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Figure 1. Distention of left para lumbar fossa. Figure 2. Tucked up udder.

Figure 3. Flesh coloured amphistomes of different stages.
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OBSTRUCTIVE UROLITHIASIS IN BUFFALO CALVES: ASTUDY ON PATTERN
OF OCCURRENCE, AETIOLOGY, AGE, CLINICAL SYMPTOMS
AND CONDITION OF BLADDER AND URETHRA

Malik Abu Rafee*, Mahendra Baghel, Sangeetha Palakkara and Suvarna Haridas

ABSTRACT

Obstructive urolithiasis is the retention of
urine subsequent to lodgement of calculi anywhere
in the urinary conduct. Male buffalo calves are most
frequently presented to the polyclinic, 1.V.R.I, with
the retention of urine in the peak winter due to the
decline in water intake and defciency of vitamin A.
Rupture of the urinary bladder or urethra, uraemia
and death are observed as the most common sequel
to obstructive urolithiasis especially in buffalo
calves. Though it has been found that calves below
the 6" month of age are most commonly affected, in
this study most reported cases were 3 and 4 months
old. Rupture of the bladder was found to occur after
the 3" day of retention of urine but it was also seen
before 3 day in those cases in which frusemide
was given by quacks. Buffalo calves with retention
of urine for 6 days or more are presented in the
fewest numbers due to the death caused by uraemia
after rupture of the bladder. Urethral rupture is the
worst sequel, occurring in those cases where the
calculi are lodged in the glans penis.

Keywords: urolithiasis, urethral obstruction,
calculi, buffalo calves, retention of urine

INTRODUCTION

Urolithiasis is defned as the formation
of urolith anywhere in the urinary system. It
is a common disease of ruminants caused by
the formation calculi in the urinary tract with
subsequent blockage to urine outfow consequently
leading to uraemia and death. Crystallized minerals
are primarily responsible for urinary tract blockage.
It appears to affect equally both sexes; however,
urinary blockage is an important problem only in
males because of the anatomical conformation of
their urinary tract (Larson, 1996; Radostits et al.,
2000).

Urinary calculi formation usually results
from a combination of physiologic, nutritional
and management factors. It is mainly attributed
to excessive or imbalanced intake of minerals
(Mclintosh, 1978; Larson, 1996; Radostits et al.,
2000). A calcium-phosphorus imbalance results
in high urinary phosphate excretion, which is
an important factor in the genesis of phosphate
calculi. Numerous additional factors like heavy
concentrate-low roughage diets, limited water
intake, deprivation of water or dehydration, urine
alkalinity, mineralized artesian water, alkaline
water supplies, excess of sodium bicarbonate in the
diet, vitamin imbalances e.g. hypo vitaminosis A
and hyper vitaminosis D and high-protein rations
have been incriminated as contributing causes

Division of Surgery, Indian Veterinary Research Institute (IVRI), 1zatnagar, Bareilly, Uttar Pradesh, India,
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for the development of calculi with resultant
obstructive urolithiasis (Radostits et al., 2000).
Affected animals may be depressed and lethargic,
grind their teeth, and show abdominal distension
and signs of pain (Van Saun, 1977). Rupture of
the urinary bladder is the most common sequel
to obstructive urolithiasis especially in buffalo
calves. While a discrete dorsal tear may sometimes
heal spontaneously, ventral tear requires surgical
intervention (Tyagi and Singh, 1993).

In India, urolithiasis has mostly been
reported in bullocks, goat, sheep and buffaloes
from different corners of the country (Tyagi and
Singh, 1993). Among bovines, buffalo calves had
a signifcantly higher occurrence of obstructive
urolithiasis than cow calves and adult buffaloes.
Predisposing factors like age, type of feed and
water, season, castration, etc have been identifed as
playing important roles in pathogenesis of disease.

MATERIALS AND METHODS

The present study was carried out on buffalo
calves presented with the history of retention of
urine to the polyclinic, Indian Veterinary Research
Institute, 1zatnagar, Bareilly, Uttar Pradesh, India
during December and January. In the histories of
the cases were noted down age, day of retention
of urine and castration. Whether the animal was
recumbent or not was also recorded. The animals
were classifed in two ways:

1. On the basis of age (in months) as; 0-2, 2-3,
3-4, 4-5, 5-6 and 6 and above months and

2. On the basis of day of retention of urine as;
1st, 20 3rd) 4t 5t 6™ and above.

All the animals were subjected to tube
cystostomy. On reaching the abdominal cavity
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through a small incision, it was observed whether
there was a uroperitonium (water belly) or no
uroperitonium (intact bladder). In case of a
uroperitonium, it was further observed whether it
was due to urine seepage through the bladder wall
or due to rupture of bladder (cystorrhexis). The part
of the bladder that was ruptured viz: neck, body or
vertex was also recorded.

STATISTICAL ANALYSIS

The data generated from the study was
expressed as percentages. Number of cases in
different age groups was expressed as percentage
with respect to total number of cases. Similarly,
number of recumbent cases and cases with
uroperitonium were expressed as percentage with
respect to total number of cases that were studied.
The cases presented in different days of retention
were also expressed as percentage with respect
to the total number of case. Cases with ruptured
urinary bladder or intact bladder were presented as
percentage with respect to the number of cases in
each group (as per day of retention). Cases having
urethral rupture were expressed as percentage with
respect to the number of cases with intact bladder.

RESULTS

The study was conducted during the months
of December and January, in which 47 cases of
obstructive urolithiasis were studied. Among 47
cases, no animal was found in the age group of
0-2 month whereas 17%, 34 %, 21.3%,14.9% and
12.8% cases were in the age groups of 2-3,3-4,4-5,
5-6 and 6 and above months, respectively. Only
8.5% cases were found recumbent when presented



to the polyclinic.

The percentages of cases in different
days of retention, ruptured bladder, intact bladder
and percentage of cases with urethral rupture are
presented in Table 1.

Among all the cases uroperitonium was
found in 63.8% cases. In 55.3%, cases the bladder
was found intact, whereas in the rest (44.7%
cases), the bladder was found ruptured. In 62%
cases the rupture was on the body whereas in 24%
cases the rupture was on the neck of the bladder
and 14% involved both neck and body. However,
no case with the rupture on the vertex was found.
In 19.14% cases prescrotal urethral rupture was
found, in which 66.7% were in those with intact
bladder. Those with urethral rupture had diffused
and extensive cellulitis in the area surrounding the
urethra.

DISCUSSION

During the months of December and
January (winter months), cases of retention of urine
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in buffalo calves are presented to the polyclinic in
greatest numbers (Singh et al., 2008). Decreased
water intake and defciency of vitamin-A arising
from lesser availability of green fodder during
winter could be the factors responsible for the
higher occurrence of urolithiasis in feedlot animals
(Radostits et al., 2000). Age-wise, young animals
were affected more frequently than adults (Singh
et al., 2008). Retention of urine was least (0%) in
the age group of 0-2 months and maximum (34%)
in the age group of 3-4 months and then showed
a decline above 4 months of age. This could be
attributed to change in diet from milk to concentrate
and changes brought about by weaning (Radostits
et al., 2000).

Very few buffalo calveswere reported onthe
1t day and 2" day of retention of urine; the highest
numbers were reported on 3" day of retention. After
the 3" day, the number of cases reported declined
again. Similar results were observed in the study
conducted by Singh et al. (2008) where in 39.66%
buffaloes calves were reported during frst 3 days,
whereas 43.10% animals were reported from 4-6
days of obstruction and only about 17.24% buffaloes

Tablel. Percentage of day wise retention of urine, percentage of cases with ruptured bladder, intact bladder

and urethral rupture.

. % of ruptured % of intact % of Urethral
Day of retention % of cases
bladder bladder rupture

1 8.5 0 100 0
2 17 12.5 87.5 28.6
3 25.5 41.7 58.3 14.3

4 14.9 714 28.6 50

5 12.7 33.3 66.7 20
6 6.4 66.7 33.3 100
Above 6 14.9 85.7 14.3 200*
Total 100 44.7 55.3 34.6
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were reported after 6 days of obstruction. Delayed
appearance and vague signs of discomfort during
the early days of retention in buffalo calves and
the involvement of quacks in the treatment could
be the possible reasons for delay in bringing them
for treatment to polyclinics. On third day affected
calves become depressed and lethargic, grind their
teeth, and show abdominal distension etc. Very
few cases are reported after 6 and above days of
retention (up to 10 days in our study). It may be
due to the death of the animals after 6 days due to
uraemia. Death of the animals due to uraemia may
also be the possible reason for few recumbent cases
being presented to the clinic.

Rupture of the bladder on third or fourth
day may be due to continuous formation of urine
and its accumulation and detention of the bladder
subsequent to urethral obstruction. The increasing
pressure and distension causes stretching of bladder
wall resulting in infammation, pressure ischemia,
devitalization, thinning, trabeculae formation,
herniation of mucosa through the musculature of
the urinary bladder leading to seepage and fnally
rupture, voiding whole of the stagnated urine into
the peritoneal cavity resulting in uroperitonium
and peritonitis. The rupture occurs mostly on the
body, that too on the dorsal aspect which may be
due to the support given to the ventral aspect of
the bladder by the ventral wall of abdomen. But
ruptured bladders were also found on the 2" day of
retention that may be due to the common practice
of administration of frusemide by local quacks
resulting in increased urine formation (Adams,
1995). However relatively few cases of ruptured
bladder were found after the 4™ day of retention;
this may be due to the spontaneous healing of small
ruptures on the wall of bladder, and this is supported
by the Fnding that uroperitonium was found on the
5™ day onwards without any palpable rupture in the
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bladder.

Rupture of urethra was also observed
as one of the most serious sequels to urethral
obstruction. It causes diffuse cellulitis thereby
causing diffculty in performing tube cystostomy
and also delayed recovery after operation. Urethral
rupture was observed mostly in those cases in which
bladder was found intact except a few cases (* in
Table 1.) where both bladder and urethra was found
ruptured. The urethral rupture was always found
prescrotal indicating obstruction of penile urethra
in glans penis (Tyagi and Singh, 1993). Singh et
al. (2008) reported that the greater frequency of
urethra rupture in buffaloes could probably be
due to the greater number of cases with complete
obstruction and the relatively younger age of the
affected animals.
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AN UNUSUAL CASE OF HYDRAMNIOS IN A BUFFALO

S.P.S Ghuman*, M. Honparkhe and V.K. Gandotra

ABSTRACT

In a full term pregnant buffalo, hydramnios
was clinically evident as the recumbent animal
was under severe stress due to excessive bilateral
palpation
revealed a taut uterus (bulged, tense and inelastic)
with inaccessible fetus and placentomes.
Subsequent to induced dilatation,
~200 L of amniotic fuid was removed and a fully
developed calf without any gross abnormality was
delivered. All these observations are atypical for a
case of hydramnios.

abdominal distension. Transrectal

cervical

Keywords: amniotic fuid, buffalo, congenital
defect, hydramnios, vaginal delivery

INTRODUCTION

Bovine placental hydropic conditions
viz., hydrallantois and hydramnios are estimated
to occur in 1 out of 7500 pregnancies (Jackson,
1995). Moreover, in this species, the incidence of
hydramnios is 9 to 15 times less than hydrallantois
(Jackson, 1995 and Drost, 2007). Normally,
amniotic Fuid is secreted by the fetal salivary
glands, lungs, skin and associated structures, and
the volume is regulated through swallowing by the
fetus (Zdunczyk and Grunert, 1999). Hydramnios

is primarily the result of fetal anomalies, whereas
the placenta is normal, and is characterized by the
gradual accumulation of amniotic fuid during the
last half of pregnancy (Drost, 2007). Excessive
accumulation of amniotic fuid can go up to
~25 L (normal volume of amniotic fuid near term is
3-5 L; Arthur, 1969). Moreover, a case of
hydramnios is usually not of clinical importance
for the dam; however, here we report an unusual
case of hydramnios in a buffalo.

CASE HISTORY AND OBSERVATIONS

A multiparous full term pregnant Murrah
buffalo was brought to the university veterinary
hospital with the history of severe straining for the
last 48 h but no water bags had appeared. About
24 h back, a Ffeld veterinarian has administered
(i.m.) cloprostenol (a prostaglandin F, analogue)
as well as dexamethasone. Subsequent to
prolonged straining, the dam appeared to have
become exhausted and was recumbent at the time
of presentation. Appreciable bilateral distension
of the abdomen was causing serious strain, thus
respiration rate was greatly hampered, appetite was
reduced and there was loss of condition. Vaginal
examination revealed closed cervix of normal
palpable texture. Transrectal palpation suggested a
taut uterus (bulged, tense and inelastic) which was

Department of Veterinary Gynaecology and Obstetrics, College of \Veterinary Science, Guru Angad Dev
Veterinary and Animal Sciences University, Ludhiana, Punjab, India, *E-mail: ghuman_s@yahoo.co.in
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not manually depressed.In addition, fetal parts and
placentomes were not accessible. These transrectal
Tfndings were suggestive of fetal death followed
by development of severe edema of uterine wall.
Actually, in full term pregnant bovines, rectally
diagnosed elasticity of the uterus is known as the
most reliable indicator for the survival of the dam
(Schonfelder et al., 2003). Therefore, looking into
the overall condition of the dam as well as the
transrectal observations, the prognosis of the dam
for survival appeared guarded. Caesarean section
was the only option for the delivery of calf but it
was thought that dam may not be able bear the
surgery.

TREATMENT AND DISCUSION

Decisionwastakentogoforanon-hormonal
approach of cervical dilatation (Honparkhe et al.,
2009). Cervical massage was carried out twice, 15
minutes each, at hourly interval with warm sodium
carboxy methyl cellulose (SCMC; Carmellose-
Na 1%, WDT, Garbsen, Germany) gel. Within 3
h, the cervix was completely relaxed. Fetal fuid
bags palpable at the pelvic inlet were intentionally
ruptured. To the surprise of obstetricians, ~200L
of amniotic fuid came out of uterus followed
by the assisted delivery of a fully developed calf
which survived only for an hour. A thorough look
at the physical characteristics of the calf revealed
no gross deformity. The placenta was retained;
therefore appropriate ecbolics were given through
intrauterine route along with intravenous electrolyte
therapy. The next day, buffalo was discharged with
routine prescription of antibiotics and supportive
therapy.

Although occurrence of hydrallantois is
reported in buffaloes (Srinivas and Sreenu, 2006),
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a report of a hydramnios case in buffaloes is not
traceable . Inausual case of hydramnios, the fndings
will suggest that: a) dam is clinically unaffected,
b) occurrence of peripartal complications is
uncommon, ¢) transrectal examination will reveal
an enlarged uterus with retained elasticity, and the
fetus and placentomes will be palpable, d) there
will be accumulation of 20-30 L amniotic fuid
which is not evident until spontaneous calving,
e) a small, defective and nonviable calf will be
delivered at the expected time of calving and f)
the prognosis of dam is good for life (Arthur, 1969
and Drost, 2007). On contrary, in the observed case
of hydramnios, a) the dam was under severe pain
due to excessive abdominal distension and was
recumbent, b) transrectal palpation suggested a
taut uterus and the fetus as well as the placentomes
were not palpable, c¢) presence of ~200 L amniotic
Tuid was recorded subsequent to induced calving,
and d) a fully developed calf without any gross
abnormality was delivered with minor assistance.
All these observations recommended the present
case as an unusual hydramnios.

In fact, the external and transrectal
observations recorded here were suggestive
for hydrallantois in which the volume of fetal
fuid may go up to 273 L (Noakes et al., 2001).
However, looking into the gross characteristics of
fetal fuid, it was clearly evident that the case was
of hydramnios. During the last third of pregnancy
period, both amniotic and allantoic Fuids differ
substantially from each other (Wintour et al., 1986).
Usually, allantoic fuid is watery, clear and amber-
colored transudate similar to fetal urine, whereas
amniotic fuid is an exquisite lubricant which has
mucoidal, viscid and syrupy consistency (Jackson,
1995 and Drost, 2007).

Hydramnios is a congenital defect due
to recessive gene (Leipold and Dennis, 1980).



This condition is usually associated with certain
cranial abnormalities of the fetus especially
cleft palate which lead to impaired swallowing,
causing amniotic fuid to accumulate as pregnancy
progresses (Jackson, 1995). However, in the present
case, no such gross abnormality was evident in the
calf delivered. In fact, hydramnios may also occur
subsequent to other coincidental abnormalities
such as atresia of esophagus, pituitary hypoplasia,
and anencephaly in which cerebrospinal fuid
accumulates leading to impaired swallowing
(Jackson, 1995). Moreover, fetal adrenal
insuffciency due to renal dysgenesis or agenesis
is associated with hydramnios implying a lack of
hormones from this gland in the development of
hydramnios (Wintour et al., 1986). Evidence exists
that permeability of fetal membranes to various
solutes, as well as their capacity to produce and
respond to a number of hormones, can affect the
fetal fuid composition and/or volume. Progesterone
and estrogen are some of the hormones known to
affect fetal Fuids (Wintour et al., 1986).
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BILATERAL FOLLICULAR CYST IN BUFFALO: A CASE STUDY

Umair Igbal

ABSTRACT

The objective of the study is to
document a case of bilateral follicular cyst in
a rural buffalo along with the description of
ovarian biometry. The ovarian size, weight and
fuid volume were very much higher than inthe
normal cyclic buffalo ovary. Both of the ovaries
evinced follicular cyst criteria. The right ovary had
acyst with alength of 5cm inthe right ovary
and 2.5cm in the left of ovary with accessary
follicle. The cystic fuid was light yellow in color
with a little viscosity. Such case was reported once
after palpation of 5000 tracts of the buffaloes.

Keywords: buffalo, ovary, bilateral follicular cyst

INTRODUCTION

The domestic water buffalo has a
tremendous role in the agriculture economy
particularly in Asia as a source of meat,
milk and draught purpose (Peerera et al., 2011).
Reproductive disorders are one of the  factors
reducing the milk production and production
potential. Ovarian problems are one of the most
important causes of infertility in buffaloes
(Das and Khan, 2010). Follicular cysts are the
structures of 2.5cm or more that persist in the

absence of corpus luteum for more than 10 days
(Coleman, 2008) and that interfere the normal
ovarian cyclicity (Halter, 2003). Normally the
presence of acyst may be unilateral or bilateral,
but mostly unilateral with the involvement of
right ovary mostly (Azawi, 2008). There is
currently no remarkable data available regarding
the biometry of Dbilateral follicular cyst in
buffaloes except India. It is very much evident
in cows which results in the nymphomaniac
condition but less evident in buffaloes (Peerera,
2011). Therefore a case study was conducted in
order to investigate the parameters of bilateral
follicular cyst.

MATERIAL AND METHODS

There came to me a strange case when
undergoing antimortem examination and live
animal rectal palpation, all was normal except
the ovaries, which were found to be enlarged
in size. This animal was separated and considered
for further detailed study. Upon calling for the
history about the behavior and reproductive
cycle of the animal, the owner told me that this
animal did not have a regular reproductive cycle
as compare to those which were considered as
cyclic animals but rather showed nymphomaniac
behavior so multiple inseminations did not lead
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Figure 2. Close up view of the right ovary almost 5 cm.

Figure 3. Close up view of the left ovary almost 2.5 cm.
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EFFECT OF AGE AND LACATION ON MILK FATTY ACID PROFILE
IN DAIRY BUFFFALOES

Muhammad Subhan Qureshit*, Anila Mushtag?, Shaista Jan! and Inyat-ur-Rahman?

ABSTRACT

Milk quality has been an issue of public
health concern, and changes occur in milk
composition with the changing physiological and
management states. An experiment was conducted
to investigate changes in milk yield and fatty acid
profle with advancing age and lactation stage in
dairy buffaloes. A total of 12 multiparous lactating
dairy buffaloes were divided into two groups:
younger (1-4 lactation number) and mature (8-
10 lactation number) having six animals in each
one, which were further subdivided into early (1-3
months) and late (7-10 months) lactation stage.
All the buffaloes were stall fed, had access to
green fodders ad libitum and received concentrate
mixture at the rate of 1 kg/2 lit of milk production.
The experiment continued for six weeks starting
from November until mid December 2009. Milk
samples were collected weekly for analysis of the
fatty acid profle. Saturated FAs (SFAs) had the
highest concentration out of the total milk fatty
acids and averaged about 70.41 g/100 g ranging
from 64.96 to 78.83 g/100 g. The concentrations of
C14:1,C16:1and C18:3 were signifcantly (P<0.05)
higher in younger buffaloes while C18:1cis,
Medium chain fatty acids (MCFA) and long chain
fatty acids (LCFA) were higher in older ones

(P<0.05). The ratio of A9 desaturase activity was
signifcantly (P<0.05) higher in younger animals
(0.11) compared to older (0.07) while it was not
affected by lactation stage. It was concluded that
the milk fatty acid quality was better in younger
animals at early lactation.

Keywords: lactation stage, unsaturated fatty acids,
desaturase activity, buffaloes, milk

INTRODUCTION

Buffaloes are the major dairy animals of
Pakistan with a population of about 29 million
head (Economic Survey, 2009) and securing them
thte second position in the world (Bilal et al.,
2008). Milk is as primordial as mankind itself, as
it is the substance created to feed the mammalian
infant. In Pakistan the demand for milk is
increasing day by day (Hussian et al., 2010) and
is mostly fulflled through buffalos’ production
(Economic Survey, 2009).

Bovine milk fat contains about 98%
triglycerides and the remaining 2% includes free
FAs, diglycerides, phospholipids, and traces of
fat soluble vitamins (Jenness, 1988). Milk fat
is most variable component and affected by
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various physiological and environmental factors
(Doreau et al., 1999; Lock and Shingfeld, 2004).
According to Grummer (1991), milk fatty acids
(FAs) of cows has 70% of saturated FAs (SFAS),
25% monounsaturated FAs (MUFAs) and 5%
is polyunsaturated fatty acids (PUFASs). The FA
with the highest concentration in milk is C16:0
and C18:1 9-cis (Collomb et al., 2002).

In bovine milk FAs the short chain FAs
(SCFA) and medium chain FAs (MCFAs) (4:0 to
14:0) synthesized within the mammary gland are
known as de novo FAs. Short and medium chain
FAs are about 45% of the total milk FAs, while
the remaining 55% is synthesized through dietary
and adipose tissues reserves (Moore and Christie,
1979).

The benefcial fatty acids to human
health includes CLA, C18:1trans and C18:2 and
C20:1 (Bauman, 2007). CLA is present in a very
small amount in the milk. But it has a very high
effectiveness and prevents cancer; itis also effective
against diabetes, good for growth and health and
supportive for the development of immune system
(Anwar and  Romziah, 2008). In dairy products
CLA (C18:2 9-cis, 11-trans) is most important
isomer, accounting for about 75-90% of the total
CLA in milk (Bauman et al., 1999), and has anti-
carcinogenic characteristics (Parodi, 1999).

Fats of animal origin increased risk of
cardiovascular diseases due to higher consumption
of SFAs (Bonanome and Grundy 1988;
Grummer, 1991). The three fatty acids lauric,
myristic and palmitic acids (C12:0, C14:0
and C16:0, respectively) are considered to be
hypercholesterolemic fatty acids (HCFA, Williams,
2000) leading to cardiovascular disease. The
proportion of HCFA in milk is almost 44% of the
total milk fatty acids. However, Clandinin et al.
(2000) stated that palmitic acid (C16:0) may not
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show harmful effects if the availability of C18:2
n—6 is fulflled; stearic acid (C18:0) is largely
neutral, while oleic, linoleic and a-linolenic acids
are considered cardioprotective (Djoussé et al.,
2001; Bemelmans, Brore and feskens, 2002).

The composition of milk FAs is dependent
on several factors, such as lactation stage, breed,
genetic variation, age, health and feed composition
(Murphy et al., 1995; Garnsworthy, Masson, Lock
and Mottram, 2006). Lactation stage is one of the
major factors infuencing milk production and
concentration of milk and its FAs in buffaloes. Milk
yield declined during the late lactation stage, but
there is an increase in milk FAs (Sekerden, 1999).
During mid or late lactation milk fat content did
increase with type of fat supplement provided to the
animal (Chilliard et al., 2003, 2007). Auldist et al.
(1998) stated that there is an increase in saturated
FAs with the advancement of lactation from early
to late (7.9 mg/g to 9.7 mg/g).

Very limited work has been carried out in
this part of the world to investigate the changes
in milk FA profles in relation to advancing age
and lactation. Therefore, the present study was
conducted in order to evaluate milk FA composition
with changes in physiological condition of
animals.

MATERIALS AND METHODS

An experiment was conducted at Military
Dairy Farm, Peshawar to investigate milk FA
composition at various physiological stages in
dairy buffaloes. Duration of the experiment was
six weeks starting from 1% November to mid of
December (2009). Milk samples were analyzed for
milk FA profle in the Molecular and Biochemical
Laboratory Institute of Animal Breeding and



Genetics of Khyber Pukhtunkhwa Agricultural
University Peshawar and Analytical Laboratory
of Pakistan Council for Scientifc and Industrial
Research (PCSIR).

Selection of animals and management

Inthe presentstudy 12 lactating multiparous
Nili-Ravi buffaloes of nearly same body weight
(450 to 550 kg) were selected from Military Dairy
Farm Peshawar. The animals were divided into
two groups: younger (1 to 4 lactation number) and
older (8 to 10 lactation number) having six animals
in each. Each group was further subdivided on the
basis of lactation stage into early (1 to 3 months
postpartum) and late (7 to 10 months postpartum)
with three animals in each subgroup.

The animals were kept under uniform
management conditions. All the buffaloes were
stall fed and had access to green fodders ad libitum
while concentrate mixture were provides at the rate
of 1 kg/2 L of milk production as recommended
by Ranjhan (1994) for lactating buffaloes under
tropical conditions. Drinking water was provided
from the adjacent tank two times daily.

Milk sampling and analysis

Evening milk samples (30 ml each) were
collected in bottles from all of the buffaloes at
weekly intervals. Milk samples were stored in a
freezer in at -20°C until analyzed.

Determination of milk FAs
Fat extraction

The milk fat separation method of Feng et
al. (2004) was performed. A 20 ml sample of milk
in a 50 ml conical plastic tube was centrifuged
for 30 minutes at 12,000 rpm on 4°C. A portion
(1.0 g) of the fat cake layer was transferred to
1.5 ml micro-tube and left at room temperature
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for approximately 20 minutes until the fat cake
melted. Another centrifugation at 13,000 rpm for
20 minutes at room temperature was carried out
using a micro centrifuge. After centrifugation, the
fat was separated into three layers: the top layer of
lipid; the middle layer of protein, fat and the water
insoluble solids and the bottom layer of water.

Preparation of methyl esters

About 1.5 ml of 0.5 M methanolic NaOH
was added to 25 mg of lipid sample in a glass
tube and was capped and heated at 100°C for
5 minutes. After cooling 2.50 ml of BF3 in methanol
was mixed with it and then heated at 100°C for
30 minutes. The mixture was cooled and 1 ml of
isooctane was added and shaken vigorously for
30 seconds. Immediately 5 ml saturated NaCl was
added and the mixture was agitated carefully. Then
the mixture was cooled to room temperature. The
isooctane (hexane) layer was separated from the
aqueous lower phase, and it was transferred to a
clean glass tube and was capped tightly.

Gas chromatography

The FA methyl (FAMEs) were
determined using a Shimadzu gas chromatograph
mass spectrometer (model GCMS- QP 2010 plus,
Japan) with an electron impact (El) detector.
The separation and quantifcation of FAMES
was performed with a capillary column of 0.32
mm diameter and 0.25 p thickness (TRB-FFAP).
Helium was used as the carrier gas. The column
temperature was held at 84°C for 4 minutes, was
ramped to 175°C at the rate of 15°C /minute for 15
minutes and fnally increased to 220°C at the rate of
2.5°C /minute and was held for 25°C/minute. The
injector and ion source temperature was maintained
at 250°C respectively. The inter face temperature
was kept at 240°C on scan mode with M/2 from 85

esters
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to 380. The peaks were identifed by 37 components
FAME standard mix (Accustandard, Inc USA)
accompanied by MS library. The quantifcation was
carried out by the Area Normalization method.

Statistical analysis

The data was statistically analyzed by the
standard procedures of analysis of variance using
2x2 factorial design, as described by Steel and
Torrie, (1981). The independent variables were
lactation number and lactation stage, whereas
the dependent variables were blood metabolites,
milk yield and milk FAs profle. The means were
compared for signifcance of differences with
the LSD procedure. A statistical package (SAS,
1997) was used to perform the above analysis on
a computer.

RESULTS AND DISCUSSION

Milk fatty acid concentration in buffaloes

Fatty acid profle and desaturase activity
in buffaloes is presented in Table 1. Saturated FAs
(SFAs) had the highest concentration out of the total
milk FAs and averaged about 70.41 g/100g ranging
from 64.96 to 78.83 ¢/100 g. Within SFAs the
highest level was of C16:0 (31.24 g/100g) followed
by C14:0 (12.02 g/100 g) and C18:0 (11.43 g/100
g). The sum of three hypercholestremic FAs (C12:0,
C14:0 and C16:0) was 45.79 ¢g/100 g. The average
concentration of unsaturated FAs (UFAs) was
35.04 g/100 g varying from 21.17 to 29.59 g/100 g.
In UFAs the highest concentration was of C18:1 cis
21.41 g/100 g varying from 14.58 to 27.17 g/100
g. The sum of short chain FAs (SCFASs) was about
4.92 g/100 g. The average concentration of medium
chain FAs (MCFAs) on was 17.79 g/100 g, that of
long chain FAs (LCFAs) was 45.06 g/100 g, that of
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monounsaturated FAs (MUFAs) was 23.91 g/100
g and that of polyunsaturated FAs (PUFAs) was
about 3.85 g/100 g in total milk FAs. The ratio of
A9 desaturase activity on average basis was 0.07.

The concentration of SFAs, UFAs and
PUFAs and HCFAs in the present study was related
with the fndings of Mihaylova and Peeva, (2007)
in Bulgarian Murrah buffalo where the SFAs varied
from 64.92% to 77.60%, UFAs 19.56% to 31.42%,
PUFAS 2.63% to 3.81% of the total FAs and HCFAs
were about 43.62%. Talpur et al. (2007) reported
concentration of short and medium chain FAs in
Kundi 23.53 g/100 g and Nili-Ravi 25.95 g/100 g,
long chain FAs for Kundi and Nili-Ravi was about
46.28 g/100 g and 41.79 g/100 g, respectively. The
concentration of MUFAs (31.68%) and PUFAs
(3.28%) reported by Fernandes et al. (2007) in
Murrah-crossbred buffaloes was closely related
with our fndings.

Varricchio et al. (2007) reported similar
values of SFAs (65.5%), MUFAs (27.0%) and
PUFAs (4.5%) in buffaloes when fed different feed
rations. Stoop et al. (2009) reported the values of
short-chain FAs (C4 and C6-12) averaged about
14%, medium chain FAs 44%, long-chain FAs
30%, SFAs 71% and UFAs 26% in Holstein-
Friesian cows.

A9 desaturase is an enzyme that catalyzes
long chain SFAs to UFAs in the
mammary gland, which is benefcial to human
health. Fernandes et al. (2007) reported A9
desaturase activity in Murrah-crossbred buffaloes
in four farms, fed different rations and the ratio of
desaturase activity was 0.064, 0.065, 0.062 and
0.065 for farms 1, 2, 3 and 4. Our fndings of the
desaturase activity were closely related with Lock
and Garnsworthy (2003) where a ratio of 0.062 was
reported.

conversion of



Effect of age on milk fatty acids profile

The means of milk fatty acids profle
as affected by age is presented are Table 2. The
concentration of C14:1, C16:1 and C18:3 were
signifcantly (P<0.05) higher in younger buffaloes
while C18:1cis, MCFA and LCFA were higher in
older ones (P <0.05, Figuresl and 2). Although,
SFA and UFA were not affected by age, the data
trend revealed a little higher SFA in older animals
compared to younger ones and vice versa for
UFA. The ratio of A9 desaturase activity was
signifcantly (P <0.05) higher in younger animals
(0.11) compared to older (0.07).

The concentration of MCFA and LCFA
signifcantly increased with advancing age. This
may be due to higher triglyceride levels in the
blood, which leads to more production of LCFA
in milk. Milk FAs production depends on diet
composition, feed quantity, rumen fermentation,
liver metabolism, body reserves mobilization
and mammary gland absorption (Garnsworthy
et al., 2006). Half of milk fat is derived directly
from the dietary LCFAs or from body reserves.
FAs synthesis involves conversion of acetyl-
CoA to malonyl-CoA that is further used in chain
elongation process leading to a series of short and
medium SFAs (Howke and Taylor, 1995).

Our results are in support with the fndings
of De La Fuente et al. (2009), who reported
that with the advancing age the concentration
of SCFAs and MCFAs increased. Kelsey et al.
(2003) reported a signifcant effect of lactation
number in dairy cattle. As lactation progresses the
concentration of de novo FAs such as caprylic acid,
capric acid, lauric acid, myristic acid and palmitic
acid increased. In animals blood triglyceride is
prepared from glycerol-3 phosphate which is taken
from glucose and body reserves. The long chain FA
is synthesized from dietary source or blood lipid
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source (Grummer, 1991).

UFAs like C14:1, C16:1 and C18:3
concentrations increased in younger animals while
C18:1 was higher in older animals. De La Fuente et
al. (2009) reported in ewes that MUFAs and PUFAs
were decreased as ewes age increased. In adipose
tissue, 18:1cis 9, 16:0, and 18:0 was about 90% of
FAs in roughly equal molar proportions (Christie,
1981). The concentration of longer chain FAs
arise from either dietary sources or body reserves
(Bauman and Davis, 1974). The main preformed
FA from blood lipid source is C16:0, C18: O and
C18: 1 (Duncan and Garton, 1963), most of FA is
shifted to mammary gland by LDL and VLDL or
chylomicrons which are about 10-15, 60 or 85%
triacylglycerol respectively. Though, HDL account
for approximately 90% of blood lipids (Christie,
1981). Uptake of FA into the mammary gland from
HDL is poor (Brumby et al., 1972) and this may
explain the low levels of PUFA in milk.

Effect of lactation stage on milk fatty acids
profile

The concentration of C18:1 and PUFA
was signifcantly (P<0.05) higher in late lactation
compared to early (Table 3). Even though the SFA
and UFA were not signifcantly affected by age,
the data trend showed a little higher SFA in older
animals compared to younger ones. The ratio of
A9 desaturase activity was also non-signifcantly
affected by lactation stage.

Many scientists have reported that dairy
cows are in negative energy in early lactation
stage and mobilize the body fats reserves to meet
lactation demands (Garnsworthy and Topps, 1982).
Bovine milk has a high proportion SFAs due to
biohydrogenation of dietary FAs in rumen. The
main source of SCFAs in the mammary gland is
acetate and B-hydroxybutyrate.
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Milk FAs of bovines with carbon chains
from C4:0 to C14:0 and 50% of the C16:0 arises
from de novo synthesis within the mammary
gland (Bauman and Davis, 1974). According to
Garnsworthy et al. (2006), production of milk and
DMI changes with stage of lactation affected the
relative proportion of individual FAs by infuencing
the balance between body fat mobilization and
de novo synthesis of FAs in the mammary gland.
Mele et al. (2009) found that concentration of de
novo FAs increases with advancement of lactation.
Kgwatalala et al. (2009), found that with advancing
lactation the proportions of SCFAs, MCFAs,
LCFAs and SFAs were higher from early to mid
lactation stage.

Milk lipids are about 97-98% triglyceride.
A9 desaturase activity controls the production of
monounsaturated FAs and CLA from SFAs with in
the mammary gland. Concentration of longer chain
FAs, such as C18:1 comes from blood lipids or
from dietary source or body reserves mobilization
(Bauman and Davis, 1974). In MUFAs the
concentration of C18:1, which is a major FA in
adipocytes and is released from adipocytes during
lipolysis (Rukkwamsuk et al., 2000; Gillis et al.,
2004), decreased by 25% from wk 1 to 8 (Kay et
al., 2005). Stoop et al. (2009), reported that UFAs
and the unsaturation index were similar to one
another and showed a minimum at mid-lactation,
with UFAs being 1.5% lower in mid-lactation than
in early and late lactation.

The cis-9, trans-11 CLA in milk fat
originates from the incomplete biohydrogenation
of polyunsaturated FAs, and diet can have a major
impact on the milk fat content. Our results are
closely related with Strzatkowska et al. (2009), in
goats that with the advancement of lactation stage
the concentration of MUFAs and PUFASs increased.
It was reported that in MUFAs, the concentration
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of C18:1 also increased as lactation stage
progressed and PUFAs signifcantly increased with

advancement of lactation stage.

CONCLUSIONS

Saturated FAs (SFAs) have the highest
concentration out of the total milk FAs. The
concentration of C14:1, C16:1 and C18:3 were
higher in younger buffaloes while C18:1cis, MCFA
and LCFA were higher in older ones. The ratio of
A9 desaturase activity was signifcantly higher in
younger compared to older animals. The fndings
suggested that the milk FA quality was better in
younger animals at early lactation stage. In order to
get more and better quality milk, animals should be
carefully managed during lactation.
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INTRODUCTION

The commercial procedures used for bull
spermwith egg yolk or milk or plant based extenders
(PBE) and glycerol involve very complex changes
as sperm are cooled, frozen, and thawed (Pankaj
et al., 2009). One change is the brief exposure to
an increase in concentrations of solute as water
is frozen during cooling and the reverse process
during thawing. Pre-freezing exposure of sperm to
hypertonic solutions to remove some of the water
might facilitate more rapid freezing of bull sperm
without intracellular ice formation. Bull sperm un-
dergo swelling or shrinkage in solutions varying
widely in osmolality (Berndtson and Foote, 1972;
Bredderman and Foote, 1969; Drevius, 1972; Foote
and Bredderman, 1969; Watson et al., 1992), but
sperm motility is affected when sperm are exposed
to solutions over a narrower range of osmolalities.
In hypo-tonic solutions, the motility of bull sperm
decreases gradually as osmolality is decreased to
94 mOsmol (Bredderman and Foote, 1969), and
at approximately 50 mOsmol, sperm have swollen
several fold and burst Drevius, 1972; Foote and
Bredderman, 1969; Watson et al., 1992; Gao et al.,
1995). Once sperm cells have burst, the integrity
of the membrane is destroyed, leading to sperm
death, and sperm are no longer osmotically reactive
(Bredderman and Foote, 1969).

The pH of the diluted semen sample is
largely dependent on quality of the semen sample.
There is a decrease in pH on incubation of sperm in
dilution medium (Anderson, 1992). The pH change
is not always large when other semen characteristics
are good; conversely, the pH change may be large
when the motility is poor and number of sperm per
mm? is small.
should be
discouraged over PBE due to higher the risk

Animal based extenders
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of bacterial or xenobiotic contamination, virus
infections or allergic reactions (Hafez, 1992),
presenceofendotoxin(Bousseau,1998),interference
with the microscopic examination of diluted semen
(Vishwanath and Shannon, 2000), particulate
debris in extender and variation of quality of egg
from batch to batch in egg yolk based extenders
could be the cause of reduced fertility (Krasznai et
al., 2000). The role of glycerol in cryopreservation
is that it contributes to sperm integrity conservation
(Anchordoguy et al., 1987). So, the present study
was undertaken to judge the behaviour of sperm
in different combinations of pH and osmolality in
a non-glycerolated and glycerolated PBE for pre-
freezing and post-freezing criteria, respectively.

MATERIALS AND METHODS

Selection of bulls

Selection of Animals

Four healthy adult Murrah (MU) buffalo
bulls (MU-4865, MU-5049, MU-5112 and MU-
5197) aged 3.5t0 5.0 years having body weight from
619 to 692 kg, maintained under identical nutrition
and management conditions at the Artifcial
Breeding Complex, National Dairy Research
Institute, Karnal, Haryana-132001 (India), were
selected randomly from the herd.

Preparation of Extender

The extenders were prepared (Table 1) by
mixing 71 parts of buffer with 29 parts of soymilk
containing antibiotics (penicillin-streptomycin-
neomycin) [Sigma-Aldrich, Germany]; with
5000 units penicillin, 5 mg streptomycin and 10
mg neomycin [HIMEDIA, India] per ml in 0.9
percent NaCl when reconstituted with millipore
water. Osmolality is expressed in terms of the fnal
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Table 1. Preparation of stock solutions to give desired osmolality and pH.

Composition per 100 ml of buffer Final extender [Plant Based Extender]
) Citric .
Tris . Osmolality
pH acid | Fructose [g] | Glycerol [ml] pH
[] [mOsmol/kg]
o]

6.0 | 2.271 | 1.404 1.25 0 6.03 258.0
6.0 | 2.271 | 1.404 1.25 6.4 6.04 1237.0
6.5 | 2.271 | 1.276 1.25 0 6.53 238.0
6.5 | 2.271 | 1.276 1.25 6.4 6.54 1216.0
7.0 | 2271 | 1.148 1.25 0 7.08 226.0
7.0 | 2271 | 1.148 1.25 6.4 7.03 1203.0
6.0 | 3.028 | 1.822 1.25 0 6.05 314.0
6.0 | 3.028 | 1.822 1.25 6.4 6.05 1296.0
6.5 | 3.028 | 1.678 1.25 0 6.76 296.0
6.5 | 3.028 | 1.678 1.25 6.4 6.74 1285.0
7.0 | 3.028 | 1.534 1.25 0 7.24 283.0
7.0 | 3.028 | 1.534 1.25 6.4 7.22 1257.0
6.0 | 3.786 | 2.3 1.25 0 5.96 382.0
6.0 | 3.786 | 2.3 1.25 6.4 6.00 1366.0
6.5 | 3.786 | 2.13 1.25 0 6.56 362.0
6.5 | 3.786 | 2.13 1.25 6.4 6.53 1343.0
7.0 | 3.786 | 1.96 1.25 0 7.14 342.0
7.0 | 3.786 | 1.96 1.25 6.4 7.11 1324.0
6.0 | 4543 | 2.726 1.25 0 5.86 442.0
6.0 | 4543 | 2.726 1.25 6.4 591 1418.0
6.5 | 4543 | 2.552 1.25 0 6.48 423.0
6.5 | 4543 | 2.552 1.25 6.4 6.53 1399.0
7.0 | 4543 | 2.378 1.25 0 7.1 406.0
7.0 | 4543 | 2.378 1.25 6.4 7.08 1388.0
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extender. Each buffer was made up to 100 ml with
millipore sterile water.

Semen Collection

The bulls were washed half an hour
before taking to the site of collection adjacent to
semen processing laboratory in the morning hours
beginning 7.30 AM. Semen was collected using
artifcial vagina (AV) of 12 inches size “Danish
Model” with smooth lining, over a male dummy
bull once a week with two successive ejaculate
within 15 to minutes interval and each ejaculate
was preceded by a period of sexual preparation
consisting of at least two false mounts separated by
about one minute restraint. The temperature of AV
was maintained between 42-45°C with suffcient
pressure and proper lubrication with sterilized KY
jelly. Immediately after collection, each ejaculate
was placed in a water bath at 30°C and examined
for various microscopic tests (mass activity,
individual motility, non-eosinophilic count, sperm
abnormalities, acrosomal integrity etc.). A total of
12 ejaculates each from four bulls were taken for
the study.

Processing of semen sample

The semen processed by these at different
pH and osmolality combinations were left for an
hour and then cultured on plate count agar media.
Standardization of the best semen processing
pH and osmolality condition was done by doing
TPC on the media plate and the best semen
quality (initial motility, non-eosinophilic percent,
abnormalities and acrosome integrity). The split
ejaculates subjected to different treatments were
evaluated for freezability criteria after freezing
and thawing (post-thaw motility, non-eosinophilic
percent, acrosome integrity and sperm motility
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recovery percent).

Cryopreservation of semen (Freezing
Protocol)

The processing method for freezing
of semen was as per the procedure followed in
the Artifcial Breeding Complex Laboratory of
National Dairy Research Institute, Karnal. Steps
followed were:

Dilution of semen: Optimum number of
motile sperm per dose at the time of insemination
was Fxed at about 10 million sperm assuming 50
percent post thaw motility. Expected dose of semen
sample = semen volume X sperm concentration
X individual motility /20 million. Four doses
of semen were produced from one ml of diluted
semen (volume of French mini straw is 0.25 ml).
Total volume of diluted semen (total volume of
extender to be added + semen volume) = expected
dose of semen sample/4 (0.25 ml for 0.25 ml straw
packaging). After the dilution rate was decided on
the basis of sperm concentration and initial motility
(%), the extender was divided into two equal parts,
i.e., Part-1 and Part-1l. Both parts were kept in a
water bath at 30°C.

Addition of glycerol to extenders:
Glycerol was mixed gently and by warming the
contents to 45°C. 12.8 percent (v/v) glycerol was
added in part Il of the extender so that the fnal
concentration was maintained at 6.4 percent (v/v).

Procedure for glycerolation: The
extender was divided into Part | and Part Il of equal
volume

a. Part I: no glycerol and semen was pre-

diluted with Part |



b. Part II: glycerol was added at twice the
level desired in the ¥nal solution,

c. Pre-diluted semen was diluted with Part
I remainder and then further diluted by
dripping slowly with Part I1: 10, 20, 30 and
40 percent at an interval of 10 minutes and
kept at room temperature.

Printing of straws: The required number
of straws was labelled by printing through Domino
Ink Jet Printer A200 Pinpoint (Domino UK Ltd,
Bar Hill, Cambridge, CB3 8TU, England)

Filling and sealing of straws: French Top
Bull mini straws (0.25 ml; 135 mm length and 2
mm diameter, IMV) of different colours were used.
An automatic straw flling and sealing machine
(IMV, France) was used for Flling the straws with
semen and sealing them. Filling and sealing were
done at room temperature. The straws were placed
in a single layer in a horizontal position in the
straw rack and kept for 5 h in a cold room (5°C)
to give a suffcient equilibration period. At the end
of equilibration period, the pre-freeze motility was
again recorded.

Freezing of straws: A sample showing
more than 60 percent motility was taken for “test
freezing”. If the test freezing gave satisfactory
results, then rest of the straws were frozen. The
straw racks were placed at 10 cm above the level
of liquid nitrogen (LN.,), thereby, exposing them to
the LN, vapour obtained from the wide mouthed
LN, container. The temperature of semen reached
-130°C to -150°C by about 10 minutes. The straws
were collected with pre-cooled forceps and fnally
transferred into pre-cooled goblets. These goblets
were then immersed in LN, and stored in marked
canisters.
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Evaluation of frozen semen samples:

(1). Thawing

The straws were thawed in a 37°C water
bath (tested in Thaw Monitor, World-Wide Sires,
Inc. California, USA) for 30 seconds after removing
from the LN, container. Immediately after thawing,
the motility of the semen was checked. The semen
was taken in micro-centrifuge tube and kept at
37°C till further examination. The hourly post-
thaw studies were done after keeping the thawed
semen at 37°Cfor 3 h.

(ii). Post thaw motility

All semen samples were coded prior to
motility analyses to preclude any bias. Two straws
from each bull/collection day were thawed ina37°C
water bath for 30 sec, and then 10 pL of thawed
semen was taken for motility assessment. Wet
smears were prepared by placing a drop of thawed
semen on a warmed slide and then covered with a
warmed cover-slip. Motility was assessed at 200X
magnifcation using a phase-contrast microscope
equipped with a 37°C heated stage. Motility was
estimated to the nearest 5 percent after judging four
different microscopic felds.

(iii). Sperm motility recovery rate

The sperm motility recovery rate was
calculated by comparing the motilities of pre-
freeze (Mpr) and post-thaw (Mps) sperm. If Mpr and
M, are the sperm motility percentages before and
after freezing, then the recovery rate (%) would be:
M,/M_, x 100.

Damage to sperm during freezing is an
important limiting factor in a full scale frozen
semen program. Two critical variables in media
supporting living cells which may act during
freeze-thaw cycle are osmotic pressure and degree
of acidity. The experiment was designed to explore
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the best semen quality obtained at specifc pH at
different levels of Tris in the experimental buffers
and 29 percent soymilk extenders. The tolerance
of bovine sperm to hypo- and hyper-osmotic
conditions and against supra- and sub-optimal pH
levels in the liquid state at 5°C was studied by
formulating extenders containing 0.15, 0.20, 0.25,
0.30M Tris, and enough citric acid to vary the pH
from about 6.0 to 7.0.

Determination of Bacterial Numbers

After serial dilution of neat semen, the
viable count of colony forming units (CFU) per
millilitre of sample was calculated by dividing the
number of colonies by the dilution factor multiplied
by the amount of specimen added to plate count
agar media (Table 2) after incubating for 48 h.

Statistical analysis

The data analysis was done by analysis of
variance to study the effect of treatments on different
physical and morphological attributes of semen in
various combinations of pH and osmolality. The
following statistical models were used for ANOVA
as described by Snedecor and Cochran (1989):

Y. =u+E +(ED; tey

ijk

where,
Yy = k" observation of j"
stage or combination of pH and Osmolality,
1 = Overall mean,
(El); = The effect of (UR)
additive-interval or stage interaction,
e. = The random error, NID

ijk
(0, o%)
Descriptive statistics (SAS 8.2) were
performed on the data to determine normality.

RESULTS

A comparative study of performance of
MU bull semen in various combinations of pH and
osmolality has been presented in Tables 3 and 4, for
non-glycerolated plant based extender (NGPBE)
and glycerolated plant based extender (GPBE),
respectively.

Motility  (percent),  non-eosinophilic
count (percent) and acrosomal integrity (%)
were signifcantly (p<0.01) higher at pH 6.5 and
osmolality 240 to 300 mOsmol/Kg for NGPBE and
at pH 6.5 and osmolality 1220 t01280 mOsmol/kg
for GPBE in MU bull semen.

In case of sperm abnormalities, head

Table 2. Composition of plate count agar media [Titan Biotech Ltd., Rajasthan, India].

Ingredients Quantity
Agar 20.0¢g
Casein enzymatic hydrolysate 6.09
Yeast extract 30¢g
Dextrose 10g
pH 7.0+£0.2at 25°C
Distilled water 1000 ml
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abnormality was signifcantly (p<0.01) less at pH
6.5 and osmolality 240 to 300 mOsmol/kg for
NGPBE and at pH 6.5 and osmolality 1220 t01280
mOsmol/kg for GPBE. Mid-piece abnormality
showed no difference (p>0.05) among various
combinations of pH and osmolalities; however,
lower values were present at pH 6.5 and osmolality
240 to 300 mOsmol/Kg for NGPBE and at pH 6.5
and osmolality 1220t01280 mOsmol/Kg for GPBE.
The tail abnormality was signifcantly (p<0.05)
lower at pH 6.5 and osmolality 240 mOsmol/
Kg for NGPBE and at pH 6.5 and osmolality
1220 mOsmol/kg for GPBE; however, the total
abnormality (%) was signifcantly (p<0.01) lower
at pH 6.5 and at osmolality of 240 to 300 mOsmol/
kg for NGPBE and signifcantly (p<0.05) lower at
pH 6.5 and osmolality 1220 mOsmol/Kg for GPBE.
The microbial load was signifcantly (p<0.01)
higher at pH 6.5 and at osmolality of 240 mOsmol/
kg for NGPBE and at pH 6.5 and at osmolality of
1280 mOsmol/kg for GPBE. This may be due to the
favourable pH and osmolality which has favoured
the growth of microorganisms also.

When the semen were subjected to freezing
at -196°C, the post-thaw motility [percent], post-
thawnon-eosinophiliccount[percent] and post-thaw
acrosomal integrity (percent) were signifcantly
higher (p<0.05) at pH 6.5 and osmolality 1220
t01280 mOsmol/kg which subsequently decreased
from decreasing or increasing from the optimum
osmolality. The sperm recovery rate after freezing
was better (p>0.05) at pH 6.5 and osmolality
1220 t01400 mOsmol/kg which decreased from
decreasing or increasing from the optimum
osmolality.

Interestingly, many spermatozoa with
bent tails were noted swimming in reverse in the
2.271 gms of Tris, a phenomenon often seen in
hypotonic solutions or following glycerolation at
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room temperature.

DISCUSSION

In the present study, motility (percent) were
found to be signifcantly (p<0.01) higher at pH 6.5
and osmolality 240 to 300 mOsmol/Kg for NGPBE
and at pH 6.5 and osmolality 1220 to1280 mOsmol/
kg for GPBE in MU bull semen. Sperm motility
is a key prerequisite determining the quality and
the fertilizing capacity of the semen (Vishwanath
et al., 2000; Billard, 1978). Several parameters of
the swimming medium such as ion concentration
(K*, Na*, Ca?, Mg?), osmotic pressure, pH,
temperature and dilution rate affect the motility
duration of sperm (Vishwanath et al., 2000; Billard
etal., 1995a; Cosson et al., 1999). The inhibition of
motility in other pH and osmotic combinations in
the present investigation may be due to K*, osmotic
pressure. Other factors such as concentration of
surrounding metabolites, of ions (Ca?> Mg#,...),
pH and temperature may also infuence motility
characteristics (Alavi, 2003; Drabkina, 1961,
Linhart et al., 1995). The effect of these factors
represents a refection of the composition of seminal
plasma. As a complement, the depolarization of the
cell membrane is considered as an additional factor
controlling the initiation of motility (Cosson et al.,
1999; Krasznai et al., 2000; Linhart et al., 1995).

When the semen were subjected to
freezing at -196°C, the post-thaw motility
[percent] was signifcantly higher (p<0.05) at
pH 6.5 and osmolality 1220 t01280 mOsmol/kg
which subsequently decreased from decreasing
or increasing from the optimum osmolality. The
pH of buffers markedly affected metabolism of
the sperm (Salisbury and Nakabayashi, 1957).
Two critical variables in media supporting living



cells which may act during freeze-thaw cycle are
osmotic pressure and degree of acidity (Salisbury
and Nakabayashi, 1957). pH of semen depends
on the degree of metabolic activity, availability of
carbohydrate substrates and buffering capacity of
medium. The variation in pH of semen depends
upon the concentration and activity of sperm
(Tomar, 1984). The stored semen becomes more
acid until a pH of about 5.0 is reached, following
which the pH remains stationary (Anderson, 2001).
The increase in the acidity of semen during storage
is the result of the accumulation of acidic metabolic
products, largely due to formation of lactic acid.
Change in pH therefore serves to some extent as
a measure of metabolic activity (Anderson, 2001).
No detectable changes occur in motility until the
pH reaches the value of 6.0 or lower, and motility
ceases at pH values of 5.5 to 5.3. Sometimes, there
is also shift towards the alkalinity side due to loss
of CO, into the atmosphere, absence of lactic acid
formation and the formation of ammonia. The pH
probably infuences the intracellular and membrane
protonic concentration, which subsequently affects
the membrane potential as well as the motility
behavior (Boitano and Omoto, 1992). Moatility
was reduced when the pH was lower. Also, pH of
the incubation media can affect the potential for
movement.

In the present study, the sperm recovery
rate after freezing was better (p>0.05) at pH 6.5
and osmolality 1220 to1400 mOsmol/Kg which
decreased from decreasing or increasing from
the optimum osmolality. In a similar report, the
optima for sperm survival were pH 6.5 for the
lower concentrations of Tris and 7.0 for the more
concentrated solutions (Steinbach and Foote, 1967).
Recovery rate was calculated from proportionate
difference between the pre-freeze motility and
post-thaw motility. Contrary to the present fndings,
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higher recovery rates (%) of 72.97 in Holstein
crossbred bull and 65.15 in case of buffalo bull
semen were found (Roy, 2006). This may be due
to the inherent property of poor freezability of the
buffalo bull semen (Sengupta and Bhela, 1988).

In the present study, non-eosinophilic
count (percent) and acrosomal integrity (%)
were signifcantly (p<0.01) higher at pH 6.5 and
osmolality 240 to 300 mOsmol/kg for NGPBE and
at pH 6.5 and osmolality 1220 t01280 mOsmol/
kg for GPBE in MU bull semen. The evaluation
of sperm motility while sperm are exposed to an
isotonic condition may result in an underestimation
of their viability. This differential response
indicates that intracellular structures, such as
mitochondria that are responsible, along with the
plasma membrane, for maintaining sperm motil-
ity, are more sensitive to anisotonic conditions as
indicated by the loss of integrity of the plasma
membrane (Steinbach and Foote, 1967; Liu et al.,
1998; Liu and Foote, 1998). There are many reports
(De Leeuw et al., 1993; Aalseth and Saacke, 1986;
Casey et al., 1993; Didion et al., 1989; Kova and
Foote, 1992) on procedures for vital staining (De
Leeuw et al.,, 1991), which are also useful for
measuring the acrosome reaction under physiologic
conditions. However, there is little information on
the relationship between the proportion of motile
spermandthe corresponding proportion of unstained
sperm when they are exposed to media with a wide
range of osmolalities, particularly the hypertonic
conditions that occur during cryopreservation.
Consequently, this study was designed to explore
the relationship between bull sperm motility and
membrane integrity after exposure to solutions
with large differences in osmolality. Purifed water
(Milli-Q System; Millipore Corp., Bedford, MA)
to a concentration of 100 mOsmol, and NaCl was
added to create treatment solutions with varying
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osmolalities of 100, 150, 200, 250, 300, 500, 732,
963, and 1537 mOsmol. It is also reported that the
addition of a small volume of semen only slightly
alter the fnal osmolalities (Liu and Foote, 1998),
S0 no need to worry about this factor.

In the current study, post-thaw non-
eosinophilic count [percent] and post-thaw
acrosomal integrity [percent] were signifcantly
higher (p<0.05) at pH 6.5 and osmolality 1220
t01280 mOsmol/Kg which subsequently decreased
from decreasing or increasing from the optimum
osmolality. The ability of the sperm plasma
membrane to remain intact after exposure to highly
hypertonic solutions with recovery of motile
sperm after return to physiologic conditions may
have implications for sperm cryopreservation.
The conventional procedures used for bull sperm
processing with egg yolk or milk and glycerol
involve very complex changes (Watson et al.,
1992; Steinbach and Foote, 1967; Cragle and
Salisbury, 1959; Foote and Kaproth, 1997; Saacke,
1981; Watson and Duncan, 1988) as sperm are
cooled, frozen, and thawed. One change is the brief
exposure to an increase in concentrations of solute
as water is frozen during cooling and the reverse
process during thawing. Pre-freezing exposure
of sperm to hypertonic solutions to remove some
of the water might facilitate more rapid freezing
of bull sperm without intracellular ice formation
(Foote, 1988).

Similarly, it was reported that at 5°C, sperm
survival is highly dependent on osmolality being
maximum at 250 to 300 mOsmol (Liu et al., 1998).
Also it is better for extenders to be on hypotonic
side than on hypertonic side due to “solute loading
phenomenon” and “outpouring of intracellular
water phenomenon”. The best results for membrane
integrity and sperm motility were obtained when
the osmolality of the storage medium was about
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300 mOsm (De Pauw et al., 2003b). In a similar
study, it was reported that as the osmolality was
decreased from 300 to 200 mOsm, the decline in
motile sperm and in unstained sperm was similar
(Liu et al., 1998). Subsequently, the proportion of
motile sperm declined more rapidly. However, no
effect of osmolality on oxygen uptake within the
range from 150 to 392 mOsm was also reported
(Cragle and Salisbury, 1959).

Bull sperm behave as osmometers (Drevius,
1972) and undergo swellingor shrinkage insolutions
varying widely in osmolality (Berndtson and Foote,
1972; Bredderman and Foote, 1969; Drevius,
1972; Foote and Bredderman, 1969; Watson et al.,
1992), but sperm motility is affected when sperm
are exposed to solutions over a narrower range of
osmolalities. In hypo-tonic solutions, the motility
of bull sperm decreases gradually as osmolality is
decreased to 94 mOsmol (Drevius, 1972), and at
approximately 50 mOsmol, sperm have swollen
several fold and burst (Drevius, 1972; Watson et
al., 1992; Gao et al., 1995). Similar fndings are
manifested in the present study also.

The response of sperm to hyperosmotic
conditionsisimportantbecause of the major increase
in solute concentration during cryopreservation
as water freezes. As osmolality of the modifed
Tyrode’s solution was increased to more than 500
mOsmol, the percentage of motile sperm declined
sharply (Liu et al., 1998). However, there was little
effect on the percentage of unstained sperm until the
osmolality exceeded 732 mOsmol. These resultsare
consistent with tests of sperm from several species
when sperm became immaobile under hyperosmotic
conditions (Gao et al., 1995; Watson and Duncan,
1988; Curry and Watson, 1994; Gao et al., 1993)
but membrane integrity was maintained (Gao et
al., 1995; Curry and Watson, 1994). Bull sperm
contain only about 55% water and, therefore,



shrank only 21%, on average, when transferred
from an isosmotic solution to one measuring 712
mOsmol (Drevius, 1972).

Media prepared to preserve sperm are
approximately isotonic to semen to minimize effects
on sperm metabolism and survival (Drevius, 1972;
Gao et al., 1995; Salisbury and Nakabayashi, 1957;
Steinbach and Foote, 1967; Cragle and Salisbury,
1959; Foote, 1988; Gao et al., 1993). However,
when sperm are cryopreserved, they are exposed
to increasingly hyperosmotic conditions as water
freezes. These hypertonic solutions may affect the
integrity of the plasma membranes and the motility
of the sperm differently. Disruption of the plasma
membrane is clearly associated with loss of cell
viability (De Leeuw et al., 1993), but an intact
plasma membrane may not always indicate a viable
sperm cell. Osmolality effects on cells or tissues are
diffcult to separate from ionic or gaseous effects.
As an example, interpretation of results may be
complicated in experiments in which the ions
present in seminal fuid are substituted by non ionic
solutions of equivalent osmolality. Such conditions
may lead to a depletion of the intracellular ionic
content (Linhart et al., 2002). Similarly, dissolved
CO, isin equilibrium with HCO, which contributes
to ion concentration but also to osmolality (Stoss,
1994). So, the optimum level of pH and osmolality
must be maintained in order to achieve optimum
level of semen characteristics.

CONCLUSION

The results obtained in the present study
favoured the optimum pH of extender to 6.5 and
osmolality at 240 to 300 mOsmol/ kg for NGPBE
and 1220 to 1280 mOsmol/ kg for GPBE. The
fndings indicate sensitivity of sperm to hypo- and
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hyper-osmotic conditions and against supra- and
sub-optimal pH levels and its various interactions.
This result is of major economic importance when
applied to higher priced semen from sires in high
demand using plant based extenders.
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are particularly susceptible to salmonellosis (Bell
and Kyriakides, 2002). Infective dose of Salmonella
bacterium required overcoming host defenses
and cause disease varies, usually about 10° to 108
CFU. It has been reported that lower numbers of
S. enterica may be capable of causing outbreaks,
especially in cases involving foods with a high fat
content (Bell and Kyriakides, 2002).

There are three syndromes observed
following the consumption of Salmonella as
salmonellosis, typhoid fever and paratyphoid fever.
Although different Salmonella serovars may vary in
their degree of virulence, it is presumed that all are
pathogenic S. enteric serovars Typhimurium and S.
enteric serovars Enteritidis have been implicated,
in particular, as causes of human salmonellosis.
However, in South-East Asia, S. enteric serovars
Weltevreden has been reported as a frequent and
increasing cause of human infection (Lunestad
et al., 2007). Increasing antimicrobial resistance
has become one of the most common concerns in
relation to food borne Salmonellae. As more than
90% salmonellosis are food borne, antibiotic-
resistant Salmonella in food-producing animals has
become a focus of the debate on antibiotic use in
food animals (Hohmann, 2001;Salyers, 2002; Su et
al., 2004).

Different virulence genes such as inv, stn,
fm and spv have been identifed as major genes
responsible for virulence factors in Salmonella.
The invasion (invA) gene found to be present
in Salmonella pathogenicity islands (SPI) and
responsible for invasion in the gut epithelial tissue
of human and animals, whereas, stn gene causes
an enterotoxic effect on epithelial cells, leading to
enteric disorder (Hitchcock et al., 1986; Asten and
Dijk, 2005).

There are only few reports of incidence
of Salmonella in retail raw buffalo meat so the
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present study was undertaken with the aim to
isolate and identify Salmonella from raw buffalo
meat sold in retail markets in Anand city and the
recovered isolates were subjected to biochemical
characterization, in vitro antimicrobial drug
resistance pattern and detection of virulence genes
associated by PCR.

MATERIALS AND METHODS

Samples

Altogether 150 buffalo meat samples
comprising of ground beef (keema), muscle,
intestine, liver and lung (30 each) were collected
in sterilized polyethylene bags in the morning
hours as they were offered for sale to the public at
different retail buffalo beef meat shops located in
Anand city, and transported to the P.G. Research
Laboratory of the Veterinary Public Health and
Epidemiology Department in an icebox for further
processing and microbiological analysis.

Isolation and identification of Salmonella

The standard protocol described in the
Bacteriological Analytical Manual (BAM), U.S.
Food and Drug Administration (USFDA), the
method of Andrews and Hammack (2001), was
adopted for the isolation of Salmonella spp. from
buffalo meat samples. Briefy, 25 g of each type
of sample was thoroughly triturated with a sterile
mortar and pestle and transferred to 225 ml pre-
enrichment in lactose broth. Subsequently 0.1
and 1 ml of pre-enriched sample was transferred
to enrichment in Rappaport-Vassiliadis Soybean
Meal (RVSM) broth and Tetrathionate Broth
(TTB), respectively, followed by 24h of incubation
at 42 and 37°C, respectively. The enrichments were
streaked on Brilliant Green (BG) agar and xylose



lysine deoxycholate (XLD) agar and incubated
for 24 h at 37°C. Typical colonies on XLD (pink
colonies with or without black centers) and BGA
(colourless or pink or opaque-white colonies often
surrounded by pink or red zone) were picked and
streaked further on BSA for purifcation. The
pure cultures were streaked on Triple Sugar Iron
(TSI) agar and incubated at 37°C for 18 h. Those
producing typical reaction on TSI (red slant and
yellow butt with H,S production-blackening of
agar) were further characterized by biochemical
tests viz., catalase, oxidase, decarboxylation of
lysine using lysine iron agar, production of indole,
methyl red test, Voges Proskauer test, utilization of
citrate and urease test. The colonies identifed as
Salmonella were preserved in 20 percent glycerol
broth at -20°C for further characterization.

Antibiotic susceptibility testing

The antibiotic susceptibility tests were
performed as per method described by (Bauer
et al., 1966) to fnd out the antibiotic resistance
pattern of all Salmonella isolates. Briefy,
biochemically confrmed Salmonella isolates were
grown in Muller-Hinton broth for 6 hr and Muller-
Hinton agar plates were seeded with the cultures.
Different antibiotic disks like amikacin, ampicillin,
cefotaxime, ceftriaxone, chloramphenicol,
ciprofoxacin, gentamicin, kanamycin, nalidixic
acid, streptomycin, tetracycline and trimethoprim
were placed on the inoculated medium. The
antibiotic sensitivity plates were incubated at
37°C for 24 h. The standard strain of Salmonella
(S. Typhimurium No.VP81) used in the study were
obtained from the National Institute of Cholera and
Enteric Disease, Kolkata. The diameter of inhibition
zones were measured and compared with the
interpretative chart provided by the manufacturer
and zones were graded as sensitive, intermediate
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and resistant.
Serotyping of Salmonella isolates

Cultures identifed as Salmonella were
serotyped atthe National Salmonellaand Escherchia
Centre (NSEC), Central Research Institute (CRI),
Kasauli (Himachal Pradesh, India).

DNA extraction and polymerase chain reaction

The DNA of isolates of Salmonella
was prepared by the bacterial lysis method.
Approximately loopful of culture was taken in
microcentrifuge in 100 pl of sterilized DNAse and
RNAse-freemilliQwater. Thesampleswerevortexed
and then were heated at 95°C for 10 minutes. Cell
debris were removed by centrifugation and 3pl of
the supernatant was used as a DNA template in the
PCR reaction mixture. All the Salmonella isolates
were Frst screened for the presence or absence
of virulence associated genes by using the PCR
protocols separately standardized for the detection
of different genes. The PCR was standardized for
the detection of fve genes viz. invA, stn, TmA,
spvR and spvC following the methodology as
described by Kumar et al., 2008; Makino et al.,
1999; Naravaneni and Jamil, 2005; Pasmans et al.,
2003 and (Oliviera et al., 2003, respectively, with
suitable modifcations. Standardization of PCR was
done by using standard strain of S. Typhimurium.
PCR was performed with four sets of primer pairs
specifc for invA, stn, fmA, spvR and spvC gene as
per the details given in Table 1.

The reaction was standardized in thin
walled PCR tubes in 25 ul reaction volumes with
different concentrations of reactants under different
annealing temperatures and cycling conditions.
Finally, the reaction mixture was optimized to
contain 12.5 pl 2X PCR master mixes, 10 pmol of
each forward and reverse primer, 7.5 pl nuclease
free distilled water and 3 pl of DNA template.
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The reaction was performed in the thermal cycler
with pre-heated lid (Lid temp. 105°C). Reaction
conditions employed were: initial denaturation at
94°C for 5 minutes, followed by 35 cycles of 94°C
for 1 minute, 58°C for 1.5 minutes, and 72°C for 1.5
minutes. A fnal extension of 7 minutes at 72°C was
employed. The reaction conditions were the same
as earlier except for the annealing temperature
for respective primer used. On completion of the
reaction the amplifed products were analysed on
agarose gel electrophoresis through 2% agarose gel
stained with 5 pg/ml of ethidium bromide with a
100 bp DNA ladder as molecular weight marker,
visualized under UV light and results were noted.

RESULT AND DISCUSSION

Salmonellosis is endemic in nature and
responsible for heavy economic losses in India

every year. Epidemiological data are needed to
inform public health authorities about the nature
and magnitude of the problem and to monitor
trends over time.

Out of 150 buffalo meat samples, 16
(10.66%)sampleswerefoundpositiveforSalmonella
spp. All the isolates revealed characteristic features
of Salmonella producing pink colonies with or
without black centers from XLD and colourless or
pink or opaque-white colonies often surrounded
by pink or red zone from BG agar. On preliminary
biochemical characterization they revealed
characteristic IMVIC pattern (- + - +). Organ
wise higher prevalence of (26.66%) was observed
among the samples of ground beef tested followed
by 20% in intestine and 6.66% in muscle, whereas
no sample of lung and liver was found positive for
Salmonella spp. Earlier works indicated variable
prevalence ranging from 0 percent (Venkateswaran
et al., 1988) to 28.3% (Akoachere et al., 2009) in

Table 1. Primer pairs used for virulence characterization of Salmonella isolates.

p;:ltn;fg;et Primer sequence (5°—3°)* Anne;allng Lerkl)gth Reference
invA | F:=GTG AAATTATCG CCA CGT TCG GGCAA sacc | ogapp | Kumar et
R:-TCATCG CAC CGT CAAAGG AAC C P 1 a1, 2008
«n | FCTT TGG TCG TAAAAT AAG GCG ss0c | 260 | Makinoet
R:TGC CCAAAG CAG AGA GAT TC Pl al., 1999
fmA | F:CCT TTC TCC ATC GTC CTG AA s60C 5 b L\'na(ﬁ‘;";‘:ﬁ”'
R:TGG TGT TAT CTG CCT GAC CA P !
(2005)
SpPVR F:CAG GTT CCT TCAGTATCG CA 570C 310 b Pasmans et
R:TTT GGC CGG AAATGG TCAGT P 1 al, 2003
spvC | F: ACT CCT TGC ACAACC AAA TGC GGA sc | 571pp | Olivierast
R: TGT CTT CTG CAT TTC GCC ACC ATC A Pl al, 2003

*The forward primer (F) listed frst followed by the reverse primer (R).

2Annealing temperature in °C.
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beef. In addition Alemayehu et al., 2003; Molla
et al., 2003; Ejeta et al., 2004; Bosilevac et al.,
2009; Soltan et al., 2009; Zewdu and Cornelius,
2009 observed prevalence rates of 3.4 percent, 5.8
percent, 12 percent, 14.4 percent, 8.5 percent, 4.2
percent, 16.9 percent and 8.5 percent, respectively,
from beef samples.

In the present investigation all the 16
isolates of Salmonella isolated from 150 retail
market buffalo meat samples were subjected to PCR
assays for the detection of virulence-associated
genes. All the 16 isolates of Salmonella yielded
desired amplifed products of approximately 284
bp, 260 bp and 84 bp similar to that of reference
strain of Salmonella using the primer pairs for invA,
stn and fmA respectively. The virulence profle of
Salmonella isolates is shown in Table 2.

The Fndings in this study are in agreement
with work carried out on detection of these genes
in Salmonella enteritidis by Galen et al. (1992)
and Swamy et al. (1996); Murugkar et al. (2003);
Nayak et al. (2004); Skwark et al. (2004); Alphons
and Jaap (2005); Soto et al. (2006); Bhatta et
al. (2007), Kumar et al. (2008); Madadgar et al.
(2008); Minami et al. (2010).

Moreover, among the 16 isolates of
Salmonella, 14 (87.5%) were positive for the spvR
gene and eight (50%) were positive for the spvC
gene. In contrast to our results, higher prevalences
of the spvR gene and the spvC gene were reported
by Abouzeed et al. (2000); Oliveira et al. (2003);
Geimba et al. (2004); Bacci et al. (2005) and Soto
et al. (2006) while Bhatta et al. (2007) and Maria
Arague (2009) reported lower prevalences of these
genes.

All the sixteen isolates belonged to
serovars Typhimurium. Different authors reporting
S. Typhimurium from beef samples are Basu et
al. (1975); Alemayehu et al. (2003); Molla et al.
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(2003); Ejeta et al. (2004); Bosilevac et al. (2009),
Zewdu and Cornelius (2009) and Singh et al.
(2010).

The antibiotic susceptibility pattern
of positive Salmonella isolates from buffalo
meat samples is shown in Table 3. The pattern
clearly indicated that the overall high percent of
Salmonella isolates were resistant to ampicillin
followed by tetracycline while moderately high
percentages of isolates were resistant to Nalidixic
acid and Trimethoprim. The ¥ndings of the
present study similar to the pattern was recorded
by Badawy et al. (2004); Miko et al. (2005);
Valdezate et al. (2007); Salika et al. (2008); Kumar
et al. (2009); Soltan et al. (2009) and Smith et al.
(2010). Antimicrobial resistance in the food borne
Salmonella spp. has been becoming a problem
worldwide in recent years. Studies have shown that
serotypes of Salmonella isolated from humans or
from food production or processing facilities are
resistant to one or more antibiotics.

In conclusion, our study highlights
the adoption of guidelines for the prudent use of
antibiotics in food animals and for a reduction in
the number of pathogens present on farms and in
slaughterhouses. The microbiological hazard of
Salmonella contamination of raw beef products
during storage and improper handling or cooking of
beef can lead to human food-borne illness. Hence,
there is need to monitor the contamination levels
of Salmonella as well as other zoonotic pathogens
throughout the year to safeguard public health.
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Table 2. The Organwise prevalence and virulence profle of Salmonella isolates.

e ot | vt | s | fmd | ok |
Ground Beef 30 8 (26.66%) 8 8 8 7 4
Muscle 30 6 (20%) 6 6 6 5 2
Intestine 30 2 (6.66%) 2 2 2 2 2
Liver 30 0 0 0 0 0 0
Lung 30 0 0 0 0 0 0
Total 150 16 (10.66%) 16 16 16 14 8
Table 3. Antibiotic susceptibility pattern of Salmonella isolates from buffalo meat samples.
Sr.no Antibiotic tested (ug) Sensitive Intermediate Resistant
1 Amikacin(AK) 10 14 (87.5%) 2 (12.5%) 0
2 Ampicillin (A) 10 1 (6.25%) 5 (31.25%) 10 (62.5%)
3 Cefotaxime (CE) 30 13 (81.25%) 3 (18.75%) 0
4 Ceftriaxone (CI) 30 16 (100%) 0 0
5 Chloramphenicol (C) 20 16 (100%) 0 0
6 Ciprofoxacin (CF) 05 16 (100%) 0 0
7 Gentamicin (G) 10 15 (93.75%) 1 (6.25%) 0
8 Kanamycin (K) 10 14 (87.5%) 2 (12.5%) 0
9 Nalidixic acid (NA) 30 9 (56.25%) 2 (12.5%) 5 (31.25%)
10 Streptomycin (S) 10 10 (62.5%) 2 (12.5%) 4 (25%)
11 Tetracycline (T) 30 4(25%) 5 (31.25%) 7 (43.75%)
12 Trimethoprim (TR) 30 8(50%) 3 (18.75%) 5 (31.25%)

S, Sensitive; R, Resistant; I, Intermediate Buffalo meat samples (n = 150).
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Figure 1. Agarose gel showing amplifcation product of enterotoxin (stn) gene (Approxi. 260 bp)
Lane 1-5: Positive sample,
N: Negative sample,
S: Standard strain and L: 100 bp DNA ladder.

Figure 2. Agarose gel showing amplifcation product of invasion (invA) gene (Approxi. 284 bp)
Lane 1-4: Positive sample,
S: Standard strain and L: 100 bp DNA ladder.
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Figure 3. Agarose gel showing amplifcation product of fmA (Approxi. 85 bp)
Lane 1-5: Positive sample, N: Nagative sample,
S: Standard strain and L: 100 bp DNA ladder.

Figure 4. Agarose gel showing amplifcation product of spvR (Approxi. 310 bp)
Lane 1-5: Positive sample, N: Nagative sample,
S: Standard strain and L: 100 bp DNA ladder.

Figure 5. Agarose gel showing amplifcation product of spvC (Approxi. 571 bp)
Lane 1-4 and 8-10: Positive sample, N: Nagative sample,
S: Standard strain and L: 100 bp DNA ladder.
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PREVALENCE OF LEPTOSPIROSIS AMONG BUFFALOES

Balakrishnan Govindan*, Parimal Roy and Daniel Joy Chandran

ABSTRACT

Leptospirosisisazoonotic disease, endemic
in India. It causes heavy economic losses on
account of abortions, still birth, infertility, sterility
and mastitis. Hence a study on seroprevalence of
bovine leptospirosis was undertaken in order to
develop a suitable vaccine to control the disease. A
total of 267 blood samples collected from buffaloes
showing clinical signs of anorexia, pyrexia,
mastitis, abortion, premature calving and infertility
and apparently healthy animals in different districts
of Tamil Nadu were subjected to the microscopic
agglutination test (MAT) to diagnose leptospirosis.
The seropositivity to leptospirosis was found to
be 75.66 percent in buffaloes. Out of 12 different
serovars screened, only fve different serovars
namely australis, ballum, hardjo, hebdomadis and
pomona could be observed among buffaloes in
Tamil Nadu. The serovars autumnalis, canicola,
grippotyphosa, icterohaemorrhagiae, javanica,
pyrogenes and tarassovi could not be observed in
the present study. Hence the present study indicated
the circulation of different leptospiral serovars
among the buffalo population of Tamil Nadu,
India which could be useful to formulate a suitable
vaccine to control leptospirosis.

Keywords: buffaloes, leptospirosis, prevalence,
Tamil Nadu

INTRODUCTION

Leptospirosis is a zoonotic disease,
endemic in India. It causes heavy economic losses
on account of jaundice (John et al., 1980) abortion
(Sharma et al., 1982) and drop in milk production
(Ahmed, 1990, Khan and Khan, 1988). Both
clinical and subclinical forms of leptospirosis in
buffaloes have been reported in different countries
(Andreani et al., 1974 and Ciceroni et al., 1995).
In India, Adinarayanan et al. (1960) were the frst
to report leptospirosis among buffaloes in Uttar
Pradesh. Subsequently, seroprevalence among
buffaloes has been reported from many parts
of India (Pande, et al., 1961; Bhat nagar et al.,
1967; Arora and Baxi, 1978 and Srivastava and
Kumar, 2003). In Southern India, the prevalence
of leptospiral antibodies in buffaloes has been
reported by many authors (Hussain, 1973; John et
al., 1980; Ratnam et al., 1983; Ramakrishna, 1986;
Seenivasan, 1995 and Ramani Pushpa and Punya
Kumari, 2005). Information on the current status of
leptospirosis among buffaloes in Tamil Nadu, India
is inadequate. Hence this study was designed to fnd
out the incidence of leptospirosis among buffaloes
and the serovars involved in order to develop a
suitable vaccine to control the disease.

Department of Veterinary Microbiology,
*E-mail: gobalg@rediffmail.com

Madras Veterinary College, Chennai, Tamil Nadu, India,
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MATERIALS AND METHODS

Sample Collection

A total of 267 blood samples were
collected from buffaloes showing clinical signs
of anorexia, pyrexia, mastitis, abortion, premature
calving and infertility and apparently healthy
animals in different districts of Tamil Nadu, India
(Table 2). The samples were subjected to the
microscopic agglutination test (MAT) to diagnose
leptospirosis

Microscopic agglutination test (MAT)
Preparation of antigens for MAT

A 5-8 day old liquid culture of live
leptospiresincubated at 29+ 1° C, containing density
of 2x108 leptospires per ml was used (OIE, 2004).
The leptospiral cultures without clumps were used
as antigens in MAT. The panel of antigens used in
MAT is presented in Table 1.

Microscopic agglutination test

This test was conducted as per OIE (2004)
in 96 well ‘U’ bottom titration plates (M/s. Laxbro,
India).

Serum dilutions were made in deep well
(96 well) dilution plates (M/s. Laxbro, India). To
980 ul of PBS, 20 pl (1:50) of serum samples
were added in individual wells. Serum dilutions
(25 pl of 1:50) were added to each of the 12 wells
in the A to G rows of ‘U’ bottom microplates. In
the last row, only PBS 25 pl was added to all the
wells which served as antigen control. Thus each
row corresponded to each sample. Twelve antigens
(25 pl) were added in all the wells of respective
columns (antigen 1 in column 1, antigen 2 in
column 2 and so on) including in the respective
antigen control wells, so that the fnhal serum
dilution was in 1 in 100. The plates were closed
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with lids and incubated at 37°C for 2 h. A drop (5
pl) of mixture (Fnal dilution of 1:100) was placed
on grease-free slide and the wet preparation without
cover slip was screened using 20X objective of the
dark feld microscope (M/s. Nikon, 200E Japan)
for the presence of agglutination and/or reduction
in number of organism in comparison with the
respective antigen control. A 50 percent reduction
in the number of free leptospires in the test sample
comparable with the respective antigen control was
considered positive with or without agglutination.

Quantitative assay

Quantitative assay was carried out in ‘U’
bottom microtitration plates against the reacting
serovars of leptospires. All the 96 wells were charged
with 20 pl PBS. In the Frst well of each row, 20 ul of
1: 25 diluted (Initially diluted in PBS in a separate
deep well dilution plate) serum samples were added
and mixed well. Then equal volume (20 pl) was
serially transferred to 9 wells. From the 9" well 20
pl was discarded. A constant volume of 20 pl of the
respective Leptospira antigen (2 x 108 per ml) was
added in each row and incubated at 37°C for 2 h.
All fnal dilution mixtures (50, 100, 200, 400, 800,
1600, 3200, 6400 and 12800) were observed under
dark feld microscope and the results recorded as
before. The reciprocal of the highest dilution which
showed 50 percent reduction in the number of free
leptospires comparable to the respective antigen
control with or without agglutination was recorded
as the respective titre.

RESULTS

Out of a total 267 sera samples screened
in four districts of Tamil Nadu in India, the
seropositivity was found to be 75.66 percent (Table
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Table 1. Reference strains of Leptospires* used in the study.

S. No Serogroup Serovar Strain
1 Australis australis Ballico
2 Autumnalis rachmati Rachmati
3 Ballum ballum Mus127
4 Canicola canicola Hond Utrecht IV
5 Grippotyphosa grippotyphosa Moskva V
6 Hebdomadis hebdomadis Hebdomadis
7 Icterohaemorrhagiae icterohaemorrhagiae RGA
8 Javanica poi Poi
9 Pomona pomona Pomona
10 Pyrogenes pyrogenes Salinem
11 Sejroe hardjo Hardjoprajitno
12 Tarassovi tarassovi Peripellicin

*Qbtained from National Reference Laboratory, ICMR, Andaman and Nicobar Islands, India.

Table 2. Leptospira seropositivity among bovines in Tamil Nadu, India.

SNo. | Districts oreened | seroposttive | percentage.
1 Chennai 243 184 75.72
2 Dindigul 12 7 58.33
3 Kancheepuram 5 4 80.00
4 Thiruvallur 7 7 100.00
Total 267 202 75.66

Table 3. Titre wise distribution of various serovars prevalent among bovines in Tamil Nadu, India.

Antigen Number of Positive reactions in each titre (MAT) ToéaeLSE(s)lr':Lve
100 | 200 | 400 | 800 | 1600 | 3200 | 6400 | 12800 | InNo In Percent
australis 28 16 13 0 0 0 0 0 57 19.45
ballum 7 5 0 0 1 0 0 0 13 4.44
hardjo 31 24 5 2 2 0 0 0 64 21.84
hebdomadis | 36 16 4 1 1 0 0 0 58 19.80
pomona 36 31 8 18 5 1 2 0 101 34.47
Total 138 | 92 30 21 9 1 2 0 293 23.98
Note: The 12 reference strains listed in the Table 1 were used to screen the samples.
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2). All the seven samples from Thiruvallur district
were found to be positive. Out of 12 samples and fve
samples screened in Dindigul and Kancheepuram
districts, seven and four samples respectively
were found to be positive. The seropositivity in
Chennai district was found to be 75.72 percent. The
frequency of occurrence of serovars ranged from
4.44 percent to 34.47 percent (Table 3). Among
the serovars, pomona (34.47 percent) was more
prevalent, followed by hardjo (21.84 percent),
hebdomadis (19.80 percent), australis (19.45
percent) and ballum (4.44 percent) (Table 3).

The titrewise distribution of australis,
ballum, hardjo, hebdomadis and pomona among
buffaloes in Tamil Nadu is presented in Table 3.
Only fve different serovars could be observed out
of 12 different serovars screened (Table 1). The
serovars, autumnalis, canicola, grippotyphosa,
icterohaemorrhagiae, javanica, pyrogenes and
tarassovi could not be observed in the present
study.

DISCUSSION

In the present study buffaloes from four
districts of Tamil Nadu in India were screened
against 12 serovars of Leptospira (Table 1) and the
prevalence of fve serovars namely pomona, hardjo,
hebdomadis, australis and ballum were recorded
with high seropositivity (75.66 percent). But this
study was done with only 267 samples. However
such high seropositivity has been recorded earlier
by Natarajaseenivasan (1997) and Selvaraj et
al. (2005) who reported 85.70 percent and 82.67
percent seropositivity, respectively.

The occurrence of hebdomadis
(Karthikeyan, 2004 and Selvaraj et al., 2005),
hardjo (Karthikeyan, 2004 and Selvaraj et al.,
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2005), pomona (Karthikeyan, 2004; Ratnam, et al.,
1983 and Selvaraj et al., 2005), australis (Selvaraj
etal., 2005) and ballum (Selvaraj et al., 2005) have
been reported earlier among buffaloes in Tamil
Nadu, which is in agreement with the present
fndings.

In addition to the serovars recorded in the
present study, other serovars namely autumnalis
(Karthikeyan, 2004; Ratnam, 1994; Ratnam et
al., 1994 and Selvaraj et al., 2005), canicola
(Karthikeyan, 2004 and Ratnam et al., 1983),
grippotyphosa (Karthikeyan, 2004 and Selvaraj
et al., 2005), icterohaemorrhagiae (Karthikeyan,
2004 and Selvaraj et al., 2005), javanica (Hussain,
1973; Karthikeyan, 2004; Selvaraj et al., 2005 and
Venkataraman and Jagannathan, 1961), pyrogenes
(Hussain, 1973 and Selvaraj et al., 2005) and
tarassovi (Karthikeyan, 2004; Ratnam, et al.,
1983 and Selvaraj et al., 2005) have been reported
in previous studies conducted among buffaloes
in Tamil Nadu, but could not be observed in the
present study which refects the changing trends
in the prevalence of different serovars among
buffaloes over a period of time.

Five serovars namely australis, hardjo,
hebdomadis and ballum observed among buffaloes
in the present study as well as in earlier studies are
consistently prevalent among buffaloes in Tamil
Nadu.
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HISTOGENESIS OF THE SPINAL CORD IN INDIAN BUFFALO (BUBALUS BUBALIS)

Satender Kumar, Anuradha Gupta*, Neelam Bansal and Varinder Uppal

ABSTRACT

The caudal part of the neural tube
developed into the spinal cord at 1.5 cm CVRL (35
days) with clearly differentiated ependymal, mantle
and marginal layers. From 6.4 cm CVRL (57 days)
onwards, cilia were present on the ependymal cells
lining the central canal. At the same stage, the
mantle layer appeared at the roof and Foor plate. It
showed different stages of developing neurons and
supporting neuroglial cells in 9.1 cm CVRL (70
days) buffalo foeti. White matter became thick and
was of loose consistency at 9.1 cm CVRL.

Keywords: buffalo, ependymal cells, histogenesis,
marginal, mantle, spinal cord

INTRODUCTION

India possesses about 92 million (56.8%) of the
world’s buffalo population (Meena et al., 2007). A
breakthrough in buffalo research can provide a big
push to the livestock economy. Foetal neurology
is a discipline that will continue to develop fast
in the immediate future, and this would facilitate
the possibility of a rapid and reliable diagnosis
of anatomical or functional abnormality of the
foetal nervous system (Legido et al., 2004). The
spinal cord is the site of integration of visceral and

somatic sensory and motor activities that are critical
for the survival of animals and its anatomical
differentiation is associated with differences in the
functional capacity.

Inthe available literature concerning prenatal
life much of the work has been reported in goats
(Talujaetal., 1990; Maya, 2005), sheep (Chongwen
and Guifang, 1998), dog (Engel and Draper, 1982)
and camel (Elmonem et al., 2007). But scanty work
has been reported on the histogenesis of spinal cord
of buffalo foeti (Bansal et al., 2009). So, keeping in
view the paucity of literature, the present research
was proposed on the histogenesis of the spinal cord
of buffalo foeti during prenatal life.

MATERIALS AND METHODS

The study was conducted on spinal cord of
18 buffalo foeti obtained from an abattoir, ranging
between 1.5 cm CVRL (35 days) to 108cm CVRL
317 days). After the collection, the foetal body
length was measured as curved line in centimeters
with the help of inelastic thread along the vertebral
column between the most anterior part of frontal
bone to the rump at ischiatic tuberosity and
designated as crown rump length (Edward, 1965).

The approximate age of the foetii was
calculated by using the formula given by Soliman
(1975).

Guru Angad Dev Veterinary and Animal Sciences University, Department of Veterinary Anatomy, Ludhiana,

Punjab, India, *E-mail: anuradha71@in.com
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Y=28.66 + 4.496 X (CVRL < 20 cm)
Y=73.544 + 2.256 X (CVRL > 20 cm)

where Y is age in days and X is CVRL in
centimeters.

Based on CVRL the foeti were divided
into three groups :-

Group 1: Foeti of CVRL between 0 - 20
cm

Group 2 : Foeti of CVRL above 20 cm
and upto 40 cm

Group 3 : Foeti of CVRL above 40 cm

In small foetii up to 6.4 cm CVRL (57
days), the whole foetus was taken and serial
sections were cut. In foetii above 9.1 cm CVRL (70
days), samples of spinal cord from different regions
(cervical, cervical enlargement, thoracic, lumbar,
lumbar enlargement, sacral and coccygeal) were
taken for histomorphological and histochemical
studies.

The tissue samples were fxed in 10%
neutral buffered formalin (NBF) immediately
after collection. Once the fxation was achieved,
the tissues were processed for paraffn block
preparation by acetone-benzene schedule (Luna
1968). The blocks were prepared and sections of 5
pum thickness were cut with rotary microtome. The
paraffn sections were stained with haematoxylin
and eosin for routine morphology, Masson’s
trichrome for connective tissue, Verhoeff’s stain
for elastic Tbers, Holme’s for neuronal elements,
Sevier-Munger for neural tissue and Holzer’s stain
for glial fbers.
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RESULTS AND DISCUSSION

Layer Differentiation

The caudal part of the neural tube
developed into the spinal cord at 1.5 cm CVRL (35
days) due to aggregation of neuroepithelial cells. At
the same stage all the three layers viz. ependymal,
mantle and marginal were clearly differentiated
(Figurel). Similarly, Yong et al. (2003) in goat
and Elmonem et al. (2007) in camel found three
concentric layers on 20 day and at 2.7 cm CVRL
foetii, respectively.

Ependymal Layer

The neurocoele was lined by multilayered
epithelial cells called the ependymal layer in 1.5
cm CVRL (35 days) buffalo foeti (Figure 2). This
primitive ependymal layer was pseudostratifed
columnar epithelium (Figure 3) where neurons
proliferated and migrated laterally to form the
mantle layer. It was composed of darkly stained
cells with vacuolated cytoplasm in between
mesenchymal cells. The cilia were not present on
the lining epithelium in 1.5 cm CVRL (35 days)
buffalo foetus. The fndings corroborates well with
the earlier reports in mouse (Bjugn et al., 1988),
dog (Garcia et al., 2005) and camel (EImonem et
al., 2007).

From 6.4 cm CVRL (57 days) onwards,
cilia were observed on the ependymal cells lining
the central canal (Figures 4 and 5). The ependymal
cells of the roof plate were elongated and nuclei
moved away from the lumen and basal processes
formed a septum in the marginal layer. The opposite
walls of the lumen came in contact with each other
at the roof plate and foor plate. At 38.8 cm CVRL
(161 days), the height of ependymal cells decreased
(Figure 6). At 108 cm CVRL (317 days), the simple
columnar cells were also noticed at some places
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Diamond shaped central canal (CC), ependymal layer (Ep), mantle layer (M) and marginal
layer (Mr) at 1.5 cm CVRL (35 days). Hematoxylin and Eosin X 100.

Pseudostratifed ependymal cells (Ep) lining central canal at 1.5 cm CVRL (35 days).
Hematoxylin and Eosin X 400.

Ependymal cells lined by cilia (Ci) at 6.4 cm CVRL (57 days). Masson’s trichrome X 200.
Elastic fbres present in basement membrane of ependymal cells (Ep) and mantle layer at 6.4
cm CVRL (57 days). Verhoeff’s stain X 200.

Central canal lined by ciliated ependymal cells (Ci) at 6.4 cm CVRL (57 days). Sevier-
Munger stain X 200.

Reduced thickness of ependymal cells (Ep) with cilia at 58.3 cm CVRL (205 days).
Hematoxylin and Eosin X 200.
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Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Columnar type of ependymal layer (Ep) at some places in 108 cm CVRL (317 days).
Hematoxylin and Eosin X 400.

Aggregation of differentiating neurons (VL) at 6.4 cm CVRL (57 days). Hematoxylin and
Eosin X 100.

Neurons at ventrolateral (VL) aspect of ventral horn of gray matter at 6.4 cm CVRL (57
days). Masson’s trichrome X 100.

Differentiating neuroglial cells and neurons along with dendrites and axons at 22.5 cm CVRL
(124 days). Masson’s trichrome X 200.

Oligodendroctes and astrocytes developing between the differentiating neurons at 22.5 cm
CVRL (124 days). Holme’s X 200.

Weak activity of acid mucopolysaccharides in dorsal funiculus of white matter (W) of cervical
region at 9.1 cm CVRL (70 days). PAS/AB stain X 400.
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Elastic fbres in duramater (DU), arachnoid (Ar) and piamater (P) at 6.4 cm CVRL (57 days).

Formation of spinal nerves from dorsal spinal nerve (DSN), ventral spinal nerve (VSN),

dorsal medial septum and ventral median Fssure of cervical region at 15.6 cm CVRL (99

Figure 13.

Verhoeff’s stain X 200.
Figure 14.

days). Holzer’s stain X 40.
Figure 15.

Formation of dorsal medial septum (DM), oval shaped spinal cord, elongated central canal

(CC) and dorsal and ventral horn in sacral region at 9.1 cm CVRL (70 days). Holme’s X

100.

along with pseudostratifed columnar epithelium
(Figure 7). Our fndings confrmed the observations
made by Bohme (1988) in cat.

Mantle Layer

At 1.5 cm CVRL (35 days), the mantle
layer could not be detected. The roof and foor plate
and was thicker at the basal plate than the alar plate.
The basal plate (future ventral gray horn) was found
to be quite voluminous and formed the motor area
of the spinal cord whereas the alar plate formed the
sensory area of the spinal cord. At 6.4 cm CVRL
(57 days) the mantle layer appeared at the roof and
foor plate. There was higher cellularity in the basal
plate at 1.5 cm CVRL (35 days) and at the alar plate
in 6.4 cm CVRL (57 days) buffalo foetii (Figure 8).
Similar fndings were reported in dog (Engel and

323

Draper, 1982) and cat (Bohme, 1988).

At 6.4 cm CVRL (57 days), on the
ventrolateral aspect of the ventral horn of the spinal
cord aggregation of neurons appeared (Figure 9).
These developing neurons established the ventral
roots of the spinal nerves. Similar fndings were
reported by De Lahunta (1983), Seeley et al.
(1992), Carlson (1996) and Dyce et al. (2009).

The mantle layer showed different stages
of developing neurons and supporting neuroglial
cells in 9.1 cm CVRL (70 days) buffalo foetii. The
differentiating motor neurons appeared with the
withdrawal of apical processes from the neurocoele
(Figures 10 and 11). Similar fndings were reported
in mice (Wentworth and Hinds, 1978) and in camel
(Elmonem et al., 2007).
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Marginal Layer

At 1.5 cm CVRL (35 days), the marginal
layer formed the outermost zone and was present
on the ventral and lateral aspect of the spinal cord
but was absent at the roof plate. It was fhrous and
lacked cellular componenents in 6.4 cm CVRL
(57 days) with few spongioblasts at foor plate
and dorsal and ventral nerve root path. At 9.1 cm
CVRL, white matter became thick and was of loose
consistency (Figure 12). Similar fndings have been
reported earlier in dog (Engel and Draper, 1982)
and in goat foeti (Maya, 2005).

In 6.4 cm CVRL (57 days) buffalo
foetus, the ventral median groove became deep
(Figure 13). Later the Foor plate did not increase
signifcantly in thickness resulting in formation of
the ventral median fssure in buffalo foetii at 15.6
cm CVRL (99 days) buffalo foetii (Figure 14). With
the growth of the alar lamina, the white matter of
both sides converged together and formed the
dorsal median septum (Figure 15) at 9.1 cm CVRL
(70 days). Similar fndings were reported in cat
(Bohme, 1988), human (Carlson, 1996) and camel
(ElImonem et al., 2007).
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USE OF APROGESTERONE-BASED PROTOCOL TO SYNCHRONIZE OVULATION AND
OPTIMIZE SUBSEQUENT FERTILITY IN SUBESTROUS BUFFALO

S.P.S. Ghuman*, M. Honparkhe and J. Singh

ABSTRACT

Ten subestrous buffalo were administered
progesterone  releasing intravaginal insert
(Controlled Internal Drug Release, CIDR) for
a period of eight days. All the buffaloes were
administered (i.m.) a PGF,, (500 ug cloprostenol
sodium) and a GnRH (0.02 mg buserelin acetate)
analogue on day 7 (day 0: CIDR insertion) and
day 9, respectively. Inseminations were carried out
on day 10 and thereafter, if required, on day 11.
The subestrous status of the buffalo was confrmed
by the presence of ovarian luteal activity (CL
diameter: 10.5+1.2 mm, Plasma progesterone:
1.5+0.3 ng/ml) on day 0. Subsequent to CIDR
insertion, plasma progesterone increased (P<0.05)
on day 3 (3.0£0.3 ng/ml), and remained above 2.0
ng/ml till day 8. Ovulation occurred between 48-72
h after CIDR removal in 80% buffalo and during
next 24 h in the remaining 20% buffalo. On day
100, frst service conception rate was recorded as
70% (P<0.05). Retrospective analysis suggested
that buffalo failing to conceive had persistently
higher luteal activity on day 10 compared to their
conceiving counterparts (P<0.05). In conclusion,
the submission of subestrous buffaloes to a
progesterone-based protocol was able to induce
synchronized ovulation in 80% buffalo with an
excellent (70%) fertility response.

Keywords: subestrus, buffalo, cidr, conception
rate, ovulation

INTRODUCTION

Subestrus or silent estrus is a major
constraint limiting the reproductive effciency of
the buffalo (Ghuman and Singh, 2009). The use
of an ovulation synchronization protocols viz,
ovsynch has achieved partial success with respect
to synchronization of ovulation and frst service
conception rate in subestrous buffalo (Ghuman
et al.,, 2010). This could be due to low plasma
progesterone in subestrous buffalo compared
to buffalo exhibiting overt estrus (Mondal and
Prakash, 2002). In fact, during the pre-conception
period, the priming of reproductive system with
an adequate amount of circulating progesterone is
essential for the successful conception (Folman et
al., 1990). Therefore, the present study was planned
to establish a protocol for subestrous buffalo for
achieving consistent synchronization of ovulation
followed by an acceptable fertility.

MATERIALS AND METHODS

This study was conducted on ten subestrous
buffalo (Age: 3-6 years, BCS: 3-4) reared at

Department of Veterinary Gynaecology and Obstetrics, College of Veterinary Sciences, Guru Angad Dev
Veterinary and Animal Sciences University, Ludhiana, Punjab, India, *E-mail: ghuman_s@yahoo.co.in
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private dairy farms of Punjab state. Their histories
suggested that these animals had failed to exhibit
estrus during the three-month period before the start
of study. This was further confrmed by subjecting
the buffaloes to ovarian ultrasonography and plasma
progesterone analysis at two time points, separated
by 10 days prior to the start of experiment (Figure 1).
The buffaloes were kept in a loose housing system
and were fed chaffed green fodder, wheat straw,
concentrates, and mineral mixture and had access to
drinking water ad libitum.

Protocol: Each buffalo was inserted a controlled
internal drug release (CIDR, 1.38 g progesterone,
Pfzer India) from day 0 to 8. In addition, a PGF,,
(500 pg, cloprostenol sodium; Vetmate™, Vetcare,
Bangalore, Karnataka, India) and GnRH (20 pg,
buserelin acetate, Receptal® VET, Intervet India
Private Ltd., Pune, Maharashtra, India) analogue was
administered (i.m.) on day 7 and day 9, respectively.
All the buffaloes were inseminated on day 10 and 24

Categorization of
subestrus

h later, if required (Figure 1). One operator did all
the inseminations after properly checking the semen
quality.

Ultrasonography: Transrectal
ultrasonography was carried out on day 0, 8, 10 and
11 (Figure 1, Figure 2A) using a battery operated
B-mode ultrasound scanner (Agroscan AL,
ECM, Angouleme, France) equipped with inbuilt
interchangeable 5/7.5 MHz linear-array rectal
transducer (ALR 575 probe, ECM, Angouleme,
France). All the measurements of largest follicle(s)
and corpus luteum (CL) were made using the built-
in, on-screen calipers. The day when largest follicle

ovarian

disappeared was considered as the day of ovulation
and was further verifed based upon the subsequent
emergence of a CL on the site previously occupied
by the disappeared largest follicle.

Jugular vein blood sampling and hormone analysis:
Blood samples were collected on day 0, 3, 6, 8 and
10 (Figure 1, Figure 2A) from the jugular vein in a

Ovulation

Pregnancy
diagnosis

Al

Al

PGF,,4

€—— Days

GnRH

—

Figure 1. Plan for the application of a progesterone-based protocol in subestrous buffalo. Al: Artifcial
Insemination, CIDR: Controlled Internal Drug Release, GnRH: Gonadotropin releasing hormone,

PGF,,: Prostaglandin F, .
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Figure 2. Progesterone-based protocol-induced alterations in ovarian activity of subestrous buffalo. Figure-A
represents alterations in all the buffaloes subjected to progesterone-based-protocol, whereas Figures
B and C exhibit the data of buffalo that ultimately conceived or failed to conceive. 2vsb cvsdevs
fp<0.05.
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CIDR-treated subestrous buffaloes of the present
study was better compared to conception rate (60%)
in a previous PRID-based estrus synchronization
study in buffaloes (Singh et al., 2009). This could
be due to priming of hypothalamic system with an
adequate amount of plasma progesterone during the
pre-conception period leading to optimal maturation
of ovulatory follicles and CLs (McNeill et al.,
2006). Nevertheless, the large follicle diameter on
the day 0 or on the day of insemination was similar
(P>0.05; Figure 2B) in buffaloes that subsequently
conceived or failed to conceive. In fact, the optimal
development of an ovulatory follicle in an optimal
progesterone environment is essential compared
only to the diameter of ovulatory follicle for higher
pregnancy rate in dairy cattle subjected to estrus
synchronization (Colazo et al., 2009).
Furthermore, ovulation occurred between
48-72 h after CIDR removal in the buffaloes that
conceived (P<0.05), whereas, those failing to
conceive ovulated between 72-96 h after CIDR
removal. In the later case, the delay in ovulation
could be due to the presence of active luteal profle
(plasma progesterone: 1.7+0.9 ng/ml, CL diameter:
7.3+1.2 mm) on day 10 (Figure 2C). Suprabasal
plasma progesterone (=0.3ng/ml) around the period
of LH surge is known to delay the onset of LH
surge and ovulation, and also decreases subsequent
fertility (Duchens et al., 1996). In summary, a
progesterone-based hormone protocol is an optimal
tool for better synchronization of ovulation (80%)
and conception rate (70%) in subestrous buffaloes.
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PERFORMANCE CHARACTERISTICS OF FASCIOLA GIGANTICA CATHEPSIN-L
CYSTEINE PROTEINASE (FgCL3) BASED DIPSTICK ELISAIN
NATURALLY ACQUIRED BUBALIAN FASCIOLOSIS

A. Guptal, A.K. Dixit**, Pooja Dixit? and Chetna Mahajan?

ABSTRACT

Buffaloes are the important multipurpose
farm animals in the Indian sub-continent,
contributing signifcantly to meat and milk
production. The humoral immune responses
to Fasciola gigantica cysteine proteinase in
experimentally infected buffaloes have been
widely studied. However, scarcely any literature is
available on serodiagnosis of bubalian fasciolosis
using purifed cysteine proteinase under feld
conditions. In the present study, cysteine proteinase
dot—ELISA using dipstick (dipstick - ELISA) was
developed for the detection of natural F. gigantica
infection. Faecal and serum samples were collected
randomly from buffaloes (n=100) slaughtered at a
local abattoir. Serum samples of buffaloes revealed
54 positive cases in Dipstick-ELISA, out of
which only 35 were coprologically positive. The
sensitivity, specifcity and accuracy of cysteine
proteinase dipstick—-ELISA under feld conditions
were 100% whereas corresponding values for
coprological examination were 62%, 100% and
80%, respectively. It was concluded that dipstick—
ELISA using cysteine proteinase demonstrated

a high prevalence of fasciolosis and could be a
feasible diagnostic method for detection of natural
F. gigantica infections in buffaloes.

Keywords: buffalo, dipstick — ELISA, Fasciola
gigantica, FgCL3, Immunodiagnosis

INTRODUCTION

Tropical fasciolosis caused by Fasciola
gigantica in buffaloes is asymptomatic, subclinical
and/or chronic form of the disease, adversely
affecting their reproductive cycle, weight gain, food
conversion effciency and productivity. The host
suffers from unnoticed ill effects of the disease for
a prolonged period before the disease is detected at
veterinary clinics and/or the abattoir (Edith et al.,
2010). The best way of establishing and evaluating
control programs for fasciolosis is to have
available diagnostic tests that provide information
about herds and/or animals in which infection by
Fasciola causes production losses. This would
make it possible to limit treatments to only those
animals that really need it, thereby reducing costs,
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avoiding the emergence of resistance, promoting
the development of natural immunity to infection
and ultimately, optimizing the use of fukicides.

Traditional diagnosis of liver fuke infection
is by detection of eggs in faeces or Fukes in the liver
and bile ducts post-mortem. One disadvantage of
the faecal egg counting technique is that it detects
the presence of Fasciola eggs in the faeces only
about 13 weeks post-infection. Serological tests
are highly sensitive epidemiological tools for the
detection of the disease but their application is
limited by cost and expertise in most developing
countries. However, over the past 25 years a number
of highly sensitive and specifc diagnostic tests have
been developed that are increasingly replacing the
coprological techniques (Dixit et al., 2008). These
tests are based on the detection of Fasciola antigens
in serum and faeces (Mezo et al., 2004, Valero
et al., 2009) or on detection of Fasciola-specifc
antibodies in serum (e.g. Salimi-Bejestani et al.,
2005, El Ridi et al., 2007). Antibody-detection
tests are in widespread use and several commercial
tests are available. With the recent development
of 28kDa F. gigantica Cathepsin-L cysteine
proteinase (FgCL3) based dipstick ELISA (Gupta
et al., 2011), an important tool has been provided
for the diagnosis of fasciolosis in naturally infected
animals. The objective of the present study was
to compare the diagnostic effciency of faecal
examination with FgCL3 based dipstick- ELISA
using the true infection status of the autopsied
buffaloes as a gold standard.

MATERIAL AND METHODS

Faecal and serum samples
Synchronously faecal samples and 5 ml of
blood from each buffalo (n=100) were randomly
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collected from the large ruminant slaughter house,
located at Madartekri, Jabalpur. Blood was allowed
to clot and serum was separated and brought to
laboratory in Eppendrof’s tubes while maintaining
cold chain and stored at -20°C. On spot, necropsy
fndings regarding presence of the fuke (mature as
well as immature) were recorded for each autopsied
buffalo.

Coprological examination

Standard coprological techniques were
performed for assessing the infection (Sloss et al.,
1994).

Dipstick- ELISA

For antigen preparation the standard
protocol described previously by Dixit et al. (2002)
was followed. Purity of the protein was checked on
SDS-PAGE (15%) under non-reducing conditions
(Laemmli, 1970). Optimum concentration of the
referral antigen, required for dipstick-ELISA
has been determined by chequer board titration.
Nitro-cellulose membranes attached to plastic
sticks (Microdevice, Ambala), was dotted with
2 g antigen per stick. After drying the sticks in
incubator at 37°C for 1 hr, they were stored at 4°C
until required.

Dipstick-ELISA was performed according
to the method described by Dixit et al. (2002) with
a few modifcations. The dotted sticks were washed
with PBS plus 0.05% (v/v) Tween-20 (PBS/T) and
blocked with a solution containing 5% skimmed
milk powder in PBS/T (incubation buffer) by
incubating at 37°C for 1 h. The sticks were washed
three times for 15 minutes with PBS/T (washing
buffer) and incubated for 1 hour at 37°C with
serum samples diluted 1:200 in incubation buffer.
The sticks were given three washings and were
again incubated for 1 hour at 37°C with rabbit anti-



bovine peroxidase conjugate at 1:200 in incubation
buffer. Finally, three washings were given and the
sticks were incubated in the Diaminobenzidine
(DAB) substrate buffer (Genei) for the colour
development of the dot. After the development of
the dot, in known positive samples the reaction
was immediately stopped by dipping the strips in
the distilled water. The strips are then dried and
examined for the development of the dot.

Sensitivity, specificity and accuracy

Sensitivity means the ability of a test to
correctly identify the percentage of those who have
the disease; while specifcity means the ability of
a test to correctly identify the percentage of those
who do not have the disease; whereas accuracy
describe the degree to which a measurement
refects the true status of what is being measured
and it is used to express the overall performance of
a diagnostic test. The gold standard for calculation
of the test performance was the true fuke status
of the buffaloes. The sensitivity, specifcity and
accuracy of coprological examination and dipstick-
ELISA were calculated using following formulas.

Sensitivity = T+/ (T+) + (F-) x 100

Specifcity = T-/ (T-) + (F+) x 100

Accuracy = (T+) + (T-)/ TN x 100

where; T+ (=true positive), T- (=true
negative); F+ (=false positive), F- (=false negative)
and TN (= total number).

RESULTS

Parasitological results

Livers of 100 buffaloes were
examined for the presence of immature and mature
F. gigantica. Liver of animals revealing fukes
on autopsy constituted Group 1 (n= 54) whereas
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animals failed to demonstrate juvenile and/or
adult fuke in hepatic tissue constituted Group 2
(n=46), regardless of infection with other helminth
parasites. Coprological examination of buffaloes of
both the groups revealed that 89% of the buffaloes
harboured helminth infections out of which 87%
were mixed infection. Prevalence of amphistome
(67%) was highest followed by strongyles
(57%), coccidia (43%), F. gigantica (34%) and
Strongyloides spp. (19%).

Dipstick-ELISA

It was observed that the immunological
fndings were positive for Group 10. The results
of dipstick-ELISA showed all 54 buffaloes
positive for fasciolosis, out of which only 34 were
coprologically positive, rest of the 20 buffaloes did
not reveal infection in coprological examination. No
false positive cases were detected in coprological
as well as dipstick—-ELISA. Hence the sensitivity,
specifcity and accuracy of dipstick—-ELISA were
100% and of coprological examination were 62%,
100% and 80% respectively.

DISCUSSION

Coprological examination revealed a
sensitivity of 62% which is in agreement with the
previous work of Braun et al., (1995) who reported
68% sensitivity mainly due to discontinuous
shedding of eggs. The sensitivity can be improved
to 90% when taking three examinations of one
sample (Rapsch et al., 2006). However, this
rather time consuming approach is unsuitable for
diagnosis on the herd level.

Enzymatically active Cathepsin L cysteine
proteinase from F. gigantica was isolated from
adult fuke E/S material and a Dot-ELISA assay
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utilizing dipsticks (Dipstick — ELISA) was
standardized for its application in feld. In our
previous studies on 28 kDa cysteine proteinase for
the detection of experimental F. gigantica infection
in sheep, the test evidenced positive reaction at 4
wpi with weekly pooled sera (Dixit et al., 2002).
These results highlighted for the frst time the
possibilities and advantages of using pure antigen
for the diagnosis of experimental F. gigantica
infection. Weekly pooled sera of experimentally
infected buffaloes when subjected to Dipstick —
ELISA revealed antibodies at 2 wpi (Dixit et al.,
2004). Further, no cross reactivity was observed
with weekly pooled sera of buffaloes and goats
experimentally infected with Paramphistomum
epiclitum (Dixit et al., 2003).

Varghese et al. (2011) reported 90%
sensitivity and 100% specifcity of cathepsin-L
cysteine proteinase based Dot-ELISA in the
detection of bubalian fasciolosis. Additionally,
sera from 156 Fasciola-free buffaloes, yet infected
with Gigantocotyle explanatum, P. epiclitum,
Gastrothylax spp., Strongyloides papillosus and
hydatid cyst were all negative, indicating that F.
gigantica cathepsin-L cysteine proteinase does not
cross-react with these helminth parasites in natural
infection of the host. Furthermore, no tests currently
available can be considered as having both 100%
sensitivity and 100% specifcity. Recently, the 28
kDa cathepsin-L cysteine proteinase of F. gigantica
has shown diagnostic potential in goats with
100% sensitivity, specifcity and accuracy (Gupta
et al.,, 2011). In the present investigation also
the sensitivity, specifcity and accuracy reached
100% as all the buffaloes which were positive
by liver examination, were found positive by
dipstick ELISA. These results demonstrate that the
prevalence of fasciolosis is higher than previously
thought due to low sensitivity of coprological
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examination.

The serological fndings reported herein
confrmed earlier work of Varghese et al. (2011).
Our results indicate that the detection of antibodies
in serum samples may provide useful information
about the status of F. gigantica infection in
naturally infected animals regardless of other
helminth infection if purifed antigen like FgCL3
is used. Thus FgCL3 dipstick ELISA is suitable for
routine veterinary diagnostic use as an alternative
to plate ELISA. Dipstick ELISA would be more
suitable when small numbers of animals are tested.
They may be useful for the disease forecasting,
assessment of the effcacy of drugs against early
stages of the parasite and in time application of
control strategies.
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EFFECT OF PRE PARTUM SUPPLEMENTATION ON CERTAIN CHARACTERISTICS OF
DAM AND CALF IN LOCAL BUFFALOES UNDER MIXED FARMING SYSTEM
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M.M. Appannavar® and M.D. Suranagi®

ABSTRACT

Sixty buffaloes were selected for an on-
farm study to elucidate the effect of pre-partum
supplementation on the body condition score of
the dam, milk production, birth weight and growth
rate of the calf among local buffaloes reared
under a mixed farming system in Bidar district,
Karnataka, India. Supplementation was done for
90 days till parturition using concentrate feed of
known composition. Results revealed that pre-
partum supplementation had a signifcant (P<0.01)
effect on body condition score of dam before and
at the end of the 3rd month of lactation and calf
birth weight (27.75£0.39, 27.33+0.40, 28+0.44 vs.
24.33+0.56), whereas, no effect was observed on
calf growth rate/ average daily gain. Milk yield was
signifcantly (P<0.01) higher in dams supplemented
(4.45%0.20, 4.62+0.20, 4.90+0.20) compared to the
non supplemented groups (3.50+0.20). However,
no signifcant difference was observed in the milk
constituents like milk fat, solid not fat and total
solids.

Keywords: Pre-partum supplementation, BCS,
Birth weight, growth rate, milk yield

INTRODUCTION

India has the largest bovine population
and ranks frst in milk production in the world.
India is the motherland for the best milch breeds
of buffaloes (105 millions, 18" Livestock census
2007). In developing countries like India, in spite
of large livestock resource, average productivity is
quite low, which might be attributed to low genetic
potential, poor nutrition and management and
critical care at times. Since, livestock rearing in
India is mostly carried out by landless laborers and
small and marginal farmers, care and management
of the animals remains an area of concern. They
do not always supplement milking animals with
adequate quantity of concentrate but only a small
quantity during milking.

Supplementation with concentrates is a key
aspect for improving productivity in tropical dairy
production. Improved nutrition during the pre-
mating period stimulates ovulation and conception
rates (Robinson et al., 2006). On the other hand,
enhancing nutrition by supplementary concentrate
diet during the late gestation period increases birth
weights of calves and milk production from the
dam (Sanh, 2009).
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Body condition is a refection of the
body fat reserves carried by the animal and these
reserves will be used to satisfy the energy needs of
animal during lactation, scarcity of food and during
ailments. Condition scoring provides a better
understanding of biological relationships between
body fat, milk production and reproduction. The
visual and tactile appraisal of animal condition
provides a good assessment of body fat reserves
minimizing the infuence of frame size and intestinal
contents (Anitha et al., 2010).

Correlating the body condition and
production of animal would help the farmers
to increase the overall effciency of feeding
and management practices to derive maximum
production. Many studies have been undertaken in
high yielding cows in commercial farms. But, there
is a little information on the effect of pre-partum
supplementation and body condition score on
production in small holder dairy systems. Hence,
an on-farm trial was undertaken to investigate the
effect of supplementation on body condition score,
milk production, birth weight and growth rate of
calves in buffaloes reared under a mixed farming
system in Bidar district of Karnataka.

MATERIALS AND METHODS

Locale of the study

The on-farm study was conducted in six
villages of Bidar district, Karnataka viz., Ghotala,
Jajanmugali, Ramthirth, Chowkiwadi, Umapur and
Laheshwar.

Selection of animals and feeding trial

Sixty buffaloes of 7-month gestation were
selected and they were distributed randomly and
equally into four groups in which three groups
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were supplemented with concentrate and one
was a control group; where no supplementation
to the animal was done. All the animals were
dewormed before the start of trial and the animals
of supplementation groups were fed with 2 kg of
concentrate feed of known composition daily for
a period of 90 days along with the dry and green
fodder as per the farmer’s own practice.

Data collection

Body condition score: Scoring was done
for all the selected animals at three stages; before
the start of feeding trial, before parturition and at
the end of the 3" month of lactation by handling and
looking at the certain points of animal body such as
tail head, rump region and transverse process of the
lumbar vertebrae to assess the fat coverage on the
bone prominences at these points using a 5 point
scale in 0.25 increments (Wildman et al., 1982).

Birth weight and Growth rate: The birth
weight and the body weight of the calf at the age
of three months were recorded using a hanging
balance. Growth rate was estimated considering
the average daily gain of the calves which was
calculated mathematically considering the birth
weight and the fnal body weight at the end of the
study.

Milk parameters: The milk yield, fat%
and SNF estimation was carried out at the 0, 30,
60 and 90" day of lactation. The milk yield was
estimated using measuring a cylinder, fat% was
estimated using electronic milko-tester and SNF
was estimated by the difference method after
estimating total solids by oven drying technique.



RESULTS AND DISCUSSION

Body condition score

The animals scoring between >2 to 3+
were considered to be average or good condition,
<2 were considered to be under conditioned;
whereas >4 were considered to be over conditioned
(Gearhart et al., 1990). The mean scores of body
condition at different stages for animals of different
groups (Table 1) suggest that the pre-partum
supplementation had a positive effect on body
condition in turn on productivity of the animal and
birth weight of the calves. It is concluded that the
supplementation during pre-partum period, BCS,
milk yield during early lactation and birth weight
of calves are related.

Before the start of feeding trial all the
animals irrespective of the group had similar
condition scores but a slight difference was found
between Group 4 and the control group (I). At
the time of parturition control group animals had
a signifcantly (P<0.01) lower mean score than
other groups suggesting that the supplementation
aids in maintaining the body reserves which is
the refection of good body condition. At the end
of the third month of lactation the mean scores of
body condition of supplemented groups differed
signifcantly (P<0.01) fromthat of the control group,

Table 1. Body condition score of dam.
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in which more reduction in condition was evident.
Low body condition was observed among the non
supplemented animals both at the time of parturition
and at the end of the 3" month of lactation because
there was no scope for maintaining body resources
which were supposed to be used for production in
the early lactation period since, in early lactation,
energy derived from the intake of feed was less
than that required for maintenance and production
so utilization of available body reserves resulted
in loss of condition and body weight. Feeding is
necessary to meet the requirements for production.
Hence, feeding during mid and late lactation (pre
partum period) must be adequate to maintain milk
production and allow the animal to restore body
condition for the subsequent lactation (Butler and
Smith, 1989).

Gearhart et al. (1990) stated that the ideal
BCS at drying off should be the same as that desired
at calving to achieve the maximum production.
Frood and Croxton (1978) have also stated that the
animals which have an intermediate amount of fat,
as estimated by body condition score, produced
more milk than animals at either extreme.

Das and Das (2007) reported that almost
all the body measurements at pre-partum were
positively and signifcantly correlated with the
production traits of cross bred cows such as total

) Groups
Particulars
1 2 3 4
BCS before feeding trial 2.70°+0.01 2.78%+0.02 2.81%+0.01 2.9299+0.01
BCS before parturition 3.10°+0.01 3.35°+0.02 3.37°+0.01 3.53%+0.01
BCS at the end of 3 months of |, 15, o5 2 58+0.01 2.57+0.01 2.72:40.01
lactation

Notes: 1 = Control group; 2, 3 and 4= groups supplemented with concentrate feed

acmeans within rows without common superscripts are signifcantly different at (P < 0.01)
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milk yield, peak yield and days taken to attain peak
yield. Whereas Ballard et al. (2001) have reported
that that energy supplementation during pre and
post partum does not have any signifcant effect
on body condition score of animals (2.91, 2.96 vs.
2.89). Bayemi et al. (2008) have also reported that
the pre-partum levels of feeding did not have any
effect on body condition score (BCS) at 12 weeks
of lactation and also no signifcant effect on birth
weight and growth rate of calves.

Birth weight and growth rate of buffalo calf

The mean birth weights of calves in kg
among the different supplemented groups (27.75,
27.33 and 28 kg) differed signifcantly from the
non supplemented group (24.33 kg) (Table 2). This
suggests the positive effect of challenge feeding on
the birth weight of calves since the supplementary
feeding during pre partum period aids in growth
of fetus as over one-half of the fetal growth occurs
during last trimester of gestation (Prior and Laster,
1979). Similar fndings were reported from Rafq
and Inskeep (1989) and Sajjan and Yadav (2007).

Das et al. (2007) and Mahiyuddin and
Praharani (2010) reported that the calves born to
animals under steaming-up ration had higher birth
weight than the calves born to animals of the control
group. Toolsee and Boodoo (2001) and Bayemi et
al. (2008) have reported that breed factor also has
an effect on birth weight of calves.

The mean ADG of calves in grams among
different groups (Table 2) revealed no signifcant
difference among supplemented groups and
non supplemented group suggesting that the
supplementation during pre partum period in
buffaloes did not have any effect on ADG of calves.
Similar fndings were reported from Bayemi et al.
(2008) who also reported that the breed factor also
had no effect on growth rate of calves.
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Milk parameters

Milk vield: The analysis of variance
revealed a signifcant (P<0.01) difference between
control and supplemented groups (Table 3). The
higher yield suggests that the challenge feeding
had a positive effect on milk yield (Greenhalgh and
Gardner, 1957; Rafq and Inskeep, 1989; Ballard
et al.,, 2001 and Das et al., 2007). The nutrient
supplementation may lower stress during early
lactation, and this may be the reason for signifcant
increase in milk yield of the present study. The
increase in yield suggests that supplementation had
a positive effect on milk production by increasing
the body reserves at pre-partum, which were
mobilized for development of extra milk secretary
tissues during lactation. Bhat et al. (2007) have
also reported that increased milk production during
the frst 150 days of lactation is attributed to the
challenge feeding, compared with the conventional
feeding strategy. But, the differences between and
within the supplemented groups might be attributed
to management practices and feeding practices
followed by the individual farmers.

Milk composition: The mean fat% (6.40,
6.41 and 6.50 vs. 6.29), total solids (15.35, 15.31
and 15.48 vs. 15.19¢) and solid not fat (SNF) (8.95,
8.90 and 8.98 vs. 8.89 g) values of supplemented
groups were found to differ non signifcant
statistically from that of the control group. But,
the slight difference in values of fat and SNF were
attributed to supplementation of additional essential
nutrients in the form of concentrate feed during
pre-partum. Mathialagan et al. (2009) have also
reported that the SNF content could be increased
to an average of 0.49% and 0.35% in cows and
buffaloes respectively on mineral supplementation.
Oalafadehan et al. (2008) reported that the total
solid yield in supplemented cows (430 and 451
g/d) was signifcantly higher than that of the non-
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Table 2. Mean values of birth weight and average daily gain under study.

. Supplementation
Particulars
1 2 3 4
Birth weight (Kg) 24.33+0.56 27.75°+0.39 27.33*+0.40 28.00°+0.44
ADG (gm) 272.22+9.84 280.56+22.27 281.48+21.77 300.93+£18.54
Notes: 1 = Control group; 2, 3 and 4= groups supplemented with concentrate feed.
abcmeans within rows without common superscripts are signifcantly different at (P < 0.01).
Table 3. Mean values of milk parameters under study.
. Supplementation
Particulars
1 2 3 5
Milk yield (lit/day) 3.79°+0.20 4.40°+0.20 4.55+0.20 4.93%+0.20
Milk fat (%) 6.29+0.14 6.40+0.14 6.41+0.14 6.50+0.14
Solid not fat (%) 8.89+0.10 8.95+0.10 8.90+0.10 8.98+0.10
Total solids (%) 15.19+0.17 15.35+0.17 15.31+0.17 15.48+0.17

Notes: 1 = Control group; 2, 3 and 4= groups supplemented with concentrate feed.
ab¢means within rows without common superscripts are signifcantly different at (P < 0.01).

supplemented cows (343 g/d). Bhat et al. (2007)
have reported that the milk fat, total solids and SNF
content of challenge fed buffaloes were statistically
at par compared to the buffaloes maintained as
control. Steaming-up during the pre-partum period
had no effect on the fat and SNF content of the
milk (Karim et al., 2001 and Das et al., 2007). But,
among the supplemented groups the difference was
non-signifcant. Similar fndings were reported by
Rafq and Inskeep (1989), Ballard et al. (2001),
Gaafar et al. (2009).
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CONCLUSIONS

Ideal body condition of the dam can be
achieved by supplementing additional concentrate
feed to the animals at pre-partum which in turn
helps for higher production during the subsequent
lactation, good birth weight of calves and less
mortality.

Higher production during the subsequent
lactation can be achieved by supplementing
additional concentrate feed to the animals at pre-
partum.

Promotion of improved feeding practices
and other scientifc management practices can be
achieved by imparting awareness among farmers
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through on-farm trials.
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DEVELOPING MULTIPLE-TRAIT PREDICTION MODELS USING GROWTH AND
PRODUCTION TRAITS IN MURRAH BUFFALO

Jay Prakash Gupta*, Gulshan K. Sachdeva, R.S. Gandhi and A.K. Chakaravarty

ABSTRACT

Data on 725 body weights and 330 frst
lactation records spread over 15 years (1993-
2007) were used to develop prediction model of
frst lactation 305-day milk yield based on earlier
expressed growth traits using multiple regression
analysis. Least squares means of body weight traits
and frst lactation were adjusted for the non genetic
factors. Genetic parameters like heritability,
genetic and phenotypic correlations of these
traits were also estimated. In general heritability
estimates of body weights at different ages were
moderate to moderately high and for frst lactation
traits were low to moderate. Genetic correlations
of different body weight traits among themselves
and different frst lactation traits among themselves
were moderate but signifcant (P<0.01). Phenotypic
correlations between different body weight traits
and frst lactation 305 day milk yield (FL305DMY)
was found to be low, positive and non-signifcant.
The frst lactation 305 days or less milk yield was
predicted from different early body weights using
multiple linear regression models. The results
indicated that frst lactation 305-day milk yield
could be predicted directly from the early expressed
body weight and reproductive performance traits,
though with lower accuracy. In general, the accuracy
was low (10-15%), of the prediction equations,
developed in the present study. In the prediction

of FL305DMY in Murrah buffaloes the stepwise
regression found, only body weight at 6 months
and 24 months were signifcantly associated with
FL305DMY. Out of these weight at 6 months was
the best ft, having an R?value of 10.11%.

Keywords: prediction model, frst lactation 305
day milk yield, Murrah buffalo, body-weight,
multiple linear regressions

INTRODUCTION

India, with its 107 million head of buffalo
(18" Livestockcensus)hastheworld’slargestbuffalo
population, of which more than 20% was comprised
of Murrah buffaloes. The genetic improvement of
growth and production of Murrah buffaloes is of
great importance in the large ruminant industry in
India, since buffaloes contributed 51.17% of total
milk and 16.53% of the total meat production in
the year 2010-2011 (BAHS, 2012). In addition, the
body weight of a heifer calf until it matures to a cow
is also an important trait because it characterizes the
adaptability and economic suitability of the animal
(Gupta et al., 2011). It is expected that animals
growing faster in terms of body weight may also
initiate physiological functioning of reproduction
and milk production earlier. Due to the high costs of
keeping farm animals with low reproductive rates

Dairy Cattle Breeding Division, National Dairy Research Institute, Karnal, Haryana, India,
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and long generation intervals, such as occur with
buffalo, the population parameters like heritability
(h?), genetic and phenotypic correlations etc.
have great importance. The knowledge of these
parameters for each characteristic of economic
importance is needed as they are indispensable for
planning, activation and evaluation of improvement
programmes. Reports on growth rate and its
association with milk production are limited and
little is known about association of production
traits with body weight at different ages and
relation in Murrah buffaloes (Tien and Tripathi,
1991). Against this background, this study aimed
to develop prediction models utilizing growth and
performance traits in Murrah buffaloes. The above
study will help to formulate suitable evaluation
procedures especially in organized farms and the
feld for improving economic traits of this breed.

MATERIAL AND METHODS

The study was based on data collected
from weight registers and history sheets of the
Murrah buffalo herd maintained at the farm of the
National Dairy Research Institute, Karnal, India.
All available data on body weight (1456 records,
spread over 15 years, 1993-2007) starting from birth
to 30 month of age, age at frst calving (AFC), frst
lactation total milk yield (FLTMY), frst lactation
305 day milk yield (FL305DMY), frst lactation
length (FLL), frst service period (FSP), and frst
calving interval (FCI) were recorded. Least squares
means for different body weight traits and frst
lactation traits were estimated (Gupta et al., 2012)
and before prediction and estimation of genetic
parameters, the data were adjusted for signifcant
non-genetic factors.
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Data Analysis

The paternal half sib correlation method
(Becker, 1986) was used to estimate the heritability
of different characters (Only sires with three or
more progeny). The mathematical model adopted
was as follows:

2 —
h? = 4var, / var, +var,

where, h? = heritability; var_ = the between
sire variance; var, = the within sire variance.

Again, the following formulae were used
for calculating between and within sires variances:

Var, = MSs — MSw/k

Var,, = MSw

where, MSs = the between sires mean
square; MSw = the within sire mean square; K =
coeffcient of variance being estimated.

Genetic and Phenotypic Correlations

Correlation is the extent to which
the variables vary with each other. Genetic
correlation would be due to plieotropy and linkage.
Phenotypic correlation is considered to be due to
interaction between genetics and environment. The
physiological and managemental variation result
in altered expression of heritable traits. Genetic
correlation between two traits was calculated by
the following formula:

* var

r, = cov shvar, )

where, r,= the genetic correlation; cov, =
the covariance between sires; var_,) = the between
sire variance of trait x; var, = the between sire
variance of trait y.

Phenotypic correlation between two traits
was calculated using the following formula:

(y



r =cov_+cov /V(var _+var_ )*(var  +var
p w s wW(X S(x) w(y)

) S(y))

where, r, = the phenotypic correlation;
cov, = the covariance within sires; cov, = the

= variance of trait

covariance between sires; var, .
= variance of trait x between

X within sires; var,
0= variance of trait y within sires; var,
= variance of trait y between sires,

The variances between and within sires for

sires; var,, ”

different traits were calculated as mentioned for
calculating heritability.

Covariances between sires and within sires
were calculated using the following formulae:

cov, = MCPw
cov, = MCPs — MCPw/k

where, MCPw = mean cross products
within sires, MCPs = mean cross products between
sires.

Development of prediction model

FL305DMY was predicted using body
weights at different early ages by using the Multiple
Linear Regression (MLR) Model. The multiple
linear regression formula would be:

Y =a+b X +bX,+-mmeemev

where, Y is expected lactation yield for
305 days; a is the intercept; b, b, ...., b, are the
partial regression coeffcients and X, ,X, ,
X are various body weight traits at early ages.

Various body weights in a number of
combinations were used to construct the regression
model and R?- values were determined for each as:

R2 (%) = (SSR / SST) X 100
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where,

SSR = sum of squares due to regression;

SST = sum of squares due to total.

Based on value of R? and early expressed
independent traits, appropriate models
selected.

were

RESULTS AND DISCUSSION

Heritability estimates and standard errors
are presented in Tablel and were in general low
to moderate for frst lactation traits and moderate
to moderately high for the body weight traits at
different ages. The present estimate of heritabilities
for body weight traits were in approximate
agreement with the fnding of Tien and Tripathi
(1990); however, heritability of body weight at
higher age was estimated lower in the present
estimate. Heritability of birth weight was in close
agreement with the estimate of Yadav et al. (2001)
and Suhail et al. (2009); however, lower estimates
were obtained by Basu and Rao (1979) and
Thiruvenkadan et al. (2009).

Heritability estimate of six month body
weight was estimated to be lower than the earlier
estimate by Singh et al. (1984) and Thiruvenkadan
et al. (2009). Lower estimates of heritability of
weight at 18 months and 24 months were obtained
by Vij et al. (1993). Estimate of heritability for
frst lactation traits (Tablel.) indicate that in the
present study the heritability estimate of age at
frst calving was close to the estimates of Saha
and Sadana (2000) and Tonhati et al. (2000).
Higher estimates were observed by Wakchaure
et al. (2008) and Singh and Barwal (2012). The
moderately high heritability of frst lactation 305
day milk yield obtained was in agreement with
Suhail et al. (2009) and Chakraborty et al. (2010).
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The heritability estimates of frst lactation length
and frst calving interval were in agreement with
Dhara and Chakraborty (1999) and Dhirendra et al.
(2001).

Genetic relationships among body weight
traits were highly positive (P<0.01) except for
those involving birth weight, which was low to
moderate (Table 2.). This fnding was in accordance
with those of Gurang and Johar (1983), Dahama
and Malik (1988), Tien and Tripathi (1990) in
Murrah buffalo and Veseth et al. (1993) in Herford
cattle except for the birth weight traits where these
authors also obtained moderate to high positive
genetic correlation.

Genetic correlations among frst lactation
traits (Table3.) were estimated to be moderate to
high positive and signifcant (P<0.01); similar
estimates were obtained by Yadav et al. (2007),
Yadav et al. (2002), Dhirendra et al. (2001). Age at
frst calving was found to have low correlation with
other frst lactation traits which were in agrement
with the fndings reported by Naqgvi and Shami
(1999).

The estimates of correlation between
different body weight and frst lactation traits
(Table 4) revealed that age of frst calving was
negatively correlated. First lactation length was
estimated to be signifcantly (P<0.01) high negative
genetic correlation with age at 18 months of age.
Birth weight and weight at 6 month of age had a
signifcant (P<0.01) positive genetic correlation
with frst lactation 305 day milk yield.

Most of the genetic correlations between
growth and production traits with frst service
period and Frst calving interval were non estimable.
The above fnding of the present study was in close
agreement with those estimated by Tien (1988).
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Prediction of First Lactation 305 Day Milk Yield

The results of the regression analysis for
prediction of FL305-DMY with early body weights
at different ages are given in Table 5, which shows
the regression equations developed with different
combinations of variables (i.e., body weights at
different ages), for prediction of frst lactation 305
day milkyield in Murrah buffaloes. In the prediction
of FL305-DMY in Murrah buffaloes, the stepwise
regression found only body weights at 6 months
and 24 months were signifcantly associated with
FL305-DMY, of which weight at 6 months was best
ft, having an R?value of 10.11%. When two traits
were considered together for prediction, weight
at 6 and 12 months were found to be signifcantly
associated with FL305-DMY with an R?value of
13.78%. The accuracy of prediction was ultimately
improved from 10.11% (when only one trait is
considered), to 15.42% when all the traits were
used for prediction together.

Malau-Aduli et al. (1996) reported a
similar R? value (0.141) when using multiple
linear regression to predict milk yield from body
weights at birth, three, six, nine and twelve months
of age in Friesian x Bunaji half breds in Nigeria.
However, Haile et al. (2008) observed a higher
R? value (21.76%) when predicting FLMY from
birth weight, weaning weight, body weights at six
months, twelve months, eighteen months, twenty
four months and age at frst calving in Ethiopian
Boran breed of cattle and their crosses with
Holstein Friesian and Yadava (2009) in sahiwal
cattle (22.65%) with weight at 6 months and weight
at 12 months of age.

From a, practical point of view it is
suggested to have as few predictor variables
(independent variable) as possible. It may also be
advantageous if these traits could be expressed at
early age of an animal. This would help in selection
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Tablel. Paternal half-sib heritability estimates for body weight and frst lactation traits.

Trait (Body weight) h?+ SE Trait (First lactation) h?+ SE
Birth 0.349 £ 0.160 AFC 0.135+0.035
6 Month 0.129 + 0.129 FL305DMY 0.333+0.161
12 Month 0.271 +0.130 FLL 0.267 +0.169
18 Month 0.252 + 0.247 FLTMY 0.243 £ 0.149
24 Month 0.357 £ 0.262 FSP 0.038 £ 0.221
30 Month 0.587 + 0.289 FCI 0.234 +0.175

Table 2. Estimate of genetic correlations and standard errors for body weight traits at different ages.

Trait 6 M 12 M 18 M 24 M 30 M

BW 0.14 + 0.07** 0.16 £ 0.07** 0.18 £ 0.07** 0.25 + 0.07** 0.172 £ 0.07**
6M - 0.60 = 0.06** 0.76 £ 0.05** 0.78 £ 0.05** 0.89 £ 0.03**
12 M - - 0.76 £ 0.05** 0.68 + 0.06** 0.70 £ 0.05**
18 M - - - 0.78 £ 0.05** 0.76 + 0.05**
24 M - - - - 0.89 £ 0.03**

Table 3. Estimate of genetic correlations and standard errors for frst lactation traits at different ages.

Trait FL305DMY FLL FLTMY FSP FCI
AFC 0.15+0.07* | 0.110+0.07 0.18 £ 0.07* 0.06 £0.07 0.19 £ 0.07**
FL305DMY 0.73£0.05** | 0.94 +0.03** 0.35+0.70 0.36 £ 0.07**
FLL 0.86 +0.04** | 0.73+0.05** | 0.59 + 0.06**
FLTMY 0.47 £0.07** | 0.49 +£0.06**
FSP 0.73 £ 0.05**
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Table 4. Estimate of genetic correlations and standard errors for body weight traits and frst lactation traits

(Combined).
Traits AFC FL305DMY FLL FLTMY FSP FCI
BW -0.56 + 0.27** 0.83+£0.22 0.74 £0.98 0.30£0.35 -0.46 £ 0.25 NE
6M -0.15+0.34 0.56 + 0.40 0.57 £0.40 0.02 £0.37 NE -0.92+0.71
12M -0.12 +0.37 -0.30+0.73 -0.37+£0.78 -0.59 +0.40 NE NE
18M -0.13+£0.39 -0.90 £ 0.12** | -0.94 £ 0.12** -0.35+0.35 NE -0.65+0.42
24M -0.17 £ 0.37 NE NE -0.69 + 0.22** -0.09 £ 0.12 NE
30M -0.28 + 0.37 -0.52+0.43 -0.62 + 0.46 0.10+0.31 -0.31+0.38 NE
NE = Non estimable
Table 5. Highest R? shown in different combinations of variables.
X a b, b, b, b, b, b, R?
2 643.40 10.99 0.101
2,3 1035.13 14.18 | -4.54 0.138
1,2,3 905.50 | 4.22 | 14.09 | -4.54 0.140
1,2,4,5 588.65 | 4.11 | 3.66 | 2.13 1.71 0.151
1,2,3,4,5 588.64 | 4.11 | 12.44 | -5.15 | -0.0030 | 1.71 0.151
1,2,3,4,5,6 | 706.38 | 4.76 | 12.80 | -5.04 | 0.3400 | 2.47 | -1.28 | 0.154
a = Intercept X, = Body weight at birth

X, = Body weight at 6 months of age
X, = Body weight at 18 months of age
X, = Body weight at 30 months of age

of animals at an early age without much investment
to keep them to a particular age. Thus, one has to
make a genuine judgment in using the prediction
equations. It should be noted that the R? values
of the prediction equations are in general low,
indicating that the models developed did not cover
most of the variability in the response variables.
The results of the present study therefore, should
be utilized with great caution and should only be
indicative.
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X, = Body weight at 12 months of age
X, = Body weight at 24 months of age
R2= Coeffcient of determination

CONCLUSION

From results it can be concluded that the
body weight at different ages and frst lactation
traits have low to moderate correlations. Prediction
models developed for prediction of FL305DMY
based on the body weight at different ages in
general have low accuracies which indicates
that body weight alone cannot be used as the
selection criterion for dairy purposes in Murrah
buffaloes. Further research should be carried out
for development of such a prediction model by



including some other traits like test day milk yield,
parity of dam and also body weight gain.
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ESTRUS AND OVULATION RESPONSES IN ANESTRUS POSTPARTUM SWAMP
BUFFALOES FOLLOWING SYNCHRONIZATION WITH A CONTROLLED INTERNAL
DRUG RELEASE DEVICE AND PROSTAGLANDIN F, BASED PROTOCOLS

J. Kajaysrit*, C. Chumchoung! and G. Photikanit?

ABSTRACT

The objectives were to determine the
estrus and ovulation responses to the controlled
internal drug release (CIDR) and prostaglandin F,,
(PGF,,) protocol and to compare the effcacy of
this protocol with CIDR-PGF,_ based protocols in
combination with gonadotropin-releasing hormone
(GnRH) or pregnant mare serum gonadotropin
(PMSG); with or without human chorionic
gonadotropin (hCG) administration in thirty-eight
anestrus postpartum Swamp buffalo cows. In
experiment 1 (control group): ten cows received
CIDR inserts for 10 d and were treated with PGF,_
immediately after CIDR withdrawal. In experiment
2, twenty-eight cows were divided into four
equal groups; I: CIDR-PGF, +GnRH, 1I: CIDR-
PGF, +GnRH+hCG, IlI: CIDR-PGF, +PMSG
and IV: CIDR-PGF, +PMSG+hCG. Each cow
received an intravaginal CIDR for 10 d and PGF,,
immediately after CIDR withdrawal. The GnRH
or PMSG was administered immediately after
CIDR removal. The hCG was administered 48 h
after CIDR withdrawal. In experiment 1, 90%
of cows showed estrus responses and 40.00%
ovulation rate. In experiment 2, all cows showed

estrus responses. The ovulation rates of Groups
I, 11, 11l and IV were not different. Moreover, the
ovulation rates in Groups | and Il were higher
than the control group (P<0.05). The CIDR-PGF,,
synchronization was found to produce positive
estrus and ovulation responses and all of the CIDR-
PGF,, based protocols were found to be equally
effective in improving the ovulation rate in anestrus
postpartum buffalo cows.

Keywords: CIDR, estrus, estrus synchronization,
ovulation, swamp buffalo

INTRODUCTION

Swamp buffaloes (Bubalus bubalis) have
been raised as domestic animals in Southeast
Asia and China for centuries. Recently, they are
kept primarily for meat consumption purpose;
therefore, they could play an important role in the
agricultural economics for the farmers in these
regions (Singh et al., 2000). The effcacy of the
natural mating of swamp buffalo cows depends
on their reproductive effciency, which depends
upon the resumption of the estrus cycle and
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ovarian activity in postpartum buffaloes and is
inherently susceptible to environmental stress, poor
nutritional management and seasonal variation (De
Rensis and Lopez-Gatius, 2007; EI-Wishy, 2007).
In terms of functional disorders of the ovaries,
inactive or non-functional ovaries are considered
to be the most important cause of anestrus in
postpartum buffaloes (Rao and Sreemannarayana,
1982). This postpartum anestrus condition is
responsible for a prolonged calving interval and
can cause low reproductive effciency (Murugavel
et al., 2009). One method to manage anestrus and
solve anovulatory postpartum periods in swamp
buffalo cows is estrus synchronization. Most estrus
synchronization protocols for buffaloes are based
on the protocols used in cattle (De Rensis and
Lopez-Gatius, 2007). One successful protocol in
buffaloes is a combination of progesterone (P,) in
a controlled internal drug release (CIDR) device
along with prostaglandin F, (PGF,), (Rao and
Sreemannarayana, 1982; De Rensis and Lopez-
Gatius, 2007; Barile, 2012; Mehmood et al.,
2012). Exogenous impregnated P, (CIDR) for a
short period of time (7-12 d) can induce a negative
feedback effect in the hypothalamus and pituitary
and can inhibit the release of gonadotropin
hormones (Barile, 2012). This inhibition ceases
after CIDR withdrawal; larger quantities of
gonadotropin are then released to stimulate
the growth and maturation of follicles and the
resumption of estrus (Cerri et al., 2009). The PGF,,
administration at the time of CIDR removal causes
regression of the corpus luteum (CL), decreases
progesterone levels and successfully stimulates the
development of follicles and estrus onset (Neglia et
al., 2003; De Rensis and Lopez-Gatius, 2007). The
combination of gonadotropin-releasing hormone
(GnRH) with  progesterone-based protocols
ensures estrus synchronization and ovulation in
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anestrus buffaloes. The use of a CIDR-PGF,
based protocol with GnRH administration can be
applied to encourage estrus response and improve
the pregnancy rate to 100% in anestrus buffaloes
(Zaabel et al., 2009). The administration of GnRH
promotes follicle stimulating hormone (FSH)
and luteinizing hormone (LH) level surges which
induce dominant follicles and ovulation during
the estrus cycle (Bo et al., 2002; Mapletoft et al.,
2009). Furthermore, the CIDR based protocol
with pregnant mare serum gonadotropin (PMSG)
administration can induce the resumption of
estrus (Zicarelli et al., 1997; Neglia et al., 2003;
De Rensis and Lopez-Gatius, 2007) and increase
the ovulation rate to 84.4% in anestrus buffalo
cows (Murugavel et al., 2009). In addition, PMSG
administration successfully leads to the growth and
maturation of follicles and to complete ovulations
(Wettemann et al., 1982; Baruselli et al., 2004).
Human chorionic gonadotropin (hCG) exhibits
predominantly LH-like hormone effects and can be
used to improve LH activity in case of a lack of LH
storage in the anterior pituitary gland. Treatments
with hCG can be combined with CIDR-PGF,
and PMSG for estrus synchronization and TAI in
buffaloes during the non-breeding season. This
protocol has been shown to produce 70% ovulation
and 53.5% conception rates (Baruselli et al., 2007).

The objectives of this study were to
determine the estrus and ovulation responses of
buffalo cows to CIDR-PGF,, and to compare
the effcacy of CIDR-PGF, with combinations
of CIDR-PGF,, based protocols and exogenous
GnRH administrations, with or without hCG, as
well as PMSG administrations with or without
hCG, for estrus synchronization and ovulation in
anestrus postpartum swamp buffaloes (Bubalus
bubalis).



MATERIALS AND METHODS

Experimental animals

These experiments were approved by
the Animal Care and Use Committee, Faculty of
Veterinary Medicine, Mahanakorn University
of Technology, Nong-chok, Bangkok, Thailand
(Project: VRP-005/2555). Thirty-eight anestrus
postpartum (about 3 to 12 months after calving)
pluriparous swamp buffalo cows without suckling
status were used for Experiment 1 (10 cows) and
Experiment 2 (28 cows). The average age was
11.21+2.45 y (ranging from 6 to 17 y) and the
average weight was 439.84+39.44 kg (ranging
from 380 to 510 kg). The body condition scores
were between 2 and 4 according to the scale of
Edmonson et al. (Edmonson et al., 1989). These
thirty-eight cows were randomly selected from the
herd of the Lamphayaklang Livestock Research
and Breeding Center, Department of Livestock
Development, Lopburi, Thailand. The selected
cows had had normal parturition, had completed
uterine involution and were free from any
anatomical and reproductive disorders involving
inactive ovaries. Inactive ovaries were defned
as an absence of CL and follicles according to
Azawi et al. (2012) and Sah and Nakao (2010).
They were also healthy during the experimental
period. The reproductive performance of each
cow was monitored by transrectal palpation and
ultrasonography [7.5 MHz, B-mode, linear-array
transrectal scanner (Mindray®; Version DP-6600
Vet, Mindray Medical International Limited,
Shenzhen, China)]. The cows were housed in
a free stall experimental barn and fed daily with
concentrates containing 16% crude protein, offered
roughage ad libitum and freely accessed to clean
drinking water These studies were conducted
during in March 2012 (outdoor temperature ranged
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from 23.06 to 37.25°C, and the average humidity
was 87.62%. Under their general management
schedule, the cows were dewormed four times
a year and routinely vaccinated for disease
prevention following the standard vaccination
program suggested by the Department of Livestock
Development.

Experiment 1

This experiment was carried out to
determine the estrus (estrus onset, estrus score,
estrus duration, diameter of dilated dominant
follicles) and ovulation responses (ovulation time
and rate) during the 7 d after CIDR withdrawal. At
the beginning of March 2012, ten randomly selected
cows were assigned in Group 0 (control group)
and treated with impregnated intravaginal CIDR
devices (1.9 g progesterone CIDR®; Eazi-Breed™,
Pfzer Animal Health, Hamilton, New Zealand)
for 10 d, followed by intramuscular treating of
PGF,, (25 mg Dinoprost tromethamine; Lutalyse®,
Pfzer Animal Health, New York, U.S.A.) at the
time of CIDR withdrawal. This synchronization
protocol was modifed from that of Barile (2012).
Estrus responses and estrus onset were recorded
in all buffaloes after progesterone removal. Estrus
onset detections of all cows were carried out
within 72 h after CIDR removals. Thereafter, each
cow was observed for estrus signs, and uterine
palpation and ovary scanning tests were performed
at 4 h intervals until 48 h after estrus onset. The
ovaries were scanned for follicular dynamics and
ovulation detection using ultrasonography. The
cows showing signs of estrus were recorded and
evaluated according to their estrus sign intensities
(Table 1) (Van Eerdenburg et al., 2002). Each time
an estrus sign was observed, an assigned number
of points were recorded. The sum of the points
recorded from all of the estrus cows during every



Buffalo Bulletin (September 2015) Vol.34 No.3

estrus sign observation was calculated and average
scores were determined (MeanxSD). For follicular
scanning, the diameter of the dominant follicles
of all estrus cows were recorded and converted
into an average diameter of dilated dominant
follicles. Ovulation was confrmed by scanning
for the disappearance of the dominant follicle and
the presence and subsequent development of the
corpus luteum (CL) at the same site in the ovary.
The number of ovulated cows and their ovulation
times were recorded. The remaining non-ovulated
cows were continuously scanned for ovulation by
ultrasound until ovulation or until 24 h after the
end of the duration of estrus. Furthermore, the
estrus duration of each estrus cow was determined
within 72 h after estrus onset, and the number of
ovulated cows along with their ovulation times was

recorded.

Experiment 2

This experiment was conducted to compare
the effcacy of CIDR-PGF,_with combinations of a
CIDR-PGF,, based protocol and exogenous GnRH
or PMSG administrations, with or without hCG
administration, for estrus synchronization. At the
beginning of March 2012, the remaining twenty-
eightanestrus cows were randomly divided into four
groups of seven cows (Groups I to IV). Each cow in
Groups | and 11 were treated with an impregnated
intravaginal CIDR device (1.9 g progesterone
CIDR®) for 10 d, followed by intramuscular
treating of PGF, (25 mg Dinoprost tromethamine;
Lutalyse®) and GnRH (10 ug Buserelin; Receptal®,
Intervet International, Boxmeer, Netherlands) at

Table 1. The scoring scale for determining estrus sign intensities in estrus buffalo cows after estrus
synchronization as modifed from Van Eerdenburg et al. (2002).

Estrus signs Points
Uterine contraction (rigid uterus during palpation) 1
Mucus vulvular discharge 3
Vulvular swelling 3
Cajoling (fehmen) 3
Restlessness 5
Sniffng the vagina of another buffalo cow 10
Chin resting 15
Mounted but not standing 10
Mounting (or attempt) other buffalo cow 35
Mounting head side of other buffalo cow 45
Standing heat 100
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the time of CIDR withdrawal. Cows in Group Il
were intramuscularly treated with hCG (1,500
IU; Chorulon®; Intervet International, Boxmeer,
Netherlands) at 48 h after CIDR withdrawal.
Cows in Groups Il and IV were treated with an
impregnated intravaginal CIDR device for 10
d, followed by intramuscular treating of PGF,
(25 mg Dinoprost tromethamine; Lutalyse®) and
PMSG (500 1U; Folligon®; Intervet International,
Boxmeer, Netherlands) at the time of CIDR
removal. Cows in Group 1V were intramuscularly
treated with hCG (1,500 1U; Chorulon®) at 48 h
after CIDR withdrawal. The treatment protocol of
Group | was modifed following the description
of Zaabel et al. (2009) and Barile (2012). The
treatment protocol of Group 111 was adapted from
previous studies of De Rensis and Lopez-Gatius
(2007) and Barile (2012). The treatment protocols
of groups Il and 1V were developed by the authors.
After CIDR removal, all cows in the four groups
were examined for estrus responses such as vulvular
swellings along with clear mucus discharges and/or
uterine contractions (rigid uterus) during palpation.
Ovulation monitoring by ultrasonography of
estrus cows began from 30 h to 96 h after CIDR
withdrawal. The number of estrus cows, estrus
onset, estrus duration, number of ovulated cows,
and ovulation time were all recorded.

Statistical analyses

The correlation between the mean of
estrus sign intensity scores and the diameter of
the dominant follicles from all estrus buffaloes
in Experiment 1 was determined by the use
of Spearman correlation coeffcients. For the
combined results of Experiment 1 and Experiment
2 the estrus onset, estrus duration and ovulation
time in both experimental groups were analyzed by
analysis of variance (ANOVA) and the differences
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among the experimental groups were detected
using a least signifcant difference (LSD) multiple
comparison test. The number of estrus cows, their
estrus rate, the number of ovulated cows, and their
ovulation rate were assessed using Fisher’s exact X2
test with Yates correction for small sample size. A
probability of P<0.05 was considered signifcance.
The SPSS program (SPSS 10.0 for Windows,
SPSS Inc. Chicago, IL, U.S.A.) was used for all
statistical analyses.

RESULTS

Experiment 1

The estrus and ovulation responses of the
anestrus postpartum swamp buffalo cows of group
0 (the control group) to the CIDR with PGF,,
synchronization were determined and nine out of
ten (90%) cows showed estrus signs within 72 h
after CIDR removal. Thus, the average time of
estrus onset and duration were calculated on the
basis of these nine cows. The average interval from
CIDR withdrawal to the onset of synchronized
estrus was 48.29+£3.85 h and the average estrus
duration was 49.83+£18.56 h. The mean estrus
sign intensity scores and diameters of dominant
follicles from all nine estrus cows in every 4 h
interval until 48 h after estrus onset are presented
in Table 2. The means of the estrus sign intensity
scores were quite low (4.60+2.34 to 21.00£37.75
points) and only two estrus cows had clear estrus
signs (standing heat). The averages of the dilated
dominant follicle diameters were from 9.17+1.26
to 11.77+1.29 mm in all estrus cows in all intervals.
Furthermore, the experiment showed that estrus
sign intensity scores did not correlate with the size
of the dilated dominant follicles. Only four out of
ten buffaloes (40.00%) ovulated after treatment
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with this estrus synchronization method. The mean
time of ovulation was also calculated on the basis
of the number of ovulated cows (n=4) and was
38.64+11.33 h after the onset of estrus. The results
in terms of the number of estrus cows, the estrus
rate, the average time of estrus onset and duration,
the number of ovulated cows, their ovulation rate
and average time of ovulation from Experiment 1
were calculated for Group O (the control group)
and these results were compared with the same
parameters in Experiment 2.

Experiment 2

The reproductive performance following
estrus synchronization among cows of the control
group and Groups I, 11, 111 and 1V are presented
in Table 3. The total numbers of ovulated cows,
their ovulation rates, the means of their ovulation
times after CIDR removal and after estrus onset
of the control and the four experimental groups
are presented in Table 4. All cows (100%) in
Groups I, Il, 111 and 1V showed behavioral estrus
responses (vulvular swellings along with clear
mucus discharges and or uterine contraction during
palpation) after synchronization. The numbers of
estrus cows in Groups I, I, Il and IV were not
signifcantly different from the numbers of estrus
cows in the control group (90%). The means of
the estrus onsets after CIDR withdrawal, as well
as the estrus durations among Groups I, 11, 11l and
IV were not signifcantly different, but the means
of estrus onset and duration times in Groups I, Il,
Il and IV were signifcantly shorter than in the
control group (P<0.05). The number of ovulated
cows and their ovulation rates in Groups | and 11
were signifcantly higher than in the control group
(P<0.05). On other hand, these parameters were not
signifcantly different among the control group and
Groups 111 and V. Furthermore, this study showed
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that Groups | and Il with the highest ovulation
rates were not signifcantly different from Groups
Il and 1V, which also had high ovulation rates.
Moreover, the ovulation times of Groups 11l and
IV were longer than those in the control group and
Groups I and 11 (P<0.05).

DISCUSSION

In Experiment 1, ten anestrus postpartum
swamp buffalo cows were synchronized with CIDR
in situ for 10 d and treated with PGF,, on the day
of CIDR withdrawal. The results showed very high
estrus sign responses after synchronization, similar
to a previous study (Rao and Sreemannarayana,
1982). These results indicate that the CIDR and
prostaglandin F,, synchronization protocol can
effectively improve estrus sign response in anestrus
swamp buffalo cows. The average estrus onset
after CIDR withdrawal and the average estrus
duration in this study were similar to Mehmood et
al. (2012) who observed the onset of estrus within
48 h after CIDR removal in most buffalo cows.
According to Rao and Sreemannarayana (1982),
estrus onset could vary from 43 to 117 h after
progesterone device removal. However, the estrus
duration in this study was longer than that found
in previous studies (Perera, 1999; Perera, 2011)
which reported that the estrus duration in swamp
buffaloes varied between 5 and 27 h. However,
the estrus duration in the present study was similar
to the fndings of Baruselli et al. (2001) who
reported a variable duration of estrus in buffalo
of from 4 to 64 h. Likewise, Zicarelli et al. (1997)
found that the duration of estrus in buffalo cows
was varied greatly and could be categorized as
short (<12 h), medium (13-24 h), long (24-48 h)
and very long (>48 h). In addition, a low average
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treatment groups and the control group.

Table 3. The reproductive performance following estrus synchronizations among buffalo cows of the four

Treatment groups

No. of estrus

Mean of estrus

Mean of estrus

buffalo cows (%6) onsets (h) durations (h)
Experiment 1
“Control group; CIDR-PGF,, 9/10 (90%)? 48.29+3.85° 49.83+18.56°
Experiment 2
Group I; CIDR-PGF, +GnRH 7/7 (100%)? 20.43+3.94° 30.2846.39°
Group II; CIDR-PGF, +GnRH+hCG 7/7 (100%)? 18.49+5.49° 29.24+5.00°
Group I1I; CIDR-PGF, +PMSG 7/7 (100%)? 22.10+2.02° 36.94+7.27°
Group 1V; CIDR-PGF, +PMSG+hCG 717 (100%)? 22.28+1.25° 37.92+3.84°

The values in same column with different letters as superscripts are signifcantly different (P<0.05).
*Control group values were obtained from Experiment 1 and used as the control group for Experiment 2.

Table 4. The ovulation times and their ovulation rate performances following estrus synchronizations among

buffalo cows of the four treatment groups and control group.

No. of ovulated | Mean of ovulation times |Mean of ovulation times
Treatment groups
buffalo cows (%) | after CIDR removal (h) | after estrus onset (h)

Experiment 1
“Control group; 4/10 71.99+21.88*° 38.64+11.33¢
CIDR-PGF,, (40.00%)?
Experiment 2
Group I; 717 74.32+8.44% 53.89+13.06°
CIDR-PGF, +GnRH (100.00%)°®
Group II; 717

61.29+8.00° 42.80+4.20°
CIDR-PGF, +GnRH+hCG (100.00%)°
Group II; 6/7

90.92+2.85¢ 68.60+3.07¢
CIDR-PGF, +PMSG (85.71%)>"
Group 1V 5/7

89.91+2.55¢ 67.52+4.46°
CIDR-PGF, +PMSG+hCG (71.43%)>®

The values in same column with different letters as superscripts were signifcant different (P<0.05).
*Control group values were obtained from Experiment 1 and used as the control group for Experiment 2.
Ovulation rate (%): Groups I and 11 had higher ovulation rates compared with Group 0 (P<0.05).
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estrus sign intensity scores suggested that the
most estrus cows showed unclear estrus behavior
after synchronization. These fndings were similar
to the previous studies (Singh et al., 2000; De
Rensis and Lopez-Gatius, 2007; Perera, 2011).
Furthermore, estrus behavior did not correlate with
the size of the developed follicles. Although large
developed follicles were found in their ovaries
during the estrus period, this did not induce a good
expression of estrus behavior in the tested buffalo
cows. The possible explanation is that the estrus
behavior level of buffalo cows varies and depends
on the individual estrus behavioral nature of each
cow, as was found to in a previous study in dairy
cattle (Kajaysri, 2006). Four out of ten buffaloes
(40.00%) ovulated after treatment with CIDR for
10 d and PGF, administration on the day of CIDR
withdrawal. The ovulation rate in this study was
lower than in a previous study (Mehmood et al.,
2012) that reported a 50% ovulation response after
treatment with CIDR for 7 d and PGF,, treatment
at Day 6 of CIDR insertion in summer anestrus
buffaloes. Our result was similar to the report of
Zaabel et al. (2009) of a 42.9% ovulation rate
in dairy buffalo with CIDR for 7 d and PGF,,
treatment 1 d before CIDR removal. This could
explain the lower ovulation response following
our estrus synchronization protocol with CIDR and
PGF,, in anestrus swamp buffalo cows. It might
be possible that some of the cows had a lack of
GnRH storage in the hypophysis during CIDR in
situ. Thus, it could be that inadequate GnRH was
released in the blood circulation after termination
of CIDR and that this was the reason for atresia
or non-developed follicle and non-ovulation
occurring, according to previous studies (Bo et al.,
2002; Mapletoft et al., 2009).

The ovulation time in this study was
38.64+11.33 h after estrus onset, which was similar
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to a previous report (Perera, 1999). However, it
was found that the ovulation time in this study was
shorter than the estrus duration (49.83+18.56 h).
This long estrus duration suggested that ovulation
may occur before the end of the estrus period in
buffalo according to Zicarelli et al. (1997).

In Experiment 2, the results showed that
the estrus rates in Groups I, II, 11l and IV were
100% and not signifcantly different from the
control group (90%). On other hand, although
the estrus onsets and estrus duration of the four
experimental groups (I, Il, 11l and 1V) were not
signifcantly different among each other, they were
shorter and more optimal than in the control group.
It may be possible that the exogenous GnRH or
PMSG with or without hCG administration could
induce dominant follicles rapidly and produce more
estrogen hormones as well. These combinations
could help progesterone-PGF, based protocols
to stimulate the optimal times of estrus onset and
duration in anestrus postpartum buffaloes after
synchronization, according to a previous study
(Murugavel et al., 2009). These ovulation rate
results were closely related to ovulation rates
observed in previous studies of buffalo cows: 100%
after CIDR+GnRH treatment (Zaabel et al., 2009),
84.4% after CIDR+PMSG treatment (Murugavel
et al., 2009) and 70% after CIDR+PMSG+hCG
treatment (Baruselli et al., 2007). The results of
this study as well as those of these previous studies
(Baruselli et al., 2007; Murugavel et al., 2009;
Zaabel etal., 2009; Barile, 2012) might suggest that
these combinations of exogenous GnRH/ PMSG
with or without hCG administrations could help
progesterone-PGF, based protocols to stimulate
the hypothalamus-pituitary-gonadal axis functions
or encourage ovarian activity directly. Thereby
they led to the completed estrous responses and
improved ovulation rates in anestrous buffaloes
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that were found to have occurred after these
synchronizations. In terms of ovulation times, the
cows in Groups Il and IV had longer ovulation
times than those in Groups I, Il and the control
group (P<0.05). This could be explained by several
widely known processes. GnRH increases the
release of FSH and LH from the anterior pituitary
gland. The increase of LH levels induces the
ovulation of dominant follicles (Bo et al., 2002;
Mapletoft et al., 2009). It also causes a decrease
in the blood estradiol level, ending estrus and
inducing ovulation at the optimal time. The PMSG
hormone, in comparison, exhibits dominantly
FSH-like and some LH-like effects. It stimulates
the ovaries to increase follicular growth, leading
to complete follicular development and increased
plasma estradiol secretion (Wettemann et al., 1982;
Baruselli et al., 2004) after prior stimulation by
progesterone treatment. The developed dominant
follicle might be the actual cause of this increase
in the estradiol level, resulting in prolonged
estrus duration and an extended ovulation time
after PMSG administration, in comparison with
buffalo cows subjected to GnRH administration.
In corroboration of this theory, the results of
this study also indicated that the ovulation times
of cows in the CIDR+PMSG treatment groups
(1, 1V) were signifcantly longer than those in
the CIDR+GnRH groups (I, Il). According to a
previous study (Barile, 2012), CIDR/PIRD+PMSG
protocols had a large variability in ovulation time
(72 and 96 h after device removal). This ovulation
time range was found to be an appropriate time
period for timed artifcial insemination (TAI). For
satisfactory pregnancy rate results, TAI should
also be performed at the optimal time in relation to
the ovulation time after estrus synchronization by
progesterone and GnRH with or without hCG, and
PMSG with or without hCG protocols.
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CONCLUSION

It could be concluded; (1) the CIDR-PGF,,
synchronization protocol was found to induce
fertile responses in terms of estrus and ovulation in
anestrus postpartum buffalo cows. However, not all
cows responded to this synchronization protocol.
Combinations of GnRH with or without hCG
and PMSG with or without hCG administration
were found to improve this CIDR-PGF,  based
protocol and induce estrus and ovulation responses
in anestrus postpartum cows. (2) Comparisons
of CIDR-PGF,, with the combinations of CIDR-
PGF,, based protocols and exogenous GnRH with
or without hCG; and PMSG with or without hCG
administration showed the CIDR-PGF, +GnRH
protocol and the CIDR-PGF,+GnRH+hCG
protocol more effective in enhancing ovulation
rates than the CIDR-PGF,, based protocol alone. In
fact, the various CIDR-PGF,_ based protocols with
GnRH or PMSG with or without hCG application
were found to be equally effective in improving
the ovulation rate in anestrus postpartum cows. In
short, all of the CIDR- PGF,, based protocols with
these exogenous hormone administrations were
found to be effective both in encouraging anestrus
buffalo cows to become cyclic estrus buffalo cows
and in increasing their ovulation rates.
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PROVISION OF DESIGNATED DEFECATION AREAS TO REDUCE THE SPATIAL
DISTRIBUTION OF FAECES BY GRAZING SWAMP BUFFALO HEIFERS

P. Somparn* and P. Juengprasobchok

ABSTRACT

Feral swamp buffaloes adopt discrete areas
for grazing, defecation and sleeping. In contrast,
domesticated buffaloes stocked within enclosed
paddocks usually defecate over the whole area
and, because they avoid grazing near dung pats,
the area over which they graze is reduced and the
sustainability of the sward may be compromised.
The aim of this experiment was to examine
whether the total area over which faeces are
distributed in a small paddock can be reduced by
offering a “designated faecal area’ for defecation.
Four groups of three 2-year-old swamp buffalo
heifers were each subjected to four treatments,
during four periods in a 4x4 Latin square design
experiment. The treatments provided a pasture
which included either a designated faecal area and
wallow (DW), only a designated faecal area (D),
only a wallow (W), or neither a designated faecal
area nor a wallow (N). Buffalo behaviour was scan
sampled at 1minute intervals over a 24 h period.
All defecations were surveyed and mapped using
the ArcView program. The results show that there
was no treatment effect on time spent grazing,
ruminating or idling (P>0.05). Buffalo heifers
averaged fve defecations per day, each having a
mean weight of 0.27 kg dry matter and covering
a mean area of 0.14 square meters. Providing a
wallow (treatments DW and W) had little effect

of concentrating defecations within a smaller area,
with less than 20% of defecations occurring within
a 10-metre radius of the wallow. In contrast when
a designated faecal area was provided (treatments
DW and D) more than 80% of all defecations
occurred within a 10-metre radius of that area.
On treatment N defecations were widely spread
across the paddock. Results indicate that providing
a designated faecal area can reduce the area over
which faeces are distributed by grazing swamp
buffaloes.

Keywords: swamp buffalo, defecation, wallowing,
grazing behaviour

INTRODUCTION

Gastrointestinal ~ parasitic  infestations
are one of the major causes of loss in buffalo
production. More than 90% of swamp buffalo
production systems in Thailand can be classifed as
occurring on smallholdings or small farms in which
they are an integral part of crop production systems.
In addition, buffaloes are frequently allowed to
graze communal grasslands. It is most likely that
communal grazing by ruminants at high stock
densities is more conductive to the development
and transmission of various gastrointestinal
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parasites, and the incidence of mortality because
of internal parasites is particularly high (30-40%)
in buffalo calves (Jittapalapong et al., 1993). In
northern Australia, free-ranging buffaloes move
over very limited areas or home ranges. Within
these areas they instinctively select fxed places
which they visit regularly, including drinking
points, feeding grounds, wallows, camping areas
and certain trees on which they rub their bodies.
They also have defned faecal voiding areas or
dung heaps (Tulloch, 1969), which may act to
reduce the chances of helminth infection (Bryan
et al., 1976). However, it is likely that selective
defecation in swamp buffaloes depends on paddock
size. A previous study of swamp buffalo heifers by
Somparn et al. (2008) showed that if paddocks are
too small (i.e. less than 0.64 ha), the distribution of
defecations is widely spread across the paddock.
This may have been because the buffalo heifers
cannot allocate paddock effciently. The objective
of the present experiment was to examine whether
the area over which faeces are distributed can
be reduced by providing a designated area for
defecation.

MATERIALS AND METHODS

Study area and period

The experiment was carried out at the
Surin Livestock Research and Breeding Center,
Surin Province (lat. 14° 45° N and long. 103° 26’
E, alt. 146 m), between 7 November 2008 and 1
January 2009. The study was conducted over two
periods. Period | was between 7 November 2008
and 4 December 2008 and Period Il was between 5
December 2008 and 1 January 2009.
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Herbage, animals, experimental design and
management

A uniform stand of ruzi grass (Brachiaria
ruziziensis), established in July 2008, was used
during the experiment. The feld was divided into
eight paddocks of 0.48 ha using barbed wire. The
herbage was cut two months prior to the start of the
experiment. No fertilizer or irrigation was applied
during the experiment. Each paddock contained a
few large trees and fresh water, to which the heifers
had free access throughout the experiment.

Twelve 2-year-old swamp buffalo heifers
were randomized to four groups of three heifers
each, two weeks before the start of experiment in
order to allow them to form socially stable groups
and collect to their faeces. The average live weight
at the start of the experiment was 358. + 17.3 kg.

The experiment was a 4 x 4 Latin square
design with two replicates (Periods) in time,
providing four treatments and a total of eight sub-
periods. Each group of three heifers was considered
as an experimental unit. Each sub-period lasted
7 days. Groups were randomly allocated to
paddocks within 4 x 4 designs. The treatments
tested, provided a paddock which included either
a faecal area and wallow (DW), only a designated
faecal area (D), only a wallow (W), or neither a
designated faecal area nor wallow (N) (Table 1).
During Periods | and II, groups of heifers were
randomly assigned to one of the treatment paddocks
(Figures 1 and 2, respectively), where they were
stocked continuously for 6 days. In paddocks
where there was a designated faecal area and/or
wallow, heifers had free access throughout the sub-
period. Each sub-period, heifers were allowed to
graze for six consecutive days and on day 7 the
animals were removed to another paddock . As
soon as animals were removed from a paddock, all
faeces were collected and removed, except those
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4 <= wallow

LT I 0 Wi A\ = designated faecal area

Figure 1. Layout of grazing paddocks during sub-periods 1-4, providing (1) a designated faecal area and a
wallow, (2) a wallow only, (3) a designated faecal area only and (4) neither a designated faecal area
nor wallow.

e
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©® = water trough
s <= wallow

..........

A\ = designated faecal area

Figure 2. Layout of grazing paddocks during sub-periods 5-8, which providing (5) a designated faecal area
and a wallow, (6) a wallow only, (7) a designated faecal area only and (8) neither a designated
faecal area nor wallow.
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deposited on designated faecal areas and wallows.
The designated fecal areas measured 2 m x 2 m and
were created by spreading approximately one cubic
meter of feaces, which had been collected before
the start of experiment, over the area. The wallows
were approximately 4 m? and approximately 30
centimetres deep, and were maintained daily by
adding suffcient water. The heifers were weighed at
the beginning and the end of experiment following
an overnight fast.

Behaviour observations

Visual observations of behaviour were
recorded over 24-hours, once during each sub-
period. The group was observed at 1 minute
intervals to determine whether each animal was
grazing, lying, standing, ruminating, wallowing and
defecating. All heifers were ftted with a coloured
neck band and a refective sticker on their horns
to aid identifcation. At night, identifcation was
assisted by use of a small 3 V hand torch and night
vision monocular (Model PYGMY 2M, Newcon®
Optik, Canada).

Weight, area coverage and location of faeces

Every faecal deposit from each heifer
was marked with a white fag. Two or three
faecal deposits by each animal in each sub-period
were weighed and the covered ground area was
measured. When more than one dung pat was
produced during a defecation, their total weight was
measured. Weighed faeces were returned to their
original place of defecation, after taking a small
sample (10-15 g fresh weight) for determination
of dry matter (DM) content. The DM content of
the faeces sample was measured by oven-drying at
100°C.

On day 7 of each sub-period, every faecal
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deposit was surveyed using the Garmin Etrex
Legend GPS receiver, for which the accuracy of
locations is considered to be <3 m. Maps were
developed using ArcGIS software (ESRI, 2004).
Arcs radiating out either from designated faecal
area or wallow were drawn in 10 m increments.

Meteorological data

Meteorological data including ambient and
dew-pointtemperatures were recorded at 30 minutes
intervals using a data logger (Oneset Computer
Corporation, USA). Daily rainfall was collected
from Surin meteorological station situated 15 km
from the study area. The temperature-humidity
index (THI) was calculated using the equation for
livestock, dimensionless statistic defned as:
THI =T, +0.36 x T, +41.2
where T is the dry bulb temperature in degrees
Celsius and T, is the dew-point temperature in
degrees Celsius (Yousef, 1985)

Herbage mass and sward height

The paddocks were sampled to determined
herbage mass (DM kg ha?) at the beginning of
Periods I and Il. Herbage was cut at ground level
in ten randomly places 0.25 m x 0.25 m quadrats in
each paddock. The herbage samples were dried to
constant weight at 70°C in an oven and ground to
pass through a 1 mm mesh sieve before laboratory
analysis. In addition, thirty sward height readings
were also made at random in each paddock, using a
simple disc meter (Sharrow, 1984).

Laboratory Analysis

Samples of herbage were analyzed for
nitrogen content by the Kjeldahl procedure. Neutral
detergent fber and acid detergent fber content
were determined by the detergent system of Van
Soest (1994).



Statistical Analysis

Social facilitation by the three heifers
within a group meant that individual animals
were not considered to be independent replicates
(Mead and Curnow, 1983). The data were therefore
analyzed using the mean values for each group,
within the observation day of each of the eight sub-
periods providing the unit of replication.

1) An analysis of variance (ANOVA)
technique was used to analyse the total time spent
in each activity, number of defecations per sub-
period and areas covered by each faecal deposit,
using general linear models procedures in SAS
(SAS Institute Inc., 2000).

2) The mean values of the number of
defecations occurring within a 10 m radius of
designated faecal area were calculated.

3) R statistic was calculated to determine
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if the distribution of faeces was more clustered or
more dispersed than a random pattern. When R=0,
all points are found at the same location, whereas
when R=1, the distribution of defecation was a
random pattern and when R=2.15, the pattern
displays perfectly uniform, random, and aggregated
pattern of distribution (Clark and Evans, 1954).
The mean values of R statistics were examined by
analysis of variance using SAS (SAS Institute Inc.,
2000). Analyses were carried out in the following
order:

RESULTS

Meteorological conditions
Hourly air temperature, black-globe
temperature and temperature-humidity index (THI)

Table 1. Treatment allocation of each group in each sub-period.

Period 1 2
Sub-period 1 2 3 4 8 6 7 8
Group 1 D DW wW N DW D N W
2| DW w N D D N w DW
3 W N D DW N W DW D
4 N D DW w w DW D N
Table 2. Mean values of sward characteristics in the experiment.
Measurement* Period | Period 11
Crude protein (g/kg DM) 74.1 62.9
NDF (g/kg DM) 610 676
ADF (g/kg DM) 354 409
Pre-grazing pasture mass (kg DM/ha) 7820 6370
Leaf-and-stem ratio (DM basis) 1:17 1:15

“Measurement at the beginning of sub-periods 1 and 5.
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Table 3. Mean (z standard deviation) time spent in each activity and defecation statistics by grazing swamp
buffalo heifers and nearest neighbor statistic in each treatment.

Treatment
DW=* W D N
Grazing (min) 658.46 +36.37 659.63 +15.14 633.83+ 41.56 655.04+ 45.64
Ruminating (min) 570.96+ 43.01 591.96+ 45.19 581.25+ 37.62 555.71+ 31.06
Idling (min) 210.58+ 58.39 188.42+ 46.19 224.92+ 22.70 229.25+ 30.51
Wallowing (min) 184.25+ 32.02 192.08% 40.84 - -
Number of meals 8.67+ 0.50° 8.83+ 0.56° 7.00+ 0.59° 7.08+ 0.68°

Meal duration (min) 76.82+ 2.04* 7546+ 4.62*° 93.03+ 14.15* 94.89+ 12.82°
Number of defecations 5.13+ 0.62 5.33+ 0.53 488+ 0.31 5.08+ 0.43

(defecation/head/day)

Total defecations 66.75+ 2.92* 68.75+ 7.07* 80.75+ 5.92* 82.00+ 3.88°
(defecation/paddock/6 days)**

Defecation area 0.14 +0.02

(square meter/defecation)**

Weight of faeces 0.27 £0.03

(kg DM/defecation)***

Nearest neighbor statistic 0.20+ 0.08? 0.24+ 0.07° 0.16+ 0.05 0.44+ 0.12°

® \WWithin a row, values with different letters differ signifcantly (P<0.05)

* DW= designated faecal area and wallow; W= wallow only; D= designated faecal area only;
N= neither designated faecal area nor wallow

** Only non-overlapping defecations

*** Calculated from 80 defecations
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are shown in Figures 3(a) and 4(a). During the
course of the experiment, the daily air temperature,
black-globe temperature and THI were 22.69°C
(range 14-33°C), 25.02°C (range 13-53°C) and
70.24 (range 60-83°C), respectively. The number
of days during which rain fell and total rainfall
during the experiment were 1 day and 1.5 mm,
respectively.

Pasture production and composition

More than 60% of DM mass in the swards
comprised green material. Sward heights ranged
from 60 to 70 cm. Crude protein, NDF and ADF
content of dry matter and pre-grazing pasture mass
are shown in Table 1.

Animal behaviour

Results of 24-h behaviour observations
are shown in Table 2 and Figures 3(b) and 4(b).
There was no signifcant treatment effect on
grazing, ruminating and idling times (Table 2);
overall means were 652, 575 and 213 minutes,
respectively. However, the heifers on DW and W
treatments had shorter meal durations (P<0.05),
but more meals than heifers on treatments D and
N. Almost all defecations occurred during grazing
periods. Average total number of defecation was
affected by treatment (P<0.05, Table 2). Buffalo
heifers averaged fve defecations per day. The total
time spent wallowing did not differ signifcantly
between DW and W treatments.

Spatial pattern of defecation

The distribution of defecations in all sub-
periods was similar. Figures 5 and 6 represent
data from periods 1 and 2, respectively. The
nearest neighbor statistics (R) in each sub-period
ranged from 0.10 to 0.66 and showed a signifcant
tendency toward clustering (P<0.05, Figure 7).
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The mean value of R statistics in treatment DW,
W and D were 0.20, 0.24 and 0.16, respectively,
and differed signifcantly (P<0.01) from treatment
N (0.44). Calculation of the number of defecations
showed that more than 65% of all defecation
occurred within a 10-m radius of the designated
faecal area , compared with less than 20% having
occurred within a 10-m radius of wallow.

Animal live-weight performance

There was no signifcant treatment effect
on mean daily live-weight gains over the 56 days
of the experiment; mean 0.67 kg.

DISCUSSION

During the experiment, weather conditions
were considered to be comfortable for grazing
animals in this region. Mean daily THI did
not exceed 78, which is considered to be the
value above which animal production may be
compromised (Somparn et al., 2004). However,
during period from 11.00 to 13.00, which was the
hottest of the day,buffaloes in all treatment stopped
grazing. Buffaloes on treatments D and N stood
under tree shade. Whilst large trees were available
on all paddocks, buffalo heifers on treatments DW
and W preferred to wallow. Data from previous
work during summer season of Somparn et al.
(2006) also showed similar results. Figures 3
and 4 showed that during hot periods, buffalo
heifers on treatments DW and W still grazed but
interspersed short grazing bouts with wallowing.
As a result, heifers in both treatments had shorter
meal duration but had a higher number of meals
than the D and N heifers. Wallowing improves
conductive and convective heat loss and facilitates
sensible heat loss, as well as, evaporative heat loss
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Figure 3. (a) Hourly air temperature (0 ) black-globe temperature (@) and temperature-humidity index (A);
(b) temporal pattern of grazing () ruminating () idling ([J) and wallowing behaviour ([#) by
grazing swamp buffaloes in each treatment during sub-period 1. Arrows denote times of defecation
by each heifer.
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Figure 4. (a) Hourly air temperature (©) black-globe temperature (®) and temperature-humidity index (A);
(b) temporal pattern of grazing (@) ruminating () idling ([7) and wallowing behaviour (&) by
grazing swamp buffaloes in each treatment during sub-period 5. Arrows denote times of defecation
by each heifer.
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Figure 5. Faeces distribution (solid circle) during sub-period 1 over a 6-day period by swamp buffaloes
grazing in paddocks provided with (1) a designated faecal area and a wallow, (2) a wallow only,
(3) a designated faecal area only and (4) neither a designated faecal area nor wallow. Concentric
lines radiate at 10-m intervals from the designated faecal area (paddocks 1 and 3) or the wallow

(paddock 2).
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Figure 6. Faeces distribution (solid circle) over a 6-day period during sub-period 5 by swamp buffaloes
grazing in paddocks providing (5) a designated faecal area and a wallow, (6) a wallow only, (7) a
designated faecal area only and (8) neither a designated faecal area nor wallow. Concentric lines
radiate at 10-m intervals from the designated faecal area (paddocks 5 and 7) or the wallow (paddock

6).
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Figure 7. Mean = standard deviation of percentage of defecations which occurred within a 10-m radius of the
designated faecal area and wallow throughout the 6-day periods.
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by external water obtained during a wallowing.
The 200-fold increase of heat loss occurred when a
body is immersed in water compared to air (Clark
and Edholm, 1985). Chikamune (1987) stated
that wallowing behaviour is an energy-saving
characteristic which has evolved to dissipate
excess heat by utilizing ectosomatic water instead
of endosomatic water. Because this results in less
sweating, swamp buffaloes also limited loss of
blood electrolytes from blood circulation.

Defecations occurred throughout the day
(e.g. Figures 5(b) and 6(b)), however the majority
took place immediately before or after a grazing
meal. Groups of buffalo heifers often synchronized
their defecation bout, especially when close to a
designated faecal area. This evidence suggests that
the appearance of dung pat is partially required
to elicit defecation. Because buffalo heifers on
DW and W treatments also defecated during
wallowing, some defecations were immersed in
the mud and were diffcult to observe. Inevitably,
the total number of defecation in those paddocks
throughout 6 days in each sub-period was lower
on the DW and W treatments compared to the D
and N treatments. In northern Australia, most free-
ranging buffaloes, when they enter a wallow, will
defecate and/or urinate in it. This behaviour can
occur for a number of reasons, one of which is a
conditioned refex; another is because the wallow
is a Txed point in their home range and defecation
is a marking process (Tulloch, 1992). Barrette
(1977) emphasized that marking over scent marks
and deposits of urine or feces in an individual’s
own home range has been interpreted as a device
to keep up-to-date information on recent visits.
However, we were not able to accurately record
the number of defecations made in the wallows,
so such event were not taken into account during
analysis of nearest neighbor statistics.
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Overall, the lower nearest neighbor
statistics for treatments DW, W and D indicated
that defecations on those paddocks were clustered:;
however, they did not signify that defecations were
deposited on the designated area. If the percentage
of defecations that occurred within 10-m radius
was considered, the designated faecal area on
treatment D produced the highest concentration
of defecations (>80%). On treatment DW , which
provided both a designated designated faecal area
and a wallow, buffalo heifers preferred to defecte
in the designated faecal area (>69%) rather than
the wallow (<15%). This fnding indicates that
provision of a designated faecal area is the most
effective method for limiting the distribution of
faces by swamp buffalo heifers in small paddocks.
Under the hot and humid conditions present in
Thailand, providing a wallow during hot periods
(i.e., afternoon or summer season) can help swamp
buffaloes to alleviate excess heat and improve
their physical well-being. Thus, provision of both
a wallow and a designated faecal area can very
much improve the management of these animals to
sustain swamp buffalo production in the tropics. In
this study, infection by gastro-intestinal parasites
could not be measured. Buffaloes, however,
clearly performed defecation on restricted area
i.e. a designated faecal area. Such behaviour may
thus be a natural mechanism of swamp buffaloes
to avoid grazing a very contaminated fraction of
pasture. Further study will be required to determine
the distribution of gastro-intestinal larvae within
the sward and spatially selective grazing of pasture
by buffaloes.
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