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ABSTRACT
Serum biochemical and hematological reference values are used to establish normality and
to diagnose disease and physiological alterations. Up till now there are no reference values
for different blood biochemical and hematological variables in lactating pregnant buffaloes,
consequently the current study considered the first one that established those values in lactating pregnant water buffaloes (Bubalus bubalis). Animals were examined at buffalo farms
that belong to Assiut Governorate, Egypt. A total of 148 pregnant lactating buffaloes (510 years old) were examined, of these, 20 buffaloes did not meet the selection criteria and
excluded from study. The remained animals (N.=128) were clinically healthy and included
in the study. A total of 55 hematological and serum biochemical variables were measured
in blood of lactating buffaloes. Mean reference values, reference intervals (2.5 and 97.5
percentiles) and their 90% confidence intervals, for the measured hematological and serum
biochemical constituents were statistically calculated. Data for the serum biochemical and
hematological variables were presented in tables and compared with previously published
data. The established reference values will be a useful guide for interpreting serum biochemical and hematologic data in lactating pregnant water buffaloes.

Introduction
The buffalo (Bubalus bubalis) originally Asian animals and distributed mainly in tropical and subtropical Asia. The buffaloes are used for drought
power and are found in countries like the Indian
sub-continent and the Mediterranean countries
(Cockril, 1977, 1980). The water buffalo can surpass the cattle genus Bos in its ability to adapt to
the hot climates and swampy lands (Webster and
Wilson, 1980); therefore, water buffaloes have special importance in milk and meat production in the
valley of the River Nile in Egypt (GOVS, 2005).
Both clinical examination and various laboratory
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diagnostic tests are required for diagnosis of diseases (Theodossi et al., 1981; Klinkhoff et al.,
1988; Bailey et al., 1989; Pattinson and Theron,
1989). The major part of the laboratory diagnostic
tests is the measurement of serum biochemical and
hematological variables that are used to establish
normality and to diagnose disease and physiological alterations. Textbook reference intervals produced by European or United States Veterinary
Laboratories are often based on animals living
under good husbandry conditions in temperate climates. However, those reference sample groups
may differ from those of the developing countries.
Differences may be attributed to the environmental
temperature, the type and quantity of the ration and
the management system (Pritchard et al., 2009).
Published data propose erratic normal values that
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are often obtained from a relatively small number
of animals, with different nutritional and climatic
conditions, which makes it difficult to depend on
these published data to interpret results for buffaloes live in Egypt. Reference values are not yet
established for the water buffaloes (Bubalus
bubalis). Therefore, the current study was carried
out to establish reference values for hematological
and serum biochemical constituents in pregnant
lactating buffaloes.

Materials and methods
Animals
Pregnant and none pregnant lactating buffaloes
(Age 5-10 years) were examined at buffaloes'
farms (Land of Kheir buffaloes farm at Abnoub
city, buffaloes farm at Valley of Sheeh, El-badary
City and buffaloes farm at Bani Sanad, Elhawatka), that belong to Assiut Governorate, at the
mid of Egypt. The study was carried out during the
period from August 2011 till April 2012. Lactating
buffaloes were kept together under open half shelter system, milked two times per day using milking
machine, the amount of milk produced per day
were from 6-8 liter. Ration received by buffaloes
during the study were mixture of silage, hay,
roughages and concentrates. Water was supplied ad
libitum.
Animals were examined carefully and inspected
for presence of any abnormal clinical signs. Their
inclusion in the study were based on numbers of
selection criteria, which were as follow: Animals
were lactating pregnant buffaloes till 6 months of
pregnancy, clinically healthy, had good general
body condition score, alert, no loss of skin elasticity, no diarrhea in previous 7 days, no urogenital
abnormalities in previous 7 days, no muscular abnormalities in previous 7 days, no medication in
previous 7 days, absence of skin lesions or alopecia, pink and normal mucous membranes and absence of intestinal and blood parasites.
In total 148 lactating buffaloes were examined,
of these, 20 buffaloes did not meet the selection criteria and excluded from study. The remained animals (N.=128) were clinically healthy, fit with the
inclusion criteria and included in the study.
The ear tag number of individual animal in the
farm was recorded in examination sheet. Another
serial numbers were assigned for individual animal,
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Tubes used for collection of blood and cups used
for fecal samples were assigned the same serial
numbers that was recorded on the examination
sheets.
Samples
Samples were collected at 8.00 am prior to feeding. Two blood samples were collected from the
jugular vein into vacutainer tubes from all buffaloes under study; the first blood sample was collected in plain vacutainer tube and used for
obtaining serum. The second blood sample was
collected in vacutainer tubes containing EDTA as
anticoagulant and used for hematological analysis.
Fecal samples were collected from the rectum of
all animals in clean, dry and sterile cups. Samples
were transported in ice tank directly after collection
to the research laboratory (Department of Animal
Medicine, Faculty of Veterinary Medicine, Assiut
University, Egypt) within 1- 2 hours from collection of samples.
Samples were prepared (blood serum) or analyzed (Whole blood and fecal samples) directly
after receiving them by the research laboratory.
Blood samples in plain tubes were centrifuged at
3000 rpm for 15 minutes, after which serum was
harvested according to standard methods (Coles,
1986), and then divided into 4 equal parts in eppendorf tubes, stored at -20°C, and were used for
measuring serum biochemical constituents. Samples showed hemolysis were excluded from the
study. Serum samples were analyzed within a maximum period of two weeks.
Biochemical analysis
Serum biochemical analytes

Serum biochemical analytes were measured
using UV spectrophotometer (Optizen 3220 UV,
Mecasys Co. Ltd, Korea), reagents and chemicals
were supplied with the purchased commercial kits,
different methods used for analysis of biochemical
analytes were summarized in Table 1. Biochemical
analysis included measurements of serum total proteins, albumin, globulins, total cholesterol, triglycerides, high density lipoprotein (HDL-C), low
density lipoprotein (LDL-C), very low density
lipoprotein (VLDL), calcium, magnesium, chloride, phosphorus, iron, total iron binding capacity
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(TIBC), Unsaturated iron binding capacity (UIBC),
sodium, potassium, zinc, copper, aspartate aminotransferase (AST), alanine aminotransferase (ALT),
gamma glutamyl transferase (GGT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP) and
creatine phosphokinase (CK), blood urea nitrogen
(BUN), creatinine, total bilirubin, direct bilirubin
and indirect bilirubin levels.
Serum protein electrophoresis

Serum protein electrophoresis was carried out
by using cellulose acetate electrophoresis kit
(Biotec-Fischer GmbH, Germany) and by Electrophoresis Set (Filipo, Biotec-Fischer GmbH, Germany). Electrophoretic bands were analyzed using
Un-Scan-It version 6.1 (Silk Scientific Corporation, USA).
Hematological analysis
Blood film

Air dried smear of fresh blood was prepared di-

rectly after collection, fixed and stained with
Giemsa stain (Coles, 1986), and examined for
blood parasites and for differential leucocytes
counts. Manual differential leucocytes counts were
performed to calculate the relative and absolute
counts for individual granulocytes (Neutrophils,
band cells, eosinophils and basophils), this because, Medonic electronic blood cells counter produced one relative and absolute counts for all
granulocytes'.
Hematological examination

Hematological examination was performed directly after the samples being received by the research laboratory and within 1-2hrs from collection
of blood and by using Medonic Veterinary Hematology analyzer (Medonic CA 620, Sweeden).
Hematological variables measured were total red
blood cells count (T.RBCs), hemoglobin concentration (HGB), red blood cells distribution width
(RDW), red blood cells distribution width absolute
(RDWa), hematocrit (HCT), main corpuscular volume (MCV), mean corpuscular hemoglobin

Table 1. Method used to measure serum biochemical variables in lactating buffaloes
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(MCH), mean corpuscular hemoglobin concentration (MCHC), platelets count (PLT), mean platelets
volume (MPV), platelets distribution width
(PDW), large platelets concentration ratio (LPCR),
plateletcrit (PCT), total white blood cells count
(T.WBCs), and count and percentage of lymphocytes, neutrophils, band cell, eosinophils, monocytes and basophils.

Table 2. Reference values for serum proteins measured both
by spectrophotometer and electrophoresis in lactating buffaloes

Parasitological analysis
Parasitological analyses of fecal samples were
done on the same day of collection using sedimentation and floatation techniques (Soulsby 1982).
Animals that harbored parasites were excluded
from the study. The parasitological findings were
reported to the farm to treat animals and to take recommended control measures.

Reference interval = 2.5 and 97.5 percentiles; reference interval =
interval between, and including, two reference limits. Reference
intervals were calculated for each reference limit as recommended
(PetitClerc and Solberg, 1987).

Table 3. Reference values for serum enzyme activities in lactating buffaloes

Data Analysis
Data analysis was carried out according to approved recommendations of International Federation of Clinical Chemistry on the theory of
reference values (Solberg 1987). Statistical analysis was performed using Reference Value advisor
version 2.1 (Geffré et al. 2011). Reference intervals
were determined using the non-parametric method.
Outliers were determined using Dixon–Reed’s and
Tukey’s tests and removed (Reed et al., 1971). Data
were tested for normal distribution according to
Anderson and Darling (Anderson and Darling
1954). The 95% reference intervals were calculated
by removing the upper and lower 2.5% of the range
for each serum biochemical and hematological
constituents to give the 2.5 and 97.5 percentiles
(Solberg 1987).

Reference interval = 2.5 and 97.5 percentiles; reference interval =
interval between, and including, two reference limits. Reference intervals were calculated for each reference limit as recommended
(PetitClerc and Solberg, 1987). Aspartate aminotransferase (AST),
Alanine aminotransferase (ALT), Gamma glutamyl transferase
(GGT), Lactate dehydrogenase (LDH), alkaline phosphatase (ALP)
and creatine phosphokinase (CK)

Table 4. Reference values for serum minerals and electrolytes
in lactating buffaloes

Results
During the study, body temperature was measured for all pregnant lactating buffaloes, mean
value and reference intervals were 38.3±0.3◦C and
37.50-39.00◦C respectively.
Results of statistical analysis for data of different biochemical and hematological analytes were
arranged in Tables 2, 3, 4, 5 and 6, and included
mean values and standard deviation (SD), and the
upper and lower limits for the reference intervals.
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Reference interval = 2.5 and 97.5 percentiles; reference interval =
interval between, and including, two reference limits. Reference intervals were calculated for each reference limit as recommended (PetitClerc and Solberg, 1987). Total iron binding capacity (TIBC),
Unsaturated iron binding capacity (UIBC).
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Table 5. Reference values for biochemical serum variables in lactating buffaloes

Reference interval = 2.5 and 97.5 percentiles; reference interval = interval between, and including, two reference limits. Reference intervals
were calculated for each reference limit as recommended (PetitClerc and Solberg, 1987). High density lipoprotein (HDL-C), low density
lipoprotein (LDL-C), very low density lipoprotein (VLDL-C)

Table 6. Reference values for haematological variables in lactating buffaloes

Reference interval = 2.5 and 97.5 percentiles; reference interval = interval between, and including, two reference limits. Reference intervals
were calculated for each reference limit as recommended (PetitClerc and Solberg, 1987). Total red blood cells count (T.RBCs), hemoglobin
concentration (HGB), red blood cells distribution width (RDW), red blood cells distribution width absolute (RDWa), hematocrit (HCT),
main corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelets
count (PLT), mean platelets volume (MPV), platelets distribution width (PDW), large platelets concentration ratio (LPCR), plateletcrit
(PCT), total white blood cells count (T.WBCs).
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Discussion
The International Federation of Clinical Chemistry sets out clear guidelines for the production of
reference values and limits. They recommended at
least 120 animals being used for establishing the
reference values (Grasbeck et al. 1979). This study
used and carefully selected a relatively large reference population of 128 animals, which is higher
than the number of animals recommended for establishing the reference values (Lumsden and
Mullen, 1978; Grasbeck et al. 1979; Lumsden and
Jacobs 1989; Farver, 1997; Solberg, 1999; Geffré
et al., 2009). Buffaloes (Bubalus bubalis) subjected
to study were selected from farms to ensure that
they received periodical clinical examination and
their productive and reproductive status were regularly checked and recorded. Also, the selection of
buffaloes was based on numbers of selection criteria and the physiological condition of the reference
sample population was defined and reference intervals were calculated as 0.025 and 0.975 fractiles
for the limits. It is well known that there are profound physiological changes in hematological and
serum biochemical constituents in lactating and
pregnant buffaloes. These changes are not necessarily indicative of disease but reflect physiological
variations.
In the present study, mean values and reference
intervals for body temperature were 38.3±0.3◦C
and 37.50-39.00◦C respectively. Generally, the observed body temperature agreed with previously reported data (FAO 1994; Radostits et al. 2006).
Reference values for serum total proteins and
fractions were shown in Table 2. Mean values for
serum total proteins, albumin and globulins obtained from the present study were agreed with normal values (73.2±1.05, 31.0±0.4, 42.2±0.7 g/l
respectively) for Iranian water buffaloes (Tajik et
al. 2012). Reference intervals for serum total proteins, albumin and globulins were higher than normal range reported in a previous study, which were
58.2-79.7, 27.4-38.1 and 28.5-46.3 g/l, respectively
(Saleh et al. 2008). Also, the results of this study
for serum proteins and fractions were higher than
levels reported by other studies on non-lactating
buffaloes (Abd Ellah 2011). Serum total proteins
at 60 days prepartum was ranged from 91.20-93.70
g/l (Quayam et al., 1990), which is lower than the
upper limit of the reference interval for total serum
proteins established in both groups at the present
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study. An average of 62.6 g/l (Nawaz and Siddique 1974) and 64-85 g/l (Khurshid et al. 1992)
for serum total proteins level were found in blood
of lactating buffaloes, which were relatively lower
than the total serum protein concentration
recorded in the present study. The largest proportion of globulins was in the form of γ-globulins
(25.8±6.4g/l),
followed
by
α-globulins
(10.5±2.7g/l) and then β-globulins (3.7±1.8g/l), the
same was reported in none pregnant buffaloes
(Saleh et al. 2008). Mean values for serum globulins from the present study was slightly lower than
value reported in a previous study, where globulins
level in late pregnant buffaloes was 52.20±6.50g/l
(Ali et al. 2011). Differences between the current
and previous studies may be attributed to variations
in the physiological and/or climatic conditions.
High serum proteins levels reported in the current
study compared to previous studies may be attributed to elevation of serum globulins and represent
immunological response for lactating and pregnant
buffaloes.
Lactation period is one of the physiological conditions that associated with high variability in the
blood activity of serum enzymes (Pizzuti and Salvatori 1993). The present study (Table 3) revealed
that, reference interval for serum AST was18.14138.03U/l. The upper limit for the reference interval of serum AST established in the current study
was lower than value reported in adult buffaloes
(Bertoni et al. 1994; De Rosa et al. 2001), where
serum AST varied from 145 U/l (Bertoni et al.
1994), and 160 U/l (De Rosa et al. 2001). Mean
serum AST activityfor the present study was higher
than mean value for serum AST (44.25±3.77 U/l)
(Serdaru et al. 2011), and lower than mean value
of 72.8±7.2 IU/l (Ali et al. 2011) that reported in
pregnant buffaloes. Ghanem and El-Deeb (2010)
reported that mean serum AST level in adult buffaloes was 70.6±4.16U/l, which is higher than
mean AST value from the present study. Mean
serum ALT (25.37±9.48U/l) values from the investigated buffaloes was higher than its value of
21.86±5.34U/l reported in none pregnant buffaloes
(Abd Ellah 2011). In the early months of lactation,
observed serum ALT activity was ranged from 83
to 116 U/l (De Rosa et al. 2001), which is higher
than serum ALT (13.61-57.18U/l) obtained from
the present study. Mean value for serum GGT activities was 9.5±4.5U/I, which was higher than
mean GGT value of 7.21U/I that reported in none
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pregnant buffaloes (Ghanem and El-Deeb 2010),
and lower than mean value of 21.2 U/I reported in
adult buffaloes (Bertoni et al. 1994). In healthy
adult buffaloes, it was reported that serum LDH
ranged from 1500.41 to 1603.17 U/l (Grasso et al
2004), which was higher than the upper limit of the
reference interval for serum LDH (170.531289.26U/l) as shown in Table 3. Serum LDH activity was reported to be ranged from 1272 to 1741
U/l (Terzano et al. 2000) and from 713 to 1047 U/l
in lactating buffaloes (Fagiolo et al., 2004). Serum
ALP ranged from 200 to 650 U/l was reported in
adult buffaloes under different housing conditions
(Terzano et al. 2000), which is higher than serum
ALP from this study. Mean serum value for serum
Ck from the studied animals was 78.51±47.92 U/l,
which is higher than values reported in pregnant
buffaloes (Ali et al. 2011). The variation in serum
enzymes levels between the present study and previous studies may be attributed to variation in age
of the animals, stage of pregnancy or lactation.
Minerals are essential nutrients bearing a significant role in the animal reproduction, because their
excess or deficiency produces detrimental effect on
the performance of livestock. Trace elements including copper, zinc and iron, and certain macroelements like calcium, magnesium and phosphorus,
and electrolytes like sodium and chloride have been
found to be very essential for normal livestock
growth (Underwood 1981). Reference intervals for
minerals established in the present study reflected
their serum levels in pregnant lactating in buffaloes
(Table 4). The changes in serum mineral levels may
be attributed to the physiological changes during
pregnancy or lactation as a response to increase or
decrease the demand for nutrients. Phosphorus levels in buffaloes have been found to be quite stable
at 6 mg/dl (Campanile et al. 1997), increased at the
postpartum period to reach a level of 7.9 mg/dl at
160 days of lactation (Montemurro et al. 1997). Its
physiological range for during lactation was
recorded to be 1.2-1.4 mmol/l in buffaloes (Bertoni
and Piccioli-Cappelli 1999), which was slightly
different than the reference range for serum phosphorus obtained from the current study. Mean
serum calcium obtained from the studied animals
was 11.3±1.8 mg/dl, which is higher than value reported in a previous study (9.7±0.3mg/dl) on lactating buffaloes (Ramkrishna 1991). The measured
serum copper in the investigated buffaloes was
11.4±3.5µmol/l, which is higher than that measured

in adult buffaloes (9.1±0.8µmol/l) (Tajik et al.
2010). In a previous study, some serum minerals
were measured in fifty eight lactating buffaloes, the
authors found that the mean serum calcium, inorganic phosphorus, sodium, potassium and chloride
levels were 9.9±0.2mg/dl, 4.9±0.2mg/dl,
144.0±1.3mmol/l,
4.6±0.1mmol/l
and
97.8±1.1mmol/l (Kulkarni et al. 1984), comparing
these findings with our results, revealed that the
present study showed higher serum calcium, phosphorus, sodium, potassium and lower chloride levels.
Mean values for serum calcium, phosphorus
and magnesium in late pregnant buffaloes were
10.90mg/dl, 7.23mg/dl and 3.37mg/dl respectively
(Pathak and Janakiraman, 1987), which were
agreed with mean serum values for calcium
(10.66±1.64mg/dl)
and
magnesium
(3.16±0.62mg/dl) for lactating pregnant buffaloes
obtained from this study. Furthermore, mean vales
for serum calcium and phosphorus from the present
study were higher than values for calcium
(9.85±0.63mg/dl) and phosphorus (4.33±0.55
mg/dl) recorded in late pregnant buffaloes (Hanif
et al. 1984). Also, it was found that plasma copper
and zinc levels were 83.00±4.00µg/dl and
72.00±6.00µg/dl respectively (Hanif et al. 1984),
which were higher than serum copper level
(77.23±27.11 µg/dl) and lower than serum zinc
level (87.82±27.38 µg/dl) from the present study.
Another study done on pregnant Murrah buffaloes,
which revealed that the mean values for serum calcium, phosphorus, magnesium and iron concentrations were 11.83±1.17 mg/dl, 4.84±1.44 mg/dl,
1.88±0.26 mg/dl and 93.80±10.36 µg/dl, respectively (Kumar et al. 2001), comparing these results
with results presented in Table 4, revealed that
serum levels of phosphorus, magnesium and iron
were lower and serum calcium was higher than values reported in the present study. Mean serum
potassium was 5.59±0.6 mmol/l (Table 4), which
was higher than mean value of 4.53mmol/l reported
in pregnant buffaloes (Hussain et al. 2001). It was
concluded that mean serum sodium levels in pregnant buffaloes was 145.71mmol/l, which was lower
than mean serum sodium (151.27±12.18 mmol/l)
obtained from the present study. The differences
between levels serum minerals reported in the present study and previous studies may be attributed to
variation in breed, nutritional, climatic and physiological conditions.
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Blood lipids play an important role in the synthesis of fatty acids of milk from dairy animals
(Kaneko 2008). The blood stream is the main
sources of fatty acids in milk (Iverson et al. 1995;
Tripathi et al. 2010). Large species differences in
lipoproteins profiles and the percentage of total
cholesterol and triglycerides carried by each
lipoprotein class were recorded in different animals. Whereas in human and pigs, the majority of
cholesterol is transported as LDL-C. In cattle, cholesterol is equally divided between LDL-C and
HDL-C, while in sheep and horses, the majority of
cholesterol circulates as HDL (Latimer et al. 2003).
As shown in Table 5, mean values of serum total
cholesterol, HDL-C, LDL-C and VLDL-C established in the present study were lower than findings
of previous studies on none pregnant buffaloes
(Abd Ellah 2011; Tajik and Nazifi 2011). The present study revealed that serum LDL-C and HDL-C
levels were equally distributed during lactation.
Equal distribution of LDL-C was agreed with that
reported in serum of none pregnant Iranian water
buffaloes (Tajik and Nazifi 2011). According to the
results of this study, mean value for serum triglycerides was 0.28±0.15 mmol/l, which was higher
than recorded values during lactation (0.1mmol/l)
(Bertoni et al. 1997). However, mean value for
triglycerides obtained from the present study was
lower than serum triglycerides of value 0.34
mmol/l in none pregnant water buffaloes (Ghanem
and El-Deeb 2010). Plasma triglycerides levels for
lactating buffaloes were dependent on the energy
level (ranging between 0.10 mmol/l and 0.12
mmol/l) and varied before and after meals (Bertoni
et al. 1997). The current study reported that mean
serum triglycerides level were agreed with studies
on lactating buffaloes (Tripathi et al. 2010; Monteiro et al. 2012). In a previous study, mean serum
glucose were 40.46 mg/dl (Majeed et al. 1990),
which is lower than mean glucose level from the
present study. Mean value for serum glucose level
was reported to be 4.08 mmol/l in lactating buffaloes (Bertoni et al. 1994; Campanile et al. 1991),
which is slightly higher than mean glucose values
of 3.23±0.88 mmol/l reported in the present study.
The variations may be attributed to species differences or may be due to different environmental
temperature (Satriani et al. 2001).
At present, the complete blood cell count can be
performed using an automated hematology analyzer, which can increase the throughput of the test.
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Recently, new indices related to erythrocytes
(RDW, RDWa) and platelet (PCT, MPV, PDW,
LPCR) have been provided by hematologic analyzers (Lombarts et al. 1986). The current study is the
first one that provided a reference values for these
new indices in lactating buffaloes. Reference limits
of hematological analytes developed in the present
study to define lactating buffaloes differ from those
previously developed (Jain et al. 1982). The latter
used only 50 lactating buffaloes for the study
(Table 6), which is less than the recommended
number for establishing the reference values (Solberg 1987).
Reference intervals obtained from the present
study for total RBCs count, Hgb, HCT, MCV and
MCH had higher upper limits than those reported
previously (Jain et al. 1982) for the same analytes,
which were 5.1-8.3 x1012/l, 90.0-135.0g/l, 26.034.0%, 40.6-55.2fl and 13.5-20.5pg respectively,
and also than those normal ranges reported previously, which were 5.8-7.7x1012/l,11.4-13.6g/l,
32.6-40.7%, 53-56fl, 17.8-19.5pg respectively (Fagiolo et al., 2004). Reference intervals for MCHC
had a lower upper limit than the range 20.938.5g/dl for MCHC recorded in a previous study
(Tajik et al. 2012), and agreed with another study
on adult water buffaloes (Fagiolo et al., 2004), the
latter reported that normal range of MCHC in lactating buffaloes was 33.5-34.8g/dl. Reference limits of hematological analytes developed in the
present study (Table 6), were slightly differed from
those developed in primipara buffaloes (Ciaramella
et al. 2005). Reference intervals for platelets count
and MPV from the present study were different
from those previously reported in lactating buffaloes (Fagiolo et al., 2004), which were varied
from 201-251.8 x109/l and 8.8-9.7fl for PLT count
and MPV respectively. Total WBCs count from this
study was 9.41±2.24x109/l, which was higher than
reported WBCs count (8.02±0.9x109/l) reported
previously (Ciaramella et al. 2005). Also, differential leucocytes counts recorded (Ciaramella et al.
2005) were slightly different from that obtained
from the current study. Differences may be attributed to stage of pregnancy or lactation, climatic
conditions or breed of buffaloes.
In this study, the majority of the obtained hematological values (Table 6) were different to those
reported in Indian none-lactating water buffaloes
(Ciaramella et al. 2005) and free range buffalo
(Syncerus caffer) species (Beechler et al. 2009) re-

Mahmoud R. Abd Ellah et al. /Journal of Advanced Veterinary Research 5 (4) (2015) 186-196

spectively, except for some similarity in total RBCs
count and HCT % when compared with data from
Indian none-lactating water buffaloes (Ciaramella
et al. 2005).

Conclusion
Reference intervals for serum biochemical and
hematological variables for lactating buffaloes
were established in the present study. The established reference values will be a useful guide for
interpreting serum biochemical and hematologic
data in lactating none or pregnant water buffaloes.

Acknowledgement
This work was supported by Basic and Applied
Research Project (ID: 2947) from Science and
Technology Development Fund (STDF), Ministry
of Scientific Research, Egypt. The authors greatly
appreciate the help of the members at the Department of Animal Health Care at the Veterinary Directorate for facilitating the examination of animals
and collection of samples from buffaloe farms.

References
Abd Ellah, M.R., 2011. Serum Metabolic Profile of Idiopathic Emaciated Buffaloes. Journal of Animal and
Veterinary Advances 10, 2456-2458.
Ali, A., Derar, R., Hussein, H.A., Abd Ellah, M.R., AbdelRazek, A.Kh., 2011. Clinical, hematological, and biochemical findings of uterine torsion in buffaloes
(Bubalus bubalis). Animal Reproduction Science 126,
168-172.
Anderson, T.W., Darling, D.A., 1954. A Test of Goodnessof-Fit. Journal of the American Statistical Association
49, 765–769.
Bailey, S.M., Sarmandal, P., Grant, J.M., 1989. A comparison
of three methods for assessing inter-observer variation
applied to measurement of the symphysis-fundal
height. Br J Obstet Gynaecol 96, 1266–1271.
Beechler, B.R., Jolles, A.E., Ezenwa, V.O., 2009. Evaluation
of hematologic values in free ranging African buffalo
(Syncerus caffer). Journal of Wildlife Diseases 45, 57–
66.
Bertoni, G., Bartocci, S., Piccioli Cappelli, F., Amici A.,
1997. Blood metabolites and hormone changes in lactating buffaloes fed diets different for energy content
and protein degradability. Proc. Fifth World Buffalo
Congress. Caserta, Italia. pp. 961-965.
Bertoni, G., Lombardeli, R., Piccioli Cappelli, F., Bartocci,
S., Amici, A., 1994. Alcuni fattori che influenzano le
condizioni endocrino-metaboliche della specie bufalina. Agr Ricerca 16, 87-98.
Bertoni, G., Piccioli-Cappelli, F., 1999. Guida all'interpre-

tazione dei profili metabolici. Pubblicazione ASPA, ed.
Università degli Studi di Perugia.
Campanile, G., Di Palo, R., D'Angelo, A., 1997. Profilo
metabolico nel bufalo. Bubalus Bubalis Suppl 4, 236249.
Campanile, G., Bonavoglia, C., Perrucci, G.F., Di Palo, R.,
1991. Caratteristiche ematochimiche in bufale appartenenti ad aziende con differente fertilità. Atti Fe Me S
P Rum. 1, 93-98.
Ciaramella, P., Corona, M., Ambrosio, R., Consalvo, F., Persechino, A., 2005. Haematological profile on non-lactating Mediterranean buffaloes (Bubalus bubalis)
ranging in age from 24 months to 14 years. Research
in Veterinary Science 79, 77-80.
Cockril, W.R., 1980. The ascendant water buffalo key domestic animal. World Animal Review 33, 2-13.
Cockril, W.R., 1977. The water buffalo. FAO, Rome.
Coles, E.H., 1986. Veterinary Clinical Pathology, 4th Ed.,
Saunders Comp. Philadelphia, London, Toronto.
De Rosa, C., Campanile, G., Amante, L., Banchelli, L.,
Midea, D., Zicarelli, L., 2001. Modificazioni endocrino-metaboliche nella fase di transizione e nei
primi mesi di lattazione. Atti Primo Congresso Naz.
Allevam. Bufalo. Salerno, Italia. pp. 293-297.
Fagiolo, A., Lai, O., Alfieri, L., Nardon, A., Cavallina, R.,
2004. Environmental factors and different managements that influence metabolic, endocrine and immuno
responses in water buffalo during lactation. Proc. Seventh World Buffalo Congress, Manila, Philippines. pp.
24-26.
FAO 1994. A manual for the primary animal health care
worker. FAO Animal Health Manual Food and Agriculture Organization of the United Nations, Rome.
Farver, T.B., 1997. Concepts of normality in clinical biochemistry. In: Kaneko JJ, Harvey JW, Bruss ML, editors. Clinical Biochemistry of Domestic Animals. 5th
ed. San Diego: Academic Pr., pp. 1–19.
Geffré, A., Concordet, D., Braun, J.P., Trumel, C., 2011. Reference Value Advisor: a new freeware set of macroinstructions to calculate reference intervals with
Microsoft Excel. Veterinary Clinical Pathology 40,
107-112.
Geffré, A., Kristen, F., Kendal, H., Didier, C., Catherine, T.,
Jean-Pierre, B., 2009. Reference values: a review. Veterinary Clinical Pathology 38, 288-98.
Ghanem, M.M., El-Deeb, W.M., 2010. Lecithin cholesterol
acyltransferase (LCAT) activity as a predictor for ketosis and parturient haemoglobinuria in Egyptian water
buffaloes. Research in Veterinary Science 88, 20-25.
GOVS, 2005. Technical veterinary report. General Organization of Veterinary Service, Cairo, Egypt.
Grasbeck, R., Siest, G., Wilding, P., Williams, G.Z., Whitehead, T.P., 1979. Provisional recommendation on the
theory of reference values. Part 1. The concept of reference values. Clinical Chemistry 25, 1506-1508.
Grasso, F., Terzano, G.M., De Rosa, G., Tripaldi, C., Napolitano, F., 2004. Influence of housing conditions and
calving distance on blood metabolites in water buffalo
cows. Italian Journal Animal Science 3, 275-282.
Hanif, M., Ali, C.S., Samad, H.A., Hanjra, S.H., 1984. Influence of pregnancy stress on blood mineral profile in

194

Mahmoud R. Abd Ellah et al. /Journal of Advanced Veterinary Research 5 (4) (2015) 186-196

the buffalo. Pakistan Veterinary Journal 4, 165-168.
Hussain, S., Saeed, M.A., Bashir, J.N., 2001. Serum electrolytes in buffaloes during late pregnancy parturition
and postpartum periods. Pakistan Veterinary Journal
21, 175-179.
Iverson, S.J., Hamosh, M., Bowen, W.D., 1995. Lipoprotein
lipase activity and its relationship to high milk fat
transfer during lactation in grey seals. Journal of Comparative Physiology B. 165, 384 395.
Jain, N.C., Vegad, J.L., Jain, N.K., Shrivastava, A.B., 1982.
Haematological studies on normal lactating Indian
water buffaloes. Res Vet Sci. 32, 52 –56.
Kaneko, J.J., 2008. Clinical biochemistry of domestic animals. 6th ed. San Diego, Academic Press.
Khurshid, K.M., Khan, T.M., Basra, M.A., Chaudhry, Z.l.,
Afzal, M., Rashid, J., 1992. Serum cholesterol and
total serum protein patterns in different age groups of
lactating buffaloes. Pakistan J. Agric. Res. 13, 86-88.
Klinkhoff, A.V., Bellamy, N., Bombardier, C., Carette, S.,
Chalmers, A., Esdaile, J.M., Goldschmidt, C., Tugwell,
P., Smythe, H.A., Buchanan, W.W., 1988. An experiment in reducing interobserver variability of the examination for joint tenderness. J Rheumatol. 15, 492–494.
Kulkarni, B.A., Talvelkar, B.A., Kaushik, R.V., Gokani, S.S.,
Patankar, D.D., Kulkarni, B.S., 1984. Studies on serum
biochemical constituents in lactating and dry Indian
buffaloes. Indian Veterinary Journal 61, 564-568.
Kumar, R., Sharma, I.J., Rao, M.L.V., Quadri, M.A., 2001.
Status of haemogram, plasma proteins, minerals and
electrolytes during pregnancy, anorexia and sub- clinical ketosis in cows and buffaloes. Indian Journal of
Animal Science 71 (2), 118-121.
Latimer, K.S., Prasse, K.W., Mahaffey, E.A., 2003. Proteins,
Lipids, and Carbohydrates. In: Veterinary Laboratory
Medicine: Clinical Pathology, 4th ed. Ames, Iowa
State University Press. pp. 162-192.
Lombarts, A.J., Koevoet, A.L., Leijnse, B., 1986. Basic principles and problems of haemocytometry. Ann Clin
Biochem. 23, 390.
Lumsden, J.H., Jacobs, R.M., 1989. Clinical chemistry. inclinic analysis, quality control, reference values, and
system selection. Vet Clin North Am Small Anim Prac.
19, 875–897.
Lumsden, J.H., Mullen, K., 1978. On establishing reference
values. Can J Comp Med. 42, 293–301.
Majeed, M.A., Iqbal, J., Chaudhry, M.N., 1990. Blood chemistry of clinical metritis in Nili-Ravi buffaloes of
two age-groups and at two stages of lactation. Pakistan Veterinary Journal 10 (2), 55-59.
Monteiro, B.M., Yasuoka, M.M., Pogliani, F.C., Ayres, H.,
Viana, R.B., Birgel, E.H., 2012. Lipid and glucose profiles of dairy buffaloes during lactation and dry period
Rev Cienc Agrar. 55, 33-39.
Montemurro, N., Pacelli, C., Borghese, A., 1997. Blood
metabolites change in milking buffalo cows. Bubalus
Bubalis 3, 69-78.
Nawaz, M., Siddique, R.H., 1974. Normal pH of blood, total
serum protein and cholesterol in serum of female buffaloes. Veterinarnomeditsinski Nauki 26(3), 211-214.
Pathak, M.M., Janakiraman, K., 1987. Blood serum calcium,
inorganic phosphorus and magnesium at different

195

stages of pregnancy in Surti buffaloes. Indian Journal
of Animal Science 57, 398-402.
Pattinson, R.C., Theron, G.B., 1989. Inter-observervariation
in symphysis-fundus measurement. S. Afr Med J. 76,
621–622.
PetitClerc C., Solberg H.E. 1987. Approved recommendation
on the theory of reference values. Part 2. Selection of
individuals for the production of reference values.
Clinical Chemistry Acta 170, S1-S11.
Pizzuti, G.P., Salvatori, G.C., 1993. Some blood parameters
of water buffalo in different physiological conditions.
Boll Soc Italian Sper. 69, 649-654.
Pritchard, J.C., Burn, C.C., Barr, A.R.S., Whay, H.R., 2009.
Haematological and serum biochemical reference values for apparently healthy working horses in Pakistan.
Research in Veterinary Science 87, 389-395.
Quayam, S.A., Devanathan, T.G., Pattabiraman, S.R., 1990.
Serum total protein and blood glucose levels during
pre-, peri- and post-partum Murrah buffaloes. Indian
Journal of Animal Sciences 60, 140-142.
Radostits, O.M., Gay, C.C., Hinchcliff, K.W., Constable,
P.D., 2006. Veterinary Medicine: A Text Book of the
Diseases of Cattle, Sheep, Pigs, Goats and Horses.
10th Edition, Bailliere Tindall London Philadelphia
Sydney Tokyo Toronto. pp. 12-13.
Ramkrishna, K.V., 1991. Comparative studies on certain biochemical constituents of lactating and dry Murrha buffaloes. Livestock Advisor. XIV, 16-19.
Reed, A.H., Henry, R.J., Mason, W.B., 1971. Influence of
Statistical Method Used on the Resulting Estimate of
Normal Range. Clin Chem. 17, 275–284.
Saleh, M.A., Rateb, H.Z., Misk N.A., 2008. Comparison of
blood serum proteins in water buffaloes with traumatic
reticuloperitonitis and sequellae. Research in Veterinary Science 85, 208–213.
Satriani, A., Piccioli-Cappelli, F., Palimeno, F., Lambardelli,
R., Ferrara, L., Bertoni, G. 2001. Fattori ambientali
causa di variazioni endocrino-metaboliche nella bufala
da latte. Atti I Congresso Naz. Allevam. Bufalo.
Salerno, Italia, 3 5 Ott., pp. 285-288.
Serdaru, M., Nicolae, I., Enculescu, M., Bota, A., Bolocan,
E., 2011. Seasonal Variations of some Hematological
and Biochemical Parameters of the Carpathian Romanian Buffaloes. I. The Winter Period Animal Science and Biotechnologies 44 (1), 94-98.
Solberg, H.E., 1987. Provisional recommendation on the theory of reference values. Part 5: statistical treatment of
selected reference values. Determination of reference
limits. Journal of Clinical Chemistry and Clinical Biochemistry 25, 645-656.
Solberg, H.E., 1999. Establishment and use of reference values. In: Burtis CA, Ashwood ER, editors. Tietz Textbook of Clinical Chemistry. 3rd ed. New Dehli, India:
Harcourt Brace; Asia Sauders. pp. 336–354.
Soulsby, E.J.L., 1982. Helminths, arthropods and protozoa
of domesticated animals (7th ed). ELBS, London. p.
809.
Tajik, J., Nazifi, S., Heidari, M., Babazadeh, M., 2012. Evaluation of Serum Proteins in Water Buffaloes (Bubalus
bubalis) with Abomasal Ulcer. Asian Journal of Animal and Veterinary Advances 7, 277-282.

Mahmoud R. Abd Ellah et al. /Journal of Advanced Veterinary Research 5 (4) (2015) 186-196

Tajik, J., Nazifi, S., Izadneshan, M., Naghib, S.M., 2010.
Evaluation of Trace Elements Serum Concentrations
and Their Correlation Together, and with Thyroid Hormones in Water Buffalo (Bulbalus bulbalis) Australian
Journal of Basic and Applied Sciences 4(8), 39553958.
Tajik, J., Nazifi, S., 2011. Serum Concentrations of Lipids
and Lipoproteins and Their Correlations together and
with Thyroid Hormones in Iranian Water Buffalo (Bulbalus bulbalis) Asian Journal of Animal Sciences 5,
196-201
Terzano, G.M., Tripaldi, C., Allegrini, S., Pasqui, E., Roncoroni, C., Satà, M.C., Terramoccia, S., 2000. Benessere e riproduzione: approccio sperimentale sulla
specie bufalina. Proc. Workshop Stato di benessere ed
efficienza riproduttiva negli animali di interesse
zootecnico. Viterbo, Italia, pp. 147-153.

Theodossi, A., Knill-Jones, R.P., Skene, A., Lindberg, G.,
Bjerregaard, B., Holst-Christensen, J., Williams, R.,
1981. Inter-observervariation of symptoms and signs
in jaundice. Liver 1, 21–32.
Tripathi, P.M., Ingole, S.D., Deshmukh, B.T., Nagvekar, A.S.,
Bharucha, S.V., 2010. Serum lipid profile during lactation in buffalo. Indian Journal of Animal Sciences
80, 217-219.
Underwood, E.J. 1981. The Mineral Nutrition of Livestock.
Commonwealth Agricultural Bureau. London, UK.
Webster, C.C., Wilson, P.N., 1980. Agriculture in the tropics,
second ed. Longman (ELBS), London, UK. pp. 390–
400.

196

