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SEiIEN PRODUCTION OF BEEF BULLS 
AND CERTAIN FACTORS AFFECTING SURVIVAL 

OF SPERM DURING STORAGE 

I. INTROLUCTION 

The study of semen physio1oy started in 1780 after 

the Italian physiologist, Spallanzani, discovered that the 

fertilizing power of seinen resided in the sperm carried by 

the spormatic fluid. 

Since artificial breeding was proved to be among the 

most important implements for livestock improvement, ex- 

tensive investigations have revealed many factors influenc- 

ini; the delicato malo gametes, from the germinal epitholium 

of the testis, where they are formed, to the time of 

deposition in the female genital tract. 
Liost of the properties of semen have been tested, and 

correlations with actual fertility have been f oind. Lever- 

theless, none of these correlations aro sinificant to such 

a degree as to serve as an index or a basis from which to 

work in determining fertility. 

Although most of the semen studies have been done with 

the seinen of dairy bulls, little attention has been given 

to the study of semen of beef bulls. The reason is that, 

undor natural breeding conditions in range cattle, it is 

quite difficult to control and investigate the relation- 

ship between semen characteristics and fertility. 
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The posaibility of usth artificial insemination for 

beef cattle improvement, by proãucing proven beef bulls 
and using them extexìsivel, brings forth the desirability 
of research work upon beef bull semen. 

factors affectinL semen can be summarized and divided 

as follows: 

A. iactors contro1lin; semen production before 

the time of ejaculation. These factors are 
1. Management 

2. Nutrition 
3. Freedom from disease 

4. Exercise 

5. Age 

6. Pequonoy of collection 
7. Season of the year 

B. Factors influencing semen from the time of 

collection to the time of insemination. 

These factors are 

1. Bacterial contamination 

2. Temperature 

3. pH 

4. Oxygen consumption of sperm 

5. zyme action 

6. Dilution rate 
7. Dilutors 
8. Antibiotics 
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flighly signIficant correlations were found between the 

above-mentioned Lactors and the properties of senien. These 

properties of semen are the following: (1) volume, (2) 

color, (3) viscosity, (4) concentration, (5) hydrogen ion 

concentration, (6) initial motility, (7) percentage of 

sperm with progressive niotility, (8) percentage of live 

sperm, (9) percentage of abnormal sperm, (10) metabolic 

activity, and (11) survival capacity. 

One of the most soriots problems encountered in the 

application of artificial insemination is the prolongation 

ai' the life of the sperm during the time of storage and 

shipment, a period of a few hours to several days before 

it is used. 

The present study is concerned with the storage 

capacity of beef bull semen, by using three different 

buffers and four antibiotics. 
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II. REVIEW OF LITERATURE 

As artificial insemination has been given more em- 

phasis during recent years and the need for well-stored and 

properly shipped seinen from outstanding bulls has been in- 

creased correspondingly, more research concerning the 

normal, chemical, and physiological characteristics of 

semen is required. 

Volume of semen 

The volume of semen is influenced by the number of 

spermatozoa and the secretion of accessory glands0 Lepard, 

Shuart, and Foster (26, p.13) found out that mature bulls 

produced a greater volume than young bulls. Herman and 

Swanson (21, p.83) stated that the age of the bull did not 

have as much influence on production of spermatozoa as did 

the size. 

Differences in volume are sometimes due to the vigor 

of the thrust at the time of collection. (32, p.114) 

Seasonal fluctuation in the production of spermatozoa has 

been demonstrated in a number of animals. 

A high correlation was found between semen volume and 

the total number of spermatozoa per ejaculate. (25, p.15) 

Color 

The color of normal bull semen has the appearance of 



5 

whole milk, and its variations are due mainly to the sperm 

concentration and to contamination during the ejaculatory 

process. A yellowish color may indicate the presence of 

pus or urine. Pinkish or reddish color is due to the pres- 

ence of blood or degenerating tissue. (32, p.115) 

Viscosity and concentration 

Viscosity and concentration were found to be signifi- 

cantl correlated with the number of spermatozoa In the 

ejaculate. Concentration was positively correlated with 

the motility rating, and negatively correlated with the 

percentage of live and abnormal spermatozoa. (25, p.15) 

It was found, by Eb, Andrews, and Hilton (15, p.825), 

that the average concentration of dairy bull semen and 

total sperm per ejaculate was maximum during April, May, 

and June. Swanson and Herman (41, p.300) did not find any 

statistically significant monthly variation in volume, con- 

centration, and percentage of total abnormal spermatozoa. 

r1.T 

It was reported by Anderson (6, p.302) that the mean 

pH of normal bull semen was 6.73±0.02. Significant differ- 

onces were noted among bulls tested. Highly significant 

negative correlation was found between pIT and the concen- 

tration of spermatozoa. The more acid the pli of semen on 

collection, the better was the motility retained on 



storage. 

Raps and Cannon (34, p.937) observed a positivo cor- 
relation between the pH readings taken from the semen of 

individual bulls within the different breeds. A definite 

seasonal fluctuation, with a higher pH in February and a 

lower pH in ?1ay, was recognized. 

Reid, V;ard, and a1isbury (35, p.391) found a signifi- 

cent relationship of the pH chango in incubated semen to a 

number of different semen characteristics, such as motility 

and viability, and indicated its value as an indirect 

measure of over-all semen metabolism. 

Percentage of live spermatozoa 

A significant correlation between the percentage of 
live spermatozoa at ejaculation and the percentage of sper- 

matozoa surviving a cold shock after dilution of semen was 

found by basley and Eogart (25, p.17). They did not find 

any correlation with tìe percentage of live spermatozoa in 

non-diluted semen. They stated that semen which contained 
less than 50 per cent live spermatozoa is of questionable 

fertility. 

Madden, Herman, and Berousek (27, p.17) found, usine 

1% significance level, that the correlation between initial 

motility and initial percentage of live sperm was highly 

significant with a coefficient of correlation of 0.69. A 

close relationship between the percentage of live sperm 
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and the moti1it of perin in storage was shown. No sign.if- 

leant differoncoß were noted in raotilitj-, longevity, or the 

percentage of live sperm between semen which resiited in 

conception and semen which did not produce conception. 
They also stated, except in extreme cases, the percentage 

of live sperm in semen did not seem to be a satisfactory 

test for estimating the value of semen to be used for in- 
seiuinating purpose s. 

Stone, Johnston, and Mixner (3e), p.447) obtained a 

multiple coefficient of correlation of±O,Gc) of fertility 
with spermatozoan concentration and the percentage of 

spermatozoa surviving at 000. cold shock. 

Percentage of abnormal spermatozoa 

Branton and Salisbury (9, p.159) found that the 

various levels of the reproductive tract of the bull did 

not differ significantly in the proportion of abnormal 

3permatozoa and that the predominant types of abnormalities 

were those affecting the head of the spermatozoa. It was 

concluded that the testis is the original source of morpho- 

logically abnormal spermatozoa. 

ratton, Salisbury, Tamale, Branton, and Mercier 

(10, p.790) reported that there was a gradual increase in 

the percentage of abnormal spermatozoa of semen obtained 
from dairy bulls which were fed rations low in carotene. 

Blom (7, p.4), in Denmark, worked on the 
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interpretation of spermatic cyto1oy in dairy bulls and 

assumed that tuo abnormalities classified as primary, 

according to the system of Largelöf, are due to disorders 

in the spermioenic epithelium. The percentage of these 

abnormalities, which are abnormal head forms and abnormali-. 

ties in the middle piece and tail of the sperm, was con- 

cluded to be related to impaired fertility. Secondary 

abnormalities, which are normal tailless sperm heads, sperm 

with proximal droplet or immature sperm, sperm with bent 

tail, and detachment of the galea capitis, Which is the 

spontaneous loosening of the head cap from the sperm head, 

are the reslt of unphysiologic conditions after the sperm 

left the spermiogenic epithelium, and possibly during the 

stay in the epididymis or during the ejaculation process. 

Thirty to 50 per cent of bent-tailed spermatozoa in bull 

semen was found to indicate impaired fertility. It was 

found that the main causes of the secondary abnormalities 

may be masturbation or the overuse of a bull. 

Initial motility 

basley and Bogart (25, p.20), working with beef 
cattle, found that initial motility rating was signifi- 

caritly correlated with the percentage of live spermatozoa, 

but was not highly correlated with the percentage of live 

spermatozoa surviving a cold shock in undiluted seinen or in 

diluted seinen with egg yolk-buffer, or with the percentage 



of abnormal spermatozoa. No sinificant correlation be- 

tween initial motility and fertility was found. 

Swanson and Herman (41, p.300) found a significant 
curvilinear relationship between proressive motility and 

coricoptio. rate. Perry (32, p.116) stated that initIal 
motility was believed to be the best evidence of viability 

of sperm of a fertile male, although it IS not necessarily 

a sign that the sperm possesses normal fertilizin power. 

Survival capacity of spermatozoa 

Herman and Swanson (21, p.85) reported that the time 
of survival with good motility was found to be a good index 

of fertility of semen. The longer vigorous motility was 
maintained In a sample of semen, the greater was the chance 
of that semen to produce conception. 

Iargo1in, Larlett, and Lepard (28, p.984) found a sig- 
nificant correlation between longevity and conception rate 

of bull se Cien. Zoeth and Herman (42, p.447) found a sig- 

nificant correlation between duration of motility in 
diluted semen and percentage of non-retirns. A 20-hour 

increase in longevity occasioned a l, increase in percen- 

tage non-returns. 

Dilut ers 

Miller (30, pp.1-3) gave the purposes of diluting se- 

men as follows: (i) to increase volume, (2) to improve the 
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surrounding inedia by furnishing a supply of g1ucoe, (3) 

bufforin against lactic acid, (4) decroasin..' the electro- 
lyte concentration to approximately the same as that in the 

opid1dyrn1, and (5) strenthen!ng the lipold capsule by 

rep1ac1n? the ch1orideì with sulfates and tartrates. 
Milovanof and e1ivanova (31, p.53) formulated the 

lucoso-type diluents which have been widely used in 

Russia and Denniark. 

In 1939, Phillips and Lardy formulated the egg yolk- 

phosphate diluter which was made of 0.2 gri. KM2PO4 and 2.0 

gri. Na2HPO4-12H20, diluted in 100 ml. of boiling distilled 
water. Then the buífer was mixed 1:1 with fresh egg yolk. 

Salisbury, Fuller, and illet (37, p.909) devised the 

egg yolk-citrate diluter consisting of a M/15 solution of 

sodium citrate (2 Na30611507.11H20) mixed in equal amounts 

with fresh egg yolk, and thich dispersed the fat globules 

and other material in the yolk so that, th en semen was 

diluted with it, the individual spermatozoa could be 

readily seen upon microscopic examination. They also re- 
ported that the yolk-citrate and the yolk-phosphate 

diluents were apparently equal as preservatives of the 

motility of spermatozoa which were stored in them, under 

standard conditions, for two and four days. Tue yolk- 

citrate diluent was superior for the preservation of 

motility when semen was stored six days or more. No sig- 
nificant difference in fertility was reported between the 
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two diluents. 

Phillips and Spitzer (33, p.413) prepared a synthetic 

pabulum, the "lipid-glucose-buffer-gum" diluter, which was 

made of (1) glucose, 0.6 per cent; (2) galactose, 0.2 per 

cent; (3) KH2PO4, 0.2 por cent; (4) Na2HPO4.12H20, 2.0 per 

cent; (5) Lipositol, or purified lecithin, 1-2.0 per cent; 

(6) gum acacia, 3.00 per cent; (7) distilled water to 

volume, and (8) sulfathalidine, or streptomycin, 003 per 

cent. Its use rendered individual sperm plainly visible. 

Bratton, et al. (11, p.607) compared different 

diluente and found the mean fertility level for each one as 

follows: phosphate-yolk, 50.5; 3.6, citrate-yolk, 50.5; 

3.6 citrate-suifanilamide-yolk, 55.3; 2.9, citrate- 

sulfanilamide-yolk, 56.5; ortho tablet-yolk, 56.4; and 

ortho liquid, 55.0. 

Foote and Bratton (17, p.860) pointed out that the 

fertility level of semen cooled in extender was 59.3 per 

cent, and that of semen cooled without extender was 52.8 

per cent. The difference of 6.5 between the two treatments 

was found to be highly significant statistically. They 

also indicated that the samples cooled without extender had 

a definitely lower percentage of motile sperm. 

Rusley, et al. (36, p.220) presented a synthetic pabu- 

lum formula which appeared to support significantly greater 

viability of spermatozoa than the egg yolk-citrate diluent. 

Bogart and Mayer (8, p.151), working with stallion 
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semen, showed that the spermatozoan resistance factor, 

present in egg yolk, not only protects spermatozou from 

drastic temperature changes, but also from many adverso 

environmental conditions, such as changes in pH and osmotic 

pressure and presence or accumulation of harmful substances. 

Dunn and iratton (12, p.436) found that the spermato- 

zoan motility at 5°C. was as satisfactory in extenders corn- 

posed of three parts of 2.0 per cent sodium citrato 

dihydrate buffer, containing 0.4 per cent of suecinyl- 

sulfathiazol or 0.4 per cent succinylsulfanilamide, and one 

part of liquid whole egg, as in the standard 2.9 per cent 

yolk-citrate s.lfanilamido extender. The spermatozoa were 

more visible and more activo in the whole egg extenders, 

thereby facilitating the microscopic examination. The per- 

centages of the 60- to 90-day non-returns of these two 

types of extenders were not sinificantly different. 

Antibiotics 

k.nodt and Salisbury (22, p.290) found that the addi- 

tion of 300 mg. of sulfanilainide per 100 ml. of yolk- 

citrate diluent gave a significant improvement in the via- 

bility of bull semen over a 20-day storage period, 

prevented bacterial rowth, and depressed glucose and 

oxygen utilization. 
Salisbury and Knodt (38, p.368) reported that the 

effects of sulfanilamide on fertility are largely 
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metabolic, rather than due to bacterial control. Almquist, 

Thorp, and Knodt (1, p.18) found that the addition of 

250 500 and 1000 Oxford units of penicillin per ml. of 

diluted semen did not reduce the srmatozoan motility sic- 

nificantly during a 6-day storage period. Penicillin was 

found to depress the utilization of glucose, while the 

amounts of lactic acid thich accumulated were not signifi- 

cantly affected. They also pointed out that penicillin 

retarded bacterial growth. 

The addition of 100 sag. of streptomycin per ml. of 

diluted semen was found, by Alniquist, Giantz, and Thorp 

(2, p.506) to be si(jiiflcantly related to bacterial inhibi- 

tion and spermatozoan viability over a storage period of 8 

days. Larger quantities than 1000 g. of streptomycin per 

ml. of diluted semen brought about a significant decrease 

in spermatozoan viability during a storage period of 20 

days. 

Foote and alisbur (16, p.776) pointed out, in an ex- 

periment with twelve sulfonamides added in diluted semen 

with citrate-phosphate buffers, that sodium sulfamethazine, 

and carboxysulfathiazol, were siificantly superior to 

suifanilamide in maintaining motility of spermatozoa, but 

they were inferior in controlling bacterial growth. 

Almquist, Glantz, and Shaff er (3, p.188) found that 

the use of a combination of penicillin and streptomycin .n 

levels ranging from 100 to 1000 units of each, per ml. of 
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diluted sanen, did not affect significantly the viability 

of bull spermatozoa durinc', a 20.-day storage period. The 

use of this combination effectivel; controlled bacterial 

growth. ITo apparent relationship was found between the 

average plate counts of semen and the general fertility 

leve of bulls, in a study of bacteria and semen fertility 

by Ainquist, et al. (5, p.547) 

On the basis of 3,756 inseminations, Almquist 

(4, p.953) found that the addition of penicillin to the 

semen of five relatively infertile bulls at the rate of 500 

and 1000 units brouí:ht about highly significant increases 

in fertility. The variation in results amont, the bulls in- 

dicated that penicillin had a very beneficial effect upon 

the seinen from bulls of low fertility, while failing to be 

of significant value when added to the semen of other 

bulls. 

Foote and i3ratton (18, p.542) found that the addition 

of polymyxin to diluted 3emen, at a rate of 0-2500 . per 

ml., did not affect the spermatozoa, whereas larger quan- 

tities considerably decreased the percentage of motile 

spermatozoa during the latter part of the storage period. 

Aureomycin dosages of 1-100 g. per ml. of diluted semen 
rediced bacterial growth at 5°C. and 2000. as compared with 

the control in which only sulfanilamide was added. 

In a study of fertility with bull semen, Easterbrooks, 

et al. (14, p.736) reported that the addition of 100 of 
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streptoicin sulfate per ini. of diluted semen brouht about 

a highly zig ificant increase in the non-returns percen- 

tage. Foote and Bratton (1), p.845) reported that a con- 

bination of sulfanilanide (3 mg.), sodium crystalline 

penicillin G (500 Oxford units), streptomycin (500 j.g.), 
polymyxin E sulfate (500 g.), added per iìl. to diluted 
semen, cor:'ipletel inhibited bacterial rowth at 5CC. and 

25°C. 

Easterbroolcs, Heller, and Plastridge (113, p.852) 

reported that stroptorn,rcin calcium chloride complex is in- 
compatible with phosphate buffer, but did not rind any 

statistical significance between calcium chloride complex, 
streptomycin, and dihydrostreptomycin sulfate in the per- 
centage on non-returns. 



III. MiTERIALS AND IIIIETIIODS 

Animal s 

Five Hererorth3 an two Angus bulls at the Oregon stato 

Gollege beef barn were used: (1) NO. 89, Heroford, 5 years 

oid; (2) No. 3G, Hereford, 4 years old; (3) No. 71, llore- 

ford, years oid; (4) No. 17, Hereiord, 5 years ola; (5) 

No. 64, hereford, 20 months ola; (6) No. 117, Angus, 20 

months oid; and (7) No. 114, Angus, 20 months old. All of 

the above buii were purebred, in good physical condition, 

and of average fertility based on calvin records. 

The bulls were fed a ration co.sistin, of 7 pounds of 

concentrate mixture with the constituents shown below, 18 

pounds corn siia,e, and 15 pounds goo quality Alfalfa hay. 

Ground barley ..... . 60 i.inseed meal ...... . 1.0 

Ground oats ........ 20 Dried skim milk .... .5 % 

Molasses-beet pulp . 10 Steamed bonemeal ... .5 
theat bran ......... b Salt ............... .45, 

Soybean seed meaÏ .. 2.5,' irradiated yeast ... .05 

The above ration was constant during the whole period of 

collection. 

and methods of collection 

Semen samples were collected once a week by means of 

an artificial vaina (Lambort and McKenzie; 23, p.25), at 
the saine day of the week and tizne, for six months 
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(November 1950 to April 1951). Only one ejaculate was ob- 

tained from each bull at each collection. All collections 

were made by allowin: the bulls to mount another bull. 

Semen examination 

The fr0311 undiluted sornen was examined immediately 

after collection, and the diluted seinen was examined after 

48 and 120 hours. The initial oxaiination of the undiluted 

serAlen consisted of the followin, ob3ervations: 

1. Volume 

2. Viscosity and color 

3. piI of semen with a Beckman glass electrode 

piI Eieter 

4. Motility. For motility examination, a drop of 

semen was transferred from the collection 

tube, by means of a sterile glass rod, to 

a clean prewarmed elide. A magnification 

of xlOO wa used. The semen was rated 

according to the swirling ol' the masses 

of spermatozoa, from O to 10 (best 10) 

5. Percentage of spermatozoa with progressive 

motility. For the percentage of sperm 

with pro;ressive motility, a drop of phys- 

iological soLition (0.9 NaC1) was placed 

on a prewarmed slide, and a tiny quantity 

of the undiluted semen, influenced by the 
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viscosit o1 semen, wa transferred and 

distributed in the saline drop by means 

of a sterile '1ass rod. A magnification 

of x430 was used so that the Individual 

sperm cells eold be readily recognized. 

The semen was rated according to the 

number of spermatozoa with prorossive 
and vigorous motility, from O to 100 per 

cent 

6. Percentage of live spermatozoa. The percen- 

tage of live sperrî was determined by the 

differential staining technique (Mayer, 

quiors, and ìogart; 29, p.233) 

7. Concentration. The concentration of spermato- 

zoa was determined by means of the homo- 

cytometer, and was expressed as the number 

of spermatozoa per cubic millimeter. A 4 

sodium chloride solution was LiSed for the 

dilution of semenì in the red-blood cell 
diluting pipette, which was thoroughly 

shaken. 

The 40 and 120 hour ox&.inations of the diluted semen 

consisted of the percentage of spermatozoa with progressive 

motility. The same tochniqe, as in the initIal examina- 

tion of the percentage of sperm with progressive motility, 

was used. The purpose of using the saline was to increase 



the visability of individuai sperm-cells. Semen was rated 

from O to loo per cent (best 100). 

Dilution of semen 

Three buffers were used: (1) one-tenth molar solu- 

tion of sodium citrate with 5 molecules of water 

(Na3C6H507.5kI20, 35.6 grains per liter of distilled water) 

with a pH 7.3; (2) one-eighth molar solution of potassium 

phosphate, made of three parts K2HPO4 (26.9 'rans per liter 

of distilled water) and one part of iUi 2PO4 (16.9 graris per 

liter of distilled water, with a pH of 7.35; (3) one-eighth 

molar solution of sodium phosphate, made of three parts of 

Na2HPO4 (17.7 ¿ranis per liter of distilled water) and one 

part of NaH2PO4 (14.9 grams per liter of distilled water) 

with a pH 7.2. 

Equal parts of each buffer solution and egg-yolk, ob- 

tamed from fresh eggs, were thoroughly mixed. The buffers 

were kept at 4.5°C., and were prewarraed at room tempera- 

ture (200C.) before the preparation of the egg-yolk 

diluters. 

In the second part of the experiment, the following 

antibiotics were added to the egg-yolk-sodium citrate 

diluter: (1) sulfamethazine (3 mg. per mi. of diluter); 

(2) Penicillin sodium crystalline G (500 Oxford units per 

ml. of diluter); (3) Streptomycin calcium chloride complex 

(100 g. per ini. of diluter; and (4) Aureomycin HOi 
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(100 jig, per ml. of diluter). 

The sien was diluted at a rato of I to 20 for the 

first part of the experiment with the three buffers, and 

1 to 50 for the second part of the experiment with the 

antibiotics. 

Storag 
2. semen 

The diluted sornen was stored durin the first part of 

the experiment in vials of 1 ml., which were corked by par- 

affined corks. In the second part of the experiment the 
seiien was stored In vials of 7 ml. Then the vials wore 

wrapped with paper and placed on the sidos of a number 2 

CLfl containing ice. Then the can with the vials was placed 

in two insulated bags, one within the other. The thole 

thing was placed in a corrugated paper box. Such boxes, 

which are similar to the boxes used for shipment of semen 

by the Oregon Dairy Breeders Association in Corvallis, were 

made for each bull. These boxes were left for the first 24 

hours at roam temperature (2000.) and then were put in the 

refrigerator at a temperature of 4.500. until time of 

exam mat ion. 

Two vials filled to capacity with the treated semen, 

for each sample treatment and each bull, were kept for the 

48 and 120 houir examinations. 
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IV. RESULTS ANT) DISCUSSION 

Characteristics of semen 

Volume 

The volume of semen fluctuated within the bulls 

and between the bulls (range: 0.5 to 9.0 ml.). 

Neither the size nor the age of the bulls had any in- 

fluence upon the volume of semen. The vigor of the 

thrust at tne time of collection seemed to influence 

the volume of semen to a certain extent. The fact 

that only one ejaculate was obtained from each bull 

each period of collection might have caused these 

differences in the volume of semen, especially within 

the bulls. The average valuo of the volume of semen 

aro tabulated for each bull at the two periods of 

collection. (Appendix, Tables 1 and 2) 

Color 

The color of semen samples varied between the 

bulls, but was rather constant within the bulls. The 

semen from the Hereford bulls had a wuite appearance, 

and the degree of whiteness was correlated with the 

concentration and initiai motility of spermatozoa. 

The two AflU bulls, durin; the thole period of col- 

lection, gave semen which had a yellowish appearance. 

There was not any noticeable effect of this yellow 
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color upon the motility and survival of spermatozoa. 

Concentration and viscosity 

The estimation of viscosity of semen made by 

visual examination was correlated with the number of 

spermatozoa found by means of the hemocytometer 

counts. There was not much variation in the concen- 

tration of sornen within the bulls, wiiiie a great var- 

iation was observed between the bulls (Range: 40,000 

to 3,000,000 sperm cells por cubic millimeter). No 

relationship was found between sornen concentration and 

volume of sen. The concentration seemed to be cor- 

related with the motility and the number of live 

spermatozoa. The average values of the concentrations 

of semen expressed in millions of spermatozoa por 

cubic millimeter are tabulated. (Appendix, Tables 1 

and 2) 

Bi! 

There was little variation within and between the 

bulls in the pH observed on the fresh semen immed- 

lately after co.Llection. The average pH was more 

alkaline (6.84 versus 6.73) than was found for dairy 

bull so;nen (6, p.303). o relationship was noticed 

between the piI and other semen characteristics. The 

average values of semen for each bull are tabulated 
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or the two periods o1 collection. (Appendix, Tables 

i and 2) 

I/iotility 

ihe motility or cemen varied coriderably between 

the bulls from O to 10, and to a certain extent within 
the bulls. The initial motility ratings, based on the 
swirling of the masses of spermatozoa, was positively 
correlated with the number of sperm with progressive 

and viCorous motility. The motility of spermatozoa in 
the fresh semen appeared to be correlated with the 

motility of sperm in the diluted stored semen, at the 
43 and 120 hour examination2. The percentage of 

spermatozoa with progressive motility has been for a 

long time the basic criterion for eiien evaluation, 
and the progressive movement of the spermatozoa stated 

to be related with the fertilizing capacity of sperm- 
atozoa. (32, p.72) A ions as the action of fertili- 
zation of the ovum by the male ganete has not been 

thoroughly explained, a vigorous proressive motility 
of spermatozoa is one of the main characteristics of 

sperm for the evaluation of sanen. The average values 
for the initial and progressive motility of spermato- 

zoa in the undiluted semen are tabulated for the two 

periods. (Appendix, Tables i and 2) 
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Percentage of live spermatozoa 

The percentage of live spermatozoa in the semen 

immediately after collection (as determined by the 

fast green-oosin differential staining method) was 

expressed with the number of unstained spermatozoa in 

200, counted in two slides. A relationship appeared 

to be between the percentage of live sperm and the 

concentration of semen. The lower the concentration 

of senien, the larger the number of dead spermatozoa0 

The percentage of live spermatozoa did not appear to 

be related with the initial motility, but considerably 

affected the percentage of sperm with proessive 

motility during the storage period. The last one has 

been found to be true for dairy bulls (27) and it is 

obvious, as in the percentage of spermatozoa with pro 
gressive motility, only the viable spermatozoa are 

taken into consideration and the more the dead sperm 

cells, the lower the percentage. No great differences 

in the number of live spermatozoa were detected within 

the bulls, while between the bulls the percentage of 

live sperm varied considerably. (Hange: 14 to 92 per 

cent) The average v.ues Cor the number of live 

sperm in 200, in fresh undiluted semen, are tabulated 

for the two periods of the experiment. Some micro- 

photographs of differentiation of live an dead 



Differential Staining of Spermatozoa 
(Fast Green-Eoein Stain) 

Figure 1. Bull No. 117. Fresh undiluted semen. 
Live sperm 8 

1 
r 

. 

-: 
Figure 2. Bull No. 1114. Undiluted semen after 

148 hours storage. Live sperm 32% 



Differential Staining of Spermatozoa 
(Fast Green-Eosin Stain) 

L 

- t) 

Figure 3. Bull No. 89. Undiluted semen 
after 120 hours storage. 
Live sperm 36% 

Differential Staining of Spermatozoa 

r. 

;iíi 
Figure b. BuU No. 71. Semen diluted in 

sodium citrate egg-yolk buffer 
after l.8 hours storage. 
Live sperm 9S% 

4 



Differential Staining of Spermatozoa 
(Fast Green-Eoain Stain) 

Figure 5. Bull No. 38. Seinen diluted in 
potassium phosphate egg-yolk 
buZfer after t8 hours storage. 
Live sperm 72% 

Figure 6. Bull No. 89. Semen diluted in 
sodium phosphate egg-yolk buffer 
after 120 hours storage. 
Live sperm 714% 
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apermatozoa in undiluted, fresh, and diluted semen. 

stored at 43 and 120 hours, are shown. (Figures 1-6) 

Buffer s 

The effect of the three buffers - sodium citrate, 

sodium phosphate, and potassium phosphate - ori the survival 

of spermatozoa in storao was based on the percentage of 

sperm with proressive motility at the 48 and 120 hour ex- 

aminations. The data obtained wore analyzed by the analy- 

sis of variance at the 5 per cent level of significance. 

Six missing values were substituted by dummy values to 

avoid the use of analysis of variance with unequal number 

observations. The individual degrees of freedom test was 

uod after the analysis of variance, to trace the source of 

variation of the three buffer treatments. No interaction 
was found between bulls and buffers, at both the 48 and 

120 hour examinations, indicating that the factor bull did 

not affect the buffer treatments. 

The effect of the buffers on the semen samples within 

and between the bulls was found to be snificant at the 48 

and 120 hour examinations. The sodium citrate buffer was 

superior in preserving the motility of spermatozoa, at both 

the 48 and the 120 hour examinations, to the two phosphate 

buffers. (Tables i and 2) 

In dairy bull comen, it wa found that the sodiun 

citrato buffer was superior to the phosphate buffor for the 



Percentage of Sperm with Progressive Motility at 18 Jour Ecarninations 
Buffer Treatmerrt 

Analysis of Variance 

Variation due to Su of Squares 
Degrees 

of 
Fraedai Mean Squara F Remarks 

Bull 6,82.9613. ).,370.S922 bS.98 Significant 

Semen within bulls W.616.6O96 3 8142.3889 28.26 Significant 

Buffer ],32.777 2 676.2888 22.69 Significant 

Citrate va.Phosphate 1,088.!W.i. i 1,088 .SW.I 36.2 significant 

K2HPOj1 vs. NaHP0k 26IL.0333 1 26I. 0333 8.86 significant 

Buffer x bull interaction 

Error 

2S3.%56 

3,1S9.6901 

10 

106 

25.3S6 

29.8O81 

O.8 Not sgnificant 

Total S6,26S.3914 176 



TABLE 2 

Percentage of Sperm w-itLÀ Progressive Motility at 120 Hour Lximination 
Buffer 'freatnient 

Analysis of Variance 

Degrees 
Variation due to Sum of Squares of 

_________________________- Freedoni Mean Square F eniar1_ 

Bull 3,160.!a7? _ 632.08 - 9.60 5inificant 

Senn within bulla 21,S02.913'?S _______ b05.7122 6.16 Significant 

Buffer b,1i66.9h14 _2 2,233.1i722 33.93 Significant 

Citrate vs. Phosphate b, 37 .069b b, 375 .069b 66.b7 Significant 

H2P01I vs. N&2HPOh 91.8750 1 91.8750 l.bo Not significant 
Buffer x bull interaction 1,953.9223 10 105.3922 1.60 Not significant 
Error 6,977.325 _106 65.8211 _________________ 
Total 37,16l.3914 176 ________________________________________________ 

C 

C 



preservation of motility when semen was stored six or more 

days. (7, p.910) Sodium phosphate was significantly 

bettor than the potassium phosphate at the 48 hour examina- 

tion, while, at the 120 hour examination, there was not 

significant difference between those two phosphate buffers. 

The visability of spermatozoa In the semen diluted 

with sodium citrate was superior than in the semen diluted 

with the two phosphate buffers and this fact might in- 
fluence, to a small degree, the estimation of the percen- 

tage of sperm with progressive notility. (Tables 1 and 2) 

Antibiotics 

Three different treatments of antibiotics wore tested 

against the untreated control. Two tenths of ml. of semen 

wore mixed with 10 ml. of sodium cItrate egg-yolk buffer 

for each treatment and for the control. The antibiotics 

were added in the 10 ml. of diluter separately for each 

biïl and before mixin with the semen. In the first treat- 

mont, 100 g. of aureoraycin (powder) per ml. were added to 

the diluter. In the second treatment, 3 ing. of sulfa- 

mnothazine per ml. were added to the diluter. In the third 

treatment, a conbination of auroomycin and sulfamethazine, 

in the same as the above proportions, plus 0.3 mg. of 

penicillin G sodium crystalline and 100 g. of streptomycin 

per ml., were added to the diluter. (Table Z) 



TABLE 3 

Antibiotic Contents per Milliliter of 

Yolk Citrate Diluter 

Treatment s 
Antibiotics Control 1 2 3 

u1famethazine, mg. -- -- 3 3 

Aureomycin HC1, g. -- loo -- 100 

Penicillin sodium 
crystalline G, mg. -- -- -- 0.3 

Str eptomyc in 
calcium chloride 
complex, tg. -- -- -- 100 

The analysis of variance and the individual degrees of 
freedom tests were used for the analysis of data, at the 

per cent level of significance. 

The effect of antibiotics upon the percentao of sperm 

with progressive motility was si,ificant1y different be- 

tweon the bulls and within the bulls at the 48 and 120 hour 

examinations. (Tables 4 and 5) No interaction was found 

between the bulls and the antibiotic treatments, at both 

the 45 and 120 hour examinations. 

At the 48 hour examination, the three treatments were 

superior to control in preserving the progressive motility 



of spermatozoa, but, at the 120 hour examination, the 

effect of the three antibiotic treatments was not signifi- 

cantly better than the control. At both the 48 and 120 

hour examinations, the combination treatment was not sup- 

erior in preserving the progressive motility of spermatozoa 

to the aureomycin and sulfamethazine treatments. 

Sulfamethazine was superior to aureolnycin alone in 

preserving the progressive motility of spermatozoa, at both 

the 48 and 120 hour examinations. 



TABLE 14 

Percentage of Sperm with Progressive Motility at 148 Hour Examination 
Antibiotics Treatnnt 

Analysis of Variance 

Variation due to Suiu of Squares 
Degrees 

of 

Freedi Mean Square F Remarks - 

Bull lh,1l.l333 289O.226? 23.0 Significant 

Semen within bulla 73,618.8149S S2 1,1415.71471 US.16 Significant 

Antibiotics 679.7833 3 226.9Ijh 18.143 Significant 

Control vs. 
antibiotic treatments S2.2722 i 2.2722 14.2 Significant 

Coenbination vs. 

aureomycin and 
sulfamethazine 1.8778 1 1.8778 O.1S Not significant 

Aureomycin va. 
sulfamethazine 62S.6333 i 625.6333 O.89 Significant 

Antibiotics x bull interaction 276.14667 l 18.14311 1.50 Not significant 

Error 1,917.7SOS ].S6 12.2933 

Tota]. 90,9143.9833 23]. 



TABLE 

Percentage of Sperm with Progres1ve Motility at 120 Hour Examination 
Antibiotics Treatment 

Analysis of Vari. nc 

Degrees 
Variation due to Sum of Squares of 

- - Freedc Mean Square F Remarks 

Bull 7,17l.S37_ l,13I.307 109.8]. Significant 

Semen within bulla 26,62S.18h]. S2 S12.028 39.20 Significant 

Antibiotics 628 .9]2S 3 209.637g 16.0 Significant 

Control vs. 
antibiotic treatments 148.5681 1 148.5681 3.91 Not significant 

Combination vs. 
aureomycin and 
aulfamethazine 142.7111 1 142.7111 3.27 Not significant 

Aureomycin vs. 
suif amethazine 537.6333 1 537.6333 141.16 Sitnificant 

Antibioticax bulls interaction 236.5125 15 15.7675 1.2] Not significant 

Error 2,937.6].59 156 13.0616 

Total 36,700.0625 231 



V. SUMMARY AND coNcLU:r3NS 

1. On the basis of 117 semen samples obtained from 7 beef 

bulls, some properties of tne fresh semen were 

studied and. correlations were found between them. 

The color of semen was correlated with the breed 

and the two Angus bulls save sornen which had a 

yellowish appearance throughout the ole period. 

Concentration was found to be correlated with the 

color of semen and the mot iÏity of spermatozoa. 

A relationship was noticed between the percentage 

of live spermatozoa and the percentage of sperm- 

atozoa with progressive motility in the diluted 

stored sornen. 

2. In 59 of the above sien samples collected during the 

first period of the experiment, tue effect of 

sodium citrate, sodium phosphate, and potassium 

phosphate upon the survival of spermatozoa was 

tested. Eacn buffer was mixed in equal amounts 

with fresh egg-yolk. One tenth of a milliliter 

of semen was diluted in two milliliters of each 

buffer and stored in paper boxes containing iced 

cans. These boxes, one for each bull, were kept 

at room temperature (20°C.) for the first 24 

hours, and then placed in the refrigerator 

(4.5°C.) for the remaining period. Semen 
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examinations were made at 48 and 120 hours, and 

the semen was rated on the basis of the percentage 

of sperm with proressive motility. 

3. The sodium citrato buffer was found to be siiifioant1y 
better at the 5 level of sinificance than the 

two phosphate buffers in preserv1n the motility 
of spermatozoa during the whole period of storage. 

4. At the 48 hour examination, sodium phosphate was sup- 

erior to potassium phosphate, while at the 120 

hour examination there was not any significant 

difference between them as preservatives of 

spermatozoan motility. 

5. The effect of the buffers on the semen samples within 

and between the bulls was found to be statis- 

tically significant. 

6. No interaction was found between buffers and bulls. 

7. During the second part of the experiment, 58 samples 

were treated with antibiotics, by using the split 
sample method. The egg-yolk sodium citrate 

diluter was used. The semen was diluted at a 

rate of i to 50 and stored in vials of 7 mliii- 

liters, filled to capacity. Aureomycin, suifa- 

methazine, and a combination of these two plus 

penicillin and Streptomycin were tested against 

the diluted and without antibiotics control. The 

same methods of storage and semen ratings, as with 
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the buffers, we'e used. 

8. At the 48 hour exminati on, the percentage of sperm 

with progressive motility in the treated sersen 

was significantly higher than in the control, 

while at the 120 hour ex&sinaton no significant 

difference was fo2nd. 

9. Sulfasiethazine alone was signIficantly better in pre- 

serving the motility of spermatozoa than aureo- 

mycin and the combination treatment, at both the 

48 and 120 hour examinations. 

10. The effect of antibiotics on semen within anci etween 

the bulls was found to be statistically aignifi- 

can t. 

11. No interaction was found between antibiotics an 

bulls. 
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AP?E1DIX 



TABLE I APPENDIX 

Average Values of Beef Bull semen Characteristics in Initial xamination 
for the Period 11/21/50 - 1/23/51 

Bull VIUi ÏìflI ögre Còicentration 
No. Breed Age in ml. pH Motility Motility Sperm No. of Sperm 

1 to 10 Percentage in 200 in Millions 
jer mm3 

89 Hereford 5 yrs. 3.66 6.95 6.9 41 152 1.119 

38 Hereford 4 yrs. 1.53 6.85 4.7 24 139 1.200 

71 Hereford 3 yrs. 2.96 6.84 8.7 44 162 2.135 

84 Hereford 20 months 3.54 6.76 6.1 36 156 1.136 

114 Angus 20 months 2.23 6.74 4.7 27 134 .864 

117 Angus 20 months 2.82 6.61 6.6 40 158 1.205 

Cn 



TABLE II APPENDIX 

Average Values of Beef Bull Semen Characteristics in Initial xainination 
for the Period 2/20/51 - 4/23/51 

Bull Volume Initial Progréssive NumliiV Concenration 
No. Breed Age in mi. pH 1otility Motility Sperm No. of Sperm 

i to 10 Percentage in 200 in Mi1lins 
per inni 

17 Hereford 3 yrs. 4.79 6.84 7.5 46 176 1.660 

38 Hereford 4 yrs. 2.44 7.04 6.1 38 167 1.32w 

71 Hereford 3 yrs. 3.60 6.96 6.8 41 162 2.166 

84 Hereford 20 months 2.66 6.96 5.8 34 165 1.112 

114 Angus 20 months 2.13 6.91 3.3 17 131 .764 

117 Angus 20 months 4.05 6.69 6.0 43 166 1.026 


