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Abstract

Water buffaloes (Bubalus bubalis) are mainly distributed in tropical and subtropical countries tha
include the Indian sub-continent and some Mediterranean countries such as Egypt. The transition period is
the most stressful period for buffaloes, and it is considered as a turning point in the productive cycle from one
lactation to the next and includes different metabolic, physiological, and nutritional changes. Metabolic
disorders are common causes of lower productivity in buffaloes. Of these metabolic disorders, ketosis and
hypocalcemia are most prevalent. This study aimed to study the ketosis- and hypocalcemia-related
biochemical changes during the transition period and their impacts on the postpartum reproductive fertility in
Buffaloes. Out of 120 total number of examined buffaloes, 40 buffaloes were used in this study; control group
(n=10), hypocalcemia-affected (n=15), and ketosis-affected group (n=15). All buffaloes were subjected to
thorough clinical and gynecological examination. Both urine and blood samples were collected from all
groups. The amounts of ketone bodies were detected in urine. Biochemical parameters were evaluated
including concentrations of glucose, triglycerides, cholesterol, non-esterified fatty acids (NEFA), calcium,
phosphorus, sodium, potassium, albumin, total protein, urea and progesterone hormone (P4) in blood the
following time-points (2-weeks prepartum, 1-week prepartum, partum, 1-week postpartum, and 2-weeks
postpartum). Both hypocalcemia- and ketosis affected buffaloes had lower glucose, phosphorus, sodium and
albumin and higher NEFA than control group. Hypocalcemia-affected buffaloes showed lower calcium and
higher total protein than control group, while, ketosis-affected buffaloes showed lower cholesterol and total
protein than control group. Moreover, metabolic disorders negatively affected the reproductive performance.
Both ketosis and hypocalcemia significantly prolonged the duration to first estrus, increased both the number
of days-open and the number of services per conception.
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Introduction

Water buffaloes (Bubalus bubalis) are
mainly distributed in tropical and
subtropical countries that include the
Indian sub-continent and the
Mediterranean countries. Buffaloes are
raised for a variety of reasons, the most
common of which are milk and meat
production (Terzano et al., 2005). Rearing
of water buffaloes is more suitable to harsh
environment as they are more likely
compete with and even surpass cows in
their ability to adapt to sever climates
(Webster and Wilson, 1980). Therefore,
water buffaloes are of special economic
and agricultural importance for the milk
and meat production in Egypt (GOVS,
2005).

The transition period is the most
stressful period for dairy animals (buffaloes
and cows), since it caused numerous
physiological changes for the beginning of
lactation and as it is linked to oxidative
stress, as well (Konvicna et al., 2015;
Ambily et al., 2019). In addition, the dairy
animals are susceptible to a variety of
metabolic and hormonal changes during
this period in the productive life (Tharwat et
al., 2012). Although this period is relatively
short (extends from 3 weeks before to 3
weeks after parturition), it considered the
most critical period for dairy animals
(Kessel et al., 2008). In fact, the transition
period constitutes a turning point in the
productive cycle from one lactation to the
next and includes metabolic, physiological,
and nutritional changes. Initiation of milk
production caused more stress to the dairy
animals than late gestation as the nutrients
requirement by the mammary gland was
many times greater than that of growing
fetus (Tharwat et al., 2012). Consequently,
dairy animals were highly susceptible to
negative energy balance, fat mobilization,
elevation of circulating non-esterified fatty
acids (NEFA) and ketone bodies
(Ingvarsten and Andersen, 2000; Seifi et al.,
2007; Mohamed et al., 2015). Such

metabolic imbalance makes the dairy
animals more susceptible to production
diseases such as ketosis, hypocalcemia,
metritis, or mastitis during the transition
period (Fleischer et al., 2001; van Knegsel
etal., 2014; Hassaneen et al., 2020). Despite
the fact that buffalos do not appear to go
through the same stressful transition period
as cows, significant physiological changes
occur due to shifting from the pregnant,
non-lactating state to the non-pregnant,
lactating state (Mashek et al., 2001).

Metabolic disorders are common
causes of lower productivity in buffaloes.
Of metabolic disorders, ketosis considered
one of most prevalent buffaloes’ health and
welfare issue that decreased the
productivity in Egypt (Ghanem and El-
Deeb, 2010). Such metabolic disorder is
more likely occur in early lactation dairy
cows and buffaloes when body reserves are
used to support high energy demands
(Youssef et al., 2010; Hassaneen et al.,
2020). However, buffaloes have a less
severe negative energy balance than dairy
cattle due to lower milk production
(Campanile et al.,, 2003). A study on
Egyptian buffaloes reported that clinical
ketosis has been recognized to be the most
common wasting metabolic  disorder
(Youssef et al., 2010). In addition, ketosis
due to extensive fat mobilization, was
associated with low fertility (Walsh et al.,
2007). Thus, detection of subclinical ketosis
in the first 2 weeks of lactation was useful
for management of herd problems and
reproductive performance (LeBlanc, 2010).
The development of ketosis does not appear
to be related to negative energy condition
alone; nevertheless, insufficient metabolic
adaption appeared to play a role in the onset
of ketosis (Herdt, 2000). Any condition that
caused a reduction in feed intake during the
peripartum period raised the risk of ketosis
in dairy animals. For example, lameness
and hypocalcemia have been associated
with a higher risk of developing the disease
(Curtis et al., 1983; Calderon and Cook,
2011). Milk fever (hypocalcemia) is a
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metabolic disease that affects high-
producing dairy buffaloes a few days prior
to or after calving in the same way as it
affects dairy cattle (Purohit et al., 2013). It
accounts for substantial economic losses
due to its association with decreased milk
production, the cost of treatment and
sometimes death (Hagawane et al., 2009). A
significant association between
hypocalcemia and both dystocia and
retained fetal membranes in dairy animals
had been reported. In this concern,
hypocalcemia-affected animals were six
times more likely to have dystocia and three
times to have retained fetal membranes
(Ferguson and Galligan, 1993). Such
impairments that affects the functions of
certain organs likely due to the of
insufficiency of Ca required for the normal
function of smooth muscle in organs such
as the uterus, rumen and abomasum. One of
the critical complications of hypocalcemia
was uterine prolapse of the flaccid non-
contractile  uterus  (Risco, 1994).
Hypocalcemia-affected buffaloes were
likely to develop similar changes to those
reported in dairy cows, however, up to our
knowledge, little descriptions are available,
likely due to lower incidence in comparison
to that in dairy cows. The strategy how to
manage this imbalance was of great
importance as they are closely related to
clinical and subclinical postpartum
metabolic  diseases, and reproductive
performance that could significantly affect
profitability (Arm and Hammer, 2010).

Evaluation of hypocalcemia- and
ketosis-related metabolic and biochemical
parameters in the blood and/or urine of
buffaloes during the transition period
provide better understanding of these
common metabolic disorders. Therefore,
this study aimed to assess the
hematological, biochemical and metabolic
changes related to hypocalcemia and
ketosis in buffaloes during the transition
period and how much these disorders affect
the subsequent fertility and productivity.

Material and methods
Ethical approval

This study was performed according to
the Animal Ethics and Use Committee of
the South Valley University for Veterinary
Research, Qena, Egypt and all procedures
were approved by the Department of
Theriogenology, Obstetrics, and Artificial
Insemination, Faculty of Veterinary
Medicine, South Valley University
(FC/No. 232/05.02.2018) and by the
Ethical Research Committee, Faculty of
Veterinary  Medicine, South  Valley
University (Approval No. 59/18.09.2022).
The present study was conducted at Animal
Production Research Farm, Animal
Production Research Institute, Beni Suef,
Egypt, located at 32 m above mean sea
level, latitude 29.03° N and longitude
31.10° E.

Out of 120 total number of examined
buffaloes during transition period, 40
female buffaloes were used in this study.
All animals were subjected to general and
gynecological examination. Body condition
score (BCS) was determined according to
scale of 1 to 5, with increments of 0.25.
Buffaloes were housed in free stalls, fed a
diet formulated according to standard
guidelines, with an ad libitum access to
water.

Buffaloes were divided into three
groups; control group included 10
buffaloes (parity; 3.55 £ 0.31, BCS of
3.10+ 0.15), hypocalcemia-affected group
included 15 buffaloes (parity; 3.13 + 0.31,
BCS of 3.15+ 0.11), and ketosis-affected
group included 15 buffaloes (parity; 3.00 £
0.35, BCS of 3.07+ 0.10). The control
group had normal calving and absence of
any post-parturient metabolic disorders.
The hypocalcemia-affected group showed
symptoms of restlessness, excitability,
protruded tongue, decreased ruminal
motility, and lies down with head towards
the flank, while the ketosis-affected group
included those with prepartum symptoms
of decreased appetite, decreased milk
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production, profuse salivation, abnormal
gait, grasping hard objects, and lack of
alertness.

All Buffaloes were subjected to
thorough clinical and gynaecological
examination and Buffaloes with any
pathological changes in the reproductive
tract, abnormal vaginal discharge, or signs
of systemic illness were excluded. For each
animal, a data sheet was recorded including
animal number, age, parity, BCS, and
general health condition. Pregnancy
diagnosis was performed at 45-60 days post
insemination and the fertility indices were
assessed using interval from calving to the
first estrus (days), number of services per
conception (NSC) and days open as the
intervals from calving to conception (days).

Analysis of metabolic status indices

For determination of ketone bodies in
urine, urine samples were aseptically
collected from all buffaloes every week
starting from 4 weeks before the expected
day of calving till 2 weeks postpartum. The
samples’ collection was performed using a
disposable collecting plastic sheath gently
inserted inside the external urethral orifice
visualized by a vaginoscope (Ramadan et
al., 2020). Ketone bodies level was
estimated by using Medi-Test Comb-10
kits. The amount of ketone bodies was
categorized as; none (-), traces (+/-),
positive (+) and strongly positive
(++/++4).

Blood samples were collected at the
same time of urine sampling. The samples
were collected from jugular vein using 9-
mL evacuated tubes to determine calcium
(Ca), phosphorus (P), sodium (Na),
potassium (K), cholesterol, triglycerides
NEFA, albumin, total protein, and urea.
Glucose samples were collected in fluoride
plasma tubes to avoid glycolysis during
storage. After sampling, serum samples
were allowed to clot for around 2 hours at
room temperature, whereas plasma samples
were kept at 7°C before being centrifuged

at 2000 x g for 10 min at room
temperature. Thereafter, samples were kept
at—20°C until further analyses. For analysis
of biochemical parameters, the following
time-points were used; 2-weeks prepartum,
1-week prepartum, day of calving, 1-week
postpartum, and 2-weeks postpartum.
Biochemical analyses were performed by
using automatic absorption
spectrophotometer (Erba Chem 7, Erba
Diagnostics Mannhein GmbH, Germany)
and the specific kits (Spinreact, SA/SAU.
Ctra. Santa Coloma, Sant Esteve De Bas,
Girona, Spain) at different wavelength (340
nm for P levels (mg/dl), 505nm for glucose
(mg/dl), and cholesterol (mg/dl) levels, 546
nm for triglyceride (mg/dl) and total
protein levels (g/dl), 570 nm for Ca levels
(mg/dl), and 578 nm for K (mmol/l), and
urea levels (mg/dl), 630nm for Na
(mmol/l), and albumin (g/dl) according to
the manufacturer’s instructions. Serum
NEFA (mmol/l) were assessed using NEFA
kits (Colorimetric, Randox Reagents,
Randox Laboratories Ltd. London,
London, United Kingdom). Serum P4
levels (ng/dl) were measured using
radioimmunoassay Kits while assessment
haematological parameters were performed
by measuring of haemoglobin
concentrations (Hb; g/dl) and total
leukocyte count (WBCs).

Statistical analyses:

All data were expressed as meant
SEM. Statistical analyses were conducted
according to SPSS. Statistical significance
was determined by analysis variance
(ANOVA) multiple range and simple
regression. Statistically significant
differences values were set at P < 0.05.

Results
Fertility parameters:

The duration to first estrus (d; mean+
SEM) was approximately 36 d longer (P <
0.05) in the hypocalcemia and ketosis-
affected buffaloes (Table 1).Similarly, the
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days-open were 23 d longer in the
hypocalcemia- and 36 d longer in ketosis-
affected buffaloes in comparison to control
group (P < 0.05). In addition, the required
number of services per conception (NSC;
meanz SEM) was higher by approximately
29% (P < 0.05) in the hypocalcemia- and
64% in  ketosis-affected  buffaloes
compared to control group.

Amounts of ketone bodies in urine of the
hypocalcemia-, ketosis-affected and
control buffaloes:

Amounts of ketone bodies in urine in
all the hypocalcemia-, ketosis-affected and
control buffaloes varied according to the
sampling time-point. All control group
buffaloes had (+/-) ketone bodies amounts
in urine at the prepartum period; these
amounts were increased to (+) at the day of
calving and postpartum period (Fig. 1).

In hypocalcemia-affected buffaloes,
the amount of ketone bodies in urine varies
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between animals, it was (+) in 13 buffalos,
(++) in 2 buffalos at the prepartum
timepoints, while at the day of calving, the
amount of ketone bodies was (+) in 12
buffalos, (++) in 3 buffalos and at the
postpartum timepoints, 8 buffaloes had (+),
4 buffalos had (++), and 3 buffalos had
(+++) amounts of ketone bodies (Fig. 1).

In Kketosis-affected buffaloes, the
amount of ketone bodies in urine was (+) in
12 buffalos, (++) in 3 buffalos at the
prepartum timepoints while at the day of
calving, the amount of ketone bodies was
(+) in 8 buffalos, (++) in 7 buffalos, at 1-
week postpartum timepoint, 5 buffalos had
(++), and 10 buffalos had (+++) amount of
ketone bodies in urine, much more increase
in the amount of ketone bodies in urine that
3 buffalos had (++), and 12 buffalos had
(+++) amount of ketone bodies in urine

(Fig. 1).
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Fig. 1. Amount of ketone bodies in urine in the control (C), hypocalcemia-(H), and ketosis-
affected (K) buffaloes at 1-week prepartum, 2-weeks prepartum, day of calving, 1-week
postpartum, and 2-weeks postpartum.
Table 1. Fertility parameters including duration to 1% estrus (d), days-open (d), and number
of services per conception (NSC; n) in control, hypocalcemia-, and ketosis-affected buffaloes.

Fertility parameter / Group Control Hypocalcemia Ketosis
Duration to 1%testrus (d) 40.30+ 2.08 75.20+ 3.46" 76.86+ 4.28"
Days-open (d) 66.50+ 3.36 89.53+ 4.04 102.53+ 54.21"
NSC! (n) 1.30+ 0.15 1.67+0.16" 2.13+0.13"

Values are expressed as Mean+ SEM. (*) means significant at (P < 0.05).
5
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Haematological
hypocalcemia-,
control buffaloes:

parameters in the
ketosis-affected and

The concentrations of Hb were
decreased (P < 0.05) in the blood of
hypocalcaemia- and  ketosis-affected
buffaloes at day of calving and 1-week
postpartum in comparison to 2-weeks
prepartum. On the other hand, Hb
concentrations were increased (P < 0.05) in
the control group at day of calving and 2-
week postpartum in comparison to 2-weeks
prepartum (Fig. 2A).

The WBCs counts were lower (P <
0.05) in the blood of ketosis-affected
buffaloes at day of calving and both
postpartum timepoints in comparison to 2-
weeks prepartum timepoint, while blood of
control and  hypocalcaemia-affected
buffaloes showed higher WBCs counts(P <
0.05) at day of calving in comparison to 2-
weeks prepartum timepoint (Fig. 2B).

(A) 12.0 [
115
11.0 I

105
10.0

9.5

Hemoglobin (g/dl)

9.0
2-Weeks 1-Week
Prepartum Prepartum

(B) 7000

Day of 1-Week 2-Weeks
Calving  Postpartum Postpartum

6500

6000

WBCs (n)

5500

5000

2-Weeks 1-Week
Prepartum Prepartum

Day of 1-Week 2-Weeks
Calving  Postpartum Postpartum

—e—Control —e—Hypocalcemia =®=Ketosis

Fig. 2. Haematological parameters; (A)
hemoglobin concentrations (g/dl), and (B)
WBCs counts (n) in the control (black),
hypocalcemia (blue), and ketosis-affected
(red) buffaloes at 1-week prepartum, 2-weeks
prepartum, day of calving, 1-week
postpartum, and 2-weeks postpartum.
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Significant difference between the measured
value at certain timepoint and that at 2-weeks
prepartum timepoint are expressed as (*) in
the Control, (1) in the hypocalcemia-, and ()
in the ketosis-affected buffaloes

Biochemical = parameters in  the
hypocalcemia-, ketosis-affected and
control buffaloes:
Energy status parameters:

Plasma glucose levels in the
hypocalcemia-affected buffaloes were

lower at the day of calving, and 1-week
postpartum timepoints than those at 2-
weeks prepartum (P < 0.05). Moreover, the
plasma glucose levels in the hypocalcemia-
affected buffaloes at 2-weeks prepartum,
day of calving and 1-week postpartum
time-points were lower (P < 0.05) than
those timepoints in the control buffalos
(Fig. 3A), while the plasma glucose levels
in the ketosis-affected buffaloes were lower
at the day of calving, and both postpartum
timepoints than those at 2-weeks prepartum
(P < 0.05). Moreover, the plasma glucose
levels in the ketosis-affected buffaloes at 2-
weeks prepartum, day of calving and both
postpartum time-points were lower (P <
0.05) than those time-points in both the
control and hypocalcemia-affected
buffaloes (Fig. 3A). The lowest glucose
levels recorded at 1-week postpartum was
16.8 mg/dl.

Serum cholesterol levels in the
hypocalcemia-  and ketosis-affected
buffaloes followed the same pattern of
plasma glucose levels (Fig. 3B), while no
changes were detected between the serum
cholesterol levels in the hypocalcemia-
affected and the control buffaloes at all
time-points (Fig. 3B). Moreover, the serum
cholesterol levels in the ketosis-affected
buffaloes at day of calving and both
postpartum time-points were lower (P <
0.05) than those in the control and
hypocalcemia-affected buffaloes (Fig. 3B).
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Serum triglycerides levels in the both
hypocalcemia-affected  and  ketosis-
affected buffaloes were lower (P < 0.05) at
the day of calving, and both postpartum
timepoints than those at 2-weeks prepartum
(Fig. 3C). Moreover, the serum
triglycerides levels in the hypocalcemia-
affected buffaloes were lower at the day of
calving and were higher at 1-week
prepartum timepoint than those in the
control buffaloes (P < 0.05), while the
serum triglycerides levels in the ketosis-
affected buffaloes at day of calving and 1-
week postpartum time-points were lower (P
< 0.05) than those in the control and
hypocalcemia-affected buffaloes (Fig. 3C).

Serum NEFA levels in the
hypocalcemia-affected buffaloes were
higher (P < 0.05) at the day of calving, and
1-week postpartum timepoints than those at
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2-weeks prepartum timepoint (Fig. 3D).
Moreover, serum NEFA levels in the
ketosis-affected buffaloes were higher (P <
0.05) at the day of calving, and both
postpartum timepoints than those at 2-
weeks prepartum timepoint peaking at 2-
weeks postpartum (Fig. 3D). The serum
NEFA levels in the hypocalcemia-affected
buffaloes at day of calving and both
postpartum time-points were higher (P <
0.05) than those in the control buffaloes
(Fig. 3D).

The serum NEFA levels in the ketosis
affected buffaloes at day of calving were
higher (P < 0.05) than those in the control
buffaloes and at both postpartum time
points were higher (P < 0.05) than those in
the control and hypocalcemia-affected
buffaloes (Fig. 3D).
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Fig. 3. Energy related parameters; (A) Glucose (mg/dl), (B) Cholesterol (mg/dl), (C)
Triglycerides (mg/dl), and (D) Non-esterified fatty acids (NEFA; mmol/l) in the control
(black), hypocalcemia (blue), ketosis-affected (red) buffaloes at 1-week prepartum, 2-weeks
prepartum, day of calving, 1-week postpartum, and 2-weeks postpartum. Significant difference
between the measured value at certain timepoint and that at 2-weeks prepartum timepoint are
expressed as (*) in the control, (1) in the hypocalcemia-, and (f1) in the ketosis-affected
buffaloes. Different letters mean significant difference between groups at the same timepoint
where the first letter is for the control, middle letter for the hypocalcemia and last letter for the

ketosis.
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Metabolism related minerals:

Serum Ca levels in the hypocalcemia-
affected buffaloes were lower (P < 0.05) at
day of calving with sharp decreased at 1-
week postpartum and lasting low at 2-
weeks  postpartum  time-point  in
comparison to those at 2-weeks prepartum
timepoint. Moreover, the values of Ca
levels in the hypocalcemia-affected
buffaloes were lower at all time-points (P <
0.05) than those in the control buffaloes.
No changes were detected between serum
Ca levels at all time-points in the ketosis-
affected group and no changes were
detected between serum Ca levels in the
ketosis-affected group and those in the
control group at all time-points (Fig. 4A).

Serum P levels in the hypocalcemia-
affected buffaloes were lower at
postpartum time-points (P < 0.05) than
those at 2-weeks prepartum. Moreover, the
hypocalcemia-affected buffaloes showed
lower serum P levels at 2-weeks prepartum
and 1-week postpartum (P < 0.05) than
those in the control buffaloes (Fig. 4B).
Serum P levels in the Kketosis-affected
buffaloes were lower at the day of calving
and both postpartum time-points (P < 0.05)
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than those at 2-weeks prepartum. The
values of P levels in the ketosis-affected
buffaloes were significantly lower at both
postpartum timepoints than those in the
control buffaloes (Fig. 4B).

Serum Na levels in the hypocalcemia-
affected buffaloes were lower at 1-week
prepartum, day of calving, and 1-week
postpartum time-points (P < 0.05) than
those at 2-weeks prepartum. Moreover, the
values of Na levels in the hypocalcemia-
affected buffaloes were lower at all
timepoints (P < 0.05) than those in the
control buffaloes. The values of Na levels
in the ketosis-affected buffaloes were lower
at 1-week prepartum, day of calving, and
both postpartum timepoints (P < 0.05) than
those in the control buffaloes (Fig. 4C).

Serum K levels in the both
hypocalcemia-affected  and  ketosis-
affected buffaloes were not changed
throughout the whole period of sampling.
Moreover, the values of K levels in the both
hypocalcemia-affected  and  ketosis-
affected buffaloes were lower at 1-week
prepartum, day of calving, and both
postpartum timepoints (P <0.05) than those
in the control buffaloes (Fig. 4D).
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Fig. 4. Metabolism related minerals; (A) Calcium (Ca; mg/dl), (B) Phosphorus (P; mg/dl), (C)
Sodium (Na; mmol/l), and (D) Potassium (K; mmol/l) in the control (black), hypocalcemia (blue),
ketosis-affected (red) buffaloes at 1-week prepartum, 2-weeks prepartum, day of calving, 1-week
postpartum, and 2-weeks postpartum. Significant difference between the measured value at certain
timepoint and that at 2-weeks prepartum timepoint are expressed as (*) in the control, (f) in the
hypocalcemia-, and (1) in the ketosis-affected buffaloes. Different letters mean significant difference
between groups at the same timepoint where the first letter is for the control, middle letter for the
hypocalcemia and last letter for the ketosis 8
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Blood proteins and protein metabolites:

Serum albumin levels in the
hypocalcemia-affected buffaloes were
lower at 2-weeks prepartum and higher at
postpartum timepoints (P <0.05) than those
in the control buffaloes (Fig. 5A), while the
values of albumin levels in the ketosis-
affected buffaloes were significantly lower
at day of calving, and both postpartum
timepoints (P < 0.05)than those in the
control buffaloes (Fig. 5A).

Serum total protein levels in the
hypocalcemia-affected buffaloes were
higher at postpartum timepoints than those
in the control buffaloes (Fig. 5B). The
serum total protein levels in the ketosis-
affected buffaloes were significantly lower
at day of calving, and 1-week postpartum
timepoints  than  2-weeks-prepartum
timepoint (Fig. 5B).

Serum urea levels in the hypocalcemia-
affected buffaloes were significantly lower

(A) s0
abb
=~ 45
=2
S0 40
~
= 35
£
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= 25
<
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X aba aba
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(B)

at prepartum and day of calving timepoints
than those in the control buffaloes (Fig.
5C). The serum urea levels in the ketosis-
affected buffaloes were significantly
increased at 1-week postpartum timepoint
than 2-weeks-prepartum timepoint and
these value at the postpartum timepoints
were significantly higher than control
buffaloes (Fig. 5C).

Serum P4
hypocalcemia-,
control buffaloes:

the
and

levels (ng/dl) in
ketosis-affected,

Serum P4 hormone levels in the both
hypocalcemia- and  ketosis-affected
buffaloes was lower at day of calving (P <
0.05) than those in the control group (Fig.
6). However, serum P4 hormone levels in
the both hypocalcemia- and ketosis-
affected buffaloes were significantly higher
than those in the control group (Fig. 6).
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Fig. 5. Protein and protein metabolites; (A) Albumin (g/dl), (B) Total protein (g/dl), and
(C) Urea (mg/dl) in the control (black), hypocalcemia (blue), ketosis-affected (red) buffaloes
at 1-week prepartum, 2-weeks prepartum, day of calving, 1-week postpartum, and 2-weeks
postpartum. Significant difference between the measured value at certain timepoint and that at
2-weeks prepartum timepoint are expressed as (*) in the control, (F) in the hypocalcemia-, and
(1) in the ketosis-affected buffaloes. Different letters mean significant difference between
groups at the same timepoint where the first letter is for the control, middle letter for the

hypocalcemia and last letter for the ketosis.
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Fig. 6. Serum progesterone (P4) levels (ng/ml) in the control (black), hypocalcemia (blue),
ketosis-affected (red) buffaloes at 1-week prepartum, 2-weeks prepartum, day of calving, 1-
week postpartum, and 2-weeks postpartum. Significant difference between the measured value
at certain timepoint and that at 2-weeks prepartum timepoint are expressed as (*). Different
letters mean significant difference between groups at the same timepoint where the first letter
is for the control, middle letter for hypocalcemia and last letter for the ketosis.

Discussion

Due to the enormous demand for
buffalos’ milk- and meat-based products,
production of these animals now closely
resembles that of cattle in many countries.
More research should be done with a clear
focus on the transition between various
physiological stages if this species is to
perform optimally under the stress of
intensive production systems (Bauman,
2000; Campanile et al., 2006). Buffaloes
exhibited a very different metabolic pattern
from other ruminants (Fiore et al., 2017),
and there were only been few investigations
on the physiology of the transition period in
buffaloes (Abdulkareem, 2013; Fiore et al.,
2017; Abdelrazek et al., 2018). Quick
alterations key metabolites such as NEFA,
glucose and Ca have been linked to
production and may be used to diagnose
metabolic and reproductive disorders in
dairy cow. However, such information on
buffaloes is still scarce. Therefore, the
findings of the current study determined the
changes in the hypocalcemia- and ketosis-
related biochemical parameters in buffaloes
during the transition period and how these
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metabolic disorders negatively effect on
their reproductive performance.

Urinary specimens offered a definite
advantage over other biofluids (Gowda et
al., 2008). Thus, in the current study, urine
was used as a diagnostic tool for ketosis
affected buffaloes. As expected, all ketosis
buffaloes had high amount of urine ketone
bodies than that in the control. In addition,
buffaloes with hypocalcemia had high
amount of ketone bodies in urine (but lower
than that in ketosis), this was also reported
by Magnus and Lali, (2009). The ketosis
and hypocalcemia-affected buffaloes had
lower Hb concentrations at the day of
parturition and postpartum period. Lower
Hb concentrations could be attributed to the
physiological losses of blood during
parturition and probably as a result of low
feed intake or inappetence. Ketone bodies
among the metabolites linked to negative
energy balance appeared to have number of
detrimental effects on immunological
processes (Overton and Waldron, 2004). In
addition, the concentration of NEFA in
blood also might affect immune function
(Hammon et al., 2006). This could explain
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the lower WBCs level in ketosis affected
buffaloes in the current study. In
hypocalcemia-affected  buffaloes, low
WABCs count could be attributed to impaired
uterine immunity caused by decrease of
muscles contraction due to Ca deficiency.

Biochemical analysis revealed that
ketosis-affected buffaloes had lowered
levels of plasma glucose, serum cholesterol,
triglycerides, total protein and albumin.
These findings were in agreement with
those reported by Sharma and Rakesh,
(2001); Elitok et al., (2006); Yameogo et
al., (2007). On the contrary, in agreement
with Nazifi et al., (2008); Farag and
Metwally, (2012) levels of NEFA and
ketones were elevated markedly in ketosis
affected buffaloes. This drop in glucose
levels could be the result of energy
deprivation, particularly in the early stages
of lactation when the mammary gland has
to use glucose at a high rate (Bremmer et al.,
2000). Low glucose levels trigger the
mobilization of fat to support a negative
energy balance, which raised NEFA and
ketone levels, which were crucial energy
sources when carbohydrate levels are low
(Dann et al., 2005; Padilla et al., 2005). The
reduction of triglycerides in Kketonic
buffaloes could be explained by an increase
in hepatic cell lipid uptake that results in the
development of hepatic lipidosis and a
concurrent decrease in hepatic triglyceride
output, which lowers the level of circulating
triglycerides (Vermunt, 2003). Moreover,
the capacity of liver lipoprotein synthesis
was low in ketosis affected buffaloes which
could explain low plasma protein and
albumin in the current study (Farag and
Metwally, 2012).There were notable
changes in different blood parameters
related with the energy status in
hypocalcemia-affected buffaloes in the
current study. The most important result
was the lower plasma glucose levels is at
calving and postpartum periods than the
prepartum period which attributed to
negative relationship between
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hypocalcemia and normal smooth muscle
contractility in the ruminant stomach which
led to decreased in appetite (Huber et
al.,1981). The energy insufficiency due to
low glucose levels reported in this study
likely resulted in some metabolic events
that increased fat mobilization (Meena et
al., 2022). Consequently, the level of NEFA
was elevated in the hypocalcemia-affected
buffaloes. In this context, Bremmer et al.,
(1999) reported that one third of cows
developed milk fever when NEFAs<1.2
mEq/L. Therefore, the present study
revealed a strong relation between the
occurrence of hypocalcemia and the energy
status of the buffaloes during the transition
period.

When compared to the control group,
the blood calcium level in ketosis-affected
buffaloes did not differ markedly. This
result was in line with those of Akhtar et al.,
(2007), Akhtar et al., (2008), Khan and
Akhtar, (2007) and Farag and Metwally,
(2012). On the other hand, hypocalcemia-
affected buffaloes showed sever decrease in
serum Ca and P levels. These findings
concurred with those that were previously
recorded (Abd El-Raof and Mobarak, 2006;
Farag and Metwally, 2012).

Hypocalcemia, Kketosis, and other
dietary changes affect reproductive
capacity (Miqueo et al., 2019). Low
progesterone levels have been linked to
negative energy balance and have been
demonstrated to have a deleterious impact
on the outcome of early pregnancy
(Sammad et al., 2022). According to the
literature, postpartum nutritional metabolic
disorders are the main causes behind post-
parturient reproductive abnormalities in
dairy animals (Cardoso et al., 2020). Recent
research has revealed connections between
reproductive performance and energy
metabolism throughout the periparturient
phase (Butler et al., 2006; Roche et al.,
2009; Ospina et al., 2010). In a large field
investigation, elevated blood levels of
NEFA during the transition period were
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linked to poor reproductive performance
(Ospina et al, 2010).In addition,
postpartum negative energy balance and
high NEFA  concentrations  have
demonstrated evidence for greater levels of
inflammation resulting in alterations in
uterine functions (Wathes et al., 2007;
Zhang et al., 2018; Velazquez et al., 2019).
It is clear that postpartum negative energy
balance might be considered a primary
cause of a variety of postpartum production
disorders (Sammad et al., 2022). In the
present study buffaloes affected with
hypocalcemia and ketosis suffered from
negative impact on fertility parameters
appeared as prolonged the interval to first
postpartum estrus and higher number of
days open and higher required NSC. This
attributed to the period of NEB with the
consecutive delay of the beginning of
reproductive  functions  with  fertility
reduction (Butler, 2000).

Conclusion

In conclusion, metabolic disorders
significantly impaired both hematological
and biochemical parameters in blood and
urine of the affected buffaloes during the
transition period. Both hypocalcemia- and
ketosis affected buffaloes had lower levels
of glucose, P, Na and albumin and higher
levels NEFA in comparison to the control
group. Hypocalcemia-affected buffaloes
showed lower level of Ca and higher level
of total protein in comparison to the control
group, while, ketosis-affected buffaloes
showed lower levels of cholesterol and
total protein in comparison to the control
group. Moreover, metabolic disorders
negatively affected the reproductive
performance that both ketosis and
hypocalcemia significantly prolonged the
duration to first estrus, significantly
increased both the number of days-open
and the NSC.
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