SEASONAL VARIATION OF THE PROPERTIES AND
CHEMICAL COMPOSITION OF BOVINE SEMEN

* Takahiko MacuIDA, Tsuneo MATSUSHITA,
‘Koki I‘onSHIMA, Hideki Havano, Shimpei Aoxk1

o .
™ Kanou Suimonisul; Nobuo Horiucui, Takao HicucHI
. \ ‘
* Laboratory of Zootechinical Science, Faculty of Agriculture

** Kochi Prefectural Livestock Experiment Station

Abstract : Since the present experiments have been conducted in the warm climate of South-
Western Japan. (i.e. Kochi Prefecture), it was prerequisite to study the seasonal vari,ation'
of bovine sefnen in order to obtain as stable materials as poésible for further s'tudies'.

1) Seasonal variations of semen volume, sperfn concentration and sperm number showed

-a fluctuétion among the bulls but they showed a tendency' to decrease in September
and October,

Mounting desire decrease in and around July, August and September and decremental
effects of high temperatures during summer appeared after-a lag of time.

Fructose concentration gradually decreased preceding the decrease in sexuai desire.
The minimum concentration was observed in August, when temperature was the highest
and a gradual increase was shown with the fall of temperature. '

Citrate concentration showed the maximum in June and the minimum in October
Its decrease was observed later than the decrease in fructose concentration.

2)- Bulls having stronger mou'niing desire had a tendency to show greater semen volume
and higher citrate concentration. Fructose concentration and semen concentration showed.

~a minus correlation. _

3) Spermatozoa of the Holsteins showed greater semen volume, greater sperm number and
higher motilfty than those of the Wagyus, while the latter showed higher frctose con-
centration than the former. ' :

Mounting desire of the Holsteins decreased in July and August, while that of the

_ Wagyus decreased in September and October.

4) Sperm concentration, sperm number. and protein concentration of the first ejacuiates
showed higher figures than those of the second. ‘

[ ]

In making experiments on the spermatozoa of farm animals, it is necessary to study be.
forehand the seasonal variation of their pfoperties‘ and chemical composition iq order to
avoid the seasons when the materials are more deteriolated and less stable.

On the seasonal variation of spermatozoa, MlZUhO & Niwa‘V, Yoshioka & Sakai‘®’, Fulka
& Hofrajterova et al®® reported that their properties deteriorate and conception rate lowers
as the temperature rises in summer, On the seasonal variaﬁon of théir chemical compo;ition
Mann clarified that the quantity of citrate contained in horse spermatozoa increases in
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breeding season and decreases in non-breeding season. According to Ménn““, Hiroe &
Masaki®)®) ¢ ol similar seasonal variation of the quantity of fructose was observed in the
semen of horses, sheep and goats but no marked variation‘wa‘s' recoginized in the case of
bulls and swine. Nrshrkawa & Horre”’, Iritani & lehlkawa“” also reported on the similar
kind of seasonal variation. Further, Hiroe et al® reported that the quantity of ascorbic
"acid did not show such a marked seasonal var1at10r1 as,that of fructose,

As has been mentioned above spermatozoa of horses, sheep and goats have been known
to show seasonal variation of their properties and chemical - composition and this fact must
always be taken into consideration in studymg the semen, of other farm ammals Since the
present experrments have been conducted in the warm clrmate ‘of South-Western Japan(r e.,
Kochi Prefecture), it was prerequisite to study the seasonal variation of bovine semen in

order to obtain as stable materials as possible for further studies.
Experimental Procedure -

Three Holstein bulls, A (2.6 years olcvi)‘ B (5.9 years old), C (4.6 years old) and three
Wagyu bolls, D (2.3 vears old), E (1.3.yeats old) and F (4 6 years old) were selected
for the present experrments " From each of them two consecutive ejaculates were collected
every two weeks with an artificial vagina and their properties and chemical composition
were studied immediately after the collection. ) o ‘ ' v

Strength of sexual desire was measured by the time necessrtated for ejaculation. As to
the properties of semen such factors as volume, number, pH and motility were studied,
As to chemical composition, the quantities of fructose“” citrate!® and protein which are ’
vrtally related with the motility of the sperm, were measured. ' ‘

The preparation for the analysis of the above- mermoned chemical components was made

as follows.

Semen sample 0.3ml + 15% TCA 15ml
Centrifuged for

15 minutes at 2,000 r. p. m.
| ] ‘

Precipitate - (1) Supernafant-- 2)

(1) was used for the analysis of protein and (2) for that of .citrate

Semen sample 0.3 ml + 10g/dl ZriSO’g °5 ml +0. 5N NaOH 5 ml
' e
| |

Precipitate Supernatant - {3)

(3) was used for the analysis of fructose

Because of high temperatures during the summer, some of the bulls lost their mounting
" desire and no ejaculates could be collected as a result. vFo]lowmg collections were made during
the 9 months of experimental period. A—36, B—'3,4,“C—29, D—27, E—.29,'F—12, total 167.
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. Result and Discussion

A) Seasonal Variation of Mounting Desire _
Those bulls that reached ejaculation in a shorter time were considered to have a storonger
sexual desire and vice varsa. Seasonal variation of the ejaculation time is shown in Table 1.

Table 1 Seasonal Variation of the Ejaculation Time (min_;)

'MONTH ' APR. MAY JUN JUL AUG SEP OCT NOV DEC

] 4 a 0.10  0.30 0.25 0.17 228 L15 0.45 103 114
S B 2.3 147 3.03. 633 503 615 539 455  3.50
BULLS S C 0.12- 0.17 0.19 439 0.30 039 109 0.23 1.17.
: ‘5 D 0.37 113 103 410 235 236 658
2 E 215 257 116  3.16 . 0.42 431 320 3.5 4.32
B F 103 243 'L13 0.07 106 6.33  6.30
- |HOLSTEIN| 1.08  0.48 1.03 3.48 2.3 229 2.44 221 218
BREED :
WAGYU .25 213 0.44 154 0.57 411 316  3.39 545
Ejacu. |lst EIAC 105 108 144 320 208 407 330 408 33
LATION |54 EJAC. | 1.24 206 0.57 244 '1.40 3.00 2.22°. 1.58  4.05

Generally speaking, sexual desire decfeases at high temperatures. Bull A required the
longest time in Augl'lst,\ B, C in July and D, E in September. F showed no desire at all in
August and no ejaculates could be collecfed It is interesting to note that Holsteins A, B,”
“and C requlred the longest ejuculation ’ume in July. and August, while Wagyu bulls D, E,
and F spent a longer time gradually from summer on requiring the longest time in October _
November and December.

It follows that these two species have different sen51t1v1ty to high temperatures. That is
Holstein, which have more liability to high temperatures, show the decline of sexual desire
with the rise of temperature, while Wagyu bulls show . the dedine a few months _latér_. On
the other hand, Wagyu bulls are rather nervous, showing a liability to the change of various
conditions at thé time of collection. ‘

1In the season of higher temperature they requifed a longer time before mounting for the
first ejaculation. For the second ejaculation, however, they tended to mount in a relatively
shorter time and the ejaculation time was, shortened in consequence.

In the case of the Holsteins the first ejaculation required a longer time' than the second,
‘while the Wagyu bulls showed a reverse tendency. Bull F had very weak mountind desire
and collection of the second ejuculate was almost impossible.after August.

The mean of ejaculation time for the total 167 ejaculations was 2 minutes 28 seconds.

B) “Seasonal Variation of the Semen Properties
a) Semen Volume
Seasonal variation of semen volume of each bull is shown in Table 2, Fig. 2.
The rate of seasonal variation variés with each bull, but all the bulls except D showed a
deérease in volume in September and October. Bull A, which had the strongest mounting
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Table 2 Seasonal Variation of the Properties ‘and Chemical
Composition of Bovine Semen

Semen | Sperm Totzvatl ‘ ,
Heads Er::‘tt' Vol Conc. Splsrm m‘;tvi' pH _ forsucc. ' Citrate feri%'
(ML) | (x108/mly | . (mg/dD
Al 36| 7s | 4| sed | 823 ] 647 | 3397 8968 71659 .
Holstein B % | 45 | 13| 507 | 8L3 | 64l | 2974 6285 51853
‘ c 32 | 46 | 10.1 | SLS-| 621 [ 651 | 3038 7784 75351
Holstein Av. 04 | 55 | 9.6 | 529 | 162 | 646 | 3136 7679 66288
‘ D 8 | a4 | 16 | doa | s | 65T | s2n2 sanz 60297
Evual%g’“ - E 28| 2.3 7.0 | 184 |°56.6 | 6.35 | 534.8 565.9 6738.1
F 13| 52 | 131 | 433 79.67] 635 | 260.2 859.6 6914.0
'Wagyu Av. 69 | 4.0 | 107 | 3.0} 136 | 642 | 4407 7589 6560.6
Total Av. 3 | 48 | w02 | a0 |79 | 64e | 312 1634 65907
4 1st Ejac. 52| 52| 108 ] ss.a°] 2| 6ae | 3044 7365 67257
e T 2nd Ejac. 0| 62 | 84 | 434 | 6.4 | 647 | 2981 8124 6690.1
';_3 S 1Ist Ejac. 0 | a1 | e | g7 | 156 | 639 | 3622 7664 69281
& : ‘
2 £ 2ndEjac 30 | 36| 9.3 | 386 | 688 | 648 | 370.0 717L7 6107.8
“ 15t Ejac. 92 | 47 L1t | 481 | 749 | 6e41 | 3333 760.5 " 6826.9
2nd Ejac. 80 | 49 | 89 | 410 | 726 | 647 | 3341 71920 6399. 0

desire, ejaculated the greatest amount of semen all through the period of experiments and

‘it ejaculated the maximum of 9.1 ml (mean of 4 ejaCulates) in August, when the tempera-

" Hols. ' Wagyu
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Fig. 1 Seasonal Variation of the Semen Volume
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. ture was very high. Bull B ejaculated the maximum amount of '6.08 ml in June, showing
- no marked variation from April through September and ejaculated the minimum amount of
2.65 ml in October. Bull C ejaculated 7.13 ml (maximum) in August and 3.53 ml (mini-
- mum) in December., The Holsteins showed a temporary decrease in their semen volume in
June gnd July when humidity was very high, Bulls A and C, however, ejaculated the
maximum amount in August, showing no decrease in.high temperatures, while their semen
volume decreased in Autufrm (September, October and November), It is not clear whether
“the effects of.the-high 'températures in August presented themselves in October after a lag
of time necessary for the reproduction of semen or the great humidity due to heavy rain
fall in September and October decreased their sexual desire, It may be suggested, however,
that in case of the Holsteins, which are heavier than Wagyus, their health conditions and
the stresses caused by humidity might have influenced their semen volumes, Wagyu D,
whose semen was collécted in June for the first time, ejaculated only 3.13 ml in the month
due to the lack of trainig but the semen volume increased month by ‘month, showing the.
maximum amount of 5.45 ml in December. The youngeét bull E, perhaps beéause ‘of the
lighest body weight ejaculated very small amount of semen, except 6.0 ml in April, showing
the rhean of 2.3 ml for 28 ejaculates (Table 2). This one also showed a marked decrease
in May and October (1,10, ml). Wagyu F ejaculated comparatively great amount of semen
at a time but, because of its weak mounting desiré, it was almost impossible to collect the

second ejaculates after August, ' .
The mean of the semen volumes given in the table, therefore, is that of the first ejaculates,

thus showing a relatively higher fig-
(ml)

ure than that of the others’. This Different of Breeds _
. . . ’ ’ P Hols.
one did not mount at all in August | o - O=——0 Hols
and consequently no semen was 1 o o/o\o/ \ o—fo Wagyu
collected. - - L ' 0
‘ ) 5.0p . \ O\O
It ejaculated only 1.06 mi in Sep- 07 O~=—e
4.0p O\ V4
tember . - N -2 N ‘ -/
. 3.0} // .—_.‘N.f‘.
Differences in the semen volumes ™
of the Holsteins and Wagyus are 2°
shown in Fig. 2. : APR MAY JUN JUL AUG SEP OCT NOV DEC

Throughout the period of experi- Fig. 2 S‘easonal(Variat'ion of the Semen Volume .

ments the Holsteins ejaculated grea-

ter volumes than the Wagyus: It was especially interesting to note that the former showed

the maximum volume in August, when the latter showed a decrease in semen volume.
This may indicate that the sensitivity to high temperatures varies with the species. After

October, howe\}er, difference in semeﬁ volumes of the two species was more or less levelled,

The éverage semen volumes of the whole period were 7.5 mi, in the case of the Holsteins

Seasonal Variation of Mean Temperature of Each Month

Month ‘ APR MAY JUN JUL AUG SEP OCT NOV DEC

Temp. (°C) | . 143 194 210 255 264 2.9 189 121 63



3 BRAYEATEAS B . B ¥ W4E

(ml.)L Different of Ejaculations '.: - and 4.0 ml in the Wagyus and the
e N *~ " .mean of the tow species was 4.8 ml,
GO . ',, . . .

! . : which is very close to the mean
\c \A~ ¢/o\¢’A\'~~ ’ - . Y . .
5 of NP o™ PORmben . AR08 reported by Kato & Nishikawa et
-~ . ~amlY . - .
1.0} ° Nowi Lo’ S0 adlav, e, 5.0 ml,
3.0p : ' o Semen volumes of the first and
. Oeeame 1st ejue. o . . .
2.0p . second ejaculates of the two species
ol . CoL Ameema 2ndeive are showr in Fig. 3.
. s . . . . s s ... .No marked difference was ob-

APR MAY JUN JUL AUG SEP OCT NOV DEC . . . ..
served between the two series of eja-

Fig. 3 Seasonal Variation of the Semen Volume culates. Generally speaking, how-
ever, the Holsteiné ejaculated a greater volume (average 6.2 ml) in the second ejaculations
‘ than the first (average 5.2 ml). They showed stronger mounting desire and shorter ejaculation
time in the second ejaculations. Those that showed stronger desire and shorter ejaculation
time, had a tendency to give greater volume. In the case of the Wagyus, no significant
difference was recognized-betWeen the first and second ’ejaculates (i,e., the average of the
first ejaculates "was 4.1 ml and that of the second 3.6 ml.). Mean of the two species also,
showed a very approx'imatel figures— 4.7 ml for the Tirst ejaculates and 4.9 ml. for the second
According to Mackenzie & Berliner'?) et al, semef{'volﬁmes showed a gradual decrease in '
. succeséive ejaculations. In the present experiments, _hoWever, no appreciable decreaée was
. observed so far as the second ejacﬁlations are concerned. Only some of the bulls showed a
slight decrease in the second ejaculates. When the third ejaculates were tentatively collected
from some of the bulls, they showed more substantial dccréasé than the former two collections.

b) Sperm Concentration - K ‘ '

Seasonal variation of spé'rm concentration also "differed from bull to bull throughout the
period of experiments, It, however, showed more or less same tendén'cy with the variation
of semen volume, reaching the minimum concentra‘tio‘n in September in all the bulls, as is

shown in Fig. 4.

(x10%/ml) Different of Bulls
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Fig. 4 Seasonal Variation of the Sperm Concentration
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Bull A, which ejaculated the greatest semen volume L showed the lowest concentration,
1t showed the mlmmum concentranon of 4,40x10%/ml in April and the maximum 10, 25X
103/ml in November Bull B, whxch ejaculated relatively smaller volume of semen, showed
the highest concentration of all the bulls in "October, reaching 17.0x103/ml It showed,
however, a periodical decrease in,concentration in April, July, September and December.
Bull C showed the maximum concentration of 13.5x10%/ml in May, then showed a decrease
from July through Octobor, and restored a high concentration in November. In the case of
the .Holsteins, those that gave a greater volume of semen showed a lower concentration,
The number of semen per €jaculation consequently showed no substantial difference for the
three Holsteins. All the Wagyus, however, showed a contrary tendency of showing a highér
concentration for a greater volume, Bull E, which ejaculated the smallest volume of semen,
showed the lowest concentration,\ ‘perhaps because of its younger age. Of all six bulls, Wagyu
F showed the highest eoncentration (x10%/a1)
~of 13,1x10%/ml, while Wagyu E

showed the lowest 7.0x 108/ml. s / / __
. . ! : 10 b=
- No appreciable difference was ob- L /2
[ ey

served between the concentration of

Diff erent of Breeds

the two species : average concentra- b ' OO st ejue.

tion of the Holsteins was 9.6 x 10/ml ' O m®  20d euc.

and that of the Wagyus was 10.2X

10/ml. Both of the species showed AR MAY SN UL AUG SEF OCT Nov DEC

r . o . o .
a seasonal decrease in concerntra Fig. 5 Seasonal Variation of the Sperm Concentration

_tion-in August and September (Fig.

5). l‘ ) (x10%ml) Different of Ejaculations. -

The average concentration of the [ o= Oman o---o‘
first ejaculates (Holsteins: 10.8x - } '/As N, Ve ._A\.'
108/ml, Wagyus: 11.4 x 10%/ml, °r e// s .. \°---o/ /“" \.te
mean of the two species: 11.1x [ \A-"-A - /" ' 4
108/ml) showed a high figure than sk ) 4
that of the second (Holsteins: 8.4 % [ _ Omew0 st ejuc.
108 /ml, Wagyﬁs 9.3x10%/ml, mean Amee=d  2nd ejuc.
of the two species ; 8.9x10%/ml), as APR MAY JUN JUL AUG SEP OCT NOV DEC

15 shown‘ n .Flg. 6. The average . Fig. 6 Seasonal Variation of the Sperm Concentration
concentration of all the ejaculates . : .
collected was 10.2x 108/ml, showing an approximate result to the 10,0x10%/ml given in

the above-mentioned report(1l),

¢) Total .Sperm Number

Seasonal variation of sperm number is shown in Fig. 7.
v Sperm number also showed a considerable fluctuation. Being influenced by sperm concen-
tration, it showed the lowed the lowest figure in September and October in all the bulls.
The maximum number of 9,2 X% 103/ml was shown by Wagyu F in June. This bull, however,
showed weaker sexual desires in the rest of the months and almost no second collections
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could be made after August. Its average sperm rubmier, therefore, shows relat{vely higher

figure than of the other bulls’, being caluculated or:]'j the baé_is _6f the first ejaculates, The

minimum sperm numbér of 5.8 x10%/ml was shown by Wagyu E in October, When its semen

volume was the smallest,

Difference of sperm number between the twé species is compared in Fig. 8,

(x10%/ml)
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Fig. 7 Seasonal Variation of‘the ‘Total Sperm Number
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Fig. 8 Seasonal Variation of the Total Sperm Number
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Fig. 9 Seasonal Variation of the Total Sperm Numiber

-The Holsteins,

which gave a grea-
ter semen volume, showed a 'greater'
sperm nﬁmber, reaching considera-
bly higher figﬁres from May through

_September. The average number of

all the Holsteins was '52,9>< 108/ml,
while that of the Wagyu was 37.0 %

‘ 108/ml .

which had

higher sperm 'eoncentrations in both

- The first ejaculates,

the species, showed a slightly grea-
ter sperm number than the second
ejaculates (Fig. 9).

The average sperm number of all
was 45.0x 10%/ml,

The fact that semen volume, sperm

the ejaculates

~conceritration, and semen number

began to decrease in September
may be explained by a decrease in
secretory function and spermato-

genesis -of the reproductive organs
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resulting from the aftereffects of higher temperatures in. July and August,

d) Motility of Sperm
Fig. 10 shows the seasonal variation of motility of sperm caluculated in terms of viability

index.

Different of Bulls

9 F
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40P
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Fig. 10 Seasonal Variation of the Sperm Motility

Bulls A, B, C and F showed no marked variation, their viébility indices being 75-95
throughout the seasons. . )

Holstein C and Wagyu E, hovwever, began to show a decrease in motility in July and
reached the minimun viability index of 53.8 (September) and 32.5 (October) respectively.
They were, therefore, excluded from the experiments thereafter. Generally speaking, those
that ejaculated highly motile semen showed, higher mounting desires and gave greater semen
volumes, ‘ - '

As is shown in Fig. 11, the Hols-

Different of Breeds

teins showed . higher viability than T

-0 o

Wagyus all through the period,” The

average motility index of the Hols. nr
teins was 76.2. while that of the eor
. Wagyus was 73.6. The average sof
motility of all the ejaculates was s} o—-—o Hols.
74.9. o}
No significant difference was ob- ot O— =0 Mo
_.served between the first and second ok
ejaculates of the two species (Fig. ) . L . , . L
12). ) ‘ APR  MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 11 Seasonal Variation of the Sperm Motility



pH of spermatozoa, which is close-
. ly 'r_elated with their survival, is

mainly governed by accesséry re.

. - It-is reported that, within a certain
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Fig. 12 Seasonal Variation of the Sperm Motility

range, the concentration and viabili-
-ty of sémen increase in proportion to
the decrease of pH"%),

In the present experiments pH ranged from 6.2 tq’ 7.0 for .each bull and the average pH

for. the whole period was 6.44. No marked seasonal variation ‘was observed (Fig. 13').
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Fig. 18 Seasonal Varv.'atiori, of the pH of Semen
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Fig. 14 Seasonal Variation of the pH of Semen
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' Fig. 15 Seasonal Variation of the pH of Semén

Bull E, showed the highest pH of
7:0 in April when its semen number
was relatively small for its semen
Thus
.volume of . the fluid produced by

volume. relatively greater

accessory gland caused a rise in
" pH. On the whole,
"~ higher concentration had lower pH

semen with

and good motility, showing the same
result as had been reported by Mann
et al(lﬂ‘

Fig. 14 and 15 respectively. show

- the difference of pH betweeﬁ the two

' species' and tow series of ejaculations. ,

It was -observed that pH showed a

reverse tendency to the strength of
sexual desire and motility.
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C) Seasonal Variation of the Chemical Composition of spermatozoa
a) Fructose Concentration . )

It has been proved that considerable amount of sugarsA is contained in.the seminal plasma
‘and that the sugar is fructose in most of farm animals(?®1%), Fchtos‘e, which is produced
mainly by seminal vesicle, has a close relation with survival and motility of spermatozoa,
being utilized as the source of their energy and its metabolic pathway has been clarified.
Seasonal variation of fructose concentration is shown in Fig. 16,

Fructose concentration of Holstein A began to decrease since the rainy season in May
with its higher .iemperature and hurhidity and reached the minimum of é2,7 m\g/dl in August,
with temperature was the highest. “Then it began to iﬁcrease in September, when tem-
perat'ure7 began to fall, and showed ‘the maximum of 871.6 mg/dl in November. Semen
volume, semen number, and motility also showed a sudden rise in the same month.

Fructose concentration of the other bulls also decreased gradually in May or June, reached
the minimum in August, and showed a sudden rise thereafter, reaching the maximum in
October and November, ’

Fructose concentration showed a sensitive reaction to the effect of high temperatures and
decreased rapidly preceding the decreases in mounting desire and éemen properties, According
to Mann et al%, fructose and semen concentration have a.significant minus correlation
and the presnt experiments showed a similar pattern to their result, Mann‘*’> and Hiroe

(mg/di) T
10008 Different of Bulls
Qe @
L Hols. ’ Wagyu ’ \
O = O Q= @ | \
] Amm——A A e & ‘ I A \\
b . [o pr— [~ .y -] / \Y hY
. . \O
. . A
N A

A . : /.
500 b - e\ ' ) I a//2
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Fig.- 16 Seasonal Variation of the Concentration of -Fructose -

et al® reported that no marked variation was observed in the fructose concentration of
" bulls and swine. The present experiments, however, being conducted in a warmer climate
- than theirs, where temperatures show a remarkable rise in August, concentration showed
a marked seasonal decrease in summer. .

Fructose concentration of Wagyu F (260 mg/dl), which showed the weakest sexual desire,
was about half of that of the other Wagyus (c. 530 mg/dl)., Such a marked individual .
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difference is explained by Mann et

g ' ;
(mg/dD Y * Different of Breeds , al® that fructose, being produced
L _ . e==®_ by seminal vesicle and not by tes-
Q e O Hols. . . . . . . P
! ’ ,' o \\. © ticle, its quantity varies with individ-
| e— =0 Wy / \ ~_uals because of the difference in
soob / O 7 -the size and secretory function of
- o0 o . II B " their seminal vesicles.
/\<\\ | ] . Generally speaking, the Wagyus
N " . : -
’ o o____ eI/ showed higher fructose concentra.
~ . .
1 s \9/ ) tion than the Holsteins and they also
‘ X showed a marked increase in it in

PR mAT IUN JUL AUC SEP OCT MoV DEC.. "QOctober and November (Fig. 17)
Fig. 17 Seasonal Variation of the Concentration -

of Fructose The average fructose concentration

a of all the Holstein ejaculates was
Dilferent of Ejaculations ‘ a " 313.6 mg/dl, while that of the Wa.

\ " -gyus was 440.7 mg/dl, their mean
'a

' O,
Oemmme O 15t ejuc. / \ ~ being 377.2 mg/dl, which is a little
K \

© . Jower than 500 mg/dl reported by
white

(mg/dl)

500 A . A 2nd ejuc.

- Fig 18 shows the difference of

o\ . .
o/ 0.<§ fructose concentration between the

first and second ejaculates.
No significant difference was re-

A s 2 A

PR MAY JUN oL AUG SEP OCT NOV  DEC - cognized between the two series of

Fig. 18 Seasonal Variation of the Concent7atzon o ejaculates. The average of the first
of Fructose ‘ )

ejaculates was 333.3 mg/dl, while

that of the second 334.1 md/dl,

b) Citrate Concentration

Various repofts have been made on the physiological significance of citrate. It has been
proved that it is, as is the case with fructose, prbduced”by seminal vesicle and that it has
a close relation with the activity of .activity of Androgen. It is also rported by Humphrey,
Mann(® that it gradually disappears when the ani;njaivis castrated and reappears with the
transplantation or injection of Androgen. It has furt_her‘ been clarified that though it has no
direct relation with the metabolism of spermatozoé,, it inh'ibits.'th'eir coagulation and liquefac-
tion, protects them from detremental influence in bon‘x‘b;li'riat_ion with Ca contained in seminal
plasma, and adjusts and maintains the equilibrium of their osmotic pressure in combination
with K and Na. Seasonal variation of citrate cOngéﬁtration is shown in Fig, 19.

Citrate concentration of Holstein A reached thé;maximum of 1486.8 mg/dl in June and,
after a gradual decrease, reached the minimum of 459?5 ing/dl in October. It then gradually
-increased after November., Those of the other bulls also showed a seasonal variations,

reaching the maximum in June and July and the mihimurr_l in October. It was also observed
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Fig. 19 Seasonal Variation of the Concentration of Citrate

that those that had stronger sexual desire and greater semen volﬁme and mumber showed
. higher citrate concentration, ' 4
According to Kato & Nishikawa et al2). citrate, like fructose is sensitive to Androgen
but its reaction always appears later than that of fructose. A similar result was obtained from
the present experiments, That is, citrate concentration reached its minimum in October,
while fructose concentration in August, thus showing a time lag of two months.
No marked difference was observed between the citrate concentrations of the two species.
(Fig. 20)." - |
The average of the citrate con- (mg/dl) " Different ;} Breeds
centrations of the Holstein was 767.9 + [ /2
mg/dl, while that of the Wagyus ,’\

758.9 mg/dl. That of all the ejacu-

/
. . 3 \O /
lates was 763.4 mg/dl, which is ap- ) 0 Hol .\ /./
. 500 — ols.

Ne==0 "

prokimate to 720.0mg/dl reported
by White®?,

The first (760.5 mg/dl) and second — . . —
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Qe == ® Wapyu

ejaculates (792.0 mg/dl) showed al- ‘Fig. 20 Seasonal Variation of the Concentration
most no difference in citrate con- of Citrate
centration <Flg 21) (mg/dl) Different of Faculations
. g
c) Protein Concentration 1000 f~ .20%.,, ‘
. N «
19 o [ O=vamg®” al-LI VTS "

Larson et al!® reported that 90% - \e K

of the protein in seminal plasma is b V' 4
. . . .. 500 = O=-=0 Ist ejuc. - ‘;6

non-dialytic and that its composition L . 2%
i i . L, Ao s 2nd ejuc. 6
is peculiar to seminal plasma, con- .
taining eleven kinds or components . . . » a a . N
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i o ) i Fig. 21 Seasonal Variation of the Concentration ’
logical significance is considered to of Citrate

but no sugars and fats. Its physio-

’
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Fig. 22 Seasonal Variation of the Concentration of Protein

‘lie in the inhibition of the coagulation of spermatozoa in combination with heavy metals and

the protection of the loss of materials within them.

protein.

Fig. 22 shows the seasonal variation of

‘Protein, unlike fructose and citrate did not show any marked seasonal variation and ap-

preciable individual differences. Protein concentration also showed no particular téndency in
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Fig. 24 Seasonal Variation of the Concentration
of Protein .

relation to other components and
properties. - ‘
No notabl difference was found
between the two species except that
protein volume of the Wagyus de-
creased in July and August. (Fig. 23).
-The average of the protein volume
v_vas':6'628.8.mg/dl in the case of the
Holsteins, while 6560.6 mg/dl for the
Wagyus. The average of all the eja-
culate was 6594.7 mg/dl,
rather than 4718.8 mg/dl reported

which is

_ by White. -

The first ejaculate (6826.9 mg/dl)
showed a little higher protein con-
centration than the second ejacula-
tes (6399.0 mg/dl). (Fig. 24)
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