The wovements and churning of the
gpeimatosoa. gwirls anl eddies are extremely
rapid and can be compared with a
. tide in the sem,
4e5 0 5.0 90 to 100% wotile o ({0

spyercatonon.
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w 1= Capillary tubes of similar bore were l
used, They were marked with greese pensil at equal digtance,

Little quantity of semen was taken in 2 wateh glase, It was
sucked with ompillary tube upto the wark and transfer to next
elean wateh glags, Sromothymol Blue was sucked in next capillary
tube upto the mark and trangferred to the watch ‘ahn containing
seuwen and nixed well, The wixture was sicked in the came m::‘.lhry
tube, and covpared with aolnur in the capillirator (q.mil.) and
the value of the pi was noted,

i of neat seuen Just after collection was recorded.
pil of diluted semen wus recorded at every 24 hour interval upto
96 houres

To MPERN CONORNTRATION 4~ The consentration of epermatosoa was
estinated by direct msethod with the help of Wemocytometer. The |
procedure employed is apg followsie |

1, The tube contalning semen after collection ves
kept- in a water tath at 40°C.

2, The semen tube was rotated between the palna wtth
a quick motion for uniform digtribution of the spermatosoa,

3, The sewen was drawn into the wicropipette (0.1 ml.
capacity) carefully upto the mark. :

4. The exterior of the pipette was wiped off caree
fully with a piece of & steriliged filter paper, and then
tranaferred the gsesen to the next tube containing 9.9 ml. of
0s05% eosin in physiological saline, |

5, The test tube containing diluted semen (1 in 100)
| was rotated with a guick wotion for uniform distribution of
speruatosoa in the diluting flulde.

]

i
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6¢ 1.0 wla of diluted semen was drawn in a fregh
1.0 ml, capacity graduated pipette, the exterior of the pipette
was wipped off mrnuy. and transferred to an asother test
tube, contalning O wle. of u.os-t evain ia physiclogical un.nm
(Final dilution 131000),

% Two sauples of an isaouhu for counding were
taken, '-"-‘W_ were diluted in the fasblon desoribed aboves

Be Two sauples of one »l, of diluted senen( 1 100)
ware taken from each and followed etep 6.

-~ 9¢ The tuben containing diluted gemen were kept in
the freesing chanber of the refersgerator for half an hour, for
killing the wperuatoson,

10 Bmoh tWubde wasg taken hy turn and rotated with a
‘quick motion for uniform digtrivation of spernatosca in the
diluent.

11, Uniformly distributed eupermatosoa from (19)
were taken in the micropipett, for charging the hoemocytometer,

| 12, The coverslip of hoemocytometer was fixed

perfeotly, as such that the Hewton'e ring was formed,

13, Then the hosmocytometer was chargeds

14, Charged hoesocytometer was kept for 10«15 ninutes
to allow spermatosoa to settle downe

15, Two hoemooytometers were used for each mh.

16, Four large sguares were cocunted at random frem
sach of two sides of the two hoemocytometers to give an over all
total for 16 large sguares. A merc added to the figure gives the

estinate of concentration of germs in million/ wl,
: 50A g The Figrosin & Eosin method
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“advocated by Hancook (1951) for counting the no, of dead and

live spermatozon was used in this experiment,
The Nigroein « Zosin stain waa prepared as followate

Bosin (Vater & spirit soludle ) S aue.
Nigrosin ( ™), 30 gme.
Dist, Water 500 ©aCe

After preparing the stain it was kept ia hot water
bath for some hourg sand then £iltered,

3 0F SLIDES se On olean greese free glass slides, a
drop of diluted or neat semen wae taken, to it four drops of
HigrosineSosin were added and allowed to stand for one to two
minutes Sxposure of spomms to stain wore than 3 nimni gave
wrong resultss Dxposure tinme varying from 30 geconis to 3 minutes
ahowed no gigaificant difference., One minute exposure time waps
taken me norwal as siggested by Nyudu et al, (1961), Thin mmear
were drawn on clean gl ides, and marked with greese pensil with
ball oo., date of colleution, neat or diluted semen, The mears
were then air dried, and then transferred to a hot air oven at
‘0‘0. and kept there for 1/2 hour, Then the slides were w'ountod
with a coverslip and neutral Canads Daleam, The prepared slides
wore azain put back is the oven at 459C, t1il the Censda Dalgam
got thoroughly dried, The slides were wade in duplicates,

live gperme resained unstained where as dead sperus
took pink colour, some aperwatosoa took colour only anteriorly
or posteriorly, As the opinion about the partially stained
speroatonos wag not uniform but the majority of workers were of
the view tha¢ the partially stained spermetozoa were on the way
of death, hence they wmight be congidered as dead smparme,
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PREPARATION OF DILUENTS s= In the present experiment six
dilutors were tried, all of them were containing heated buffalo
skin wilk, obtained from Milk Union, Paton. Different constie
tuents of diluente vere represented in table nos 5.

TABLE %
TADLE SHOVIBG PROPORTIONS OF VARIOUS DILUENTS,

R AT L S

8l, Nane of the fkim 5 sodiun  Clu~ Zod,bi- O o~ Abbre-

tice dilutor wilk, }g?k. ¢itrate ocose ml;i rol, vation,

1, Skim nilk yolk 90 10 © o - - uy

b oo Glucose 60 30 - 10 = - YD

4o wloe Sodaebist0 30 - - 10 - HYs
carbormte

Be =doe Glycerol 80 30 - - - 10 HYG

g

(D WIIK 1= It was obtained from Covt. dairy frow Petoa
containing 0.1t fat, Buffalo wilk was used throughout the
experiment, It wae procured one day before its use, and heated
in water bath upto 92=95°C, for ten ninutes, Over hesting and
underheating was avoided, The heated milk was allowed to cool
down to roow temperature, and them kept over night in the
referigerator, Text day moruing the nilk wag filtered through
a thin cotton layer, and then used for preparing dilutors.
EGGeY0lije Unfertilised freeh hens egga wore used through out
the experiment. The external shelil of the egg was oleaned snd
steriliced with & swad of slcobol, and then opened with the
help of a thusb forcep., The white of the egs was drained offy
and the yolk wae ph?ud on a sterilised t;lm paper, The
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vitelline membrane was punctured with & sterilised rod, and the
yolk was poured out into a graduanted oylindenm,
PR TI0H O PPERS t= All the chemicals uged in the experiment
were of analer reagent grade to ensure waximum purity. The duffer .
golutions were prepared as given in Appendix A,
DIIUTION te Spilt sample techaique was employed. The dilutors
were prepored as details given in table To. 5 in 15 o.0s cepacity
teat tubes, and peaioillin ¢ godium and streptomyoin were added
at the rate of 500=1000 I/U & 500=1000 micrograsaes per mle
respectively, and then labelled with bull no., date of collection,
and name of Allutor, The test tubes contalning dilutors were
then kept in water bath at 32°C,

After collection the semen wae kept in the water bath
at 32°%. and examined for Mass activity,volume, colour, consisten-
oys plly und Dead and live percentage of sperwatosos.

To each of the dilutor 1 c.cs 0f neat semen was
transferred, care was exerciged that at the time of dilution,
the tevperature of dilutor and semen was the same. it vae
saintsined at 30-3290, After dilution the tibes were rotated
gently between the palms, for unifors distribution of gmpeme
in the dilutor, Motility, pH and dead percentage of spermatosoa
were oxanined immediately after dilution of the sewens

24 Clean and steriliced teet tubes of 3 ce0. cmpacity
were taken. They were divided into four lots each containing &
tubes for six dilutorsy, to be exasined at 24,48,72,96 hourss
They were labelled with bull noey date of collection and nmme
of ‘dilutor, and date of exsmimtion after expiry of 24y 48, 72
and 96 hours, Esoh tube received 2 c.c. of diluted eeven of the
corresponding dilutor, and t'tcbtl.y gorked, Jeparate lots were



@30

-

kept ﬁr exanimation at the end of dtrrtr-nt iaterval of
pregervation, as octherwise if the diluted semen wag kept
in bulk in one tube for exsmimmtion at 4ifferent intervals,
the bandling 'o!' the tude at the end of 24 hours of preserw-
wation for examinetion of gsemen characterisetios could
gonceivably affeot the observations that were to be made
at the end of 48, T2 and 96 hours imterval of preservation,
The four lots of tubes each ccntaining 6 6 tubes were kept
ia four beakera bhaviag 400 0,0 0f wvater at 26 « 30%0, and
kept in the referigerator for gradual cooling., The beakers
wors alsy labelled as 24, 48, 72, and 96 bours for eaily
identification, At the end of 2«3 hours whea the water of
the beakers attained 4°C,, it was rewoved and the tubes
wore kept ia the eme enpty beakers at 4 & 1°C, for preser-
vations :

The semen sauples were exawined on every 24 hre.
toterva for motility, pi, eni dead % of epersatozoa as
follows Se

On every 24 hours interval corresponding beaker
was tﬁm- out from the referigerator. The semen tubes were
thawed well one by one beiween the palms of the hands
surficiently loug to ware them up to the body temperature,
and also made up and down twice or thrice gently to ensure
uniform Adistribution of wpermatosoa in the dilutor. The
tubes were then mnofwi'od to0 constant teuperature water
bath at 30 32°C, Then the eavples were exsnined as
degoribed for different charecteristics of semens
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The date were statigtically anslysed accordling
fnedecor (1046), Percentage of dead sperus were transformed
to angles before subject to analyeis of variance.

The sverage was calculated with the formula « Zn/n
( o = oumber of observations ). Standard error { Se% )
was caloulated after oaloulating standard deviation (9)
with the formula /# - (_Ex%)

: n

el

Standard error = _3
R

goeffici-nt of variance waes caloulated with the formula,

e $x100, ¢ X = average ).
b ,

Analysis of variance was Iun separately ¢
wotility, pH and dead percentage of ®omatozoa for eemen
diluted in all the diluents, and preserved for 96 bhoura.
Separate snalysis of variance wag run for every 24 hours
interval upto 96 houre, Then "P* teet was found signifi.
eant, a further test of all oompérimna anong weans was
taken up, as *F" test gives no fue clue as to how many
differences there are. In a group of "a" weans there are
in all a ( a = 1)/2 potential differences, The test waa
performed by computing *0* aritical difference value( sV )
at 1% and 5% level, and with this, the all means individually
were compared, If the value of mean found higher than Ce D
value the 4 ifference was taken a8 significant, '
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The following characters of neat semen sunples were
exauined ismediately after colleotion,

i, Volume.

2, Colour,

J¢ Consistency,

4. Vass activity,

S« Power of Hydrogen ( pH ),

6. Sperm concentration, '

T+ Dead percentage,

le VOLUKE g=

Volume of the sewen wae recorded A4irectly from the
graduated collection tubes The average colume was 4.5 & 02 nvl,
with coefficient of varistion 31,11%, The range wae 2.0 = 8,0mls.
20 COLOUR te |

Coléur of the sesen was observed creamy in 50% sawples,
and rest 50% eanples were milky in colour,
5. CONSISTENCY te

13¢ gemen samples were recorded as having thick
consistenay and 75 were observed of medium consistency. The rest
12¢ were of thin consistency.
40 MABS S ACTIV I T Y s= The average nass uttﬂty of
spersatozos was observed % be +4 & 0.5 with 85% coefficient of
variation, The range was +3 & 4.5
S« POWER OF arnao ¢ EN (pH)se= !hpﬁ uarmrdoa
as 6.7 & »002 with coeficient of variation 2,98% and the range

50’ - 7;0'
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The esemen sacples were hating 1254 &+ 6 millione
of spernpatosoa per ml, with the range from 670 « 1960 millions
per nl,

Te DEAD PERCENTAGSE g

Dead percentage of apermatozoa was 10,8 ¢ ,06%
with coeffiolent of variation of 34.25% The range vas 4=-19%,

¥Hean and range of different umaom- of gemen,

are represented in table 6,
TABLESG,.

Treatuent mean and range of different characters

of semen along with standard error and coefficient

of variation,
3le Hems fos of Average _ _lange _ Standard Gosfficient ‘
lioe observa- “ine aXe and of varia~-
tion. - error  tion —a
1, voiume b . 4.5 2 8 02 3.1
2« ¥ass activity 35 4.0 > 4.5 05 £5,00
5 35 67 Ge3 740 «002 248
4, Sperm concs 35 1294.8 670 1960 640 20443
5. Dend % 3% 10,8 4 29 +06 34,25

Neat semen wae diluted in diiudesd diluents containing
nilk Notility, pi and dead percentage of spermatosoa were recorded
at 0 = 24 «» 48 « 72 and 96 houry iaterval) The mean, range along
with standard error and coefficient of variation of motility
spermatozoa diluted im various diluents containing mwilk, and
preserved over different hours of interval are given in table 7

and figure Nosle
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TABLE-T.

Hean, range, with standard error coefficient of variation of
wotility of wpermatozoa diluted in 4iffereat diluente, amd
preserved over different periode of ianterwal,

Obre 3,50 406 16,01 3,48 L0l 18,26 3,50 20 12,12
24 bree 3,28 J07 14,02 3,44 ,O7 13,08 3,48 L10 18,67
48 trae 3,17 o153 24,40 2,94 .28 54,82 3,27 L0 18,65
72 bree 2484 403 8,09 3,21 407 13,70 2,72 22 49,63
96 Brae 2025 ¢25 68,48 1,81 28 92,26 2,17 .21 58,06

TABLE«7 (Contiaued)

NTIE YOIX 503, BL=CARS, | BIIK YOIX GLYCERCL | NIIX 6Lyvomol

Toterval | Ave SeBa  Co Ve ! 098, i G Ve {Ae LB Ol
: : :

e g2 walmasns

OBPs 5Bl 401 12,30 3,20 (09 2519 250 .11 26,4
26 hres  3.62 408 13,81 2,61 14 3256 152 A7 68,42
15 hres 5e34 <06 11,37 244 17 40,98 1,17 18 84,6
72 hrse 2,85 <16 34,38 2,00 ¢35 99,50 0,82 .05 26,82
06 hree 2025 20 52432  1eAB 430  T5.67 071 04 33,80

R—— R : T U SN oo

 Motility of +3 was maintained for 48 hrs, in BY, NYC,
EYD and ¥YS, an! then it wae progressively declined to +2 and
‘above in 96 hourse In wilk yolk of glycerol and wmilk glycerol
wotility lowered down %o +3.20 t0 +2,61 and +2,50 to 1,50 with
24 hours of preservation respectively. In wilkeglycerol
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spermatosoa showed +1,52 & .17 motility upto 24 hours, In

96 hours period wotility was lowered down to 0.71 ¢ .04 with
coefficient of variation 33,804, ;

pH 3= The mean, standard error and coefficient of
variation of pH of diluted semen in various dilufents.
proporved for 96 hours are represented in table & and figure?2,

TABLE Nos. B

Mean, standard error and coefficient of variation

of pH of diluted semen in various diluents,

(Hoe of observations 35)
MIIE YOIK ! MIIK YoIK GITRATE ! MILK YOIK GLUCOSE
Interval ! AVe SeBe CoVe § AVe SeEo OoVe 1AVe SuE CoVe
0 thours 6,12 .02 5.03  5.81 .03 5,51 5,88 .03 4.2
24 hours 6,02 .04 4,31 5,86 o035 Bedl 5,75 ,05 5,20
48 hours 5485 +05 5,12 5,70 +04 4421 5,62 .04 4,98
72 hours 5,68 .04 4,92 5455 <04 4,68 5,48 .05 5,47
96 hours 546 05 6,04 4,84 01 2,06 5035 +05 5,60

TA BL Es8 §00ntd,_- )

@ 4 «ap

! MILK YOLK 80D, BI-G&RB._.! MILK YOIX G'LYUEHOIa! MILE GLYCEROL
Interval AV, SeBe CaVe tAVe  SeBs CoVe AV Si Co Ve
0 hour 6417 01 Sel2 6,72 +03 9.12 6,60 L,01 3,21

24 hours 6,06 04 4,62 6,68 07 8,27 6,50 .02 2,15
48 hours 5,88 .05 5,10 5,61 .04 4.63 6,36 .05 3,14
72 bours  5e75 01 LT3 5.48 .04 437 6,20 .04 4,19
96 hours  5+62 405 6,04 5035 o084 5023 6,06 .06 6,27
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The pi of semen in all the diluents decreased
progreseively during preservation for 96 hours at 4 ¢
1%c. The P! wae maintained higheet in MG followed by

The wean, standard error with coeffiocient éf
variation of percestage of dead speruvatozoa of dtluted
ssuen in various diluents, preserved for 96 hours, are
given in tedle Yo, 9 snd figure 3,

2ABLE B0, =9

The tean, standard error with coeffioclient of variation
of dead percentage of gpermatosos in Mhm_it geueny preserved
for 96 boure ( The values sre retransformed frou sngles )

0 hour 18 . S
26 hours 27 001 12 45 0,1 21 78 0.1 8
48 ours 35 0.2 37 54 0.2 32 ™ D3 29
72 hours 42 0.2 41 62 Qs2 5 | 88 Ded 9
9 hours 956 Q.2 33 70 03 27 89 0«1 8
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The percentage of dead gpermatosom inorsnsed
progressively in all the 4diluents during preservation for
96 hours as it is evident frow tadle 9., The highest no, of
dead ¥ of gpermatozos was observed in MG followed by MYS,
EYD, WY, NY and HYS over 96 hours of pressrvation,
ANALYSIS OF VARIANCE ge

I~ After 24 hours preservation s- Analysis of
variance and treatment means with 3,5, and mix eritical
difference values at 5% and 1€ level of motility, pH and
dead % of spermatosom preserved in varioug diluents over a
period of 24 howra sre presented in table YNo, 10 and 11,

TABLE o, 10

Annlysis of variance of wotility, pH and dead ¥ of

gperatonon after 24 hourg pressrvation,

Source of Fa le e e L ATI0 Y L R .

varisace b i - i 3
Dilueate 5 22,55 59,5, 3.04 33.5. 5144,45 31,8

Balle & 2,98 7.5 0e27 Y 566,40 2,3

Dx B .30 060 )-03‘ 052 9547 119.56 0.7

Error 168 058 = 00 = 161.51 -

- i - crweeas

H, B s= + The values are transformed to angles.
e» gignificant at 1% level of provability
s gignificant at 5% level of probability.

The analyels of variance given in table o, 10 shows
that thereVls significant contridution of diluents and bulls

ig the veriation of motility,pli and fead percentage of
spernatosoa preserved for 24 hours after colleotion,
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Meang of wotility, piiy and percentage of dead
spernatozoa after 24 hours of preservation.

( Average of 5§ x 7 observations )

u1

wotility pH iﬁﬂ%

i TR N W TEY NWCORYOSYSEYS WO
S i R e s LD

11 T8 5.6 Je5 o7 Sed 1.6 5,02 5.82 5,90 5.76 5.84 6.44 24 28 31 27 S3 T4

o/8 3,0 3.6 2.8 4.6 2.4 1.8 6,10 5,98 5,90 6,165.586,6038 29 43 25 50 T

38 2,0 3.5 Bof 5.2 2.8 2,1 5,82 5,62 S5.42 6.005.526,4213 32 29 39 W T8

0/4 B8 4.0 5.9 3¢9 3.3 17 6412 6,00 5.90 6,18 5,84 6,58 28 20 21 23 35 85

¥ 3.7 3.3 3.7 3eT 220 0.9 5.84 5,86 5,78 6,10 5.62 6,5225 22 25 24 47 85

! 3.5 3.8 B.B 3u6 3.2 1.7 6,14 5.86 568 6,04 5.746.4830 B 24 29 37 67

137 2.5 2.5 33 2,5 2.0 0.9 6,10 5,90 5,74 6,18 5.64 6,50 58 46 34 29 55 86

Cete 3.3 500 5.96 .62 2.61 155 6.02 5.06 5.76 606 5.686,5031 2 29 B & 79

S. B Oof Yean = 0.14 0e 22 303 |

Critical differencejit Sflevel .27 043 5.94

valueft.D. e ﬂ.« 1flevel .36 oa,md T 18

He Bos= + The wvolues ..ﬁd retransforsed from angles.

e AR e



Table 11 shows that motility of spermatosca im resained

higheet in NYS and lowest in XG, The differemne was found
atasistically significant botween NYS, and HYG and MG( 1d

level of probability) But there was no siguificent difference
between NYS and MYC, NYD, Significant difference ( or
significant at 5¢ level ) observed between MYS and ¥¥,
motility was found lowest in MG, No difference was recorded
in wotility in MY, MYC, MYD, |

The mean of pH was found loweast in HYG and btgmﬁ in
10, The difference between wean of HG and WY, NYD, NYC wasg
found highly eignificant, The difference was cbgerved non
significant between MY, MYC, NYD, 1YG, HYS and between MG
and NYSe

The mean of percentage of dead spermatosion was
recorded highest in I ¢ and lowest in Y3, The difference
betweon X0 and YS, MYD, HYC and MY was observed as highly
significant, where as the difference with ¥YG wae significant
{ or significnat at 5% .Moll). The difference between all
other diluent ( WY, WYC, HYD, MY3 and NYG ) failed to be

significant,
' T1. After 48 hours of preservation -

Anslysie of varisnce and treatment weans with 35,5,
and oritical dirtarronéc valuee at 5% and 1% level of
wotility, pi and dead ¢ of gpersatosoa preserved in varicus
diluents over a period of 48 houres are presented in
table 12 and 13
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TABLE ¥0.12

Avalyeis of variance of wotility, pli, and dead
percentage of gpermatosoa after 48 hours of preservation,

Source of [De P t
variance F Be E"’nﬂto
' n— s
s

de B
Ty ®
23.94 27,00 2,71 38,7 3675.45 19,6

Diluent

Palls 6 8.5¢ 5,00 0,22 31" 499,99 2.8
Dx 3B 30 1.1 L29 0047 6.7 185,12 0.8
Error 168 «B6 - «07 - 187,02 -

e Byt + Eﬁn values are tranefermed to angles before
sudbject to amalyels of variance,

*s  Sigaificant at 1% level,
¢ 3Jignificant at 5¢ level,

Table 12 indlcates that therevis significant contribdution
of diluents and bulls in the variation of motility, pi and
dead percentage of gpersatosos Imxite preserved for 48 hours
tnterval at 48 ¢ 1°C. The mean wotility in NYS on 48 hours
preservation was found highest than all the diluents usged.

126 stood lowest in keeping mwotility of sewen. Highly
gignificam difference was observed between NYS and MYG, 10
( or significant at 1% level) in keeping motility, There was
no difference in motility bLetween UYS and other two diluente
nawe ly ¥Y, and YD, Fo difference was nleo observed emong
the three diluents (uY, HYC and WYD).

#0 maintained highest pZ and lowest was observed in
1YG, Nighly significant difference prevailed betweon HG and
other five diluents vis 'Y, MYC, NTD, WYS, litghly eignificant



=}l

ZABL B-BO, 13

Treatment weans of motility, pl! and dead ¥ of wpematosos after 48 hours

of preservation.(iverage of 5 x 7 observaticns )

mall |
T0e
11 3e8 36 5.2 35e7 2.4 1.2 . 6406 5.66 5,70 5.56 5.64 6,30 31 27 24 39 54 83
O/8 3.5 3.5 55 59 2.8 1.6 5,92 5,74 5.70 592 5.64 6,46 28 29 25 28 40 T4
38 2.1 1.6 2,3 2,3 2.0 1.2  5.62 5.58 5.34 5.80 5,48 6.28 52 50 59 S5¢ 61 58
/8 5.5 2.6 2.5 3.3 2.8 0.7 5.94 5.72 5.64 6,00 5.78 6.46 35 32 37 29 56 67
¥ 3.5 3.3 3.7 3.3 1.8 1Ll 5,72 5.68 5,56 5.94 5.52 6.34 40 44 30 24 68 @8
4 5.3 3.1 3.4 5.4 2.9 1.5 6,00 5,78 5.78 6,02 5,66 6,36 43 22 29 33 44 T7
157 2.9 3.9 5.5 3.5 2.8 0.9 5.86 5.78 5.64 5.98 5.60 6,32 41 39 S0 33 S3 88
Hﬂ.l.ru.s 2,94 3.27 338 2.26 117 5485 5.70 5.62 5.88 S.61 6,36 47 35 38 38 55 7 i
Se % of genen = _ 0.2 0.06 Je2
Critical t 5% level 0039 012 6e 27
ng t 1% level 0.51 0u15 8,22

5.8, = + The values are retransforuzed frow angles.
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difference was also observed between NYS and WYC, NHYD and NYG,
No difference was recorded between HYS and MY,

The mean of percentage of dead gpermatosos was
found highest in MG and lowest in MYD, Highly etgnificant
difference was noticed between MG and other five diluents
in waintaining dend ¥ of gpermatosom, however the difference
failed to be sigaificant between NHY, NYC, MYD and MY3, The
difference rezained highly siganificant between ¥YG and the x
other diluents i,e, HY, NYC, HYD and MY,

111 = After 72 hours of preservatiog

Analysis of variance and treatment means with
S B and oritical difference value at 5% and 1% level, of
wotility, pH and dead % of gperwatozos, preserved in various
diluenta over & period of 72 hours are given in table 14 - 18,

, TABL R «iD, E
Anslyeis of variance of motility pH and dead ¥ of
sporoatozoa after 72 bours of preservation,

Source of L Hotility J pE Dead % +
"rut ion PSTRP—— —-

fo Je Te Ratio Mo Go Pe Ratiof Me S
Dilueats 23,90 17.7 2,61 328 453452 25,9
sulls 8.2 6.0 0,26 33 1137,25 = 6.5
pil, = Malle 24 0.l 0.36 45 138,97 0s7
Error 1,35 - 08 174,49 -

i s e

S

The valuee are transferred to angles before
subject to analysis. |

#s gignificant at 1% level.
» gignificant at 5% level.

e R SR
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Table Noe 14 shows that Diluents and bulle 7
significantly contributerin the variation of motility, pH
and dead percentage of spermatosoa diluted in various
diluents and preserved for 72 hours at § 3 1°C.
The motility was waintaived highest in ¥Y3 and
lowest in 4G, It is aleo evident frow table Mo. 10 that the
difference was highly eignificant between motility in WYS
and 40, HYC end MYC ( eignificant at 1¢ level ). The difference
failed %o be significant batween MY3, MYD and MY, Highly
significant difference wae also obsorved im motility between
MG, and other five diluente vis, NY, MY, MYD, NYS and WYG,
The difference was obtained as highly significant between
HYG and other five diluents L,e. HG, MY, NYG, MYD, MYg, The
dirference wae observed as non significant between NYD, NYS
and NY,
G showed highest pi on preserving semen over a
period of 72 hours and the lowest was obperved in XNY0 and
NYD. Highly significant difference was recorded between the
pH of MG and other five diluents, The difference failed to be
significant between MYS and MYD, Highly significant d4ifference
('or difference at 1t level ) was obmerved between MY, WYC,
 UYD, MYS and YU in vailntaining pll value,
fighest percentage of dead spermatozos was obgerved
in MG, and lowest in NY. Highly significant difference was
recorded in bhaving dead % of spermatosos between MGy and other
five diluentes No difference recorded between HYC, KID and

MY3e Significant differende was observed between MY and MYC,
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Treatvent means of wotility, pl and dead percentage of
spernatosos after 72 hours of preservation.

{Average of 5 x 7 ejdculates )

ﬁww Notility mﬂ _ pH P Dend 4 ofgpernaton +
MYC NYD NYS NYC o ”5. HYC HYD MNYS EYG MG ;Tn HYC ¥YD MY NYG N0

I 28 %1 %0 Sl AT 0.9 46 5.5 55 %4 5% 61 4 4 2 RWM T2
O/8 Sol 2.6 B0 224 23 0.8 5.7 Sef 5.5 5.8 55 6,2 356 48 34 30 S0 85
B8 L9 2.2 1.6 2.2 1.3 0.6 5.5 B4 5.2 5.6 S.4 6B 48 63 82 B0 5 W
O/8 S0 3.2 2.0 24 235 0.5 57 5%5 5%5 %9 %6 63 41 4 57T B N S

B 5.5 3.5 2,8 2.5 2.6 0.9 5.6 5.5 5.6 5.8 Seb 6.1 35 47 46 4T 53 ©7

4 5.1 5.4 B4 %5 24 L2 %8 56 5.6 S8 55 &3 I3 32 2 % & B
I57 2.9 2.5 3«3 32 10 0u6 5.6 5.5 5.8 ST 5.4 6.2 46 52 51 42 80 BN
AVe 2.88 2,29 2.72 2.85 2,00 0,82 5.68 5,55 5.48 5,75 5.48 6,20 40 47 46 43 62 88
8,5 Of mean = «077 _ «004 . | %e 15
. Critical difference it 5% level ,151 .008 , 6.17

" Yalue ( CoDe ) ¢ 1t level .198 «010 8.09

2 =2

Fo B = + The values are retransformed from angles.

aag B ET = Lo T T - o "



Anslysts of variance end treatment memnswith
standard error amd eoritical difference values at 57 and 1¢
level, of wotility, pil and dead % of spermatosoa preserved in
varioug diluents over a period of 96 hours are presested in
table 16 «» 17,

f&ﬂhgw

Amalyses of varisoce of motility, pﬁ,sm deand < of

wernatosoa after 96 hourg preservation,

Dead ¥ of gperm +

Source of [ Hotility
variance. W—
s S« - Mo

V
:n—r
I E
3

SRR S <y

| " % W M. B .
1.Diluents 13,65 9,08 2,60 26,8°  3100.94 10.8"
2, fulls 4470 5,28° 0.32 3.2° 993,95 5,8
$,Dil, x Ball 2,16 1443 0453 503 150,97 0e8
4, Brror 1.5 - 010 = 283,03 -

ﬁ‘ &t

+ The values are transformed to angles before

gubject to analyeis,
¢ gignificant at 1% lawvels

* giganificant at 5% level.

Table No, 16 shows that therevis significant contribution

of bulls and different diluents used, in variation in motility, pH
and. Dead percentage of weruatosoa on preservation for 96 hours at

4 : 1;000

Teble 17 represents that the highest wotility was maintained
in NTS and lowest in MG on preserving for 96 hours. Highly significant
difference was found in maintaining wotility between NYS and MY, MYD,
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Treatuent weans of motility, pH and dend percentage of
spornatosoa after 96 hours of preservation.

{ Average of 5 x 7 ejoculates )

wﬂc Kotility | 2 pH | Dead £ of sperm +

MYC WYD MYS WY¢ NG “ NY ¥YC NYD WYS NYG NG MY NYC NYD MY WYG NG
1B 25 0.8 3.6 27 L5 0.9 S5¢6 5u8° 545 Se3 5.4 6.050 66 S1 46 T4 87
/8 2.7 1.5 23 331 11 0.6 525 5.3 5.4 5.7 53 6,151 69 48 34 65 92
38 5.8 1.9 1.0 1.9 0.8 0.5 5.9 5,3 5,0 5.4 5.2 595 65 68 68 88 0ol
R4 2.8 2.2 2.0 1.2 L& 02 546 5¢5 5.3 549 5.8 6051 59 63 B4 868 93
¥ 5.1 LI 23 27 27T 1.2 Sk 53 5.2 56 S.1 6040 37 37 44 49 65
I 21 5.2 3.3 2.7 1.9 2 Se7 5e5 5¢5 5.8 5.4 6,245 30 37 ST 65 64
157 2.0 2.0 2.1 25 1.0 0.4 Sed Suk BS.1 5.5 5.4 6,15 6 6 35 82 9
¥ 2,25 1,81 2,17 2,57 1.48 0,71 Sed $eB 5.3 5.6 5.3 6,052 56 56 56 W 89
S, of mean = | 0429 | 075 | 4,02
Critical difference Pt 5t level 0457 «147 T.88
value { G0 ) it 1€ lovel 0.75 .192 10,33

e e mi — sl RTINS

He B « 4+ The values are retransformed from angles.
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UYC, Highly eignificent difference wae alsy recorded
between G and other four dlluents vis, MY, MYC, MYD and MYS, R
HY and MYD maintained no significant 4ifference.

The mean of pH value was noted highest in ¥C and
loweat in MYC, Highly eignificant difference was chserved
between pii of MG and other five diluents. Difference
reua {oed nil between pH values in NYS and NYD. Difference
was observed as sigaificant { or significant at 5¢ level )
betweon HY3 and MY, Difference was also cbgerved as highly
eignificant between MY and IMYC,

The mean percentage of dead gpermmetosos was found
bighest in ¥,G, and loweat in Y, Highly significant
difference was recorded betwsen NG and other five diluents
vis, 1Y, HYC, NYD, HYS and NYJ, Difference failed to de
licnttiuaat between MY, HYC, NYD and MY3, Difference
remaioed nil dbetween MYC, MYD snd MNYS, Highly significant oy
was aleo founi between NYG end other five diluents MY, NYU,

NYD, MYS and MG,

et L2 E L
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Discussion | 1

In the present imvestigation an atteupt was wade |
find out a better and suitable diluent for preservation of
uffalo=bull semen, In view of this object aix diluente contaibe
ing. skimmed milk along with different chemical substrates were
trieds Sewmen sanples were tested for three characters nawely
motility, pH and dead percentage of mpersatosoa on every 24
bours interval for a period of 96 houi'o. and the behaviour of
different diluents in keeping gquality of semen was recorded,
HOTILITY tw ‘
Kotility was expressed in terma of +1 - +2 and 0
on Up o +5; ( Herman and Swangon 1941 ) where +1 motility was
congidered as eguanl to 20 progressive motile spermatoszoa,
Motility was examined immediately after dilution and it wag
found that higheet wmotility wae maintained in MYS and lowest
in %G, In all the eix dlluents motility declined progressively
over a period of 96 houre whioch is represemted in figure no, 1.
In table 18 the mean percentage of progressive wotile spernmatozoa
in different diluents and preserved for sero hour and 96 hours

is represented,
TABYLEHo, 18

Mean of perocentage of progreacive wotile sperms
at sero and 96 hours preservation,

gl,  Iaterval MY MNYC NYD HYS WYS NG
1 0 hour 70 68 70 % 64 50

2. 96 hours 45 36 42 46 28 b ¥

ENGDSISH- 2o
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Table lio, 1B shows that highest no, of progressive
motile gpernatosoa were maintained in NYS on Sero hr, presers
vation followed by MY, NYD, MY(, MYG and 4G, On 96 hours of
preservation gpers life was preserved in the same order, In
table No. 19 and figure No.7 the wean percentage of decline
in progressive motile gpermatozoa in various diluents on
preservation for 96 hour is presented,

TABLE .19

Average percentage of decline in progressive motile
spernmatogsos preserved in various diluents for 96 hrs,

Interval XY uYQ uYD MYs L {4 o

O bour 10,0 104 10,0 3.8 1640 30,0
24 bours 4.4 0.8 2.0 .8 11.8 19,6
48 hours 2,2 10,0 4.2 5.6 3od 740
72 hours 6e6 =B84 ll0 98 8.8 Te0
96 hours 12,0 28,0 11,0 9.4 10,8 2,2

: In %0 highest decrease in progressive wotile epers
wig recorded on prénmatlon for 96 bours, and the lowest in
2ys ( Teble Hoe 19). It was observed that the decrease in
progreseive wotile gervatosons was highest in all the dlluents
except M0 and NYQ during last 24 bours, This findinz Soen not
tally with the vork of Hersen and Swanwmn 1941, who found the ]
greatest loss of progressive motile spervatosoa duping first

24 bours of preservation,
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It is evident frow table 7 and 19 that Glycerol 1
containing diluente MG and MYS proved inferior to other
diluente. It was thus established that yolk played an
important role in protecting the spermatoZoa from tewpera=
ture shocke ( Zalisbury 1942); Xawectmidt gt al.(1953)3
Blockshaw( 1957); Mayer (1957)s It was also confirmed that
aperma tonoa, bosides yolk for protecting them from shook,
alw required smome chemical subetrate for acting as buffer
againgt lactic acid and other end metabolities, and ae well
as 'to aemtponu a8 a source of energy ( lardy and Pbhillips
19423 Vandeuark 1945; Yampectmidt et al,195); smith gt al,
1954)s BYG even though contained egg yolk could not preserve
senen better tham WY, This finding polntes out that glycerol
containing diluents which were useful for preserving bull
semen { Almquist 1959, Oskoca and Oman 1961) were proved
uneuitable for preserving buffalo-bull gemen. Thig may be
due to wpecies difference or due to sowe other factors which
could not be accounted for,

In the present investigation it was algo observed
that diluents ooautntbg sodivn=biscarbonate was proved
superior to other diluents in maintaining optinum motility
during storages This finling confirmed the finding of
Kaopeotmidt et al, ( 1953) and Smith gt al, (1994).Kanpechnidt
ot al, (1951) inoludédy bicarbonate in their diluent and found
1t satistactory for long tem storage. Citrate was reported
to be superior to carborate and phosphate contalning yolk
diluents, but carbonate gave wore protestion agminst cold

shook { Bogart and Mayer 1950 ).

@50
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Minisum percentage of deocline of progressive motile
spormatozos was recorded in MYS inmedistely after dilution
and aa well as on 96 hours preservation indicated that
bicarbomte protected spermatosoa from shook, better than
sod um citrate, Hotility of spermatosoa is an expression
of certain at present little understood dlochenical actie
vities within the protoplas of the cell, On preservation
the metdbolic activit lee of the gpernatoxos was reduced
thus decresse in motility was observeds

POWER OF HYDROGEE {pH) t=

Spernatosoa are very delicate cells and react %o
ohange of enviromment, In preserving paxisun number of
gpervatoson motile, optimum control of pH is very essene
tisl. The change in pH of semen ls caused by the metabolis
aotivity of the spersatosoa, and it is generally obaerved
that incresced acidity of the semen during storage is due
%0 mccumulated metabolio productss In the process of
glycelysis and fruotolysie there is acousulation of lsotio :
aold which results in soid pi, Change in pH wao used as an
expression of spern vitality, (Rivas Doday 1958) Dilutorse
containing buffers act asaingt pll changes, snd protect
gpera life, however resistance and livability depend on
the type of dilueant used, ( Hashlebnove 1937)s The lesser
the changee in pii the wore effiotent is the buffering
capaoity of the diluent, Means of decline in pt in various
diluents on pregervation for 96 hours are represented in

table no, 20 and figure nq.‘l.
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TABLE m, 20 | | '
Hean of decline in pH in various diluents on
preservation for 96 hours,

S, mmterval WY MW MY NYs MWYO uo
2 "
i. 24 bhoure + 10 «+03 o 12 o311 +04 +10
2e 48 hours  L17 416 M .18 « 03 o4
| Je 72 hours od7 &&T 2 L1313 16
e 96 hourae 022 422 P 5, o 13 +13 o

Table Fos 20 indicates that higheet decline in pH oocured
in ¥G followed by MYC, MY, MYD, HYC and NYD on preservetion
for 96 hours, Difference in decline in pH revaine none
sigaificant between WY, NYD, NYS and ¥Y0, The resistance of
pematozoa %o pH was very muchk infinenced by the me'of
diluent used. The pil was not obgerved directly proportional
to wotility, In M0 pH was recorded nearest to optimum 605
( Riskard 1957 ) the wmotility was found the lowest, In all
the diluents pH was maintained above 5,5 on storage for 72
hour e

The decrease in progressive wotile spermatosoa
wasrecorded highest in all diluents except M0, during lagt
24 houre ( 72 hours to 96 bhours ) whea pH tended to fall
below S.53 this Tinding tallies with the work of Hlackshaw
and Homens 1951, who reported that bovine eematoson are
hiving wide renge of tolerance between 8¢5 = 5,5, in which
theyware not affected muchbs In the present study it wae
observed that buffalo spermatosoa were having fairly
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resistance power t wide range in pH variation in thetir
enviroment, but the wide range of tolerance perhbaps a
fortunate feature, and does not rule out the poesidility of
there being & marrow range of maximum efficiency, In fact
the effects of pil which geeningly are tolerated, may hi"l‘l

been enough to trip the sengitive ensywe ayetem.(Sharms 1962),
PERCERTAGE OF

Table Hos9 indicates that nos of dead percentage
of spernatozoa incremsed progrescive in all the dihzmti
dur ing storage for 96 bowr é. and it was cbserved, that the
decrease in progreesive motile spemmatosoa concurrently
cauged inorease in dead percentage of spems. The nos of
percentage of dead eperuatoton was noted higheat in MO and
lowest in uY3, The increase in percentage of dead spers on
pregervation for 96 hours le represented in ﬁhh floe 21
and figure No. Je

TABLE @, 21
Hean of increage in percentage of dead spermatozon
on preservation for 96 houra,
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The percemtage of dead spernatosoa vas recorded
bighest in glycerol containing diluents ( M0 and MYO ),
This finding inlicated that thoge diluente hme less
capsoity to protect eperm life againatoold ghook, Netween
HG and MYQ, MO was obgerved ag baving higher percentage
of dead spermatososs It indicated that yolk factor in MYG

wds responsible for protecting wperm life, Spermatosoal life
wag maxinuely pm%ntd/i’? diluent followed by uYD, NYS,
KYC, MYG and MG ( table mo. 21 ) whereas highest motility
was recorded in MYS, (Table No, 7,figure no. 3). The
poseible explamtion for this finding may be that on
storage certain mpermatosos though failed to show notility,
but remained alive and thug did not take eosin otlln. This
fact justifies the less no, of stained spermatosos in MY

diluents
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The aim of preeent investigation was find out
@ better and wore suitable diluent contalning skiomed
wilk for preserving buffaloe-bdull imu. t weet the prepos
ing need of the days In view of this objest six diluents
containing skimmed wilk were trieds Prow the resmults of
this experiment with iglitro tests the following conclue
gions weres drawn,

ie akim wilk and yoik along with other chamical
substrates oan very well be euploysd for presers

vation of duffalo«bull semen for 72 houres

2o Rgawyolk eng coanfirmed ag an uunﬂa; congtitie
ent of diluents to protect gperze againgt oold
shosok.
Yo Mys 4iluent proved euperior to all other diluents
tried,
4, Very lese difference was observed in maintalning
aperm motility between MY, NYC, MYD and MYS, ‘
Be olycerol containing diluemts were proved inferior 1

to noneglycerol containing diluents, |
5 Linear correlation was observed between decrense ‘

in motility and inoresse in percentage of dead

gperuatosoa on presarvation for 96 hours.



«fC=

Te Pall in motility was recorded highest during last
24 houre suggesting that semen sghould be uesed
before 72 hourgs

8e No direct relation betwoen motility and pil was
recorded, |

However only on * in vitro * tegtes 1% would not
be sdvimbdle to adwoeate use of NYS, far routine 4,1, vork
au fertility rates should be obtained before recowmending
wider use of this diluents under field ocnditionas

smmemer$ § § § §enssune
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In the present ianvestigation semen was collected
from geven healthy murrah buffaloebulls and was diluted
in eix diluents containing ekim wilk, and preserved at
4 » 1%, for 96 hours, Volume, colour consistenoy, wass
activity, dead percentage of gpermatosca, and gern
concentration of the neat semen were examined, Thirty
five semen samples were studied, five from cach buffaloe
bull, Bach sample was diluted in six diluente nemely MY,
MYC, MYD, XYS, MYG and MG, preserved at 4 & 1°C., and
tegted on every 24 hours imtervel for motility, pH anmd
dead percentage of spermatosoa for 96 hours,

It wag obgexved that motility was begt waintaine
ed in MYS followed by YD, MY, MYC, NYG and MG, during
preservation for 96 hours,

. Glycerol containing diluente NYG and MG proved
inferior to noneglycercl diluents in maintaining bdetter
potility, imlicated that yolk and other chenical subge
trates are essential for preservation of sperm life for :
longer time, Very lesss difference of motility vas obgerved
between NY, NYC, MYD and I¥S,

pHl decreased progressively in all the diluents
on pmﬁmtion for 96 bours. It was waintalined highest
in MG, followed by UYG, MYS, MY, MYD and NYC, It wae
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observed that gpematoson were having fairly resistance
Povwer it wide range in pii varietion in their enviromment,
Percen of dead Qomtom@wlmc
77 7 progressively in all the diluents on preservation tor
' /96 bourss Highest percentage of dead speruatomon were
recorded in G, followed by MYG, WYO, MYS, MYD and MY,
Very negligeable differemve was recorded between NY,
NYC, HYD and MYS in contelning no, of dead % of sperms.
Decrease in motility concurrently caused inorease in

dead percentage of spermatosoa,

wmawn] ] ] § eescnan
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The metabolise of epermatomoa is very complics-
ted process, and there is such yet o be learnt about this
interesting agpect of sperm physiology, specially from the
stand point of the effects on metabolie motivity of the
nandling and treatusnt neceseary in A,I. practice,

The mature wpersatosea ia an atypioml gell,
unique both worphologically and phyeiologically. It
possesses a remarkable degree of permoability, and
eschange of gas and mivevals Mm:i @ere and surrocunds
ing medium take plage st & reapid rete { Zaan 1949),
gpem metabolis must he studled uater the condition
permitting acourste measurements of ssall quantitative
changes in the apounts of uetadolic fuels in the srround-
ing fiuids, end extresely ssell guacous exchn nga.

The effects of varicus inorganic and organie
gibstances added %o the diluting medis on noruwal physiologie
cal behaviour of the sporm slso demand pericus coneideration
in metabolic studies. Iu the prosence of ntuiu&h
carbohydrates sperwatosos stow 8 preferemce for glycos
iytic metaboliss &8s & source of energy both serobically
and epsercbically ( lann 1954 ). Unler anserobic condie
ti.on. mernatoson tend %o utilise prefereontially glucose
as compared to fructoss ( Hann 1943; Saliebury snd
vandesari 1945 ). Utilisation of glucosey fructose and
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Bamose cause formation of latic acid and these sugars
benefit wotility ( Rendenz 1933 ). Formation of lactic
80id and other ond wetabolites are having deterimental
offeot on wpern life,

‘ The present study aims at to £ind out the rate
of utilisation of fructose and monefructose xumids
reducing substances in fresh end precorved, diluted
sewen emnples snd to determine whether any recognisable
deviations ooccur on preservation in the nomal metadolie
capacity of the spermatosoa. '
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REVISY QF LITERACURS

Am early ag 1955 Redenz reported that dull
spermatoson utilised glucose, fructose an! manose and
produee lactio acides The presente of these suzarsg, btut
not of sucrose, lsotose and glycogen ig beneficial) for
aperm motility. It was also observed by him that in
abgence of oxyges spervatosos rely on carbohydrate
notaboliex as the chief wouree of energy.

Yam in year 1946 demonstrated that fruotose
and oot glucose as was erronecusly believed, is the
glycolysable sugar pr:an.t' in semen, bad opened a new
chapter in the field of gpers phyedology. ,

later it was reported that germatosoa utilise.
fructose and produces laoctic ecid ( ¥ann 1945 ; Mann and
lutwak Mann 1948), One very nmautm‘t advantage had |
eporged out of these studies, was @ hew and simple wethod
for sssessing the quality of semen) namely frudtolysis
Inex, ( ¥illigranwmes of fructose utilised by 10 sperm
is one hour at 37°0 ).

In the presence of utilisabls carbohydrate
substrates, spersatoson ghow @ preference for glycolytioc
metabolier me & source of energy both aerobically and

unaerobically ( ¥aun 1954 ).
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Saliebury ( 1946) studied the effects of
different rates of dilution levelg of glucose on wotility
end glycolysie of epermatozos aftor four and ten daye of
preservation, He obeerved that increasing levels of
glucose, resulted in better motility after atorage, with
a vaxinum response at 464 uge. per 100 wle, Addition of
glucose also stimulated greater lactic soid production
during preservation, and the maximun lactic acid gain
was at 134 dilution rate,

oy gt als ( 1950a) reported nomal varistions in
the lovel of fructoee 1.3?%?&10-&111.. yame and goate.
They found that in reme eand goats 88%¢ of total reducing
gabstances was fructose, whereas in buffalo, fructose
formed only 70¢ of total reducing substances, They also
observed that the eperm concentration was inversely coe
rrelated with initial fructose and directly correlated
with fructolysis ( Hey et als (1950b).

Andergon ( 1951) reported a direct relationship
betwesn fructolysis and change in pH on incubation of
bull semen, higher values being aswciated with a higher
initial pH, a poorer tuffering capacity and a lower
epecific gravitye fe further suggested that the direct
estimation of fructolysis appeared to give a better
estimate of mermatosoal wetabolic activity than the pH
ohange. S
Under anserobic conditions spermatosoa tend to
utilige preferentially glucose to fruotoge,{ Mann%1949;
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Salisbury and Vandernark 1945 ), The sparing effect of yolk
diluent on fructose utilication wes due to preferential
utilieation of glucose by spematozoa at Svoc. aend 1t wag
confirmmed by Vantien-hoven ot al, ( 1952),

Branton gt al, { 1952) found an inverse relation.
ship between the concentration of fructose and the density
of gewen, They correlated the quality of gemen in terme
of fructose concentration and fertility, with a degree of
excitenent preceedinsz ejaculation, snd recommended a
faloe wount fr routine practice in stud dtulle, ,

' Ragbech { 1953) reported that the addition of
antidioties added to diluted semen depreseed fructolyeis
during storage. iater on the work of Branton and i'nthar
(1954) confirmed that antibecterinl sgentsinhibit the
metabolio asctivities of spermatoson. They pointed out thag
peniciliim, estreptonycin and suiphanauide, cach one of the
antidacteriasl agents depressed uult&ﬂan of fructose, and
other total reducing subatances, and aleo glycolysis by
apermatosoa, 4 combination of streptomycin and penioillin
wos as effective as silphanomicle in inhibation of wetaboliem.
uelrose ( 1953) attempted to lavestigate a corres
lation between " fructolysis index ® and fertility of semen
seuples of A.l. bulle. He obtained significant cnrrpi-ttoa
petwsen conception rate and fructolysis index in three out

of eight tested bulle.
mann (1954) reported that under ancerobic condie

tione lactic acid canuot be oxidised further, but in the
presence of oxygen the rate of fructolysis was smaller,
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and the lactio acid undergoss further oxidation thus
providing an additional source of metobolic energy.

Flipee and Almguist ( 1955 ) ianvestigated the
qualitative aneorobic catabolies of labelled glucose and
concluded that gpermatozos metobolise glucose to lactic
acid but the lower recovery rates of lactic scid were due
to further break down of lactic acid into céctuto, carvonedi=
oxide and other producta.

- Mayer { 1956) found that dmrnhion of anperobie
glycolysis by cold shock for ten minutes was slight ae
compared to the effect on aeroblec glycolysis or rewire.
tione At 15%, glyoolysie rete wag not affected but as
the cold ehock temps woe lowered, the rate was depreased
to greater oxtcm:,' the maxinum offect o&mlm at 1°%¢ (62¢
of control ).

Plirohinger gt al., ( 1956) obwerved high positive
correlation between inorease of lactic acid an! logs of
fructose, sperm cont, and wotility during eercbic imcubation
at 37°C, for one bour,

saligbury and Kioney J»e ( 1957) obeerved a warked

effeot of pi, on aerobiec fructolysie. High the piH, the
greater wags the lactic acid production in excess of fruotose
utilisation. s ‘
' Glark gt als ( 1957 ) reported that the heat
produotion in tbe firet bour of inoubation at $7%¢ by 1ive
qpermatozon in semen appesred to be 8ssooisted with the

reak down of fructose to lactic moid,



Salisbury and Nakabeyashi ( 1957 ) reported that
under aerobic condition pPhosphate ions inecreased fructose
utilisation and lactic acid production, where as chloride
lons depressed both fruc tolysis and glycolysis. They further
observed that oxygen uptake and motility was increased in
bresence of chloride ions and decreased in presence of
pnosphate ions,

Blackshaw et 81, ( 1957 ) observed that fructolysis
decreased more from 37°C. to 21°C. than it did from 20-5°C,
Marked differences between 94 Nacl., and vrhosphate diluentis
at 37°C, ware not observed at either 21 - 5%,

Freund gt al. ( 1957) determined the influence of
sperm concentration and initial level of fructose on
fructolysis. It was found that sperm concentration and the
initial fructose level of gemen influenced the smount of
sugar used by spermatozoa.

Blackshaw and Salisbury ( 1957) reported that rapidly
coolfng diluted semen from 25°C to near 0°C greatly reduced
motili:-by respiratory activity and glycolysis Metobolic
demage was retarded by lecithin, and almost completely by
egg yolk, which also stimulated glycolysis of unshocked
semen.

Blackshaw et al. ( 1958) reported that glycolysis
was g reatly depressed by reduction of incubation temperature.
Cold shock damaged the metabolism of sperm, and yolk did not
give aufficient protection to snable sperm to maintain,
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their metobolic activity during a subsequent period of
incubation,

Torman gt al. ( 1958 ) studied the preservation
of bull semen at room temperature and found that with
progression of time lactic acid acounulated causing a
decline in pH, In & range of 5:50 « 5,80, the mpern motes
boliss was maximumally lohidited, The reversible scid
fohibition helped in preservation,

Fiockett and Nerilan ( 1959 ) reporte! that
Glyoerol plus fructose waintained a greator degree of
motility and livability of bovine gpermatosoas at the end
of 105 wminutes of incudation at 38%C, than did either
fructose or glycerol alone. they pointed out that 1%
glycerol nnd 1% fructose vme the apparent optimum for
naintenasce of spersatosoa\motility and livabllity,

Freund and Murphee ( 1959 ) studied three
semen characteristics - sperm comcentration = initial
frutose level, and iunitial % wdtility in 262 semen epecie
wen, They observed uno glgnificant difference among bulle
in ?ructolyeis, on subject to multiple - covariance
asnalysis, lodicating that, in this ayostewm, 4ifferences
in fructose utilisation way be accounted by Aifferences
in gperm concentration, initial fruotose lovel and initial
percent notility. | |

Freund et gle ( 1959 ) reported that for every
1% fincresse in incubation tempersture there was 4,22%
\nerease in fructose utilisation. They siggested the
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routine addition of fruotose to all incubated eemen
samples to present fructoge concentration for becoming
rate - limiting faoctor.

De Vuyet ( 1959 ) reported that the addition
of a willion LU, of vitamin A to the nek.ly ration of
bulle, the # nonereturn to A.J. increased from 53,9 to
76.6. Spermatosoml fructolysie was found to be greatest
in the firgt hour after collection. It was conducted that
the spern fructolysis was related to spermatosoal concens
tration and to motility,

Bomstein and 2tederl ( 1959 ) reported that
the preservation of gpermatotoa for one weeck in a gynthee
tio wodium 444 not affect the sugar wotabdolimm of bovine
gpervatosog. :

saligbury ( 1960 ) reported that there wae no
Labibition effect of peaicillin on utilisstion of hexose
or lactic acid production, bowever he observed that
mqmyoiu had 8 measurable effect on glycolyels, but
ot as prouinant as -ulphnms.da. Yhen all three were
combined the 1nh1b£ﬂon effect on motadolien was privarie
1y due to sulphencmides.

arivastava and Rogenasir { 1960 ) reported that
the unaercbic wetabolism me studied by fruotolyels index
wao lower in EYaD dilusnt with oulptupesathin as compared
to eggyolk oitrate snd Iggeyolkeglyoine

Hagudu ( 1961 ) observed that provision of

exogenous glucose resilted in & higher rate of sugar
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intake by buffalo sgpermatosoa, The pruuhoi of glucose
bad an inhibitory effect on the utilisation of fructose
by bWffalo~gpermatosos and the dapruuoﬁ wag proportion
al to the level of added glucoees.

lodge snd salisbury { 1963 ) reported that
zetabolio cardbon disoxide significantly stinulated
the oxygen uptake of the sperm cells in the presence
of seuminal plasma, but not in ite absonce, Added fruotose
depressed 0, uptake during four bours when gaminal plaana .
was preasent, and aled during the firast hour with waghed
cells, However after lst hour when the vahed cells had
utilised all their endogenocus substrates, fruoctose was
necessary for vontinued wmetabolims,
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MASBRIALS ABD MRTRODS

For observing the meSabolic activities of mermatoe
soa of semen, diluted in various diluents, and preserved for
72 bours at 4 & 1°0, known quentities of neat and diluted
semen, fresh and preserved were incibated at 37 38°0, for
three hourass and the contents of fructose and total reducing
gubstancesl TeReSs) in wges were estimated by colourimetric
procedures. Ia this experiment Klett - Summerson photoe
eleotric colorineter wne useds S¢men was obtaluved from three
buffalo bulls which sere used for livadility studles, The
gpern concentration of eemen sunples used in this experiment
ranged from 880 to 1500 willions per mle It was estizated by
the use of Neubauers hoemocytoneter { laing 1945 ).

In the present experiment two important aspeote
of spern metabolion were studied,

1. fructolysis Index.

2¢ Ts Re Se Index,

The wetabolie activities of spermatusoa con very
will be judged by their capsolty % utilise fruotooe and
total reducing eubstances( TeilsSe) in various diluente,
FPYIR AND REAGEN? SOLUTIONG se :

| The different buffer solutions for the diluents and
other resgent solutions for the experiments were prepared
with anslsrgrade chemicals and doudle glase dist, water,

as digorived in Apprendix R
MEZEODG -

For conducting this experizent the dilutors were
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prepared sinllar to the previous experiment for livability,
. The dilution rate wap maintained ( 15 1 ) and the antibiotice
were added in the same comentration as in previous experie
ment, Jewen of good quality having wore then 807 progressive
wotile spermatozon was only used im this investigation,
Inwediately after collection, the seven acmples were kept
in, constant temperature water dath at 37°2 for further
processing. Tammd O.1 nl, of neat semen was pipetted out
and deprotelnised, similarly 0,1 wl, of semen with 0,3 ml.
of phogphate buffer was transferred to constant temperature
wator bath at 37°C, for three hours for incubation to
deternine the utilisation of fructose and T4R.5 in mgs.
by the spermatonos.
D OF gt

3ix tubes each 3 ml, capacity were arranged each
contalning 1 ml, of six dilutors, The tubes were labelled
with neme of the dilutor, no, of the bull and date of
collection, Core was oxercised that the temperature of
dilutor and sewen was the same at the time of colleotion
to engure maximum preservation of sperm life, One ml, of
noat sexen was transferred to every tube containing diluents,
The tubes were rotated gently between the palms of the hand 4
for uniform distribution of spermatosoa.

One mle from each of diluted semen tubes was kept
in referigerater at 4 3 1°C for preservation for 72 hourss

geconl set of six tubes were arranged for estimoe
ting fructoce and TeReSe o2 Cs0e Of the diluted semen
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from enoh diluent was transferred to each tube amd
deproteinised,
;u@m;gs 3=

In the third set six tubes wadp arranged each
having 0.3 mwl. of phompimte dbuffer ( pH = 7,4 ) and to
each of the tube 0,2 mly of diluted semen from each |
diluent wao added, ant then incubated in n conatant tespee
rature water bath at 5? e for three honu and then deprotinise
gd, for deterninig the utilisation of fructose snl T,i,8,
DEPROIBINISATION te

To eancoh tudbe containing 02 0s0s 0f dlluted swmen
were added 2 o.0s of sine sulphate 27 and 2 c.cs 0of podium
hydroxide Os4% and then the volume was made up to 8 0,0
mach tube was kept in hot water bath for one nimute for
sng deproteinieation and then they were centrifuged at
1200 ReF.lMe for five to ten minutes.

Teelve tubes were arramged of 10 c.o. capacity,
in two separate sets. One set was used for detersining
fructose content, and cther for T,ReSs 2 Gsc, of clear
supernatant fluid was transferred to each tube of the two
sst Crom each diluent, The tubes were labelled with Fructose
TeBeley Mill Noey mame of the dilutor, and date of collection.
Tubes which were deproteinised before imcubation iu'o aleo
treated in the above Tashion for estimating initisl fructose

and T.0.8, content,
After 72 hours preservation semen samples were taken
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out and rotated between the palms of hand for uniform
dlatribution of wpermatoson,

0s2 mly of somen from esch tube was transferred
to other tubes contalning O3 ml, of phosphate buffer and
kept in water bath at 37 = 36°Ce for incubation for three’
hourss After thres hours the tubes were taken out and
deproteinised s desoribed, for estinating fructose end
Te Fo 3 ‘

Fructose and Ty Be Se were sleo estivated of the
pregerved ssmples Ddefore incutetion,

Betimation of fructose and T.H,%. wan carried tn
three separate experisents without adiing phospbate huffer,

1,8 nl, of dist. water was added to tube A and 1wols
tube 5 Zeactly Oe2 ml, of 0,2¢ (8) of fructose solution
was pipetted and then 1 ml, of mlution frou tube A wae
trenaferred to tube 3 and again mixed the contents thoroughly,
One pl, was pipetted out from tubs B and digoarded, a0 that
finally tube 4 and D should contain equal volumes of solution
each representing Cel mge and 0,05 mge of fructose in 1ol
standard solutions wore prepared in duplicates.

To two ®mls.of deproteinised supernatant were added
6 wl. of 30% Hel and 2 mls of aleohollc resoretol, wized
well and kept in hot water vath at 80 = 80°C for 10 « 20
wiautes or till the brick red colour developed, The tubee

weore taken out and cooled in ruaning water,
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Klett's miwcoloriemeter was adjustel to mero serc,
The standard golution was kept in the colourimeter, The
reading noted after bringing the deniated indioator to zere
gero line, Colorimeteric reading was oleo recorded of gemen
mumpleg.

The quentity of fruoﬁu in the unknown seuple wae
egtinated by the fgllowing foroula.

. oo Quantity of fructose in Reading of unknown
L rd tion . X e x{.—
Reading of standard golution 2

This guve the guantity of fructose in mge, in 0,1
wle of neat or 0.2 wl, of diluted semen with the help of
quanti$y ox of fructose utilised by known no. 0f mpermatozoa
in three hourss Pructolyeis inlex was calculated,

Two stendard wlutions were prepared from 1,07
glucose stook solutivn ( pressrved ) with bemsoic acid
of thie stook sclution 1.0 ml, wae added to 9 ml, of dlet,
water, This solutios contained 1 wge. glucose per ml, In two
wibes marked A end B were placed 0.6 wl, and 0,7 wl, of dipt,
water, To these tubes were added Usd ml, and 0,3 ul,
respectively of the diluted atock solution containing 1 mge
of glucose per wls followed by 05 Bl of wine sujiphate
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and 0,5 wl, of 01 Naok eolution, The two wles of
standard solutions A and B contained 0.4 Bgey 0030 maz
of glucose respoctively,

2 mlse of deproteinised supernatant fluid wae taken
in a test tude, %o it wag added 2 mls, of alkaline copper
reagent, The tube was allowed to remain in hot water dath
at 80 = 85°C 111 the colour changed to yellow colour, Tt
was taken out from the bath and cooled in renning water,

To onch of the tube was added 2,0 mls, of nolybdate reagent
and shaken vigorously, The colour changed %o dark dlue or
light groen shadess Then the volume wes vade up to 8 mlg, by
adding diet. water,

Readinge of working etandards weie recorded firet
by heApiog tubes contalning solution in klottelammerascns
blowoo lorimeters In the save readingsiwere noted of ssen
sapp les tube, The quantity of T,i, U was caloulanted with
the foliowing formula,

Quantity of 3::’““' in Reading of semen sarples

& o s = ,14

feadinz of standard b

Thiue the amount of T,H.% in 0,1 Ak.8xk of sewen was
estimeted, The sume procedure was followed for sezen senples,
froeh pregerved snd looubated without addiaz phomphate bduffer,

Control tubss were prepared by kesping the semen
sauples in freeging chanber of referigerator for killing ell
the spersatomosa, snd then lucubated, at 57°c. for three
howrs, to find out whether utilisetion of fructose and T.H, 8y
was nade by any other gource besides epermatoxos.
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in the presentation of the resultp of wmetabolic
activitics of the mematozsa the following expression
are useds
FRUCTCLYSIn IW

The utilication of fruotose in mge. by one
billton { 10° ) sperwatozoa at 37°0 in one hour,

The utilisation of TRS in miiligresmes by one
billisn of spermatosca st 3790, ia one hour,

The original values of utilimtion of fructose
end TR3 in fresh and preserved ssnen sanples with and
without phogphete buffer are represented in Appendixo,
The mean of fructolysis Indices and TRS Indices of
fregh, and diluted sewen in varicus diluents with
phoggete buller, bofore and after preservation for
72 hours at 4 2 1°¢., are reprosented in tadle 1,

Yable No.l indicates that waximuw utilisation
of fructose by sperms oocurred in neat semen exvept MYC,
followed by MYD, MY3, MY, MG,MTYGs In MID most of the
utiliged wubsinnces cossisted of bexoee ( monefructose
substance )§ the seme trand wae also waiatained on
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TABLE 50, 1
Reans of fructolysis Indices, 73 Indices nlong with the

standard errcr and coefficient of waristion in nilligrasnes
bafore and after preservation with phosphate buffer,

| Diluents Wo%imw n.u._.ﬂo-a m g»owuwmﬂuq Mwnwoaﬂ awwwwwew- m .uwu nn&bo"n ;
Bl &% 4% T i &n % Mw# 5a P a..a.....mn Ave 3.8 Co¥.
. .8 : £ PR 3 48
Sea® semen 1,24 .13 10.48 - w - 1.3 .17 12,68 o = -
EY LIl 09 B0 W2l W05 T5A0 L322 06 52D 5 1 e
3 ) L35 .15 127 W21 05 25,80 1.16 05  &351 .39 .11 28,20
N T8 L0543 OB 413 50,00 L4407 805 .45 .05 26,31
®YS 1.32 .11 982 o2 W05 22,72 1.4 L05 438 15 .04 26,80
wYe 1.02 12 1L78 o31 11 35,48 1,20 L85 12,50 39 .21 %3.88
¥e 1.03 .12 11,65 235 o 65,71 1,00 05  S.00 .24 .05 20,85
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Hoe ' varisnce.
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preservation, “pematozos utilised preferably nonefructose
hexose than frucivee, aad more than four fifth of utilised
hexose conpinted of mn—frucm“ aubpiarned.

The data peptaining to fructolyeis Indices, THS
Indicen of gpermatosoa bafore ani after preservation in
six diluents were subdjected t% analysis of variance whieh
are representad in Table novs 2,

LABLE M2
Analysis of variance of fructolyels Indices

and 733 Iandices of epermatoson in fresgh and

Alluted gemen before & aftey preservation
with phosphate.

1.

2a
3

te

Frosh Vae

preserved(a)

Diluents (B) 5 «018 L0l 03 + 02
AXx B 5 o3 02 02 L0089
Brror 24 .07 o 1,08 -
Total 35 - - . PR

%, B = * Zignificent at 5% level.
Table YNoe 2 indicates that the difference between
fresh and preserved ssuples weo significant for both fruoto-
lysie Indices and 723 Indices velusgs, The 4ifference between

the diluents remained nonesignif icant for both the values.

P
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SABLE Hoe3d

Heans of fructolysic Indices, and 783 Indices, along with
standard error and coeffictient of varisnce in milligremmes
before and after preservation without phospiute buffer.

Sl. Diluente “mnaaaowqﬁ» Indices Fructolysia E:S- 183 Indices . ﬁm E:ao..
¥o. H Qu%u ) “ { pressrved ) (Fresh ) Gu-ﬁ«&u
"D‘,l ..? Cs Ve m.ard_i S 2o Lo Yo mpﬁt e e O‘d.& n #‘. MQF Ot Ve
i + ¥ L ;
{ & § o s m
. 1» Yent semen Q.28 05 20,0 = - - 9 «16 £$1,02 = e -
ﬁ‘ ﬁﬂ O‘WW tNﬂ Uﬁl& ONW iwb gug tNW lam Nuid t: ls Um.-d.ﬂ
Je« EYC 038 21 55,26 «72 W41 56.94 «2B L08 14,28 .45 .19 42,22
r “g ala low g’“ﬁ 0: - NU- .#401%” Qg e H.p “@i Nm - 8 02 8.8
5« WYS 058 «27 500 | «82 W50 80.9% o18 W05 FTJTT 13 D4 50.T76
- 6e ¥YO Ce34 00 26447 38 08 2307 219 <O 21,05 I35 OO 65,71
T« NG 028 05 1724 o8l 15 24459 28 JO08 16,66 0.85 05

3333
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Table 3 indicates that utilisastion of fruotose wae
maXxioum in MY3 diluent in fresh comdition followed by MY,

IIDy HYC,y MYG, lig, and neat sesen in descending order, On
preservation gervatoRoa had aleo utiliged fructose to
maxinum extent in MYS only, followed by MYQ, M3, NYD, MYG,
and iKY, In MYD gperoatoson utilised maxinue amount of hexose
and sinimus in MYS in fresh conditiony even on preservation
utilisation of hexoee was cinimum in MYS and maxinum wag
utilised by spermatomca diluted in NYC followed by WIG, MYD,
and HY,

Comparing Table no, 1 and 3 it i evident that
utilisation of fructose and as well as hexoge was much reduced
in gemen muples incubnted with phosphate tuffer than without
it. These differences wers represented in figure no, ls "rom
the difference botwesn the gorresponding values between fresh
and preserved semen sasples before incubation, the utilisation
of fructose and TRS hy 109 sperpatosea during preservation for
72 houre at 4 &+ 1°C were csloulated and the wean values are
represented in table D |

ZABLYE Moo d

Mean of fructose and TRJ in milligraxmes utilised

by 10° spermatoson at 4 g 1% during 72 boure,

gle Itew MY MYC NYD NYS uYe 1m0

W
i, PFructose 219 J13 409 32 L1 ,09

2. ™ 54 o 56 o4) o 08 + 56 33
MW
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Table 4 inlicates that utilisation of fruotose
by glucose containing diluente is the fraction of TRS
utilised, even on preservation for 72 hours at 4 3 1%,
the trend of utilisation of carbohyirates was maintained
as on inocubation in freeh and preserved eemen. In order
to £ind out the whether besides spermatozos, fructose
anl THS are wetaboliged by any other factor, Contrel
experiments were run, by killing the wpormatoszoa in
frevzing chasber of the referigerators

Mean of fructoge and THS in fresh and preserved
semen sazple before and after incubation are given in table
Boe Se

ZABLE e 5.

Nean of Tructose and TRS in control eemen

samploe before and after lncubation.

Tar i Atter
kmhtbn tnuuhuon! incubation 4incubation,

Sl

Pregerved

U B 8 R s

Frugtooe +19 15 19 o147
RS «62 3 62 o83
EEES e atiliatia gt B L ’ S—

teble loe 5 indicates the values for fructose
snd total reducing subetance of fresh and preserved samples

wire wore or less seme, 88 thorevds no source of utilisation

of carhohydrates excppt Eerns.

M
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Redens ( 1930 ) wes firet to report that under
anseroblic conditions glycolymsdle substrate was necegsary
for life. dlucose was utiliged preferentially to fructose
by werms ( Salisbury and Vandesark 1949 ), In the present
iovestigation it wae cbeserved that sperms in glucose
containing dilutor ( MYD ) utilised glucose preferentially
to fructoee. Seven parts out of ten parts of TRS utilised
by sperms were Honefructose Reducing Substances, whioh
were utilised by the mpermatosoa diluted in MYD diluent,
saligbury { 1946 ) reported that utilieation of glucose
( 7R3 ) was muobh influenced by the level of glucose in
the diluent, The rate of utilisation of TRS was 1.44 which
fgosbout doudle than the rate of fructose utilisstion, This
7inding suggestis that spermatosoa mtnhounaglumu st
a wore rapid rate thag fructose.

The lower values of fructolysie apd TRS Indices
ia diluted semen in comparison to nest semén wmay de
accounted as e to the sntibacterial agents used in this
experiment, Pasbech ( 1953 ) reported that the addition
of sntibiotics sdded to the diluted sewen depressed
fractolyeis during storage. EBranton and Prather (1954 )

coufirmed this finding. They showed that penicillin,
streptonyoln and silphonemides, each ong of the antiback
serial agents depressed utilisation of fructose and
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Honefructoss Reduoing Substances, end als glycolyels by
epernatoson, Utilisation of fructose was observed highest
in ¥YC and loweot in MG in fresh diluted semen { Table
Hoe 1 and Ligure Yo, 1 )e _

It was observed that diluent containing oitrate
was aving higher utilisation of fruotose than other
diluents, It wsas reported that phoghate and eitrate have
atisulating effect on fructose utilieation and depressing
effeot on motility, ( Salishury and Hakabayashi 1957 ).

| ‘The utilisation of fruotoge and TRE was lower
in BEYS than YO before preservation, This can be axplaine
od that bicarbommte containing diluents have inhibition
effeot on fructose utilisation.

Preservation for 72 hours at 4 & 1°C caused
decresge in hexose utilisstions Though & loss of livabie
1ity oould bave been responsible for 1% in the ¥VS, HG
diluents, but in MY, NYC, NYD, this declise uay have been
aue to * aging "s siuce the loss of livability due t0
preservation was insignificant in these dilueutas.

Utilisation of fructoge was observed higher in
MY, MYC, MYS, NYO, aud NG after 9:'“-1"“103. sinoce the

higher values of utilisation of fruotose in thege diluents
except in ¥YQ end HG were ansocinted with better preserva-

tion of livability. In WYG and MG ailuents, ﬁht higher

valueg of frucgtose utilisation after pnnmuion. suggest

that spermatosos possibly cataboliseiglycerol to fructose
( wnite 1957 Je ' i
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Table Nos 2 shows that preservation period to a
greator extent contributes in variation of fructose and
THSe The values of fructodpeis and 7R3 Indices were signie
ficant,

As we know that production of lactic soid inhibite
wetabolic activities of gernatosoay therefors, buffers are
needed to neuteralise the effect of lactic acid produced
by the metabolic sction of gperms, It was reported that
phogptmte ions play profound part in controlliag aerobie
wetaboliagn of bull spormatosmoa ( Blshop and Salisbury 1952).
The phosphate ions inhibited the oxidation of the lactic acid
formed and depressed motility, bul it forced the system to
greator aerobic glycolysis in order %o meet the energy de=
nands.

In the present lovestigation spparate experiments
were rus with and without phogpbate duffer, ﬁhh lemd 3
‘and figure 1 to 8 indicste that the capsolly of utilisge
tion of fructose and TR bed much reduced in diluents
incubated without phomphate buifer, than those which were
troated with 1%, The wrresponding values of fructose and
ops utilisation varied considerably in diluents incubated -
oith and without phosphate duffer ( Table 1 and 3 ).

7he lnoressed velues of utilisation of frustoee in
ailuents incubated without phosphate buffes(1Y0, uYs, NYO,
and M0 ) cah be explained as followe 3

1a milk yolk containing diluents increased uluu
of fructose utilisstion could not be explained, In MYG and
48, Glyoerol was possibly ostabolisedto fructone (vhite 1957).

i
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Table Hos 4 showe that utilisation of fructose
Wae maxinus in NYD exoept in MY diluents, whereas utilie
setion of TEZ in the same diluent was obgerved lowest
exaept 4T on preservation for 72 bours. This finding pointe
out that even oa preservatios at 4 ¢ 1°C for 72 hours,
pematosos tended to utilise ghwuu preferentially to
mﬁtou ( Yaon 1554 ),

In coutrol geven samples the values for fructow

lysls and TRS Indices in fresh and preserved sewen samples

before and after incubation remsined wmore or loss ssme

{ Table Sos 5 )s This floding suggests that thers were no
other factore except spermatoszos which could change the
quantities of fructoss and 7RS in the semen,
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Bemen of buffaloebtulls was diluted in six diluents
Sontalning skimwed wilk, nnd they were tested for fructose
and i3 utilieation capacity of speratosoa before end
after presmrvation at 4 ¢, 1% with ana without phomphate
butfer, The object of this study was to determine whether
any reeoguissble deviations ccour in the metadolic activie
ty of the mpermatosca on preservation in various diluents
and to what extent they effect the efficiency of the dilutors
for preserving life of wpermatoson, From the results of the
present study following coucluglonswere drawn, i

l. T™he capacity of spermatosca to utilise fructose
snd THS wae reduced t% a greater extent in fresh and preserv-
od semon, ouggesting that those vay be dus to " aging * of
apernatozon. :

2+ The values both for fruotose and TRS recailned
bigher in diluente incubated with phosphate duffer than
without it, uiggasﬁtng that phoapbnte was having stimulae
ting effect on fructolysis ( Sslisbury and Naksbayaebi 1957),

3o Frovision of exogencus glucose resulted in a
higher rate of sugar intake by the buffalosbtull spermatoson
voth at 4 snd 3770, |

4. Tlucose was utilised preferentially by the mperme

to fructose in Glucose containlng diluent and it wae baving
inhibition effoct on the utilisation of fructoge,



«B6m

Se Inoreaged values of fructose Indices in Glycerol
containing diluents on preservativn suggest that the
spernatosoa poesibly cataboliseiglycerol to fructose. as
@ gource of energy ( "hite 1957 ). :
6e Spermatomosn metabolien tended to be “conditioned®
- or acolinmatised on exposure to gpecifio enviromment,

Te Phosphate ione played a profound part in controlle
ing merobic metadolisn as utiliecation of fructose and TES
was puch more in diluente incudbated with phosphate than
without it ( Bishop and Salisbury 1955 ).

Be On the basis of iscreased valuee or haxose
utilieation in some diluents, ogg yolk appeared to be
involved as sources of energy for the spermatosca in
diluted semen samples both at 4 and 37°C,

Ge Antibacterial agents used in the experiment were
baving inbibiticn effect on frustome and TRY utilisation

{ Hasbech 1958 )

s § § 0007 G
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In the present study semen from duffaloebulls
maintained at Semen Bank Patna wes diluted in iz
diluents contalning skiwmed wilk. Spere concentration
of the semen samples used in this experiment ranged
between 0801500 ¥illion per wl, In order to determine
the rate of metabolic activities of spermatozos two :
isportant agpeote were atudied L.se,

1. Pructolyeis Index,

2« TRS Indexs
Neat and diluted gemen sanwples were inocubated, before
and after preservation for 72 hours at 4 g 1°C, with
and without phosphate buffer, After incudbation at 37°¢
for three hours the semen sanples were deproteinised
and centrifused. To the known quantity of supernatant
fiuid alooholio resorcinol with concentrated Hydroe
chloric soid were sdded, The tubes were kept in wmater
bath at 80 - 85%C 111 bdrick red colour developed, then
they were cooled down in ruuning tep water. |

Por eatimation of THZ to the supernatant fluid
of the sane semen sauple 2 c.0s OFf alkaline copper
reegent vas added and kept in vater dath till the eolour
ohanged to yellows The tubes were also cooled down in
running tep water, %o the cooled tWbe 2 g.¢s of Areinow
polyblate reagent wes adled and sheken well, The colour
changed to dark blues Semen sazplesy before and after
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Preservation with and without phosphate buffer were
troated as above.

STANDARD SOLUTIONS 4

Enown guantities of fructose and glucose were
diesolved in diet, water to prepare standard solutiond

Elett cummerson Photoelectric colorimeter was
uged in this expoeriment to determine the gquantity of
fructose and TRI in unkoown sesen samples, before anmd
after preservation with anl without phogyhate on incubdaw
tion at 379C,

Iate of utilisation of fructose and THS was
also revorded im control eemen sampless The control
geuen ssuples were kept in rrmug'ohmbw of referis
gerator for § hour before processing.

Readinge of the standard tudbes were recorded
by the colorimeter. Then the unkuown gemen sauples
tubes were kept in the colorimeter and the reading were

noteds :
#ith the belp of reading of standard solutione

the quantity of fructose and Taj utilised by spermatosoa

were caloulated.
' che results of the experiment indicate that

sperus pnrmnthny utilised glucose to fructose

..”bmx-l’o |
Phogohate buffer wae having profound control over aerobie

petebolign of spervatoson { Bighophsalisbury 1958 ),
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Antibacterial agente used in the experiment were
baving inhibition effect on fructose and TAS tuid
utilisation ( Rasbech 1958 ).

Freservation caused decremee 1in capaolty of spermato-
%08 of utilising Pructose THE,

Frovieilon of exogenous glucose resmiltéd in a higher
rate of hexoee utilisstion by the spersatosos both

at 4°c ama 7%,

wenen § § 0008 8 foveee
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11 o/e 38 O/4 4 4 137
1, ¥ediun Thiok Medium Nedium Jedium Nedium Medium
2 Hed lum Veodium Medium Tedium HNedluw Wedium Nedium
Je ¥edium Thick Hedium @odiﬂn Thick Thin Medium
4 Thin Hedium Nedium lMedium Wedlum Thin  Hediuw
5, Medius  7hin  Mediuw Medfuw Thin Thin  Thick

e

D RRGp—— g2 —— e S B el A S G AN A



vi

Power of Hydrogen (pH) of meat semen sarples.

Gollwtlan ;-_‘ & mail am!!. |

11 o/e 38 0/4 ¥ 3 137
M i - .
Ze 6e9 68 6aT7 6e5 6.7 6.9 645
2 6e9 6.6 65 Ge3 6a7 6.8 GeS
% 649 6a5 6e9 B 6.7 65 6.9
4 646 6l 7,0 740 Te® 6.7 649
8o 6e9 740 649 6.6 6.9 6,9 6.9

Zable o, 6,
noentration of neat semen gamples,
o :: willion per tl,

Collection Bull Humbers.

11 o/8 36 - 0/4 N % 137
:"‘ 1120 1809 1320 1120 1290 670 1208
2, 1502 892 1510 1202 1502 890 1900
4 792 1202 | 1809 1130 1120 1360 930
TR 1960 1200 1201 139 1680 890 830

L A e ety R B S L A ) A S 1 P TP




Dead Percentage of the epermatosos in

vii

Reat senen swmples.

M
: = . ~ Ball Sunbers, SRR S
2 o/e 38 o . W
10,0 12,0 18,0 13,0 19,0 4.0 12,0

12,0 %0 5.4 99 8.5 6.0 140

10,0 12,0 9.8 12,0 160 8.0 160

De0 1,0 15,0 645 9.2 12,0 65

1340 Te5 10,0 7.0 11,0 19,0 120




viii

Hotility op

ermatosoa ia dilu les
Sfter 24 Woure preservation at Y% h

Diluent |Sollens | ' | e
kil o/8 38 m&m? 7
oma—— K
Lo 40 435 5.5 w0 80 435 40,8
e & *400 4400 415 440 +3.5  eh8 43,0
yolk, e #3053 3.5 48,0 48,0 +BD 43,5 40,5
4, +3.5 +0e5 +2.5 +3.8 +4.0 +3.,0 +3,0
Do D 43,5 430  44.0 43,0 43,0  +3,5
L +3e5 +3a5 +3e5 #4440 43,5  +3.5 4;2:0
Hilk 2o +3e8 *55 430 #8440 4,0 44,0 43,5
<12 o $8.0 43,5 43,0 440 43.8 40 42,0
4 +348 +3.0 +3e5 8.0 43,5 44,0 43,0
Se $3s5 4345 425 440 42,0 3.5 4240
. 1,L #6445 45,0  +4.0  +4.0 9;2 +3.5  +3.5
il 2. 3.5 440 4345 44,0 48,0 4.0 43,8
:":‘mm s, B0 B3 RO S WS 5 ik
4e +340 #0435 3¢5 43e5 435 440 43,5
5, +5.5 4340 3.0  +4.0 43,5 44,0 43,0
5 03,5 M0 olsl WIS B N8 o
wilk 2. +5.5 +4.0 +340 +4.0 +3e5 +4,5 438
'g%.kb e %, +4s5 4440 43s5 480 44,0 43,0 43,0
aarb, 260 430 420 44D 240 44,0 44,0
5. 43,0 3.0 #3s5 4440 435 43,0 43,5



Table Wo, 8 (Contd,)

1 e, R it - TSy
ANt ifblg“‘ Bull Numbers |
s i S - 38 o/4 ¥ 2 137

e 8.0 43,0 3.5 43,5 45,0 +3.5 42,0
i1k & *2:0 4.0 #3.0 43,5 5.0 44,0 +3,0
yolk e +2:0 #R0 3.0 43,0 40,5  +3,0 42,0

Glycercls 4, *20 210 #2,5 43,0  +3,0 #2585  +2.0
Se *2.0 22,0  +20  +3.5 40,5 +3.0 +2,0

L +340 +2.9 +4.0  43.5 +2,0  #4,0 40,5
e +120 44,5+l 42,0  +l0 LS +2,0
- +2.,0 +1.0 +0s5  +0.85  #0.5 +2,5  +0.5
4. +1.0 40685 40,8  +L,0 20,5 40,5 0.5
Se +0s5 *1e0 #0u5  #08 24045 40,8 30,5

qile
glyesrol.




x
dable No. 9

Motility of spercatosoa in diluted semen o
swples after 48 hours preservation at 431°C.

o ' '! . .. S - o Wt A LI L 0
Diluent Collage
S v I o
1" 3.5 4 0., , O , 5 5.5 4 O- 305.,
wilk & 3.0 3.8 o8 3.8 o L3 1
yolk ° s5 D5 4.0 Be5 . 3.0 2,0
4. 3-5 3-0.. 1.0 595 505 ’Qo 306
® 0 5 240 de ° 2.0 5.0
i, 4.0 BeS 4,0 4,0 3¢5 5 %S- i
wilk Bs 5.0 40 B4  BE A7 b e
yolk Ll 4.0 40 Se% . o0 35 %5 240
ottrate, de b 29 20 20 2e5 25 4,0 %5
Je Je0 240 30 55 4.0. 240

Wilk e 5«0 4.0 240 Be D 4,0 440 55
e ™ a i oD e
Glucose. g 508 3O 2.5 3.0 8 Ny
i 85 68 55 545 3,0 3.5 3.0 -
wilk 2. 245 4,0 0e® Je b 525 Je0 3e8
_b.. L B B OB B 420
L] {2 L]
Wk Em B8 &0 RE B .0 5. 3,0

Co
0. 5 0' 5 c.o ol 5

%o B = Every figure is followed by +




asouuq;
after 72

e

Zable Vo, 99,

tozca in 4ilute
mﬁmmutkn 8% dxl

aegucn sauplee
{ ]

Colleow

Ball Kusbar. - o
Niluent ‘Sion, 12 o/ mm o/t - - -
| F g y 35
¢ 5.0 5.8
2s 13 Te 13 M 5.0
gooE 3 5 30 38 33 a0
yolk BN R LI 5
o 3 ¥ " 3 .
e : 50 5.0 a0 # | -
: Deb e e
1 3,5 %40 g.g 30 303 3.5 3:3
- 2. , 3 Ye® 240 2 3 3
- 2 39 2.0 3e0 20 39 M0 30
clirata, 30 14 5.0 - L% ..o
, . .
: } .0 ;Q 445 30 3:; g:g
1 3,0 3,0 50 Bk % 3
: 58 5 5 a 308
ol 2 %5 s 0's 3.0 440 5.3 33
i B 3 a0 20 ¥ e
slucose. iy 500 2.5 e
4 4.9 3B gcg g:g
- 53 3 3,8 0¢ 5 340 33
1- %‘ 5 3 .G L G' 5 3' G 3#0 4.0
godk 2 3 52 s 29 40 ¥ 48
um,“, ‘. 52 o e 20 2.0 5.0
Sods *t g:g 4.0 %0 7
Rk ' 2.0 335 3.0 g.g
g : :?‘Q 3.0 E'D 5'0 3-5 o:s |
1,0 4 > 0.5 3.5
= 1.0 R 03 B0 o
5. . L8 9 2.5 3.0 3 L3
Htikk e . f:g 20 g:g 2.5 30 ]
?lrcdro. 2 4 e ot . J =
. 0.5 0.5 3.3 0%
| LWk o 88 oF Lo Lo
2 & Qs 0e3 % 08 0.8
rire 2 3:5 03 03 03 gis 0s6 0.8
&ivcerol, o 0uB . 03 .
1 g: 0.8 0eb %

) ' 8 by
B Bvery figure ig fol
He i




xit

Zable ¥o, 11

Hatl:;v of sp |
ter ernsatosos in dilvte
JU— < _ 96 houre vreservation ‘g "% sanplew
Diluent Iﬂou.w 5 : i
mll Sumhelrs, i
o lJ:_ s Qm 36' . s -
¥ilk §O 2:0 3“00 2,0 3.5 o 3
yolk s 240 a3 D3 a8 8 2 W
5 205 s o2 4.0 § . aE
e o 2.0 2 5 Qns 0;0 : 3“3 3..0 1*5
”‘ o Do 3.0 2 Le8 2.5
L 340 | W AL SR R
Polk $ 29 25 25 35 30 %0 !
Horate, & 50 o3 #0 o g2z .22 U8
T 3 <ol 1.0 ral ot 3.0 240 2.
ki el 1.8 340 3.0 '3‘# de 1.9
et 1.5 N3 me e i%
HAlk Lo %S 2w 3, by S S
\ 240 < #: o 4.0 s ' -
miE 3 2 % Le o
L - )
i, f 8B B 5B o8B E
o o = . Oof Q5 3:“ 240 Yl
?luk é: 395’3 3- o3 9 G’ e 5.0 S‘O
ik < 2 At 2w £40 ;
i, O S ¢ S o o 2 =
Boarv,  2° 20 JeB  TEEEC SN 2y b
= e 340 %0 o0 Q:f g.g %0 3:9
1. 4.0 . 3 Al
Hilk : - do i} ZeU 20 : ~emie
jolk 32: i,g g«g i Ou5 5‘:?, g.c 2.0
Gmerol, 4, 10 0.3 O 206 o5 o8 &%
S0 0.5 2.0 S0 TN v T
o a9 Qe : :
¥lk e O ur N S B 28 A8
Olyserol, Je Oe5 D5 0s8 0.0 e3 0.8 :
« o o5 - : v CeS ah 0.5
® o5 ?_5 0eH a0 240 0. Ce0
Se OeY e De3 Oe el o5 D65
O e . Q.O 0.5
- - SR

v, B Zvery figures is followed ny «
L



TR RN SO

xiid |
Zable o, 12 |
PH of Sen diluted various giluents and 1
Preserved for 34 heur:n at 4 4-'130. |
Ptlueng iCollaom 1 = a1 Sk |
:t,.on % 7 Mall Busbers
——— g 11 o6 38 o/4 M 4 137 |
il s S¢S SeG 5.3 6ol 5e9 3 6ol 5e8. |
yolk $ &1 61 2 ng 7 %9 &1
: B g 8 8 8 8 B
E Se 6i €8 K8 £ &3 €3 W |
. ~o Sef 5e9 545 6ol 6.1 6e2 5¢7 l
oL F OH OB o8 o8 OB OB o8
Sitrate, 4. 5.8 A3 &% &1 1 B
Se Se9 6s1 59 G0 59 Se'T God
. I 5.9 S8 %3 S1 & &t o
a4 e 2. 5.6 % 6 %1 s:i 59 %,1 5.8
1k - 8e0 5eS Se3 6s 5o 7 87
glwose de Gal Bed 8.7 5.1 5,8 8.7 %e0
Su e O 62 5e7 el 5o 7 5,8 el
R - ) a0 5.5 8.7 5.2 #8 G0
¥ilk F 5oz f'é.'? o S g:a 6:;
yolk Je Dol e A 02 8e5 _603 o8 Ge
Sode 4‘ 5.? 5. b | 5.6 6.‘ 5.9 ‘. 5 5.2
bicarb. fe Be7 63 G2 Esd P § 61 6.1
- g 3 1 - 5.9 ¥ d‘j,? . 7~ 87 6.0 6.1 5eT
. - 2 5o 8.6 8 57
WAk o %6 S0 N6 €5 BN
yolk Fe o e 509 61 5,3 5¢85 56
glyeerol. g: §:9 600 597 i
e’ Ay 7 S 7 T T )
e L e Sl &3 N
*;'-Lm 2' 5.7 f’ﬁ ‘ 6.8
e £ 82 82 20 o
B gd 57  WE

—



: -
;‘ ;
: ke JNoo 13
Ny diluted
progs : in
| m—— Tved for 4B hours me § o JUgute and
. Diluant Coll & 17C.
ACw
t
- o Ball Bumbers
r 1 0/e g 0;; |
E mMilk 2. ?;tg 5.8 5,2 n 4
E ok 52 85 87 s 2 SR
1 te 60 e D7 2 3 o5 ©e9
Se el 202 Ge3 61 SeS %8
6e 0 62 &1 el 8.1
1. ® Gel 6ol % 1
Hilk L %7 58 S 53 -
| yolk 3 203 B¢ - AW %3 %3 N 7
oitrate. 4 o 343 5id 5.9 5.6 %8 :
Se g.g ‘6-‘1 fed 5:g g’z ZuB o
® e 0 5.9 6,0 5:3 g:g o
: ie Bl 3 |
. Hilk . Sl B -
| yoik g:ﬂ :‘;' 2 5:0 gwi g:: 65.3 g'; 4
Rluconss 4. 60 .2 1. 2 58 55 53
o Se8 640 26 5¢9 S5 Do !
W
Lo 58 Gul Feh : ;
#ilk 2 Ged - " Ge Bel Be2 6,0
yolx 32 33 %3 .2 39 0 59 62
“ode 4s 28 62 D a3 57 2:: R |
bmr‘b. Se Be6 60 641 Se% 2:0 6.0 g:%
% N N - TS ———————
le 509 SeT | - |
nilk U % T 2 2% S 6l 57 |
301& De Sed Se S5 60 7 5.8 87 - |
alyo.m),, te De 50% ?v? 60 ;:2 g:g g:’
4 a.x S22 6,2 e Rk :
yilk 3 S5 68 6O 24 B
sm‘ml‘ 3. 6‘2 6.3 6]1 6‘ s 3 s" 6‘“
o Hed 207 6.8 ﬁ.z God g‘z Gad
5 6.’ 05 5-4 6.’ "‘ ‘:, 2::




“able o, 14

y @Ry diluted in various anua-tn and
- Preserved for 48 hours at 4 ¢ 1°C,
Blluﬂnt Col ; v : o= e ——
i l y
tion, L Ball Husber,

——h_ O Wk 137
MOF M O B H B o E
Too& o§ o# OB OB OB OB

Se Bed ¥ - 51 w88 de %

o A T Pl 32 51 58 gg;

il z 2 LR - ”»

yolk 3. oS 5.3 B eg 58 8,8

eitra t'. ﬁ. gn ? Sq G 6p 1 5.7 505 Be 5 9‘9
gt Dew Held 5‘8 '&9 5‘3 5&6 %)

% 5.7 5.6 %0 50 S5 &8 54

¥ilk 2o T 0 Bed Sl De2 Se e Sel
B 3 0oBf F2 OB OB M 8
ftl 0“0 ~ g L B L i ¢ A
ol Se Se9 5,8 88 58 5F A Y
2 "3 -3 g - iy A
4 &, LB
Nidk o 84 B3 59 63 8 . 1 Ged
yolk ;’1 Be B e 2 Gel Ga Seb Y Gel
20d, % o5 6O Sed 59 8a0 %9 DT
e PSS Pt~ S e S

. 29 Eig 5.0 501 85,8 5,7 &8

2 Se »

Jl 3 %3 B2 B4 B3 m§ 23

? od 5
glyeeml, & 37 7 gp K8 B8 8o &

® et
o : 2 &% SN G A

1, 6.0 S0 -3 S5 E LN
e £ 5 OH OB 8 o8 OH B

y L ] f .
SreEEE . o4 o0 g4 Bb B :

Se 6»2 - ; ;




Pl of gen
0, diluteq
Prese in various dilaents md
FYed for & Bk hours at 4 ¢ ;° N

e

Piluent Collge.

tion. 74 Bull Nambers.
8
i 11 '
——“mmﬂi.‘_ R 0/3 m ol‘ ' ‘ 1”
y 5.0 -
PO 5.6 g 00 N w8 Ba 0l
’ﬁlk 4: 8.3 4.9 5’3 gtg 0.3 5.6 S.1
5.9 840 . ® 5.1 8.0 o8
Se 5.8 s 8.0 8.9 8.4 5.9 5.8
«9 5.9 3.0 5.9
e » . L] 5.0 59,
B s 3.8 537 507 81 bk | R
. ) . . °
ik 5. e oy %8 2:3 83 G0y
eitrate. g- S48 5.9 8:1 8.7 5:1 g;x g::
l ® 505 5." 5.7 5.3 5.’ 5.5 5-9
e e 2%t .
1. 5.9 9.9 8.0 4.9 Se2 .
» ]
Hilk D 5.0 5.1 3:0 5:1 5:3 ﬁ:g ::5
yom Se 5.5 5.0 500 5.5 8.1 ﬂo 3 b.o
glucose. 4. D9 5.9 9.5 9.9 Bel Bet 547
- I 59 5.7 5.7 5.4 5.0 G.4 5.8
1. D7 D8 Bs0 548 Se8 543 83
Nilk e 540 S5 5.0 58 547 58 Bed
yolk 3. 5.4 52 5.0 6.2 8.5 865 5.2
Sod, 4, Bed 5.0 S0 8.1 $e0 el 8.0
bioarb., 3. B5e3 5e0 5e0 Se® 549 5.8 57
S . s - A
5.0 449 B2 5.3 547 8
‘1’. g:g 5:_@ 5:9 540 5.4 5:0 b:g
um “e 542 50 4.9 5.8 1,9 543 563
yolk Se Ba6 Beb Beb BV 540 Se3 Bed
ewr.ss 34 20 3 A5 SEEEE
s aand A3
b aae i . 8,1 5.2 0.1 é
o0 g‘g 5:0 5:9 5:9 U:: ::g
Do 59 & 'o 9.0 6.4 8.0 6.3 6.0
Nlk 50 549 a3 6.3 8.4 8.0 6.8 4,2
l’,‘jm1‘ 3. q.s 5:2 $e3 6.3 6.3 6.3 6.3 _
Se e 1 . : |
i Bt S S P——
Mw :
e ettt o o S




xvig

Dead Percentage of spermatozoa in diluted
Senen preserved for 24 hours at 4 % loo.

LR R Ay

'
Diluent ; Colleec.
5 = fue % Bull Numbers i
= 3 } 1 o/s % o4 N 4 137
1, 20 30 60 20 10 30 92
Milk 2e 20 20 a8 B 30 15 0
yolk. e 30 35 20 20 21 29 80
8. 30 28 50 60 20 it 4
Se 20 20 45 20 40 40 30
s 30 30 25 10 2% 30 30
Milk §' 3 %‘,‘ 20’ %8 23 is;g 5’8
yolk 4. 0 0 30 19 3 18 %
eitrate. 5: 30 30 30 e 80 - 30 62
1. 10 10 18 18 21 29 25 |
Milk 2. 30 20 %0 21 3 19 35
ge. £ 8 2 SR TSN
fareene. o 33 0 35 20 30 21 40
> 1. 30 20 18 30 24 31 29
M1k 2. %0 19 %0 21 23 18 o
yolk Se 15 20 30 21 20 ;g :?
fode & 20 40 80 2! 20 |
bicarbe Se % a0 %0 1o 30 42 30
on 32 % 3 85
'z:. 3 :g 39 29 41 20 11
me = B E 58 '8 NN
yolk 4 |
glycerol. s, 65 40 40 5 90 :1 60 .
s ;: " 9% 6 90 @3 *
& 01 Y 7 62 92 75 60
:i%:uml §: 60 :?; 3 a’g :g :g :g
. 80
W ik ‘



xviig

Lable Ho.17,

Dead percentage of spersstoson in dlljted
senen preseorved lbr-x: hours at 4 ¢ 130.

- - -

Bull Numbers. -

¥
Diluent {Collee. |
!ttﬂn. :‘_-— i St A 018 S i S 0
, in o8 o/4 " " 137
1. 30 18 35 23 20 30
Wilk 30
_ Ze 40 30 20 50 %0 18 3
rolk Se 38 28 £ o 3 % 60
4, 0 40 80 °8 9 35 40
Se 20 30 20 21 30 80 40
1. 20 25 25 19 10 20 25
Milk 2 40 20 20 29 20 20 21
Bl ¢ B & " {1
& .
WXk . S, 35 50 0 8 80 16 80
S o o .
1 40 38 40 23 59 41 10
HElk a, 30 21 30 o3 9 19 o
yolk 3e 40 20 40 30 12 30 40
glucose 4, 40 3¢ 30 20 30 40 32
Se 35 30 80 40 20 35 30
, 10 20 30 30 4 23 20
Milk 24 50 10 85 39 30 28 25
yolk S. 30 15 20 40 20 20 10
Sode &s 20 32 o9 42 30 30 80
bicarbs 5, 15 50 40 35 20 30 42
30 60 35 30 80 25 60
Milk 2 60 22 80 30 40 20 41
yolk e 80 40 30 81 ) 20 41
glycerol. 4, 60 41 95 40 © 00 )
Be 82 40 50 70 95 é2 60
s 20 05 40 99
Milk b 22 88 n 60 S | 61
3 00 80 10 70 98 62 25
8, o5 05 ] 20 90 20 90
it e D g A S b T3 caruman ——— SR el




xix

Lable No, 33,

Doad percentege of spermstoma in dllgted
Semen preserved for 72 hours at 4 & 1.0,

R . '
Diluent gonm: Ball Nuambers.
o : 11 o/ oe 5
1 38 29 90 18 42 29 30
Milk e 80 40 95 30 31 s 39
yolk. 3, 40 39 30 42 % 3 %
'™ 42 40 40 38 0 29
Be 42 30 40 35 42 0
¢ La 29 0 7 ) 95 39
Hilk 2, 33 62 90 41 52 50
yolk 3. 40 39 40 62 20 %0
eitrate. 4° 45 81 60 42 40 30
5, 45 40 50 50 41 22 60
| 1 40 40 95 10 42 30 50
Milk 24 9 81 90 I 95 29 »
yolk 3, 39 30 85 41 s s 90
glucose. - 42 32 20 30 20 0 30
B 41 20 40 62 40 e 0
= = 29 95 18 0 % 23
;' 20 41 90 30 %0 29 20
Milk 2o 50 15
yolk Se 30 ge . @ g 40 %
bloarb.  Se 40 20 o = v
Milk ;: -y 0 29 ® 3 » :
yyolk s 0 80 48 42 90 928 %
glycerol. ° 80 60 90 80 40 70 30
4 90 40 60 80 40 a2 88
MilK % o7 60 4 % $§ 2 o
g§lycerol. 3, % 4 +1 28 % g %
g : 4 80 90 00 ) § o8 20

'
!
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Lable Hoy 30

Dead porcentage of =
pematosoa in d41luted
Somen preserved for 06 hours at 4 3 lxc.

B T

Piluent | Coll R
: Ston | = Bull Numbers.
(] - -
in
: ' o/a % 0/4 u B
% 30 40 62 9 25 0 30
yo 3 41 10 00 0 20 40 80
& 50 50 90 40 60 a0 80
Se 60 60 20 40 60 88 65
te » 55 50 %0 40 40 58
Milk 2 20 61 20 98 42 33 S0
w.$ £ 8 28 F B
' ®
“irate. oo 65 50 75 82 48 30 a8
1. 25 P a2 20 10 29 60
2, 88 59 95 20 20 33 60
Milk 36 63 45 98 62 19 39 %0
yolk 4o 63 0 95 42 30 40 40
glucose. 8, 42 20 03 20 4 41 42
-4 1. - 30 0 19 3 8s o7
Melk il i 95 0 42 9
yois & 60 40 95 95 20 60
blesrp, OS¢ 41 20 w w e TR e
1. 0w ® % ¥ B
;, £ 7'6 29 45 50 30 90
Milk 3o 88 90 30 60 95 50 29
yolk 'R a8s 00 99 70 20 92 70
glycerels s, 90 20 95 80 40 20 80
i 01 %0 9% B 9
- <4 ;8 92 90 4 90 92
$ o 05 00 98 8 00
ik ol 90 95 0 9 9
giyeerol. o 08 98 %0 98 L "w ©




xxi

ALRZEER1IX- ‘0
Table Mo, 1

Quantities of fructose in »illigrammes in 0.1 ml, of
undiluted or 0,2 ml, ( 131 ) diluted semen sasples,

freah and prcam;d before and after incubation at

5?“{2. for three hours with phogphate buffer,

resh

Mll {7 :
So. i ol i , Tiluents
: e j' *N@S. MY NMYC KYD ®Ys NYg M0
157 = .11 1.30 1,11 1,30 1,20 1,50 1,20
M » 1.04 1.1 3,08 2,10 1.8 04 008
58 - 0.82 0.81 0,81 0,81 0.78 0481 0.81
AZ Eﬁ-!‘ 3 nre. 7
incudbation.
137 - 1,04 1.04 0.89 1,04 083 1,20 1,07
% - Du78  0s96 0,96 0.96 104 0,96 0,87
38 - 0s62  0.65 0465 0u74  0s70 0,70 0,74
Freserved
gero bour, |
137 = o 0.62 0469 0,78 1,07 0.81 0.85
¥ » - 0693 0,93 093 0.9 0,93 0,93
TR - 0.79 0.78 0.735 0.68 0,78 0,73
TTTer 3 Gre. ' :
incubation, :
137 e - 0.62 0,59 0,98 0,62 0,62 0,78
¥ & - 0.B5 0,81 0,85 0.81 074 0.89
,8 - L] 0074 °¢7‘ 0¢95 e'” 007‘ O.Ba

No 2o ® Neat



xxii

labla Vo, 2
Quantities of Total Reducing Substences in Ngds in 0,1 nl,
of undiluted or 0.2 wl, ( 131 ) dlluted semen samples,fresh

and preserved before and after incubation at 37"6. for three
tours with phogphate buffer,

:;:'1 i:".::’ g © Diluents = %
= ihour. ;:;, & NY NYC NYD NYS ¥YG G
137 = 0e%4 0,94 0,84 0,89 0.74 0.94 1,03
X - 055 058 0,58 0,65 0.58 0458 0,61
38 - 057 0a56 0,54 0456 0,56 0458 0. 56
T8 bowrs |
137 - 0.80 0eB0 0,75 0.80 0,70 0,80 0.84
N - 0s45 ©0s50 0,50 0.58 0.52 0,50 058
38 - 0s45 050 0445 0,50 0,50 0456 0,58
Zreserved
gero hour. :
Iy o - 0.65 0s58 0,65 0465 04 61 0.64
87 - - 0.04 0,89 0,80 0384 0,89 0,98
‘38 - - DeBl 0s61 0,61 0463 0,61 0.61
Y hours. : : :
157 - & 0.80 0.80 0.70 TeT4 0.84 0.84
u - - 0.61 0.56 0,61 0,61 0,58 0,58
38 » - 0.54 0.46 0,52 0Ca54  0.48 0450




| < mly ( 131 diluted semen samples,
fresh andpregervea before and after incudbation at

31°C. for three hours without phogphate busfer,

;;;":F Presh \;r » R s -
o. ! mero =\L Bt Diluent g :
do BB [l S MY urs WY D W¥s o ig
- S "-,\ %89 0,85 0.85 0,95 0,89 0,95 0,89
u - \Ms 1,00 0.93 0,95 0.93 0,95 1,00
8 . P89 1,07 0.89 0,89 0.89 0.9 0.09
hre | g 2 :
137 - %A1 0,48 0,55 0,70 0,70 0.89 0,81
" = 08k 0493 0,90 0,81 0.81 0.85 0,89
38 - 184  0.85 0,81 0,80 0.85 0,78 0,80
- Preserved :
gero hr, ;
R do 0.81 1,11 0.85 0,93 1,04 0,93
" - v | 0.70 0474 0,74 085 0,89 0,98
3 - . 1L 148 130 L9 L1 L2
L " e e A .o e s e S
157 ; n:-. s 0,78 0,81 0,74 074 0,83 0,81
& 5 1 0466 0471 0.0  0.93 0,78 0,74
R =3 1 0,93 096 1,00 1,34 1,04 0,9

ﬂ‘L &-"Hﬂtmn |



- ®8 of TRS in willigranmes 1a 0.1 nl, of
luted op 0,2 ml, (1s1) diluted semen samples,

t :
Fesb ang Preserved baefore and after incubation

*% 37°. for three bours without phosphate bugfer,
L 1 ' :
Bl R Dilaonts
J.g‘r‘ eS8 WY MYQ KYD WYs WY o
R -3 2 ;
: ' ¥
B7 - 068 0,58 0,58 0.58 0,58 0,58 0,58/
n o 0e61  0u56 0,56 0,61 0,56 0.5 0,5/
58 - D486 O.61 0.56 0-5‘ 0. 56 056 O.(/}-
3 hra. | % |
357 G- 0a58  0.48 G,d8 0,52 0.5 0,61 /[
¥ L 0482 0,48 047 0s47 0a48 0,50 | |
B - .80  0.56 0udB 0450 0,54 0,50 ([
T Treserved ‘\4 L
Berg hour. \ f
137 - - 047 37 Ou45 04T  Ou5  d
. é Q.54 086 0,54 0,56 0,46 -};}?’T
38 . H 1,13 L22 L31 - 03 L2 |
i " -hre-. : \
137 - - 0ed5 Q30 037 Q.41 Oedl {L ‘
X = 0e52 Q87 0,57 0.52 0,52 |
3 1,02 0494 Ba22 12,00 0,94 |
38 - : - b

5, B * Neat semen. - e



xxv

lable Ko, g,
Quantit®s of fructose and TRS ia 0,2 wl. of diluted

| Semen ( _‘-*1-:) in control gemen samples before and
after pmeervation and incubation.

i T # #
P:::g{vi a?mmu : Bll Numbers
L& 1137 ¥ 38

Tresh | !
L0 Wn - 0.18 0. 28 013
Thre¢ s,
iacutation = 0.17 0s27 0ell
?ro-a+wqd
gero ihrd - 0.17 O.28 D.12
Thre .‘i -
inen ttniao. - 017 Ce27 0. 10
‘,.'w“-rooh T8RS :
gwgg Ere v 0e45 097 0.45
THrep hrte |
‘.’.dclt tln = Ded4 0.97 D44 /i

T 7?
) ‘ Gﬂ j ;'I |
-;;;;Tg - 0045 0497 ots ||
e 100 S 0.44 0496 Oedd Y

| | off

1 |



