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THE EFFECT OF LOW CAROTENE FEED UPON SEMEN EVALUATION
AND FERTILITY OF DAIRY BULLS

INTRODUCTION

Carotene, the precursor of vitamin A, has long
been considered of vital importance in both animal and human
nutrition, The amount of carotene required in the ratlon
depends largely on the ultimate utilization of the animal,
Good dairy herd management requires a bull of high breeding
fertility, and it would appear that a ration sufficiently
high in carotene in maintaining a high level of fertility is
one of the essential factors.

The majority of investigators reporting up to the
present time have limited their studies to the dietary car-
otene level for normal reproduction in the cow, and in some
instances the expefimenta reported were of short duration,
Little, if any, attentiog has been given to the carotene
requirements of the bull.

The purpose of this study was to determlne the
effect of a low carotene ration on semen production and
quality as well as fertility of dalry bulls on a weekly
semen collection schedule, This information would be of nu=
tritional value to the dalryman, the purebred breeder and to
bull stud personnel, who must maintain a high level of semen
quality and the resultant high breeding efficlency of their
bulls,



REVIEW OF LITERATURE

The role of vitamin A in both animal and human
diets has been known for slmost forty years, and this
viteamin A ranks high in importance among the vitamins. The
metabolism and functions of vitamin A and its precursors,
the carotenes, has been under constant study by investiga=-
tors since its discovery in 1913, Previous to 1926 physio-
logical and nutritional investigations were conducted using
small laboratory animals. Jones, Eckles and Palmer {16, pe.
130) were the first group of investigators reporting on the
role of vitamin A in the nutrition of dairy calves, which
was a systematic study with large domestic animals. Earlier
reports, however, had been published with reference to the
particular difficulties in raising normal calves from cows
that had been malntained on various types and qualities of
hays.

Many investigators have studied the reproduction
requirements of cows for vitamin A and up to the present
time there have beeﬁ a few studies using bulls. Guilbert
and Hart, 1936, (11, p.417) stated the minimum intake of
carotene necessary for normal reproduction in the cow is
approximately 30 micrograms of carotene per kilogram of bady
weight daily. In 1939 Guilbert, Howell and Hart (12, pp.
91-103) reported 26 - 33 micrograms of carotene daily as the
minimum with 130 - 165 micrograms of carotene daily during

the last month of gestation. Davis and Madsen, 1941,
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(7s pp.135=146) reported weak, blind and dead calves when
the cows were recelving hs mlerograms of carotene per kiloe
gram of body weight daily, At a 60 micrograms daily intake'
the calves were normal, and satisfactory reproduction was
obtained with 132 micrograms of carotene per day, Hilton
and Associates (ll, pp.631«632) gave the vitamin A require=-
ments for normal reproduction as 30,000 I,U, daily in 194,

Later in 1949 Kuhlman and Gallup (19, p.688) ree
ported the minimum carotene intake for normal reproduction
was totween 4O and L5 micrograms per vnound of body weight
daily with first calf heifers requiring an additional
amount to take care of growth, maintenance, and reproduc=
tion. At 20 to 39 micrograms per pound of body weight 1,99
services per conception were required, while at 60 to 99
micrograms, 1,15 services were necessary, They also gave
L0 to 45 micrograms of carotene per pound of body weight
daily as a minimum figure for satisfactory reproduction in
Jergsey cows, _

The National Research Council (2, p.9) recommen=-
dations are 6 milligrams of carotene per 100 pounds of body
weight daily and an addition of 30 milligrams per head '
daily for the last two to three months before parturition,

Moore, et al, 1948 (22, pp.533~538) and Ronning,
et al, 1951 (27, p.52) found signifiecant breed differences
in the carotene requlrements necessary to prevent reproduc-

tive diffieulties. Ronning, et al, (27, p.52) stated the



minimum safe level for reproduction in Guernseys to be 90
micrograms per pound of body weight daily, and that this
level should be maintained throughout the gestation to in-
sure no difficulties.

 In 1942 Thorp (32, pp.27-31) reported that calves
fed 6,7 micrograms of carotene per calf daily showed degen=
erative and inflammatory changes in the kidney, but these
changes were not consistent, He alsoc showed degeneration of
the seminiferous tubules of the testicle. Jones, Haag and
Dougherty in 1942 (18, p.689) found no relation between so=-
called low quality sperm and ration fed, .

Sutton and Associates in 1940 (29, p.27l4) reported
yearling dalry bulls on a low-carotene diet showed conse
triction of the optic nerve and degeneration of the germ-
inal epithelium of the testes., Jones and Haag, 194J;,

(17, pp.632«633) found blindness and death in young Jersey
bulls with blood plasma values of 0.3 p.pem, carotene,
Twenty-five microgramg per kilogram of body welght daily did
not prevent blindness,but it was sufficient for normal
growth and to maintain blood plasma carotene at 0.3 p.pe.m.
When 35 micrograms of carotene per kilogram of body weight
was fed daily,’the bulls grew normally even though one anie
mal went blind, .The_blood plasma carotene content was ree
ported as 0.6 p.pems Fertility was maintained at 35 micro-
grams, but at 25 micrograms one bull failed to settle cows

to which he was bred,
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Using the testicle biopgy technique in vitamin A
studies, Erb and co=workers (8, p.769) fed bulls a lowe
carotene diet of beet pulp and grain, The bulls developed
blindness, loss of co-ordinatlon and gastro-intestinal dis-
turbances, The testicle blopsies showed degeneration of
the aemipiferous tubules and almost complete disappearance
of sperm, The quallty of semen declined until a vitamin A
supplement was fed, When the supplement was increased from
60,000 I.U. of vitamin A to 150,000 I,U. daily, semen quale
ity improved. A second blopsy revealed the beginning of
repair to the testicles,

Hodgson, et al, (15, p.669) found that bulls ree
celving 2 p.p.m. carotene in their hay failed to serve at
the expected age of 10 = l? months, When the carotene in-
take was increased to 10 p.p.m. the bulls began breeding.,
These investlgations reported gross vitamin A deficiency
symptoms appearing before impairment of breeding efficiency.
Semen of the deficient bulls was found to be low in concen=
tration, high in abnormal forms, high in pH and with low
livabllity, )

In 1947 Erb and associates (9, p.687) reported
complete blindness in bulls receiving 2000 I.U. of vitamin
A daily., After five months of therapy with 100,000 I,U, of
vitamin A dally, only moderate sperm production was obser-
ved, These workers found that moderate prepubertal vitamin
A deflciency did not completely inhibit sperm production,



however, fertillity and reproductive capacity asppeared to

be serlously impaired., Likewise, in 1940 Bratton, et al.
(35 Pe779) found gross vitamin A deficiency symptoms
appearing before any appreciable influence on gemen quality
was evident, There was, however, a degeneration of the
seminiferous tubules of the testicles,

Byers in 1954 (5, pp.1-105) indicated that the ine
fluence of carotene intake on reproductive performance did
not appear to be as critical with dairy bulls as with dairy
cows, Semen quality deteriorated with advancing age re=-
gardless of an increasing carotene intake, showing that the
length of exposure to a low carotene ration of the animal
itself, or its ampemtors influenced its reproductive per=
formance, There was a significant difference iﬂ the breed«
ing efficlency with the normal bulls far exceeding the
vitamin A deficient bulls,

Studying the effects of pasture feeding on semen
quality, Branton, et al. (2, pp.199-20L) found that the
addition of pasture to the ration of bulls did not affect
body weight, sexual behavior, semen production or fertility.

Flipse and Almquist (10, pp.1123-1127) experi=-
menting with mature dairy bulls in 195}, reported that the
replacement of 2 pounds of grass-legume hay by 2 pounds of
dehydrated young grass for a period of li months did not show
any significant difference in semen quantity and quality or

reproductive efficlency between the two groups of bulls,



the experimental and the controls.

Frequency of semen collection was studied by
Bratton and associates (L, p.lllil}) using mature dairy bulls.
The bulls were divided into two groups and an ajaculate was
obtained at 6 day intervals for 360 days. The two groups
of bulls were handled identically except that a second e ja-
culate was obtained from individuals in one of the groups.
These investigators reported similar numbers of @otile
spermatozoa per ejaculate from the first ejaculate of both
groups of bulls. The average 60 to 90 day non-return rate
for first service cows was similar for both the one e ja-
culate and first e jaculate of the bulls which e jaculated
twice. These percentages were 73.3 and 73.6 respectively,
and the second ejaculate resulted in a 73.4 per cent non-
return rate.

To determine the age at which puberty was reached,
Baker, VanDemark and Salisbury (1, p.489) tested nine Hol-
stein bull calves by weekly presenting them to a live
mount. They first demonstrated sexual interest between six
and eleven months of age and achieved their first e jacula=-
tes between nine and twelve months. For Milking Shorthorns,
Olson (25, p.4B9) reported the first service, and this with
much difficulty, of identical triplets at the age of 13.5
months., Magill (20, pp.1-60) studying two sets of identi=-
cal twins found that the age at first service of the mem=

bers of the Jersey twins was 35 and 36 weeks while that of



the Holstein X Ayrshire twins was 39 and }3 weeks.

Herman and Swanson (13, pp.1=82) examined 342
ejaculates from a total of 55 bulls. They reported wide
variations in all semen properties studied in e jaculates
from the same bull and in ejaculates from different bulls.
Greatest variations were in length of time vigorous motil-
ity persisted and in the percentage of abnormal sperm per
e jaculate. These same investigators (31, pp.321-331) later
studied 256 semen samples from 10 bulls and found that the
various semen properties varied among individuals. These
workers found that volume and concentration of sperm were
the two properties showing the greatest variation both be=
tween and among individual bulls. Initial motility varied
the least, being either uniformly good or uniformly poor
for each bull.

After a one year study of semen quality of five
Holstein and five Guernsey bulls, Mercier (21, p.556) re~
ported wide variations between bulls concerning volume,
concentration, number of spermatozoa per ejaculate, methe=-
lene blue reduction time, end other spermatozoa abnorma-
lities.

Working with a set of monozygotie Milking Short-
horn triplet bulls maintained under a uniform environment,
Olson (25, p.4j89) reported that all bulls behaved similarly

in stubbornness and lack of sexual interest. This study
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indicated that identical triplet bulls are alike in semen

production as well as other morphological and physical char-
acteristics. Olsen (26, p.937) in a recent study using
identical Awin bulls coneluded that under the same en-
vironmental conditions the performance of each member was
similar to his mate or mates regarding growth, general
appearance, behavior patterns and the qQuality and quantity

of semen produced.
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EXPERIMENTAL PROCEDURE

It was the purpose of this experiment to study the
effect of carotene in the ration of dairy bulls as it
affects the quality and fertility of semen, The properties
of semen to be studlied were volume of each e jaculate, livae
bility and concentration of sperm and the percentage of live
sperm, Semen from individual bulls was used to artificially
inseminate cows from surrounding cooperating dairy herds and
records made of the number of services per conception, A
total of 19 bulls, 5 sets of identical twins and 9 unrelated
animals, used in the study were divided into two groups, One
group was placed on & high level of carotene intake and the
other on a low level intake, The general procedure of the

experiment was as follows:

1. Experimental Animals

According to thelr nutritional history prior to
being placed on this experiment the 19 bulls were divided
into groups.

a. Unrelated Bulls The unrelated bulls consisted
of 5 Holsteins and L Jerseys and they were divided into two
groups. In the first group there wers 3 Jerseys and 2 Holw
steins, and in the second group 1 Jersey and 3 Holsteins,
The bulls in the former group were born to dams maintained
at 50 mierograms of carotene per kilogram of body weight
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dally for 2,3 to 9 months of the gestation period, For the
purpose of this study these bulls were placed in the low
carotene group., The second group of bulls were from dams
recelving a daily carotgne intake of 390 microgramns per
kilogram of body welght, They were assigned to the high
carotene group, All unrelated bulls and thelr dams were
from the Oregon State College dairy herd,

be ITwo Sets of Identical Twin Bulls Previously on

Normal Ration One palr of twins, numbered TI: and TI, were

born August 25, 1952 from a registered Ayrshire cow and a
reglstered Holstein sire, The other pair, TJy and TJs were
born September 18, 1952 sired by a registered Jersey bull
and out of a purebred Jersey cow, MNMonozygocity in all
twins was determined after careful visual observation and
examination of their blood antigens, After weaning, the
twins were supplisd a normal ration sgtisfying 100 per cept
of Morrison's Feeding Standard (23, p,11L8) up to March 1,
1955, at which time they were placed on this experiment,

ce Three Sets of Identical Twin Bulls The first

pair, numberéd TRy and TR2 were purebred Holsteins born
April 26, 195, the second pair, TV] and TV2 were purebred
Brown Swiss born February 6, 1955, and the third pair, TW
and TWp were Holstein X Jersey cross born March 2, 1955,
These twin bulls recelved normal rations until 45 days .
after birth, at which time they were included in this study,
All T3 bulls were placed in the high level carotens group



and the Tp bulls 1n the low level group,

Bulls receiving a daily carotene intake of 130
mlerograms or less per kilogram of body weight will be re=
ferred to as the "low carotene group" throughout this report
while those receiving a dally carotene intake of higher
than 130 mlcrograms as the "high carotens or carotene sup=-

plemented group,"

2, Feeding and lManagement

Al} animals were fed a ration of grain and low
carotene hay, When necessary to supplement nutritional
requ;rements molasses dried beet pulp was added to the
diet, Representative samples of all hays fed were obtaiped
and the carotene content determined by chemical analysis,
The individual bulls were weighed at bl-monthly intervals
and ra?ions calculated to meet Morrison's Feeding Standard
(23, p.1148) for normal growth and reproduction., All feed
stuffs were weighed to the anlmals and any refused feed
weighed back and recorded, Hay refusal was held to a minie
mm by reatricting“the animals to the amount they would
willingly clean up., When necesgsary, molasses dried beet
pulp was added %o the ration to meet total digestible nut-
rient requirements, IHay was fed twice dally and the grain
and beet pulp when added were fed once daily, The ecarrot
oll supplement was measured by using a glass syripge gradue-

ated in milliliters and then mixed with the grain,
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The bulls were housed in indlvidual tle stalls
with mangers so constructed as to prevent feed exchange,
Wood shavings were used as bedding and when exerclsed the
animals had access to a paved corral. The only feed stuffs
availab}e to the bulls were those placed in the individual
mangers.,

The feeding regime as origlnally planned called
for two groups of bulls on varylng levels of carotene intake,
The low carotene group consisted of 5 unrelated bulls, 200
Bys 221 By, 252 By, 500 By and 503 Bp,and 5 monozygotic twin
bulls, TIp, TJp, TR2, TVz and TWa. All Tp twin bulls re-
ceived a daily carotene intake ration of 50 micrograms per
kilogram of body weight throughout the expertment; The 5
unrelated bulls received a daily carotene intake ration of
varying levels for various perlods of time throughout the
experiment. Bull 200 By was fed 50 micrograms of carotene
per kilogram of body weight from L5 te 612 days of age, 90
micrograms from 613 to 1,007 days, and 130 micrograms from
1,008 to 1,338 days of age. Bull 221 By, 50 micrograms
from 45 to 830 days, 90 m;crograms from 831 to 1,2?5 days,
and 130 micrograms from 1,226 to 1,37 days of age. Bull
252 By, 50 micrograms from LS5 to 90 days, 90 micrograms
from 91 to 485 days, and 130 micrograms from 486 to 1,028
days of age., Bull 500 Bj, 50 micrograms from 45 to 876 days,
90 micrograms from 877 to 1,271 days, and 130 micrograms from
1,272 to 1,481 days of age, and bull 503 Bp, 50 micrograms
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from 45 to 582 days, 90 micrograms from 583 to 977 days, and
130 micrograms from 978 to 1,315 days of age.

Included in the high level or carotens supplemen-
ted group were l unrelated bulls, 264 Bp, 445 Bp, 493 B3,
and 1,90 B, and 5 twin bulls, TI}, TJ1, TR1, TVy and TWy,
The ! unrelated bulls after weaning were fed a daily caro=
tene intake ration of 390 micrograms per kilogram of body
weight throughout the entire experiment, The 5 Tp members
of the identical twin pairs received a daily ration cone
teining 500 micrograms of carotene per kilogram of body
weight over the entire feeding period,

3. Collection of Semen

The bulls were led indlvidually from the tile
stalls to the semen collectlon room adjoining the semen
processing laboratory. The sheath and belly of each bull
were clipped frequently to insure goo§ washing and to avold
semen contamination by foreign matters The sheath and belly
of the bulls were washed using a bruéh and warm wabter cone
taining Roceal solution., The washed area was then wiped dry
wlth paper towels, After washing aach bull was teased for
about 5 minutes using the live mount,

As each bull approached the age of gexual mature
ity repéated attempts were made to collect semen samples,

Age at sexual maturity was thus determined to be the date of

the first e jaculate that produced semen with live sperm.



15
A standard artificlal vagina was used to collect

each ajaculate, The vagina consisted of a stiff rubber
casing with a soft latex lining, Warm water at a tempera-
ture of 115° to 120°F was used to f£1ill the vagina, A volw
umetric hard glass test tube attached to a rubber funnel on
the end of the artificial vaglna was used to catch the ojae
culate,

i, Semen Processing

Irmedlately after ejaculation the artificlal vage
iIna was transferred to the processing laboratory ad joining
the collection room and the glass tube containing semen was
removed to record the volume of that ejaculate.and to de=
termine the initial motility and concentration, These were
done without dilution of the semen using a low power micro=
gcope (100 magnification) with attached warming stage maine
tained at a temperature of 1020 F,

- Using a modified Blom's eosin differential stain
(30, pp.981-987) the semen stains were prepared to deters
mine the percentage of live and dead spermatozoa of each
e jaculate, The stain preparation was made by placing a few
drops of the staining liquid on the glass slide, then
adding & very small drop of semen, mixing and drying at once
on a warm plate maintained at 315° F, _

To determine the concentration of spermatozoa, 0.1

ml, of semen was diluted in 9,9. ml, of water and this
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dilution was kept under refrigeration up to the time to be
observed. The remainder of the semen was diluted in egg
yolk - citrate diluter at the rate of one part of semen to
10 parts of diluter. In preparing egg yolk - citrate dilu=-
ter, one part of egg yolk and three parts of 2.9 per cent
sodlum citrate (Nag Cg Hg O o 5% Hp0) were mixed thorough-
ly with 500 units of aqueous penicillin and 500 milligrams
of aqueous streptomyecin per ml., of the diluter as a deter=-
rent to bacterial growth. After dilution the diluted semen
of each ejaculate was transferred into a small vial at the
rate of three ml. each with a stopped cork, and all vials
were kept surrounded by water in a beaker under refrigera=-
tion and maintained at a temperature of 0 to 44° P until
the time of observation for the sperm motillity in diluted

Senel.

5. Semen Examination

The spermatozoa count on the smear stains of
semen with a modified Blom's eosin differential stain was
done under the microscope with exact count of 200 sperma-
tozoa on each steined slide. Spermatozoa which absorbed
the dye were classified as being dead while one not stain-
ing or partially staining, as being alive. Thus, the per-
centage of live and dead spermatozoa at the time of collec-
tion was obtained.

Using a Spencer hemacytometer, the concentration
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of the spermetozoa was determined from the diluted semen at
the rate of 0.1 ml. of semen to 9.9 ml. of water within 2}
hours following the semen collection. As the volume of the
'ggqncytametor dilution was known, the concentration of
lgérmatozoa per ml. could be readily evaluated,

The diluted semen samples at the rate of one part
of semen to 10 parts of egg holk =~ citrate diluter - were
stored seven d ays after collection in a refrigerator maine
tained at 40 to 44° F., Then each sample was rated for the
motility of the spermatozoa in diluted semen at 168 hours,
| using a high power microscope (440 magnification) with ate-
tached warming stage maintained at a temperature of 102° F.
The rating given to each sample for the spermatozoal motili-
ty was from one to ten (representing 10 per cent to 100 aer

e‘nt) »

6. Fertility

The fertility of the bulls was determined by arti-
fieisl insemination of a limited number of cows in cooperas=
ting herds, consisting of one to twenty-five cows and main-
tained under a variety of conditions of management. The
semen used was no older than 72 hours. The condition of the
cows bred was not taken into consideration in calculating
the breeding effieciency of the bulls.

Some cows were bred up to eight times to as many

as four different bulls, indicating that the diffieculty in



conception might be with the cow. Nevertheless, these

services were charged ageainst the bulls,

18
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RESULTS AND DISCUSSION

1. Identical Twin Bulls Previously Fed Normal Rations

Two pairs of identical twins were reared on a
normal herd ration up to 2% years of age and then placed on
different levels of carotene in thelr rations. One pair of
twins was Holstein X Ayrshire crossbred designated as TII
and T?I,. The other pair was purebred Jersey designated as
TJy and TJy. One animal of each pair, TI1 and TJ, was
placed on a ration containing a carotene supplement at the
rate of 500 micrograms per kilogram of body weight daily,
The other animal of each pair, TIp and TJ,, wes placed on
a carotene-deficient ration at a rate of 50 micrograms of
carotene per kilogram of body weight daily. The bulls were
carried on the respective rations until slaughtered -« a
period of 1l months for TI, and TIy, and 16 months for TJl
and TJ:. Semen quality of the individuals after being
placed on the carotene rations is shown in Table I.

Table I shows similarity in all properties of semen
characteristics studied. The average volume per ejaculate
of TI; and TJ; was 6.48 ml. and }4.77 ml. respectively in
contrast with that of their mates, TIp and TJ, which pro-
duced 4.77 ml. and 2.46 ml. respectively. Another differ-
ence in favour of the carotene~supplemented group was the
sperm motility in diluted semen at 168 hours; TJy being
5.00, and TJ, being j48. All properties of semen charsace



Table I

Semen Production and Semen Quality
of Two Sets of Identical Twins Previously on Normal Ration

Bull Born Starting Last Noe of Sperm Motility Sperm Live

Noe Collection Collection Collections Volume in Diluted Semen Count Sperm
Date #* Date (ml.) O Hr. 168 Hra.(Milli?n/ (%)

mle.

Carotene Supplemented T |

TIj; B8-25-52 11=9-55 L=27=-56 20 6.48 8.06 3.83  1125.83 91.84

TJp 9-18-52 11-9-55 b=2-56 30 3.58 8,65 5.00 1543.52 91.72

Average 5.03 8.36 L.42 1334.68 91,78

Low Carotene : :
TI2 8-25=52 11-9=55 }=27-56

21 47T Bu56  3.89  1361.83 93.16
TJ2 9-18=-52 11-9-55 G5ujj-56 25 2.46 8467 L o48 1842.42 92.18
Average 3.62 8062 l|..19 1552.13 92.67

# First collection date in this study ‘
## Distribution of t at 5 percent level 2.776L

0z
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teristies in this study other than those formerly men-
tioned were in favour of the low-carotene group.

There was no significant difference in any of the
properties studied when treated statistically. The study
of the records of these two sets of identical twins reveal-
ed that they were on normal rations up to about 30 months
of age before the beginning of this experiment. Also, semen
collections had not been made for a period of about five
months before the beginning of this study. It is conceive
able that there may have been a carry-over of vitamin A
from the nomal ration causing the similarity of semen
quality in this study. It is noted that TIp and TJp on de-
ficient carotene rations at the rate of 50 micrograms of
carotene per head daily for gbout fourteen and sixteen
months respectively did not‘shew any adverse effects from
the carotene deflcieney. It did eppear, however, that
after six months on the experimental ration a slight dif-
ference in semen quality occurred in favour of the carotene
supplemented animals. These results indicate a need for
further study to determine how long the bull can be main-
teined on a low-carotene ration without affecting the semen

quality.

2. Identical Twins Reared on Different Carotene Levels

Three peairs of identical twins were placed on

carotene rations from time of weaning until they ﬁoro
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slaughtered. The twins consisted of one pair of Holsteins,
TRl and TRp; one pair of Brown Swiss, TVy and TVp, and one
pair of Holstein X Jersey cross-breds, TWy and TW,« Number
one of each pair received 500 micrograms per kilogram of
body weight per day. Number two of each palr received fifty
microgrems per kilogram of body weight per day. Table II
shows the results of this study. It is noted that the low=
carotene ration retarded sexual maturity by 10, 52, and 60
days respectively for each of the low-carotene animals.,

TRy and TR, were slaughtered after obtaining 13 and 16
weekly collections. The other pairs of twins are being
continued on this study. The data up to approximately two
years of age as shown in Table II reveals a slight advan-
tage of the highecarotene group over the low-carctene group
in sperm motility in diluted semen at 168 hours, total
sperm count, and age of reaching sexual maturity. The
motility of the spermatozoa in diluted semen at 168 hours
of Tvl and TWI were higher than those of TV, and TWp, being
.2} and 3,91 to 413 and 2.89 respectively. Total sperm
per ml. of semen was 1211.65 millions for TVy, 1085.72
millions for TWy, 1042.32 millions for TV, and 826,31 mil~
lions for TWy.

Table III shows practicelly no difference in the
average volume per ejactulate, being 3.92 ml. for the caro-
tene-supplemented group and 3.88 for the low-carotene group.

A slight difference of 0.04 was noted in the sperm motility



Table II

Semen Production and Semen Quality
of Three Sets of Identical Twins

Bull Born Age 1lst Last Noe.of Col- Sperm Motility Sperm Live
Noe. Service Collection lections Volume in Diluted Semen Count Sperm
Days Date (ml,) 0 Hrs, 168Hrs, (Milli- (%)
On/mlc)
Carotene Supplemented (500 micrograms per kilogram of body weight)
TVy 2-6=55 394 3=-7=57 L6 Se17 T+78 he2y 1211.65 87.21
TWy 3=2-55 418 3-8=-57 37 2,60 T.84 3.91 1085.72 89.33
Average h62 3.92 7039 3.99 1087066 88078
Low Carotene (50 micrograms per kilogram of body weight)
TR, L4-26-54  58) 3-15-56 16 4+01 6417 3.25 1068.81 82.91
TVo 2=6=55 446 3-7-57 35 5.21 8.00 4.13 1042.32 89.2)4
Average 502,67 3.88 7.13 3.42 979.15 86,05
t = -0.8197 0.0514 0.5435 2.0562 UL4.4010 19358

# Distribution of t at 5 per cent level 2,469

€2



Table III

Average Age at First Service,
Semen Production and Semen Quality
of Three Sets of Identical Twins

Carotene Low
Supplemented Carotene
500 Micrograms 50 Micrograms
/Kilogram /Kilogream

of Body Weight of Body Weight

Noe of bulls 3 3
Age at first service days 462 502.67
No. of collections 96 83
Volume of ejaculate ml. 3.92 3.88
Sperm motility in diluted

semen at 0 hr, Te39 713
Sperm motility in diluted 3.99 342

semen at 163 hrs.

No. of sperm/ml. semen
millions 1087.66 979 ¢ 1534t

Percentage of live sperm 88.78 86405

# Approaching significance at 5 per cent level
#3# Significant at 5 per cent level
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in diluted semen at zero hour in favour of the carotene=-
supplemented group. The differences in other semen proper-
ties were quite evident; the carotene supplemented group
averaged 40.67 days earlier for the first service. Sperm
motility of diluted semen at 168 hours was 3.99 and 3.42
for the high and low-carotene groups respectively. The
percentage of live sperm averaged 88.78 and 86.05 for the
high and low-carotene groups respectively. Statistiecally
treated, the differences of the latter two properties were
approaching significance at five per cent level of the t
distribution. This indicates some evidence that the caro-
tene deficlency has some effect on the livability of the
spermatozoa. It first affects the concentration of the
sperm as shown by the significant difference in sperm con-
centration, being 1087.66 millions per ml, of semen for the
carotene-supplemented group and 979.15 millions for the

low-carotene group.

3. Unrelated Bulls Fed Varying Low Carotene Levels

Bulls in the study included three Jerseys and two
Holsteins. They were the progeny of dams receiving low~

carotene intake during gestation as follows:



Experimental Carotene Intake of

Animal

200 By

221 By

252 By

500 By

503 B,

Dem During Gestation

(Mierogram/Kilogrem
of Body Weight)

50~ last 2.8 months

50- last 7 months

50=last 9 months

50- last 6 months

50~ last 3.3 months

Carotene Intake of
Experimental Bulls

Level Period
(Microgram/ (days)
ogiﬁgg;a:éight)

50 45~ 612
90 613-1,007
130 1,008-1,338
50 45~ 832
90 833-1,225
130 1,226-1,437
50 45- 90
90 91- 485
130 486-1,028
50 45- 876
90 877-1,271
130 1,272-1,481
50 45- 582
90 583- 977
130 978~1,315
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The plan of this study was to continue the bulls
on the same level of carotene intake as thelr dams were re=-
ceiving, The bulls failed to develop normally so their
carotene level was increased to 90 micrograms per kilogram
of body weight dally., After approximately one year it bee
came necessary to increase it to 130 micrograms to maintain
the bulls in serviceable condition, The animals numbered
200 By, 221 By and 252 By were purebred Jersey bulls and
numbered 500 By and 503 By were purebred Holstein bulls,
The results of semen characteristics studied appear in
Table IV through Table VIII,

Bull 200 By from a dam receiving 50 micrograms of
carotene daily per kilogram of body weight for the last 2,8
months of gestation was able to produce the first ejaculate
at 387 days of age, which was 20 days later than that of
bull 252 By from a dam recelving 50 micrograms for approxs
imately nine months of the gestation, Bull 221 Bj from a
dam of the same level of carotene intake as the dam of nume
ber 252 By was able to produce the first ejaculate at 419
days of age., The data show that when all qualities of
semen were studied thsre_is an improvement at each increase
of dally carotene intake, This indlecates that bulls on
long periods of carotene deficiency will respond to an ine-
crease in carotene intake readily but marked 1mprovement
appeared approxlmately two months after the increase.

Maintaining bulls on comparatively low levels of carotene



Table IV
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Semen Quality of the Jersey Bull 200 By
at Varying Levels of Carotene Intake at Different Ages

Sperm Motility

Carotene No. of Volume Sperm Live
Intake Collec~ Diluted Semen Count Sperm
(Microgram tions (ml.) Hr. Hrs. (Million
/Kilogram ‘ 168 /ml.) (%)
of Body Weight)
Age at first service 387 days
First collection to 18 months old
50 29 2.62 6.32 3.05 911,567 69449
18 - 24 months old
90 9 437 8.56 3478 1014kl 73403
2l « 36 months old
90 20 LBy T7.10 335 1006.89 77.67
130 9 3.10 644 2.38 1547.67 80.20
Over 36 months old
130 30 heli T.32 2.4y 1568.72 89.14
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Table V

Semen Quality of the Jersey Bull 221 By
at Varying Levels of Carotene Intske at Different Ages

Sperm Motility

Carotene Noe. of Volume in Sperm Live
Intake Collec=- Diluted Semen Count Sperm

(Microgram tions (ml.) Hr. Hrse (Million

/Kilogram 0 168  /ml.) (%)

of Body Weight)

Age at first service L19 days
Firsat collection to 18 months old

50

18 « 24 months old _
50 20 2.67 T.00 3.60 646486 57,73

24 - 36 months old
50 11 5.00 5,60 1.86 288.36 63.53
90 21 5620 T.00 2.40 65471 69.81
Over 36 months 0ld |
130 28 66 6458 346 1075.61 83,23

#* There were collections but not processed for all
datae.
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Table VI

Semen Quality of the Jersey Bull 252 By
at Varying Levels of Carotene Intake at Different Ages

Sperm Motility

Carotene No. of Volume in Sperm Live
Intake Collec- Diluted Semen Count Sperm

(Microgram tions (ml,.) Hr. Hrs. (Million

/Kilogram 0 168 /ml.) (%)

of Body Weight)

Age at first service 367 days
First collection to 18 months old

90 N 2.8 4e75 3.00 728.00 gﬁ.é?
130 9 2.08 7.00 2.88 1372.22 8).5)

18 - 2l months old
130 17 3011 6465 2,27 1000.62 85.07

2y - 36 months old
130 35 3496  5.56 1.71 859.56 75,40
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Table VII

Semen Quallty of the Holstein Bull 500 By
at Vaerying Levels of Carotene Intake at Different Ages

Sperm Motility

Carotene Noe of Volume in Sperm Live
Intake Collec= Diluted Sgmen Count Sperm
(Microgram tions (ml.) Hr. Hrse (Million
/Kilogram 0 168 /mle) (%)

of Body Weight

Age at first service 294 days
First collection to 18 months old

50 37 he2ly 6439 3.19 841.50 =
18 -« 2l months old _

50 23 5401 5.57 2.43 262,75 =
2 - 36 months old

50 2l S5.41 4400 1.20 5268l 56.9)

90 21 T¢29 4[e29 1.30 706,88 73.53
Over 36 months old

90 7 7403 3.33 0.33 871433 77.23

130 27 6.40 3.31 1.36 726.93 76.53
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Table VIII

Semen Quality of the Holstein Bull 503 Bp
at Varying Levels of Carotene Intake at Different Ages

Sperm Motility

Carotene No. of Volume in Sperm Live
Intake Collec= Diluted Semen Count Sperm
(Microgram tions (ml.) Hr. Hrse (Million
/Kilogram 0 168 /mles) (%)

of Body Weight)

Age at first service 367 days
First collection to 18 months old

50 13 3465 3.69 1.82 L49h.67 71.88
18 ~ 24 months old

90 13 h.22 8.08 3.20 1265.,19 69.42
24 = 36 months old

90 22 669 7495 3.33 1183.22 87.89

130 15 5468 7420 3460 1523.63 T74.82

Over 36 months old
130 28 6.10 Te85 2.92 1506.81 86,37
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for a long period of time (like bull 252 By in Table VI)
all semen properties studied dropped continuously but rather
glowly. During the period of deily carotene intake of 130
micrograms per kilogram of body weight for about eighteen
months the motility in diluted semen at zero hour, at 168
hours, the total sperm count in millioha per ml. and tho pe~
centage of live sperm dropped from 7.00, 2.88, 1372.22 and
8.5 to 5.56, 1.71, 859,56 and 75.40 respectively.

There were only two Holsteins in the study, and
thelr semen characteristics were similar to the Jerseys.
Bull 500 By, Table VII, from a dam on a carotene deficiency
for a long period of time during gestation, gave his first
semen collection 73 days earlier than bull 503 By, Table
VIII, from a dam of a shorter period on carotene~dofiei§ncy
ration. Bull 500 B, was kept on the experiment until he
was past four years of age to determine semen characterise
tiecs over & long period of time. He was maintained on a
carotene level of 130 micrograms per kilogram of body
weight daily for approximately 7.5 months. He was slaugh=
tered after the last semen collection. The testicles,
according to Byers, et al. (6, p.1560) showed marked re-
duction of the interstitial tissue, the cells of Leydig
being reduced in number and showing evidence of nuclear de-
generation. The basement membrane of the seminiferous

tubules appeared thickened and the Sertoli cells showed



slight degenerative changes,

L« Unrelated Bulls Fed Different Carotene Levels

One purebred Jersey and three purebred Holsteln
bull calves from cows roceiving a daily carotene intake
ration of 390 microgr&ms_par kilogram of body weight were
placed on the experiment, Eacﬁ of the calves received 390
micrograms per kilogram of body weight daily. This group
was compared (in Table IX) to the five bulls previously
described which received 50, 90, and 130 micrograms at
varying ages, The animals in the former group were a Jorw
sey, 26}4. Bp, and three Hoisteins. L5 Bs, 493 B3 and 1,90 By,
The last Holstein listed (u99 By) was on the experiment for
only nine weeks and therefore was omitted from the averages
in Table IX and Table X.

The semen characteristics studied showed slightly
higher average quality of semen from the bulls receiving
390 micrograms of carotene dally per kilogram of body
weight as compared to the bulls which received varied
amounts of carotene, Avgrages of semen characters of each
bull is shown in Table X. The low-carotens group, Table
Xy was equal to the high-carotene group in percentage of
live sperm but rated considerably lower in total sperm,
Statistical analysis showed no sign;ficant difference in
any of the semen properties studied, That may be due to
the small number of collections made from the high-carotene



Table IX
Semen Production and Semen Quality of Unrelated Bulls

Bull Born Age lst Last Nosof Col= Voluwme Sperm Motility in Sperm Live
No, Service Collection lections (ml,) Dilutéd Semen Count Sperm
Days Date 0 Hrs, 168 Hrs, (M11li- ?%)
‘ on/ml.«)
Carotene Supplemented (390 micrograms per kilogram oi bedy welght) - :
26l Bp 1-1=50 372 2-2,-53 82 3.65 6,8 2.43 832,80 73.86
LLS Bo 5=20-50 U406 10-28-52 20 5.62 6,90 24 g 853,63 78,94
493 B3 8-2-50 325 2-6-5 28 - 5.11 6.93 3.0 789.71 T7.b2
490 By #3=2-50 312 5-13-51 9 1.74 3.78 0.60 625,50  77.60
Total 1103° 130 1,.38 20,67 8.18 76, 230,25
Average 367.67 14479 6089 %ﬁB 2%2502% 76075
Low Carotene (50,90, and 130 micrograms per kllogram of body weight at varying ages)
200 By 12-24=49 387 8-7-53 97 3,81 7.01 2,95  1217:41  79:10
221 B% Sw21el9 ﬁ19 u-zu-Sﬁ 80 e32 6477 3.05 77138  74.05
252 By b=2=51 367  3«13=5 63 3012 6.02 2.09 971,38  79.48
500 By Le15=49 294 5el=53 136 559  L56 1.86 667.25 71.18
503 By 1le2i«50 367 0-28«53 89 S5e5h 7419 2,96 131,07 81,02
Total 1951 465 22,68 31,55 12,91 3758.49 384,83
Average 350.20 5l 6.31 2,58 751470 32697
t o 0,6050 1,8080 0.7463 046075 =0,14,75

# Not included in the average insufficlent data
s## Distribution of T at 5 per cent level 2,3060

13



Table X

Average Age at First Service,

36

Semen Production and Semen Quality of Unrelated Bulls

Noe. of bulls

Age at first service

Noe of collections

Volume of e jaculate mle

Sperm motility in diluted
semen at ¢ hrs,

Sperm motility in diluted
semen at 168 hrs.

No. of sperm/ml. semen
millions

Percentage of live sperm

Carotene Low Carotene
Supplemented 50, 90 and 130
390 Mierograums MNierograms

logram /Kilogram -
of Body Weight of Body Welght
3 5
36767 390.20
130 465
479 454
648y 6.31
2673 2.58
825.38 751.70
76.75 76.97
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group,

5. Camgarison of Performances of All Carotene Supplemented
Bu [*) ow Carotene s

All previous discussions in this report deal with

segments of the experiment to determine the effect of a low
carotene ration upon the semen quality of dairy bulls,
Table XI shows a comparison of all the bulls receiving 130
or more micrograms of carotene daily per kilogram of body
welight to all the bulls which received less than 130 microe
grams daily, The former is designated as the high-carotene
or the carotene-supplemented group while the latter 1s des-
ignated as the low-carotene group. The TIp and TJp bulls
were excluded from this comparison because they had preve
lously been receiving a normal ration and were not on a low-
carotens ration long enough to depletg, to any great extent,
the vitamin A storage in their bodies. Bull /490 By receive
ing a carotene-supplement ration was not on experiment long
enough to obtain a falr mean average which included only
nine e jaculates,

Table XII shows the averages of each property of
semen characteristics in this study for comparison betwsen
these two groups of bulls, The differences in volume per
ejaculape and_in per?entage of live gperm were not marked
being 0,24 ml, and .65 per cent respectively in favour of

the carotene-supplemented group, There was no difference



Table XI
Semen Production and Semen Quality of Unrelated and Identical Twin Bulls

Bull Born Age 1lst Last No.,of Col- Volume Sperm lMotility in Sperm Live
No, Service Collection 1lections (ml,) Diluted Semen Count Sperm
Days Date 0 Hrs, 168 Hres. (Millie- (%)
On/m10)
Carotene Supplemented (390 and 500 micrograms per kilegram of bedy weight) -
26l Bp 1-1-50 72 2-2,;=53 82 3.65 6.8 2,43 832,80 73.86
LIS Ba B=20=50 [106 10-%8-52 20 5.62 6,90 2, g 853.63 78,94
4,93 B3 8-2-50 1325 2=b=5 28 511 6.93 3.0 769.71 7745
u9o Bl¥# 3e2«50 312  5-l3=51 9 1.7% 3.78 0.60 626,50 17. o
TI1 B=25=52 %ﬁ27‘56 20 6. 8.06 3.83 1125.83 91.
TJ1 9=18=52 «2=56 30 3.58 8,65 5.00 15%3;52 g
IR h—26-5L STl 3=2=56 33 3.99 6.55 3.682 965,62 1
™ 2=6w55 39% 3=7=57 L6 5.17 7.78 h.2h 1211.65 87 21
Wy 3=2-55 L1 3«8=57 37T 2,60 7.8l 3.9 1085.72 89.33
Total 276 36,20 59, ﬁﬁ 28,98 8L08.48 680,16
Average L.53 7. 3.62 1051,06 85,02
Low Carotene (50, 90, and 130 mlcrograms per kilogram of body welght)
200 By 1l2-2L=49 387 Bm7=53 97 3.81 7.01 2.95 1217;ul 79.10
221 Bi S5=21=49 419  L=2}=53 80 Le32 6,77 3,05 771438  74.05
252 B} 6=2=51 367 = 3<13-5h 65 3.42 6,02 2,09 971 38 79.48
500 B} li=15=L9 z9u )-1-53 136 5.59 u 56 1,86 667.25  71.18
503 Bp 1=2,=50 3 B=28a53 89 S5 7.19 2.96 131,07 81,02
TR2 lj=2 u 58% 3-15=56 16 .01 6 <17 3.25 1068,81 82,91
TVZ 2=6m55 3=7=57 35 5;21 8.00 .13 1042,32 89.2)
3=2=55 u78 3=8=57 2 2.1 7.22 2.89 820.31 86,01
Tofal 518 3hi3T sa; % 238 6eorles  eyzles
Average Le29 6,62 2.90 836.99 0.37
t l. 01;.15 I-‘-QBLI-(’O L}-o9320 3-825)4— 3.7533

# Not included in the average
insufficient data,

## Distrlibution of t at 5 per cent level 2.,1199,

L
@



Table XII

Average Semen Production and Semen Quelity
of Unrelated and Identical Twin Bulls

Carotene
Supplemented Low Carotene
390 and 500 50, 90 and 130
Micrograms Micrograms
/Kilozrem /Kilogram

o _EBody Welght of Body Welght

No. of bulls 8 8
No. of Collections 276 548
Volume of ejaculate ml. he53 4e29
Sperm motility in diluted

semen at 0 hrs, 7ol 6.62
Sperm motility in diluted

semen at 168 hrs, 3.62 2490
No. of sperm/ml. semen millions 1051.06 836.99

Percentage of live sperm 85.02 80437
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statistically in the volume per e jaculate, but the differ-
ence of l4.65 per cent in live sperm was statistically sig-
nificant at the five per cent level. Sperm mot;;ity in di-
luted semen at zero hour and 168 hours of the high~caroteno
group and the low-carotene group was T.l4l, 3.62 and 6.62,
2.90 respectively. The differences in these two respects
were highly significant at the five per cent level when
treated statistically. The difference in the total number
of sperm per ml. of semen wes pronounced with 1051.06 and
836.99 millions per ml. for the carotene-supplemented group
and the low-carotene group respectively. Statistically,
the difference in semen concentration was significantly
higher than that of the percentage of live sperm. All pro-
perties of semen characteristics studied in this work were

in favour of the high-carotene group.

6. Fertility

A limited number of cows was used to evaluate the
breeding performance of the bulls. To check the breeding
efficiency, artificial insemination was practiced on the
cows regardless of their condition. Most of them were in
farm herds. No semen used for inseminating was older than
seventy-two hours. The data available for determining the
breeding performance of the bulls as shown in Table XIII
were too limited to draw definite conelusions.

According to Table XIII, the breeding efficiency



Table XIII
Breeding Efficlency of Bulls

Bull Cows Bred Sefvices Pregnancy Efficiency
(nos)  (nmo,) (no.) (no,) (%)

Garotene Supplemented (390 micrograms per kilogram
of body weight)

26l Bp - 18 8 uu;h

Total 2 65 33 50.77

Low Carotene (50, 90, and 130 micrograms per kilo=
gram of body weight)

200 By 31 45 1, 31.1
221 By 29 L2 11 26,2
252 By 19 21 9 L2,8
500 B7 19 30 6 20,0
503 B 48 52 25 48.1

Total 5 146 190 65 3,21
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of two bulls fed the carotene-supplemented ration was
50.77 per cent whereas that of five bulls fed the low-
carotene ration was only 34.21 per cent. Although the per-
centage of the carotene-supplemented group was low, there
was a highly significant difference in this respect among
the two groups of bulls. Among the low-carotene group,
bull 500 By had the lowest percentage of conceptions in
relation to services. Only 20.0 per cent of the services
with his semen resulted in pregnancies. His daily carotene
intake was 50 micrograms per kilogram of body weight from
45 to 876 days of age, 90 miecrograms from 877 to 1,271
deys of age and 130 mierograms from 1,272 to 1,481 days of
age. When slaughtered, this bull's testicle showed a
severe degeneration as the result of this low-carotene

intske.
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SUMMARY

The dairy bulls in this study consisted of four

_ Jerseys and five Holsteins forming an unrelated bull group,
and five sets of identical twins. The twins consisted of
one pair of purebred Jerseys, one pair of purebred Hol-
steins, one pair of purebred Brown Swiss, one pair of Hol-
stein X Ayrshire crossbreds, and one palr of Holstein X
Jersey crossbreds. Semen collections were made at weekly
intervals.

The bulls of the identical Holstein X Ayrshire
twins, fed 500 and 50 mierograms of carotene respectively
per day for each kilogram of body weight, produced semen
of nearly equal quality. Semen quality was determined by
sperm motility of the diluted semen at zero and 168 hours,
sperm count per milliliter of semen, percentage of live
sperm at time of collection, and percentage of normal ap=-
pearing sperm. The identical purebred Jersey bullas fed the
gsame levels of carotene as the Holstein X Ayrshire twins
also produced semen of nearly equal quality. Each member
of the pairs was fed a normal herd ration for a period of
approximately thirty months before the oxyorimentratartod.
The results indicate that dairy bulls have the abllity to
maintein sufficient vitamin A in their bodies to produce
high quality semen for a period of fourteen to sixteen

months after being placed on & low-carotene ration contain-
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ing 50 micrograms per kilogram of body weight.

0f the other three pairs of identical twins, one
member each was placed on the 500 mierogram level of caro-
tene, and the other members of the group on the 50 microe~
gram level et weaning time. Semen collection was made from
one pair for only four months, The other two pairs were
collected from for nine months, Semen collections were made
from all the bulls for comparatively short periods of time.
Semen analysis showed grester livability of the sperm, a
higher sperm count, and a higher percentage of live sperm
from the bulls whieh were fed 500 micrograms of carotene
than those which were fed 50 micrograms. The greatest dif-
ference was in the total sperm count per milliliter of
semen with an average of 1087.66 and 979.15 millions for
the two rations respectively.

Bulls whieh received low-level carotene rations
born from dams which received low~level carotene rations
. produced semen with greater variation in quality then bulls
on a high-carotene ration born from dams whiech also received
high-level carotene rations.

When data of all bulls with daily low-carotene
intakes of 50, 90, and 130 mierograms per kilogram of body
weight are compared with high-carotene group bulls with 390
and 500 micrograms, the difference is significant in all
properties of semen characteristics studied with only one

exception; the volume per ejaculate. The effect of low=-
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carotene intake was more evident in the sperm motility in
diluted semen at zero and 1606 hours, the percentage of live
sperm, and the concentration of the sperm.

The breeding efficiency of these two categories
of bulls was determined with cows from cooperating farm
herds, and by the use of artifiecial inseminations. The per-
formance of the high-carotene group far exceeded that of
the low-carotene group with 50.77 and 34.21 per cent re-
spectively. The low percentages may be accounted for be=
cause only two bulls were avallable and all of the prege
nancy data could not be obtained from the cooperating

farmers.
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