
Abstract
Fatty liver is a metabolic disorder of dairy cows in early lactation, and

approximately half of multi-parous dairy cows experience a moderate to
severe fatty liver at calving. Since the occurrence of fatty liver in buffalo is
not known, the aim of this study was to evaluate the hepatic content of
triacylglycerols (TAG) and total lipids (TL), and the serum content of non-
esterified fatty acids (NEFA) in native buffalo at different stages of
productivity. The relationship between body condition score (BCS), age,
serum NEFAcontent and hepatic TAG and TLcontent was also considered.A
total of 119 blood and liver samples were randomly collected from
indigenous buffalo immediately after slaughter. Buffalo were divided into six
groups: male, heifer, non-pregnant lactating, 1-8 months pregnant lactating,
late pregnant and immediately post parturient. Serum NEFAconcentration in
late pregnant and recently calved buffalo was significantly higher than that of
males and heifers. Liver TAG content rose significantly in the first months
after parturition, but liver TL content was not affected by the physiological
status of the animals. Serum NEFA concentration was not associated with
liver TAG or TL content. BCS had no significant correlation with either
serum NEFA concentration or age of the animals. The results showed that an
increase in liver TAG and serum NEFA was seen in late pregnancy and after
parturition in buffalo, similar to results in cows. However, TAG and NEFA
levels were much lower than in dairy cattle and it can therefore be concluded
that there is no indication of fatty liver in buffalo.
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Introduction

Hepatic lipidosis is a major metabolic disorder in
dairy cows (Goff and Horst, 1997). The disorder occurs
when the uptake and synthesis of fatty acids exceeds the
rate of oxidation and secretion in the liver (Bremmer

., 2000).It has been shown that fatty liver is a major
risk factor for decreased average life time of dairy cows
(Gerloff ., 1986; Wensing ., 1997; Zerb .,
2000). Overfeeding during the non-lactating period and
reduced feed intake, and stress during the preparturient
stage stimulate the release of non-esterified fatty acids
(NEFA) from adipose tissue and excessive uptake by
the liver (Rukkwamsuk ., 1999). Circulating NEFA
are absorbed by the liver and esterified to
triacylglycerol (TAG), which is then secreted into the
blood in the form of very low density lipoproteins
VLDL (Drackely, 1999). An increase in concentration
of serum NEFA has been reported in cows fed lipogenic
diets, compared to those fed glucogenic diets (Grum

et
al

et al et al et al

et al

et

al et al et al., 1996; Salado ., 2004; Van Knegsel ., 2007).
Although fatty infiltration in the liver has been
extensively investigated in dairy cattle, no such study
has yet been carried out in buffalo. Therefore, the
present study aims to investigate fat mobilization during
different periods of production in this species.

The research was carried out in Ahvaz, Iran,
between November 2007 and October 2008 and
involved the collection of blood and liver samples from
119 buffalo slaughtered atAhvaz abattoir. Buffalo were
placed into one of six groups according to sex and
productivity status: male, heifer, 1-8 months lactating
pregnant, lactating non-pregnant, late pregnant (at
month 10 of pregnancy), and recently calved
(immediately after calving). Liver samples were not
obtained during the last month in pregnant buffalo as no
individuals of this type were available, and blood
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samples for this group were obtained from a farm in
Ahvaz city. The body condition score (BCS) was based
on the measuring amount of fat reserves in
subcutaneous of the slaughtered animal and the
animals in the f understudied farms (De Rosa .,
2009), where a score of 1 represented the least and 5 the
most amount of fat. The animals were sent to pastures
with inferior quality grass during the day, and were
later returned to their pens where they were fed
between 2.5 and 4 kg of a locally-made concentrate that
contained barley, wheat, maize and cotton-cake.
Animals had free access to straw and water. The
average daily milk production of the female buffalo
was 7 to10 kg per day.

While the animals were being slaughtered, blood
samples were taken in plain tubes for determination of
NEFA content. After collection, blood samples were
allowed to stand for 20-30 minutes and were then
centrifuged at 2000 to 3000 rpm for 15 minutes. The
serum was separated and stored at -22°C until assayed.
Liver samples of at least 10g wet weight were taken
from the right lobe. For determination of TAG and TL
content, liver samples were placed in physiological
saline and transported to the laboratory in a
thermostatic (0 to 4ºC) container. Lipid extraction from
the liver was carried out using the method of Folch et al.
(1957). TAG and TL concentration was measured as
described by Frings . (1972) and Neri and Frings
(1973). Serum NEFA concentration was measured
enzymatically with commercially-available kits
(Ransel -Randox, UK).

Data are expressed as mean ± SD and a P-value of
< 0.05 was considered significant.Analysis of variance
tests followed by post-hoc Bonferroni test were used to
compare age, BCS, NEFA concentration, liver TGA
and TL content between the different groups. When
indicated by a significant F test, group mean values
were compared using Bonferroni adjusted P values.
Spearman's rho tests were used to evaluate the
relationship between serum NEFA concentration, liver
TGA content and liver TL content. The relationship
between serum NEFA content and BCS was analyzed
using a Spearman correlation test. All statistical tests
were carried out in SAS (PROC MIXED, SAS, version
9.1, SAS Institute Inc, Cary, NC.)

et al

et al

Statistical Analysis

Results

Discussion

In recently calved-buffalo, the percentage of TAG
in the liver was significantly higher than in other groups
(P<0.001). No significant differences were found
between different groups in terms of liver TL content
(Table 1). Mean serum NEFA concentrations in the late
pre-partum, recently-calved and non-pregnant
lactating groups were significantly higher than in males
and heifers (P<0.001). Serum NEFA concentration and
age of the animal were not correlated with BCS (r = -
0.14, P = 0.15). No correlation was seen between serum
NEFA and liver TGA (r = +0.17, P = 0.089) or between
serum NEFA and liver TL content (r = -0.09, P = 0.35).
Mean BCS significantly decreased (P<0.05) as
pregnancy progressed, where recently-parturated
buffalo had the lowest BCS (2.63 ± 0.48) compared
with early pregnant (2.93 ± 0.37), heifers (3.3 ± 0.55)
and male buffaloes (3.53 ± 0.46), Table 1. The scatter
plot of the results is shown in Figure 1.

Buffalo are raised worldwide and are used for
many purposes including draught power, milk, meat
and leather. Studies have shown that this species is
different from cattle with regards to some blood
parameters such as enzymes, cholesterol, albumin,
protein, urea and NEFA(Bertoni ., 1994, Terzano

., 1997). Although several studies have investigated
the factors interfering fat mobilization in dairy cows
around parturation, no such report is available in the
energy metabolism in buffalo during the transitional
period. Energy balance is the most important factor in
determining health and performance (Beam .,
1999). Measurement of NEFA content is a sensitive
tool to determine energy balance in dairy cows and
buffalo in the field (Ametaj, 2005; Mondal and
Prakash, 2004) as there is a strong correlation between
energy balance and serum NEFA concentration in both
species (Mondal and Prakash, 2004; van Dorland,
2009). Similar to dairy cows, buffalo require a higher
energy input in early lactation than can be met by
dietary intake.As a result, the animal has to utilize body
fat as a source of energy (Terzano ., 2005). Dairy
cows in a positive energy balance have a normal plasma
NEFAvalue of less than 200 which increases to

s

s

s

et al et
al

et al

et al

μmol/l,

Table 1: Mean age, body condition score, serum non-esterified fatty acid (NEFA) concentration, liver triglyceride percentage, and liver total lipid
percentage of water buffalos. Means within a row with different superscripts are significantly different.

abc
Values with different superscript significantly differ (P<0.05). ND; No data
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300 in the last week before calving. Values
increase sharply up to three days before calving and
generally peak at 800 to 1200

. In
dairy cows, NEFA content should rapidly return to
normal values after calving (Douglas ., 1998;
Drackely, 1999), falling to below 300 after three
weeks (Drackely, 2007). Terzano . (2005) reported
that plasma NEFA content in postpartum buffalo was
highest (480 ) on day 20 of parturition, then
decreased and returned to dry period levels (170

at about day 110. Bertoni . (1997) reported
that plasma NEFA levels for lactating dairy buffalo
were dependent on the energy level, and varied before
and after meals (ranging between 170 and 70 ). It
has been shown in dairy cows that plasma NEFA levels
decreased sharply from about 500 before
feeding to about 230 three hours after feeding.
Consequently, blood samples should be taken in the
morning before the first feed of the day (Drackely,
2007). In the current study, all the animals were
slaughtered almost 12 hours after they had been
brought to the abattoir and during this time they had no
access to food. A significant increase in serum NEFA
was observed in the late pre-partum and newly-calved
animals which was consistent with findings in buffalo
(Campanile ., 1997; Grasso ., 2004) and in
cows (Goff and Horst, 1997; Rezai-Saber ., 2007).
The higher serum NEFA concentrations in non-
pregnant lactating buffalo in the present investigation
may be a consequence of the high production rates, and
also feed restriction due to the high price of feed,
consumption of low-quality and low-energy diet.
Nielsen . (2003) showed that in dairy cows feed

μmol/l

μmol/l on the day of
calving due to hormonal changes (Darckely, 2007)

μmol/l

μmol/l

μmol/l)

μmol/

μmol/l
μmol/l

et al

et al

et al

et al et al
et al

et al

restriction and low-energy diet increased NEFA and
BHB (beta hydroxy butyric acid) in plasma by 12 and
90% respectively. The serum NEFA levels of the late
pre-partum buffalo were below 300

Plasma NEFA concentration has been
found to be higher in cattle than in buffalo under the
same feeding management (Kawashima ., 2000;
Malviya ., 2000; Hayashi ., 2004, 2005),
possibly due to higher production and a more severe
negative energy balance in cattle. However, the exact
reason for the lower serum NEFA level seen in buffalo
is still poorly understood. In the present study, the liver
concentration of TAG immediately after parturition
was higher than that of other groups. This is in line with
Gerloff . (1986) who showed a significant increase
in TAG in cattle after parturition in comparison with the
non-pregnant animals. The TL content of the liver
under normal conditions in man (Zeng ., 2008) and
most animals including cattle is less than 5% of the
liver wet weight(Bobe ., 2004). In dairy cows, liver
TL content increases a few weeks before calving to
reach about 20% a week after calving, then declines
slowly to the normal level of less than 5% by 26 weeks
after calving (Radostits ., 2007). It has also been
shown that less than 20% liver TL content corresponds
to less than 50 mg/g liver by weight, 20-40% TL
corresponds to 50-100 mg/g liver, and more than 40%
TL represents more than 100 mg/g liver. These
concentrations correspond to mild, moderate, and
severe cases of fatty infiltration respectively.(Radostits

., 2007) In dairy cows, liver with less than 20% fat
accumulation at one week after parturition are

μmol/l. Darckely
(2007) showed that in dairy cows serum NEFA levels
increase sharply immediately after calving to above
1200 μmol/l.

et al
et al et al

et al

et al

et al

et al

et al

Figure1: Association of serum NEFA( µM/L) with percentage of liver TG(1), age(2), total liver lipid percentage(3) and BCS(4) of native buffalo.
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considered normal, and those with more than 20% are
considered to have a fatty liver (Bobe ., 2004).
Total lipid accumulation across all groups in the
present study did not exceed 5%, and therefore it can be
concluded that there was no indication of fatty liver.
The body condition score of cows at parturition seems
to affect feed intake in early lactation. It has been
shown that at one to six weeks after calving, feed intake
does not increase as fast as milk production, requiring
mobilization of body fat stores (Garcia and Hippen,
2008). Therefore, the extent to which a cow will lose
body condition during the peak of lactation is
determined by the balance between her nutrient uptake
and her genetic potential for milk production. In the
present study, a significant difference in BCS was seen
between non-pregnant milking buffalo, pregnant and
recently-parturated animals. It has been shown in dairy
cows that a body condition in excess of 3.5 to 3.75
during the dry period can increase the incidence of fat
infiltration in the liver (Garcia and Hippen, 2008). In
this study, the non-pregnant buffalo were in an
acceptable body condition status. The low BCS at late
pre-partum and immediately post-parturition could be
due to feed restriction as a result of the high price of
feed and consumption of low-quality diet.

In conclusion, this investigation showed that the
buffalo had a lower serum NEFA level than cows, and
serum NEFA significantly increased at the end of
gestation, with the highest level seen immediately after
parturition. We also observed that a significant
infiltration of TAG in the liver occurred after
parturition, but not to the extent of inducing the level of
fatty liver seen in dairy cows.
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