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Abstract 

 
Objectives of this study were to estimate and compare some blood parameters 

between Mehsana riverine and Thai swamp buffaloes under tropical conditions of the 
Northeast Thailand. Plasma biochemical profiles were studied in 50 mature (4 to 7-
year-old) healthy cyclic buffaloes comprised of 25 Mehsana riverine which were 
given to His Majesty the King of Thailand by the Government of India in 2002 as the 
Golden Jubilee gifts and 25 Thai swamp buffaloes. These animals were raised and 
managed under Buriram (northeast Thailand) Livestock Research and Testing Station, 
Thailand conditions at 14°26′18″N, 102°43′30″E and 150 m above sea level with an 
average temperature 27°C, average relative humidity of 75% and average of 1,096.60 
mm annual rainfall. The data were recorded from February to April, 2012 which was 
summer season in Thailand. The results found that the plasma the glucose, creatinine, 
albumin, blood urea nitrogen levels and albumin : globulin ratio in Thai swamp were 
significantly (P<0.05) higher than in Mehsana riverine buffaloes. Furthermore, total 
protein, globulin in Mehsana riverine were significantly (P<0.05) higher than in Thai 
swamp buffaloes. In the other hand, aspartate amino transferase (AST) alanine amino 
trasferase (ALT), alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT) 
did not significantly differ between Mehsana riverine and Thai swamp buffaloes. In 
conclusion, the data presented in this communication suggest that Mehsana riverine 
buffaloes could be well adapted, and are a dual purpose (meat and milk) buffaloes 
under tropical conditions of Thailand.   
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Chapter 1 
 

Introduction 
 
1.1 Statement of the Problems 
 

Environments of high temperature and humidity are detrimental to the 
productivity of non-adapted farm animals (Morrison, 1983). Thermoneutral zones 
(TNZ) for the animals are primarily dependent on the species, the physiological status 
of the animal, the relative humidity, velocity of ambient air and the degree of solar 
radiation (Yousef, 1985). Considerable work has been undertaken to identify the 
physiological effects of heat stress and the mechanisms by which animal productivity 
is reduced. In growing animals, heat stress may reduce dry matter intake (West, 1994), 
the rate of weight gain (Mader, 2003), the fertility in males (Meyerhoeffer et al., 
1985) and females (Wilson et al., 1998). Quantification of these effects is complicated 
because of acclimation of animals (Robinson et al., 1986) and breed differences in 
susceptibility to heat stress (Hammond et al., 1998; Gaughan et al., 1999). 

In the last decades, the animal production was mainly focused on the maximal 
production of egg, milk, meat, etc. In recent years, the consumer has expressed his 
concern towards animal welfare and food safety. The intensive animal production is 
forced to produce high quality products with special attention to animal health and 
food safety. Exogenous factors such as management, diseases and stress have a major 
influence on growth, product quality and animal welfare. Estimation of blood 
biochemicals such as enzymes, metabolites and proteins are helpful complementary 
diagnostic tools and support the common veterinary diagnostic techniques for a 
differentiated diagnosis of health and welfare status of the animal and completion of 
more specific treatment regimen (for review see Bogin, 1994; Jain, 1996; Kaneko et 
al., 1997; Stockham and Scott, 2002). On the other hand, blood parameters can be 
influenced by several factors including breed, age, nutritional status, diseases and 
stress. In 2002, the Government of India presented 50 Meshana riverine buffalo with 5 
males and 45 females to His Majesty the King of Thailand in the occasion of Golden 
Jubilee gifts. The King had an initiative for Department of Livestock Development 
(DLD) to study and research with efficiency in growth performance, milk yield and 
meat production for promotion of these animals to Thai farmers (DLD, 2012).  

 
1.2 Objectives 
 
 The aim of this study was to determine and compare some blood biochemical 
profiles in Mehsana riverine and Thai swamp buffaloes under tropical conditions of 
the Northeast Thailand. 
 
1.3 Scope of Study 
 
 This research was to determine and compare some blood biochemical profiles 
parameters between 25 Mehsana riverine and 25 Thai swamp buffaloes under tropical 
conditions at Buriram Livestock Research and Testing Station, Department of 
Livestock Development (DLD) in Pakum District, Buriram Province of the Northeast 
Thailand. During the period of February 2012 to April 2012 which was summer 
season in Thailand 
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1.4 Definitions 
 

1.4.1 Mehsana riverine buffalo is water buffalo (Bubalus bubalis) or 
domestic Asian water buffaloes is considered to be evolved by crossing Murrah and 
Surti breeds of buffaloes. The riverine buffalo has 50 chromosomes. The breed is 
named on the place of its origin that is Mehsana district of Gujarat and also known 
as “Mahesani” or “Mehsani”. The breeding tract of the breed includes Mehsana, 
Sabarkantha, Banaskantha, Ahmedabad and Gandhinagar districts of Gujarat. 
Today, it is also found in Southeast Asia, China, Europe, Australia, South America 
and some African countries.  

1.4.2 Thai swamp buffalo is swamp buffalo (Bubalus bubalis) with the 
indigenous buffalo in Thailand. The swamp buffalo has 48 chromosomes. Most of the 
swamp buffalo in Thailand are completely black in color. Only a few of them are 
white in color. The white swamp buffalo are not albino but the color is due to 
uncertain genetic effects. The dark color also makes buffalo heat tolerant, which is 
why it must stay near the swamps. On average, mature male buffalo weigh 550 – 750 
kg in weight. The mature females weigh 350 – 550 kg in average. Thai swamp buffalo 
is longevity and prolificacy; female buffalo could have healthy offspring even elder 
than 20 years old.  

1.4.3 Blood biochemistry profile is a blood testing in serum or plasma 
biochemistry profile that provides an overview of many of the body’s functions. 
Performing a blood biochemistry profile poses minimal risk for animal, and in many 
cases. Blood biochemistry profile is commonly used to help diagnose illness in 
animals. It can also help determine the state of animals’ health during regular wellness 
visits, and it is commonly performed before sedation or anesthesia to help determine if 
an animal is healthy enough to undergo the procedure.       
 1.4.4 Plasma is the fluid that is removed after centrifugation of anticoagulated 
whole blood. The exact nature of the plasma depends on which anticoagulant is used: 
In this study, heparinized plasma is the supernatant which is removed after 
centrifugation of blood collected in a green top tube. This sample should be labeled 
with the owner name, animal ID, and the words “heparinized plasma”. This sample 
should be kept cool. This sample can be submitted for many toxicology tests including 
copper, iron, nitrate/nitrite, zinc, and pre-purchase drug screens. Also this sample can 
be submitted for most clinical pathology chemistry tests. 
 
1.5 Expected Benefits 
 1.5.1 The data presented in this study maybe serve as reference values for 
Mehsana riverine and Thai swamp buffaloes grown in Thailand and the other Asian 
countries having similar climatic and nutritional conditions. 
 1.5.2 The blood biochemical profiles indicators could be enlisted together with 
other factors for selection of high performing animals in Thailand and in countries 
with similar climatic and nutritional conditions. 

1.5.3 Estimation of blood biochemical profiles in animals such as enzymes, 
metabolites and proteins are helpful complementary diagnostic tools and support the 
common veterinary diagnostic techniques for a differentiated diagnosis of health and 
welfare status of the animal and completion of more specific treatment regimen. 

https://en.wikipedia.org/wiki/Southeast_Asia
https://en.wikipedia.org/wiki/China
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Australia
https://en.wikipedia.org/wiki/South_America
https://en.wikipedia.org/wiki/Africa
https://en.wikipedia.org/wiki/Chromosomes
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Chapter 2 
 

Literature Review 
 
2.1 Buffalo Population in the World 
 

The buffalo (Bubalus bubalis) population in the world is actually about 168 
million head: 161 million can be found in Asia (95.83 %); 3,717 million are in Africa, 
almost entirely in Egypt (2.24 %); 3.3 million (1.96 %t) in South America, 40,000 in 
Australia (0.02 %); 500,000 in Europe (0.30 %) (Bor. In Asia, Swamp buffalo and 
Water buffalo/Riverine buffalo is classified under the genus Bubalus, species bubalis. 
The Bubalus bubalis belongs to the class Mammalia, subclass Ungulata, order 
Artiodactyla, suborder Ruminantia, family Bovidae, subfamily Bovinae, tribe Bovini, 
which includes the following three groups: Bovina (cattle), Bubalina and Syncerina. 
Syncerina includes only the species Syncerus caffer (the African buffalo). Bubalina 
(the Asian buffalo) includes three species: Bubalus depressicornis or Anoa which 
lives in Indonesia, Bubalus mindorensis which lives in the Philippines and Bubalus 
bubalis deriving from the domestication of the Bubalus arnee, the Indian wild buffalo. 
The domestication of this species occurred relatively recently (5,000 years ago) 
compared to the animals with domestication of Bos taurus and Bos indicus (10,000 
years ago). Asian buffalo includes two subspecies known as the riverine and swamp 
types, the morphology and purposes of which are different as are the genetics 
(Borghese, 2003; 2004; 2005). The riverine buffalo has 50 chromosomes of which 
five pairs are submetacentric, while 20 are acrocentric: the swamp buffalo has 48 
chromosomes, of which 19 pairs are metacentric. The difference in the diploid number 
is only apparent. In fact, the large swamp buffalo chromosome 1 originated from 
tandem fusion translocation between the riverine buffalo chromosome 4 (telomeres of 
p-arm) and 9 (centromere) (Di Berardino and Iannuzzi, 1981; Borghese, 2005). 
During this phenomenon, the nucleolus organizer regions (NORs) present in the 
riverine buffalo chromosome 4p were lost and the centromere of chromosome 9 
inactivated (Di Berardino and Iannuzzi, 1981). The two subspecies are inter-fertile 
and produce progeny with 49 chromosomes. Male crossbred progeny have sometimes 
displayed fertility problems while female progeny have manifested longer calving 
intervals only in the case of further backcross. Morphology of the two types differs 
considerably. The swamp buffaloes are less heavy, the adult male weight ranging 
between 325 and 450 kg, while the riverine buffalo type weighs between 450 and 
1,000 kg. While the swamp buffalo is reared mainly for draught purposes, although it 
also produces a valuable milk yield of up to 600 kg milk per year, the importance of 
the riverine buffalo depends on the high quality and quantity of the milk that it 
produces. Riverine buffaloes are generally large in size, with curled horns and are 
mainly found in India, Pakistan and in some countries of western Asia. They prefer to 
enter clear water, and are primarily used for milk production, but are also used for 
meat production and for draught purposes (Borghese, 2003). Swamp buffaloes are 
stocky animals with marshy land habitats. They are primarily used for draught power 
in paddy fields and haulage but are also used for meat and milk production. Swamp 
buffaloes are mostly found in Southeast Asian countries. A few animals can also be 
found in the north eastern states of India. Each subspecies includes many breeds 
(Sethi, 2003; Borghese, 2005). 
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Both of swamp buffaloes and riverine or water buffalos can utilize poorer 
quality roughages, adapt to harsher environments and are more resistant to several 
bovine tropical diseases. Despite these merits, the buffalo have relatively poor 
reproductive efficiency irrespective of their location throughout the world. Buffalo 
exhibit many of the known reproductive disorders including delayed onset of puberty, 
poor oestrus expression, longer postpartum ovarian quiescence, and most importantly 
lowered conception rates particularly when bred artificially (Gordon, 1996). However, 
higher fertility could be achieved through better feeding and management (Pundir et 
al., 2000; Qureshi et al., 2002). It appears that because buffalo are located mostly in 
developing countries with meager resources, there is limited quality research in the 
area of basic physiology, health, management, nutrition and applied reproduction. 
 
2.2 Thai Swamp Buffalo 

In Thailand, the swamp buffalo is an indigenous animal and is well-adapted to 
the poor conditions. This animal is capable of utilising agricultural waste products or 
low quality feed to convert into meat while also providing manure for use as a 
fertilizer. Manure does not only provide a direct supply of fertilizer but also improves 
soil and pH value of the soil especially in areas where are used for higher quantities of 
chemical fertilizer, as in today’s rice paddy fields. The most of Thailand’s buffalo 
production could be referred to as backyard, subsistence production, involving 
smallholders in remote areas. There is a great variety in forms of husbandry and 
management techniques from region and even from farm to farm (Chantalakhana, 
1994, 1999; Na-Chiangmai, 2002). Furthermore, excess animals are also sold when 
they are necessary for extra income (Indramangala, 2002; Na-Chiangmai, 2002). The 
swamp buffalo is a sturdy draught animal. Its body structure, especially the 
distribution of body over the feet and legs, is an important advantage. Its large boxy 
hooves allow it to move in the soft mud of rice fields. This animal has a high capacity 
for work hard in marshy and flood-prone environments where tractors cannot work as 
well (Chantalakhana, 1994; Indramangala, 2002).  

Moreover, Thai swamp buffalo is also considered a friend of the family who is 
a loveable family member and has many legends about them. It is recreated in a part 
of many festivals such as: “Buffalo Racing Festival” at Chonburi province, “Fighting 
Buffalo” at Samui Island, Suratthani province and agro-tourism as “Ban Kwai Thai” 
at Chiang Mai province. Furthermore, foreign tourists also would like to see swamp 
buffalo at work in Thailand (Indramangala, 2002).  
 
2.3 Mehsana Riverine Buffaloes 

Mehsana buffaloes are one of the best milk breeds of buffalo in India (Kemp et 
al., 1999; Pundir et al., 2000) and are spread in the northern part of the Gujarat State. 
Mehsana buffalo is water buffalo which has 50 chromosomes. The name of Mehsana 
buffalo was derived from the town “Mehsana” in the North Gujarat State. Oliver 
(1938) described the breed for the first time. He pointed out that the characteristics of 
this breed are intermediate of two buffalo breeds namely Murrah and Surti. It was 
postulated that the Mehsana buffalo originated from the crossing of Murrah and Surti 
buffaloes. The skin color is black. The body color is not as dark as that of the Murrah 
and the horns are shorter and less curved. Mehsana buffaloes are well reputed for 
regularity in breeding, persistence in milk and efficient milk production which is 
evident from the lactation length and short dry period (Singh, 1992). To characterize 
Mehsana buffaloes in farmer herds phenotypically and genetically, a detailed project 
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was jointly undertaken by the National Bureau of Animal Genetic Resources 
(NBAGR), Karnal and the Dudhsagar Research and Development Association 
(DURA), Mehsana to study the breed under farmers’ herd conditions. The objectives 
of the study were to investigate the breed distribution, management practices under 
field conditions, breed performance and development of breed descriptor. Seven 
microsatellite markers were analysed in Mehsana buffalo to study the DNA sequence 
polymorphism in these marker loci (Kemp et al., 1999; Quresly et al., 2002) 

The Mehsana riverine buffalo is a medium-sized docile animal with a low set 
deep body. The forehead is wide with a slight depression in the middle sloping 
towards the base of the horns. The horns are generally sickle shaped and curved 
upwards and then bend downwards. The neck is long and well set on the shoulders. It 
is massive and dewlap is almost absent in males. The chest is deep with broad brisket. 
The legs are medium to short length with clean and broad bones. The barrel is long 
and deep, with well-sprung ribs. In females, the fore quarters are light while the hind 
quarters are wide and heavy giving a wedge shaped appearance. The back is straight 
and strong with pelvic joints higher than the withers. The navel flap is very small. The 
tail is of medium thickness and long with black or brown switch. The skin is thin, 
pliable and soft and generally black. The hair is rough and scanty. The average adult 
body weight varies from 365 to 455 kg in females and about 500 kg in males. The 
udder is well developed and well set and in good milking animals it is carried well 
behind. The teats are fairly thick, long and pliable (Pundir et al., 2000; Quresly et al., 
2002). 
 
2.4 Blood Biochemical Profiles 

In the last decades, the animal production was mainly focused on the maximal 
production of egg, milk, meat, etc. In recent years, the consumer has expressed his 
concern towards animal welfare and food safety. The intensive animal production is 
forced to produce high quality products with special attention to animal health and 
food safety. Exogenous factors such as management, diseases and stress have a major 
influence on growth, product quality and animal welfare (Boonprong et al., 2007).  

Estimation of blood biochemical profiles such as enzymes, metabolites and 
proteins are helpful complementary diagnostic tools and support the common 
veterinary diagnostic techniques for a differentiated diagnostic of health and welfare 
status of the animal and competition of more specific treatment regimen (for review 
see Bogin, 1994; Jain, 1996; Kaneko et al., 1997; Stockham and Scott, 2002). On the 
other hand, blood parameters can be influenced by several factors including breed, 
age, sex, nutritional status, weather, season, physical exercise, diseases and stress 
(Kaneko et al., 1997). The enzymes, metabolites and plasma/serum proteins, which 
are helpful complementary diagnostic tools as following: 

2.4.1 Aspartate aminotransferase (AST) 
Aspartate aminotransferase (AST) is present in many tissues and is useful in 

evaluating muscle and liver damage in small and large animals (Canfield et al., 1985). 
This enzyme formerly was called serum glutamic oxaloacetic transaminase (SGOT). 
AST is not liver specific in any domestic animal species and the reference range in 
horses is rather broad (Kaneko et al., 1997). Skeletal muscle is the second largest 
source of AST in animals. It is an absolute prerequisite to eliminate extrahepatic tissue 
damage as a possible source of serum AST when evaluating the enzyme in relation to 
the liver (Canfield et al., 1985; Bogin, 1994). 
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In combinations with the physical examination and history, the evaluation 
of other serum enzymes should aid in differentiating the source of increased AST 
levels. AST is present in both the cytoplasm and mitochondria of hepatocytes (and 
many other cells) and will elevate in states of altered membrane permeability (Kaneko 
et al., 1997). In such cases, levels are expected to be less than in states of frank 
necrosis, when both cytoplasmic and mitochondrial enzymes are released (Canfield et 
al., 1985; Bogin, 1994; Kaneko et al., 1997). 

2.4.2 Alanine aminotransferase (ALT) 
Alanine aminotransferase (ALT) is an enzyme that is normally present in 

liver and heart cell. ALT is also called serum glutamic pyruvic transaminase (SGPT) 
(Kaneko et al., 1997). This enzyme is present in high concentrations in the cytoplasm 
of hepatocytes. Plasma concentrations increase with hepatocellular, damage/necrosis, 
hepatocyte proliferation, or hepatocellular degeneration. ALT is a cytoplasmic 
enzyme, and is considered liver specific in dogs, primates and some other small 
animal species. There is little hepatic ALT activity in large domestic animals 
(Canfield et al., 1985; Bogin, 1994).  

Elevation of plasma levels of both AST and ALT can occur with states of 
altered hepatocellular membrane permeability. Because ALT is located only in the 
cytoplasm, plasma levels tend to be relatively higher than AST, because of membrane 
leakage from the hepatocyte (Stockham and Scott, 2002). Many causes of altered 
membrane permeability are potentially reversible but some may progress to 
hepatocellular necrosis that is essentially an irreversible change. Causes of increased 
cell membrane permeability include anoxia/circulatory hypoxia, metabolic disorders, 
exposure to toxins and toxaemia, hepatocyte proliferation and inflammation (Canfield 
et al., 1985; Bogin, 1994; Radostits et al., 1994). 

The magnitude of both AST and ALT elevations in serum relates in general 
to the number of hepatocytes affected. However, the level cannot be used to predict 
either the type of lesion or whether cell damage is reversible (leakage) or irreversible 
(frank necrosis) (Canfield et al., 1985). In fact, focal necrosis may yield a lower 
concentration of both AST and ALT than would severe, transient hypoxia in which all 
cells may be affected resulting in a potentially reversible alteration in membrane 
permeability and diffuse enzyme leakage. Equally, increases in ALT and AST may be 
relatively mild in cases of severe cirrhosis/fibrosis of the liver since there is no 
ongoing hepatocellular damage (Bogin, 1994; Radostits et al., 1994). 

Another factor is been considered when interpretating AST and ALT levels 
are the rate of clearance from plasma. Both enzymes are molecularly too large to 
permit glomerular filtration and are primarily stereochemically denatured (Kaneko et 
al., 1997). The half-life of these enzymes is approximately 2-4 days and some 
prognostic information may be gleaned with this knowledge. Thus, if an elevated 
serum level falls by 50% after 2-4 days, the prognosis is generally more favourable 
than if the enzymes remain persistently elevated or are only slightly decreased after 
this time (Bogin, 1994; Radostits et al., 1994; Kaneko et al., 1997). 

2.4.3 Alkaline phosphatase (ALP) 
 The alkaline phosphatases (ALP) are a group of enzymes that catalyse the 

hydrolysis of a phosphate group from an organic molecule at an alkaline pH. ALP in 
plasma has been shown to consist of isoenzymes originating from the liver and bone 
which have a long half-life, and these isoenzymes are mainly utilized as indices of 
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function or bone metabolism in cattle (Smith, 1996). Plasma ALP activity increases in 
cases of hepatitis, biliary disorders, pathologically in osseous alterations, fractures, 
vitamin D deficiency or during growth due to active bone metabolism (Smith, 1996; 
Miyazawa and Tomoda, 1991; Sato et al., 2005). 

ALP isoenzymes originating from bone and liver have different features of 
inhibition by heating or lectin affinity, and these isoenzymes have been measured 
individually using those features for clinical examination in animals (Miyazawa and 
Tomoda, 1991; Radostits et al., 1994).        

 
2.4.4 Gamma glutamyl transferase (GGT) 

Gamma glutamyl transferase (GGT) was shown to be a sensitive marker of 
cholestasis. It may be used in conjunction with other tests, to determine the presence 
and origin of cholestasis (Canfield et al., 1985). GGT was found to be a valuable tool 
in the diagnosis of hepatobiliary disorders. Most cells have some GGT activity, 
especially kidney, liver and pancreas, but most of the serum GGT derives from the 
liver. It is present in cell cytoplasm and bound to membranes. It is a carboxypeptidase, 
which cleaves glutamyl groups and transfers them to peptides and other appropriate 
receptors (Canfield et al., 1985). 

The physiological function of GGT is unknown, but it could be associated 
with glutathione metabolism. Elevation of serum GGT appears to be quite specific for 
intrahepatic or extrahepatic cholestasis. In liver damage, GGT may be used as an 
indication of chronic change, due to its slower release and metabolism, compared with 
transaminases (Canfield et al., 1985). As such, it is often associated with cirrhosis. 
GGT is particularly useful for identifying chronic hepatic disease in horses. It is 
induced by corticosteroids in dogs and cannot be used to discriminate between steroid 
induced elevations of ALP and cholestasis (Canfield et al., 1985; Kaneko et al., 1997). 

2.4.5 Glucose (GLU)  
Plasma glucose (GLU) is an important source of energy for many cells. 

GLU in plasma normally maintains by the breakdown of dietary carbohydrates and a 
rather complex system of endogenous production (Kaneko et al., 1997). Endogenous 
glucose production results from glycogenolysis (glycogen broken down to glucose in 
the liver) and effects from gluconeogenesis. The maintenance of normal plasma 
glucose requires delicate balance of glucose availability with glucose utilization (Rook 
and Line, 1961; NRC, 1984; Prasanpanich et al., 2002). 

Glucose is not the only energy source, which fuels the energy requirements 
of the body tissues. Fatty acids, proteins and other substances also provide energy. 
However, glucose is an obligate fuel for the central nervous system (NRC, 1984). 
Consequently, maintenance of a normal blood glucose concentration is essential for 
the survival of brain tissue. Glucose transport from the circulation into the brain can 
become rate limiting if the blood glucose falls into the hypoglycaemic range (NRC, 
1984; Kaneko et al., 1997; Prasanpanich et al., 2002).  

The many hormones are involved with glucose regulation (glucagon, 
epinephrine, cortisol, insulin). Insulin, secreted from the B cells of the pancreas, is the 
most noteworthy and dominant glucoregulatory factor. Insulin primarily stimulates 
glucose utilisation by a variety of insulin-sensitive tissues including muscle, fat and 
liver. Small changes in insulin result in substantial changes in blood glucose values 
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(Bogin, 1994). An increase in insulin will generally lower plasma glucose levels. 
Glucagon, epinephrine and cortisol are all glucose-raising hormones. Glucagon acts 
on the liver by stimulating both glycogenolysis and gluconeogenesis (Canfield et al., 
1985; Guyton and Hall, 2006). Epinephrine both limits glucose utilisation and 
stimulates its production. Cortisol antagonises the effects of insulin and limits both the 
stimulation of glucose utilisation and the suppression of glucose production by insulin. 
It is the alterations in these glucoregulatory hormones, which cause hypoglycaemia 
and hyperglycaemia (Guidry et al., 1976; Kumar and Pachauri, 2000). 

Bulent et al. (2006) reported exponent decrease in the serum glucose  
concentration as the parturition approached in dairy cattle and the significant decrease 
in blood glucose level during late pregnancy signifies rapid utilization of glucose 
towards the fag end of the pregnancy. Cows generally go ketoic during third trimester 
(Mandali et al., 2002) and insufficient feed intake during the winter months may also 
result in the lower glucose levels in pregnant cows. Several workers have reported 
blood glucose level in cattle averaging 2.40±0.03 mmol/l (Prudhvi et al., 2003), 
2.72±0.22 and 2.33±0.13 mmol/l (Nath et al., 2004), respectively. Low temperature 
leads to the release of the enzyme phosphorylase in the biosystem due to the 
activation of adrenaline hormone (Guyton and Hall, 2006). Herdt (2000) claims that a 
change in glucose concentration is associated with possibly reflecting hormonal 
changes at calving that promote gluconeogenesis and glycogenolysis (Mir et al., 
2008) 

2.4.6 Blood urea nitrogen (BUN)   
 Blood urea nitrogen is a nutritional indicator related to protein intake and is 

formed in the liver. Moreover, is mainly excreted by the kidneys (Kaneko et al., 1997; 
Coppo, 2004). Consequently, urea is useful in evaluating kidney function in 
conjunction with creatinine, which originates from the muscle and is filtered by the 
kidney (Jain, 1996). The majority of the blood urea nitrogen is synthesized in the liver 
from ammonia. Once formed, urea diffuses freely throughout all body fluids. The 
kidney is the most important route of urea excretion and as a result, urea has long been 
used as a barometer of renal function. Urea appears in the glomerular filtrate in the 
same concentration as is found in the blood. This filtration process does not require 
energy (Kaneko et al., 1997). Decreased glomerular filtration increases urea. Some 
urea is passively resorbed from the tubules back into the blood. The amount resorbed 
is inversely related to the rate of urine flow through the tubules  the lower the urine 
flow rate the greater the tubular urea resorption resulting in an increased urea (Jain, 
1996; Stockham and Scott, 2002). 

2.4.7 Creatinine (Cr) 
 Most creatinine originates from the non-enzymatic conversion of creatine 

in muscle. This spontaneous degradation of creatine to creatinine occurs at a rather 
constant and uniform daily rate (Kaneko et al., 1997). Creatinine is freely filtered by 
the glomerulus and clearance of creatinine from the plasma to the urine can be used to 
provide an approximation of the glomerular filtration rate. A small amount of 
creatinine is secreted by proximal tubules in the kidney but, in contrast to urea, none is 
resorbed by the tubules (Bogin, 1994; Jain, 1996). 

Causes of creatinine increases may generally be placed in the same three 
categories described for urea (Jain, 1996). However, creatinine values are not 
significantly affected by catabolic factors and diet. Diuresis and other factors affecting 
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urine flow rate have less effect on creatinine than urea because creatinine is not 
resorbed by the renal tubules (Jain, 1996; Kaneko et al., 1997). 

2.4.8 Total serum proteins, albumin, globulins and acute phase proteins 
Plasma proteins represent a heterogeneous group with albumin constituting 

the major portion (Bogin, 1994). The albumin serves as a regulator of osmotic 
equilibrium. Globulins are also important serum proteins and they are primarily 
associated with antibodies. Acute phase proteins are associated with the acute 
inflammatory response and are useful markers for acute and chronic active 
inflammation (Jain, 1996; Stockham and Scott, 2002). 

The liver (Kaneko et al., 1997) produces almost all proteins in the serum. 
Immunoglobulins are the notable exception and they are produced by lymphoid tissue. 
Serum proteins are relatively short-lived with most having half-lives of about 10 days. 
The breakdown of these proteins occurs mostly in the liver with some catabolic 
activity in the intestine and kidney. Cattle serum normally contains 30.3-35.5 g/l of 
albumin, which constitutes 40-60% of the total protein concentration (Kaneko et al., 
1997). Fluid accumulations in body cavities and tissue usually result when albumin 
levels drop below 10 g/l. However, fluid may accumulate with higher albumin 
concentrations if hypertension and loss of vessel integrity, etc. are present (Kaneko et 
al., 1997). Plasma and serum proteins, act as anions in acid-base balance, take part in 
coagulation reactions, and serve as carriers for many compounds (Bogin, 1994). In 
addition to albumin, plasma contains globulins, fibrinogen (removed from serum by 
the clotting process), glycoproteins, lipoproteins, acute phase proteins and transport 
proteins (Jain, 1996; Stockham and Scott, 2002). 

The globulin component is subdivided into important subfractions identified 
by electrophoresis as alpha, beta and gamma globulins. The alpha and beta fractions 
are important carriers of lipids, lipid soluble hormones and vitamins. Gamma 
globulins are primarily associated with antibodies. Conditions causing inflammation 
usually cause a measurable increase in serum levels of gamma globulins and often 
alpha-2 globulins (Bogin, 1994; Kaneko et al., 1997).  

Measurement of albumin, along with a separation of globulin into its 
fractions, can be accomplished with serum protein electrophoresis. When placed in an 
electric field, these proteins migrate at different rates yielding a familiar 
electrophoretic pattern. Values obtained from measuring serum proteins can provide 
an accurate reflection of an animal’s health status (Mir et al., 2008). 

Temperature stress, either febrile or hypothermia, is associated with 
nitrogen loss, increased adrenal activity, and increased protein turnover (Kaneko et 
al., 1997). These stresses cause a decrease in total serum protein, decrease in albumin, 
and often an increase in α2-globulin. Similar findings are observed in crushing 
injuries, bone fractures, and extensive surgery. Tissue repair calls on protein reserves 
and the increased protein turnover results in decreased albumin and increased α2-
globulin (Ritzmann and Daniels, 1982; Kaneko et al., 1997). In the inflammatory 
process, fluids and proteins move into the tissue fluids, inducing edema and 
contributing to a decrease in albumin. A rapid movement of interstitial fluid (without 
protein) into the plasma compartment to induce an acute hypoproteinemia follows 
haemorrhage or massive exudation with large external losses of plasma. Conversely, 
dehydration leads to haemoconcentration through reduction in fluid volume and 
consequent hyperproteinemia. During splendent contraction in the horse, a large mass 
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of erythrocytes moves into the circulation with little or no change in the serum protein 
(Kaneko et al., 1997). 
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Chapter 3 
 

Research Methodology  
 

3.1 Animals Data and Meteorological Data  

Fifty mature (4 to 6-year-old) healthy non-pregnant buffaloes including 25 
Mehsana riverine and 25 Thai swamp buffaloes from different breeders were utilized. 
Animals were maintained as a buffaloes nucleus herd at Buriram Livestock Research 
and Testing Station, DLD in Pakum District, Buriram Province, Thailand conditions 
which were at 14°26′18″N, 102°43′30″E and 150 m above sea level with an average 
temperature 27°C, average relative humidity (RH) of 75% and average of 1,096.60 
mm annual rainfall (Thai Meteorology Department, 2012). 

 
3.2 Animal Husbandry 

The animals had a body condition score (BCS; Long et al., 1979; Herd and 
Sprott, 1986) between 4 and 7 at the time of blood sampling as assessed on a scale 
from 1 (severe emaciation) to 9 (obese). They were provided with mixed pasture 
containing Para grass (Brachiaria mutica), Ruzi grass (Brachiaria ruziziensis), Guinea 
grass (Panicum maximun) and Hamata (Stylosanthes hamata). At night, all animals 
were housed indoors and fed soilage crop or silage or hay and 0.5-1.0 
bodyweight/kg/day of 14-18% crude protein concentrate modified from the National 
Research Council (NRC, 1987). Mineral supplements and clean water were also freely 
accessed. The animals had a body condition score (BCS; Long et al., 1979; Herd and 
Sprott, 1986) at the time of blood sampling as assessed on a scale from 1 (severe 
emaciation) to 9 (obese). The health of animals was monitored by veterinarians 
regularly. The animals were vaccinated against foot and mouth disease and were free 
from brucellosis and tuberculosis. They were treated for control of endoparasites twice 
a year. All buffaloes were accustomed to humans and procedure of blood sampling. 
The Mehsana dairy buffaloes were also kept likewise dairy cows.  
 
3.3 Diseases and Parasites Control 

Veterinarians monitored the health of animals regularly. The animals were 
vaccinated against foot and mouth disease (Type O, A and Asia 1; DLD, Bangkok, 
Thailand) twice a year in May and November. Vaccination against Brucellosis (Strain 
19; DLD, Bangkok, Thailand) was between the ages of 4 to 8 months. They were 
examined for Brucellosis and Tuberculosis once a year in May and November, and 
were free from these two diseases. All animals were treated for endoparasites such as 
lungworms, stomach roundworms, intestinal worms, tape worms and liver fluke using 
Valbazen® (11.36% albendazole; Pfizer, Thailand) twice a year in May and 
November. 
 
3.4 Sample Collections and Measurements 

Sample collections and measurements: blood samples (5 ml each) were 
collected via the puncture of a jugular vein from each animal during February 2012 to 
April 2012 which was summer season in Thailand between 08:00 and 10:00 AM. 
During this period, the average ambient temperature and relative humidity was 
27.25°C (night: 21.82±0.36°C; day: 36.48±0.39°C) and 72% respectively. These 
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animals were collected blood samples once a month. The blood samples were 
withdrawn in heparinized syringes containing 10% Na-heparin (10 µl/1 ml blood). 
Samples were immediately centrifuged (1000 × g) for 20 min at 4°C. Plasma was 
separated and stored at -20°C until analyzed. All analyses were conducted within        
7 days. Plasma concentrations of the enzymes aspartate amino transferase (AST), 
alanine amino transferase (ALT), alkaline phosphatase (ALP) and gamma-glutamyl 
transferase (GGT) as well as glucose (GLU), blood urea nitrogen (BUN), globulin and 
creatinine (Cr) were determined by standard enzymatic methods with Mindray BS-400 
Chemistry Analyzer (Mindray Medical International Co., Ltd., Shenzhen, China). 
Total protein (TP) and albumin (ALB) levels were determined by Biuret method 
(Scoffone and Fontana, 1975) and Bromocressol-green method (Drupt et al., 1974), 
respectively.  
 
3.5 Statistical Analysis 

Quantitative data were analyzed using GLM procedures of SAS (SAS, 1998). 
The effects of sires, dams, age of dams, year, season of birth and sex were also 
included in the model for unbiased adjustment (Harvey, 1975). All statistical analyses 
were performed, and comparisons of mean were tested for differences among groups 
by the least significant differences (LSD) using SAS Program Package (SAS, 1998). 
Values are presented as mean ± SEM. 

 
3.6 Duration  

This study was researched during the period of February 2012 to April 2012 
which was summer season in Thailand. 
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Chapter 4 
 

Results  
 

There were no significant differences in age and BCS between the two breeds 
(Tables 4.1). BCS of these animals ranged between 4 and 7 with an average of 
5.62±0.11 in the Mehsana riverine and 5.56±0.23 in the Thai swamp buffaloes. The 
levels of plasma GLU, Cr, ALB, TB and A/G ratio and GGT in the two breeds were 
significantly (P<0.05) different (Table 4.1). Whereas, the AST, ALT, ALP and GGT 
levels were not significantly differ between the Mehsana riverine and the Thai swamp 
buffaloes. 
 
Table 4.1 Comparison on Means±SEM values of plasma levels of metabolites and 

proteins between Mehsana riverine and Thai swamp buffaloes. 
 
Parameter Mehsana riverine 

(n = 25) 
Thai swamp  

(n = 25)  
Reference range* 

Age (year) 4.40±0.23 4.51±0.31 ∼5 
BCS 5.62±0.11 5.56±0.23 - 
GLU (mmol/L) 3.58±0.22b 4.16±0.16a 1.38-5.88 
BUN (mmol/L) 7.86±0.48b 9.37±0.74a  2.49-10.29 

Cr (µmol/L) 128.10±3.14b 136.12±2.16a  32-114 
ALB (g/L) 25.58±1.86b 29.78±0.96a 22-44 
GLB (g/L)  55.45±1.77a 49.90±2.27b 21-54 
TP (g/L) 81.02±0.27a 79.68±0.87b 53-79 
A/G ratio 0.46±0.13b 0.60±0.14a 0.44-1.69 
AST (U/L) 118.97±4.15 115.64±7.08 44-125 
ALT (U/L) 35.25±0.85 37.74±1.44 7-38 
ALP (U/L) 150.91±8.91 146.65±5.05 23-237 
GGT (U/L) 17.22±1.42 15.44±2.02 8-52 

Means±SE in the same row with different superscripts were significantly different (P<0.05). 
BCS = body condition score; GLU = glucose; BUN = blood urea nitrogen; Cr = creatinine; 
ALB = albumin; GLB = globulin; TP = total protein; A/G ratio, albumin : globulin ratio; AST, 
aspartate amino transferase; ALT = alanine amino transferase; ALP = alkaline phosphatase; 
GGT = gamma-glutamyl transferase. 
* Ellah (2011) 
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Chapter 5 

 
Conclusions, Discussions and Suggestions 

 
5.1 Conclusions 

 
The study on blood biochemical profiles parameters between Mehsana riverine 

and Thai swamp buffaloes under tropical conditions of the Northeast Thailand. Plasma 
biochemical profiles were studied in 50 mature (4 to 7-year-old) healthy cyclic 
buffaloes comprised of 25 Mehsana riverine and 25 Thai swamp buffaloes. The data 
were recorded from February to April, 2012 which was summer season in Thailand. 
The results found that body condition score (BCS) of these animals ranged between 4 
and 7 with an average of 5.62±0.11 in the Mehsana riverine and 5.56±0.23 in the Thai 
swamp buffaloes. The plasma the glucose, creatinine, albumin, blood urea nitrogen 
levels and albumin : globulin ratio in Thai swamp were significantly (P<0.05) higher 
than in Mehsana riverine buffaloes. Moreover, total protein, globulin in Mehsana 
riverine were significantly (P<0.05) higher than in Thai swamp buffaloes. In the other 
hand, aspartate amino transferase (AST) alanine amino trasferase (ALT), alkaline 
phosphatase (ALP) and gamma-glutamyl transferase (GGT) did not significantly 
differ between Mehsana riverine and Thai swamp buffaloes. In conclusion, the data 
presented in this communication suggest that Mehsana riverine buffaloes could be 
well adapted, and are a dual purpose (meat and milk) buffaloes under tropical 
conditions of Thailand. 
 
5.2 Discussions 
 

The Northeastern of Thailand gets almost all the annual rainfall 
during the monsoon season between July and October. The dry season 
stretches for 6-8 months and can be generally divided into two phases; 
cool and dry (November to February) and hot and dry (March to June). 
The first part of the dry season is characterized by food shortage with low 
quality of the food. The later part of the dry season is the most critical 
with limited quantity and quality of food (Crowder and Cheda, 1982). 
Rainfall is the most important factor controlling the composition and 
productivity of a pasture (Butterworth, 1985). The importance of heat stress to 
livestock industry is increasing with the time, because of the global warming and 
because animals with greater genetic potential for growth produce more body heat due 
to their greater metabolic activity (West, 1994). 

The plasma levels of GLU in Thai swamp buffalo was significantly (P<0.05) 
higher than in Mehsana riverine. Nevertheless, the levels were found to be within the 
range of reported values for buffalo (1.38 – 5.88 mmol/l; Ellah, 2010). Plasma levels 
of GLU in Thai swamp buffalo was significantly (P<0.05) higher than in Mehsana 
riverine. It is, however, to consider that the role of glucose as a superior indicator for 
energy supply in the mature animal is a matter of dispute, because it is regulated by an 
array of different factors (Rook and Line, 1961; Prasanpanich et al., 2002; Singh et 
al., 2002; Mudron et al., 2005).  
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Plasma BUN is a nutritional indicator related to protein intake (Kaneko et al., 
1997; Coppo, 2004) and useful in evaluating kidney function in conjunction with 
creatinine which originates from the non-enzymatic conversion of creatinine in muscle 
and is filtered by the kidney (Jain, 1996; Stockham and Scott, 2002). In the present 
study, mean levels of plasma and creatinine were significantly higher in Thai swamp 
buffalo than in Mehsana riverine animals. BUN values in all animals were within the 
range given for the buffaloes (2.49-10.29 mmol/L; Ellah, 2010) but the mean 
concentration of creatinine appeared to be higher than the range given for the 
buffaloes. However, all animals used in this study showed on clinical signs or 
pathological symptoms.   

Albumin levels in Mehsana riverine were lower than in Thai swamp buffalo 
(P<0.05). The levels in all animals were within the range given for the buffaloes 
(Ellah, 2010). This biochemical parameter has been shown to be significantly 
correlated with the health in animals and good nutritional condition (Kaneko et al., 
1997). The albumin concentration would significantly decrease during malnutrition 
(Bogin, 1994; Singh et al., 2002); alimentary restriction alters quickly the albumin 
levels in plasma (Jain, 1996).  

Total protein and globulin levels of plasma are associated with the evaluation 
of hydration status or possible haemorrhage and are a useful marker for acute and 
chronic active inflammation (Stockham and Scott, 2002). In this study, total protein 
and globulin in Mehsana riverine were significantly (P<0.05) higher than in Thai 
swamp buffalo. Furthermore, the mean of total protein levels in Mehsana riverine 
were slightly higher than the range of 53-79 g/L which is estimated for buffaloes in 
Egypt (Ellah, 2010). Several investigators have mentioned that the plasma protein 
profile of a particular individual is relatively constant over a considerable length of 
time (Rowlands et al., 1973; Anderson et al., 1987; Knowles et al., 2000; Coppo, 
2004). This constancy is apparently controlled genetically. In fact, Kaneko et al. 
(1997) suggested that the plasma protein patterns were so characteristic that it can be 
used to differentiate species and in some cases the strain and the sex of an animal. 
Furthermore, heritability of plasma protein in the cattle has been reported by Smithies 
and Hickman (1958). For globulin which is produced by the liver, while others are 
made by the immune system. Globulin carries essential metals through the 
bloodstream and carries them to the various parts of the body and helps the body to 
fight infections. Globulin is the 'antibody' protein important for fighting disease (Jain, 
1996; Stockham and Scott, 2002). In this study, globulin levels in all animals were 
within the range given for the buffaloes (Ellah, 2010). In the other ruminant animals, 
the Paraguayan cattle in South Africa (Otto et al., 1992) and Angoni cattle in 
Mozambique (Otto et al., 2000), the mean concentration of total protein appeared to 
be higher than the range given for the cattle (85.0 g/l in Paraguayan cattle and 83.8 g/l 
in Angoni cattle, respectively). Several investigators have mentioned that the protein 
profile of a particular individual is relatively constant over a considerable length of 
time (Rowlands et al., 1973; Anderson et al., 1987; Knowles et al., 2000; Coppo, 
2004; Boonprong et al., 2007).  

The enzymes AST, ALT, ALP and GGT are considered as indicators of the 
health of the animal. They reveal the damage to tissue or cells in the muscle, liver, 
skeleton and heart (Canfield et al., 1985; Kaneko et al., 1997; Stockham and Scott, 
2002). These results showed that AST, ALT, ALP and GGT levels were not 
significantly differ between the Mehsana riverine and the Thai swamp buffaloes. 
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Furthermore, the enzymes AST, ALT, ALP and GGT levels were within the range 
given for the buffaloes (Ellah, 2010).   
 
5.3 Suggestions 

The demand for high quality animals has been increasing due to the change in 
the socio-economic pattern of population in Thailand. The market system in the 
country demands animals that produce heavy carcasses with less fat trims. Animals 
with high fertility and efficiency in growth performance are preferred. This survey 
confirms that Mehsana riverine buffalo is an ideal animals for high production under 
tropical climate. 

The data presented in this study can serve as reference values for Mehsana 
riverine and Thai swamp buffaloes grown in Thailand and the other Asian countries 
having similar climatic and nutritional conditions. 
 The blood biochemical profiles indicators could be enlisted together with other 
factors for selection of high performing animals in Thailand and in countries with 
similar climatic and nutritional conditions. 

Estimation of blood biochemical profiles in Mehsana riverine buffaloes and in 
Thai swamp buffaloes such as enzymes, metabolites and plasma proteins are helpful 
complementary animal diagnostic tools and support the common veterinary diagnostic 
techniques for a differentiated diagnosis of health and welfare status of the animal and 
completion of more specific treatment regimen. 
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