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Abstract

The brain of Surti buffaloes presents many cortical foldings.
These are called gyrification. In the present study on brain of 12
Surti buffaloes, the folded cerebral hemispheres presented
various sulci and gyri of different sizes. Gyrification Index (GI) was
measured by the sum of the complete exposed surface and
superficially exposed surface of cerebral cortex. The overall
mean value of gyrification index of both of cerebral hemispheres
was 2.52±0.02. The Encephalization Quotient (EQ) is the ratio of
brain mass to body mass, which gives rough estimate of the
intelligence of the Surti buffaloes. The overall mean value of
encephalization quotient of Surti buffaloes was found to be 0.74.

Introduction

The Surti is a breed of water buffalo found
in the Charottar tract of Gujarat between the
Mahi and Sabarmati rivers. The best animals of
this breed are found in Anand, Kaira and Baroda
districts of Gujarat (Banerjee, 2014). The surface
of the cerebral cortex is marked by thick ridges
the gyri cerebri, separated by binding grooves
the sulci. The gyrification is the specific pattern
formed by the different sulci and gyri of cerebral
cortex (Mayhew et al., 1995). Gyrification allows
a large cortical surface area and hence greater
cognitive functionality to fit inside a smaller

cranium. In most mammals, gyrification begins
during fetal development (Rakic, 2009).

Intelligence may be defined by the speed
and success of how animals solve problems to
survive in their natural and social environments
(Roth and Dicke, 2005). The brain is considered
to be the carrier of intelligence. The
encephalization quotient (EQ), defined as the
ratio between actual brain size and expected
brain size for a given weight, has been employed
to assess the intelligence (Jerison, 1973). This
study was planned to assess cortical folds,
gyrification index and encephalization quotient of
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Fig. a & b : Coronal section of brain of Surti buffalo showing gyrification, (A) Complete
contour and (B) Outer contour to measure and calculate gyri for gyrification index.

brains of adult Surti buffaloes.

Materials and Methods

The study was carried out at the Department
of Veterinary Anatomy & Histology of Veterinary
College, AAU, Anand, Gujarat. The materials
required for the study were collected from normal
healthy adult Surti buffaloes (n=12) immediately
after slaughter from the local slaughter house,
Anand as well as from Municipal Corporation
slaughter house, Ahmadabad. The fresh brain
was fixed in 10% formalin for 2 weeks. The fixed
brain was sectioned in the coronal plane using
meat-slicer. With the help of thread, length of
outer contour and length of complete contour
were measured. A ratio between the lengths of
the total to that of the superficially exposed
cortical surface was calculated for each section
and this represented the gyrification index (GI).
(Zilles et al., 1988). Brain to body weight ratio is
the ratio of brain mass to body mass, which is
known as encephalization quotient (EQ). The EQ
in this study was calculated using only data from
fresh brains (n=12). It gives a rough estimate of
the intelligence of an animal.

The EQ was calculated with the formula EQ
= Ei/0.12P2/3,

Where, Ei and P are the mean weight of the
brain and body, respectively (Jerison, 1973).

The means, standard errors and coefficients
of variance were worked out and the differences
between right and left side measurements were

compared by using student’s paired ‘t’ test
(Snedcor and Cochran, 1994).

Results and Discussion

Gyrification Index

The brain of Surti buffaloes was very well
developed with grey cortex and white medulla.
The cerebral cortex was folded, giving a much
greater surface area in the confined volume in
the skull of Surti buffaloes. The folded cerebral
cortex presented different sized sulci and gyri.
The number of gyri was found more towards the
posterior aspect as compared to anterior aspect
of the cerebral hemisphere.  The Surti buffaloes
are mammals so the brain surface presented lots
of cortical folding just like other mammalian
brains. These cortical foldings are called
gyrification (Fig. a & b).

Elias and Schwartz (1969) in mammals and
Wosinski et al. (1996) in dog studied the degree
of gyrification of cerebral cortex, which was
essentially determined by the size of the brain.
Smart and McSherry (1986) reported that the
ungulates have extensive cortical gyri. Rakic
(2009) reported gyrification as the process of
forming the characteristic folds of the cerebral
cortex. Gyrification allows a larger cortical surface
area and hence greater cognitive functionality to
fit inside a smaller cranium. Shrinivasan (2012)
reported that the gyrification is a specific pattern
formed by different sulci and gyri of cerebral
cortex.
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The gyrification index was worked out by
measuring the sum of complete exposed surface
of cerebral cortex and superficially exposed
surface of cerebral cortex (Fig a & b). The overall
mean value of the gyrification index of both
cerebral hemispheres was 2.52±0.02. The mean
values of gyrification index of right and left
cerebral hemisphere were 2.51±0.04 cm (range
2.31-2.63 cm) and 2.54±0.04 cm (range 2.33-
2.78 cm), respectively, which did not differ
significantly.

Zilles et al. (2013) reported that the
gyrification index of domestic cattle, zebu, sheep,
goat and horse was 2.54, 2.53, 2.29, 1.81 and
1.99, respectively. Present results are similar
with the domestic cattle and zebu, but higher
than the sheep, goat and horse.

Encephalization Quotient (EQ)

The mean weight of brain in the Surti buffalo
was 528.33 g, and mean weight of Surti buffalo
was 433.29 kg, hence its ratio, the encephalization
quotient of Surti buffalo was 0.74.

Shoshani et al. (2006) reported that the
average EQ of Asian and African elephant was
2.14 and 1.67, respectively. These values are
much higher than the value of Surti buffalo. The
body weight and the brain weight is almost 5 to
6 times more in elephant than the buffalo and so
the value of EQ is more in elephant. Chen et al.
(2009) in Bactrian camel, Cozzi et al. (2014) in
horse, Ballarin et al. (2016) in domestic Bos
taurus and Minervini et al. (2016) in industrial pig
(Sus scrofa) studied the ratio between brain
mass to body mass and reported their EQ as 1.3,
0.78, 0.56 and 0.60, respectively.

However, Jerison (1973) reported that in this
system, a mammal with a brain/body ratio with
an EQ value equal to 1.0 is considered to have
average EQ. A value of EQ less than 1.0 may be
associated with a less than average level of
attributes that might be interpreted as
“intelligence”. Conversely, an EQ value higher
than 1.0 may be associated with more than
average intelligence. The EQ of the elephant and
camel is more than 1.0, while the EQ of horse,
Surti buffalo, bovine and pig are less than 1.0.
Thus the EQ values show that the elephant and

camel are more intelligent, and cattle and pig are
less intelligent than Surti buffalo studied.
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