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In recent years, Japan's Official Development Assistance for the livestock development in

developing counties, has become diversified in terms of the number and technical field of

cooperation.

In responding to this trend, the number of livestock experts from Japan has increased

and their technical fields have also been diversified for cooperation. 

The Japan Livestock Technology Association (JLTA) has published many Livestock

Technology Manuals in English as well as in Japanese in order to respond to needs

required from developing countries, which included technologies of artificial

insemination.  The first edition of "Artificial Insemination Manual in Cattle" was

published in 1991.

Since then, related technologies of artificial insemination in the said edition have been

much advanced and Japan's experiences in appropriate technologies in tropical areas

have also been further accumulated. 

Under these circumstances, JLTA revised parts of the first edition of the Artificial

Insemination Manual and newly published for the convenience of users of this Manual.

We hope this will be useful for and widely utilized by relevant organizations and persons

who are engaged in technical cooperation for livestock development in developing

countries. 

JLTA expresses its deep appreciation to every author and person of the National

Livestock Breeding Center and the Japan Livestock Industry Association listed on the

next page of this Manual for their strong support and dedication to the revising of the

content.

JLTA also thanks the Japan Racing Horse Association (JRA) and Japan Racing Horse

and Livestock Promotion Foundation (JRL) for their financial support to the revision of

the Manual. 

Tokyo, March 2004

Yoshihiro Yamashita

President

Japan Livestock Technology Association
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1. Introduction and history of artificial insemination

Artificial Insemination (AI) is an animal reproductive technology consisted of collection

of semen from male animal, dilution and freezing of semen and depositing it to female

reproductive tracts, to bring female animal pregnant instead of direct mating between

female and male animals.  The first successful AI was reported by an Italian priest and

scientist, L.Spallanzani in 1780. He injected seminal liquid of a young dog to the uterus of

a water spaniel bitch and the bitch delivered three puppies. 

AI in farm animals is based on AI technologies of horse and other animals developed by

Russian scientist, Iwanoff. E. I. (1907). Japanese assistant professor, Ishikawa H. in

Kyoto University visited Prof. Iwanoff (1912) and initiated research work with horse to

study physiology of sperm and to improve horse breeding.  

The early procedures of collecting semen were involved in taking the semen from the

vagina of the naturally mated female with deposited sponge or aspiration by an injection

syringe. Specially designed condom and vaginal pessary were developed including

massaging method of the vesicular glands and ampullae and electric stimulating method

(electroejaculator). Now an artificial vagina, a good imitation of the natural vagina, is

used to collect semen with sanitary for mounting bull to ejaculate like a natural mating. 

Although semen was stocked undiluted or diluted in the liquid which contained sugars

etc. in early days of AI technology, the phosphate buffer solutions supplemented with egg

yolk were first developed and found to be satisfactory.  The defect of the solution is that

the fat globules of the egg yolk in the phosphate buffer hinder from observing individual

sperm under the microscope.  This defect was overcome using sodium citrate dehydrate

solution with egg yolk, to make the mixture transparent. The observation of individual

sperm became easy and this prevailing diluter also prolonged the preservation period of

sperm (1941). Many improvements in semen diluter were developed including an addition

of antibiotics to control bacteria in the semen and sugar-rich diluter supplemented with

egg yolk combined Tris (hydorxymethyl) aminomethane.

Although semen is preserved well in a low temperature, the greatest discovery is a

freezing preservation technology.  Polge, C. et al. discovered in 1949 that glycerol was

protecting fowl sperm against freezing at -79 ºC . They developed this technology to apply

to freeze bull semen, finally inseminated frozen-thawed semen to an estrous cow, and

then succeeded in a calf production in 1952. Frosty, the first calf obtained from frozen

semen was epoch-making. Semen was diluted and frozen in the egg yolk citrate

supplemented with glycerol. Now sugar-rich diluter consisted of egg yolk combined with

Tris (hydorxymethyl) aminomethane is prepared by adding glycerol for popular

procedures of freezing. Liquid nitrogen has been used for freezing and storing of semen at

-196 ºC  since the 1960s in the world. Diluted semen was conventionally cooled slowly at
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the rate of 1-3 ºC  per minute, and Nagase H. et al. discovered that rapid cooling of sperm

was effective for the survivability of sperm in 1963.  Now it is common to freeze semen,

which has been already cooled to 4 ºC, within 4 to 5 minutes at the cooling rate of over 15

ºC per minute. In addition, Nagase and Niwa invented the pellet method (1963), and it

has been used widely in East Europe or South America until recently.

In the early days of AI technology, semen was put into glass ampules for storing and

freezing. The plastic straw used for packing in Denmark was improved and manufactured

by Cassou in France in 1964, and his small plastic tubes combined with the inseminating

tool (Cassou AI-Gun) have become a common equipment for AI in the world. The

inseminating tools were invented to fit the anatomy of the female reproductive tracts,

and the recto-vaginal insemination method was developed by Danish veterinarians in

1930’, and has been used and become very popular in the world. 

In Russia, AI was widely developed in the horse and other farm animals in the

governmental institutes. An artificial insemination association was established to give AI

services to dairy cows in Denmark in 1936.  Many AI organizations were founded to breed

cows all over the world, mainly in Europe and North America. In USA, about 60% of the

dairy cows are artificially inseminated, and in the United Kingdom, France and

Denmark, more than 90% of the dairy cows are artificially inseminated. 

In Japan, the governmental and prefectural livestock stations began to apply AI to

horse and cattle breeding at first, and the legal regulation aiming at the control of

venereal diseases of cattle in 1939 prompted AI of cows to be popular and used in many

farms. In 1950, the organization and qualification of AI and AI technician were enacted

by the Livestock Improvement and Propagation Law.  In 1965, the Livestock

Improvement Association of Japan was founded to stock and distribute frozen semen of

cattle widely on the national basis.  In Japan, almost 100 % of dairy cows and over 90% of

beef cows are inseminated artificially using frozen semen.

2. Advantages and disadvantages of AI

(1) Advantages of AI

① Superior male animals can be used very effectively.

The greatest advantage of AI technology is that semen from an elite bull can be used

efficiently. The annual semen production is estimated to be enough to inseminate twenty

thousand cows; if the bull is served two semen collections per week and ejaculates 6 ml of

semen with a billion spermatozoa per one ml, it can produce 6 x 1011 (50 weeks x 2 x 6 ml

x 109 = 6 x 1011 ) spermatozoa a year. And considering a fact that 30 million spermatozoa

are needed for one AI, 20,000 times AI can be performed by one bull per one year (6 x

1011/3 x 107 = 20,000).  Actually as shown in Fig.I-1, one of the elite bulls produced over

200,000 heads of calves during his life time.

② A great genetic improvement of farm animals can be achieved.

The selection and efficient use of excellent bulls improve the production abilities of
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farm animals.  As shown in Fig.I-2, the increase of milk production of cows per year is

positively related to the spread of artificial insemination.

③ Genetic abilities can be determined more quickly and accurately.

Even semen from a young bull can be used for AI resulting in many calves on the

ground.  So many progenies can be used for the accurate estimation of transmitting

genetic abilities of the bull, and for the detection of genetic diseases of the bull as well.

Young bulls are artificially inseminated according to the optimal progeny testing program

both in beef and dairy cattle.

④ AI controls venereal and other diseases.

One of the reasons that Japan regulated AI of cattle under the law in 1939 was to

control many venereal diseases such as trichomoniasis and brucellosis.  Since a male and

a female do not contact each other directly by AI, many infectious diseases can be

prevented. 

⑤ AI makes both of the long distance transportation and the usage of the semen, even

after the death of a male from which it was collected, possible.
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Fig I-1   No. of Progeny obtained by AI using frozen semen of Japanese Black Sires
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Fig I-2   Changes in milk production per cow and spreading rate of AI in Japan

50 55 60 65 70 75 80 85 90 95 99

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

0

120

100

80

60

40

20

0

Milk, kg per cow
Spreading rate of Ai (%)



Frozen semen is now traded and utilized worldwide. Frozen semen straws are much

safer in hygiene and transportation and cheaper in cost than importing a living bull.

Moreover, frozen semen can survive after the death of male animals from which it was

collected.

⑥ AI has many other advantages. 

AI offers a safe circumstance for farmers by the elimination of dangerous bulls on the

farm, saving the cost of feeding and other managements for them. Some bulls are so big

that they cannot naturally mate small heifers, or bulls with problems in foot or hoof

cannot mount cows.  AI can overcome such troubles easily. Summer sterility in bull (bulls

are so sensitive to heat and humidity in summer that they produce semen with bad

quality) can be solved by freezing the semen with high quality during winter and spring

and storing it. Special flow cytometers for sexing sperm can separate DNA-stained

spermatozoa into X and Y chromosome bearing spermatozoa. Now it is possible to get

calves of the desired sex on the laboratory basis. AI has been used to mate inter/intra

species, and many researches have been studying about sperm and seminal plasma to

improve AI technology. Development of AI has promoted development of embryo transfer. 

(2) Disadvantages of AI

There are few disadvantages of AI but not fundamental faults. The technicians and

related people to AI need to understand those listed below profoundly and to use the

technology correctly and effectively. 

① AI is such an advanced and sophisticated technology that it needs advanced

knowledge and equipments. Trained specialists are required to perform the technique. 

② It is necessary to detect and hold estrous cows. Farmers or managers must check

females in heat and capture them. The conception rate of AI is usually lower than that

of natural mating.

③ If a technician tries to be unjust to perform AI, injustice like a "fake semen" incident

may happen.  Venereal and other diseases can be transmitted by technician’s

carelessness in farms. 

④ AI using a limited number of elite bulls brings genetic improvements as well as

reverse effects like an increase of inbreeding, resulting in a reduction of hereditary

diversity, and apparent possibilities of prevailing genetic defects and diseases because

of using bulls having such defects and diseases. 
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1. Morphology and function of male genital tracts

Genital tracts consist of gonad and accessory glands. The male gonad is testis, and

accessory glands are all the genital

tracts except for the testis. Accessory

glands are divided into organs having

a duct structure such as the

epididymis, the ductus deferens and

the urethra, and organs that pour

their secretions into the urethra such

as the prostate, the vesicular and

bulbourethral glands, and the mating

organ (the penis) (Fig II-1).

(1) Testis

The testes that lie outside the

abdomen within the scrotum, which is

a purse-like structure, consist of

seminiferous tubules and interstitial

tissues (Fig II-2). The main function of

the testes is to produce sperm and to

secret testosterone. Sperm are formed

within the seminiferous tubles from

spermatogonia or sperm mother cells

which lie among the Sertoli cells on

the basement membrane. Spermatozoa

that detached from the Sertoli cells are

floating in the lumen. And then sperm

are transported to the cauda

epididymis via the seminiferous

tubule, the strait tuble, the rete testis

and the efferent ductule. The blood

vessels, lymphonodus and Leydig cells

gather in the interstitial tissues, and

the Leydig cells secret testosterone by

the luteinizing hormone (LH)

stimulation. The temperature of the

testes is kept 4-7 ºC lower than the

body temperature by the

－ 5 －

Fig II-1   Diagram of the male reproductive tracts as
seen in.left lateral dissections.

Chapter II   Male Reproductive Physiology

a, Ampulla; bu, bulbourethral gland; cap.e, caput epididymidis;
caud.e, cauda epididymidis; cp, left crus of penis, severed from
the left ischium; dd, ductus deferens; ds, dorsal diverticulum of
sheath; es, external sheath; is, internal sheath; p, penis; pg,
prostate gland; pr, prepuce; r, rectum; rp, retractor penis
muscle; s, scrotum; sf, sigmoid flexure of penis; t, testis; up,
urethral process; vg, vesicular gland. (Adapted from Popesko,
1968.  Atlas der topographischen Anatomie der Haustiere.
Vol. 3, Jena, Fischer.)

Fig II-2   Schematic drawing of the tubular system of
the testis and epididymis in the bull (for
clarity the duct system of the rete testis is
omitted).

cap.e, Caput epididymis; caud.e, cauda epididymidis; corp.e,
coupus epididymidis; dd, ductus deferens; de, efferent ductule;
ed, efferent ductule; lb, lobule with seminiferous tubules; rt,
rete testis; st, straight tubule; t, testis. (Simplified from Blom
and Christensen, 1960.  Nord. Vet. Med. 12, 453.)



thermoregulation system. However, when the temperature is so high with high humidity,

the system does not work properly resulting in the abnormal sperm production.

(2) Epididymis 

Three anatomic parts of the epididymis, the caput, corpus and cauda epididymis, are

recognized (Fig II-2). The caput epididymis (head) in which 12-15 efferent ductules join

the duct of the epididymis, forms a flattened structure applied to one pole of the testis. It

is continued as the narrow corpus epididymis (body) which terminates at the opposite

pole in the expanded cauda epididymis (tail) which connects the ductus deferens. The

functions of the epididymis are to transport, condense, mature and deposit sperm and to

secret epididymal fluids. 

(3) Accessory glands

Most of seminal plasma consists of secretions from the accessory glands. Accessory

glands develop under the influence of testosterone. 

① Vesicular glands (Seminal vesicles)

These lie lateral to the terminal parts of each ductus deferens. They are a pair of

lobulated glands. The duct of the vesicular glands and the ductus deferens may have a

common ejaculatory orifice into the urethra. In the bull, fructose, sorbitol, citric acid and

inositol are produced by the vesicular glands. The vesicular secretion of the bull

contributes about half of the ejaculate and is often quite yellowish due to its riboflavin

content. It has a weak acidic pH and a sticky character.  

② Prostate

Two components are distinguished. There is a distinct lobulated external part or body

(3-4 cm in diameter and 1 cm thick) which lies outside the thick urethral muscle

surrounding the urethra and a second internal or disseminate part distributed along the

length of the pelvic urethra below the urethral muscle. The duct of the prostate has an

ejaculatory orifice into the urethra. Although the secretory activity of this gland is not

high compared to vesicular glands, most components of semen are composed of secretions

from both glands.

③ Cowper’s glands

These are paired bodies lying dorsal to the urethra near the termination of its pelvic

portion. They are as big as walnuts and each gland has each ejaculatory orifice into the

urethra. The volume of Cowper’s glands fluid is not so large compared to that of the

vesicular glands. Prior to ejaculation the Cowper’s glands fluid together with the prostate

fluid play an important role of cleaning the urethra.

2. Spematogenesis

Sperm are formed within the seminiferous tubles from spematogonia or sperm mother

cells which lie on the basement membrane (Fig II-3). The seminiferous tubles contain the
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sperm cells (spematogonia,

primary spermatocytes, secondary

spermatocytes and spermatozoa)

and Sertoli cells.

Spermatogenesis commences at

puberty when the testes fully

descend from the abdomen and

both the seminiferous tubules and

the interstitial cells become

active. Sperm cells can be

categorized into spematogonia,

primary spermatocytes, secondary

spermatocytes and spermatozoa

according to their developmental

stages. The process in which the

primary spermatocytes obtained

by the division of the spematogonia undergo meiotic and mitotic division to become the

secondary spermatocytes and spermatids, respectively, is called “Spermatogenesis”. The

process of metamorphosis of the spermatids into sperm, while attaching to the Sertoli

cells, without division is called “Spermiogenesis”. When this metamorphosis is completed,

sperm gather but still remain in contact with Sertoli cells. And then they are finally

released from the Sertoli cytoplasm and pass into the lumen of the seminiferous tubule.  

(1) Spermatogonia

① Type A spermatogonia

Spermatogenesis begins with Type A spermatogonium. It contains an egg-like shaped

nucleus having a big nucleolus, and the nuclear membrane is extremely thin. The

characteristic future of this cell is the existence of evenly dispersed fine chromatins in the

nucleus. Type A spermatogonium divides to be two intermediate spermatogonia. And

then one of the intermediate spermatogonia becomes dormant, while the other

intermediate spermatogonium (Type A2) undergoes mitotic division to be two

intermediate spermatogonia.

② Intermediate spermatogonia

Intermediate spermatogonium is intermediate type of Type A and B spermatogonia. It

contains a thick nucleus membrane, to which nuclear chromatins attach, and the

chromatin granules are big. The nucleus transforms from an egg-like shape to a round

one. The intermediate spermatogonium undergoes several mitotic divisions to be eight

Type B spermatogonia. 

③ Type B spermatogonia

The nucleus of Type B spermatogonium has a small round nucleus. Type B

spermatogonium undergoes mitotic division to be two primary spermatocytes. 
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Fig II-3   Drawing of a transverse section through a
seminiferous tubule of a mammal. ( X 900)

Note that the spermatogonia lie against the basement membrane of
the connective tissue wall and that the primary and secondary
spermatocytes, spermatids and sperm-in that order-from layers
extending to the lumen of the tubule.  The cytoplasm of the large
sustentacular or Sertoli cells is in intimate contact with all the other
cells. (From Arey, 1954.  Developmental Anatomy.  Philadelphoa,
courtesy of W. B. Saunders Co .)



(2) Primary spermatocytes

The primary spermatocyte undergoes meiotic division to be two secondary

spermatocytes. This process is called “Maturation division”.

(3) Secondary spermatocytes

The secondary spermatocyte is bigger than the primary spermatocyte, and its

chromosome number is halved from that of the somatic cell.

(4) Spermatids

Metamorphosis of a spermatid into sperm (spermiogenesis) is done without further

division. This process, which is completed within 23 days, includes following changes;

① Nucleus

At the beginning of the metamorphosis, the nucleus of spermatid is round and the

chromatins are evenly distributed. And then the nucleus is gradually elongated and the

chromatins are granulated. Finally the nucleus is flattened to have an egg-like shape as

matured sperm. 

② Cytoplasm

In the end of spermiogenesis most of cytoplasm of sperm is cast off, and the sperm

characteristic structures, such as the acrosome and the flagellum (tail) differentiate.

As described above, 64 spermetids are produced from a spermatogonium. This takes 32-

45 days. On the other hand, the dormant spermtogonium resumes dividing after 10 days

of sleeping, and the same sperm production process as mentioned above is repeated. Thus

the cycle of spermatogenesis is successive to produce sperm. 

3. Maturation of sperm

The sperm produced in the seminiferous tubles functionally changes to mature during

their passage through the epididymis. The sperm in the capt epidydimis is immotile and
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it acquires the motility during the passage to the cauda epididymis. The cytoplasmic

droplet attaching to the neck of sperm moves toward the end of the tail, during the

passage to the cauda epididymis, and is located in the end of the mid piece of the tail. An

ejaculated sperm has no cytoplasmic droplet. When the ejaculated sperm has the droplet,

it is considered to be immature. The sperm collected from the capt epididymis has no

ability to penetrate an oocyte, but it acquires the ability in the hind part of the corpus

epididymis. In the lumen of a duct of the epididymis sperm are highly concentrated. In

the secretions of the epididymis, there is little energy source, such as saccharide, for

sperm, O2 concentration is low, and CO2 concentration and the K/Na ratio is high. This

condition inhibits sperm motility. Thus sperm in corpus and cauda epididymis and ductus

deference are immotile just before ejaculation. The ability of sperm to fertilize an oocyte

is well preserved in the cauda epididymis for 30 days in cattle.

4. Sexual maturation and breeding age

In the Holstein breed sperm appears in the seminiferous tubles at 6-7 months of age,

and the first ejaculation is accomplished at 13-14 months of age. It is reported that the

sexual maturation of the bull occurs at 14 months of age and the optimal age to begin to

use for breeding is 15-20 months. It is also known that a low nutrition feeding during the

rearing period of the bull delays its sexual maturation.

5. Sperm producing function

Sperm formed and released in the lumen of the seminiferous tubles pass through the

straight seminiferous tubles, the rete testis and the efferent ductile, and reach the duct of

epididymis. During the passage through the duct of epididymis, sperm acquire the ability

to fertilize oocytes and mature. This coordinated function of the testis and epididymis is

called “sperm producing function”. When the bull grows to the certain age and its body

size reaches to the certain level, it acquires the function. This physiological achievement

is called “puberty”, and it is defined that the puberty is the period when sperm can be

seen in the lumen of the seminiferous tubules. When all the genital tracts develop

functionally and produce sperm being capable of fertilization, the bull completes the

sexual maturation resulting in a normal ejaculation, with the normal concentration and

viability of sperm, and becomes eager for mating. Even after the sexual maturation, the

genital tracts continue to develop and the production of sperm in the testis and the

secretions of accessory glands increase. Considering the stable pregnancy rates, the

optimal age of bull to use for fertilization is determined to be one month after the

appearance of the puberty. Sperm producing activity of the bull fluctuates according to

the seasons, and in general it is high during spring and low during winter and summer,

especially hot summer. 
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6. Sexual behavior

The components of copulatory patterns of the bull are a series of sexual behaviors such

as the sexual arousal, courtship, erection, penile protrusion, leaking of secretions from

accessory glands, mounting, intromission, and ejaculation. The sexual behavior of the

bull is based on the sexual arousal, and its induction is closely related to the secretion of

testosterone. 

The education of the sexual behavior to the bull during the rearing period influences its

subsequent sexual behavior. When the bull is not easy to collect semen at the artificial

insemination (AI) center, it is important to train up the bull, by an exposure to a cow and

urine from a cow in heat etc., to have enough sexual arousal being able to ejaculate.

Smells have an effective stimulation on the induction of the sexual arousal, especially

urine from a cow in heat is effective. When the practitioner collects semen from the bull

by using a dummy and an artificial vagina for the first time, an exposure of urine from a

cow in heat to the nose of the bull and/or to smear the urine to a dummy is effective for

the successful collection of the semen.

The hot weather with a high humidity during summer makes the activity of the thyroid

and the metabolism low resulting in the reduction of testosterone secretion, which lowers

the sexual desire and causes the reduction of the fertility. The feeding with the extremely

low and high nutrients and the excessive collection of semen lower the sexual desire of

the bull 

(1) Sexual arousal and courtship

When exposed to the smell of vulva and urine, the bull shows the restless behaviors

such as stretching of the neck, licking and butting.  

(2) Erection

The erection is induced by the accumulated bloods in the cavernous body of penis and

corpus spongiosum penis. The blood pressure goes up to 15,000mmHg just before the

ejaculation, because the ischiocavernous muscle restrains the blood flow.

(3) Leaking of secretions from accessory glands

When the erection occurs and the sexual arousal is so extreme, the bull leaks the

transparent fluid of the accessory glands. This plays an important role in cleaning of the

urethra preparing the suitable conditions for the intromittented sperm prior to the

ejaculation. 

[fall of a sexual desire]

The high temperature of a summer -- by the fall of a thyroid gland function and

metabolism, the amount of secretion of testosterone becomes less, as a result, a sexual

desire falls, and humid environment has a bad influence on breeding ability Moreover, too
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much low nutrition and high nutrition, too much access, or copulation also causes the fall

of a sexual desire.

7. Ejaculation

Ejaculation is a process of the emission of semen from the ductus deferens, and

intromission in the bull lasts for about two seconds. The insertion of penis into a vagina

or an artificial vagina exerts enough pressure on the glans penis resulting in the

rhythmical contractions of the smooth muscle of epididymis, ductus deferens and urethra

for the emission of sperm, and also in the construction movement of accessory glands for

the secretion of their contents, and finally the mixture of sperm and the secretions is

ejaculated as semen. The optimal pressure and temperature are required for this

stimulation of the glans penis. Thus in case of using an artificial vagina to collect semen

from the bull, the temperature of the rubber tube surrounding the glans penis is kept at

38 ºC and its pressure to the glans penis is kept optimal.  

8. Reproductive failure in male

The request for the semen of the genetically elite bulls to enhance the cattle production

is quite high. If such bulls have reproductive failures, not only the artificial insemination

business but also farmers who want to use the semen from the sires suffer a great loss.

Thus it is necessary to find the reproductive failures at an early stage, and the suitable

treatment must be done to cure the bull for the ultimate usage of the precious bulls’

genes.

(1) Reduced-to-complete lack of libido

There are bulls that have no interests to cows in heat, a difficulty to mount cows, no

erection after mounting on cows, no emission of the penis into vagina after erection, and

no ejaculation even after the emission, and take a long time to ejaculate. 

[Remedy]

The improvement of the over-nourishment or under-nourishment in the feeding of the

bull, an optimal exercise and a sun bath of the bull and the improvement of the barn are

effective to cure the bull. It is necessary to avoid the excessive collection of semen from

the bull. Hormonal treatments of the bull can cure the incomplete development of the

testis and its reduced activities. 

(2) Copulatory impotency

The copulatory impotency is defined as a status of the bull that shows libido but can

not mate. 

[Remedy]

① If the copulatory impotency of the bull is due to injuries of hind legs, the injuries
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must be cured.

② In the case of impotency of the bull; if the cause of the impotency is due to the

under-developments of penis and retractor penis muscle, there is no cure for it, because

they are inherent. If the cause of the impotency is due to the mental problem of the bull

such as a shock experienced by the injury of the penis during the artificial semen

collection, the bull must be trained again after a long pause of the semen collection.

③ In the case of troubles with the prepuce and penis; a light balanoposthitis can be

cured by cleaning of the prepuce and the injection of potassium iodate and antibiotics

into the prepuce. 

(3) Sterility (related to the sperm production) in male

This sterility is defined as a status of the bull that shows libido and has the copulatory

ability, but without pregnancy of the inseminated cows.

[Remedy]

① Aspermia: The bull with no ejaculation even after the mating belongs to this

category. The causes of the inherent aspermia are thought to be closing or a stricture

of the ductus dererens, and an under-development of the vesicular gland and the

prostate gland. In this case there is no cure for the aspermia. The causes of the

acquired aspermia are thought to be the seminal vesicultis, prostatitis, prostatic

hyperplasia and prostatic tumor.  

② Azoospermia: A bull that has the ability to mate and ejaculate but has no sperm in

the semen belongs to this category. The causes of the azoospermia are the problems

with the sperm production and closing of ducts, such as the ductud deferens, for the

transportation of sperm. The problems with the sperm production include the

inherent cryptorchism and the under-development of the testis, the testicular

atrophy caused by the malnutrition and lacking of vitamins A, D in the feeds and the

low level of GTH secretion, the testis orchitis resulting in the orchioscrirrhus, and

the testicular tumor etc. The inspection of sperm in the epididymal fluid and the

biopsy of the testis are effective to reveal the cause of the azoospermia.

③ Oligospermia: The oligospermia is defined as a status of semen having an extremely

low number of spermatozoa, less than 5 x 108 spermatozoa/ml.

④ Asthenozoospermia: When the semen just after ejaculation contain spermatozoa

having a low motility, less than +++, this status is called the asthenozoospermia. The

testicular insufficiency is accompanied with 3) and 4).

⑤ Necrozoospermia: A status of semen with the normal volume and sperm

concentration, but with dead spermatozoa is called the necrozoospermia. This

happens in the bull having problems with the sperm production, and is also caused

by the contamination of urine in the semen. This contamination is thought to be due

to the inflammation of the accessory glands and the urethra. 

(4) Testicular hypoorchida
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A status of the bull that has a poor libido, but not so serious as the lack of libido, a poor

product ability of sperm, but not so serious as the azoospermia, and a light

necrozoospermia is called the testicular hypoorchida as a total of these three problems.

And when these three problems occur at once in a bull, its reproductive performance

becomes low and the bull is called the low fertility male. 

[Remedy]

In general the hormonal treatment using pregnant mare serum gonadotropin (PMSG)

and human chorionic gonadotropin (hCG) is done to cure the bull showing the testicular

hypoorchida. The treatments, however, is not effective all the time. 

(5) Scrotal inflammation and testis orchitis

The scrotal inflammation is mostly caused by the external injuries made by a hard

blow and a kick, and often accompanied by the edema and the hematoma. In summer the

scrotal inflammation, caused by the blood-sucking of horseflies and sting flies, is

sometimes responsible for the summer sterility. 

The testis orchitis is mostly caused by a hard blow to the testis, the infection of

tuberculosis, corynebacterium and actinomycetes, and the inflammation of the tissues

surrounding the testis.

[Remedy]

In case of physical damages, a cold compress to the damaged place is effective, and in

case of germ-diseases, the injection of the antibiotics into the bull is effective. Also it is

important for the bull not to be stung by horseflies and sting flies.

(6) Penitis

The penitis is mostly caused by the external injuries. When the penis pushes the lower

part of the vulva or the remaining hymen so hard at the mating that the cavernous body

of penis ruptures resulting in bleeding, and then an acute penitis occurs. If the

coagulation is not removed rapidly and the proper treatment is not carried out, the

adhesion occurs and the bull becomes copulatively impotent. The glans of the penis

sometimes injures and an inflammation occurs during the semen collection. Furthermore

a ring made by lots of hairs surrounding the penis induces the penitis. 

[Remedy]

If the penitis is caused by other diseases, firstly they must be cured, and at the same

time the cleaning of the prepuce with saline and an injection or an ointment of

antimicrobial drugs into the prepuce should be applied.

9. Physiology of semen

The semen is consisted of sperm and seminal plasma. Sperm are produced by the testis,

and the seminal plasma is consisted of the secretions from the epididymis, the ductus

deferens, the prostate, the vesicular and bulbourethral glands. 
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Sperm has an important role as a vehicle to introduce male genes into an oocyte. The

ultimate purpose of sperm is to fertilize an oocyte, and this process completes within a

relatively short time. Thus sperm doesn’t have to synthesize proteins like somatic cells

for its functions and is equipped with only small organelles.

(1) Morphology and composition of sperm

The morphology of sperm is generally divided into the head and the tail in farm

animals. The total length of bull sperm is 60-65 mm

① Head

The head is flat and has an egg-like shape. It consists of the nucleus, the acrosome

which covers the anterior portion of the nucleus, and the post-nuclear cap which covers

the posterior portion of the nucleus. The nucleus contains the basic protein called histon

and DNA, and has a role to hand the genetic information down to posterity. The acrosome

contains acrosin and hyaluronidase, the enzymes involved with fertilization. Acrosin

distributes mainly on the inner acrosome membrane, and exists as pro-acrosin, an

inactive precursor of acrosin. When the acrosome reaction is induced, released acrosin

plays a role to digest the zona pellusida for sperm to go through it. Hyaluronidase

distributes on the outer acrosome membrane and is easily released from the membrane.

Physiologically most of hyaluronidase is released from the membrane at the processes of

the sperm capacitation and the acrosome reaction, and facilitates sperm penetration into

an oocyte by dispersing cumulus cells that surround the oocyte.

② Tail

The tail is the apparatus for the movement and the energy production.

i Neck: Neck connects the head and the tail. 

ii Middle piece: The middle piece is located between the neck and the annulus, and

covered with the mitochondrial sheath. Here the axial fine fibrillar complex is

surrounded by 9 outer dense fibrils, 9 inner fine fibrils and 2 central fibrils. This is

called 2 + 9 + 9 structure. The mitochondrial sheath that covers this piece produces

energy needed for the sperm motility and the maintenance of other sperm

functions. 

iii Principal piece: The portion from the annulus to near the end piece is called the

principal piece. It has the same 2 + 9 + 9 structure as the middle piece and is

covered with the tenacious fibrous sheath. The outer dense fibers become thinner

towards the end piece and gradually disappear from the thinnest one. 

iv End piece: The portion from the end of the fibrous sheath to the end of the tail is

called the end piece. It consists of the axial fine fibrillar and the cytoplasmic

membrane

(2) Function of sperm

The sperm ejaculated into the female genital tracts are transported to the ammpula

part of the oviduct where the sperm meet and penetrate oocytes and the process of
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fertilization completes. To accomplish these tasks sperm are equipped with the ability to

move forward and several metabolic functions to support the motility. While transported

along the uterus and the oviduct, sperm have to acquire the ability to fertilize oocytes.

This functional change of sperm is called “Capacitation”, and the acrosome, nucleus and

sperm membrane must function normally to induce the sperm capacitation. The ability of

sperm to penetrate (fertilize) oocytes is called the fertilizability. 

① Motile function of sperm

Just after the ejaculation sperm show a very active forward motility. With the passage

of time sperm show a slow motility, gradually changing their circular movement to the

pendulum movement, and then become immotile. Sperm have characteristic functions

such as the countercurrent movement against the fluid flow (rheotaxis), the adhesion to

the surface of bubbles and alien substances (thigmotaxis) and the chemotaxis to

penetrate into the cervical mucus and the follicular fluid that are composed with certain

chemicals.

② Metabolic function of sperm: The main metabolic functions of sperm are the glycolysis

and the aspiration. 
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Fig II-5   Diagram illustrating the structure of sperm 
(Left: Adapted from Mann, 1964, Right: Adapted from Saacke & Almquist, 1964)



i Glycolysis 

When ejaculated semen is preserved at room temperature, the pH of semen

becomes low with the passage of time in face of the large amount of lactic acid

which is formed from the fructose present in the seminal plasma. Sperm of the farm

animals can frequently utilize the fructose, glucose and mannose, which produce

lactic acid via the Embden-Meyerhof pathway. Under the aerobic condition a part of

lactic acid is further oxidized to carbon dioxide and water via the TCA cycle. The

fructolysis index (the amount of the fructose broken-down after the exposure to 1 x

109 spermatozoa for 1 h: mg/cells･h ) is high for sperm in cattle, ovine and caprine,

and low in equine and swine.   

ii Respiration

Under the aerobic condition sperm obtain energy mainly by the respiration. The

pathway of the respiration consists of the TCA cycle and its synergetic oxidative

phosphorylation system, and the amount of the respiration (ZO2) is shown as the

amount of O2 consumption (mm3) by 1 x 108 spermatozoa cultured for 1 h at 37 ºC.

When sperm have a higher motility, their ZO2 is higher.

③ Viability and fertilizability of sperm 

It is known that semen having sperm with a high viability and motility has the high

fertilizability. To maintain the fertilizability of sperm in vitro for as long as possible, the

consumption of energy by sperm must be reduced by keeping sperm under the low

temperature to inhibit the motility and metabolism of sperm reversibly. In general the

fertilizability of sperm disappears earlier than its motility. 

(3) Factors affecting the function of sperm in vitro

① Temperature

The optimal temperature for the sperm motility is 37-38 ºC. At the temperature higher

than this sperm show the unusually high motility, and at 54-56 ºC sperm die at once. In

contrast, when kept under 35 ºC, the sperm motility gradually decreases. The bull sperm

cease moving reversibly at around 5 ºC accompanied with a low metabolism. 

② Dilution

Excessive dilution (greater than 1 in 1000) depresses the sperm motility mainly

because of the dilution shock.   

③ Osmolarity 

Sperm can keep on moving for a long time in the medium which has the similar

osmolarity (280-300mOs/kg) as semen. When sperm is incubated in the medium with a

lower osmolarity than this, the number of sperm having a bent tail increases.  

④ pH

In general in the acidic medium the motility of sperm is reduced, while in the basic

medium it is enhanced. The range of the pH, at which sperm can be motile, is around 4 to

8. In the basic medium sperm has a vivid motility, but its viability is shortened.

⑤ Light, ultraviolet and radial rays
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The direct rays of the sun and ultraviolet and radial rays are detrimental to sperm.

Especially the radial rays damage DNA of sperm even at the level that has no effects on

the sperm viability.

⑥ Gases

Oxygen promotes the motility and the metabolism of sperm, but the excessive oxygen is

detrimental to sperm. Carbon dioxide reversibly inhibits the motility of sperm.

⑦ Chemicals

The phosphodiesterases such as caffeine and theophiline, acetylcholine and adrenaline

enhance the motility of sperm even at low concentrations. Vitamins A and B are effective

for the maintenance of the sperm viability.

⑧ Ions

The high concentration of potassium in the medium reduces the sperm motility and

sodium neutralizes the effect. Thus the optimal ratio of K/Na is important for the

maintenance of the sperm motility.  

(4) Seminal plasma

The primary function of the seminal plasma is to act as a vehicle for conveying sperm

from the male to the female reproductive tract. It constitutes a buffered medium

containing a source of energy and its function is involved with the maintenance and

induction of the sperm motility and fertilizability. It is produced by the accessory glands,

and most of its chemical components are made from blood. The high concentrations of

fructose and citric acid are characteristic of the seminal plasma in bull semen. These

substances are produced in response to testosterone from the testes and their estimation

in ejaculated semen, or directly in the glands, can be used as an index of accessory gland

function. 

① Fructose

Fructose is mainly produced by the seminal vesicle. It is the sugar found in the bull and

derived from blood glucose. It is aerobically or anaerobically broken down by sperm and

used as a source of energy for sperm. 

② Citric acid

Citric acid is mainly produced by the seminal vesicle. It is scarcely used by sperm. It is

thought that it maintains the pH of semen and acts as a buffer. 

③ Prostaglandin

Prostaglandin is mainly produced by the seminal vesicle. It stimulates the contraction

of smooth muscle. So it is probable that it is involved with the ejaculation and the sperm

transportation in the female reproductive tracts. 

④ Substance called a “factor”

The seminal plasma contains a factor called “de capacitation factor (DF)”, which

inhibits sperm capacitation. DF is thought to cover the sperm membrane at ejaculation

and transported into the uterus and oviducts.
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(5) Factors affecting the property of semen

① Age

Seminal quality and fertility of bulls are the highest at 3-6 years of age. Fertility of

mature bulls declines with advancing age. According to the results of a pregnancy test, in

which a herd of cows were naturally mated, the average numbers of mating required for

the pregnancy is less than 2 times for bulls at 1-6 years of age, more than 2 times for

bulls at age older than 7 years, and thereafter the number increases with advancing age. 

② Nutritioin

Quality of semen is greatly influenced by the nutritional conditions. It is known that a

low nutrition feeding during the rearing period of the bull causes the decrease of its

endocrine function resulting in the delay of its sexual maturation. And in case of the

adult bull, a low nutrition feeding causes a reduction in the sperm producing function and

an increase of the number of abnormal sperm. A high protein feeding enhances semen

qualities such as the volume and the sperm concentration. Lacking of Vitamin A or

carotene in the feeding has a detrimental effect on the sperm producing function, but this

situation can be improved by feeding of roughage with a high quality. 

③ Seasons

A decrease of the sperm producing function such as a low sperm concentration and

viability and an increase of the number of abnormal sperm is found in the bulls during

summer and autumn in Japan, and this phenomenon is called as “a summer sterility”.

This is caused by the high temperature and humidity during these seasons, so it is

important to rear the bulls under a cool condition and a low humidity. The degree of this

reduction in sperm producing function caused by the summer sterility in the bulls is

different according to individuals, and in an extreme case the semen quality is so lowered

that some of them can not be used for breeding and become infertile afterwards.

④ Exercise and sun bath

A moderate exercise and a sun bath of bulls enhance their metabolism and the blood

circulation throughout the body so much that their sperm producing function is

increased. Furthermore these are very important from a point of view of the prevention of

the over-nourishment and the maintenance of their health.

⑤ Frequency of sperm collections

Frequency of sperm collections affects the semen qualities such as the volume of semen,

the total sperm number, the sperm viability and the rates of abnormal sperm. An

excessive sperm collection lowers these semen qualities. In general it is recommended to

collect semen from a bull twice a day and every 2-4 days.

⑥ Sperm collection conditions

The semen quality can be improved by collecting semen from a bull, which shows a very

strong sexual arousal, after teasing it for a while not to mount a dummy. The semen

collecting methods affect the semen quality. When semen is collected by the electro-

ejaculation method, a larger volume of semen can be collected than that by an artificial

vagina method; however, the sperm concentration is lowered and pH of the semen is
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higher because of the increased amount of the accessory glands.

References

・Hafez ESE : Reproduction in Farm Animals, LEA & FEBIGER, Philadelphia (1980)

・Artificial insemination manual for cattle, Edited by Japan Livestock Technology

Association, Tokyo (1992)  

・Textbook of the training of animal artificial insemination. Edited by Japanese

Association of Artificial Insemination Technician, Tokyo (2000)

・S. Hoshi and T. Yamauchi: Clinical Animal Reproduction, Asakura Shoten, Tokyo

(1979) 

・S. Yoshida, J. Masaki and A. Iritani: Hafez Reproduction in farm animals, Nishimura

Shoten, Tokyo (1992) 

・Yasuyuki SASAKI : Bulletin of Animal Breeding Center, Organization of Animal

Breeding, Animal Breeding Center, Maebashi (1987)

－ 19 －

・（社）畜産技術協会編　：　家畜（牛）人工授精マニュアル、（社）畜産技術協会、 東

京（1992）

・（社）日本家畜人工授精師協会編　：　家畜人工授精講習会テキスト、（社）日本家畜人

工授精師協会、東京（2000）

・星　修三、山内　亮　：　家畜臨床繁殖学、朝倉書店、東京（1979）

・吉田重雄、正木淳二、入谷　明　監訳　：　ハーフェツ家畜繁殖学、西村書店、東京

（1992）



In female cows, an apparent reproduction cycle is recognized; estrus after sexual

maturation, mating, ovulation, fertilization, implantation, development of fetus and

placenta, parturition, and recovery of ovarian and uterine functions.  To maintain this

estrus cycle is the most important for the management of reproduction in female cows.

However, certain kinds of breeding disorders are found in each stage of the reproduction

cycle, which causes reproduction performance being lower (Fig III-1).

Each matter in reproduction cycle is introduced firstly in this chapter, and important

breeding disorders and the treatment against them would be also introduced in the later

part.  

1. Anatomy and physiology of the female reproductive system

The female reproductive system of cows consists of a vulva, a vagina, a uterus (a cervix,

a corpus and two horns), two oviducts and two ovaries. (Photo III-1) 

(1) Vagina

It is an important organ for sperm transport, urination and the expulsion of fetus.

Especially during estrus, the vagina membrane secretes a large amount of mucus, which

makes clean inside the vagina.  It is about 30 cm in length in an adult cow.

(2) Uterus

The uterus consists of a cervix, a corpus and two uterine horns.  The dorsal part of the

cervix is called as the external uterine orifice, of which portion adjacent to the vagina is

called as a vaginal portion of uterine cervix (portion vaginalis uteri), and the proximal

region is called as the internal uterine orifice.  It is about 10-12 cm in length.  The cervix
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is a heavy, smooth muscle spincter which is tightly closed

except during estrus and parturition periods.  Especially,

at the time of estrus, the cervix becomes loose and is

secrets the mucus, which is expelled together with mucus

from vagina from vulva.  During pregnancy, the thicken

cervix mucus changed into a gel-like plug, which seals

and protects the uterus during pregnancy.  At the early

stage of parturition, this plug becomes softy and melted.

The corpus locates to the proximal part of the cervix.

The corpus is short, about 1.5 to 2.0 cm in length.  An

anterior part of the corpus, it is adjacent to two horns.

They are about 30 to 40 cm in length.  Cows have 80 to

120 carnucles on endometrium, of which diameter is

about 1.2 cm in maximum (Photo III-3).  They became

about 10 times in size in late pregnancy and classified as

placentomes.  

(3) Oviducts

The oviducts, also called uterine tubes or Fallopian tubes, are paired convoluted tubes

which transport oocytes from each ovary, serve as the usual site for fertilization by

spermatozoa, and transport fertilized oocytes or embryos to the respective horn of the

uterus.  They are about 15 to 20 cm in length and 3 mm in diameter.  The portion of the

oviducts adjacent to the ovary is expanded to form a funnel-like structure called the

infundibulum.  And the fringe-like margin of the infundibulum is called the fimbria.  The

fimbria appears to take an active part of ovulation; at least it extends to partially or

completely enclose the ovary and directs the oocyte into the abdominal opening of the

oviducts.
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Photo III-1   Reproductive organs
in a multifarious cow.

Photo III-2  Several series of thick and tight
annular folds around the cervical
canal.

Photo III-3  Corpus (a few cm in length),
mesometrium and endometrium.
Many carnucles are recognized on
the endometrium.



(4) Ovary

The ovaries are the primary organs of reproduction in the female.  The ovaries may be

considered to have both cytogenic (cell producing) and endcrine functions, since they

produce oocytes which are expelled from the gland and ovulated into oviducts, and also

secret hormones which are absorbed directly into the blood stream.  

Oocytes in primary follicles (Photo III-4)

increases in size and the follicular cells

multiply into several layers.  When a fluid-

filled cavity, an antrum, appears within

the follicular cell masses of follicles, they

are called antral follicles (Photo III-5).

Prior to the estrus the antrum becomes

larger to half the size of the ovary.  Such

follicles are called mature or Graafian

follicles (Photo III-6).  Both granulosa cells

and theca cells in the follicles secrete

estrogen.

At 24 to 32 h after the onset of estrus,

an ovulation occurs.  An oocyte and the

follicular fluid are expelled into the

abdominal opening of the oviduct.  If the

oocyte encounters spermatozoa in the

ampulla, a spermatozoon fertilizes the

oocyte there.  The fertilized oocyte

develops to an embryo, and is transported

into the uterus about day 4 post-

fertilization.  At the same time, corpus

luteum is formed in the ovary (Photo III-

7).  The corpus luteum grows continuously
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Photo III-7  Sections of ovaries during estrus.  A
functional corpus luteum is found in
the left ovary and a dominant follicle
in the right ovary.

Photo III-4  Primary follicle.  Oocyte (nucleus and
cytoplasm) and the several layers of
granulosa cells are enclosed by a
mono-layer of the theca cells.

Photo III-6  Matured follicle in ovary.

Photo III-5  Antral follicle.  Oocyte is surrounded
by membrana granulosa cells.  The
antrum was filled with follicular fluid.
The outer layer is consisted of theca
cells.



for 10 to 12 days to the size as same as the whole ovary.  When the fertilization occurs

and the embryo develops, the corpus luteum secrets progesterone.  This is defined as a

corpus luteum of pregnancy.  When the fertilization is not completed, the corpus luteum

of the estrus regresses and disappears around 16 to 18th days after the ovulation.

2. The estrus cycle

(1) Estrus

Estrus is the period of sexual receptivity in the female, showing their sexual behavior,

the acceptance of the male and the fertility after the mating.  Estruses are repeated

having an estrus cycle of 21 days in average due to the period, 21 days, from the follicular

maturation to the corpus luteum degradation.

① Mechanism of estrus

Estrus does not occur as long as an active corpus luteum is present in the ovaries

(during the luteal phase).  Progesterone secreted from corpus luteum suppresses the

development of new follicles and the estrogen secretion.  If the corpus luteum regresses

and progesterone is not secreted from it, follicles develop and secret estrogen which

causes estrus.  Estrogen is secreted into blood stream and affected the central nerve

resulting in the promotion of sexual behavior.  And also it makes the uterus contact, the

cervix loose, and the vagina and vulva congested or swelled and secret mucus, resulting

in the obvious sings of estrus. 

② Behavior during mating

Cows are unique because they display rather strong homosexual tendencies, making

estrus detection comparatively easy even when bulls are not present.  They may smell the

vulva of other cows (Photo III-8).  Cows in other periods of the estrous cycle mount cows

in the period of estrous, but do not stand to be mounted.  Cows in estrus begin to solicit

mounts and attempt to mount other cows (Photo III-9), however, at this stage, a complete
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Photo III-8  A cow smells the vulva of the
other cow in estrous.

Photo III-9  A cow in estrus begins to solicit
mounts and attempt to mount
other cows.



behavior is not observed.  As with the estrous behavior being solid, the cows show a

congested and swelled vulva (Photo III-10) and clear mucus is often seen streaming from

the vulva (Photo III-11).  The vaginal portion of uterine cervix is seen to be congested and

loosen, and the external uterine orifice is opened (Photo III-12).  Using a vasinoscope,

these statuses are observed well (Photo III-13).

Therefore, the obvious standing, even when they are mounted by the others, is the

strongest and a single behavioral indication of the estrous.This is called as the standing

estrous.  The others are considered as the secondarily indications.

The sanding is the real indication of the estrus, because the condition of the cows is

represented the condition of an acceptance of the bull.  And also, higher conception rates

can be obtained when artificial inseminations are carried out between 6 to 8 h after the

onset of standing and 8 h after its termination.

On the other hand, the indications such as congestion or swelling up of the vagina or
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Photo III-10  The swelled vulva and congested
viginal mucous membrane.

Photo III-11  The clear mucus streaming from
the vulva.

Photo III-12  The congested vaginal portion of
uterine cervix and the loosened
external uterine orifice, and the
streaming mucus.

Photo III-13  Using a glass vasinoscope.



streaming of mucus are observed before the sanding estrus begins.  Furthermore, they

last for a half to one day even after the standing estrus terminates.  Thus such

indications do not represent the standing estrous.  When we inseminate according to

these indications, we cannot always obtain the good conception results

We believe that the standing estrous lasts for about 16 to 20 h, however, in daily cows it

lasts for much shorter hours.  Canadian scientists reported that, using video-recording

system, it lasted for 7.5 to 10 h.  Using a newly introduced standing detector, it is also

reported that it lasts for 7.1 to 9.6 h.   

3. Turnover of corpus luteum and follicles during estrus cycle – follicular
waves

A corpus luteum is formed on 4th to 5th day after the ovulation following the estrus

termination.  The corpus luteum is maintained for 12 to 13 days and thereafter regresses.

Then the follicles develop and mature again resulting in next estrus, and finally in

ovulation.  During the luteal phase, any of follicular developments or ovulation is not

seen.

Furthermore, it is observed by an ultrasound sonography that the small follicles, a few

mm in diameter, develop and regress, and that this waves replicates routinely (Fig III-2).

Just after the ovulation, about 4 to 5 small follicles begin to develop and, and then within

several days, only one of them develops contentiously and the others regress.  This
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developing follicle is called as a dominant follicle.  The dominant follicle continues to

develop to the certain size, and includes functional luteal cells, and secret progesterone.

When the blood progesterone level is high, the frequency of the LH pulses decreases

resulting in the atresia of the dominant follicles.  Furthermore, the dominant follicle

secrets inhibin and estoradiol, which suppress the FSH secession, resulting in the non-

development of the smaller new follicles.  However, once the dominant follicle regresses,

inhibin and estradiol are not secreted any longer resulting in the secretion of FSH, and

then the second follicular wave initiates.  After the termination of the second wave, the

third wave initiates again.  At the time when the dominant follicle of the third wave

develops, the corpus luteum begins to regress resulting in the decrease of blood

progesterone level.  This increases the frequencies of LH pulses, and then the dominant

follicle further develops and matures.  From the follicles, the estradiol is secreted to

induce the estrous, furthermore, a LH surge is induced resulting in the ovulation.  

Total of two or three times of follicular waves are observed during a single estrus

phase.  In general, the milking daily cattle have three waves, whereas those of heifers

have two waves.  

4. Mating, fertilization, implantation, pregnancy, and symptom of the
pregnant cows

(1) Mating

At natural mating, the site of ejaculation is deep potion of the vagina.  The ejaculated

spermatozoa are transported through cervix from the external uterine orifice, and

reached horns.  Furthermore, with the aid of uterine contraction, spermatozoa swim up

through horns to oviducts, reach the ampulla part of the oviduct where the fertilization

completes and encounter the ovulated oocyte.

In almost all the cases for daily cattle, mating services are carried out by artificial

insemination (AI).  An injector equipped with a plastic sheath tube straw is introduced

into the cervix, and inserted deep into the endocervix near the internal uterine orifice and

then the semen is injected.  A total of 50 to 100 billion spermatozoa are introduced per an

ejaculation in a natural mating, whereas only 10 to 30 million spermatozoa are injected

by AI, thus they should be injected into the uterus.

The optimum time for insemination is just before the termination of the estrus.  If the

AI is completed from mid-estrus to 8 h post-estrus, the good conception rates will be

obtained.  

(2) Ovulation and corpus luteum formation

The follicle, which produces estrogen inducing the estrus, ovulate at about 12 h after

the termination of the estrus.  After the rupture of a part of follicular wall, oocyte and the

follicular fluid are expelled.  They are directed into oviducts through the abdominal

opening of the oviducts by the endometrium and the fimbria, and transported to the
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ampulla part of the oviduct.

The antrum of the ovulated follicle is

bleeding slightly, and contentiously it

becomes like a dome filled with a clot of

blood.(Photo III-14)  Then a corpus luteum is

formed on the 4th day of the post-ovulation.

(3) Fertilization and implantation

Some conditions are required for the

completion of fertilization of the ovulated

oocyte by the inseminated spermatozoa.

Firstly, the inseminated spermatozoa should be in the  uterus for at least 6 after

injection, and not be there for longer than  24 h, because spermatozoa are capacitated

after 6 h post-injection and after the 24 h the spermatozoa lose their fertilizing ability.

Secondary, for the ovulated oocyte, the duration post-ovulation should be within 10 to 12

h, the most probable time is within 2 h of ovulation because of the maintenance of

fertilizing ability of oocytes.

A fertilized oocyte or embryo replicates its cleavage and is transferred dorsally through

the oviduct.  A morula appears in the uterus on the 4th day post-ovulation (Photo III-15).

An embryo, blastocyst, develops to be a

filamentous embryo around the 17th day

post-fertilization (Photo III-16) and

implanted on the endometrium.

Thereafter, the embryo, both of trophoblast

and inner cell mass, differentiates the

parts to endoderm, ectoderm and

mesoderm, and grows into organs.  It is

recognized as a fetus on the 45th day.  The

placentae are recognized on the fetal

membrane (Photo III-17).
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Photo III-14  A clot of blood observed in the
antrum of the ovulated follicle (on
the next day of the ovulation).

Photo III-16  A firamentous embryo on the
17th day post-AI.

Photo III-17  A fetus and the fetal membrane
on the 40 to 45th day (estimated)
in gestation.

Photo III-15  A morula recovered from the
uterus on the 7th day post-AI.



It is possible to diagnose the pregnancy by the rectal palpation on the 30th day and 32nd

day for heifers and multiparous cows, respectively.

(4) Fetus and placenta development

Fetus develops rapidly after 5 month in

gestation, and its developmental speed

increases as long as the gestation period

increases.  The placentae also develops as

the fetus develops.  Photo III-18 shows a

fetus and the fetal membrane on the 8

month in gestation.  This shows well that

the blood vessels distributed over the

placentae are concentrated into an

umbilical cord.  Also develop well the blood

vessels in the maternal side.  The fetus is

nurtured from the maternal body via

placentae.  The blood flows never mix between the mother and the fetus.

The placentae produce some hormones to maintain the pregnancy, to develop the

mammary glands, or to induce the parturition.  

5. Pregnancy diagnosis and the duration

(1) Early pregnancy diagnosis

① The necessity of the early pregnancy diagnosis

The pregnancy diagnosis should be performed as early as possible after the mating.

This gives advantages to detect non-pregnant female for the re-insemination, or to

diagnose the reproduction disorders with their ovaries or uterus.  Furthermore, it also

gives an advantage to evaluate their reproductive performance easily after the grouping

of pregnant cows.

From the economical point of view, the pregnancy diagnosis should be performed before

the next expected estrus.  However, this is not easy from technical reasons.  Generally, it

is expected to do around 35th days after the insemination.

② Possible gestation, preciseness and utility of the early pregnancy diagnosis

The popular pregnancy diagnosis is the palpation for uterus by a rectal examination.

The other methods are a real-time ultrasonic scanning method and an assay for

progesterone from milk or blood.

By the rectal palpation, it can be diagnosed precisely at the 32nd to 35th day after the

artificial insemination.  By using the ultrasonic scanning method, it can be done at the

25th to 28th day.

By the assay of progesterone at the 21st to 23rd day after the insemination, it can be

diagnosed after estimating the existence of functional corpus luteum.  In case of a low

－ 28 －

Photo III-18  A fetus and the fetal membrane
on the 8th month (estimated) in
gestation.



concentration of progesterone, it can be diagnosed as “non-pregnant” with a high

probability.  On the other hand, in case of a high hormonal concentration, it diagnoses as

“pregnant” with a low probability.

(2) Examination of fetus and placenta developments, and diagnosis of fetus survival

① In the difficult case of pregnancy diagnosis by the rectal examination

The rectal palpation for uterus cannot be carried out in case of much fat adhered

around the rectum at 3 to 4 months in gestation, and resulted in the failure of pregnancy

diagnosis.  In this case, it can be diagnosed by assaying the blood estrone-sulfate, a kind

of hormones from placenta.

② In the case of abortion and the indication of stillbirth

When the abortion or the indication of stillbirth is detected, the fetal survival should be

diagnosed.  In case of the survival, it should be treated for maintaining the pregnancy.

However, in case of the death, the treatments should be done to expel the fetus out.

To diagnose the fetal survival, an electrocardiogram for the fetus, an ultrasonic Doppler

method, and a blood estrone-sulfate assaying can be used.

(3) Gestation period

The gestation period of cows is about 273 to 292 days, in which there is a slight

difference among breeds.  The periods are 278 to 282 days for Holstein-Friesian, 277 to

280 days for Jersey, and 285 days in average for Japanese Black Breed.

In the case of gestation of Holstein-Friesian cows, gestation periods differ depending on

the breed of sires.  When Holstein-Friesian cows are mated with Japanese black, the

gestation prolongs to 282 to 283 days.  When embryos from the Japanese Black are

transferred to Holstein-Friesian cows, the gestation sifts to 285 days, as in case of

pregnancy in the Japanese black.

In the pregnancy of a female fetus, the gestation period is added one or two days.  In

the pregnancy of twins, they derived three to six days earlier than that in a single

pregnancy.

6. Parturition and recovery of reproductive functions

(1) Parturition

Parturition is important for management of reproduction because it means the starting

point of milk and calf production.  When cows deliver a healthy calf and discharge the

placenta showing their most expected health and nutritional conditions, they recover

their appetite soon and avoid the sickness.  And their reproductive functions recover

soon, and the next pregnancy can be expected smoothly.

However, accidents often occur during delivery resulting in the death of fetus or calf, or

diseases of mother cows during the postpartum period.  Or the recovery of reproductive

organs is delayed resulting in the decreased rates of conception.
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The most important point for the successful parturition is that the helpers must know

very well about the symptoms of normal parturition.  They can find a sign of abnormality

easily, and minimize the lost by the accident by the adequate treatments.

① Mechanism in approaching parturition

The mechanism of the parturition in cows is suggested as shown in Figure III-3.  At the

time of parturition, ①adrenocorticotrophic hormone (ACTH) is secreted from pituitary

gland of fetus, and then ② ACTH stimulates adrenal cortex, from which adrenocortical

hormone (F) begins to be secreted.  The hormone (F) affects placenta resulting in the

decreased production of progesterone (P) and the accelerated secretion of estrogen (E).

The hormone E with the increased blood concentration induces the following actions; ③

the sensitivity of uterus against oxytocin is elevated, ④ cervix begins to loose, and ⑤

production of prostaglandin (PG) F2α from uterus is accelerated.  This PGF2α ⑥ makes

pregnant corpus luteum regresses, and ⑦ induces uterine contraction (labor pains).  ⑧

As the labor pains replicate, fetus and fetal membranes are forced against the birth

canal, then the cervix begins to be more dilated.  Thereafter, the front feet and head or

the fetus are further forced against the cervix.  ⑨ The stimulated cervix induces the

burst of oxytocin secretion, Ferguson reflex.  Oxytosin ⑩ induces the further strong labor

pains, and ⑪ also affect abdominal

muscles to induce intense

contraction of abdominal muscles.

These are very important to give a

right position for fetus, if there is

no problem in size between the

fetus and pelvic cavity, the fetus

can be expulsed by a uterine and

abdominal muscular contraction.

It is concluded that the trigger of

the parturition is the increased

secretion of ACTH from the

pituitary gland.  On the other hand,

placenta regulates the ACTH

secretion by the signaling process.

② Signs of approaching parturition

Near the approaching parturition, the following symptoms can be observed; 1) swelling

of udder and teat, 2) rising of the tail root and falling down in the gluteus area, which

were associated by relaxation of the cervical ligaments (Photo III-19), and 3) swelled

vulva and mucus streaming from the vulva.  The most obvious sign is the relaxation of

the cervical ligaments.  When this is seen, the cow will deliver within one or two days.

Just before the parturition, hypodermic edema is often observed in the anterior and

poster parts of the udder (Photo III-20).  Such dropsy in the udder can be observed
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Fig III-3  Schematic diagram of mechanism in the
approaching parturition.



especially in heifers.  It will not be a big problem even if the cows with dropsy are not

treated.  In the severe cases, it is effective for those cows to release for the light exercises

once or twice a day, or the treatment by the administration of diuretics.  

③ Expulsion of fetus

The first stage of parturition (opening period): When the uterine contraction, and/or

labor pains, initiate, the internal pressure of uterus is elevated and the fetal membrane

and fluid are forced against the cervix, which becomes gradually to be dilated.  When the

cervix is dilated enough, the tips of front feet of the fetus are forced against the cervix.

The period from the onset of labor pains to the cervix dilation is defined as the first stage

of parturition, or opening period.  In cows, this period lasts about 4 h, sometimes 6 to 12

h.  Labor pains are still weak and the interval between pains is about 15 min long.  Cows

become nervous and are walking around in the pen.  They also repeat sitting and

standing, and their excretion frequency is increased.

The second stage of parturition (expulsion period): When labor pains last and the fetus

are forced through the birth canal, the pains become strong and the allantois is ruptured

and the allantoic fluid is exuded.  This is defined as the first rupture of bag.  The allantoic

fluid is brownish-colored and like water.  Within an hour after the first rupture, the fetal

front feet are covered with amnion, which

is semitransparent and pale white-colored.

This is defined as the formation of foot sac.

The foot sac can be found easily when the

cow is sitting (Photo III-21), however, it

turns back into the uterus when she

stands.  Thereafter the second rupture

initiates, the tips of the feet can be seen

directly (Photo III-22).  The maximum

pain occurs, because the dam cries while

the fetal head is passing through the
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Photo III-19  Relaxation of the cervical ligaments
observed in one to two days before
parturition, and the measurement
of the relaxation.

Photo III-20  Hypodermic edema often observed
before parturition in heifers.

Photo III-21  Formation of a foot sac during the
expulsion stage.



vagina.  Then the head is appeared from the vulva (Photo III-23), and the fetal body from

head to shoulder passes there resulting in the termination of the expulsion of fetus (Photo

III-24).  An umbilical cord is torn spontaneously, and breathing of newborn calf initiates.

The period from the deliver of fetus into the birth canal to the completion of the expulsion

is defined as the second stage of parturition, or an expulsion period.  This period lasts

usually one to two hours.  It takes a little longer period in heifers than in multiparous

cows.  And it takes more hours for the completion in the case of the posterior presentation

(or footing presentation) than in the anterior presentation (Photo III-25).

The third stage of parturition (afterbirth period): After the fetus expulsion, the after

birth labor pains last and the then afterbirth is delivered (Photo III-26).  It takes about 5

h in average from the fetal expulsion to the afterbirth deliver.  When the afterbirth

deliver is not completed in 12 h, it is abnormal and diagnosed as retention of afterbirth.

In this case, the spreading of the afterbirth should be necessary to confirm if all the part

of the afterbirth has been delivered or not (Photo III-27).

④ Initiation of spontaneous breathing of newborn calf

After the expulsion and the umbilical cord breakdown, a newborn calf initiates

breathing.  When it can lift and shake its head, it seems to be healthy.  However, when it

lies and does not lift its head, there is a suspect of newborn apparent death caused by the
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Photo III-23  Passing of the fetal head through
the birth canal.

Photo III-25  Expulsion of fetus in posterior
presentation.

Photo III-24  Complexion of the fetus expulsion.
Immediately after this, the dam
begins to stand.  An umbilical cord
is torn spontaneously.

Photo III-22  Appearing tips of the fetal front
feet after the second rupture.



non-breathing and shortage of oxygen.  In this case, a revivification should be performed

artificially.  There is a low possibility to survive when the newborn calf does not initiate

its breathing within one or two minutes.  

(2) Recovery of ovarian functions and uterine involution after the parturition

① Recovery of the ovary

Pregnant corpus luteum exists in the ovary at the end period of gestation.  This

regresses just before the parturition.  Any of functional corpus luteum or mature follicle

does not exist in the ovary after the parturition.  Reactivation of the ovarian cycle begins

around 3 to 5 days after the parturition.

New follicles begin to develop at this period, and the first ovulation is observed within

10 to 15 days.  However, the obvious estrus behavior is not identified well.  After the

short period of luteal phase, the second ovulation is occurred at 30 to 35 days and the

clear estrus is detected firstly after the parturition.  Thereafter estrus cycles replicate

every 21 days.

In case of daily cows with a high milking ability, however, there is a tendency that

energy supply is insufficient, and their first postpartum ovulation is delayed and the

functions of the ovaries are arrested for about 30 to 35 days after the parturition.  The

cows with the delayed ovarian functions show the delayed recovery of the uterus

resulting in the low rates of the conception.

② Uterine involution 

The uterus just after the parturition is still large weighted about 10 kg, which contains

fetal fluid, blood and degenerated tissue (called as lochia) and located in the bottom of the

abdominal cavity.  Uterus can extrude lochia by its contraction.  A large volume of red or

blown colored lochia is extruded in a several days after the parturition, however, the

volume decreases and then it changed to transparent mucus within 10 to 14 days.
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Photo III-27  Afterbirth expulsed normally.

Photo III-26  Afterbirth delivered after
the fetus expulsion.



Finally, no mucus is observed at 24 days of the parturition.

The size of the uterus becomes small to the same size as that of before the pregnancy.

The mucous membrane of the endometrium is regenerated and the bacteria have been

eliminated about the 50th day after the parturition.  

The uterine involution delays extremely in cows showing dystocia, retention of

afterbirth, infection by bacteria, paretic syndrome and etc.  Those cows decrease their

fertility.

7. Obstacles in reproduction and the countermeasures

Many obstacles can be detected during the reproduction cycles in the daily cows

resulting in the prolonged intervals between parturitions.  Main obstacles are; a) an

anestrus after the parturition, b) a low fertility, c) an abnormality between fetus and dam

during pregnancy, d) an abnormality during parturition, and e) a delayed recovery of the

reproductive organs.  In the point of artificial insemination, a) an anestrus after the

parturition and b) a low fertility are introduced here.

(1) Anestrus after the parturition

This is the state that the artificial insemination cannot be conduced, because the estrus

is not returned or the sign of estrus is not detected, even when the time for insemination

after the parturition has been arrived.  It is also termed as a syndrome “anestrus, feeble

estrus, short period estrus and miss of the estrus”.  

The conditions to detect estrus are; a) follicles are grown enough and secret estrogen, b)

the luteal phase passes and the reproductive organs or the superior central nerve are

simulated with progesterone, c) the estrus is obvious and lasts for a certain period, and d)

the estrus is detected by an adequate method.  If one of the conditions lacks, the estrus

detection cannot be successful.  The causes of the failure in the detections are listed as

follows (① to ④).  In those causes, ③ unclear estrus and ④ missing the estrus are most

important.   

① Ingrown follicles

This is called as an obstacle in follicular growing.  In the most cases this is caused by

ovarian quiescence.  This is often seen in cows under-nourishment.

② The first ovulation after the ovarian quiescence

Pregnant corpus luteum regresses after the parturition, and the functional corpus

luteum is not formed until the first ovulation.  The estrus cannot be detected, because the

body is not stimulated with enough progesterone, even when estrogen is secreted from

the mature follicles around the time of the first ovulation.  This is often observed during

the first ovulation after the ovarian quiescence.

③ Indistinct estrus (dull estrus, anestrus, feeble estrus, feeble estrus or short period

estrus)

Estrus cannot be detected, or it is observed indistinctly, or dose not last long enough,
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even when follicles mature after the corpus luteum phase.  This relates with a shortage of

energy supply during milking, foot diseases, heat stress, feeding density, feeding on the

concrete floor in free stall and etc.

④ Missing the estrus (Problems in techniques for the detection of estrus)

This is the main reason for missing or overlooking the estrus, because keepers do not

carry out the estrus detection correctly.  Usually, in cows, an estrus starts at midnight

and lasts for 20 h in average.  It is considered that the estrus can be detected when the

keepers watch cows carefully for at least 20 minuets both in the early morning and the

late evening.  However, in fact, in a case of a group of a big herd it cannot be detected in

more than half of cows.

Another reason for the missing is, as written in “③ indistinct estrus”, feeble and short

period estrus.

(2) Low fertility

This is the state that cows do not become pregnant even after being inseminated

artificially.  Those failed of insemination more than three times, without any of abnormal

clinical signs, are defined as cows with a low fertility or repeat breeders.  

It is very important to check which process during reproduction cycle causes the failure

of pregnancy (Fig III-4).

An artificial insemination should be carried out from 10 h after the initiation of the

estrus to 8 h after the termination of the estrus.  The insemination before or after this

period result in low conception rates.  Semen is introduced into the deep cervix or corpus

uterus.  Inseminated sperm are progressed by themselves or aided by the uterus or

tubular contraction, and the sperm in an earlier group reach ampulla within a several
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Management of diet and 
health from dry up to 
parturition periods

Increased uptake of dry matter 
after the parturition

Recovery of ovarian 
functions

Development of follicles.  
A normal oocyte is 
obtained.

①

Estrus.  It lasts for 12 to 20 h②

Detection of estrus, decision of the optimum time of 
insemination.  It should be inseminated at a period 
from 8 h before the termination of estrus to 8 h after it.

③

Thawing of frozen semen at 35℃ for 30 sec.  
The semen should be injected sanitarily into 
the uterus within a short time.

④

Ovulation.  It ovulated at 12 h after 
the termination of the estrus.

⑤

Fertilization.
Oocytes: within 2 h of the ovulation 
Spermatozoa: 5 to 24 h after the 

⑥

Formation of a corpus luteum.  
It formed on the 4th to 5th day 
after the estrus.

⑦

Down-streaming of an embryo.  
It appeared in the uterus on the 
4th to 5th day after the estrus.

⑧

Uterine condition.  Progestational proliferation, 
and uterine milk production.

⑨

Implantation of an embryo⑩

Fig III-4  Successful pregnancy in cows after the artificial insemination



minutes.  However, sperm can be capacitated for fertilization after the staying for 6 h

within uterus or oviducts.  Fertilization can be processed with a high probability when

the ovulation occurs just the time of or several hours before the completion of the sperm

capacitation.  The fertilized oocyte begins its cleavage and develops to an embryo, and

transported to the uterus on the 4th day after the insemination.  Simultaneously, a

corpus luteum is formed in the ovary, from which progesterone is secreted.  Progesterone

simulates the uterus for the secretion of mucus containing nutrition for the embryo

development; this is called as uterine milk.  An embryo develops normally and implants

to the uterus, and then further develops to a fetus.

One of the major problems in the failure of pregnancy is the incompletion of

fertilization, and the other is embryonic death even after the successful fertilization.

In general, fertilization failure and embryonic death after the artificial insemination

are observed in 10 to 15% and 15 to 25%, respectively, of the normal cows which are

categorized as normal because of completion of insemination within one or two times.

However, in the repeat breeders, which do not show any conceptions, even after three or

more inseminations, those rates increased to 30 to 40% and 30 to 35%, respectively.  This

means that the low conception is caused by the fertilization failure or early embryonic

death with the same possibility.  

The causes of the fertilization failure or early embryonic death and the

countermeasures against them are discussed here.  

① Fertilization failure as a cause of the conception failure  

An oocyte and sperm do not encountered, or sperm does not penetrate an oocyte even

after the completion of the insemination.  The following reasons are considerable; i)

inadequate timing of artificial insemination, ii) missing the estrus, iii) failure of

insemination, iv) ovulation failure and v) obstacles in oviducts.

i Inadequate timing of the insemination

As has been written already, to perform artificial insemination at the adequate time is

very important to get good fertility results.

Too earlier insemination makes the sperm wait long for the ovulation results in the

aging of sperm and the lost of their fertilizability.  In contrast, too delayed insemination

makes the oocyte aged before capacitation of sperm.  Anyway, in both cases, fertilization

cannot complete.   

Inadequate timing of the insemination is caused by some reasons; estrus is not detected

correctly, or too much depending on estrus synchronizations carried out by hormonal

administrations.

To know the adequate timing, it should be examined if the cow is in estrus or not, and

also it should be checked when the estrus starts and also terminates.  For this propose, it

is desirable to check the estrus several times a day, however, this seems not to be carried

out.

Even though the estrus is induced by the administration of hormones, the timing of the

insemination should be also determined.  Because the period from the administration to
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the estrus varies from two to six days, the detection is still important in this case as well.

Higher conception rates are not expected when the insemination is carried out on the day

expected by the simple calculations.   

ii Missing the estrus

If cows out of the estrus are inseminated, the conception never occurs, because no

ovulation occurs and sperm can not be transported to the ampulla without any

uterine conception.

Keepers can avoid such results if they carefully watch cows for estrus.  However, it has

been reported in Germany that 15% of the inseminated cows found to be anestrus stage.

This author investigated in Hokkaido and had a result that less than 5% of the

inseminated cows are not at the estrus stage.  It was suggested in the study that

progesterone level in milk or blood indicated the estrus state.  The cows with a higher

level of progesterone than a certain level are revealed as non-estrus.  

iii Failure of insemination

Technical problems of the artificial insemination are related to methods of thawing

semen, handling semen until the injection, and sanitary of the equipments such as an

injector, difficulty of the insert through the cervix, and position for semen deposition.

A fact that the technical aspects may cause the fertilization failure has not been paid

attention in Japan.  However, it is evident that insemination results differ depending on

the insemination operators.  The education or self-checking of the technique seems to be

important.

iv Ovulation failure

There is a possibility that the delayed ovulation results in the failure of fertilization

even when the artificial insemination is carried out adequately.  When the estrus is

obvious, there seems to be a low incidence of the delayed ovulation.  Shortage of energy,

feeding with over-protein, or the other nonspecific stresses sometimes cause the delayed

ovulation.

It is said that the fertilizability of an oocyte in a follicle decreases gradually.  After the

delayed ovulation, a high rate of fertilization is not expected when the artificial

inseminations are carried out repeatedly.  In this case, it is effective to inseminate in the

combination with hormonal treatment at the time of the next round of ovulation.

v Obstacles in oviducts

In an adhered or atretic oviduct, sperm cannot be transported to the ampulla either

oocytes cannot reach there.

The frequency of troubles in oviducts is not so high.  

However, rarely observed hydrosalpinx and an adhesion between oviduct and ovarian

cyst in the slaughtered cows.  Hydrosalpinx is caused from salpingitis followed by

endometritis.  And the adhesion of oviduct, ovary and mesometrium is caused

hemorrhage during the rupture of follicular cyst by the hand method from the rectum.  

② Early embryonic death as a cause of the conception failure and its countermeasures 

As already introduced, after the fertilization, the embryos transported to the uterus are
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sometimes dead.  Photo III-15 shows a degenerated embryo on the17 to 18th days after

the fertilization.  This seemed to be extruded within the estrus mucus at the time of the

returned estrus.  The embryonic death occurs on 6th to 15th day after the fertilization, in

this case, next estrus is returned as being expected.  In this case, it is unclear that the

returned estrus is caused by the fertilization failure or the early embryonic death.

But, when the returned estrus is detected after the expected day such as the 25th day

after AI, the embryonic death may be occurred.

Main causes of the embryonic death are as follows; i) too earlier or too later artificial

insemination, ii) uterine infection, iii) malnutrition, iv) luteal malfunction and v)

increased body temperature by heat stress.

i Too earlier or too later artificial insemination

Too earlier artificial insemination makes the sperm wait for a long time for the

ovulation resulting in aging of sperm and lost of their fertilizability.  In contrast, too

delayed insemination makes the oocyte aged before the capacitation of sperm.  Anyway,

in both cases, fertilization cannot complete.  This phenomenon is already introduced in 9-

(2)-①-1, this chapter.  

However, both aged spermatozoa and oocytes still have a fertilizability resulting in the

completion of the fertilization.  In these cases, fertilized oocytes or embryos have a

tendency of embryonic death before the developing to the fetus.

ii Uterine infection

One of the uterine infections is endometritis, and it has been considered to be one of the

main causes of a low conception.  After being infected, the condition in the uterus changes

worse and affects developing of embryo resulting in the embryonic death.  To avoid

infections, uterine flushing has been carried out on a day prior to or after the

insemination.  Or antibiotics were injected on the next day of the insemination.

Besides the typical examples of endometritis showing the extrusion of pus-like mucus

from vagina, it has been suggested that, in repeat bleeders showing a poor fertility even

after the insemination at least three times, such kind of treatments of intro-uterus

injection of drugs on the next day after the insemination does not give a merit on the

improvement of fertility.  

Interestingly, when embryos collected from normal cows are transferred to the uterus of

repeat bleeders, most of the recipients became pregnant.  Furthermore, when embryos

collected from repeat bleeders are transferred to the healthy cows, they do not show

conception at al.  These data show that repeat bleeders do not have a trouble in the

uterus but their embryos have problems.

Thus it is not adequate to suspect the cause of the conception failure to be endometritis,

except for the cows obviously showing the typical symptom of endometritis.  

iii Malnutrition (proteins, energy, minerals and vitamins)

It is not clarified yet that malnutrition affects directly the embryonic death.  However,

in cases such as a low body condition score (BCS) and/or a low concentration of milk fat

after the parturition, conception rates after AI at the first returned estrus are obviously
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low.  However, it is not clarified yet that this low conception rate is caused by the

embryonic death or the fertilization failure.

It is also suggested that over-protein feeding or shortage of minerals and vitamins

makes the uterine condition worse resulting in the embryonic death, however, the

detailed relationship between them is not well-understood.

For the improvement of fertility, BCS and milk fat rates should be checked routinely.

Especially, the shortage of energy after the parturition should be avoided.

iv Luteal subfunction

Around the 4th day after the ovulation, corpus luteum is formed, from which

progesterone is secreted.

Progesterone affects oviducts to be loosened for the support of embryo transportation

from the ampulla into the uterus.  And it also affects uterus to regulate the intra-uterus

condition for the embryo survival and development.  The delay of corpus luteum

formation or its decreased function delays the embryo down-streaming and does not

improve the intra-uterus conditions for the embryo development.

When the authors investigated repeat bleeders for their corpus luteum functions after

the artificial insemination by the milk progesterone level as an index, eight of 21 repeat

bleeders showed normal corpus luteum functions, and five of eight became pregnant.  The

other 13 cows showed delayed corpus luteum formation or the decreased function resulted

in infertility.

v Body temperature increased by heat stress

The low conception rates during the hot period are often observed.  Causes of the low

conception rate are considered as follows; 1) the estrus becomes faint by the heat stress

resulting in the difficulty in the detection of an adequate timing of artificial insemination,

and 2) even if the insemination performed adequately, the increased body temperature

affects the developmental competence of the fertilized oocytes or embryos.  

Fig III-5 shows normality and survival rates of embryos from cows heat-stressed for 7

days and also from the control cows.  The normality and survival of the embryos from the

heat-stressed cows were lower than those from the control, suggesting that the embryos

from heat stressed cows show the increased rates of embryonic death.

Furthermore, heat stress apparently affects embryos within one to two days after the

fertilization.  The embryos after three days of fertilization are not affected so much.

During hot days, high conception rates are obtained when the embryos of 7 to 8 days

post-fertilization are transferred than the artificial insemination. (Fig.III-6)

These data suggest that the embryonic death during hot period occurs within a several

days after the insemination including the insemination day.  The countermeasures

against the heat around the insemination day (to avoid increasing the body temperature

during a hot period) may improve the conception rates.    

As mentioned above, the main causes of the low conception rates in daily cows are

fertilization failure and early embryonic death, which are affected by many factors such

－ 39 －



as adequate timing of the artificial insemination, techniques of the insemination,

management of diet, uterine infection and heat stress.

(3) Reproduction management program

① Reproduction management after parturition

Reproduction management after the parturition should be carried out in the two

categories; individuals and a group of cows.  In general, the managements are conducted

as follows; reproductive performance as the results from a group is evaluated and some

problems are found out.  To overcome these problems, some efforts should be made.  And

then these procedures are replicated.  After reaching a certain goal, the proper

reproduction management should be continued to maintain the certain level.

Here, we discuss firstly about how we evaluate reproductive performances in a cow

group and then about the points in reproduction management for improving the

performances.

i Indexes for evaluating reproduction performances in a group of cows

(i) Indexes in the conventional method and their problems

The indexes used usually in the conventional evaluation methods are a) average days of

non-pregnant period, b) an average interval between parturitions, c) a number of

artificial inseminations performed per a conception, and etc.

These indexes are not useful when the evaluation should be done within a short period.

An average interval between parturitions must be calculated from the data of at least two
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parturitions.  And, when the numbers of cows are plotted depending on the resulted

intervals, distribution does not show a normal distribution, because they are distributed

in the scale from quite short to long days.  This means that the average intervals are

meaningless when they are evaluated in a group.  Furthermore, the cows retired because

of non-fertility or those excluded from a breeding program are not included in this data.

However, this data is important for the evaluation of reproductive performances over

the years.  And it is useful for the evaluation of individuals.

An average non-pregnant days, as well as average intervals between parturitions, are

not suitable for the evaluation after the short period.  The cows before pregnancy

diagnosis, those before artificial insemination, and also those retired or excluded from a

breeding program are not included in this data. 

In case of a number of artificial inseminations performed per a conception, there is a

same problem as that in the average of non-pregnant days.

(ii) Reproduction indexes

The following indexes are useful for the evaluation of the reproduction performance in

a short period such as one month. 

ıbRate of successful estrus detection

ıbConception rate

ıbPregnancy rate

ıbExpected day of AI (VWP)

ıbPeriod of performing AI (breeding period)

Pregnancy rate is defined as the percentage of the inseminated cows, which are

succeeded in the detection of estrus, to the cows scheduled for AI during a certain period,

for example, one month or 115 days after the parturition.  The rate of successful estrus

detection or the rate of AI performance, multiplied by the conception rate makes the

pregnancy rate.

For example, of 20 cows that are programmed for AI in a month, actuarially 12 cows

are inseminated.  In these 12 cows, 6 cows become pregnant.  The rates are calculated as

follows; the successful rate of detection estrus = 60%, the conception rate = 50%, and the

pregnancy rate = 25%.

General evaluations for the pregnancy rate are as follows;

ıb15%; too low

ıb20%; ordinary

ıb35%; ideal

The intervals between parturitions can be shortened when pregnancy rates are

increased.  Higher pregnancy rates enable more profits per a cow.  However, when the

rate becomes over 35%, the degree of increasing in profits is so suppressed that generally,

35% pregnancy rate is considered to be ideal.

To increase the pregnancy rate, the methods of reproduction management are discussed

here.
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Because the rate of successful estrus detection multiplied by the conception rate makes

the pregnancy rate, increasing the rates of detection or  conception leads to the increased

pregnancy rate.

In a case that the conception rate is not so bad, but the rate of estrus detection is bad,

the detection rate should be improved.  In a case that both rates are not so good, one

should improve the both rates.

In general, it is easier and more effective to improve the rate of estrus detection than to

improve the conception rate.  It is well recognized how difficult it is to increase the

conception rate even  by several percent.  

The easy way to improve the rate of estrus detection is to use equipment assisting the

detection of estrus, or to apply the method of synchronization of estrus or ovulation.

Synchronization of ovulation and the simultaneous insemination may increase the rate

to 100%. 

The following are points for improving conception rates;

a. Correct estrus detection and the adequate AI

b. Verify the method of sperm preparation from the thawing to the injection to uterus

c. Feeding cows with adequate energy and protein from the dry up period

d. Prevention of diseases during puerperium period and the proper treatments

An execution of AI at the adequate timing and inspection of the AI techniques seem to

be the most effective ways for the improvement of the reproductive efficacy.  Recently, the

technique of estrus or ovulation synchronization is popularized.  Sometimes the

inseminators should carry out AI to several cows at the same time.  For this purpose,

several straws of semen are thawed at the same time; however, it is reported that the

fertility of the cows inseminated later is lower than that of the cows inseminated earlier.

This result suggests that the inseminator should thaw a straw of semen for each cow one

by one for the higher conception rate.

ii Consideration of the conventional reproduction management program and the

newly developed program  

A periodical verification of the reproduction program has been introduced in Japan and

used widely for many years; however, many farmers cannot overcome breeding disorders.

They are forced to use, in some cases, a natural mating by a bull, because they cannot

detect estrus correctly.  

One of the reasons that these conventional methods have not been effective than

expected in fields is that only the conception rate has been improved but the estrus

detection method has not been attached the importance, although these two methods

have been already found to be important for the improvement of the reproductive

performances.

The ratios of contribution of some factors to the interval between parturitions in a

group of cows  are shown in Table III-1.  It is suggested that the efficacy will be improved
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if the successful rate of estrus detection at the fist AI increases rather than the increase

of the conception rate.  This means that the intervals between parturitions are shorten

when the estrus detection rate increases and also the frequency of pregnancies increases.

To improve results by the reproduction management, the objective should be sifted

from the increase of conception rate to the improvement of estrus detection.

In U. S. A., it has been discussed about the improvement of reproduction management.

Based on their reports, the effective points are introduced as follows;

a. Records of reproduction are kept well.

b. More than 80% of the successful rate of estrus detection at the fist AI. This means

that the rate will be increased to nearly 100%, if the procedures of synchronization

of ovulations and the simultaneous AI are introduced.  It aims 75 to 80% in target

breeding.

c. AIs are carried out on the same day every week or every other week.

d. It can be accompanied of an early pregnancy diagnosis.  The cows without

conception can be found in the early days after the first insemination and they can

be re-inseminated resulting in the shortening of non-pregnant days.  Getting the

data of conception rate as soon as possible and the immediate calculation of

pregnancy rate enables the periodical evaluation in the group of cows.  The

pregnancy diagnosis on the 50th to 60th day after the AI decreases its economical

merit so much.

e. Listing up the cows for AI and evaluating their conception rates.  The information

about the cows programmed for AI in each month, the rate of cows inseminated from

the VWP to the next 21 days (estrus detection rate), cows scheduled for the second

AI and more, and pregnancy rate within each month can be obtained. 

② Conclusion in reproduction managements

To improve reproductive performance and maintain it at the elevated level, the

following points should be considered for a certain period; arranged conditions in forms,

performing a diet program, making efforts on detecting estrus, and invention in

introducing systems assisting the detection of estrus.  However, if farmers have

renovation in mind, in fact, there are many points for the improvement, which can be

done immediately.

The points, in a reproduction management, possible for the immediate execution are as
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follows;

a. Investigation of estrus detection rate and pregnancy rate.

b. Improvement of the estrus detection rate if it is less than 70%.

c. Application of synchronization of estrus or ovulation, and the simultaneous AI for the

improvement of the estrus detection rate.

d. Improvement of conception rate by the correct AI techniques at the adequate

insemination time.

e. Pregnancy diagnosis before 32 to 38 days.

f. Careful parturition monitoring and performing the adequate assistance for the

parturition.

g. Periodical BCS tests
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1. Semen collection from bulls

The first step of the production of frozen semen is to collect semen from bulls using an

artificial vagina, in which bulls ejaculate semen.

If collected semen has sperm with a low motility, the sperm can not survive after the

treatments such as dilution, freezing and thawing. And the efficiency of producing frozen

semen is reduced. To collect the sperm with a good motility, it is necessary to make bulls

ejaculate comfortably under an natural condition. So it should be noted that all of the

procedures for the semen collection should be conducted carefully.

(1) Equipments and facilities for semen collection

① Semen collection

Since the research on artificial insemination (AI) was started, various methods for

semen collection have been tried and developed. Thereafter the methods have been

improved. At present, the most common method for semen collection is the intercepting

method using an artificial vagina, and with this method the semen can be collected from

bulls under natural conditions.

② Devices and apparatus for semen collection

i.  An artificial vagina and its composition 

There are two types of artificial vagina for bulls; a triple layer type and a double layer

type. These artificial vaginas are used for collecting (intercepting) semen from the bull

besides a dummy (or a teaser female) (Fig. IV-1, 2). Both types are commonly used by

putting warm water between the inner layer and the outer casing.

The artificial vagina of a triple layer

type is consisted of three major layers,

an outer casing made of plastic, a

rectangular inner sleeve A made of

rubber and a triangular inner sleeve B

made of rubber. The inner sleeve A is

fitted to the outer casing, and the

inner sleeve B is fitted to the inner

sleeve A. At the end of the inner sleeve

B the collection tube is attached.

When semen is collected, it flows into

the collection tube. Since the collection

tube is designed to be located inside of

the artificial vagina, it is possible to

protect semen from a temperature

shock due to changing of the
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temperature in a room for the semen

collection. However, the handling of this

type of artificial vagina is not easy, because

it is longer and heavier compared to the

double layer type.

The artificial vagina of a double layer

type is shorter and lighter than the triple

layer type and easy to handle during the

semen collection. The collection tube is

located outside of the casing, so even when

the temperature of the poured water is

elevated, the effect to ejaculated semen is little. While it easily has an effect of the

temperature of outside. The effects of the temperature shock are not so serious in tropical

regions and warm regions, thus the shorter artificial vagina (two layer type of artificial

vagina) is commonly used due to the easiness of handling. Furthermore, a radiator hose

of a car can be used as the shorter casing of artificial vagina. The outer casing made of

radiator hose is cheap and very soft, because it is made of rubber. Thus the injury of the

penis of bulls does not occur, and even when dropped to the floor, it is not easily broken.

ii. Dummy cow

Semen collection using a fixed dummy (Photo IV-2) is less dangerous than the semen

collection with a teaser female, because the fixed dummy is so stable that bull does not

move during the collection. It is possible to adjust the height of the dummy making the

collection easy. It is desirable that bulls should be trained and accustomed to the

collection using a dummy.

At the semen collection using the mobile dummy (a dummy car: Photo. IV-3) a bull can

mount the dummy so naturally and the position of the penis is so natural that the bull

can ejaculate under a natural condition. A collector can avoid the risk of falling down of

the bull from the dummy and being stamped by the bull. As it is also possible to move the

dummy automatically and the dummy can be used outside of a room for the semen

collection, it is possible to accelerate the sexual excitement of bulls.
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iii. Teaser cow

As a teaser cow for the semen collection, a female, a castrated bull or a small bull with

a warm temper can be used. During the semen collection using the teaser, the teaser

sometimes moves furiously and the collector is sometimes stamped the foot by the bull.

And sometimes the mounting bull looses the balance and leans on the collector.

Therefore, it is necessary to restrain the teaser firmly into the restraining chute.

iv. Semen collection room

It is desirable that a semen collection room is opened, clean and quite to make a bull

feel comfortable to ejaculate resulting in an

easy semen collection. To make the

operation safe and easy, a full broad space,

which enables a bull to move freely, is also

needed. It is necessary to have an enough

space for a dummy, a restraining chute for

a teaser, a stand for cleaning of the prepuce

of a bull, a waiting space for a bull, a

cleaner of a bull (an electric vacuum

cleaner is commonly used) and a space for

a cleaner of the prepuce (Photo. IV-4).

(2) Techniques for collection of semen from a bull

① Preparation for the semen collection

i. Cleaning of bull

At first, the cleaning of a bull is

necessary (Photo. IV-5). Cleaning is

necessary to prevent the contamination of

semen by the dust, hair and feces, etc. If

hairs of the scrotum and the prepuce are

long, they should be cut shorter. The

cleaning of the bull is very important to

collect the semen hygienically. When the

cleaning is conducted in winter in a cold

region, it is recommended to clean the

bull with warm water; the caution should

be taken to the management of the temperature of the collection room. Otherwise the bull

may get out of a good condition. After cleaning, the bull is moved to the waiting space and

the body is dried during a waiting time. This is necessary to stimulate the excitement for

semen collection.

ii. Preparation of dummy and teaser cow

Before using a dummy, it is necessary to verify that the height of the dummy is

adjusted to a bull and to examine whether there are the abnormalities and broken parts
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on it. When the teaser female is used, cleaning of the teaser is also necessary. The teaser

should be restrained in the restraining chute for it. To prevent the accident, non-slippery

palm tree mat or rubber mat is put behind the dummy or the teaser. These are to prevent

the slip of the hind limbs of a bull when it stands up to mount. Before the start of semen

collection, small amount of water should be sprinkled on the mat to prevent scattering of

dust. 

iii. Preparation of artificial vagina

It is necessary to use the casing and the

inner sleeve which are not broken. The

inner sleeve should be clean, disinfected

and dry. They should be stored under

hygienic conditions. In general, they are

stored in a keeping box equipped with a

sterilization lamp, which dries and

sterilizes the artificial vagina, after

cleaning and boiling for the disinfection.

(Photo IV-6). When the artificial vagina is

composed, the caution should be taken

not to twist the inner sleeve. It is necessary to put a physical saline solution into the

inner sleeve in which the penis is inserted; this is to promote the insertion of the penis

and the smooth flow of ejaculated semen.

iv. Putting the warm water into the artificial vagina

The proper temperature of the artificial vagina, in which a bull ejaculates, ranges

according to age and individual; about 40℃ in young bulls and about 45℃ in aged bulls.

In general, water heated at 42 ～43℃ is poured into the wall from a hole for pouring. In

winter, the temperature of the inner sleeve decreases so rapidly that it is necessary to

keep water at a little higher temperature (about 45℃). But when the artificial vagina of a

three layer type is used, a high temperature of water gives harmful effects on the sperm.

So the care should be taken not to pour too hot water. Furthermore, it should be noted

that some bulls do not eject when the temperature is too high or too low. When too much

water is poured into the artificial vagina, the inner sleeve might be broken by a physical

pressure at the time of semen collection, or the casing might be slipped off. Therefore, an

appropriate amount of water should be poured. The caution should be taken not to pour

too much water. It is desirable that the one artificial vagina is used at one semen

collection per one bull. When there are not enough artificial vaginas available for many

bulls at once, it is convenient to use the artificial vagina of a three layer type, because it

can be reused only by changing of hot water and the inner sleeve B. At the artificial

insemination station where the large number of artificial vaginas are used as a dairy

routine, the artificial vagina in which the hot water is poured is kept in an incubator at a

temperature of 42 ～45℃. (Photo. IV-7).
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v. Cleaning of prepuce

It is necessary to clean the inside of the

prepuce. In the prepuce, the bacteria

increase easily. If the semen collection is

conducted without cleaning of the prepuce,

the bacteria contaminate semen. The

cleaning of prepuce is conducted with

clean warm water or physical saline

solution using an electronic vacuum

cleaner (Photo. IV-8). When the water not

suitable for drinking is used, the water

should be used after boiling, or 1% invert

soap solution should be used for the

cleaning instead. The nipple and the

plastic cup attached at the end of the

prepuce douche’s nozzle should be changed

for each bull to prevent the infectious

diseases of the reproductive organs, and

they should be used after sterilization.

During waiting time prior to AI the bull

may excrete the urine, thus the cleaning of

the prepuce should be conducted just

before the start of the semen collection.

② Collection of semen

In case of the semen collection by the intercepting method using an artificial vagina,

the collection can be conducted either from left side or right side of the bull. The

procedure to collect semen from the left side is explained as follows;.

i. Preparation for the collector

The person who collects the semen (collector) should wear a light costume, boots and a

helmet for the safety at the semen collection. From the view point of sanitation, the

collector put on the rubber glove in the right hand, with which the collector hold the

preputial orifice of a bull. To smooth the insert of the penis into the artificial vagina, a

proper volume of lubricant is smeared to the entrance area of the inner sleeve with a

sterilized rod. As a lubricant, white vaseline and mucilaginous jelly are used. If too much

lubricant is smeared, the lubricant contaminates the semen. Thus the caution should be

taken not to smear too much volume of lubricant to the entrance.

The collector stands beside the left side of dummy or teaser holding the casing of

artificial vagina, and verifies the name or the number of a bull from which semen is

collected.

ii. Restriction of live mounting 

The person who controls the bull (a controller) leads the bull to a dummy or a teaser
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and conducts the restraint of mounting against a bull. The restraint of mounting is

effective to make the resulting semen quality high and conducted as follows;

When a bull mounts on a dummy or a teaser, the controller forces the bull to get down

from it before ejaculation occurs. This restraint can be done also by restraining a bull just

before mounting and separating the bull from the dummy or the teaser, and by repeating

the combination of these - treatments 2 or 3 times. 

When a bull mounts, the collector holds the prepuce and controls a direction of penis to

avoid touching of the penis to the dummy or the teaser. At the same time the collector

confirms the hardness of penis. When the restraint of mounting is conducted, most of

bulls expose a congested penis from the preputial orifice and start to leak the fluid of

accessory genital glands. When the collector confirms the drippings of the fluid of

accessory genital glands and the hardness and congestion of penis, it is jugged that the

restraint of mount is fully conducted. And then the collector lets the bull mount. When

the collection of semen is conducted without an enough restraint of mount, the semen

contains lots of fluid from the accessory glands. Its pH is generally high and the quality of

the semen is not good. Especially a young bull has a tendency to ejaculate hurriedly, it is

necessary that the restraint of mount should be fully conducted to it. The caution should

be taken that the excitement of the bull is reduced in case of too much restraint.

iii. Collection of semen

After confirming that a bull mounts firmly on a dummy or a teaser, the collector rapidly

approaches to the bull and collects semen. At this time, the caution should be taken not to

be stepped on the foot by the hind hooves of the bull. The attitude not to be stepped by

the foot is that the collector opens his or her feet widely to both sides and draws the right

leg backwards, and his or her right shoulder leans on the flank of the bull without

weighing too much on the right foot (Photo. IV-9). 

After the bull mounts, the collector holds the sheath of the prepuce with a right hand,

pulls it forward, and introduces the penis into the entrance of the artificial vagina. When

the penis is inserted into the entrance of the artificial vagina with a good timing, the bull

ejaculates very fast within a moment of thrusts (so-called bull’s one thrust). Well trained

collector can insert the bull’s penis into the entrance of the artificial vagina with a good

timing. At the moment of ejaculation, the

casing of the artificial vagina is pushed

forward by the bull. Do not oppose this

movement and fit to it. At this time, the

collector draws the penis slightly forward,

and draws the top of the artificial vagina

outside of the left leg of the bull. If the

artificial vagina is not drew forward and

the bull moves, the artificial vagina may

happen to touch a dummy, a teaser, or the

left leg of the bull. And the collection tube
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may happen to break or cause bleeding from the penis. 

Immediately after ejaculation, hold the entrance of the artificial vagina upward, and

gently draw the bull away from the dummy or the teaser. The bull sometimes charges

towards the collector, so the collector should not only be careful, but also retrain the bull

firmly.

Occasionally, there is an “empty thrust” (a false thrust); ejaculation does not occur even

when the penis is inserted into the artificial vagina. This is often seen when the timing of

inserting the penis into the artificial vagina is not optimal, when the temperature of the

water in the artificial vagina is too low, or when the amount of water in the artificial

vagina is inadequate to sustain an appropriate pressure. When a bull excites very hard, it

ejaculates before inserting its penis into the artificial vagina or even after inserting the

penis into the artificial vagina, the bull ejaculates without any thrust. This is so-called

“spilling”. In such a case, even if the semen collection is conducted continuously, the bull

can not thrust. This may cause bleeding from the penis. It is better to start to collect

semen again after giving a break to the bull for a while.

iv. After the semen collection

After confirming the presence of semen in the collection tube, the collector brings the

casing of an artificial vagina back to the laboratory. When draining the water from the

inside of an artificial vagina, a care should be taken for the water not to enter into the

collection tube.

During the procedures for the production of frozen semen, confusing of the semen with

another bull’s semen should not be happened. It is important that the both collector and

controller confirm each other the name of the bull and the number of times of the

collection before and after the semen collection. The card or the mark, with which the bull

and number of times of collection can be confirmed, should be attached to the artificial

vagina or the collection tube attached to the inner rubber sleeve used, and then they are

brought to the laboratory. The collected semen and the name card should be treated

together not to confuse the source of the semen throughout the process of printing the

information about the semen to a straw and filling the straw with the semen.

Before collecting semen from another bull, the area where the penis of the previous bull

might have touched should be wiped off with a piece of paper towel dipped with a

disinfection solution of invert soap (3%). This is a necessary wiping process to treat semen

hygienically and to prevent the mixture with the different bull’s semen. When a teaser

excretes feces, it is necessary to remove them and to disinfect the area as soon as

possible.

(3) Frequency of the collection of semen from bull

For the efficient use of the bull, it is necessary to efficiently collect semen with good

characteristics. To collect the semen with a good quality, it is necessary to decide the

frequency of semen collection, the interval of semen collection and the number of times of

the collection per day. Practically it should be noted that these depend on the conditions
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of the station for the artificial insemination, such as the number of bulls and the total

number of times of semen collection at the station.

① Interval of collection

The appropriate interval of the semen collection from bulls varies according to their age

and growth and seasons when semen is collected, etc. In general, the appropriate interval

is twice per week per bull (once at about every four days). When the interval is prolonged,

the accumulation of sperm and semen increases, but sometimes the semen with bad

characteristics may be collected. When the interval is too short, the production of semen

can not catch up the pace, and the semen with a small number of spermatozoa is

collected. As a result, the efficiency of the semen production decreases.

② Number of times of the semen collections 

Libido to mount and a number of times of the semen collections from bulls are related

to complex factors such as individual, breed, and weather conditions. So it is necessary to

consider these factors from the several points of view. In general, a good quality of semen

can be kept until three times of the collections per day, and the semen can be used for the

production of frozen semen. When collected more than three times, the number of sperm

per ejaculate is reduced markedly and the characteristics of the semen become bad. So

the efficiency of the semen production is reduced 1). When many times of the collection are

conducted, the libido of the bull to mount is reduced resulting in a longer time needed to

collect the semen. Furthermore, the penis is weared out after too much contact with the

artificial vagina, so a possibility of bleeding increases. This is a possible cause to reduce

the efficiency of insemination. According to the condition of the bull, the libido to mount

may be reduced markedly. In such a case, it is necessary to stop the collection or to have a

longer waiting time for the bull.

(4) Techniques for the bulls, in which the collection is difficult

Recently, to shorten the generation interval of the bull using for the progeny test, the

semen collection from younger bulls has been conducted. There are some bulls which do

not mount or are difficult to collect semen. Herein, at first the training of them to mount

a dummy, etc. is explained. And then in case of the bulls which have a difficulty of

mounting, the techniques to promote the mounting or the semen collection are explained.

① Training of bulls to mount a dummy

When the semen collection is conducted, the collection using a dummy has many

advantages such as easiness, safeties and hygienic conditions, etc. It is preferable that

the young bull should be trained and accustomed to mount a dummy. When the bull

attains the puberty and reaches the age when mounting and ejaculation are possible,

they should be trained to mount and accustomed to a dummy. Some bulls may mount on a

dummy relatively easily after leading them close to it. 

In case of bulls that do not mount on a dummy, the collector should try following

procedures to make them mount;

a. To move up, down, forward and backward the dummy, and to put the leather on the
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dummy. 

b. To show the semen collection from the bulls which have an experience of ejaculation

using the same dummy to promote an excitement and learning of the bulls having

the problem.

c. To approach to the dummy together with two or three young bulls which could

mount and ejaculate, and let them compete to mount.

d. To collect semen using a teaser cow and educate the bull that the semen collection is

very comfortable, and then try the bull again to mount the dummy.

e. When the bull does not mount a teaser cow, the collector should stimulate the libido

for mounting by moving the teaser forward and backward or let the teaser move its

rump. When the response of the bull is not strong enough, the libido of mounting

should be developed by changing the teaser, and it may be possible to collect semen.  

② Worked-out techniques for the bulls, which have a difficulty to mount or to collect

semen

i. Semen collection outside

There is a certain method to stimulate a bull to mount on a teaser; take the bull and a

teaser out of a semen collection room, and the teaser is slowly drawn to attract the bull .

This method is effective for bulls that are not accustomed to the circumstances of the

semen collection room at the stage of training. It is considered that the bulls are excited

in the opened air and feel like mounting by getting rid of the bad feeling about the room

from them. Once the semen collection is completed, they experience the sexual comfort

and it often becomes possible to collect semen from them even in the semen collection

room. When the semen collection is conducted outside of the room, sometimes the field is

not in a good condition. Therefore, it is important for the collector not to be hurried. The

two controllers should restrain the bull from both sides using two ropes, and the care

should be taken to avoid any accidents. 

ii. Change of collector or change of semen collection side

Some bulls won’t ejaculate while he mounts. In case of such bulls, the semen collection

may be possible by changing of the collector. The techniques of semen collection, such as

the methods to hold the prepuce, the timing of introducing the penis into an artificial

vagina, differ slightly according to the collector. But it should be noted that bulls may

become nervous and do not ejaculate, when the collector changes too frequently.

Furthermore, semen collection from a side, opposite to the usual side, of a bull may be

able to make the bull ejaculate. Regarding to the cause of this effect, it is supposed that

the shape of penis, bull’s taste and habit are related to the result of semen collection. 

iii. Ideas on the modification of the artificial vagina

The shape of the penis, the response to the semen collection procedure and the proper

speed of inserting the penis into the artificial vagina differ according to individual bulls.

Therefore, it is necessary to select the suitable artificial vagina to be used for a bull, from

which the semen collection is difficult. For example, for the bull which rapidly inserts the

penis into the artificial vagina, the use of the artificial vagina of a two layer type, which
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is light and easy to handle, is recommended. For the bull, in which the response of the

penis to the stimulation for ejaculation is dull, the artificial vagina of a two layer type, of

which temperature is set a little hotter, or the artificial vagina of a three layer type,

which has a large touching area to penis, are recommended to be used. The pressure of

the inner sleeve of the artificial vagina should be adjusted to fit to the penis according to

its diameter. In case of a bull that has a tendency to bleed from the penis, lubricant

should be used for the smooth insertion of the penis into the sleeve or it is better to

prepare several techniques to be available, as mentioned above.

iv. Use of influences from other bulls

When the bulls, which have experienced the comfort of ejaculation as a sexual pleasure

for the first time at the semen collection room, go back to the paddock, they begin to

mount each other. By using this situation the bull, which did not mount, may begin to

mount; when the bull is kept together with three to five experienced bulls in the same

paddock, it may be influenced with them and feel like mounting. In this case, if only two

bulls are kept together, one always mounts on the other, which becomes to hate the

semen collection. Furthermore, if the difference of body size is large between the two

bulls, the accidents such as falling down may occur during mounting each other, therefore

the care should be taken not to put two bulls having different size together in the same

paddock.

v. Smearing of urine or mucus of cows in heat

By smearing the urine of cows or mucus of cows in heat to a dummy, the bull exposed to

the dummy may be sexually excited resulting in mounting. However, it is necessary to

take care of sanitation to prevent the viral infections.

③ Use of the electro-ejaculation and massage of the ductus deferens

To collect semen from a bull after mounting to a dummy in natural conditions is a

natural way. But when the semen collection is difficult in natural conditions from the

genetically superior bull, which is old or has an injury of legs, or little libido for mounting,

the semen collection may be conducted by compulsion. The electroejaculation method and

massage method are explained herein. By these methods, the semen collection may be

possible, but these methods are not fundamentally the way to solve the problem with the

bull and to promote the mounting and the semen collection of the bull. When the

compulsion method is continued, it should be noted that the bull looses libido to mount a

dummy or a teaser.

i. Electro-ejaculation

This method gives a pain to a bull, so it is not recommended from the view point of

animal welfare. Therefore, this method should be limited for the bull which has a leg

injury or a difficulty to mount.

In practical, this method is to induce ejaculation by stimulating the nervous center for

ejaculation in the pelvic girdle.

(i) Restrain the bull in the restraining chute, and after removing the feces from the

rectum, insert the rectum probe about 10 cm into the rectum.
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(ii) Give a current of 0.5 ～ 1.0 ampere for 3 ～ 5 seconds and stop the current. Repeat

this operation every five seconds.

(iii) Start with 3 ～ 5 volt, and elevate the voltage gradually up to 10 ～ 15 volt by

around five times reputation.

(iv) While the electricity is running, the bull shows the tetany of the whole body.

However when it is cut, the body smoothens and the ejaculation is induced.

ii. Massage of ampulla (Massage of rectum)

This is a method to collect the semen by massaging the ampulla part of the ductus

deferents from the rectum of the bull. This method requires a considerable experience.

Restrain the bull to the restraining chute and remove the feces from inside of the rectum.

While pouring the warm water into the rectum, insert the hand into the rectum and

massage by pinching the seminal vesicles frontward. And massage the ampulla part of

the ducts deferents to backward. And then the semen is excreted. Do not massage the

ampulla too strongly, otherwise urinary bladder is pressed and the urine may be mixed

into the semen2).    

In case of these methods including the electro ejaculation method, the ejaculation

occurs differently from the normal ejaculation. Namely, the thick semen is not excreted at

once. As firstly the fluid of the accessory genital glands begin to drop, and then the

concentration of semen gradually increases. Thus it is necessary to find a way of

collecting the sperm-rich semen. Prepare two or three cups to collect the semen and

change a cup as a concentration of sperm in semen increases.

2. Evaluation of semen and sperm

The points to be carefully taken account of the procedures from the semen collection to

its dilution are as follows;

a. Do not confuse the semen with the one from another bull. 

b. Avoid the temperature shock on the semen.

c. Handle the semen perfectly and hygienically.

d. Examine the semen in shortly and rapidly. 

To avoid confusing of the semen with

another bull’s semen, it is necessary that

the name card which was attached at the

time of semen collection should be attached

to the straw from the filling of the semen

into straws to the printing process. To avoid

the temperature shock, it is necessary to

avoid the difference between the

temperature of semen just after collection

and the temperature of outside, and the

sudden temperature change in the
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laboratory. It is desirable that the temperatures of the semen, diluents and the processing

devices are same. Handling the semen hygienically is a priority. To reduce the

consumption of the motility energy of spermatozoa, the procedure of examination and

processing of the semen should be conducted rapidly.

(1) Macroscopic examination

Macroscopic examination: Characteristics of the semen, such as volume, color, odor, pH

and contamination of other materials.

To prevent the temperature shock of the semen in the laboratory, the collection tube is

put in the water bath warmed at about 34℃. As the collection tube is put directly in the

air during the examination, it is important to conduct this process as fast as possible to

avoid the temperature shock. To avoid the mixture of water into the collection tube, the

water attached the surface of the tube should be wiped off with the gauze. At first,

volume, color, odor of the semen and the contamination of different materials are

examined macroscopically. And then take a certain volume of sample according to the

apparatus for counting the number of spermatozoa. Measure pH of the semen by using

the remaining semen.   

① Volume of semen

Semen consists of spermatozoa and seminal ‘plasma’ (accessory genital gland

secretions; See Page 6 (3):OO). The volume of semen ranges according to the individual,

age, season and frequency and the technique of semen collection. The volume of semen is

measured using a semen collecting tube with a graded scale which attached to the inner

sleeve of the artificial vagina. Normal ranges are shown in Table IV-1.

② Color

The color of semen is usually milky-white, and the more the concentration of

spermatozoa is increased, the much whiter the color is. The color is sometimes greenish,

and it is said that this color comes from the carotene in the feed. And the color is

sometimes yellowish, but there is no problem with the semen characteristics.  When blood

is mixed with the semen, the color becomes reddish-muddy. As a mixture of the different

materials, the contamination of soil or sand which is attached to the penis at the time of

semen collection is frequent. In such a case, there is the sedimentation of soil or sand at

the bottom of the semen collecting tube. It is preferable to throw the semen which clearly

contains blood and different materials.

If the collected semen is thick, it should be observed in a transparent test tube through
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Table IV-1  The volume of semen, concentration of spermatozoa and a total number of
spermatozoa per ejaculation

Average

Range

Volume (ml)

1,000

300～2,000

Concentration (million/ml)

5,000

3,000～7,000

Total number of spermatozoa per
ejaculation (million)

5.0

2～10



the light in the bright place. If the semen has a good quality, an active movement of the

spermatozoa and collective vortex streams can be seen. The spermatozoa of such semen

have a good motility.

③ Odor

Fresh semen usually has a little smell, but it sometimes smells of the odor of bulls

when the cleaning of the prepuce was not conducted well. It is considered that the odor

specific to semen comes from proteins and phospholipids in the fluid of the prostate.

When urine is mixed with semen, the semen is tinged with the smell of urine. Semen

stored for a long time has a putrid smell because of decomposition products produced by

the bacterial growths.

④ Hydrogen-ion Exponent (pH)

An electric pH-meter can be used for an accurate measurement of pH of semen, but

measurement by filter paper is generally used. This method is simple. Apply a small

amount of semen to the filter paper. After completing color change, compare the resulting

color with that of standard to determine the pH. Generally, small square pieces of paper

with B.T.B. (bromothymol blue; measurable range: pH 6.2 ～ 7.8) or B.C.P. (bromocresol

purple; measurable range: pH 5.2 ～ 6.8) are used. The pH range of normal bovine semen

is 6.2 ～ 6.8. As time passes, pH of the ejaculated semen reduces and becomes acidic. This

is the result of the production of lactic acid by the motile spermatozoa. Reduction of pH is

not good for spermatozoa, therefore it is very important to dilute semen rapidly (pre-

dilution) to restrain the reduction of pH.

(2) Microscopic examination

Microscopic examination: Concentration, motility, percentage of motile spermatozoa

and percentage of abnormal spermatozoa and the mixture of  different materials, etc.

① Motility of sperm (spermatozoa)

Before the examination under a microscope,

the semen should be  diluted (pre-dilution). In

general, the semen is diluted two-fold. When

the sperm concentration is high, semen

should be diluted three-fold. When semen is

diluted, pipettes and syringes used should be

changed for each semen to avoid the mixture

of other semen. The way to conduct the pre-

dilution efficiently is as follows; prepare the

test tubes which contain a certain volume of

diluents (for example 3 ml, 5 ml, 10 ml) and

add the diluents according to the collected semen. 

To avoid the temperature shock, it is basically necessary that the diluents and the

equipments for pre-dilution are put in an incubator to keep a necessary temperature.

i. Methods for examination of sperm motility
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The motility of spermatozoa is usually

examined microscopically using a sperm

motility examination plate. Take one

droplet of semen using a thin glass rod or a

flame-sterilized platinum wire loop (do not

use the wire while still hot – rather wait

for it to be cooled down), put it in the

central ring of the examination plate, and

put a cover slip on it. And then examine

spermatozoa under the microscope. The

motility of spermatozoa changes markedly

according to the temperature. Therefore, if

there is a heating apparatus for the slide, it is necessary that the examination plate is

heated at 37 ～ 38℃. 

Using a monitoring television to examine of the sperm motility, several persons can

observe it at the same time and discuss about their results. In this case, examination of

the sperm motility is more accurate.    

〈The points to be carefully taken account of for an examination of spermatozoa under a

microscope〉

a. At first, observe the full viewing field with a low magnification (20-fold, ×20). After

confirming that the motility of semen is uniform, observe with a high magnification

(400-fold, ×400).

b. Examine many viewing fields from the margin to the central. Furthermore, examine

upper layer, middle layer and lower layer, because the layer has a certain thickness.

Calculate an average.  

ii. Criteria for the motility of sperm

The motility of spermatozoa is expressed using both the percentage of motile (living)

spermatozoa and motility. The percentage of motile spermatozoa (%) is estimated by a

visual measurement, with the number of spermatozoa in all viewing fields taken as 100,

and the motility is classified as follows;

+++:  Vigorous movement: the greatest forward movement; in some cases, the

movement looks like a vortex or stream of water
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++:  Active forward movement

+:  Weak movement

±: Very weak movement: movement like a swinging pendulum

－:  No movement

For example, “80+++” means that 80% of the spermatozoa in the viewing fields are

alive and moving vigorously; “50+++, 20++” means that 70% are alive, with 50% of the

total number of sperm moving vigorously and 20% moving actively. The motility of the

spermatozoa immediately after collection is usually 70 ～ 95+++.

iii. Viability index of sperm

To compare both values of the motility and percentage of living spermatozoa as one

figure, viability index of sperm is used. This index is convenient for statistics treatment.

Methods for calculating the index are that the values are weighed according to the

motility, multiplied by the percentage of living sperm, and then divide by 100.

The values weighed according to the motility are as follows: 100 in +++, 75 in ++, 50 in

+, 25 in ± and  0 in －.

For example, in case of 75 +++ 10 ++ 5+ 10－, the index is calculated as follows;

Viability index of sperm = (75 × 100 + 10 × 75 + 5 × 50 + 10 × 0) ÷ 100 = 85

Viability index of sperm sometimes decreases in summer. Phomenon of showing bad

characteristics of semen and reducing the fertility in summer with high temperature and

humidity is so-called summer sterility. Summer sterility happens in August and

September, but it remains rarely around in November.     

iv. Measurement of percentage of living sperm using staining 

A permeability of cell membrane of dead spermatozoa increases. This method uses this

nature of sperm and judges correctly as living sperm or dead sperm.

Herein, a staining method by eosinÅEnigrosin is explained.

Eosin･nigrosin staining method

a. Make 5 % eosin and 10 % nigrosin solution with water.

b. Using a micropipette, put semen, eosin solution, nigrosin solution in a ratio of 1:2:4,

respectively, in the small test tube and mix them.

c. Put one drop of the above mixture on the slide glass and smear with cover glass.

d. Dry the slide.

e. Examine the spermatozoa microscopically as soon as possible. If it takes a long time

before examination or under the condition with the high humidity, almost all of the

spermatozoa are stained by eosin in a few hours.

f. Spermatozoa stained red by eosin is dead and spermatozoa not stained by eosin is

alive. Calculate a percentage of living spermatozoa.

② Sperm concentration

Concentration of spermatozoa is calculated as follows;

i. Measuring instrument method

In general, spectrophotometer, cell counter, or blood cell counter are used to count the

number of spermatozoa at large artificial insemination center or laboratories. By using
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these measurements, it is possible to measure the concentration of spermatozoa rapidly

and easily.  Measurement using a spectrophotometer is performed as follows: add a small

amount of testing semen (0.1 ml) into 100-times amount of the diluents  (for example, 3%

solution of sodium citrate), measure a light permeability using a spectrophotometer, and

calculate the number of spermatozoa, referring to a conversion table previously prepared.

The conversion table is made using the regression equation based on both the absorbance

values of over one hundred semen samples measured by the spectrophotometer and their

actual values measured by the hemocytometer.

ii. Hemocytometer method

Thomas’s hemocytometer is used just as a measure of the blood cell count.

(i) Procedures

a. When semen is left and as time passes, spermatozoa are sedimented. Therefore mix

the semen well before the measurement.

b. Usually use a red blood cell pipette (RBC) (melangeur). Gently put the tip of the

pipette to the surface of semen and suck it. If the number of spermatozoa in semen

is high, suck the semen to the 0.5 mark (×200); if it is low, suck to the 1.0 mark (×

100). 

c. Remove any semen adhering to the tip of the pipette.

d. Then, suck the 3% saline solution or gentiana violet staining solution accurately to

the 101 mark.

e. Cover both ends of the pipette with the thumb and middle finger and shake it well. 

At present, micropipette is commonly used. The method using a micropipette is easier

than RBC melangeur method. The methods are as follows;

・Put 9.9 ml of 3 % saline solution into the test tube by using a 10 ml pipette.

・Take 0.1 ml semen by using a micropipette and put it into the test tube (×100) and

shake  the tube well.

(ii) Counting chamber 
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There is a square section in the center of the hemocytometer, and this is a counting

chamber. Each side of the chamber is 1 mm in length, and every this 1 mm is divided into

20 parts to create 400 tiny squares. So an area of each tiny square is 1/400 mm2. To find

every 16 lattices easily, lines (E lines in Fig. IV-4) are drawn in the center of every fifth

lattice both length and bread wise (Fig. IV-4). There are elevated areas in the counting

chamber and to the right and left of the counting chamber.  When a deck glass is placed

over this elevated area, the space exists in the counting chamber (Deck glass should be fit

to make Newton ring (a striped pattern). These areas form a space of 1/10 mm in height.

Diluted semen for counting the number of spermatozoa is dropped from the pipette into

this space.

(iii) Method for calculation

Drain two to three drops of well mixed diluted semen from the pipette. Then put one

drop of the semen to a counting chamber from the edge  of the portion where the chamber

and a deck glass overlap each other (Site A of Fig. IV-4). In this way, the space is filled

with the diluted semen. Leave the hemocytometer horizontal for two to three minutes

and wait for spermatozoa to precipitate. Then place the hemocytometer on the

microscope, find the chamber at a low magnification. Count the number of spermatozoa

at a high magnification. Include the number of spermatozoa found in two of the margins

(for example, in the upper and left-hand margins) together, and do not count those found

in the other two margins (in this example, the lower and right-hand side margins). The

number of spermatozoa can be calculated as follows (assuming that the total number of

spermatozoa in all the lattices is 200):

Number of spermatozoa   Number of spermatozoa

in 1 mm3 dilution in 1 cm2 (1ml) dilution 

With semen up to 200×10×200=400,000 400,000,000

the mark of 0.5   

(200－fold, × 200)
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With semen up to 200×10×100=200,000 200,000,000

the mark of 1.0

(100－fold, × 100)

The method described above is for counting the total number of  spermatozoa in all of

the lattices (400 lattices) in the counting chamber. There is another simpler method:

count the number of spermatozoa in five blocks (1 block [16 lattices] × 5 = 80 lattices)

and multiply the number by five to obtain the total number. Generally, five blocks are

chosen as follows; four diagonal blocks (64 lattices) and another random block (16

lattices). And then the obtained figure is multiplied by five. In any case, repeat the

counting at least three times and calculate the average.

③ Examination of morphology  of spermatozoa (Carbol fuchsin staining method)

Examination of the morphology of spermatozoa can be performed using either stained

or unstained specimens. Even in unstained specimens, an outline of morphology can be

observed. Examination by the staining is very clear. Herein the method of staining by

carbol fuchsin, which is easy and general, is explained as follows:

a. Smear semen on the slide glass: Put a tiny droplet of semen on one end   of the cover

glass. Touch this end of the cover glass (with the side of the droplet downward) on a

glass slide at a certain inclination; when the semen spread uniformly, let the cover

glass slide down onto the slide and smear as thin as possible. 

b. Air-dry

c. Fix with methanol for two to three minutes

d. Wash with water

e. Stain with carbol fuchsin solution for several minutes;

Carbol fuchusin solution: 5% phenol and fuchsin-saturated ethanol (put 11 ～ 12 g

in 100 ml of ethanol) are mixed at a ratio of 9: 1 in volume.

f. Examine spermatozoa microscopically after washing with water and drying

Although specimen obtained in this way can be stored without any additional steps,

they can also be used as permanent specimens if sealed with balsam. The morphology of

500 ～ 1,000 spermatozoa (magnified 400 ～ 600 times) is examined and the rate of

deformity is calculated.

④ Abnormal spermatozoa

Abnormal spermatozoa are roughly classified into 2 categories: deformed and

premature. Deformities include deformity of the head, abnormality of the head cap,

double heads, an abnormally large or small head, enlargement or shrinking of the neck,

deformity or absence of the middle piece, a coiled or double tail(s), and absence of a tail;

whereas in premature spermatozoa, a cytoplasmic droplet is seen adhering to the neck

and the middle piece. The proportion of abnormal spermatozoa in normal semen is

generally 10% or less. If the rate exceeds 20 ～ 30%, the conception rate is usually low. An

increase in the number of premature spermatozoa is seen when the bull is young and

semen is collected too frequently, and spermatozoa with bad characteristics are also seen
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in the semen in summer sterility.

(3) Records of insemination and examination of semen

Items of the procedures from the semen collection to

the evaluation and processing of semen are classified

and recorded in the note for the semen collection,

processing of semen and frozen semen, etc. as records of

the frozen semen production.

The major recording items in the note for semen

processing are as follows:

a. Date of collection, weather, temperature, name of

collector, name of the person who evaluated

semen.

b. (Items on the collected semen): name of the bull,

hour of collection, number of times collected, volume of collected semen, motility and

percentage of living spermatozoa, pH, color, number of spermatozoa per 1 ml, total

number of spermatozoa, rate of abnormal sperm, pre-diluents magnification rate,

etc.

c. (Items on dilution): number of spermatozoa per straw, composition of diluents and

dilution rate, volume added to diluents A and B, final volume of diluents, and

number of straw produced, etc.

d. (Items on freezing and number of production): sperm motility and rate of living

spermatozoa after thawing, number of straws produced or number of scrap, etc.

For example,, the note completed at the Tokachi Staion of the National Animal

Breeding Center is introduced herein (Table IV-2).

A formal note for storage is made and stored according to the form of “Items on the

semen collection and processing for an animal artificial insemination” (Determined form

by the Law on Improvement and Increased Production of Livestock). (Table IV-3)

3. Methods for the production of frozen semen

(1) Factors affecting the viability of sperm after freezing and thawing

All of the frozen sperm can not always survive after  freezing, and some of them die. It

should be noted that the proportion of live sperm increases as much as possible when the

sperm is frozen. Main factors which influence the ability of  sperm to survive after

freezing and thawing are as follows; 

① Freezability of sperm

Freezability is the ability of spermatozoa to tolerate against freezing. The freezability

of spermatozoa ranges according to individual, and in the same bull it ranges according to

the conditions of semen collection, its age and season when the semen collection is carried

out.
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Normal

Deformities of head; giant, dwarf, warp, 
indistinct of shape, absence, two heads

Deformities of neck; enlargement, refra ction, 
indistinct

Deformities of middle piece; enlargement, 
refraction, winding

Deformities of tail; refraction, winding, too 
long, too short, absence, two tails

①

②

③

④

Fig IV-5  Abnormal spermatozoa



－ 64 －

N
am

e 
of

bu
ll

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

T
im

e 
of

co
lle

ct
io

n
H

ou
r 

of
co

lle
ct

io
n

V
ol

um
e

(m
l)

M
ot

ili
ty

 a
nd

P
er

ce
nt

ag
e

of
 li

vi
ng

sp
er

m
at

oz
oa

(%
)

pH
C

ol
or

N
um

be
r 

of
sp

er
m

at
oz

oa
(H

un
dr

ed
m

ill
io

n)

P
er

ce
nt

ag
e 

of
 a

bn
or

m
al

sp
er

m
at

oz
oa

(%
)

M
ag

ni
fic

at
io

n
of

 p
re

-d
ilu

tio
n

D
ilu

en
t (

m
l)

T
ot

al
 n

um
be

r
of

sp
er

m
at

oz
oa

(H
un

dr
ed

m
ill

io
n)

N
um

be
r 

of
sp

er
m

at
oz

oa
pe

r 
on

e 
st

rw
a

(T
en

th
ou

sa
nd

)

V
ol

um
e 

at
fin

al
 d

ilu
tio

n

E
xp

ec
te

d
m

un
be

r 
of

st
ra

w
pr

od
uc

tio
n

N
um

be
r 

of
st

ra
w

s

M
ot

ili
ty

 o
f

P
er

ce
nt

ag
e

of
 li

vi
ng

sp
er

m
at

oz
oa

af
te

r 
th

aw
in

g
(%

)

E
xa

m
in

at
ed

nu
m

be
r 

of
st

ra
w

P
ro

du
ce

d
nu

m
be

r 
of

st
ra

w

M
ilk

y-
w

hi
te

M
ilk

y-
w

hi
te

M
ilk

y-
w

hi
te

M
ilk

y-
w

hi
te

M
ilk

y-
w

hi
te

M
ilk

y-
w

hi
te

M
ilk

y-
w

hi
te

Y
el

lo
w

is
h 

w
hi

te

M
ilk

y-
w

hi
te

Y
el

lo
w

is
h 

w
hi

te

M
ilk

y-
w

hi
te

M
ilk

y-
w

hi
te

JP
5H

52
8

61 JP
5H

52
8

72 JP
5H

52
9

04 JP
5H

52
8

66 JP
5H

52
9

11 JP
5H

52
9

07

9:
35

9:
55

9:
37

9:
58

9:
40

10
:0

1

9:
42

10
:0

4

9:
44

10
:0

7

9:
47

10
:0

7

70
+

+
+

75
+

+
+

85
+

+
+

75
+

+
+

65
+

+
+

75
+

+
+

70
+

+
+

70
+

+
+

65
+

+
+

65
+

+
+

75
+

+
+

75
+

+
+

6.
6

6.
2

6.
4

6.
6

6.
6

6.
6

6.
4

6.
4

7.
4

6.
6

6.
4

6.
4

0.
8

4.
2

2.
5

2.
6

2.
9

2.
6

2.
2

4.
1

3.
3

2.
1

4.
0

3.
0

11
.8

18
.9

23
.4 9.
8

3.
5

7.
0

9.
8

9.
4

4.
7

2.
8

12
.0 6.
6

5.
8

6.
8

9.
2

7.
4

10
.2 8.
8

5.
2

6.
0

15
.6

14
.3 9.
6

10
.8

2 2 3 2 2 2 2 2 2 2 2 2

5.
2 48 34 13 2 8 11 19 5 0 26 8

6.
8 57 42 48 7 13 15 28 11 4 34 14

9.
4

79
.4

58
.5

25
.5

10
.2

18
.2

21
.6

38
.5

15
.5 5.
9

48
.0

19
.8

3,
50

0
3,

50
0

3,
50

0
3,

50
0

3,
50

0
3,

50
0

3,
50

0
3,

50
0

3,
50

0
3,

50
0

3,
50

0
3,

50
0

13 11
3 84 36 15 26 31 55 22 8 69 28

27 22
7

16
7 73 29 52 62 11
0 44 17 13
7 57

24 20
8

15
6 65 27 46 54 97 39 15 12
5 51

35
+

+
+

35
+

+
+

50
+

+
+

40
+

+
+

35
+

+
+

35
+

+
+

25
+

+
+

35
+

+
+

35
+

+
+

15
+

+
+

40
+

+
+

35
+

+
+

1 2 1 1 1 1 2 1 2 2 1 1

23 20
6

15
5 64 26 45

S
cr

ap 96 37
S

cr
ap 12
4 50

A
B

D
at

e:
 2

00
4.

02
.0

9 
W

ea
th

er
: C

lo
ud

y 
T

em
pe

ra
tu

re
: -

15
℃

N
am

e 
of

 c
ol

le
ct

or
: M

r.
 H

ira
ya

m
a 

N
am

e 
of

 e
xa

m
in

er
: M

r.
 K

ik
uc

hi
, M

r.
 T

an
ak

a

T
ab
le
 IV
-2
  N
o
te
b
o
o
k 
fo
r 
S
em
en
 t
re
at
m
en
t 
(T
o
ka
ch
i S
ta
tio
n,
 N
at
io
na
l L
iv
es
to
k 
B
re
ed
in
g
 C
en
te
r)



i. Breed, individual, ages

Freezability of spermatozoa differs according to individuals, but it is not clear if there is

a difference among breeds. The freezability has a tendency to decrease when the

coefficient of inbreeding increases. The freezability of spermatozoa from young bulls at

the age of 1 ～ 1.5 years is not stable, and at the age of 2 years it becomes stable, and

after the age of five years it gradually decreases in some bulls.

ii. Season

Freezability of spermatozoa decreases in summer. The degree of the decrease depends

on the individual and age, and as the age progress it decreases.

iii. Frequency of semen collection

Freezability of spermatozoa is prior in the semen ejaculated at the secondary collection

than in the semen obtained at the first collection, and it decreases in the semen collected

after fifth collection.

② Composition of diluents

Major components of diluents are saccharides, buffers and egg yolk. The differences in

these components influence a percentage of living spermatozoa after freezing and

thawing.

An appropriate concentration of egg yolk is 15 ～ 20 %, and egg yolk has a function to

protect spermatozoa from harmful effects by freezing. This protecting effect of egg yolk is

mainly due to lipo-protein and lecithin.

Saccharides have important roles such as an adjustment of the osmotic pressure of

diluents and protection of spermatozoa from harmful effects by freezing, and are source of

energy for spermatozoa. As the molecular weight of saccharides becomes larger (pentose

< hexose < disaccharides < triose), the percentage of living spermatozoa after freezing

and thawing increases. Among hexoses, glucose is the most effective. Polysaccharides are

little effective. The protective effects against to freezing of saccharides are due to richness
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Table IV-3  The form of "Items on the semen collection and processing for an animal artificial
insemination"

Date of 
seamen 
collection

Semen 
transfer / 
insemina-
tion / 
invitro fer-
tilization

Year, Month, Day Number of semen 
certificate for livestock 
artificial insemination

Volume of 
semen 
transferred

Name and address of the owner of unfertilized ovum concerning to invitro 
fertilization / the feeder of the cows which inseminated the semen / 
the trader transferring the semen

Summary

Time of 
seamen 
collection

Volume
(ml)

Color Odor pH Number 
of sper-
matozoa

Motility 
and per-
centage 
of motile 
sperma-
tozoa

Percen-
tage of 
abnormal 
sperma-
tozoa

Kind of 
diluent and 
magnification 
of dilution

Motility and 
percentage of 
motile sper-
matozoa after 
froze and 
thawing

Number of straws and semen 
certificate for livestock 
artificial insemination

Straws

From No.

to No.

Name of veterinarian or artificial 
inseminator of semen collection

Veterinarian
 (artificial inseminator)



of the number of OH radical which makes hydrogen bonds easily.  

Buffers effectively affect the maintenance of cell membrane of spermatozoa during the

processing of freezing and thawing and the metabolism of spermatozoa before the

freezing and after thawing. The conditions required for the buffers used in the diluents

are as follows;

ıbRestrain the harmful effects of salts to a minimum.

ıbWater soluble and ionization index is a range of 6 ～ 8.

ıbHaving a feature not to pass through cell membrane easily and is stable against to

the enzyme reaction, etc.

Amphoteric ionized buffers, which have the conditions mentioned above, are prior as a

component of diluents compared to the phosphate citrate buffer and the citrate sodium

solution. Among the amphoteric ionized buffers, tris-hydroxy-methyl-amino-methane

(Tris) and N-tris-hydroxy-methyl-amino-methane (TES) are most superior.

③ Preservation time of spermatozoa at 5℃ before freezing 

The freezability of bovine spermatozoa is improved by prolonging the time from cooling

of spermatozoa at 5℃ to their second dilution, because spermatozoa can completely adopt

to a low temperature before freezing. According to the report by Masuda et al., when

semen was secondary diluted 20 ～ 22 h after cooling at 5℃ and then frozen immediately,

the percentage of living spermatozoa is higher than when secondary diluted  shortly after

cooling at 5℃. 
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Fig IV-6  Percentage of living spermatozoa diluted and brozen with various solutions containing egg
yolk (tablet breezing method) (mean and limit of reliance) (Nagase, 1972)
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④ Concentration of glycerin

The role of glycerin as one of diluents is to protect the spermatozoa against harmful

effects by freezing. Most appropriate final concentration of glycerol for freezing bovine

spermatozoa is around 7 % in egg yolk diluent and around 10 % in milk diluent.

⑤ Freezing rate

Too fast freezing rate is detrimental to spermatozoa, because the remained water in

spermatozoa is frozen causing intracellular formation of ice crystals. On the other hand,

too slow freezing rate exerts harmful effects on spermatozoa (solution effects) due to the

condensation of the solution both in and out of spermatozoa by extracellular freezing of

the water. Most appropriate freezing

rate is a rate which minimizes the

harmful effects of both intracellular

freezing and solution effect. When

saccharides are used as diluents, the

viability of spermatozoa is better when

frozen at a fast freezing rate (2 ～ 5

minutes from 5℃ to －79℃) than at a

slow freezing rate (about 45 minutes

from 5 ℃ to －79℃) , because solution

effects are restrained. In case of 5 ～ 7 %

of glycerol, viability of spermatozoa is

better when frozen at a high freezing

rate (3 ～ 5 minutes from 5℃ to －130℃)

than when frozen at a low freezing rate

(about 20 ～ 40 minutes from 5℃ to －

130℃).

When the viability of spermatozoa was
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Table IV-4  Effects of releasing time at 5℃ before freezing on percentage of living spermatozoa
after freezing and thawing

Fig IV-7  Changes of the viability of spermatozoa
after thawing in the semen which was
frozen rapidly to -196℃ from various
temperatures. (n=6). (Sasaki, 1987)

Note; a, b, c: There is a signiticant difference between different character.
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examined after freezing them by dipping into liquid nitrogen (－196℃) from various

temperatures,, rapid freezing from temperatures above －35℃ killed a considerable

number of spermatozoa, and shortened the duration of their viability after incubation at

37℃. 

⑥ Thawing rate

A high thawing rate improves a percentage of living spermatozoa, a proportion of

normal acrosome in spermatozoa and their metabolic functions.

(2) Basic principal for freezing semen

The objectives of frozen semen are to preserve the semen permanently by reversibly

inhibiting the metabolism of spermatozoa resulting in their little energy consumption but

not in losing their fertilizability. To achieve this, harmful effects to the spermatozoa

should be minimized during the freezing processes.

To preserve the cells, there is a limit of upper temperature, but there is not a limit of

lower temperature. Therefore, to keep the viability of spermatozoa at an ultra low

temperature, at which spermatozoa are safety,  they should be managed to pass through

the harmful range of temperatures and reach the safety ranges of ultra low temperatures

as quickly as possible.

① Survival of spermatozoa and temperature

0℃～ 10℃ : At these temperatures metabolism and motility of spermatozoa

are very low, but they can maintain the viability. These

temperatures are appropriate for the preservation of

spermatozoa at a low temperature.

20℃～ 40℃ : These temperatures are appropriate for the  survival and

multiplication of cells.

hotter than 54.5℃ : At these temperatures cells die because of a coagulation of

protoplasm and a deformation of enzymatic proteins.

0℃～－5℃ : Temperatures not appropriate for the survival of spermatozoa,

especially the temperatures from －15℃ ～ －25℃ are very

detrimental.

below －60℃ : The movement of water molecular is limited and the

harmfulness to cells is reduced.
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Table IV-5  Effects of thawing temperature on the morphology of acrosome of spermatozoa



② Freezing process of spermatozoa

During freezing of the solution with floating cells such as diluted semen, firstly freezing

of a solution around cells takes place (This phenomenon is called Extracellular Freezing),

and then freezing of the water in cells sometimes occurs (This is called Intercellular

Freezing) depending on the freezing rate and the kind of cells. 

i. Supercooling

This is a condition that the cell does not freeze and keeps a liquid phase while the

temperature attaints the freezing point. The nucleus of ice crystal can not be made so

easily that this phenomenon occurs. The degree of supercooling is influenced by the

volume of water, freezing rate and the quality of solution.

ii. Formation of ice crystal

When supercooling is broken at a high temperature, the number of ice crystal nuclei in

calls is less. In contrast, in case of freezing from the strong supercooling, a lot of ice

crystal nuclei are formed at once.

a. Nucleus is formed by coagulation of the water molecules. This is called homogeneous

nucleation. This happens at a considerably low temperature.

b. Freezing starts from the center composed of different materials in the solution. This

is called heterogeneous nucleation. It occurs at higher temperatures than those of

the homogeneous nucleation (a).

These homogenous nucleation and heterogeneous nucleation are called spontaneous

freezing.

When a piece of ice or a cooled metal touches the supercooling solution,freezing starts

immediately. This is called an ice seeding. 

In other words, ice nucleus, which grows at that temperature, is seeded in the solution

of supercooling. Cell membrane has a nature that it smoothly passes the water but does

not pass the ice. Therefore, when ice which is formed outside of cells touches the cells, the

ice grows surrounding the margin of the cells. At this time, there is no ice in the cells. As

cooling progresses, the inside of cell becomes a status of supercooling.

iii. Growth of ice crystal

a. After forming of nucleus, ice crystal grows rapidly. The shape of ice crystal differs

according to the freezing rate and solution.

b. Along with the growth of ice crystal, latent heat is released. Therefore, the

temperature of sample elevates.

c. Length of the plateau differs according to the freezing rate; it finishes in short time

at a rapid freezing.

d. Growth rate of ice crystal reaches to the maximum at around －20℃, thereafter it

rapidly decreases. At the rapid freezing the freezing rate of ice crystal is markedly

restrained, therefore many fine ice crystals are formed.

e. A fact that the degree of the repulsion of the temperature is rapid means that ice

crystal grows rapidly. This is harmful to the survival of cells. Therefore it is

necessary to break supercooling at a high temperature.
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iv. Freezing at eutectic point

When the frozen sample

continues to be frozen, the volume

of ice gradually increases. The

volume of the remaining solution

is reduced. When reaching at a

certain temperature, the solution

is separated into ice crystal and

the crystallized solute, and the

solution in the sample disappears.

This temperature is called a

eutectic point. It is －46.5℃ for

glycerol, －132℃ for DSMO and

－4℃ for glucose.

③ Cause of the damage of spermatozoa during freezing 

The damages to the spermatozoa during freezing are as follows;

i. Damages at supercooling

Even in semen treated with glycerol the percentage of living spermatozoa rapidly

decreases when the temperature reaches around －5℃. The cause of this phenomenon is

thought that a part of activities of enzymes relating to the metabolism stops and turning

of the metabolic cycle for spermatozoa to survive stops.

ii. Shock of the rapid freezing

When the freezing is very rapid, many spermatozoa die in the semen treated with

glycerol. 

iii. Damages by extracellular freezing 

Saturated vapor pressure of the surface of ice is lower than that of the surface of

supercooling water at the same temperature. Therefore the water in the cells passes

through the cell membrane, and when it reaches to the surface of ice, it changes to ice. As

the ice of the outside of the cells grows, they are dehydrated and contracted. This

phenomenon is called “Extracellular freezing”. When the extracellular freezing progresses

slowly, also dehydration of cell progresses and the ice is not formed even after ice seeding.

When the extracellular freezing progresses, heat is produced. When the water goes to

the ice outside of cells from the inside of cells, and if the speed is high enough, heat

produced by the production of ice prevents the rapid cooling of the surface of the cells. 

After supercooling, the freezing starts from the solution surrounding the cells

(Extracellular freezing). The phenomena, which are seen in the process of extracellular

freezing, are condensation and contraction of the solute, elevation of osmotic pressure,

change of pH of the solution and dehydration of the cell, etc.

(i) Damages by condensation of salts, high osmotic pressure and dehydration

As the mechanism of the damages by dehydration, it is considered that there are the

changes of the structure through the changes of hydration bonds in the high molecules,
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Fig IV-8  Freezing process of solution
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irreversible coagulation and sedimentation of protein caused by the dehydration of

protoplasm, etc.

(ii) Damages by the mechanical pressure

In general, faster the freezing rate is, more the number of the ice crystals are, and

smaller the size of crystals is. Therefore, when the solution is frozen rapidly, the growth

of ice crystal in the solution containing floating cells is restrained. The ice containing ice

crystal is unstable at temperatures above－129℃. When the temperature is elevated

above －40℃, the movement of fine ice crystals and re-crystallization in the cells becomes

so hard that they are severely damaged.  

iv. Damages by intracellular freezing

Intracellular freezing is fatal to the survival of the cells. Ice crystal extends like the

branches of the tree in the cells and mechanically destroys the structure of protoplast. In

general, the higher the freezing rate at the time of intracellular freezing is, the finer the

extension of the branch of ice is. When the intracellular freezing starts at the time when

the supercooling of the cell progresses, the branch of ice becomes very fine and grows very

rapidly.

Growth and enlargement of fine ice crystals progress as small ones fuse to  larger ones.

This change is called moving recrystallization. 

Intercellular freezing takes place as the result of ice seeding which is induced by

touching of surrounding ice crystal to the cell which is not fully dehydrated because of

extracellular freezing. When freezing rate is rapid, the growth of ice crystal is also rapid.

So, when ice crystal touches such a cell, in which hydrolization is not enough and there is

some water easy to be frozen, the interior of the cell starts to freeze. Intracellular freezing

does not take place in the cell which has a high permeability to water.

In general, among the cells which have a similar structure, it is considered that the

intracellular freezing does not easily take place in the cells having a higher permeability

to water, a smaller change of temperature by this high permeability and a larger surface

area compared to its volume; namely in case of a ball-shaped cells the smaller the size is,

the rarer the chance of intercellular freezing is.

④ Survival of spermatozoa during freezing and thawing

When cells are alive after freezing, they are defined to have the freezability. Cryo-

preservation of spermatozoa in domestic animals becomes  possible by the addition of

cryoprotectants to the freezing solution. 

It is essential that spermatozoa should tolerate extracellular freezing up to around －

40℃ by the exposure to cryoprotectants in advance.

The conditions necessary for cryoprotective agents to be used for freezing are to have a

low molecular weight, a high water solubility and a high ability to be condensed at a low

temperature, not to be toxic and to have a high permeability into the cells, etc.

Cryoprotective effects of glycerol are as follows; 

i. As the osmotic pressure of glycerol is high, it can dehydrate  spermatozoa

ii. Glycerol invades into spermatozoa by its high permeability to the cell
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iii. Glycerol is hydrophilic to water and have a character to lower the freezing point so

that cells are not frozen even at a considerably low temperature (for example: the

freezing point of 60 % glycerol solution is －35℃).

As cryoprotective agents, besides glycerol, there are ethylene glycol, propylene glycol,

dimethyl sulfoxide (DMSO) and saccharides. At present, glycerol is the most satisfactory

cryoprotective agent to spermatozoa.  

(3) Freezing of semen

Before the semen collection, it is necessary to prepare the equipments, the apparatus

and diluents to be used. The procedures for the production and preservation of frozen

semen are as follows; 

a. Evaluation of semen

b. First dilution

c. Cooling to －4℃

d. Printing and sterilization of straw

e. Second dilution

f. Filling and sealing the diluted semen into the straw

g. Checking of straw and counting of the number of straws

h. Setting of straw into the freezing straw rack

i. Freezing

j. Examination of motility of spermatozoa after thawing

k. Storage

l. Register all the information to a notebook of the semen production and a computer

① Preparation of diluents for freezing

There are diluents containing egg yolk or milk. A diluent which does not contain

glycerol is called the first diluent and a diluent which contains glycerol is called the

second diluent. The diluents are basically summarized as follows;

a. The first diluent

The diluent containing egg yolk (* containing antibiotics) or

The diluent containing milk (* containing antibiotics)

* Example of antibiotics:

penicillin 500 ～ 1,000 IU/ml

strepymaicin 500 ～ 1,000 mg/ml

b. The second diluent

The first diluent is supplemented with glycerol as a cryoprotective agent, and

used as the second diluent. The concentration of glycerol is as follows:

In the diluent containing egg yolk 13 ～ 14 %

In the diluent containing milk 18 ～ 20 %

i. Composition of diluent

(i) The diluent containing egg yolk

Herein examples are shown:
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Egg yolk tris-citrate sugar diluent

a. The first diluent

Tris hydroxyl methyl amino methane (HOCH2)3CNH2 24.2g

Citrate  HOOCCH2C(OH)(COOH)CH2COOH･H2O    13.4g

Glucose  C6H12O6 10.0g

In distilled water        up to 800 ml in messcylinder

Egg yolk                                             200ml

Penicillin                                      600,000 IU

Streptomycin                                       600mg

Total volume                                      1,000ml

b. The second diluent

Add 14ml glycerol to 86 ml of the first diluent;

Concentration of glycerol :      14 %

Egg yolk tris citrate sugar diluent

a. The first diluent

Tris hydroxyl methyl amino methane (HOCH2)3CNH2 15.67g

Citrate  HOOCCH2C(OH)(COOH)CH2COOH･H2O  8.76g

Lactose(C6H11O5)2O･H2O                          14.12g

Rafinose C16H32O16･5H2O                          25.41g                        

In distilled water        up to 800 ml in messcylinder

Egg yolk                                             200ml

Penicillin                                        600,000 IU

Streptomycin                                         600mg

Total volume                                       1,000ml

b. The second diluent

Add 13ml glycerol to 87 ml of the first diluent;

Concentration of glycerol :      13 %

Egg yolk sodium citrate diluent

a. The first diluent

2.9 %  Sodium Citrate (C6H5Na3O72H2O)           800 ml

Egg yolk                                         200ml

Penicillin                                        600,000 IU

Streptomycin                                      600mg

b. The second diluent

Add 14ml glycerol to 86 ml of the first diluent;

Concentration of glycerol :      14 %

(ii) Diluent containing milk 

Milk, homogenized milk, skimmed milk are used. Boil the milk at 92 ～ 94℃ for 10

min. There are some reports that the diluent containing milk has a less fertility
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compared to the diluent containing egg yolk, therefore at present the diluent containing

egg is mainly used. 

ii. Preparation of the diluent

Procedure for the preparation of the diluent is as follows;

(i) Preparation of buffer sugar solution

↓

(ii). Heating the buffer sugar solution for 30 min in boiled water

↓

(iii). After boiling, cooling of the buffer sugar solution to the room temperature in

flowing water

↓

(iv). Addition of antibiotics

a. Injecting 18.6 ml of buffer sugar solution into the bial of crystal penicillin G

potassium (3 million unit) by syringe

b. Injecting 5 ml of buffer sugar solution into the bial of sulfate streptomycin (1 g) by

syringe

c. Adding 4 ml of penicillin G and 3 ml of streptomycin into 1,000 ml of buffer sugar

solution cooled to at 35℃

↓

(v) Add 200 ml of egg yolk to 800 ml of buffer sugar solution and mix them well with

magnetic-stirrer

[Preparation of egg yolk]

Use the fresh egg. The procedures are as follows;

a. Wash eggs with flowing water, and remove the dirt from the egg shell.

b. Dry eggs, and then clean them with the gauze dipped ethanol for sterilization.

Sterilize the container, in which eggs are kept, with 70 % ethanol. 

c. Crush the eggs and remove egg albumen.

d. Put egg yolk on the distilized filter paper, turn the egg yolk on the paper as

rolling. This is to remove the egg albumen attached to the surface of egg yolk.

e. Fold the filter paper and rapture a vitelline membrane. Measure a certain

volume of egg yolk not to mix a vitelline membrane of egg yolk and chalazae.

↓

(vi) Leave for 24 hours at 4℃.

↓

(vii) Move the supernatant to another container.

↓

(viii) Keep the supernatant solution at 4℃.     

This supernatant solution can be used for 10 days.

② Dilution of semen

The objectives of the dilution of semen are to increase the volume of semen, to control

the number of spermatozoa and to protect the spermatozoa from freezing damages. The
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dilution of semen is conducted in the apparatus for a low temperature treatment of

semen (a cold box). When the number of semen treatmented at once is few, a showing

case (300 L of volume) for a cold temperature can be substituted.

When treating semen in vitro, the fine care should be taken to remove the factors

which give the harmful effects for the survival of spermatozoa. Equipments such as the

container, messcylinder, pipette, etc. and the preservation solution, with which semen

touches, should be used at the same temperature as that of semen. When semen is

diluted at once with a high dilution rate, spermatozoa receive a dilution shock. Therefore,

when diluted at a high dilution rate, it is necessary to dilute semen dividing several

times.

The procedure for dilution of semen is as follows;

a. Dilute semen 2 ～ 3 fold with the first diluent warmed at 30℃.

b. Put the sediment tube containing the semen into the cup containing water at 30℃.

Put the sediment tube in a low temperature semen treatment apparatus at 4℃ (～

5℃). Cool the tube gradually to 4 ℃ for 1 h.

c. When the temperature of the semen becomes 4℃, add the first diluent at the same

temperature up to half of the volume of the final dilution solution. Transfer the

diluted semen into the triangular flask.

[Calculating of the final amount of dilution]

Final amount of diluted solution (ml) = [Volume of semen* × Concentration of

spermatozoa (hundred million) ] / [Number of spermatozoa contained in 1 ml

(hundred million) × 1.1**] × 0.5

＊: Volume of semen = [volume of collected semen] － [volume of semen sampled for a

measurement of concentration of spermatozoa]

＊＊: Correct efficiency to increase 10 %, because, actually only 0.45 ml (90 %) can be
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contained into 0.5 ml straw. This correct efficiency is necessary to correct the

decreased volume of semen.

Magnification of dilution = [volume of semen at the final dilution (ml)] / [volume of

semen (ml)]

Number of filled straw = [volume of semen at the final dilution (ml)] / [0.5ml]

d. Second dilution

Add the second diluent (half of the volume of the final amount of dilution solution).

Since the second diluent which contains glycerol has a relatively high osmotic pressure,

add the diluent by dripping or dividing to several times for 1 hour. To drip the diluent

into the solution use irrigator, and for mixing use the magnetic stirrer. For the divided

addition of the diluent, use the syringe. Carry out the mixture not to be foamed. 

③ Preparation of straw

Print the code and the name of the bull, and date of semen collection on a straw.

Printing: use the jet printer or

heat transcription printer

Distrilization: Apply the ultra

violet ray to the straw over ten

minutes. The care should be taken

that the sterilization is only

effective on the area where the ray

is applied.

After sterilization, transfer the

straw into the low temperature

semen treatment apparatus and

cool it to 4℃. 

④ Filling and sealing of semen into a straw

Filling and sealing of semen into a straw is conducted with an automatic semen filling

and sealing apparatus (straw machine) in the low temperature semen treatment

machine. If there is no automatic semen filling and sealing apparatus, attach the straw to

aspirator, and aspirate the diluted semen into the straw. And seal it using straw powder

(polyvinyl alcohol), or polysealer by adding a heat. Make air layer of about 4 mm width
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between the part of the straw containing the semen and the sealing area. This is to

prevent the coming out of the seal and the breakage of the straw during freezing, because

the diluted semen expands when it is frozen. 

⑤ Glycerol equilibration

Leave the semen filled straw for a certain hour at 4℃ from the finish of the second

dilution to the start of freezing. This period is called a glycerol equilibration time. It is not

necessary much time for the glycerol equilibration. In our experiment, even the glycerol

equilibration was performed for only 15 min, there were no differences in the viability

and the metabolic ability of spermatozoa, and the rate of abnormality of acrosom after

frozen-thawing compared with those of a long equilibration time. It takes a time,

however, after the finish of the second dilution to the start of freezing; namely for sealing

of the diluted semen in the straw and for arranging the straw in the stand for freezing

(rack). Usually the freezing is conducted about 2 h after finishing the second dilution.

⑥ Freezing

i. Preparation of freezing 

・Cool the straw rack for freezing at 4℃.

・Put the straw into the straw rack.

・Supply the liquid nitrogen into the freezing machine up to 20 cm below the tray.

・Confirm that the heater of the freezing machine works well.

ii. Freezing rate

Standard freezing rate for freezing of semen in the straw is as follows;

a. Cool semen from 4℃ to about －8℃ for 1.5 ～ 2 min.

b. Cool semen from about －8℃ to  －130℃ for 3 ～ 4 min.   

c. Cool semen from －130℃ to  －196℃ for 1 min.

Insert the copper-constantan thermocouple into the straw, and connect it to the

automatic temperature recording machine, the

temperature of the semen in the straw is

automatically recorded. The straw, in which

thermocouple is inserted, contains the same

context as the frozen semen. Preliminary write

a curve of freezing on the recording paper of the

automatic temperature recording machine, and

adjust the freezing rate according to this curve.

An adjustment of the freezing rate is conducted

by elevating or decreasing the voltage of the

current running to the heater dipped into the

liquid nitrogen.

4. Examination of frozen semen

After finishing the freezing, take one straw for the examination per a bull. Put other
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straws for storage in the canister. Store them in keeping equipment having about 20 l of

volume. It is desirable that the examination of sperm motility is conducted after 4 h of

freezing. The frozen semen which is judged as passing grade is transferred to the keeping

machine for storage. When the straws of several bulls are put in the same canister, a

straw cane should be used. If there is no straw cane, hand－made paper casing will

substitute for the cane. Paper with a thickness as usual writing paper is enough. Use the

sticky tape to fix the end of the paper case.

(1) Thawing of frozen semen

Thawing of frozen semen is conducted by putting the straw in warm water directing

the cotton sealed area downward. To put warm water, the container is convenient.  A poly

beaker, a thermos bottle and a container made of foaming sterol which have a high ability

to keep temperature is recommended. The temperature of warm water is confirmed by an

alcohol thermometer. When the elevation of the air in the straw is confirmed, the straw

should be immediately taken out of the warm water.

(2) Examination of the viability of spermatozoa (motility, percentage of living

spermatozoa)

Cut the sealing side of straw with a straw cutter. Put a drop of the semen on the

motility examination plate heated at 37 ～ 38℃. Judge the sperm motility under a

microscope.

(3) Criteria of passing grade of frozen semen

If the semen has spermatozoa with the motility of more than 35 +++, the semen is

judged to have a passing grade. In case of special spermatozoa, the criteria for the

passing grade is sometimes above 30 +++.

5. Storage and transportation of the frozen semen

A storage apparatus (container) for frozen semen is a metal container with double

walls; there are storage and transport containers. As a cooling material the liquid

nitrogen (－196℃) is used.

(1) Storage of the frozen semen

Store the frozen semen in a canister in a frozen-semen storage tank filled with liquid

nitrogen. If the address is attached on the each site of storage and recorded on the note, it

is very easy to take out or put in the straw. 

The points to be careful for the storage of the frozen semen are as follows; 

a. Do not forget to supply the liquid nitrogen into a storage tank.

b. Confirmation or replacement of the straw should be conducted rapidly (an exposure

time should be up to 3 ～ 5 sec).
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c. When semen is exposed, do not expose directly to the sun light, a strong wind and a

high temperature. 

When the frozen semen is stored in the liquid nitrogen without giving a change of the

temperature, the viability, the metabolic ability, and the morphology of spermatozoa do

not change, and therefore it is possible to store spermatozoa almost permanently.

Supplying of liquid nitrogen in the storage container should be always kept the level at

least one third of the height of container from the bottom. When the temperature is above

－ 130℃, the ice crystals are unstable and repeat to move and grow, and finally the

spermatozoa are gradually damaged.

When a large number of straws are stored, a large container of about 600 l of volume is

used. 

(2) Transportation of the frozen semen

For the transport of the frozen semen, the frozen semen transport apparatus (30 ～ 40 l

of volume according to the number of straws) is used. Besides, there is a small semen

container (1 ～ 2 l of volume) for the transport of a short time. The frozen semen

transport apparatus is transported in the wooden box, etc. When the frozen semen is

taken out and put back in the container, the upper end of the canister should be kept the

position10 cm below from the entrance of the container, and a total time needed for this

process should be up to a few seconds. 

When the frozen semen is transported, a detailed statement about the contained

materials should be attached. This is to enable us to know the site of the canister

contained (number), the number of straws contained and the names of bulls. By this act,

the handling of the frozen semen becomes smooth and it is possible to prevent the frozen

semen from receiving the temperature shock.  

To prevent the accidental disappearance of liquid nitrogen from the container during its

transportation, the liquid nitrogen check card should be put into a plastic case attached

to the grip of the container, etc., and following items should be checked;
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a. Volume of liquid nitrogen just before the transportation

b. Volume of liquid nitrogen just after the arrival

c. Sometimes weigh the container; refer to the disappearing rate of liquid nitrogen

written in the specification of the container.

d. When liquid nitrogen is short, the container should be inspected if there is an

abnormality.

As the methods to confirm the volume of liquid nitrogen in the container, there are 2

methods; inserting the gage into the container and weighing the weight of the container.

6. Disinfection of the apparatus and devices

To defend the occurrence and the spread of the infectious diseases, the equipments to

be used should be perfectly sterilized.

(1) The principal for the disinfection

It is important to certainly understand the principal and the method for sterilizing. The

principal of the disinfection is as follows;

a. Kill the microorganisms through the denaturation of proteins by heat (humid

heating and dry heating).

b. Kill the microorganisms by burning with the flames.

c. Remove the microorganisms by the filtration using a filter.

d. Kill the microorganisms by the denaturation of proteins and the injury of nucleic

acid in them exposed to an ultra violet ray or radioactive rays. 

e. Kill the microorganisms by the denaturation and regression of proteins using

chemicals.

f. Kill or reduce the increase of microorganismis biologically using antibiotics.

(2) Disinfection of the devices for the semen collection and treatment

As the method for disinfection, there are physical and chemical ways; they are chosen

according to the objectives and materials to be disinfected.    

① Physical disinfection

The equipment used for the semen treatment and artificial insemination is mainly

disinfected by a physical disinfection. The main physical method is as follows;

i. Disinfection by boiling water

This is a method of disinfection by boiling the equipment in hot water for 15 ～ 30 min.

Devices to be disinfected should be put completely into the boiling water and scalded well.

To avoid the evaporation of the boiling water and to keep the boiling temperature, the

devices are sterilized in the disinfection apparatus on which the lit is put. This method is

applyed when the alterlations of devices or their contents take place in dried or high

pressure sterilization. Although its effect on disinfection is inferior compared to other

methods, it is commonly used.
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ii. High pressure steamed sterilization       

This method is conducted using an autoclave. This is a sterilization method by inducing

or introducing the high temperature steam into the steam boiler covered tightly. The

atmospheric pressure of the inside of the autoclave reaches 2 pressure and the

temperature reaches 120℃. By putting the equipments in steamed high temperature

(120℃) under 2 pressure for 20 ～ 30 minutes, microorganisms including the spore-

forming bacteria can be sterilized. The equipments packed in the exclusive sterilization

bag are sterilized in the autoclave, and dried around at 40℃ and kept till being cooled in

it.

iii. Dry-heat sterilization

Treat devices for 1 ～ 2 h at 160 ～ 170℃ or for 30 ～ 40 min at 80℃. The glass and

metal products, which can resist a high temperature, are subjective to this method. Put

the small equipments in a metallic sterilization box with a lid, pack the large equipments

with a piece of aluminum foil, cover the entrance of triangular flask and beaker, etc. with

a piece of aluminum foil, and then sterilize Them. After finishing the sterilization, open

the door of dry-hot sterilization apparatus when the inside temperature becomes low.

iv. Sterilization by flame

Put the equipment directly into the flame of benzene burner or alcohol lamp. This is a

fast sterilization method to burn out the attached microorganisms on the equipment. This

method is suitable for the sterilization of the glass sticks or galss equipments which can

be used repeatedly.

v. Sterilization by γ ray

γ ray is a kind of radioactive rays and has an ability to kill microorganisms.

Disposable Petri dishes, syringes, needles, etc. are sterilized by this method. Since this

method requires a special apparatus, it can not to be conducted in a usual laboratory.

Therefore it is necessary to ask a professional company (or organization) to operate this

method.

vi. Filter sterilization

This is a method to remove bacteria by filtering through the very fine filter. This

method is used for the sterilization of a solution (medium for culture and solution of

chemicals) or gas. Generally, a filter with a hole of 0.45μ m in diameter is used, and a

filter with a hole of 0.22μ m in diameter is used for the microorganisms which pass

through the hole of 0.45μ m. There are two methods in the filter sterilization; the

adding pressure method and the aspirating method. When the volume is small, the

adding pressure method is convenient, and when the volume is large, the aspirating

method is convenient. In case of the adding pressure method, the syringe is used.

However, in case of the aspirating method, the apparatuses for the aspiration (an

aspirating bottle and an aspirating pump) are needed.

vii. Sterilization by ultra violet ray

This method is used for the sterilization of the surface of smooth equipment and air.

Effects of the ultra violet ray on sterilization are most strong with the waves at 253.7
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mm. A sterilization lamp sends a ray of this wavelength. The surface shined by ultra

violet ray is limitedly sterilized, and sterilization effects are influenced by the

temperature, etc. Therefore it is necessary to decide the most appropriate conditions by

checking the shining time, distance and shining method. It should be noted that the non

metallic equipments are changed in quality with this method and the printed characters

and paintings are faded and disappeared, and that it has a harmful effects to eyes or skin

of operators.

② Chemical disinfection

i. Sterilization by ethylene oxide gas (EOG)

EOG is gaseous and inflammable at the usual temperature under the usual pressure.

Since EOG is water soluble, it is necessary to sterilize after confirming that the

equipments are completely dried. EOG has such a strong osmotic pressure that it can

sterilize almost all of the microorganisms at the temperature of 40℃. This method is

proper to the sterilization of the equipments which are delicate to heat. Use EGO

connected to the exclusive sterilization apparatus. EOG is so harmful to human body and

cells etc., that the care should be taken to check the remaining and an excretion of gas

after use. Furthermore since the use of EOG is directed toward to restrain, it is necessary

that the installation of sterilization apparatus should be conducted after checking the

measure for safety. The equipments are packed into the exclusive sterilization bag and

then sterilized. The sterilized equipments should be used after more that one week of the

sterilization to loose the bad effects of EOG.

ii. Disinfection by alcohol

This is a method to sterilize devices by changing or coagulating proteins of bacteria .

Ethanol (70 ～ 90 % solution) and isopropanol (50 ～ 70 % solution) have a strong ability

of disinfection. This method is effective to the sterilization of skin, hand, foot, and

metallic and non metallic equipments.

iii. Disinfection by surfactant

There are cationic and amphoteric surfactants. Cationic surfactant is absorbed to the

anionic area of a surface of bacteria, and causes the change of proteins and enzymes of

bacteria. They do not have smell and their harmful effects are small. Disinfection effects

of cationic surfactant (invert soap) are weakened by the presence of organic material and
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a detergent. But the disinfection effects of amphoteric surfactant are not influenced by

the presence of soap or detergent.
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1. Age at first service (heifers)

In general Holstein heifers reach 350 kg of body weight and about 125 cm of withers

height at 12 ～ 15 months of age. And a regular cyclic estrus  (about 21 ± 1 days) starts,

thus insemination is possible if they do not have any abnormalities in reproductive

organs such as ovaries, etc.

Therefore, the start of insemination should be decided by the growth rate of heifers but

not by age. It is necessary that the first service is delayed for the heifer in which the

growth is retarded. 

To measure the withers height, making a mark on the pillars around the trough or

passage in a cowshed is most easy and certainly confirmed. 

The growth state of heifers after the start of insemination is closely related to the

objective body weight and withers height before the parturition. This objective weight

and withers height is about 600 kg and 140 cm, respectively. 

When the heifers are reared in a good management during the pregnancy period, the

dairy gain of 0.7 ～ 0.8 kg is expected, and they can reach the objective weight. However,

a special care should be taken on the withers height and body condition not to be obesity. 

As mentioned above, if heifers grow well and have the first calving in maturated

conditions, it can be expected to decrease the dystocia at the first calving and to increase

the milk production after the start of lactation.  

2. Detection of estrus and optimal timing of insemination

(1) Detection of estrus

The best way to detect the estrus of heifers is to find a standing estrus (a heifer allows

mounting by other cows, namely she stands when mounted by the male or other females

without running away). We can easily find the standing estrus when cows are showing

some movements such as milking, grazing, feeding, etc.

Other signs for detecting the estrus are as follows:

・Congestion and swelling of a vulva, excretion of mucous.

・Bawling

・Reduction in milk quantity

・Reduction in appetite
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・Approach to other cows, sniff at the vulva of other cows, mount to other cows

・Restlessness, excitement, approaching to human

When cows are always kept in a stanchion in the barn, it is necessary to observe

carefully the congestion and swelling of a vulva, an excretion of clear and sticky mucous,

and mucous attached to a tail or an area around the vulva. Bawling, reductions of the

milk production and the feed intake are useful information for the estrus detection.

When cows are reared by a group feeding, besides the signs mentioned above, a cow

nearly in heat moves around more actively than usual and approaches to other cows and

sniffs a vulva of other cows and attempts to mount them. But that cow does not permit to

be mounted by other cows and runs away. These signs and acts can be seen from 8 h

before the real start of estrus. Thus when these signs are detected in a cow, the special

care should be taken on the cow at the next detection time. 

Soon this cow becomes to permit the mounting by other cows (this sign is called

“standing”), and heat starts. It is said that this heat continues for 12 ～ 18 h. And then

this standing finishes and the cow does not permit the mounting by other cows any more.

This means the ending of the estrus. 

Even though the heat is over looked, a cow in estrus has the scraped skin in the tail

head and ischium area, and the bistle hairs, and is sometimes wounded by scraping

during being mounted by other cows. Furthermore, the metestrual bleeding is

occasionally seen about 2 days after the estrus. This is a bloody mucous attached to the

vulva and is called “menstruation of a cow”. 

Observe well these signs, do not miss the following estrus and record the estrous cycle

correctly. These are very important to inseminate cows correctly at the proper time of

heat. Use a calendar for the estrus, paint a stick (smear on the tail head by a crayon like

paint, this smear is removed when the cow is mounted. This helps to detect the heat; a

heat mount detector) and the heat marker is expected to increase the detection rate of the

heats. 

Furthermore, an estrus behavior is mostly found in the evening and in the early

morning. Especially in summer the number of cows which show the estrus behavior in

the daytime is not many. Therefore it is important to observe cows in the early morning

and in the evening.    

(2) Optimal insemination time

It is most appropriate that the insemination is conducted from 7 ～ 8 h before the start

of heat (from the start of standing) to the end of heat. To inseminate before this time is

too early. 

Even after the end of heat, a successful insemination is possible for up to 4 h, but the

insemination after this time results in the decreased conception rate by the death of

embryo due to aging of oocytes.  

In practical artificial insemination (AI), the optimal insemination time must be decided

according to the interval from the time of detection of heat (the time of the start of heat)
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and the condition of the follicular growth observed by a rectal palpation. And then

inseminate. Regarding the finding of the follicles by a rectal palpation, the follicles have

an elastic hardness, and the walls of follicles have some thickness in the middle of heat.

The follicles are about 1.5 cm in diameter (occasionally about 2.0 cm due to the

individual) toward the end of heat and near the ovulation. The wall of the follicles

becomes thin, its hardness disappears and it becomes soft and fluctuant by rectal

palpation. When the follicles show these conditions, it is the most appropriate time for

the insemination.

(3) Optimal Insemination time after calving

The first ovulation takes place from about 20 days after calving and the uterine

involution occurs around this time. But most of cows do not show the estrus signs at the

first ovulation after the calving. Thereafter the epithelium of the uterus, caruncle,

cervical canal involute, and then after 30 days a normal estrus with an estrus behavior

and an ovulation take place. AI is usually conducted after 60 days of calving. In Japan,

farmers promote one calving per year as an objective of the reproductive performance; it

is necessary for a cow to conceive within 85 days after calving.

To realize this objective it is very important to maintain a good management of a cow

after calving. It is necessary to avoid obesity of a pregnant cow before calving and

deficiency of nutrients of the cow after calving.

During this period, since a cow produces the large quantity of milk and involute

reproductive organs at the same time, the cow has a heavy burden. If the feeding and

management of the cow before and/or after calving is not proper, the hypomagnesemia

happens and the uterine involution delays resulting in a long interval from calving to the
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Table V-2  Signs of heat and optimal time for insemination   

Table V-3  Appropriate time for insemination from a practical viewpoint

(Source : Text for short class of livestock artificial insemination.)

Time of estrous detection

Early in the morning
(9 a.m. or earlier)

In the morning
(from 9 a.m. to noon)
In the afternoon
(12 a.m. or later)

In the afternoon of the same day

In the evening of the same day or 
early next morning
In the morning of the next day

Next day

10 a.m. or later on the next day

2 p.m. or later on the next day

Appropriate time for mating Delayed



next conception. This means the decrease of the reproductive performance. 

When the interval from the calving to the following calving is prolonged by the

prolongation of the non-pregnant period, cows occasionally become over-conditions.

Therefore, the care should be taken on the body condition in the late stage of milking

period. It is necessary that the body condition score should be maintained around 3.5

point. As mentioned above, AI is conducted at about 60 days after calving. There is,

however, no problem even if AI is carried out more earlier when the condition of uterus

and ovaries become good. 

3. Methods for synchronization of estrous cycle

Detection of estrus is getting more and more difficult according to the extension of the

numbers of cows reared, the improvement of milking cows with a high milk production

and the changes of the circumstances of feeding and management of cows. Thus the

dependence on the techniques for estrus and ovulation synchronization in the

reproductive management is very high. To reply this requirement the techniques for

estrus and ovulation synchronization have been vigorously developed especially in USA

and Europe.

(1) History of the development of methods for the synchronization of estrus and

ovulation

The objective of reproductive management in dairy cattle is as follows;

・Interval of calving : 365 ～ 395 days

・Interval from calving to the first : 60 ～ 80 days

insemination

・Rate of heat detection : more than 80 %

(Rate of insemination at the first estrus)

・Conception rate after the first insemination: more than 50 ～ 55 %

The biggest contribution to the calving interval is the rate of heat detection within 21

days from the expected time of insemination after calving (VWP), and it is 42 %, secondly

25 % for VWP and thirdly 23 % for the conception rate at the first insemination.

Therefore most effective method to shorten the calving interval is to increase the rate of

detection of estrus as soon as possible after calving.     

The objective of the rate of heat detection is more than 80 %. But in practical it is

usually about 50 %. For example, when VWP is 60 days, there are 20 cows which have

the interval of 60 ～ 81 days after calving in March, 8 of them are inseminated, because

the rate of heat detection in March is 40 %. When the detection of heat is not possible

within a certain period of time, the number of cows which are not inseminated increases,

the rate of heat detection decreases and the calving interval is prolonged. 

On the other hand, recently the conception rate markedly decreases. In Japan, the

conception rate at the first insemination is 40 ～ 45 %, and 40 % in USA, and markedly
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below than the objective values in both countries. The cause of the decrease of the

conception rate is very complicated and it is difficult to specify. As a recent tendency, a

delay in the recover of ovaries functions and an increase of endometritis are seen.

Furthermore, along with the weakness and shortening of estrus, it is difficult to detect

the estrus, and as a result, the number of cows which are not inseminated at a proper

time increases. These conditions are considered to be the cause of this matter.

Thus the biggest problem in the recent reproductive management is that the detection

of heat is difficult. As a result, the rate of heat detection is lowered, and also the

conception rate decreases. Necessarily the rate of pregnant cows is reduced and the

calving interval is prolonged. Causes and measures to the difficulty of heat detection are

shown in Fig. V-1. As a cause from the cow side, there are an anestrus, silent heat, feeble

estrus and short estrus caused by the abnormality of the ovaries. And as a cause from the

human side, there are a shortage of efforts and time needed to detect heat. 

As a measure to resolve this problem, in a long term, it is important to resolve the

problems from the cow side by improving the management of nutrition and the

circumstances of feeding. But it is not easy to conduct this in a short time and to elevate

the effects. At present, to increase the detection rate of heat, the helping apparatus for

detection of heat and the methods for synchronization of estrus and ovulation are used.

Among these methods, the use of the helping apparatus for the heat detection is

considerably effective to resolve the problems of the human side, but it is little effective to

resolve the problems of the cow side. On the other hand, the methods for synchronization

of estrus and ovulation are possible to resolve most of the problems both human and cow

sides excluding anestrous (Fig. V-1). For example, the rate of heat detection in the herd

can be increased as follows; the rate of heat detection by a single injection of PGF2Éøafter

confirming of the presence of corpus luteum by a rectal palpation is 50 ～ 60 %, and that

of target breeding with twice PGF2α injections, having 2 weeks intervals between the two

injections, is 80 %, and that of synchronization of estrus and ovulation with the fixed-

timed AI methods is 100 %. The helping apparatus for heat is effective to some extent,

but it is still difficult to detect the heat, and this apparatus can not be used for the cows

keeping at the stanchion, etc.   
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Fig V-1  Causes and measures to difficulty of heat detection
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heat detection



(2) Methods for synchronization of estrus and ovulation

① Single injection of progesterone

When progesterone or agents, which have the same effect as progesterone, are

administrated to cows, estrus and ovulation are restrained during this period even if the

corpus luteum is not present. And after removing progesterone, follicles grow and an

estrus occurs. However, when progesterone is removed during the period, at which the

corpus luteum is present in the ovaries and secretes the progesterone, the progesterone

level in serum does not decrease and the estrus does not occur. To induce surely the

estrus using progesterone, it is necessary that progesterone is given more than 14 days,

which correspond to the luteal phase. Therefore, in an early stage of research,

progesterone was administered to cows for more than 14 days, but the conception rate in

the induced estrus is low. The reason of this low conception rate is not well known. 

Then PGF2α has been developed. The estrus is induced by inducing the regression of

corpus luteum by PGF2α. And the reduction of conception rate, which is seen in the case

of progesterone administration, does not take place. Therefore this method is commonly

spread in the world. 

② Single injection of PGF2α

As the method for the induction of estrus with PGF2α, the single injection of PGF2α is

most commonly used after confirming the presence of functional corpus luteum by rectal

palpation. The problem of this method is that the interval from PGF2α injection to the

estrus varies widely and that it is not possible to anticipate the exact day of ovulation.

Furthermore, enough conception and pregnant rates are not available by this method,

because the detection of heat is not possible for the feeble estrus and the insemination

can not be conducted at an appropriate time. And then it becomes clear that the cause of

the variety of the interval from PGF2α injection to the estrus is due to differences in the

growing stages of the dominant follicle during a follicle wave at the time of PGF2α

injection. The method to control the follicle wave has been developed and this method

enables the dominant follicle to grow to a certain stage at the time of PGF2α injection. 

③ Injection method with both GnRH and PGF2α and GnRH-PGF-GnRH-TAI* method

(Ovsynch method)

* Note: TAI means Fixed-Time Artificial Insemination

When GnRH is injected seven days before the PGF2α injection, a new follicle wave is

induced after around 1.5 days to 2 days. And then, when PGF2α is injected, the dominant

follicle at fifth days of follicle wave is present, and the estrus can be synchronized around

the same time ( 2 ～ 3 days after PGF2α injection). Therefore the heat detection is easy to

find. But because the ovulation can not be synchronized well, a satisfactory result is not

available by the method of fixed-time of artificial insemination. 

After that, it becomes clear that when the follicles grow to some extent after GnRH-

PGF2α injection, GnRH injection induces the synchronization of ovulation. And then by

the fixed-time of insemination before 12 h prior to the expected ovulation time; namely 16

～ 20 h after GnRH injection have a satisfactory conception rate. This method is

－ 89 －



progressively spread in the world, because it is possible to inseminate cows at a proper

time without the heat detection.

④ EB-P-PGF2α-EB methods

In case of the induction of estrus by progesterone, estrus is not synchronized without

the long term of administration, and if its administration continues for a long time, the

conception rate decreases. This is a dilemma of the method using progesterone. And then,

when PGF2α is injected on the day or one day before the removal of progesterone that

has been administrated for 7 ～ 8 days beforehand, the dilemma is resolved. Namely in

the cow which has the functional corpus luteum in the ovaries at the time of removing

progesterone, the corpus luteum regresses by PGF2α injection. Thus the variety of the

interval from the removing of progesterone to the estrus in various cows is not so large.

And the decrease of conception rate is not so serious, because the administration of

progesterone is reduced.

At present, estradiol-benzoic acid (estradiol benzoate; EB) is administered to cows at

the same time as progesterone, and on one day after the removal of progesterone and

PGF2α injection, EB is again injected. It is evident that the synchronization of ovulation

is induced at a high rate resulting in a high conception rate (Fig. V-2). In case of this

method, the synchronization of ovulation is induced at a high rate after 1 ～ 2 days of the

second EB injection, and cows are commonly inseminated based on the detection of

estrus. Also the fixed-time of insemination can be conducted 3 days after EB

administration. As mentioned above, there are many methods to induce estrus and

ovulation, and at present the development of new methods are progressing. Among them,

Ovsynch method is most commonly used for the multiparlous cows, and a method using

progesterone and both PGF2α and EB is commonly used in Holstein heifers and beef

cattle.

(3) GnRH-PGF2α-GnRH-TAI (Ovsynch Method)---Current status and Problem

The largest merit of Ovsynch Method is to elevate the pregnant rate and to shorten the

calving interval by increasing the rate of heat detection up to 100 %. In practical, there

are farmers who improve the reproductive performances using this Ovsynch Method. The

reason why they use this method is as follows;

・To reduce the time necessary for the heat detection and insemination

・To reduce the fare of the semen, because continuous inseminations for 2 days is not
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Fig V-2  Methods for a synchronization of estrus by combination of CIDR and other hormones
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necessary

Considering these facts, it is clear that the merit of this method can be applied

practically. (Table V-4). Also other farmers show the reasons why they use this method; 

・Reduction of the treatment for repeat breeder

・Not necessary to carry the insemination on holiday

・Control the month of calving

They say that they continue to use this method.

The problems of Ovsynch Method are as follows;

a. It is necessary to catch the cow four times for 3 times of injections and 1 time of

insemination.

b. Rate of estrus synchronization is low and conception rate is also low in Holstein

heifers.

c. The effect in the beef cattle is not fully clarified.

d. The rate of synchronization of estrus is not 100 % even in the multiparous cows,

about 5 % of them ovulate before the fixed timed insemination.

e. Conception rates in multiparous cows vary due to the farmer and season, and the

conception rate is not always constant.

To resolve these problems, the modified method of Ovsynch Method has been developed

one after another. (Fig. V-3)
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Table V-４ Motives for starting to use Ovsynch Method by one dairy farmer

1) Shortage of the time for heat detection.

2) Signs of heat are very feeble and it is very difficult to detect a heat.

3) After 60 ～ 90 days of calving, he can not detect a heat and  inseminate.

4) Signs of heat are not clear, and it is very difficult to decide an optimal time for

insemination.

5) It is necessary to inseminate 2 days continuously because of the delay of ovulation.

6) It is considered that these problems are resolved by using Ovsynch Method.

Fig V-3  Modified method of "Svsynch Method"



(4) Modified methods of Ovsynch method

① Co-synch method

Fixed-time insemination is conducted 16 ～ 20 h after the second GnRH injection in

Ovsynch Method. In this method, the insemination is conducted at the same time of the

second GnRH injection to reduce the time of catching cows. The conception rate is low

compared to Ovusynch Method, but the labor is reduced.

② CIDR-Ovsynch method

When the fixed-time insemination is conducted in the Holstein heifers by the Ovsynch

Method, the conception rate is markedly low compared to the insemination carried out

after a heat detection. One of causes of this low conception rate is thought to be related to

the low rate of ovulation by the first GnRH injection in heifers and a fact that many

heifers have a regressed corpus luteum at the time of PGF2α injection after 7 days of the

GnRH injection. Therefore, insert the CIDR into the uterus at the time of first GnRH

injection, and remove the CIDR at the time of PGF2α(7 days later). During this period,

even if the corpus luteum is regressive, maturation of follicle and ovulation are

restrained. After removing CIDR and the injection of PGF2α, the dominant follicle

resumes to grow. So by injecting GnRH according to the procedure of ordinary Ovusynch

Method, the ovulation can be synchronized. By the fixed-time insemination, a satisfactory

conception rate is available. This modified method is also applied in beef cattle. 

③ Select-synch method 

Inject PGF2α 7 days after GnRH injection. Observe the estrus through following 3

days. Inseminate the cow in heat at the proper time. To the cows in which estrus is not

seen, the fixed-time insemination should be conducted three days later, and GnRH should

be injected at the same time.

④ Pre-synch-Ovsynch method

It is evident that in Ovsynch Method the rate of synchronization of ovulations and the

conception rate are high when injection of GnRH is started during the 5 ～ 12 days after

the estrus. In contrast, when injection of GnRH is started on 13 ～ 15 days after the

estrus, the conception rate is low, because estrus and ovulation had took place before the

fixed-time insemination. Therefore, estrous cycle should be synchronized by PGF2α

injection before the start of Ovsynch treatment, and GnRH injection should be started 5

～ 12 days after the estrus. It is possible to increase the conception rate by Ovsynch

Method. The procedures are as follows;

・Inject twice PGF2α with interval of 14 days.

・Start the Ovsynch 12 ～ 14 days after the second PGF2α injection.

・This means that GnRH injection is started during corpus luteum phase, 9 ～ 11 days

after the estrus.

・It is expected that the high rate of synchronization of ovulation and conception rate is

available. 

⑤ Heatsynch method 

As mentioned above, in Ovsynch Method GnRH is injected twice. Instead of the second
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injection of GnRH, estradiol-bezoate (EB) is injected on one day after PGF2α injection.

Estrus is induced with a high probability within 1 ～ 2 days after EB injection. It is

possible that the estrus is able to detect and to inseminate at an appropriate time. Dose

of injected EB is, in general, 1.0 mg for multiparous cows, and 0.5 mg for primiparous

cows.  

Thus, there are many methods for the synchronization of estrus and ovulation.

Ovysynch Method and Heatsynch method are commonly used in the multiparous cows,

and Select-synch method is secondary used. CIDR-Ovsynch and EB-P(CIDR)-PGF2α-EB

method is mostly used for the primiparous cows and beef cattle.

(5) Methods for the synchronization of estrus and ovulation---Prospect in future

There is a possibility that the dairy farming will be developed with keywords of a high

milk production, a large size of cow numbers and saving of labor in future. In such a

situation, it will be expected that the estrus of cows is very dull, and it is difficult for the

farmer to detect the estrus. Therefore, it will be practically difficult to inseminate without

the use of the techniques for the synchronization of the estrus and ovulation. 

On the other hand, along with the progress of the reproductive endocrinology,

investigation of the mechanisms of ovulation will progress, more accurate techniques for

a synchronizationof ovulation will be developed, an then it may be commonly spread as a

method for the management of reproduction. But, to increase the conception rate, the

insemination at an optimal time by the synchronization estrus and ovulation is not

enough. So it is important that cows ovulate healthy oocytes having a high fertilizability.

To do so, the nutrition management of the transitional period should be conducted

properly. 

Regarding on the development and the spread of the synchronization of estrus and

ovulation, the important points are the animal welfare, the safety of milk and meat and

the proper use of the medicine, etc. due to the use of many kinds of hormones. Therefore,

in a short term, it is necessary to elevate the efficiency of reproduction and efficiency of

the production by using the techniques actively for the synchronization of estrus and

ovulation. But, in a long term, it is important to tackle the items as follows; 

a. Solution of the cause of the dull estrus (genetic factor, environmental factor, etc.) and

its measure

b. Development of the methods for heat detection and for the determination of the

appropriate insemination time besides the standing

c. Development of the practical method for the estrus detection using bulls effectively (a

teaser bull, to find the standing) 

d. Prevention of the diseases pre and post calving, reduction of the deficiency of energy

by the reduced dry matter intake, and composition of the reproductive management

system as a productive veterinary medicine.
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4. Methods of Artificial Insemination

(1) Instruments and Facilities required for Artificial Insemination

① Insemination equipment 

The type of insemination gun has been changed with the times. In the former cervical

forceps method, an injector for straw semen tube and a bill tube to set up a straw tube;

both of tubes are made of steel materials, were used. Nowadays, recto-vaginal method is

commonly used. In this method, a sheath tube (disposable plastic tube) and an

insemination gun for straw semen tube are broadly used 

In case of cervical forceps method, a vaginal speculum, a cervical forceps and an

illuminating lamp for vaginal speculum are also required and its working procedure is

troublesome. In  case of recto-vaginal method, however, an inseminator can work with

only an insemination gun set up with straw semen tube and covered with a sheath tube.

There are two kinds of insemination gun for straw semen tubes of 0.5 ml and 0.25 ml.

Moreover, it is hygienic and simple insemination method, because a sheath tube which

touches cattle directly is disposable. 

② Alcohol cotton for disinfection

This is used for cleaning and disinfection of a forceps and a pair of scissors to treat a

straw tube, bovine vulva and finger tips of inseminator. So far, this has been carried

within a steel case, but any types of plastic vessels which can be closed tightly are of

utility value. At the time of preparing alcohol cotton for disinfection, don’t prepare too

much, but prepare the amount which can be used in a few days in order to keep the effect

of disinfection. 

③ Benzalkonium chloride towel (paper) and paper towel

So far, alcohol cotton has been used for disinfection after cleaning with water and

towel, but nowadays water is used as little as possible. When water is used for cleaning,
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refrigerator for storage
of frozen semen

Photo V-2  Insemination gun Sheath tube Straw tube



there is a risk of polluting the vulva and the insemination gun by water if it was not

wiped up. In the dirty case by feces, cleaning and disinfection are carried out in the order

of paper towel, Benzalkonium chloride towel, and then alcohol cotton. 

④ Tweezers and scissors for treating straw tube

Straw tweezers should be the taper type and not so big  to easily manipulate to pick up

the frozen semen in a straw tube from the canister in the LN2 refrigerator. Several types

of scissors for straw tube are available, but it is recommended to use exclusive scissors

which can cut the straw tube without transforming the section.

⑤ Restraining stall

It is safe for both of cattle and inseminator to utilize a restraining stall at the time of

insemination, because cattle waves occasionally her rump or moves suddenly. But there

are many cases where a restraining stall is not constructed actually like in a farm. In

such a case, control the movement of cattle by utilizing the fence of stall or stanchion. It

is more safety to control the behavior of cattle by utilizing the connected stanchion after

introducing cattle to both sides. 

(2) Disinfection on the occasion of operating artificial insemination

① Disinfection of the instruments 

Steel instruments such as an insemination gun are sterilized by boiling. Usually

instruments are soaked in boiled water at 95~100℃ for 15-30min. After boiling, take care

not to leave water insides of the instruments, If water is remained, dry the instruments

sufficiently and preserve them in cases or sterilizing bags after sealing up to avoid

contamination. But the instruments such as a pair of scissors for straw tube have to be

cleaned by alcohol cotton before use.

Plastic goods such as sheath tubes which cannot be heated are sterilized by ethylene

oxide gas or ultraviolet rays. It is possible to buy the sterilized sheath tubes from the

market. But after opening, keep them in a case which can be closed up.
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The straw tube just after thawing of frozen semen should be wiped up the moisture

from its surface and clean up by alcohol cotton before cutting and setting to the

insemination gun. 

Sterilization of the instruments is important, but careful washing before sterilization is

also important 

② Disinfection of bovine vulva

Bovine vulva is at unclean condition by sticking dirty filth or by feces just after rectal

palpation. First of all, wipe off the dirty filth and feces by paper towel (if it is difficult,

wash with warm water), and then clean up and disinfect by benzalkonium chloride towel

and alcohol cotton . There are sometimes feces in the inside of vulva, so keep in mind to

clean up the inside by opening the vulva. If the filth was brought into the genital tract,

the insemination will result in infertility or inflammation later which brings about

reproductive problems. So a careful operation is necessary. 

(3) The way of thawing frozen semen

Thawing of frozen semen is to be started after arrangements such as squeezing,

cleaning, disinfection of cattle planned for insemination. Generally, semen can be

inseminated just after thawing at 30~40℃. 

At the field, provide warm water at 35℃ (30-36℃ are permitted but confirm by a

thermometer) in a vessel with enough size of dipping the whole straw tube. The straw

tube of frozen semen is dipped into warm water for thawing in the downward position of

its cotton sealed edge. Usually thawing is performed within 10 to 15 seconds, and air

bubble comes up from the under p-art of the straw tube. The straw semen tube should be

picked up just after thawing. If the straw tube were left in warm water too much, sperm

viability would be deteriorated.

The straw tube is then wiped by alcohol cotton for cleaning and disinfection as

explained above, and inseminate immediately after setting up in an insemination gun. 

When hot water is not available, it is obliged to thaw in cool water at around 20℃, but

in such the case sperm motility is inferior to the semen thawed in warm water, and sperm

viability is lowered. The reason is a long time spent for passing from -60℃ to 0℃ which

are the most harmful range of temperatures for spermatozoa.

(4) The methods of artificia1 insemination

The methods of artificial insemination differ depending on the difference of semen

injection method and the region of semen injection. 

・Injection into deep cervical canal or uterus by cervical forceps method 

・Injection into deep cervical canal or uterus by recto-vaginal method

Nowadays, however, semen injection into the uterus by recto-vaginal method is

operated mostly. So this method is explained in detail  as follows; 

In this method, inseminator's hand is inserted into the rectum for palpation and

management of an insemination gun. To avoid injuring the rectal mucous membrane, the
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nail of fingers should be cut shortly and then polish the nail smoothly by a file before the

operation.

When a plastic sheath tube and an insemination gun for sheath tube are used, the

straw semen tube thawed by the method mentioned above and a pair of scissors for straw

tube are disinfected by alcohol cotton, and then the part of straw to be opened is cut off

perpendicularly. After putting the straw tube into a sheath tube, the main body of

insemination gun is inserted into a sheath tube, and then the inseminator should confirm

the sheath lock. Finally, more hygienic insemination can be performed by using a sheath

cover (a long and slender sack made of polyethylene). 

Before insertion to the rectum, put on the globe for rectal palpation to the hand, and

wet its surface with water or soapy water. Bovine vulva which has been disinfected by

alcohol cotton is opened by a thumb and a forefinger of another hand, and inserts the

insemination gun.

Firstly the insemination gun is inserted gradually for about 10 cm with slightly upward

slope, and insert horizontally when the tip of the insemination gun passed the vestibule

of vagina. After insertion the tip of the insemination gun near to the external opening of

cervix, hold the insemination gun by slightly pushing.

Secondly, insert gradually the hand with the globe for rectal palpation into the rectum.

At this time don’t insert forcibly if the cow rejects strongly, but insert gradually by

adjusting to the strength and weakness of its rejecting reaction. It will become difficult to

manipulate the insemination gun when rectum expands by air, so manipulate it after

discharging the air out of the rectum.

Further, push the hand forward and grasp the cervix from the rectal wall. In order to

secure the cervix, at first grasp the external opening of the cervix lightly like holding it in

the palm, and put a little finger and a third finger on the side to under side of the cervix.

And then induce the tip of insemination gun into the external opening of the cervix. At

the same time draw the sheath cover toward this side and take off the cover from the

sheath tube.

After insertion of insemination gun into the cervical canal, move the hand forward

alongside of the tip of insemination gun, and the insemination gun is pushed more deeply.

Sometimes it is difficult to insert the insemination gun because of irregular spiral

fimbria and constricted part in the cervical canal. Never push the insemination gun by

force, otherwise bleeding will occur from the injured mucous membrane. If the tip of the

insemination gun is struck, move the tip to another direction after pulling the

insemination gun slightly and push it again. In such a case, it will become easy to pass

through the cervical canal, not by moving the insemination gun but by moving the cervix

by the hand.

Semen is injected to the uterine body just after passing the cervix. After the injection,

the hand holding the cervix is left as it is, and pulls out the insemination gun gently to

this side. Sometimes semen is deposited in the uterine horn, but the conception rate is

almost the same. There is a possibility of injuring the uterine membrane if the semen is
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injected to the uterine horn forcibly, so it is enough to inject the semen into the uterine

body at the usual artificial insemination. 

(5) Management of frozen semen 

Frozen semen is preserved in the container filled with liquid nitrogen after putting in

good order in the canisters. Usually the container with the size of about 20 -30 litter is

used. It is necessary to replenish liquid nitrogen regularly for preserving the frozen

semen always in liquid nitrogen. 

When a canister is pulled up for picking up the frozen semen, keep the upper part of

the canister about 10cm under the opening of the container, and pick up the semen in a

straw tube within 10 seconds. 

When a long working time is required for the preservation and replacement of frozen

semen, it is better to operate by using a box container where whole the canister can be

put in after filling up with liquid nitrogen. It is safe to replenish regularly with liquid

nitrogen for the container of closed lid type. 

Moreover, it is better to distinguish the container for replenishment of liquid nitrogen

as an exclusive one from the general semen container. 

5. Signs and diagnosis pregnancy

(1) Signs of pregnancy

A remarkable sign of pregnancy is the stop of estrus when the cow or the heifer

becomes pregnant. Corpus luteum formed after ovulation does not regress but is

maintained as pregnant corpus luteum secreting progesterone. 

Progesterone suppresses the estrus by inhibiting the development of follicles and to

prepare uterine environment suitable for the implantation. 

Generally, gestation length of cattle is about 280 days in average, but differs according.

to calving number and nutritive condition etc. Even if the expected date of calving is fixed

by confirming the conception after artificial insemination, there is the possibility of

Illinois

1st Insemination

2nd Insemination

New York

1st Insemination

Total

conception rates in cattle 
No. of cattle inseminated Middle cervix

％

64.8

55.3

61.4

62.4

Uterine hornUterine body
％

65.1

56.0

63.6

63.3

％

64.0

55.7

60.2

61.9

6,600

1,740

2,950

11,290

Injected region of semen
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Table V-5  Relationship between the region inseminated by recto-vaginal method and conception
rates in cattle

(Van Demark, 1952.  From the textbook for the training course Artificial Insemination of Farm
Animals)



advanced or delayed date of calving, so it is also important to predict the parturition by

observation. Additionally, there is a tendency of delayed calving when the fetus is male,

and a male fetus is born bigger than a female fetus.

External signs of pregnancy are as follows;

・Enlargement of abdominal circumference: Abdominal wall of right side shows

enlargement with the advancement of pregnancy. (As rumen is located in the left

side, the pregnant uterus moves to the right abdominal wall.)

・Increase of body weight: Maternal body weight increases according to the

development of fetus. (Due to the increase of blood volume and water in the uterus.) 

・Change of udder: Udder becomes enlarged abruptly at the last stage of pregnancy.

(The edema of udder is observed in heifers.)

・Sinking of the sides of tail head: Both sides of tail head sink when expected date of

calving is close at hand. (By hormonal influence).

If there is no sign of estrus after21 days from the estrus (from the fertilization), and

again there is no sign of estrus after about 40 days, it is a possible state to diagnose the

pregnancy by rectal palpation of fetal membrane. The method to regard the cow as

pregnant; when the estrus has not been confirmed for a few months after insemination,

this status is called by the name of non-return method (NR method). The name indicates

that progesterone secreted by pregnancy inhibits the follicular development and thus

estrus does not return.

However, there has been reported the difference of about 15% between non-return rate

and actual conception rate. It is desirable to confirm the pregnancy together with another

diagnosis method after guessing of pregnancy by NR method. 

(2) Pregnancy diagnosis by rectal palpation

General and accurate method for pregnancy diagnosis is the method by rectal

palpation. 

Pregnant uterine horn (either left or right horn) becomes inflated and fetal membrane

is expanding in the uterus. By palpating the fetal membrane near the swelled uterine
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Photo V-5  Sinking of the sides of tail head Photo V-6  The same (enlarged figure)



horn with fingers through the rectal wall, pregnancy can be diagnosed; by touching the

slip of fetal membrane owing to the weight of fetal fluid in the fetal membrane (so called

as slipping method). The touch of slipping is to feel the slip down of fetal membrane by

fingers. It can only be experienced in the pregnant cattle, but the similar feeling can be

experienced by picking up our arm's skin through the clothes to feel the slipping of skin

under the clothes. 

Because pregnant fetal membrane is palpated, the accuracy of pregnancy diagnosis is

high. But this method requires great skill, so it is difficult for everybody to diagnose. For

the improvement of slipping method, it is necessary to train the rectal palpation of

uterine condition, fetal development and the change of ovary (corpus luteum)

(3) Pregnancy diagnosis by real-time ultrasonic scanning method

It is possible to confirm the pregnancy by using the real-time ultrasonic diagnostic

instruments earlier than the slipping method. By the slipping method, the slipping of

fetal membrane is the only thing to be confirmed, and fetus (its size and the pulsation of

heart etc) or abnormal fetus (fetus is not formed and only placenta is developed) cannot

be confirmed. 

But it is possible by using real-time ultrasonic scanner, which does not need the

experienced technique of rectal palpation, to diagnose the pregnancy at early time after

insemination within a short time, by observing the monitoring figure of fetus which can

be kept on record. 
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FigV-4  Pregnancy diagnosis 1 FigV-5  Pregnancy diagnosis 2

Photo V-7  Ultrasonic instruments for pregnancy
diagnosis

Photo V-8  Probe for scanning

Pregnancy diagnosis by rectal palpation
method

Diagram of cross-section of gravid horn of cow :
examination of palpation of fetal membrane

（Note）
1. uterine wall
2. fetal membrane

before rectal
palpation

on palpation after the membrane
was moved



By using this method pregnancy diagnosis can be performed at about 25 days after

insemination; 10 days earlier than the slipping method. At practice, a probe is inserted

with a hand into the rectum, and the uterine horn is monitored on a video display by

slightly pushing and sliding the rectal wall to the uterus.

Just then, a black scene covered with fetal fluid within the uterus (named as echo- free,

showing allantoic fluid and amnion fluid) comes into view, and a floating white small

matter can be confirmed in the black scene. At about 25 days after insemination,

implantation is not yet accomplished, so the pregnancy is confirmed only by a small

floating matter. At about 35 days after insemination, which is the time to be able to apply

the slipping method, implantation is accomplished and it is easy to confirm a big growing

fetus. It is also possible to observe the fetal membrane as stripes on the display and the

fetal pulsation.
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Fig V-6  Illustration of ultrasonic diagnosis of pregnancy

ovary

corpus 
luteum

bladder

vagina
cervix

uterus

probeRectum

The way for the diagnosis of pregnancy by 
using an ultrasonic instruments

ultrasonic 
instruments

Photo V-9  Operating to diagnose pregnancy by
ultrasound instruments

Photo V-10  A screen monitoring fetus by
ultrasound instruments

The photograph shows a fetus in the center of the display. The technical expert is manipulating the
probe gently to take the picture clearly by watching the photograph



Additionally, the developing fetus can be observed at regular interval by using the real-

time ultrasonic scanning instruments. The instruments have the function of the scale

which can be used for measuring the crown-rump length of the fetus from the display and

it can be recorded.

Following 6 sheets of photographs are offered by Dr Osamu Douchi, Associate Professor

of the University of Dairy Science. These show the crown-rump length of the fetus at the

age of 30, 40, 45, 50, 55, and 60 days. 

The instruments are expensive to possess in each farm, but it will become a popular

diagnosis method from now on, because by using this method it enables an early

diagnosis of pregnancy which is useful for the increase of reproductive efficiency and for

the help of management (when twin pregnancy is confirmed previously, it is possible to

cope with the parturition of twin calves). 
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Photo V-11  Photograph 1 taken by
ultrasonography

Photo V-12  Photograph 2 taken by
ultrasonography

Photo V-13  at 30 days I.2cm Photo V-14  at 40 days 2.1cm Photo V-15  at 45 days 2.7cm



6. Newborn nursing and the delivery

(1) The Newborn watch 

In recent years, with the rapid breeding improvement, the physique of the cow becomes

big and the calf with big weight is not infrequently born. Gestation length of the cow is

reported around 280 days. However Dochi (2003) reported that an average period was

282.7 days for bull calf, and 281.2 days for female calf; these lengths are rather 1~3 days

longer for both sex. While an approximate delivery day is able to predict by the action

change of the cow and body shape change such as swelling of udder, cave in root of tail,

and body temperature change etc, if delivery accident occurs and a newborn is lost, the

damage is very big. Therefore, newborn watch is important.

From one week before the estimated day of delivery, check the swelling of udder and

cave in the root of tail, and also change of the body temperature of the pregnant cow.

From 2~3 days before the day, separate the cow from their group, move to the delivery
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Photo V-16  at 50 days 3.6cm Photo V-17  at 55 days 4.9cm Photo V-18  at 60 days 6.4cm

Photo V-19  Fig V-7  

change of body temperature before parturition

day of 
parturition



pen (about 13m2 square) where clean litter is given.

Body temperature confirmation of a cow is done by insertion of a stick-shape clinical

thermometer in rectum and take a record. Body temperature drops 1~2 days before

delivery (it is thought that this comes from the hormone changes before delivery).

(2) The delivery sign and time duration of delivery

When the delivery due date approaches, various changes appear in a pregnant cow.

This is called a delivery sign.

The mechanism of the delivery does not become fully understood, but Nakao (2003)

is explaining as follows. 

Delivery mechanism ①

i. When delivery approaches, adrenocorticotropic hormone (ACTH) is secreted in

quantities from the pituitary of fetus. 

ii. ACTH stimulates the adrenocortex of fetus and secretion quantity of adrenocortex

hormone (cortisole) increases. 

iii. Cortisole acts on the placenta, restrains the secretion of progesterone and hastens

the production of estrogen.

iv. The increase of the estrogen improves susceptibility to the oxytocin of the uterus.

Delivery mechanism ②

v. The cervix relaxes resulting in opening of a birth canal. The production of

prostaglandin F2α of the uterus is promoted at the same time.

vi. By the action of the estrogen the uterus synthesizes prostaglandin f2α which

makes a pregnant corpus luteum regression and induces uterine muscle

contraction (the labor).

vii. In the labor, fetus is pressed to the birth canal, and the uterine cervix opens and

the approaching by fetus starts. The stimulation by the approaching of fetus to the

uterine cervix causes a great deal of oxytocin secretion from the pituitary of the

mother cow (It says Fergusson phenomenon). 

viii. The oxytocin secreted in large quantities induces the delivery. It acts on abdominal

muscle, and the abdominal pressure increases resulting in birth of the fetus. 

When delivery approaches, both sides of the ridge part of the tail collapse and become

flexible. The vulva is swollen. Immediately before delivery, milk production increases,

udder becomes big, and occasionally small amount of milk leak out automatically from

teats. The cow walks in the anxious condition, it doesn’t calm down by turning around,

and it lies down and stands, repeatedly. Thereafter, labor starts and she delivered. The

stage of delivery is generally divided into 3 periods; ① Opening period, ② Expulsion

period, and ③ Afterbirth period. 

① Opening period

The labor starts, the uterine cervix is extended and the birth canal opens roughly.
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Fig V-8  Delivery mechanism ①
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The interval of labor pain shortens gradually, it becomes strong, and labor gets to send

the fetus to birth canal. And next is entering into expulsion period.

② Expulsion period

When entering in the expulsion period, as for fetal membrane, the first membrane

rupture occurs and yellowish brown fetal fluid pours. This is called the first membrane

rupture. Most of the first membrane rupture is the break of allantois. Fluid is allantoic

fluid. The labor pain continues and the fetal sac is pushed out from the uterine cervix to

the vulva. The top of the leg breaks through the fetal sac and amniotic fluid that is more

viscous than allantoic fluid flows from the fetal sac. It is called the second membrane

rupture. The amniotic fluid that flows after the second membrane rupture facilitates the

birth by wetting the birth canal with lubricant. After the second rupture, if being as much

as normal posture, the fetal foreleg and nose can be seen. When the membrane rupture

ends, fetus is pressed from uterus to vagina by exclusive pressure, and then fetus is born.

Time after the start of labor pain to the birth is approximately 2 h, but there is a cow

which takes 3~4 h, too. 
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Photo V-20  It stands up and labor Photo V-21  It lies and labor

Photo V-22  The photograph of first membrane
rupture

Photo V-23  The photograph of leg covered by
fetal membrane



③ The afterbirth period

The period from the birth to coming out of the placenta is called an afterbirth period. 

In this period, light labor pains continue till the emission of the placenta. It takes

approximately 4~5 h to emit a placenta. When not emitted even if passed for equal to or

more than 12 h after the birth, it is judged to have the retention of placenta.

Because it is dangerous for mother cow to eat the placenta which may cause the

gastrointestinal disorder after eating, and/or mother cow slips by stepping on the

placenta. So the emitted placenta should be removed promptly from mother cow after

placenta emission.

After young birth, mother cow licks the young that gets wet by amniotic fluid. In this

period, if mother cow lives together with yang calf in a labor pen, chances of bacterial

infection increase and fracture of young by trampling of mother cow also increases, young

calf should be removed from mother cow and placed under a clean condition. Young

should be wiped off the amniotic fluid by a towel or hay, and the umbilical cord should be

sterilized (prevention of inflammation of umbilical cord). Within 2 h after birth, young

should swallow colostrum.

In case of the beef cow, suckling management is general from mother cow. In case of
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Photo V-24  The membrane of the second
membrane rupture

Photo V-25  Afterbirth period①

Photo V-26  The photograph of the calf
（the umbilical cord disinfection）

Photo V-27  The photograph of the calf
(it is forced to drink colostrum)



young birth, sterilize the umbilical cord of young and confirms that the calf swallows

colostrum. When the calf doesn’t swallow colostrum or the mother cow is so excited that it

doesn’t allow to bring a calf closer, the aid is necessary.

In recent years, the beef cow management becomes large in size and management in

which a suckling robot is used becomes popular.

(3) The dystocia and care of delivery 

By the powerful improvement in recent years, the cow becoming large in size on the one

hand, the occurrence of the difficult delivery is increasing in the cow on the other hand.  

As the factors that cause a difficult delivery, there are such as ranging in gestation

length, large size of fetus according to a special bull, and extraordinary posture like a

breech fetus.

After starting the prediction of delivery, careful watching of the status of mother cow is

important. By the certification of the posture of fetus in the birth canal, judgment should

be made for the needs to help of delivery. 

When the fetus doesn’t birth even if normal labor pain occurs after the second fetus

membrane rupture, the dystocia is suspected. The poerator should certificate the posture

of fetus by the reaction of fetus to outside stimulation (the fetus reacts to the stimulation

of picking at between two hoofs). If the abnormal reaction is observed, the birth should be

accelerated by the care of delivery. It is important to avoid the risk of the damage of

parturition. 

〈Mother cow : disease in postpartum, Newborn calf : disease and death〉

ıaTools for care of mutation of abnormal presentation, position, and posture.

・Delivery appliance 

Although there are various kinds of delivery appliances, a rope type attracting device

becomes popular.

・Glove for rectal palpation

When mother cow is treated with delivery appliances, glove for rectal palpation is

sometimes useful for prevention of contamination of pathogen into uterus.

・Rope

Apply to foreleg to attract the fetus.

・Disinfectant

Positive soap (osban etc.)  When

putting a hand in the antiseptic birth

canal, there is a chance of transferring

germs into uterus after calving. Thus

use osban to disinfect the hand.

・Isodine

Disinfection of the umbilical cord of

calf delivered (the prevention of the

umbilical flame ).
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Photo V-28  Delivery appliance



〈Case and the dealing of difficult delivery〉

① Breach calf

The leg or hoof comes out first, so the operator should insert a hand into the birth canal

and confirm whether there is a head (the nose, the mouth) of the fetus or not first. When

the head can’t be confirmed, next a hock should be confirmed, and moreover the operator

should insert a hand forward and confirm a tail. In case of a calf judged to be breach one

delivery should be accelerated, because when an umbilical cord is broken during delivery

breathing starts and amuniotic fluid inflows into the lung. After parturition, the calf

should be hanged reserve and the operator should confirm that it makes emission of

amniotic fluid from respiratory organ and the breath of the calf. (Fig V-10)

②When there is only a foreleg of the fetus

When only the head and one foreleg can be confirmed after the second membrane

rupture, a hand should be inserted into the birth canal again to confirm the condition of

another foreleg. Sometimes, a hoof can be caught near the mother pelvis and the foreleg

is bent. Since the fetus isn’t possible to be normally delivered at this condition, it should

be returned to the uterus once, and the operator should make a correction to the normal

condition of the posture.

It is difficult to put one conjurer’s both hands to change the fetus posture to be normal

at this time, but it is easy to change when two persons put their hands. Also, when a

sticking foreleg is forcibly drawing out, it sometimes injures the birth canal (the uterus

and the vagina). Thus the operator should make a correction to the normal condition of

the foreleg and help the delivery. (Fig.V-11)

③When a head is bent

When the foreleg is normal and the hoof comes out with its top downward but the head

(nose) can not be confirmed, a hand should be inserted in the birth canal to confirm the

position of the head. It is easy to confirm that it is bent either side by inserting a hand

along a foreleg. Because it can’t be born unless a fetus head is not drawing out towards

the mother’s pelvis, the foreleg of fetus should be forced back to the birth canal and the

location of the head should be corrected to a normal position. Afterwards normal delivery

occurs. (Fig.V-12, 13)
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Fig V-11  Difficult delivery ②Fig V-10  Difficult delivery ①



7. The improvement measure for the insemination record management and
the conception rate

(1) The reproductive history sheet and the way of recording according to individuals.

It is very important for the farmers to grasp the present propagation status of their

herd in order to improve the productivity in the management of dairy farming. It can

improve the reproductive performance in a whole herd and individual cows resulting in a

high productivity.

By recording the reproductive phenomenon, we can get ① the knowledge of mother

cow’s reproductive abilities (estrous interval, confirmation of estrous condition), ② the

confirmation of pedigree of new born calf, and ③ the evidence of obvious problems that

we usually overlook. Thus it is worth while doing.
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Fig V-12  Difficult delivery ③ Fig V-13  Difficult delivery ④

Fig V-14  The individual card

Alteration from the report of Dr. SINGO TATAMI: The large scale propagation management technology
improvement measure business. The livestock improvement corporation of Japan, Tokyo (1997)

Animal Name

Registration No.

Sire

Dam Sire of damBirth date

(Donan NOSAI)

Degree of dystocia
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Calf survival

Calf's condition

Dam's condition

Alive . Dead (          )
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Unassisted 
delivery

Assisted
delivery SeriousHeavy

Sire

Premature birth . Delayed birth (      -day delayed)

Normal . Fat . Thin

. . .

Uterine prolapse . Mastitis . Downer cow syndrome . 
Retained placenta . Puerperal fever . Abomasal displacement

Alive . Dead (          )
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Unassisted 
delivery
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delivery SeriousHeavy

Sire

Premature birth . Delayed birth (      -day delayed)

Normal . Fat . Thin

. . .

Uterine prolapse . Mastitis . Downer cow syndrome . 
Retained placenta . Puerperal fever . Abomasal displacement

Alive . Dead (          )

Normal . Weak . Abnormal

Unassisted 
delivery

Assisted
delivery SeriousHeavy

Sire

Premature birth . Delayed birth (      -day delayed)

Normal . Fat . Thin

. . .

Uterine prolapse . Mastitis . Downer cow syndrome . 
Retained placenta . Puerperal fever . Abomasal displacement

Estimated delivery date Estimated delivery date Estimated delivery date Estimated delivery date



The definite record becomes thereafter an important source of information at the time

of medical inspection by a veterinary doctor.

There are various ways of recording such as a propagation card, a propagation

management board, a propagation calendar and a total up by using a computer. To use

the propagation card, the records come from the individual propagation, is the basic way.

As the card can be described the record of treatment beside the propagation record, it is a

convenient form as to examine the individual propagation record.

The breeding number of heads for every dairy farmer is increasing in recent years.

Thus when the implementing propagation in the numerous heads management is carried

out, it is difficult to grasp the propagation status of the whole herd from only the record of

an individual card.  Therefore implementing propagation is desirable to use another way

(propagation calendar, total up by the computer) together with the individual card.

At present there is also an advanced way of recording by using the computer software.

This is a work to make all the information into a table by using the spreadsheet software,

since it is easy for the farmers and technical experts to gather the individual data and

insemination record. There are various ways of recording using spreadsheet software;

farmers and technical experts become recorders or a company and an animal clinic make

a propagation table.
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Table V-6  The total way of using a spreadsheet (The personal data of the author)

No. Cow No. Frequency Date of estrus Sire Name of 
operator

Pregnancy 
diagnosis 1

Preg-
nancy 1

Method
1 Return 1 Pregnancy 

diagnosis 2
Preg-
nancy 2

Method 
2 Return 2 Decision 

1 Abortion Remark



These methods differ from the individual card in that farmers can recognize the

farmhouse propagation record not only as annual result but also as the results of long-

standing years. 

This method can be useful to improve the propagation record when the result is not

satisfactory because of farmers being able to grasp total status of the herd (reproductive

disorder and/or nutritional condition).

(2) The way of the comparison of individual propagation ability.

Individual propagation ability becomes obvious when records are gathered in the

individual supervision and the county management. Propagation ability generally means

cow’s lifetime calving number and conception rate in every calving time, but the items to

compare (the aim of management) is different from farmer to farmer. Therefore there are

various ways to compare the propagation ability.

For example, when the breeding plan is built in a farmhouse to leave the pedigree of an

excellent cow, it often continues breeding until it conceives without comparing its ability

to propagate with that of other cows. However, when non-pregnant period becomes long

because of no-conception, even the cow from an excellent line is unavoidably selected.

When comparing the ability to propagate according to the individual in this case, it is

possible to compare the lapsed days needed to the conception.

If there are many cows having long lapsed days needed to the conception in the

farmhouse which has many cross breeding cows or embryo transfer cows, they will give a

negative effect to the management. By using this system the number of inseminations

needed from the first estrus to the conception and the duration of postpartum period

needed to conceive after calving can be compared individually. Thus cows of which

postpartum open period become long can be selected.

When comparing the ability to propagate according to the individual, firstly a goal

should be specified as a whole group of herd in a farmhouse and if there is a cow which

comes off the range, it should be sorted out as the update object cow.
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1. General management of raising breeding bulls (single stall) 

(1) Raising management from calves to rearing stage

Raising management at rearing stage is not basically different between male and

female calves. However, from one month of age the growth of male calves becomes

obviously greater than that of female calves. Until about 10 months of age, the daily

gains of male calves progress at more than 1kg. Therefore, it is necessary to feed them

with an extra amount of nutrient. In case of group feeding with male and female calves at

early stage, it is important to feed them freely by incessantfeeding mainly on good quality

hays. 

The formation of spermatozoa in the bulls starts at 3 to 4 months of age, and

spermatozoa are found in the testes for the first time at 5 to 7 months of age. The

ejaculation of fertile spermatozoa occurs at 7 months of age. The estrus in the cows often

reveals at the same month of age. So to speak, they attain sexual maturity. Accordingly

the raising management becomes dangerous with the appearance of intimidation or

mischievous behavior special for the bulls, and it should be avoided to raise the male and

female together in a group after this month of age to avoid mating misconduct. However,

group raising with the bulls only is desirable, for it leads to a labor reduction and

accelerates exercises or mounting behaviors among the bulls. Also, to control the bull, a

nostril ring should be attached to its nose.

(2) Raising management from rearing stage to maturity stage

From 10 to 12 months of age when attaining sexual maturity, the semen condition is

stabilized and semen collection becomes satisfactory. The physical features become larger

attaining 350 to 400 kg. Too much fatness at this stage is likely to decrease the interest of

mounting and to make some troubles on the legs, hooves and loin due to increasing

burden on them. It is desirable to refrain from feeding too much nutrients and make a

moderate exercise at paddocks, etc.

The bulls attain matured body weight at

about 4 years of age (48 months of age),

weighing around 1,000 kg. As they are

growing during the period until attaining

matured weight, feed the necessary

nutrients for maintenance and growth of

their bodies. After attaining maturity, feed

the nutrients necessary for maintenance

by watching their health or body

condition. As they often fall in too much
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Photo VI-1  A cattle house for breeding bulls

Chapter VI   Raising management of breeding bulls (Holstein
breed)



fatness, it is desirable to feed them properly. And feeding a certain amount of dry matters

is to give a feeling of sufficiency to the bull’ s stomach, and leads to bull’s docility.

(3) General management followed by the growth of the bulls 

① Dehorning

The horns which become the largest weapons are likely to endanger occasionally

human beings or other bulls and facilities. In case of group raising, the safety of the

group is threatened by the struggle among the breeding bulls, resulting in the

underdevelopment or nervous temperament of the breeding bulls. The time of dehorning

is appropriate after 10 days of age until nearly 2 months of age, at which the burden of

male calves is reduced.

The way of dehorning is to confirm the

part of horn root on the head, and to burn

thoroughly the skin around the part by

using an electric iron or a heated iron

pipe, then burn it off with including the

horn root. When bleeding, arrest the

bleeding by a heated iron. Apply an

antibiotic ointment to the dehorned part in

order to prevent the recuperating

purulence.      

② Attachment of a nostril ring

Attach a nostril ring to the breeding bull at the time of around 6 to 7 months of age,

when the male calf attains the sexual maturity, in order to make it’s control easy. Change

the material quality and the size of a nostril ring according to the nasal speculum size of

the breeding bull and the control degree. A standard will be initially a plastic ring

without any burden to the nostril, then change to a middle-size ring made of brass at

about 20 months of age, and after 30 months of age to a large-size ring made of brass for

the matured breeding bull.

The location of attaching a nostril ring is perforated with avoiding the nasal septum

gristle by picking and pulling the nasal septum. If attached mistakenly by perforating the

nasal septum gristle, the bull becomes nervous by a severe pain and the recuperating

recovery delays. It is desirable to use a perforating tool exclusive for the cattle, but it can

be substituted by a sharp-shaved bamboo.

③ Domestication and training

Recent years, the progeny test of the breeding bulls comes to stay, and the semen

collection is requested from the earlier young bulls in order to shorten the generation

intervals and to increase the heredity abilities. In the earliest case, a semen collection is

possible at about 8 months of age. For the earlier semen collection, a proper raising

management is requested. To be healthy and well grown is the first prerequisite for the

bulls. Next, a domestication and training of the bulls is important. A good or bad
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domestication and training at this time decides the good or bad character of the breeding

bull thereafter. It is important for the operator who handles a young bull to contact him

gently, to know his nature and habits earlier, and let him trust in the operator. With

putting a halter and relieving the burden of a nostril ring this bull. The operator should

make accompanied exercises or walking trainings from younger ages. Practice patiently

so as the bull to walk naturally by himself.

Refrain from sowing a terror in the bull’s

heart by rough handling and from

managing him to bleed from the nostril. 

When trying a semen collection for the

first time, the bull generally gets nervous

and does not mount simply even if

inducing to the closed semen collection site

in the dim light. It is important to

domesticate the bull to the environment of

the semen collection site frequently and to

train him to amount a dummy cow-stand

or ride together among young bulls.

④ Exercises

The exercise of the young bull is efficient to the domestication and training or to the

strengthening of their legs and loins. An operator accompanied pulling exercise combined

with the domestication and training is desirable. Basically, it is important for the bull to

exercise freely in a spacious paddock from the calf to the rearing stage. An accompanied

pulling exercise for the mature bull is very

dangerous due to his big body and

strength. Although the exercise by an

enforced exercise machine is efficient, the

mechanically enforced exercise is not

favorable. Also, a compulsory exercise has

an adverse reaction to the bull having

difficulties with loins / legs. For a matured

bull it is also important to attempt to get

rid of stress by releasing him from a

narrow chamber and by exercising him

freely at a paddock in the sunlight.   

⑤ Hoof protection(hoof cutting) 

As the body weight of a breeding bull is attainable to 1,000 kg, his legs or loins receive

a constant burden. And the mounting at the time of the semen collection gives too much

burdens on hinder two legs. So, the hoof management is important. The condition of the

hoof is influenced by the environment of the cattle floor and bedding. The condition of a

cattle floor with excreta and dampness invites the weaken hooves, and causes hoof
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accompanied exercise and mounting
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Photo VI-4  A circular exercise machine
(Indonesia)



disease like interphalangel ulceration, etc.

To make the hooves dry is important by

replacing beddings and cleaning paddocks

regularly, and by drying cattle house

always cleanly. Take care not to overlook

an abnormal manner of walking like a

limping, swelling and fever, etc. by

inspecting and cutting the hooves suitably.

Especially, for the breeding bull it is

favorable to practice cutting hooves

regularly, according to the growth of

hooves. If possible, the cutting hooves 3

times a year, with 4 months intervals, is recommended. The way of cutting hooves should

be referred to the item of the breeding cow because of no big differences with the cutting

hooves of the cows. However, it is important to tightly fix the hinder legs of the bull at the

strong-built frame place, in order to avoid a danger at the time of cutting hooves.

Explanatory diagrams for the way of fixing at the frame are shown.  

⑥ Shearing hairs

To practice shearing hairs regularly for the breeding dairy bull is favorable to keep its

dignity and health. Also, in order to show the clean and noble figures of the bull, it is

recommendable to shear the hairs of the breeding bull at the time of annual inspection,

health check, selection display, etc. Also, keep the cleanliness of prepuce pubic hairs of

the bull by cutting regularly, and take care to collect hygienic semen. The way of shearing

hairs corresponds to that of the breeding cows.

(4) Facilities for the management of breeding bulls

① Accommodation facilities
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i. Chase-in pen

This is a cattle pen for raising the group

of 3 to 6 heads. The size is changeable in

an accommodation space according to the

month of age. The manger for raising the

group is desirable to have feeding

stanchions and manger partitions to avoid

eating defeat among the bulls. To furnish a

paddock is recommended for the male

calves to exercise and bath in the

sunshine.

ii. A super calf hatch

This is a large sized calf hatch for

raising plural number of heads. It has a

raising merit like a calf hatch, and is lower

in cost compared to a stationed cattle

house. It is excellent for the hygienic

environment having ventilation and

sunlight. Especially, in the form of

introducing young bulls from outside, it is

suited to quarantine management for each

introducing lot. After releasing the

quarantine, if the super calf hatch has a mobile structure, the prevention of epidemics

can be completely planed.

iii. A single stall 

When the bull becomes 10 to 12 months of age, at the time of full-scale semen

collection, it is advisable to raise the bull individually. At this time the body of the bull

gets bigger, and the individual management work including semen collection increases.

At a chase-in pen, as the mutual mountings become vigorous, accidents like a violent fall

or a hip point dislocation is apt to occur. The size of a single stall is desirable at about the

space of 13.0m2 (3.6×3.6m). A paddock should be equipped for the breeding bull to

exercise, to release a stress, to bath sunlight, and to wait during the exchange work of

beddings. It is a general practice to seize the bull by the neck with using an automatic

stanchion at the time of feeding. For the purpose of a safety seizure, to provide a

stanchion is indispensable. In the form of raising many breeding bulls in a single stall,

the laborsaving and effective operations in the exchange of beddings are important. Such

a model of the cattle house for the breeding bull at the Tokachi Farm of the National

Livestock Improvement Center is introduced. The structure is a one-way system to

exchange beddings by a wheel-loader, etc. under the open situation with opening the

partition fences which are able to switch the cattle stalls by shifting the bull to a paddock.

There are some cautions to the cattle house structure from the habit of the bull.
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and partitions in the munger

Photo VI-7  A super calf hatch (movable)



Projecting structures are absolutely avoided. The bull has no habits to remove a nostril

ring calmly, instead only to jerk it, when the ring was caught in projecting materials.

Accordingly, the bull gets a panic and if the discovery is delayed, it leads to a big accident

like breaking the nostril ring or cutting the nasal speculum. Especially, the structure

around the manger and lock parts should have no projecting materials. Also, the fences

should have wide intervals for the head of the bull to pass through smoothly, or narrow

intervals not to enter. If the head enters halfway, the bull struggles only to jerk. The

delay of such discovery causes serious accidents.

If the bull with having a big size and fighting instinct escape from the fences or run

away, it causes lots of dangers and damages. Therefore, the doors of a stall, a partition

switch, and a paddock entrance should be securely locked. There is a danger for the bull

to unlock accidentally by meddling with the lock. Complete the lock systems to prevent

an accidental unlock. The self-lock of up and down system of the pipe, employed at the

Tokachi Farm of the National Livestock Improvement Center is introduced here.
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Photo VI-10  A stanchion in a state
of being locked

Photo VI-11  Changing beddings in a single stall of
cattle house (The Tokachi Farm, The
National Livestock Improvement
Center)

Photo VI-9  A stanchion

Photo VI-8  A cattle house and paddock
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Fig VI-2  A plane sketch of a cattle house of The Tokachi Station, The National Livestock
Improvement Center

Fig VI-2  Paddock, Work passage, Central passage, Manger, Watering facility, Cattle stall

Photo VI-13  Just after lock upPhoto VI-12  A self-lock: Before lock up

Photo VI-15  If the upper pipe gutter is not
adjusted to the location of a pin,
the lock up cannot be released

Photo VI-14  In a state of lock up (upper pipe
sliding obliquely)



iv. A mooring method by a necktie or nostril ring

The construction cost of a single stall raising facility for the bull is rather high as it

requires a large raising space. In this respect, there is another system for mooring the

bull such as the necktie, which is provided with a strong band on the neck, and a nostril

ring with which a rope comes through directly or from both horns. In this system, the

construction cost of the cattle house is lower and lots of heads can be raised at a narrower

space. Especially, it does not need any big machines and facilities for the general daily

management works. However, compared with the raising in a single stall, this is

accompanied with some dangers at the

time of management work. Particularly,

accidents are apt to occur at the time of

entering and exiting from the stall. As

the bull is always restricted to the

behaviors of standing up and lying down

in a narrow stall, the lack of exercise and

the weakness of legs and loins are

apprehended. In this mooring method, it

cannot be neglected to arrange always a

comfortable condition of the beddings, to

make exercises regularly and to cut

hooves.

② A frame place

For the breeding bull with a big size and strength, a frame place to halt him is

prerequisite to prevent and treat diseases, to cut hooves, to cut hairs, to measure body

figures and to clean the body. It is desirable to construct such a strong frame place as to

resist, if the breeding bull behaves violently. Here introduce the frame place of the

Tokachi Ranchi Farm.

③ Feeding facilities : hay

Feeding forages for the breeding bull are mainly hay in many cases. In the feeding
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Photo VI-16  A mooring system with a nostril ring 
(Indonesia)

Photo VI-17  A frame place for the breeding bull Photo VI-18  Shearing in a frame spot



system of mainly hay, a facility such as a hay barn, etc. is necessary to harvest hay near

the house of breeding bull. The system of feeding hay is changeable according to the

shape of hay. In respect to feeding, block-packed hay is efficient which is easy to handle

and can be divided for feeding. However, recently a roll hay making system becomes a

mainstream for the efficient haymaking. To feed roll hay does not troublesome for raising

as a group like a chase-in stall, but to feed in a single stall needs to cut the roll hay or

unroll it. Use a roll hay-cutting machine to cut roll hay. In feeding unrolled hay, use a

turntable to unroll the roll hay, or an unrolled feeding machine of hanging type. The

unrolled feeding machine of hanging type adopted at the Tokachi Farm is shown here.

④ Cattle beddings and floor materials    

The floor to support a big and heavy breeding bull should be always kept clean and dry.

Especially, the floor condition of a single stall gives a big effect on the legs of the bull, as

the exercise of the bull is often restricted. The slippery floor by feces and urine, or the

frozen floor in winter leads to a great accident like a dislocation of the hip point by falling

violently. In general the floor is concrete-made, but board, rubber, or earth is used as

other materials. These materials are used independently but in many cases beddings are

used as floor materials. There are many kinds of materials as beddings like wheat straws,

rice straws, sawdust, barks, restored composts, etc. The most important point to select as

floor materials and beddings is; a. to be hygienic, b. to keep comfortable and dry

conditions absorbing feces and urine, c. to be easy to get and inexpensive. Also it is

important to make beddings with ease as composts. 
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Photo VI-19  A feeding machine of hanging
type with a roll hay unwinding

Photo VI-20  Feeding a roll hay by unwinding as
a layer, with pushing and moving
the roll



2. Feeding the breeding bull

(1) Rearing period

The development of the bull does not change greatly that of the female calf until 1 to 2

months of age. The same raising management may be applied from the nursing to

weaning period. After 2 months of age, with showing the most vigorous development, the

daily gain is attainable more than 1 kg. As the daily gain of the bull is bigger than that of

the female calf by about 35 to 40%, the nutrients corresponding to its development must

be supplied. Recently, in relation to the arranged mating of the candidate breeding bull

for a progeny test, the management, with which the collecting semen is possible at

younger age, is required. It is a prerequisite to be healthy and well developed. A nutrient

deficiency delays the sexual maturity, and deteriorates the semen production and vitality.

On the other hand, the over fatness by too much nutrients decreases its sexual and

mounting desire, and induces burdens to its legs and hooves. In this period, supply high

concentrate feeds, which include good quality amino acids, mainly with good quality hays.

A good quality hey (deep green) and a green cut grass include lots of É¿ carotene, and the

animal is able to synthesize vitamin A. It is said that vitamin A promotes a sexual

maturity, and has connection with the semen condition such as a sexual desire, sperm

formation, emergence of abnormal sperms, etc. Vitamin A supplements are recommended,

if good quality hays are not secured.

In the developing countries, there is the raising system of supplying green cut grasses

or silages in large quantities. However, it is not favorable for the breeding bull to supply

juicy feeds such as cut green grasses, silages, and grazing by tethering for a long time. To

supply juicy feeds to the breeding bull is to decrease relatively the intake of dry matters.

As physiologically a loose passage occurs, refrain from supplying juicy feeds more than

needed.

(2) Matured breeding bull

As the bull attains the matured height at about 4 years of age, supply the needed

amount of nutrients for the maintenance

after this period. Especially, it does not

need to consider adding another amount of

nutrients for semen collection.

The breeding bull is apt to become over

fatness, as it does not need any production

energy for lactation and pregnancy.

Maintaining proper body weight is

important. In general, supply mainly

mediocre hays, and supplementary

concentrated feeds (about 16% CP). 

The daily intake of dry matters for the
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Photo VI-21  Feeding facilities (a watering
facility, a manger, a mineral block)



breeding bull of about 1,000kg is needed to be about 14.4kg (Japanese Feeding Standard).

For example, the supplying about 2.0 kg concentrate feeds and hays, as the almost all

roughages, are equivalent to supply about 15kg of dry matter (15% water) daily per head.

On the other hand, the breeding bull is going to behave violently with the stress of feeling

hungry, even if the needed nutrients are sufficient, but the bull does not always get

feeling full. The raising management to give sufficient intakes of dry matters makes the

breeding bull calm.

(3) Supply of water, vitamins, minerals, etc.

Watering is desirable by using a water cup of the incessant watering facility. In the

reservoir type like a water tank, supply fresh water with washing and cleaning it

periodically. In winter and in cold areas, anti-freezing measures should be taken. It is

efficient for anti-freezing to wind an electric heater to the water pipe, or to use the earth

temperature as circulation with a water-supply facility.

The feed menu for supplying the breeding bull is simple, compared to the one for the

milking cow, but the former is likely to lack micro-ingredients like vitamins and inorganic

substances. Therefore, it is desirable to supply these as  supplements. It is necessary to

supply daily the salt (NaCl) as an appetizing dose, and Na in the salt to make a balance

with K (Kalium). In general, the solid block which is mainly made of  NaCl including

necessary minerals like Fe, Cu, Co, Zn, Mn, I, Se, etc. is sold in the market. It should be

placed always at the trough or the side of it for the breeding bull to lick the block at

anytime. 

The breeding bull synthesizes Vitamin B group and Vitamin K by microorganisms in

the lumen. As Vitamin D is synthesized in the body by sunlight and hays supplied, it does

not need to the breeding bull, especially weighing more than 300 kg. In general, the dairy

cattle needs Vitamin A and E, irrespective of its age. Vitamin A is synthesized fromβ

carotene, which is included in good quality hays (green yellow) and green grasses, green

cut grasses, and good quality silages. Therefore, in the case of a bad quality feeds, it is

needed to supply Vitamin A as a supplement.
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(4) Nutrient allowances for the breeding bull
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Table VI-3  Japanese Feeding Standard of Daily Cattle (ed. 1999)
Growth value of the breeding bulls

Age 
(Month)

Body weight Daily gain Body height
Chest 

circumference
Remarks

Body weight
/body height

Note: 1) The table was made from the measuring data of 288 bulls, which were more than 48 months
of age, born after 1980, raised at the Nikkapu Farm and Tokachi Farm of MAFF.

Note: 2) The growth curve was obtained by the multi regression analysis of the body weight, body
height or heart girth and the month of age.

Note: 3) The equation to the growth curve of f 4･8･1 does not fit always to this table, on account of
omitting the coefficient treatment of the third decimal place.
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Live
body
weight

Daily 
gain

Intake of 
dry 
matters

Energy Protein Mineral Vitamin

Table VI-4  NRC Feeding Standard (rev. ed., 1988・1980)
Table VI-4  Daily nutrient allowances of growing daily cattle and mature bulls

Note: NEN; Net energy for maintenance., NEG; Net energy for daily gain., ME; Metabolic energy., DE; Digestive energy., TDN; Total digestive nutrient..
UIP; Undegradable intake protein., DIP; Degradable intake protein., CP; Crude protein.

a) The DMI (dry matter intake) value is different from the requirement to the net energy for maintenance, net energy for daily gain, or absorbed protein,
and is not the allowance essentially. It is not to assume the free intake, but is incorporated with the energy density of the intake feed. In case of supplying
the feed of low energy density, it needs to increase the dry matter intake. In case of supplying the feed of high energy density, as  the metabolic energy,
digestive energy, TDN and crude protein, too, are insufficient, those allowances become to reverse results.

Large type – Milk or substitute milk

Large type – Milk and calf starter

Large type – Growing bulls

Maintenance for mature breeding bulls



3. The cattle house environment including countermeasures for summer heat

As for the occurrence mechanism influenced by a heat stress against the breeding bull,

it is said that an impaired function of the sperm production, which occurs in the case of

warming the scrotum, is due to damage or suppress the enzyme system of the testes. And

it is said that a main cause of it is the accumulation of carbonic acid gasses and the lack

of the enzymes by stagnating the blood streams. Ritalynn & Gomes (1979) indicated that

the phosphofructokinase activity, which regulates the glycolysis, decreases the

temperature of the abdominal cavity. And Wettemann & Desjardins (1979) proved that

the maturity of sperm is suppressed and the live synthesis of androgen is decreased by

the heat stress. 

The scrotum temperature (testes) is closely related with the function to produce sperm.

Anatomically, the testes artery entangles to the testes vein with forming the voluble

venous plexus. The heat, which is brought in from testes artery, exchanges the heat with

the testes venous blood. Therefore, it is thought that the lowered blood temperature

circulates always in the testes than in the abdominal cavity. Bonadonna et al. (1957)

recognized that the testes temperature in the normal breeding bull is lower than the body

temperature (rectum temperature) by more than 4℃, and thought that this temperature

difference is a necessary condition to maintain the sperm production function normally.

By an external appearance, the scrotum in a state of drooping in summer heat is thought

to be a physiological reaction to decrease the scrotum temperature as low as possible.

Accordingly, the countermeasure to summer heat for the breeding bull is to suppress the

increase of the body temperature. This is directly most important and includes lots of the

similar contents to the countermeasures for the cow.

In respect to the physiological function under summer heat, the body temperature is

maintained by the balance of body heat production and radiation, based on the nervous

and endocrine system of the body temperature regulating center of the optic thalamus.

The temperature receptors exist on the whole body surface, and also in the heart, blood

vessel and digestive tract. Especially, the nasal cavity, mouth, scrotum are highly

sensitive to the heat radiation. The body heat production is increased by a shivering,

burning of the body fat, fermentation heat in the digestive tract, and multi-panting by

summer heat. The body temperature is higher in the central part of the body, and is

released outside through the body surface and respiratory pipe. The radiation of the body

temperature is played with the temperature difference between the skin and the

surroundings, perspiration, and respiration. The heat produced in the deep part of the

body moves mainly along with the blood streams. Accordingly, the blood volume increases

by swelling the blood vessels in summer heat, and conversely by shrinking them in the

cold weather. Generally, the cattle have developed sweat glands among animals, and the

regulation of the body temperature depends on the perspiration. Therefore, its stress

under the high moisture environment is rather big, similar to the human beings.
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At the temperatures higher  than 20℃, the respiration rate increases and the radiation

of the body heat is enhanced. The multi panting is shallow with starting a rapid

respiration followed by the increase of the body temperature, then it changes to the

strenuous respiration with decreasing the respiration rate. This strenuous respiration

produces lots of heat by the respiration movement, and induces the rise in body

temperature. If this condition is continued, a heat stroke occurs and in some cases the

bull falls dead.

By the stress of summer heat, the bull increases the quantity of drinking water and

radiation, in order to suppress the rise of body temperature. Also, the intake of the

roughages, which are rich in heat production, decreases with an inclination to select the

concentrated feeds on the other hand. Then, the intake quantity decreases more by the

frequency reduction of the first stomach, and by the extended stay of the feed particles

taken in the first stomach. The change of blood constituents or hormone densities by the

increase of the body temperature induces the decrease of the breeding  function (sperm

production).

Regarding the capable index of summer heat stress, there is a corresponding method

from a wind or moisture. The effective temperature considering a wind velocity is shown

in the following formula.

The effective temperature (℃) = Air temperature (℃) － 6 ×√Wind velocity (m/s) ････

Formula 1

In case of practicing ventilation tentatively, the effective temperature decreases in

proportion to the square root of the wind velocity. Therefore, in case of 1 m wind velocity,

the effective temperature decreases about 6℃, compared to the condition of no wind, even

in the same air temperature.

Also, the effective temperature in considering the humidity is shown as follows. 

The effective temperature (℃) = 0.35 × Dry-bulb temperature (℃) ＋ 0.65 × Wet-bulb

temperature (℃) ････Formula 2

Concerning these effective temperatures in the cow, it is said that a safety zone of the

effective temperature is under 19℃, a cautious zone is from 19℃ to 24℃, which is

recognized to increase the respiration rate and the rectum temperature, and  a dangerous

zone is higher than 25℃, which induces to decrease the dry matter intake etc. In the

breeding bull, these temperature zones should be referenced.

Generally, concerning the breeding bull, it is said that the aggravating trouble in the

semen condition is dissolved by keeping the raising environment of the cattle house

temperature under 25℃. With this thought on the effective temperature, the

management of the wind velocity and humidity in the cattle house becomes an important

countermeasure to summer heat.

In order to witness the countermeasure effect to summer heat, be sure to put

thermometers, wet and dry bulb hygrometers, etc., which should be recorded, at several

places in the cattle house, and evaluate the effectiveness of the countermeasure to

summer heat. Concerning the quantity of drink water, it is important to check it, because
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it becomes the standard to judge the effectiveness of the countermeasure to summer heat.

As the countermeasures to summer heat, there are following methods.

(1) Cattle house

Build the roof of the cattle house as high as possible, and slope the roof.

(2) Cattle stall

All the stalls should be a single raising stall, and the structure of the single stall is not

partitioned, divided by a fence to make a smooth air circulation inside the cattle house.

(3) Paddock

Install shadow nets in order to intake the fresh outside air from the paddock. However,

the height of the nets should be installed to the position as not to disturb the air streams

into the cattle house. Also, select the paddock at the place where drainage is well without

any filthy water, etc.

(4) Ventilation

Install a large type of ventilation fan

(Photo VI-22) or air duct on the wall and

inside of the cattle house in order to make

the air passage well and to ventilate the

tunnel. Especially, according to the rise of

air temperature, change the wind velocity

of the ventilation, and arrange the

effective temperature by following the

formula 1.

(5) The roof and wall of the cattle house

The color of the roof and wall of the cattle house should be painted with the white line

color which has a good reflection to the sun light in order to suppress the heat reflection.

Install the heat insulating materials to the attic in order to decrease the heat from the

roof.

(6) Water sprinkling

Decrease the temperature of the cattle house from outside and inside, by sprinkling

water to the roof of the cattle house, and furthermore by installing a spray type of water

sprinkling facility inside the cattle house. (Photo VI-23(1)(2))

(7) Air-conditioning system

For the specific breeding bull, decrease the air temperature directly further by the

cooling duct inside the cattle house, with installing the cooling facility in order to manage
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the air temperature and humidity efficiently (Pictures VI-24 (1)(2)). For a further

efficiency, take a measure to divide the cooling place inside the cattle house.

4. Countermeasures to the hygiene

(1) Health management

In the health management, grasp the health condition of the breeding bull by judging

collectively the results of general health inspection, general blood examination and body

weight measurement. Especially for the breeding bull, an aggravated sign of the semen

condition is often related to the trouble occurred about 2 months before, at the period of

sperm formation. Therefore, the usual health management is most important to grasp its

change.

① general health inspection

Practice the regular health inspection once a month in order to grasp the general

condition of the breeding bull. The contents of the health inspection are mainly the

circulation, respiration, digestion and reproduction systems. Keep the records of the

health inspection contents, which are shown bellow by making clinical charts.

i. General condition (body temperature, nostril, hairs, posture, limping, hooves,

ocular conjuctiva, eyelids, tears, nasal cavity, nasal mucus, mouth, saliva, tongue)
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ii. Lymph nodes (lower jawbone, shallow neck, hipbone lymph nodes)

iii. Circulation system (heart rate, heart sound, heart noise)

iv. Respiration system (respiration rate, alveolus sound, coughing, hemoptysis)

v. Digestion system (appetite, rumination, the first stomach sound, intestinal

vermiculation)

vi. Urinogenital organs (urination, urinary stone)

vii. Genital organs (scrotum, prepuce, penis)

viii. Rectum examination (bladder, kidney, seminal vesicle, prostate glands)

ix. Testes examination (development, hardness, feverishness, oppressive pain)

② Measurement of the scrotal circumference

a. The measurement of the scrotal circumference is to see the testes development

situations, and becomes one of the indices on the semen properties and semen

production according to its development situations. It is said that the testes

development grows until about 5 years of age, together with the increase of the body

weight (refer to Fig VI-3).

b. The way of the measurement is to measure the biggest part of the scrotum by the

scrotal circumference gear. On that time, if the scrotum is not dropping sufficiently,

bring down the testes cord and measure it (Photo VI-25).
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Photo VI-25  Scrotal Circumference gear

Table VI-5

Fig VI-3  R. P. Amann, J. O. Almquist (1986)
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c. The judge on the measurement results is shown in the table VI-5. Tentatively in case

of “Fair-Poor”, check the semen condition, and in case of the poor semen condition,

inspect again the feed supply, liver fortifier and vitamin dose.  

③ Ultrasonic examination of the testes

Examine further the inside of the testes by using an ultrasonic diagnosis machine.

Especially, confirm the presence and absence of a fibritorm or calcification in the

parenchyma of the testes (Photo VI-26).

〈Cross section : left〉

This picture is the cross section of the testes, with central spermary nets (white color)

being recognized clearly, and around them without any whitish parts in the parenchyma

which has winding spermary tubules.

〈Cross section : right〉

There are somewhat whitish spermary nets, and around them there is a normal

parenchyma.

④ General blood examination

Practice the general blood examination once a month in the same way of the health

inspection, with checking the nutrient condition, liver function, etc., and tackle the

change of summer heat, the stress period. Place the data of this blood examination

individually, and grasp the normal range of the individuals with making one of the

indices from the view point of the health management for the breeding bull. The items of

the examination are at least as follows;

a. Hematological examination (number of red blood sells, number of white blood sells,

quantity of hemoglobin, hematocrit value, picture of white blood sells)

b. Biochemical examination (GOT, ALP, LDH, γ-GTB, total protein of blood serum,

urea nitrogen, total cholesterol, amylase, CPK, Na, K, Mg, Ca, C) 

⑤ Measurement of the body weight

Practice the measurement of the body weight once a month, and make an important

index to change the feed supply, etc. according to the fluctuation of the body weight and

the frozen semen production.

Especially, concerning the breeding bull from which semen collections are practiced, the

good condition of the macroscopic index in the nutritive degree for the breeding bull is to

recognize several cross skin muscles on the surface of the abdomen.

⑥ Eradication of the parasites

There is a high chance for the breeding bull to suffer from parasites (fluke, nematode,

tapeworm, protozoa, etc.) from the supplied green grasses and hays, blood-sucking

insects, etc. On this account, the nutritive condition or liver function of the bull is

lowered, and consequently, the semen production is affected adversely. Therefore, secure

the health condition of the breeding bull by practicing the regular eradication of

parasites, along with examining worms and eggs.
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(2) Management of the diseases

In respect to the special diseases of the breeding bull, the regular examination is

needed whether the bull is contracted infectious diseases which cause the occurrence of

an abortion, etc. Also to the noninfectious diseases, the appropriate diagnosis and

treatment are needed in the earlier stages.

① Infectious diseases

In the infectious diseases, especially the one transmitted by way of the semen, a wide

range influence such as an abortion, etc. occurs to the breeding cows, which are

inseminated by one breeding bull. This brings a tremendous loss. Accordingly, the regular

examination to grasp the contracted situation to such infectious diseases of the breeding

bull is a very important item. The representative diseases are described below.

i. Brucella disease

This is the infectious disease of the cattle occurred by Brucella abortus. The cow suffers

from the abortion, stay of the afterbirth, conception disturbance, and the breeding bull

suffers from the spermary inflammation and testicle upper body inflammation.

Especially, in the breeding bull, the germs propagate in those tissues, and excrete into the

semen. As the serological diagnosis, there are a rapid agglutination reaction, test tube

agglutination reaction and CF reaction.

ii. Campylobacter disease

This is a chronic unrevealed disease, the infected parts being limited to the

reproductive organs in both male and female cattle. The disease is disseminated by

sexual intercourse mutually, and brings about for the breeding cow a temporary

infertility and abortion. The germs in the infected breeding bull distribute a lot in a

prepuce cavity, and stay permanently becoming a contagious source. The detection rate of

the germs in the semen collected from the carrier bull is high at 25-40%, but if the

breeding bull is infected, the symptom is not revealed. As for a diagnosis method, prepare

smear samples by washing the prepuce cavity, semen, etc., and examine microscopically

by a phenol fuchsine die. Or apply a fluorescent immune method, by which only C. fetus

is died differentially. Also, there is an incubation method. For its treatment, as C. fetus is

highly sensitive to streptomycin, chloramphnicol and erythromycin, apply these to the

glans penis or the prepuce of the breeding bull.

iii. Trichomonas disease

This is an infectious disease of the reproductive organs contracted with the protozoa

Trichomonas fetus belonging to the flagelata. The cow suffers from a vaginitis, cervicitis,

endometritis or uterine ozena, and becomes infertility, or if conceived, proves to be

abortive in the early pregnancy. On the other hand, in the breeding bull, it causes a

repuce inflammation, the affected section being congested, swelled, and discharging

mucus, and further the infection extends to the spermary and spermatic prepuce.

However, the sexual impulse is normal without any abnormalities. So the bull plays a

role of infectious source, as a natural remedy is rare. The diagnosis of the disease is to

detect the worms directly from the washing liquid of the prepuce, or to confirm the worms
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by incubations. As the remedy is difficult, screening the infected cattle is efficient for an

economical reason.

iv. Leptospira disease

This is a sub-acute or chronic infectious disease, which occurs by the infection of

Leptospira belonging to the germ, Order spirocheata. Its symptoms are hemoglobin urine,

anemia, jaundice, abortion, etc., and there exist many unrevealed infected cattle. As for

the infection rout, although wild animals are healthy in appearance, they carry leptospira

in the kidney. The leptospira, which was excreted into the urine, multiplies in the surface

water on the ground. The cattle is easily infected with it from the mucous membrane or

skin, especially a wound if exists. The leptospira, which entered into the cattle, multiplies

in the blood, spreading to the whole body, and exists locally in the urine tubule in the

kidney. Then, the leptospira multiplies there, excreting for several weeks or months, and

becomes a source of infection. Therefore, if the leptospira exists in the prepuce at the time

of the urination, there is a possibility of the germ to mingle into the semen. As the

serological diagnosis, there are a microscopic agglutination and a slide agglutination. The

treatment is effective to apply penicillin and streptomycin at the same time.  

② Noninfectious diseases 

As the noninfectious diseases of the breeding bull, nervous, traumatic, tumoral,

infectious, hormonal disorder symptons, etc. are recognized. Followings are the

representative diseases;  

i. Spinal disease

The cause of this disease exists in many hereditary factors. However, its morbid state is

aggravated by the raising environment. The clinical symptom is the behaviors recognized

for the bull to stretch hinder legs always in the rear, to try to bear the burden of the

hinder legs with hooves only, and to stand up with the back born curved. In a serious

example, the hinder legs are always recognized in the state of a convulsion, and take a

stretched posture at standing. The morbid state is aggravated by the semen collection,

and becomes unable to amount.

The counter measure to this disease, in the first place, is to improve the raising

environment. Namely, let the breeding bull feed easily without the head lowering as

much as possible by making the height difference small between the cattle floor in the

stall and the bottom of the manger. On the other hand, apply an acupuncture and

moxibustion.

In a word, practice burning moxa on the effective spot of the skin, Tsubo such as Tnada,

Hyakue, Yotai, Kibi, stoma. If any improvement is not recognized, practice the water and

needle treatment (a new treatment attainable for its purpose by the joint action with

needle stimuli and drugs, with injecting intramuscular drags into the Tsubo, which is

related to the treatment). As the drag, inject 5.0ml of 20% benzoic acid sodium caffeine

into each Tsubo. Practice this treatment several times, and if any improvement is not

recognized, it will be judged that the morbid state is in rather advanced stage.

ii. Penis albuginea laceration
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This occurs a lot at the time of semen collection. The cause of it is the slip off at

crossing angle with the artificial vagina case and the penis at the time of semen

collection. The ventral albuginea of the penis cover is lacerated, with accompanying a lot

of bleeding, and in a serial cases, the penis albuginea is lacerated like a spiral. If the

laceration is left as it is, the penis becomes in the state of no exposure from the prepuce

mouth by adhering with a mucous membrane.   

Accordingly, the countermeasure for it is to practice a surgical treatment as soon as

possible. The method in the serious case, which is a spiral laceration of the penis

albuginea, is to practice under the whole body anesthesia. In case of a slight injury,

practice in a standing position under the local anesthesia. The local anesthesia is to

expose the penis from the prepuce mouth by the way of a genital nervous anesthesia.

After the exposure, remove the clotted blood, reset the lacerated parts, suture the

lacerated penis albuginea by using an absorption string with the intervals of 2 to 3 mm.

After the treatment, protect the secondary infection by disinfecting the prepuce cavity for

3 to 4 weeks.

Usually, it needs about 4 weeks until the complete remedy.

iii. Fibrous papilloma

This disease occurs a lot in the young bull, being recognized mostly at the glans penis.

In some cases, the tumor grows about twice in about 4 weeks. According to this tumor,

the bull bleeds at the time of semen collection, and aggravates the semen condition with

the bloods mingling into the semen.

As the countermeasure for this, practice a surgical treatment. Namely, practice a

nervous anesthesia to the genital organ at a standing position, with the penis being

exposed from the prepuce mouth, and burn off the tumor by using an electric knife to the

papilloma. After 2 weeks of the treatment, it cures completely.

iv. Scrotitis

In many cases, this disease occurs in the young bull. The cause of it is well recognized

by the infection of Brucella abortus, Corynebacterium pyogenes, Streptococcus,

Pseudmonas aeruginosa, Staphylococcus, Escherichia coli, Mycoplasma bovigenitalium,

etc. The infection process is said as in the past to be mainly the upswing route of the

urethra, and to be rarely the intermediary route of the blood and lymph. Also, the

prepuce mucous inflammation, which discharges viscous liquid from the prepuce mouth,

causes the scrotitis together. This disease does not show any clinical symptoms in

appearance, but by way of the rectum examination, the swollen testicular glands are

perceived by touch, and sometimes followed with oppressive pains. 

In the semen, there exist purulent excreta or abnormal cells such as neutrophil,

exfoliated epiderm cells, etc. and in a chronic case, the mixture of leukocytes is not seen

practically. In a serious case, the swollen testicular glands to the size of an infant head

suppress the urinary pipes, and cause an urination difficulty together. The color tone of

the semen is grayish white to yellow with including purulent materials, or in some

instances, shows pink to red, or green. In general, the number of sperm are seen
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decreased, and it is thought to be caused from the difficulty of the sperm production as a

scrotitis syndrome, but there is also a delay of the sperm formation without any

inflammation in the testes. In this disease, it is also a feature that as the deformed

sperm, the number of the sperm with lacking tails decrease, and the pH of the semen

shows more than 7.0. It is said that the cow, which is inseminated with the semen of this

disease, not only lowers the conception rate, but induces a cervicitis, endometritis,

abortion, etc. 

For the countermeasure, practice a high dose of antibiotics together with anti-

inflammation drag, and further practice a frequent semen collection in order to discharge

purulent liquids which are staying in the testicular glands. At that time, it is necessary to

specify the adaptability of the antibiotics by way of the drag tolerance tests to the disease.

In a mild case the disease heals once by about 2 weeks treatment, but it is likely to occur

repeatedly in many cases. For that reason, it becomes often the object for a log time

treatment, and in the semen condition the semen vitality decreases.

v. Scrotitis and testitis  

The scrotitis is mainly caused by an external wound like a stroke, kick, etc., followed in

many cases by a hemafoma and edema. At mounting time, it is recognized also that this

disease is induced by pulling the penis sideways strongly. The symptom of the scrotitis

(the same as testitis) is that the right and left testes become asymmetry by the swollen

scrotum, and feverish, and oppressive pains are followed, too. As the result, the scrotum

temperature increases, and the degeneration of the spermary cells occurs. Consequently,

in the first place, the sperm vitality is recognized to be aggravated. Secondly, the number

of sperm decreases, and lastly, the functional disorder of the sperm production occurs,

which only circular spermatocytes are recognizable. Also the dermatitis, which is caused

by the blood-sucking insects such as horseflies, stomoxys flies, etc., induces scrotitis

together in some cases.

The testitis occurs by the bruise, impact, kick by the cow at the time of copulation, and

also, by the cattle tuberculosis, cattle and pig brucellosis, horse strangles, paratyphoid,

infectious diseases such as glanders, collinebacterium in cattle, and actinomyces, and in

another case by extending the inflammation to spermary circumference tissues. In the

testitis, the curability depends on the influence to the germ cell, and if there is some

influence to the germ cell itself, there occurs the irreversible reproduction impotence.

For the diagnosis of the scrotitis and testitis, practice an ultrasonic examination to the

scrotum. By this examination, judge the both by the existence of the inflammatory

picture in the testes or in the serous membrane circumference, and use it as the data to

judge the prognosis.

For this countermeasure, apply a cold compress in the acute case, and practice a high

dose of antibiotics together with dexamethasone, which has a strong anti-inflammatory

action. After the treatment, if the swell of the scrotum diminishes, the feverish feeling

disappears, and the sperm are gradually recognized in the semen, then it is judged that

the disease is progressing to a complete cure. But, even after passing 2 months, no sperm
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is recognized in the semen, then it is judged that the irreversible reproduction impotence

occurred by the influence extending to the germ sell itself. 

vi. Decrease or lack of the copulation desire

These are the cases most frequently recognized in the reproduction difficulty for the

breeding bull, which include various situations such as no interest to the estrous cow,

taking a long time to amount on the cow, no erection of the penis if having a copulation

desire, no insert of the penis or no ejaculation if the erection attained, taking a long time

to ejaculate, etc. However, in many cases, it is recognized that at the stage of semen

collection, the bull takes a long time until amounting the dummy cattle, etc., or

completely ignores amounting.

As the cause for it, the copulation desire is directly controlled by the androgen which is

excreted from the testes, and basically is influenced by the nutritive condition of the

breeding bull, management condition, mental factors, etc.

To put it concretely, the lack of vitamin A, protein, minerals, unbalanced nutrition, over

fat, improper cutting of hooves, lack of exercises, difficulty in legs, etc. are considered.

And the sexual exhaustion by over employments, the experience of pains and fears by the

failure of semen collection, etc. suppress the occurrence of the sexual desire. Also, the

contracted bull to the pneumonia, enteritis, hepatitis, nephritis, piroplasmosis, adipose

necrosis, traumatic gastritis, colinebacterium, febric desease, etc. decreases or loses the

copulation desire.

The countermeasure to this disease is to improve the feed supply of the breeding bull in

case of over fat or unbalanced nutrition. If the other diseases exist, practice the treatment

for them. A proper amount of exercise and sunbath, and the improvement of the cattle

house environment are important to prevent this disease. In the case of over

employments, it needs to stop the semen collection, and to arrow a rest. As a

hormonotherapy, there is a method to dose HCG 1,000 to 2,000IU at the interval of 3 to 4

days for several times, a method to dose pituitary prothallium gonadotrophin 5 to 10 RU

for 5 to 10 times, and further a method to dose testosterone 250 to 500mg at the interval

of 2 to 4 days for several times. However, it needs a caution to dose continuously a large

amount of androgen, which sometimes hinders the sperm production by suppressing GTH

excretion of the anterior lobe. Also there is a method to dose thyroxine 500μ g at the

interval of 1 to 3 days for 2 to 3 times, in case of the slow sexual behavior which is

thought by the low function of thyroid glands, and the over fat of the breeding bull.
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1. General management for breeding cows

(1) Nursing and rearing management 

The purpose of nursing and rearing management for the breeding cow is to display its

genetic potentials sufficiently at the time of adult. At reaching productive age, it needs to

display the maximum of its potentials with having healthy, strong and durable skeletal

structure, strong digestive function of feed intake (rumen size), and well developed

mammary glands.

In case the management is not proper at this period, it invites heavy losses with

decreasing the production such as the delay of the first estrus, poor conception, fat

deposit to the udder, etc.

① Nursing period

i. At birth

(i) Confirmation of the breathing

When a calf is born, confirm instantly the presence or absence of its breathing. If there

is no breathing, urge it by inducing a sneeze with inserting bedding straws etc. And the
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Table VII-1  Standard growth value of monthly ages in dairy calf

Age 
(month)

At birth

Holstein, Brownswiss Guernsey, Ayrshire Jersey

Body weight Body height Body weight Body height Body weight Body height

（kg･cm）

（Haase, Dairyman, 1995）
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calf is often helped from the state of apparent death, with dosing amniotic solution, and

letting it vomit by hanging the calf from the bottom, and by practicing the artificial

breathing.

(ii) Disinfection of the umbilical cord

Confirm the bleeding from the umbilical cord, and in order to prevent the inflammation

of the umbilical cord, disinfect it with a tincture of iodine, or inject antibiotics. The closing

of the navel becomes worse, if a tincture of iodine enters into the umbilical cord, so spray

it on the surface. And in case of bleeding a lot from the umbilical cord, it is better to bind

with a suturing string.

(iii) Drying hairs

Immediately after the birth, the calf is covered with amniotic fluids and wet. So the

removal of amniotic fluids is a must. Clean the calf in case the mother cow does not lick

or in case the calf is separated immediately from the mother.

(iv) Supply of foremilk

Foremilk is the milk until about 5 days after delivery, and compared with normal milk,

includes lots of proteins, fat and vitamin (specially vitamin A)(Table VII-2). Further it

includes a lot of immune globulins (IgG) from the mother, together with having a

purgative action and accelerating a ameconium excretion. Because the new born calf has

no immune, it is important for the calf to drink the foremilk in order to maintain its

health.
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（IU/g・fat）
（μg/g・fat）

Total solids
Milk fat
No fat solids
Protein
　Casein
　Albumin
　Immune globulin
Milk sugar
Ash
　Calcium
　Magnesium
　Kalium
　Natrium
Chlorine
Vitamin A
Vitamin D
Vitamin E
Thiamine
Riboflavin
Nicotinic acid
Pantothenate
Biotin
Vitamin B12
Folic acid
Choline
Vitamin C

 (Livestock Hygiene Handbook, 1991)

Milk ingredients
the colostrum (milking frequency after delivery)

normal milk
1st time 2nd time 3rd time 4th time 5th time 6th time

Table VII-2  Ingredient change of the colostrum by milking frequency and comparison with
normal milk



The immune body included in foremilk is the highest just after delivery, with

decreasing gradually and at 24 h later is less than 4% of the one directly after delivery.

The absorption rate of the foremilk immune body from the calf intestinal tract is

gradually decreasing after birth, and almost no absorption is taken place after 24 h.

Therefore, it is recommended to supply the first foremilk as soon as possible (2L at a

time, 4L within 6 h). However, according to Koiwa et al. it is the best to supply within 6 h

after birth when the calf showed suckling appetite in standing, on the reason that

amniotic fluids are included in the 4 th stomach directly after birth, and there is a

possibility that the absorption of the foremilk immune body is decreased by dilution with

amniotic fluids.

(v) Individual identification

Attach a mark to individuals in order to identify from others. In Japan, it is a duty to

attach an ear tag within 3 days after delivery for its traceability. The individual

identification is important to grasp its age and to rationalize the raising management.

And as an individual identification, there is a tattooing or neck tag, etc.

ii. Nursing period

In the dairy cow, a rearing by artificial nursing is almost the case, without nursing the

calf with the mother, in order to prevent milking difficulty. Therefore, the calf is

separated from the mother in early period.

(i) Nursing house

There is a report that 15% of the calves are dead within 2 weeks after birth and its

susceptibility to the infectious diseases is high. Accordingly, it is desirable to isolate the

separated calf in an individual pen or a hatch.

(ii) Dehorning

The horn of the cattle is important for its grace and disposition, but, the fighting spirit

is mitigated by dehorning, and the accidents from the horns of fellow cattle (injury by

wrangling, abortion, etc.), and accidents of a raising manager are preventable. Therefore,

in the dairy cow, the dehorning is practiced from the past. Even in case of the beef cattle

(breeding cow), the dehorning is recommendable as a group raising is becoming popular.
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Photo VII-1  Attachment of an earmark tag Photo VII-2  Cattle attached with earmark tags
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Fig VII-1  Individual pens
(Handbook of Free Stall Cattle House, 1996)

Fig VII-2  Calf hatch
(Handbook of Free Stall Cattle House, 1996)
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The method of dehorning is a way of burning the root of horns (a burning iron, an

electric iron, etc.), a way of falling off by necrosis (a rubber ring), and a way of cutting (a

saw). To practice dehorning at the infant is easier to hold and decreases the stress. 

② After weaning

i. Group raising

The calf directly after weaning is subjected to a great stress, but if there is no

abnormality after 1 week to 10 days from weaning, the group raising is possible. Divide

the group of 3 to 5 heads by taking the preference of physical features over the age. It is

possible to increase the number of heads in the group, according to the advanced age.

But, the caution must be put enough on the nutrition, as the stress occurs by group

raising.

ii. Rearing house

As the group rearing house, there are a super calf hatch, a group pen, a free stall

classified by the growth, etc.
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Fig VII-3  Super calf hatch
(Handbook of Free Stall Cattle House, 1996)
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iii. Body condition score

The body condition score (BSC) is an index of the live body on the nutrition

management, and plays an important role on the feeding plan. Although subjective, it is a

way of judging the score of every two individuals with combining the visual rating and

the palpation rating, as BCS 1 being extreme lean and BCS 5 being extreme fatness.

(2) Management for milking cows

① Milking cattle house and milking facilities

As an accommodation facility of milking cows, there is a free stall cattle house, a free

barn, a mooring cattle house, a stall type cattle house, etc.

As for milking methods, there are a hand milking and a mechanical milking. The

mechanical milking is classified as a pipeline system, a bucket system, a parlor system,

etc. The parlor system is also classified as a herring bone, parallel, abreast, etc.,

according to the stall arrangement.  
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Table VII-3  Target BCS in respect ages (month)

Fig VII-4  Chart of body condition scoring incited from Edomonson et al. (1989)
(NRC Feeding Standard for Dairy Cattle, 2002)

Age (Month) 0 6 12 15 24
At birth At insemination At delivery

BCS 2.0 2.5-3.0 3.0-3.25 3.0-3.5

(Productive Veterinary Treatment System, Dairy Cattle, ed. 1, 1999)



② Milking

In dairy cows, the excretion of milk starts after one week or before several hours of

delivery. After delivery, a periodical take-out of the milk from the body by sucking or

milking accelerates milk secretion, and maintains it. Generally, the milking should be

practiced at the same interval of 2 or 3 times daily as a base. The main points of milking

are as follows. 

a. Practice at the same hour and the same program in a calm condition without exciting

the cow. If excited, it suppresses the reflection of the milk excretion by contracting

the blood vessels.

b. Practice a preliminary milking. This is a purpose to abolish the milk contaminated

with a large number of germs, to discover the abnormal milk and to accelerate

oxytocin secretions by stimulating the teat.

c. Practice pre-dipping (cleansing the teat) and drying (wiping off).

d. Attach the milker. Practice it within one minute after cleansing, because the oxytocin

secretion becomes a peak about one minute after the cleansing, and gradually

－ 146 －

Photo VII-5  Free stall cattle house Photo VII-6  Parallel parlor

Fig VII-5  Comparison with hand-milking and machine-milking
(Notsuke, 1982)
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decreases afterwards. And be careful not to inhale the air into the teat cup at the

time of attachment.  

e. Detach the milker. Practice it promptly after ending milking. The over milking is a

cause of mastitis by injuring the teat bath or milk bath. Also, the too early

detachment decreases the milk production. Because of the difficulty in this timing,

an apparatus which detaches automatically by the amount of milk (about 0.1 kg/30

seconds) comes into wide use.

f. Practice post-dipping. In order to prevent mastitis, disinfect the teat with the

germicide of iodine line and chlorine line.

③ Dry period

This is for the purpose to rest and multiply the mammary glands, and to rest and

recover nutritionally the womb organs of the mother. The dry is needed about 2 months

(45 to 60 days) before delivery. As the methods for the dry, there are two ways of rapid dry

and gradual dry. The rapid dry is to decrease the amount of feed supply before the dry,

and a few days later, practice the dry of milking rapidly. The gradual dry is to decrease

the amount of feed supply, and the amount of milk becomes decreasing, practice the

milking once a day, and the next every other day, thus by decreasing the amount of milk

gradually. Recently, for a convenience of the management and a scanty of mastitis

infection, the former one is practiced widely. Also, at the dry period, although there is a

problem of resistant germs, it is better to inject antibiotics for the prevention of mastitis. 

2. Feed supply (growth stage and reproduction stage, respectively) 

(1) Nursing period

In general, the feed supply for the purpose of early weaning (30 to 40 days) is practiced

(Table VII-4). Even if the calf age is advanced, the amount of nursing milk does not need

to change, with a standard of about 10 % of the live body weight (daily). It is important to

fix the density and temperature of substitute milk throughout the period. As a rule, the

method of supplying the substitute milk, of which 300g was dissolved into 6 to 7 times of

warm water (2L) with 39 to 42℃. There is a report that no differences in the growth exist

between a bottle nursing (sucking nursing) and a bucket nursing, but by the bottle

nursing the milk is more completely swallowed into the 4 th stomach through the 3 rd

stomach after closing the esophagus slot. In either method, the hygiene management

should be conducted thoroughly.

Accustom to the solid feed (starter) by supplying it after about one week of age, and

increase it gradually. Supply hays without restrain which were made of the good quality 2

nd cut grasses. Practice complete weaning, when the calf can intake calf starters and

roughages continuously (more than 1kg), and has no abnormality by the check of daily

gains. A careful observation and management are required, as the weaning gives stress

and becomes a cause of nutrition unbalance.
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① Rumen development

At birth, the 4 th stomach is the largest, with having active digestive function, but the

forestomach is undeveloped. Later, the forestomach develops rapidly, but it is influenced

greatly by the amount of supply feed and its quality. At weaning, the 1st stomach

becomes the largest. In the new born calf, the absorption of VFA is low because of the

undeveloped mucus and villi in the 1st stomach, and the metabolic ability is low. It is

better for the development of mucus to work the 1st stomach in early stage after birth

with promoting solid feed intake.

②Water supply

Water supply is needed in case of nursing, in order to activate the function of the 1st

stomach, especially the fermentation. Even in the coldest season, water must be supplied.

(2) After weaning to reproduction start period

In this period, the growth is conspicuous, if the management is proper. Also, the rumen

develops gradually, and at weaning it grows up to the size with no big differences from

mature cows. In order to accelerate the villi development, supply good quality roughages,

and especially be careful to the protein and energy balance. In this period, the failure of

nutrition management is highly dangerous with inviting the delay of mating time,

indistinct estrus, stop of ovary function, hormone disorder like follicular cystoma, etc.

Also, the lack of protein and over fatness by too much energy suppress the development of

mammary glands, and influence the results of future milk production. In case of favorable

growth, the first estrus appears at about 10 months of age. In general, it is an ideal that

the insemination is practiced at 15 months of age and the deliver is carried out at about

24 months of age.
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Table VII-4  An example of supply in early weaning system

Free intake

＊Allowances in 13 weeks age in the original work,(Japanese Feeding Standard, 1994)

Total

Week age 
after birth

In case of 
supplying 

only 
substitute 

milk (g/day)

In case of 
supplying 
only milk

 (kg/day)

Amount of 
only calf 

starter supply

 (g/day)

Amount of 
good quality 
hay supply

Crude 
protein

 (CP)

Total 
digestive 
Nutrition

 (TDN)

Amount of liquid feed 
supply

Dry matter content in 
supplied feeds (%)



(3) Conception to delivery (the first birth)

In this period, the energy supply is necessary for the development of the mother and

embryo. Especially be careful for the unbalance of protein and energy. An over condition
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Table VII-5  Reproduction target of dairy cattle

Table VII-6  Reproduction target of beef cattle

The first estrus month age less than 12 months
The first insemination month age 13－15 months
The first delivery month age 24 months
The body weight in the first delivery more than 544 kg
The death rate at delivery less than 5％
The death rate of a newborn calf less than 10％
The first estrus after delivery within 45 days
The first insemination after delivery within 80 days or 75 days in average 
Days of empty womb within 110 days
Intervals of delivery 12－13 months
The conception rate in the first insemination more than 50％
The insemination frequency required for conception less than 1.7 times
Abortion less than 4％
Stay of placenta less than 8％
Uteritis less than 10％
Follicle cystoma less than 10％
Repeat breeder (inseminated more than 3 times) less than 15％

(Hutchson, 1985)

Item Bull (day) Cow (day)
Weaning day age 180 180
Start day age for using reproduction 415 450
Season length for using reproduction 60 60
The first conception day age (a) － 478
Pregnancy period (b) － 280
The first estrus day age after delivery － 58
Day age from delivery to conception (c) － 85
The first birth day age (a+b) － 758
Intervals of delivery － 365

(Masaki, 1982)

Table VII-7  Supply feed contents for rearing cows

Dry matter contents of supply feeds

Remarks: In case the CP contents are less than 12％, 12％ is applied.
(Japanese Feeding Standard, 1999)



by the nutrition unbalance invites bad influences like a delivery difficulty, a metabolism

trouble after delivery, etc. Also, the low nutrition like a lack of energy becomes a trigger

of the delivery difficulty by the poor growth, and influences the conception rates by

damaging the early stage follicles necessary for the next birth.

(4) Lactation period

According to C. Sniffen, the nutrition inside the body of the cow is distributed

preferentially in order of the ① life maintenance, ② growth, ③ lactation, ④ deposit of

body fat, ⑤ reproduction. In order to practice a normal reproduction, the nutrition

required for dairy cows should be taken properly, with clearing 4 items of the higher

rank. However, directly after delivery, the dry matter intake decreases by the stress of

delivery and milking, and it is often difficult to clear 4 items of the higher rank.

Especially in high milking cows, the conception is often difficult in the proper period for

insemination after delivery. In this period, a feed plan must be made along with grasping

milking results and BCS, as the requirement varies according to the milking results.

Especially, in early lactation period, supply the feed of high nutrient contents, and be

careful of satisfying the requirement amount. But, take enough considerations in that the

high leveled supply of protein causes a decrease of conception rate. 

In normal case, non-estrus ovulation is seen from about 20 days after delivery, and in

passing 30 days, an estrus is going to appear. If targeting at one birth a year, the

standard of the first insemination is averaged at 60 to 70 days after delivery.
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Fig VII-6  Factors and their functional orders to decrease the reproduction results of dairy cattle
(Nakao, 2001)
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Fig VII-7  Theoretical development process of ovulation follicles from the first until 6 times after
delivery in cows

Fig VII-7  Areas of oblique lines show the energy balance (Mcal/day).
(Britt, 1994)
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Fig VII-8  An example of normal body condition scores in dairy cattle group
(Wallace, 1996)
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(5) Dry period

Recently, it is said and regarded as important that the management of this dry period

affects greatly the lactation and reproduction in the next birth. The dry period is

reasonable for 45 to 60 days. And after the dry, supply mainly roughages, with a

supplement of the nutrients required for the embryo. From 3 weeks before delivery until

delivery (the latter dry period), it needs to supply the feed of high nutrition contents in

considering that the increased requirements by a rapid growth of the embryo and the

pressure of the rumen, and the decrease of the dry matter intakes by a change of

hormone balance. And in this time of the latter dry period, it is recommended to increase

gradually the concentrated feed supply within the standard range, because the

concentrated feed will be supplied a lot in the early lactation period and the rumen

microorganisms can be adjusted beforehand by this feeding method.  
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Table VII-9  An example of nutrition guideline for dry cows

Before dry 
period

Close-up 
period

Note: In case of more than 1% of K, put Mg as 0.30 to 0.35%           (Sniffen, 1994)

Starch

Table VII-8  Nutrition contents of supply feeds for mature cows

Contents in dry matters supplied

At empty milking

The last period of pregnancy

　－9 to －4 weeks

　－3 weeks to delivery

Milking cow

　At the first birth

　At the second birth

　After the 3rd birth

Note 1: By way of the 600kg body weight at the empty milking and the pregnancy, the body weight of the
milking cow at the first, the second and the 3rd birth is calculated as 550kg, 620kg and 650kg, with
3.5％ of fat rate, respectively.

Note 2: The energy allowances of the dry cow are 10％ increase compared to the value shown at Table 2.1.2.
And, CP contents are left as the calculated value.

Note 3: The maintenance allowances for the cow at the first and the second birth are 30％ and 15％
increase, respectively, compared to the value shown at Table 2.1.2. And, on the assumption of
supplying TMR, the allowances are revised as 3.5％ increase according to 15kg milk yield.

Note 4: It is desirable to put CP contents more than 14％ in case of less than 14％, but in fear of inviting
increase of urine nitrogen output by too much supply of CP, here, the value is left as calculated.

Note 5: In milking cows, pay attention that the NDF contents are not below 35％, and the crude fat not more
than 5 to 6％.

(Japanese Feeding Standard, 1999)



In this period, the cow of high BCS causes the delivery difficulty, occurrence of

metabolism disease, and occurrence of reproduction troubles in the next birth. As the cow

of low BCS also causes the decline of lactation results and conception results, a proper

feed management must be strived with a caution of BSC.

3. Weaning

In dairy cows, it is a general rule to separate the mother in early stage for the reason of

milking trouble, etc., and to practice an artificial nursing. However, in case of the beef

cattle, a natural nursing is general so that the calf suckles to the mother. The weaning is

desirable to practice at 5 to 7 months of age, targeting at 6 months of age, on the reason

that the continued suckling indefinitely influences the later reproduction of the mother.

At this stage, as the amount of milk of the mother decreases, and the calf becomes to eat

roughages and concentrated feeds other than the mother milk, it is easy to wean. 

At weaning, separate the calf from the mother so as not to see each other, and

accommodate to the place where voices do not reach each other as much as possible. Be

careful of causing accidents in that the calf and the mother become restless for 2 to 3

days, and occasionally break away fences in the excess of yearning for each other. 

4. Cutting hooves

The hooves of cows extend about 5 mm a month in average. In case of the cow which

exercises well in pasture, etc. the hooves keep a proper length as the extended hooves

wear away by friction with the ground. However, in case of the raising in a house, as the

abrasion is small, the hooves become easily an extended condition. Here, if the cutting is

ignored, they become too long, and often advance to various deformed hooves. Since the

hooves support the heavy body weight of the cattle, a distribution unbalance of the body

weight loaded on each part of the hooves occurs, and causes various diseases of hooves by

no smooth circulation of the blood in hooves.

The disease of hooves causes lameness, in bringing great losses with the selection and

disuse of the cow, decrease of lactation amounts, decrease of reproduction rates, etc.

Therefore, in case of the raising in a house, practice periodical cutting at least twice a

year, cut extended keratinous substances, keep the balance of the body weight loaded on

hooves, and must strive for maintaining the health of the cattle.

5. Countermeasures for summer heat

Morris said that the suitable temperature for dairy cattle is thought to be about 20℃,

and at this suitable temperature, it is not hot and cold for the cow, resulting in the least

amount of metabolism and the least amount of both heat production and release.

However, the cow becomes to feel a stress, if the air temperature is up more than the
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Table VII-10  Beef cattle breeds and hoof colors

No.

Temperate
zone
cattle

Tropical
zone
cattle

Black
Black
Buff 
White
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black

Color of hoof

Smaller
Smaller
Bigger
Bigger
Bigger
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller
Smaller

Size of hoof

1
2
3
4
5
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Country of
origin or creationBreed

England
Japan
Japan
England
France
India
India
India
India
India
USA
India
Africa
India
India
USA
USA
USA
India
India

Angus breed
Japanese black breed
Japanese shorthorn breed 
Hereford breed
Charollais breed
Indo-Brazil breed
Guzerat breed
Kangayam breed
Khillari breed
Sahiwal breed
Santa Gertrudis breed
Gir breed
Small East African Zebu breed
Tharparker breed
Nellore breed
Beefmaster breed
Brahman breed
Brangus
Malvi breed
Red Sindhi

Sorting
of cattle

(Hoof Protection Manual for Cattle, 2003)

Fig VII-9  Effectiveness of cutting hooves
(Hoof Protection Manual for Cattle, 2003)
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suitable temperature. The summer heat

stress influences the productivity, such as

the decrease of dry matter intake, by the

appetite diminish, the decrease of

reproduction results, etc. Also, the summer

heat is closely related not only to the air

temperature but also to the humidity.

As the countermeasures, the improvement

of raising environment and the some ideas

in raising aspect are conceivable.

As for the improvement of raising

environment, the interruption of the solar

radiation (canvas, reed screen, cheese cloth,

etc.), the prevention of temperature and

humidity rise (heat insulation, ventilation,

etc.) , the water sprinkling , ventilation, etc.

for not rising the body temperature. In

raising aspect, as ideas for the cow to intake

needed nutrition in good balance, there are

a supply of good quality feeds, a mixed

supply of roughages and concentrated feeds in order to avoid a selective intake, an

increase in supply of energies, vitamins and minerals, a separate supply, a supply out in

the fields at night, etc.

6. Countermeasures for hygiene

It is true that the healthy cattle can display its genetic ability sufficiently. In case of

unhealthy or diseased conditions, the cattle can not display its ability, but even invites

economic losses. Therefore, its countermeasure should be taken in early stage, by always

observing the general conditions of the cattle (vigor, appetite, feces, skin and hairs, body

temperature, respiration, etc.), and by discovering the morbid conditions of the cattle.

Also, it is most important to prevent the occurrence of disease beforehand, and it is

needed habitually to take the preventive measures thoroughly.   
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Fig VII-10  Relationships of monthly conception
rate and the highest air temperature
in average between the delivered
cows and the undelivered cows in
the large scale farm of the Florida
State University  

(Badinga, L. et al. 1985, revised)
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Table VII-11  Correction coefficient of the dry matter intake in summer heat period

Average air temperature (℃)

1.10
1.11
1.12

1.16
1.17
1.18

Relative humidity (%)

24－26
27－29
30－32

1.05
1.06
1.07

－
1.01
1.02

70 80 90 100

Note: The value multiplies the assumption value of the dry matter intake.
(Japanese Feeding Standard, 1999)



(1) Main diseases in nursing and rearing stages

The representative diseases in these periods are the diarrhea and respiratory disease,

which cause a retarded growth of the calf. If infected, the diseases influence the

production in future. Also, it is said that after delivery, the disuse rate of the cattle is

higher than the other cattle (Akuzawa, 1998). The diarrhea often occurs until about one

month of age, and the respiratory disease often occurs until about 4 months of age.

As preventive measures for these diseases, there are ① to rationalize the cattle house

environment (ventilation, humidity, raising space, etc.), ② to decrease the environmental

stress by contriving the nutrition management sufficiently (amount of supply, supply

feeds, hygiene of the appliances, etc.), ③ to shut out the invasion of pathogenic

microorganisms from outside in order to decrease the infection opportunity, ④ to separate

the infected cattle, ⑤ to vaccinate to enhance an antibody power, ⑥ to supply the

colostrum, etc.

① Diarrhea

As a cause of the diarrhea, there are the pathogens (pathogenic germs, viruses,

parasites), nutrition (decomposition of feeds, excessive supply, etc.), and environment

(ventilation, insanitary condition, etc.), and the disease is often invited by getting these

factors intertwined

As for the treatment, identify the cause, improve the raising management and

maintain the physical strength of the calf, and practice accurate measures to the

pathogenic germs.

In case of diarrhea, as a rule, stop administering live germ medicines and milk for 1 to

2 days, and supply 2L of electrolyte twice a day. If the symptom advances to dying and

extreme dehydration, an intravenous supplemental solution is needed. In using

antibiotics, select susceptible and effective one with considering resistance to pathogenic

germs.

② Respiratory disease

Although the causes of the respiratory disease are the infection of germs and viruses,

etc., the infection by the swallow accidentally and the inferiority of raising environment

(ventilation, etc.) accelerates its occurrence. Furthermore, after the occurrence of

diarrhea, if complicated by pneumonia, it often becomes serious.  

In case of respiratory disease, there are no specific medicines to the diarrhea originated

to viruses. However, as it is mainly the infectious disease, the treatment is needed to

target at various germs including the second infection. Therefore, the application centers

on the antibiotics of wide spectrum. 

(2) Main diseases of mature cattle

① Mastitis

This is the disease of the highest rate of contraction for the dairy cattle, and the

damage is the largest to be seen in the world. The mastitis occurs by the invasion of

pathogenic microorganisms into the udder, and causes the inflammation of mammary
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Table VII-12  A hygiene management program in nursing and infant period (example)

Age (Month)

Growth stage

H
yg

ie
ne

 m
an

ag
em

en
t

Management just after birth

P
re

ve
nt

iv
e 

in
oc

ul
at

io
n

E
nv

iro
nm

en
ta

l h
yg

ie
ne

Transportation of calf

Management just after 
transportation

Way of raising

Feeds

Prevention of diarrhea

Prevention of pnuemonia

Prevention of remains undigested 
and bloat

Supplement of minerals

Infectious nostril tracheitis in 
cattle,
Virus diarrhea and mucosa 
inflammation in cattle,
Parainfluenza

Ibaraki disease,
Infectious fever in cattle

Anthrax,
Blackleg

Cattle house

Cleaning

Disinfection,
Treading 
disinfection bath

Ventilation

Circumference of cattle house

Paddock

Eradication of noxious insects

Eradication of rats

Nursing period infant period

Birth Weaning

Supply more than 2� of the colostrum

Avoid the long distance and the daytime in summer. Disinfect the transportation vehicle

Give only lukewarm water or oral transfusion liquid just after transportation and on that 
day

Individual raising by 
calf hatch, etc

Small group management 
by super calf hatch, etc Usual group management

Colostrum
Whole milk

Substitute milk
Artificial milk
 (Free intake)

Assorted feeds for rearing

Free intake of hays

Inoculate until June in the infected areas

Inoculate regardless of the season in the occurrence areas

Disinfect and dry thoroughly the calf hatch and super calf hatch after the use. In the 
general cattle house too, remove the filth completely twice a month, disinfect thoroughly

Provide treading bathes, and exchange the disinfectant twice a week in the cattle of less 
than 3 months age, once a week in the cattle of more than 3 months age

Ventilate enough the cattle house throughout the season

Practice weeding, cleaning and disinfection once a week around the nursing cattle house, 
and once a month around the general cattle house, and dry it always

In case of either soil or concrete, pay attention to its swift drainage. And, disinfect 
thoroughly several times a year

Spray insecticides to the cattle body, the inside and outside of the cattle house, manure, etc.

Prevent the invasion to the feed storehouse, and at the same time eradicate mechanically 
or by using drags.

Remarks

Do not carry crowded

Make rest well

Pay attention not to be 
crowded raising in 
group management

Supply the liquid feeds 
with warming about 38
℃

Strive to practice 
cleaning and 
ventilation, to discover 
and treat the disease 
early

The mixed vaccination 
of 3 species is 
favorable

Pay attention to the 
occurrence situation in 
respective region, and 
in the inoculation, get 
the guidance from 
relevant organizations

Pay attention not to 
receive the sunshine 
directly in summer. In 
winter too, make a 
shelter on the level as 
the winds and rains are 
not enter

In case of using drags, 
be careful about not 
mingling to the feeds

Note: Arrows show the multiple occurring period and suitable applying period. However, this program is made from a suggestion of Nakane (1985) as a model.

(Cattle Disease Science, 1988)

tissues. According to the pathogenic differences of microorganisms and the resistive

differences of the cattle, the disease is from slight one to dying one with showing

constitutional symptoms. The causes of it diverge lots such as disorders related to

milking (system, procedure, hygiene), facility environment, management, raising,

nutrition, etc. The early treatment is the most efficient prevention for the disease by

striving to improve the causes and to discover the disease in early stage. Decide the
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Table VII-13  A program of hygiene management in grazing cattle (example)

H
ou

si
ng

G
ra

zi
ng

 h
ab

itu
at

io
n

O
pe

ni
ng

 o
f 

gr
az

in
g

P
re

pa
ra

to
ry

 
gr

az
in

g
M

ai
n 

gr
az

in
g

R
et

re
at

 fr
om

 
gr

az
in

g

Practice items Schedule of month Contents to practice

1. Hygiene examination before
  grazing
    1) Preparation
    2) Practice
    3) Study of the results

2. Preparation of grazing scheduled 
 cattle
    1) Preventive inoculation
    2) Grazing habituation

3. Preparation in pastures
    1) Inspection and service of         
        facilities and mechanical 
        equipments
    2) Maintenance of pastures
    3) Removal of poisonous plants
    4) Control of ticks in pastures

4. Opening of grazing
    1) Procedure for opening grazing
    2) Hygiene examination
    3) Formation of cattle group

5. Preparatory grazing
    1) Grazing with restricted times
    2) Supply of formula feed and hay
    3) Hygiene examination

6. Main grazing
    1) Grazing through day and night
    2) Hygiene examination
    3) Spray of insecticides
    4) Dosing of anthelmintics

7. Retreat from garazing
    1) Procedure of retreat from 
        grazing
    2) Hygiene examination
    3) Delivery of various records

General clinical examination

Blood examination

Close examination (practice in 
case that multiple disease 
occurrence is recognized)

Examination cattle
Disqualified cattle
Cattle needed for treatment
Healthy cattle

Scheduled 
cattle for 
grazingContact and indication to 

each farmer

Inoculate mixed vaccine of 3 species, emphysema vaccine, etc. according to 
actual circumstances of the farm. Try to habituate as much as possible, in 
aspect of both meteorological environment and feed, for one month before 
opening of grazing.

Inspection and repairs of fences, servicing of water baths and mangers, 
maintenance and inspection of fences for chasing into, paddock, successive 
frame place, shelter, house for morbid cattle, weight scales, etc. Reconfirmation 
of paddock division,
confirmation of the stand situation in pasture, preparation of dangerous places, 
etc.
Spray herbicides in case of occurrence every year, Spray of tickicides to the 
pasture contaminated with ticks.

Confirmation of the number, photographing, general measurement of body 
weight, body height, etc., Selection of unqualified cattle by clinical 
examination, blood examination, etc., Formation of cattle group according to 
the breed, month age, etc.

Practice preparatory grazing mainly for the new grazing cattle, It is good to 
practice grazing for the experienced cattle from the day of opening.

The main point of hygiene examination
1)   The 1st time : 1 week after opening of grazing (5.17)
2)   The 2nd time : 2 weeks after opening of grazing (5.24)
3)   The 3rd time : 3 weeks after opening of grazing (5.31)
4)   The 4th time : 4 weeks after opening of grazing (6.7)
5)   The 5th time : 6 weeks after opening of grazing (6.21)
6)   The 6th time : 8 weeks after opening of grazing (7.5)
7)   The 7th time : 12 weeks after opening of grazing (8.2)
8)   The 8th time : 16 weeks after opening of grazing (8.30)
9)   The 9th time : 20 weeks after opening of grazing (9.27)
10) The 10th time : 24 weeks after opening of grazing (10.25)
At the region of multiple occurrence of small type piroplasmosis, pay attention 
to the early discovery and the early treatment, and take an examination system 
according to actual circumstances of the farm.

Clinical examination and blood examination.
General measurement (body weight, body height, heart girth, etc.).
Take care not to bring diseases into the cattle house.
Delivery of growth records, diagnosis records, reproduction records, etc.

Note 1 : This program is assumed a new grazing cattle at the pasture of multiple occurrence of small type piroplasmosis. In case of the experienced 
 cattle, grazing cattle in purified pasture, or the mother and calf of grazing beef cattle, make a more practical schedule in considering actual 
 circumstances of each farm.
Note 2 : Record observation diary, diagnosis diary, examination results as detail as possible.
Note 3 : This program is made from the idea of Matsumoto (1984) as a model.

 (Cattle Disease Science, 1988)

3.8
3.10～3.14
3.20

4.1～4.6
4.10～

4.1～5.8

5.9～5.10

5.10～6.10

6.10～終牧

10.30～11.20

treatment policy according to the disease situation. In selecting the anti-germ drags, it is

desirable to select by the results of its causal germ and susceptibility to the drags.

② Reproduction difficulty

The reproduction difficulty is the disorder of reproductive organs (ovulation difficulty,

endomeritis, etc.), the disorder of reproductive function (difficulty of follicle development,

inactive estrus, etc.), the embryo death and difficult delivery, the death of newborn calf,
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Table VII-14  Standard growth value of monthly ages in dairy calf

Brucellosis
(Brucella 
abortus)

Trichomoniasis
(Trichomonas 
fetus)

Vibriosis 
(Campylobacter 
fetus)

Leptospirosis 
(Leptospira 
pomona and L. 
hardjo)

Listerosis 
(Listeria 
monocytogenes)

Infectious 
bovine 
rhinotracheitis

Mycoses 
(aspergillus, 
Absidia)

Bovine virus 
diarrhea

Neospora 
caninum

Abortion

Infertility return to 
heat at 4-5 months, 
abortion, and 
pyometra

Infertility; irregular, 
moderately 
prolonged diestrus

Abortion may occur 
at acute febrile 
stage, later, or 
unassociated with 
illness in the cow

May be associated 
Low with 
septicemia

Abortion

-

Abortion; fetal 
anomalies, 
particularly 
cerebellar 
hypoplasia; early 
embryonic death

Abortion

High, up to 
90% in 
susceptible 
individuals

Moderate, 5-
30%

Low, up to 5% 
(may be up to 
20%)

25-30%

Low

25-50%

Unknown, 6-
7% of all 
abortions 
encountered

Sporadic to 
high in 
susceptible 
herds

Unknown

6 months +

2-4 months

5-6 months

Late, 6 
months +

About 7 
months

Late, 6 
months

3-7 months

All stages

3 months +

Necrosis of 
cotyledons; 
leathery, opaque 
placenta with edema

Flocculent material 
and clear serous 
fluid in uterine 
exudate

Semiopaque, little 
thickening; 
petechiae, localized 
avascularity, and 
edema

Avascular placenta; 
atonic yellowbrown,  
cotyledons; brown, 
gelatinous edema 
between allantois 
and amnion

-

-

Necrosis of 
maternal cotyledon; 
adherence of 
necrotic material to 
chorionic cotyledon 
causes soft, yellow, 
cushion-like 
structure; small, 
yellow, raised, 
leathery lesions on 
intercotyledonary 
areas

Congenital 
anomalies, 
particularly of brain 
and eyes

No remarkable 
change

May have 
pneumonia

Fetal macera-
tion and pyo-
metra com-
mon

Flakes of pus 
on visceral 
peritoneum

Fetal death 
common

No abnormali-
ty

Autolyzed

May be small, 
raised, gray-
buff, soft le-
sions or dif-
fuse white 
areas on skin; 
resemble ring-
worm

Mummifica-
tion of fetus, 
Autofusion, 
Stillbirth, Calf 
nervous syn-
drome after 
birth

Culture of fetal stomach, 
placenta uterine fluid, 
milk, and semen

Hanging drop or culture 
examination of fetal 
stomach and uterine 
exudate within 24 hrs of 
abortion; cultures from 
bull

Culture of fetal stomach, 
placenta, and uterine 
exudate; culture of bull

Isolation from pleural 
fluid, kidney, and liver 
of fetus.  Direct 
examination of urine 
of.cow is best

Organisms in fetal 
stomach, placenta, and 
uterine fluid

Culture of placenta and 
fetus

Direct examination of 
cotyledon and fetal 
stomach for hyphae; 
suitable culturel 
examination

Fluorescent autobody in 
fetus; virus isolation

Difficult, 
Immunohistochemical 
examination
PCR

Serum and blood 
agglutination test, 
milk ring test, 
whole milk plate 
agglutination test; 
whey plate 
agglutination, 
semen plasma, 
and vaginal 
mucous 
agglutination test

Cervical mucous 
agglutination test

Blood 
agglutination after 
abortion (at 3 
weeks); cervical 
mucous 
agglutination test 
at 40days after 
infected service

Seroconversion in 
cow 14-21 days 
after febrile 
illness

Agglutination 
titers higher than 
1:400 in contact 
animals classed as 
positive

Acute and 
convalescent sera

-

Serum of calf for 
antibodies (before 
1st nursing)

Indirect 
fluorescent 
antibody 
technique
ELISA

Clinical
Features

Abortion
Rate

Time of
Abortion

PlacentaDisease Fetus Isolation
of Agent

Serology

Epidemiology Field Examination Laboratory Diagnosis

Alteted the original figure by Fetrow. (Herd health : food animal production medicine / O.M.Radostts, K.E.Leslie, J.Fetrow-2nd ed., 1994)



etc. As the cause of it, the deformity, nutrition disorder, inferiority of raising

environment, infection of pathogenic microorganisms, etc. are thought. 

Especially in the pregnancy period, pay full attention to the infection by contagious

pathogens and general bacteria. For its prevention, a vaccination is effective.

Reference 

・Radostits OM, Leslie KE, Fetrow J : Herd Health･Food Animal Production Medicine,

2nd ed, Philadelphia (1994)
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1. Natural mating technology in beef cattle

(1) The age of bulls, the its ratio versus the number of breeding female cattle and

mating period in natural mating.

In natural service, there are two systems. The first is to conduct a service by putting a

bull into a female herd for breeding and called as natural mating. The second is to

conduct a service by holding a female in heat and make a bull serve her in constraint

condition at a given lot and called as a putting-a female-to-a bull service. Natural service

does not require much labor and can expect a higher conception rate compared to the

putting-a female-to-a bull service. In this chapter, only natural mating is described.

The initial age of a young bull to be used for natural service (hereinafter referred to as

“natural mating”) can be possibly 13 months of age roughly. However, a young male of

this age is still at a growing stage, and using a young male as a bull from too early stage

can possibly hinder his own growth. Therefore, it is desirable to start using gradually a

young male as a bull from around 15 to 18 months of age. The appropriate size of a

female herd versus a bull, according to the age of a bull, is recognized appropriate to be

roughly 15-20 heads for a 2-years old bull, 30 heads for a 3-year old bull and 40-50 heads

for a 4-year old or older bull respectively. However, in case of the Japanese Shorthorn a

high conception rate has been observed in a single sire mating with a herd of 50-60 heads

or more. In addition, we can see the cases in natural mating that a small female can not

support bull’s weights and is obliged to sit down when a heavy bull mounted her or

inversely that a small bull can not mount a female and fail to serve her. Thus, grouping

females for natural mating needs to be considered properly. The period of natural mating

is usually for 2 to 3 months. However, if a bull is used for natural mating for the first

time, mating period should be only for about one month and reused after having

recovered his physical strength. This meticulous consideration for a health management

of a bull is required.

In case of natural mating, putting two bulls in one female breeding herd increases a

conception rate, however this should be avoided because determining pedigree of

offspring becomes difficult.   

Also, if the area of grazing pastures for natural mating is too big, the amount of bull’s

physical movement becomes larger and an exhaustion of his physical strength becomes
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Reference

The Reference Table 1  Reproduction Results by Natural Mating

Japanese Shorthorn
Japanese Black
Hereford

Initial age in months
55 / 74 (74.3)
31 / 50 (62.0)
10 / 36 (27.8)

Conception rate（％）
394 / 423 (92.9)
239 / 399 (79.9)
215 / 244 (88.1)

Conception rate（％）
14.2 ± 0.4
14.1 ± 0.4
13.9 ± 0.6

2-year old 3-year old
Breed

(Resource) Tanifuji et al. (1979)



fiercer as the age of a bull is younger. And this causes many problems including the

decreased conception rate and shortening bull’s year period for use.

In addition, as shown on the reference table 1, the conception rates can be expected to

be 60-70% for 2 year-old bulls including the firstly-used young, 80 to 90% or over for 3

year-old or older bulls.

(2) Advantage and disadvantage of natural mating

The advantage of natural mating (NM) over artificial insemination (AI) is that NM

does not require examination of heat in females and can expect higher conception rates

with saving labor. This labor-saving effect in reproduction is great. However, NM has also

the following disadvantages. 

1) Facilities and managing labors are required in raising bulls in non-breeding period.

2) In addition, it is difficult to conduct mating with taking females’ pedigrees into a

consideration , because mating of many females is set with a bull 

3) In case of a bull infected with diseases, there is a risk for him to pass diseases on to

many females.    

4) When a blood pedigree registration is carried out in a herd, there is a risk that an

identification of service day, required for the registration, is difficult and so on. 

However, since there is an additional merit that the conception rates of females, which

are not easy to get pregnant by AI, can be improved by natural mating, it is necessary to

decide whether natural mating should be used comprehensively in individual feeding

environments.

(3) Feeding management and health measures for bulls in natural mating 

Stating a bull management in the pastures, accidents such as falling down tend to

occur more easily, because frequent mounting behaviors are taken. To this end, if

possible, it is a prerequisite to select less undulate flat grazing land as a breeding place.

Besides, it is vital to put a breeding herd under daily observation.   

When a bull is used in natural mating for the first time, if grazing land is big, the

amount of bull’s movement becomes bigger and an exhaustion in bull’s physical

strength gets severer. And this hinders the growth of a bull himself. Thus,  attentions

must be paid to divide the grazing land into many small plots with an electric pasture

fence and to start natural mating from the smaller number of females. Especially, when

putting a bull into a breeding herd on pastures before a full scale grazing, it is vital to

accustom him to the grazing. Usually, this accustomation is started from roughly 2 to 3

hours’ exercise a day on the grazing land or in a paddock, and daily grazing hours are

gradually extended. And this accustomation continues over 1-2 weeks.

The important points to be bore in mind are to take measures against grazing diseases

as well as to secure the amount of feed (grazing grasses) and set up resting and watering

facilities. The major diseases are Japanese theileriosis, hypomagnesaemia, foot rot,

influenza, bloat and pink eye. Of them, hoof diseases such as foot rot, skin diseases and
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eye diseases such as pink eye rarely kill cattle. However, since Japanese theileriosis,

hypomagnesaemia, influenza of respiratory disease, bloat of digestive diseases and so on

incline to kill or scrap cattle, it needs to pay a special attention to these diseases.

The following preventive measures have been taken in animal health. 

Since Japanese theileriosis is transmitted by ticks, dust bags are set up, or putting

insecticides on the cattle body or spraying for tick control are practiced once a month

during the grazing season (especially at the beginning of grazing this interval should be

10-20 days. Also, as blood-suckling insects such as gadflies and buffalo flies transmit

diseases such as leukemia, preventive measures including setting up an equipment

catching insects, such as a gadfly trap, or applying insecticide-impregnated ear tags are

carried out. In addition to these, an attention needs to be paid to heat stroke, sunstroke,

bracken poisoning and so on. Please see the reference table 2. 

Also, a bull used for 2 to 3 months for natural mating in the grazing land loses about 50

to 100 kg, but this weight loss varies with the conditions such as the number of females

and the size of the grazing land. It is said that maximum weight loss occurs at around 20

days after the start of natural mating. Thus, it is valuable to watch a herd at regular

interval and to take measures to provide him for feeds and resting according to necessity.

In addition, after the termination of natural mating, for restoring bull’s body strength

enough before the next use, enough nutritional management including providing protein-

rich feeds needs to be given to the bull.

Reference

・佐藤匡美、松本英人：　山地畜産技術マニュアル　第１編　山地畜産の基本と共通事項

（p152－170）、 農林水産省・農林水産技術会議事務局、東京（1984）
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The Reference Table 2  Situation of Disease Incidence of Grazing Cattle  at Publicly-used Farm

Piroplasmosis
Respiratory disease
Digestive disease
Injury and accident
Toxicosis etc.
Heatstroke and sunstroke
Articular
Reproductive difficulties
Mastitis
Parasitosis
Hoof disease
Eye disease
Shin disease
Total number of grazing cattle

7.49 － 11.77
2.53 － 5.20
1.40 － 2.57
0.69 － 1.09
0.32 － 0.98
0.02 － 0.14
0.06 － 0.25
0.58 － 1.49
0.35 － 0.53
1.87 － 2.58
4.93 － 5.64
6.83 － 9.88
0.46 － 3.54

Rate of incidence
0.33 － 0.42
0.26 － 0.56
0.12 － 0.27
0.12 － 0.19
0.11 － 0.17
0.00 － 0.06
0.01 － 0.04
0.03 － 0.11
0.01 － 0.18
0.00 － 0.02
0.01 － 0.02
0.00 － 0.02
0.00

MortalityName of diseases

(Resource) Matsumoto (1980)
(Remarks) Figures are the minimum and the maximum in rates of disease

incidence and mortality from 1975 to 1978. These figures are the
means among 32 farms and differences among farms are big.

9,837 － 13,180



・堀江菫久　：　日本短角種　(p62－66)、（社）日本短角種登録協会、青森（1980）

2. Reproduction physiology of Zebu cattle and water buffaloes

(1) Reproduction physiology of Zebu cattle 

① Puberty and initial age (in month) for breeding

Tropical cattle (Zebu: Bos indicus) having a large hump and being originated from

tropical areas are late maturing and inferior in early maturing compared with the

temperate cattle (Bos taurus) such as Angus and Herefordoriginated from temperate

areas. This is clearly shown in the Reference Table 3 describing day-age and weight at

puberty in major cattle breeds.

Age and weight at puberty of Angus and Hereford breeds of temperate cattle are 16.2

months of age, 282 ±5.5kg, and 18.8 months of age and 313±10.9kg, respectively in the

tropics. Whereas, those of Brahman and Nelore x Brahman crossbreds (considered as

pure Zebu), as demonstrated in the Reference Table 3, are 20.4 months of age, 368kg,

24.3 months of age and 336kg, respectively. Thus, it can be understood that Zebu cattle

become older and heavier at the time of reaching puberty compared to temperate breeds.

In order to complement this defect of Zebus, recently crossbreeding between temperate
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The Reference Table 3  Day Age and weight at Puberty in Female Cattle

１．Ordinary Temperate Cattle
Angus（☆）
Japanese Black

Jersey
Charolais
Brown Swiss
Hereford（☆）
Holstein Friesian
Red Poll

２．Temperate Cattle Having Tropical Adaptation
Senepol
Romosinuano

３．Crossbreds between Temperate Cattle Having Tropical Adaptation and Ordinary Temperate Cattle
Senepol x Angus
Senepol x Hereford
Tuli x Angus

４．Crossbreds between Temperate Cattle and Zebu Cattle
Brahman x Angus
Brahman x European Breeds
Brangus

５．Zebu Cattle
Brahman
Nelore x Brahman

No.

282±5.5

167±11
317.5

296.9±7.2
313±10.9
223±7
276.0±6.2

349±8.8
272±13.6

329±9.3
298±15.7
306±8.8

344±9.3

368±6.8
336±10.8

Weight(kg)

C.C. Chase et al.(1991)
Tottori Breeding
Station (Japan)
T.S. Stewart et al(1980)
Bellow et al. (1968)
K.E. Gregory(1978)
C.C. Chase et al.(1991)
T.S. Stewart et al(1980)
K.E. Gregory(1978)

C.C. Chase et al.(1993)
C.C. Chase et al.(1993)

C.C. Chase et al.(1993)
C.C. Chase et al.(1991)
C.C. Chase et al.(1993)

C.C. Chase et al.(1993)
Reynolds(1967)
Reynolds(1967)

C.C. Chase et al.(1993)
C.C. Chase et al.(1991)

Authors

39

10

21
9

19
6
21

19
68
114

35
11

Day Age
(Month Age)

Breed

(16.2±0.57)
(11.2)

387±19(12.9)
370(12.3)

324.1±11.2（10.8）
（18.8±1.13）
361±13(12.0)
346.0±9.7（11.5）

(16.3±0.53)
(14.6±0.81)

(15.9±0.55)
(15.6±1.63)
(15.8±0.53)

(15.9±0.55)
438(14.4)
528(17.4)

(20.4±0.41)
(24.3±1.12)

Puberty



breeds having tropical adaptation and ordinary temperate breeds (Senepol x Angus,

Senepol x Hereford and Tuli x Angus), are promoted, as well as crossbreeding between

ordinary temperate breeds and Zebu cattle (Brahman x Angus, Brahman x European

breeds) or creating new synthesized breeds such as the Brangus through crossbreeding.

In addition, Angus and Hereford of the temperate breeds show stagnation in growth

with the influence of heat, seasonal fluctuation of feed situation, parasites and diseases

in the tropics. And, it seems that the influence of tropical condition on the occurrence of

puberty in Angus and Hereford will create 4-5 months delay. 

Other two data describing that the tropical cattle are late in puberty development

compared with the temperate cattle are shown in the Reference Table 4, used in

Queensland in Australia and showing the initial mating weight, and in the Reference

Table 5 demonstrating age at the first calving.

Age at first calving is influenced by puberty, gestation length and conception rate.

Considering the differences of gestation length and conception rate between the

temperate cattle, and Brahman and Nelore, it is obvious that the occurrence of puberty in

tropical cattle is extremely late. In addition, in this case, differences in gestation length

are 5 to 10 days and those in conception rate are small.

② Conception rate

It has been pointed out that estrus of Zebu cattle is weak compared with the temperate

cattle and tends to be missed in daily heat detection. However there seems to be no

difference in easiness for getting pregnant in comparison with the temperate cattle.

③ Gestation length 

Gestation lengths of temperate and tropical cattle, reported by overseas researchers,

are shown in the Reference Table 6. Brahman and Nelore (including Guzerat and Gir

breeds) of typical tropical cattle have a longer gestation length compared with Angus and

Hereford which represent temperate breeds and are also raised in the tropics. They are
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The Reference Table 4  The weight at initial mating

The Reference Table 5  Age in Months at First Calving

Hereford
Brahman
Brahman

260～280
330～350
320

Weight（kg）
Queensland, Australia

RegionBreed

Brahman
Nelore
Guzerat ｘ Nelore
Red Angus x Nelore
Marchigiana x Nelore

90
44
52
28

No.

J.C. Eversbusch Grauert（1978）
D. Peroto et al.
D. Peroto et al.
D. Peroto et al.
D. Peroto et al.

AuthorsBreed Age in months at First
Calving

（45.9）
1,424±20（46.8）
1,322±27（44.1）
1,024±26（33.7）
1,154±35（38.0）



291-293 days and 287 days, respectively.  

④ Recurrence days of estrus after parturition and calving interval

i. Recurrence day of estrus after parturition

Overseas results concerning recurrence days of oestrus after parturition, which having

an influence on calving interval, are as in the Reference Table 7. Recurrence days of

oestrus after parturition in the tropical cattle are observed to be longer than those in the

temperate cattle.

ii. Calving interval

The calving intervals of Zebu cattle (Nelore and Gir) are demonstrated on the
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The Reference Table 6  Gestation Length of Temperate and Tropical Cattle

The Reference Table 7  Recurrence days of oestrus after parturition

１．Temperate Cattle
Angus
Ayrshire
Guernsey
Japanese Black
Charolais
Shorthorn
Simmental
Japanese Shorthorn
Hereford
Brown Swiss
Holstein Friesian

２．Temperate Cattle Having Tropical Adaptation
Africander

３．Zebus and Zebu Crossbreds
Brahman
Brangus
Nelore
Nelore and Guzerat
Nelore, Gir and Guzerat
African Zebu Breeds
Ethiopian Zebu Breeds

C.C. Chase et al.（1993）
H. Slama et al.（1976）
H. Slama et al.（1976）
Tokachi Breeding Station （Japan）
T.C. Leal et al.（1978）
Ｗ.Ｄ. Foote et al.
C. Gaillard et al.（1974）
Tokachi Breeding Station （Japan）
J.A. Sagebiel（1968）
C. Gaillard et al.（1974）
H. Slama et al.（1976）

Van Graan and Joubert（1961）

C.C. Chase et al.（1991）
W. L. Reynolds（1967）
Veiga et al.（1946）
Haines（1961）
Briquet and DeAbreu（1949）
Hutchinson and Macfariane（1958）
Mukasa-Mugerwa and Tegegne（1989）

Authors
Gestation length
（days）

Breed

283±1.3
277.5
285.1
286.4
284.1
275.9
287.8
283.8
286
288.9
278.2

295.0

287±1.1
286.0
291.4
292.9
292.0
282.7
283.0

Hereford
Angus
Brangus
Brahman
Nelore
Gir
Caracu

－
－
－
－
34
19
18

No.

Warnick（1955）
Warnick（1955）, Reynolds（1967）
Reynolds（1967）
Reynolds（1967）
C. F. Meirelles et al.
C. F. Meirelles et al.
C. F. Meirelles et al.

AuthorsBreed Recurrence days 
of estrus

59
63
74
79

70.2（2.3）
90.7（3.0）
81.2（2.7）

(Remarks) Figure in the parenthesis shous the number of months.



Reference Table 8. They have a big variation but range within almost 15  to 21 months

and are longer than those of the temperate cattle.

⑤ Improvement measures of fertility from animal nutrition aspect

i. Effect of poor nutrition on fertility in cattle

Usually, as pasture production deteriorates in both quality and quantity in dry season,

it needs commonly to do supplemental feeding. In this sense, the decline in quality means

a decrease in crude protein content and an increase in fiber content, and a fall in

digestibility of dry matter.

However, since feeding with high-protein feed usually becomes expensive for the

purpose of compensating for shortage of protein in dry season, cattle tends to be fed on a

low-protein diet and consequently a big body weight loss occurs in breeding females and

finally this causes a poor fertility problem.

This big reduction in body weight is brought about by decreased voluntary feed intake,

which is caused by low protein intake, and cattle can not eat enough feed to meet

necessary nutrients in consequence.     

If breeding females are in a lactation status requiring the highest nutrition in dry

season having a poor feed situation, it will cause severe deterioration in cattle nutrition

and generate a critical adverse situation on the reproduction aspect.

From research works in the USA, the following findings have been reported;

・Lactating cows have a lower conception rate than dry females (the Reference Table

9).

・Females with a poor body condition have a lower conception rate than that of females

with a better condition (the Reference Table 10).

・Large framed females have a lower conception rate than those of small and medium

framed females (the Reference Table 11).

These results clearly indicate that nutrition have a big impact on fertility in cattle. 

In addition, concerning the importance of protein supplementation for improving cattle

fertility, which was mentioned above, it has been reported in American research works

that the fertility can be improved by giving high-protein supplementary feed.
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The Reference Table 8  Breed Comparison of Calving Interval in Cattle

Charolais
Japanese Black
Japanese Shorthorn
Angus
Hereford
Caracu
Gir
Nelore
Nelore

68
271
376
501
522
35
42
48
90

No.

Tokachi Breeding Station(Japan）
Tokachi Breeding Station(Japan）
Tokachi Breeding Station(Japan）
Tokachi Breeding Station(Japan）
Tokachi Breeding Station(Japan）
C. F. Meirelles et al
C. F. Meirelles et al
C. F. Meirelles et al
D. Perotto

AuthorsBreed Average calving
interval

440.6±139.7（14.7）
413.9±126.1（13.8）
409.1±105.2（13.6）
444.7±148.5（14.8）
445.6±146.6（14.9）

601（19.8）
640（21.1）
468（15.3）

488±26（16.1）

Range of calving
interval (days)

346 － 1147
338 － 1526
322 － 1526

(Remarks) Figure in the parenthesis shous the number of months.



Besides, it has been clearly demonstrated from Australian research works that ifcrude

protein content in feed drops to 6.25% or less on DM base, nitrogen supply to

microorganisms in the rumen will be decreased, and this will reduce drastically the

number of microorganisms and their activity, and eventually largely-reduced feed intake

and feed digestibility will be brought about.

As mentioned above, major parts of poor fertility problem results from feed shortage,

especially protein deficiency. Thus, it can be easily understood that the nutritional

improvement in cattle through improved feeding is the most vital  from the view point of

maintaining and improving the fertility in breeding females.  

ii. Improvement measures of cattle nutrition for enhancing fertility

Usually in the tropics, it is crucial to shift breeding practice from an all-year-round

breeding to a seasonal breeding, which enables females to calve at the beginning of wet

season (breeding from the middle of December) with protein-rich green grasses growing

vigorously, in order to improve deteriorated nutrition in cows caused by suckling in dry
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The Reference Table 9  Effect of Age and Lactation Status on Calving Rate in Breeding Femal

The Reference Table 10  Effect of Body Condition Scour at the Beginning of Breeding Period on
Subsequent Fertility (extracted)

The Reference Table 11  Growth and Reproduction Traits by Parity among Small-, Medium- and
Large-framed Synthesized Crossbred Cows (extracted)

Cow age

79
65
83
94
73

50
78
76

Brahman－Angusa

2 year heifers
3 year heifers
3－4 year cows
5－10 year cows
＞10 year cows

58
73
63

75
63
80
82
77

Dry Lactating Dry Lactating

（Remarks）a 1,955 records b 570 records
（Resources）Wiltbank and Harvey（1963）

Africander－Angusb

Body condition
scour

5
12
41
9

3
4
5
6

52
73
86
96

11
17
48
9

（Remarks）Lower body condition scours indicate thinner body.
（Resources）Texas A & M University

Tested no. Conception rate Pregnant females

Trait

Conception Rate(%) 79.0
（Remarks）Frame size (body size) of small-framed (SF), Medium-framed (MF)

and large-framed (LF) represent frame scour 3.2, 4.2 and 5.1 for cows
respectively.

（Resources）Timothy A. Olson (Florida University)

First Parity Second Parity Third Parity
SF MF LF SF MF LF SF MF LF

76.0 67.3 85.0 78.1 70.7 80.8 66.1 68.7



season and subsequent poor fertility problem. 

However, if a cattle farmer is obliged to have female cattle calve in dry season, the

supplementation with high-protein feed should be needed to correct low protein content

in the diet. 

But, in most cases carbohydrate, or TDN is deficient in dry season and thus, it is

crucial to feed cattle with coarse and low quality feed such as rice straw, sugar-

cane bagasse, post-harvest soybean stover or standing hay. In dairy cattle raising, it is

vital to prepare pasture or corn silage and pasture hay in wet season. Usually, silage is

made in a plastic bag or a stack silo with plastic sheets. But, in case of Thailand, pure

legume silage and hay (not in a mixture of grasses and legumes) are also made

respectively. 

Since purchasing high-protein feed such as soybean cake or fish meal becomes

expensive in protein supplementation, it is recommendable to cultivate and utilize forage

crops such as grazing sorghum and oats from the latter half of wet season, as well as to

utilize legume pastures, leaves of legume fodder trees such as Leucaena and protein-rich

farm by-products such as chopped bean hulls and stover, soybean skin and broken

soybean. Legume pastures do not suddenly decrease protein content even after entering

into dry season and decline gradually.

In the area where Leucaena can grow well, setting up a small paddock of Leucaena at

the corner of pasture land, or strip cultivation and grazing of legume pastures such as

Glycine, Stylosanthes Hamata, Stylo CIAT 184 are effective measures. Usually this

paddock is called as a protein bank, because it is used with on-and-off grazing. 

In addition, soybean hulls contain 11% of crude protein and are surely an excellent

protein feed.

The strip cultivation and grazing system of legume pastures is used by a dairy farm in

Thailand and the good point of this system is that legume pastures can be maintained

well in the pasture land over long years. In other words, in the case that growth of

legume pastures get deteriorated due to overeating by cattle, it is easily possible to take

the following countermeasures: enclosing the strip by an electric pasture fence to promote

growth of legumes or reseeding.

In conclusion, nutrition of breeding females should be improved to enhance the fertility.

In case of beef cattle, it is vital that body condition score of breeding females should be

maintained at 5+ or higher.     

Reference

・21st Century Cattleman’s Survival Kit (by The Rissington Cattle Company)

・Olson TA : Reproductive efficiency of Cows of Different Sizes

・Preston, TR, Willis MB : Intensive Beef Production, (2nd ed.), PERGAMON PRESS, Oxford

(1974)

・Taylor GJ, Swanepoel FJC : Selection for Fertility in Cattle in Tropical and Sub-ropical

Environments, University of the Orange Free State, South Africa
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(2) Reproductive physiology of water buffaloes

① Seasonal reproduction of water buffaloes

It has been said that anestrus of water buffaloes is caused by anatomical, hereditary,

functional and nutritional conditions either singly or in combination.

The highest anestrus occurs during hot months and this characterizes water buffalos as

a seasonal breeding animal. Existence of small hard inactive ovaries is a usual

phenomenon.

This seasonal reproduction nature of water buffaloes is a serious factor affecting its

productivity and is caused by a silent heat and an anestrus. It is said that this is also

influenced by air temperature, humidity and hours of sunlight.

② Puberty and initial breeding age

Ages and weights at the first AI breeding of Bulgarian Murrah buffaloes (n=26 heads)

were 33 months old and 378 kg, respectively, in the Philippines. In addition to this,

Jainudeen (1983) states that puberty of Swamp females is 36 months of age with a

variation of 24-38 months. 

Generally, as water buffaloes are raised under a poor management and inferior feeding,

onset of their puberty is later compared with cattle. However, it has been reported

overseas that water buffaloes having good management and enough feeding reach

puberty at the similar age to cattle. To take a single example, it was reported that Swamp

buffaloes conceived at 16 months of age in the northern Australia and that a herd of

buffalo females at Punjab University in Ludiana, India, showed estrus at ages of less

than 18.5 months. In addition, Akexiev et al.(1987) reported that puberty of river

buffaloes is attained at 18-24 months of age. Moreover, A Venezuelan research work has

reported that water buffalo heifers were pregnant at 20-24 months of age and all calved

before the age of 38 months.

Next, regarding to reproduction use, there is an important indication in water

buffaloes, which is similar to that in cattle. That is from El Ashry and is that body weight

is more excellent indicator to show puberty than age, and researchers of Ain Shamus

University recommend to mate heifers at 365 kg regardless of their ages.

In addition to this, a quite interesting result was reported in trials in Queensland,

Austlaria and in Panua New Guinea that female buffaloes came into heat even while they

were loosing weight, whereas cattle did not do so. Under these stressful conditions buffalo

calves also reached sexual maturity earlier and the buffaloes had a higher calving

percentage and a shorter calving interval, because they came back into estrus more

quickly than cattle. The age at first calving of nutritionally poor buffaloes was 38 months

and 45 months for Brahman cross cattle. Similar observations have been made in Florida,

Trinidad, the Brazilian Amazon, Venezuela, and elsewhere. However, this point is

exceptional in Asia, and water buffaloes appear to has a slow reproduction compared with

cattle. 

③ Occurrence of estrus 

According to overseas literatures, “frequent urination is the most reliable symptom 
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of estrus. The animals urinate small quantities every 4-6 min. Mucus vaginal discharge

in quietly sitting animals can also be observed. Many buffaloes show clear or transparent

cervical mucus at the onset of estrus which becomes cloudy and turbid to dirty

translucent with the advancement of the estrus.” A combined use of various methods has

been suggested to be used for heat detection in buffaloes.

However, in water buffaloes there is a high emergence of silent heat showing few

external signs. Therefore, heat determination is difficult and this increases the chance of

missing confirming an estrus cycle at artificial insemination. The intensity of estrus

behavior in Egyptian and Indian buffaloes has been found to be weaker than that in

cows. Weak symptom of estrus observed daily during normal  breeding season, which is

October to February in Asia and India, becomes much weaker in hot summer months. It

has been said that the problem of heat detection becomes one of major constraints of

breeding program in Swamp buffaloes in Thailand. 

Thus, many females remain unserved due to a high incidence of heats showing few

external signs. Consequently it has been reported that 86 % of females showed silent

heats with few external signs in Egyptian buffaloes.

According to overseas literatures, the Swamp buffalos usually breed at night and

estrus signs were recorded between 6 pm and 6 am in Egyptian and Indian buffaloes.

Management method of mustering a buffalo breeding herd to a night corral has been

practiced to increase reproductive performance in the Philippines. However, it has been

reported that during monsoon season estrus often commences in the afternoon hours.

④ Estrus duration and cycle

i. Estrus duration

According to overseas literatures, estrus duration of buffaloes varies with breeds,

raising areas, nutritional conditions and season, and ranges from 11 to 72 h. Also, estrus

duration is reported to usually be slightly longer and more regular in aged buffaloes than

that in the young. Estrus duration of 24 h is adopted for a practical purpose.

Concerning estrus duration, 29 h on average in young Indian Murrah buffaloes, 24 h in

the Philippines, 12-36 h in Egypt, 24-36 h in Bulgaria and 19.5 h (with a range of 3 to 69

hours) in Pakistan have been reported. In addition, Kanai and Shimizu (1983) state the

figures to be 19.9±4.4 h.

ii. Estrus cycle

The estrus cycle of Swamp buffaloes has been reported to be 21 days with a range of 17

to 24 days by Jainudeen (1983), 21 days for River buffaloes by Akexievs and 21 days for

buffaloes by David J. Ligda.  

iii. Postpartum estrus 

Feeding environment and heat also have a significant influence on the occurrence of

postpartum estrus. According to overseas literatures, although postpartum estrus occurs

between 10 to 400 days after parturition, 30-60 days are considered to be an average

period of postpartum estrus. River buffaloes have been observed to come back into heat as

early as 40 days following calving in Punjab of India. In addition to this, it has been

－ 171 －



reported that postpartum estrus of Bulgarian Murrah buffalo females occurs earlier in

the Philippines, which is 22 days (125 heads), and that females were artificially

inseminated in 95 days (175 heads) following calving. 

⑤ Conception rate 

i. Conception rate  

Overseas researchers report that there is a big variation in conception rates in water

buffaloes. Most of research results are based on non return rates of inseminated

buffaloes. Rates of 50-60 % are the average for natural service and half of them are for AI

in most of cases. Conception rates of AI and natural mating in Bulgarian Murrah buffalo

females in the Philippines were 39.7% (179 heads) and 56.1% (57 heads), respectively.

Also, concerning a conception rate of Swamp buffaloes in Thailand, Chantaraprateep et

al. (1979) showed considerably good performance of 60Å]75%. In addition to this, B.

McGuirk et al. have reported that a conception rate of native Chinese Swamp buffaloes

was 72.7% and that of its crossbreds with Murrahs was 50.0%. In the light of these

results, conception rate of 70% level can be expected if strict heat detection, appropriate

feeding management incorporating nutritional aspect, and severe selection and culling in

reproduction side are carried out. 

According to David J. Liligda, “the color and consistency of cervical mucus have a

significant influence on the conception rates. When mucus changes from transparent to

turbid and the crystallization pattern is normal fern like, the conception rate is the

highest“. In other words, as this time becomes an optimum service time, it is thought

useful to decide an optimum service time with considering the character of cervical mucus

at the same time. 

Generally speaking, water buffaloes are though to be inferior to cattle in pregnancy

rates. However, the results overthrowing this idea have been reported; the conception

rate of water buffaloes was 81% and higher than that (70%) of Brahman crossbreds in

northern Australia, and similar figures were also recorded in Venezuela.

Next, the incidence of abortions, dystocia, retained placenta and other parturition

problems is said to be similar to that in cattle. Twinning is very rare and probably no

more than 0.01% of pregnancies produce twins. However, a poor management and an

insufficient feeding in raising buffaloes cause high mortality rates of early-stage embryos

and calves. It is pointed out that this also contributes to a poor reproduction performance

in water buffaloes. 

ii. Period between calving and subsequent pregnancy

According to David J. Ligda, a period between calving and subsequent pregnancy is

100-150 days and longer than that in cattle.

⑥ Gestation length

Embryo development is affected by many factors such as buffalo breed, type, parity,

season, nutritional condition, sex of calf and geographical location. Gestation length of

buffaloes has a wide variation and longer by one month than that in cattle. That is said to

be 330-334 days (310 days on average) or 10 months and 10 days. Buffaloes’ gestation
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length differs by the breed; 300-315 days for River buffaloes and 320-340 days for Swamp

buffaloes. Also, average gestation length of Bulgarian Murrah buffalos in the Philippines

has been reported to be 308 days (with 24 heads). Moreover, Jainudeen (1983) stated that

Swamp buffalo females have 330 days of gestation length (with a range of 320-350 days),

and Akexiev et al. (1987) showed that that of River buffaloes is 312 days. Furthermore,

Le Viet Ly reported that gestation lengths of native buffaloes, Murrah buffaloes and

crossbreds (native x Murrah buffaloes) are 312, 312, 317 days, respectively.

⑦ Age (month) at first calving 

According to research works at Ain Shams University in Egypt, age at first calving in

Egyptian water buffaloes is 27.7 months old, whereas a water buffalo herd at Punjab

Agricultural University has been reported to be 35 months old for the age at first calving.

In addition, Jainudeen (1983) has stated that age at first calving of Swamp buffaloes is

47 months old, ranging from 39 to 56 months old and Akexiev et al. (1987) have reported

that 38 months old for River buffaloes. Moreover, Le Viet Ly have reported that those of

native buffaloes, Murrah buffaloes and crossbreds (native x Murrah ) are 51.0, 48.0 and

48,0 months old, respectively, in Vietnam. Furthermore, A. Batoyal reported that age at

first calving of Surti, Murrah, Nili-Ravi and Nili-Rati buffaloes are 1,733, 1,353±47 and

1,395±32 days old, respectively, in India. Like this, there is a big variation among these

reported results in age at first calving and this is considered to have been caused by

differences in nutritional side at feeding.

⑧ Calving interval     

According to David J. Ligda, calving interval of River buffaloes is about 465 days   (a

range of 334-580 days) and that of Swamp buffaloes is 553 days (a range of 350-800 days)

on the average. In addition, Jainudeen (1983) has stated that calving interval of Swamp

females is 532 days (a range of 373-700 days), and Akexiev et al. (1987) have described

that that of River buffaloes is 436 days. Moreover, Le Viet Ly has reported that those of

native buffaloes, Murrah buffaloes and crossbreds (native x Murrah) are 589, 492 and

515 days, respectively, in Vietnam. Furthermore, A. Batoyal in India has shown that

calving interval of Surti, Murrah, Nili-Ravi and Nili-Rati buffaloes are 470, 480 and

637±21, 668±35 days, respectively.

Also, calving interval of Bulgarian Murrah females in the Philippines is 540 days (399

heads). Besides, those of 14-15 months have been reported in Egypt and Venezuela. In

addition, in Venezuela, average buffalo cows aged 4 years old or over produced 2 calves in

every 3 years, which means 18-month calving interval on average, in 800 buffalo cows

herd. It has been also estimated in an Indonesian survey that calf production in the most

farms was 3 to 5 calves in 5 years having a calving interval of 15 months. 

⑨ Reproduction difficulties 

According to David J. Ligda, oysts, persistent CL and encapsulation of ovaries have

been commonly observed in buffaloes. Tubular Genitalia and Salpingitis have been

reported to occur at higher rates in buffaloes than in cattle. Also cervicitis, metritis,

pyometra and vaginitis are commonly-observed reproductive diseases in water buffaloes.
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