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ABSTRACT 

The study was conducted to determine the effect of water restriction and 

ascorbic acid supplementation on body weight, cloacal temperature and 

hematological parameters of Japanese quail (Coturnix coturnix japonica) 

during the early dry season (November to December). Temperature and 

relative humidity during the first, second and third weeks of the experiment 

were 37.7 0C and 19 %, 28.9 0C and 33 % and 25.5 0C and 78 % respectively.  

One hundred and fifty (n=150) three-week old male (30) and female (120). 

The birds were assigned to groups A, B and C comprising of fifty birds per 

group. Fifty percent water restriction was tested on groups B and C while 

group C was supplemented with 250mg Ascorbic acid (AA). The results of 

the study demonstrated significant (P < 0.05) increase in body temperature in 

the group supplemented with vitamin C compared with the non-supplemented 

groups in the first week. While, a significant (P < 0.05) increase in body 

temperature between the control and the water deprived and also water 

deprived and supplemented with vitamin C was recorded in the second week. 

However, no corresponding increase in body temperature between all the 

groups was observed in the third week. There was also no significant 

difference between any of the groups in red blood cell (RBC) count, 

hemoglobin (Hb) concentration, packed cell volume (PCV), total white blood 

cell count and differential cell count. There was significant (P < 0.05) 

increase in serum glucose level in group C compared to the other groups. 

Significant (P < 0.05) increase in urea and creatinine were recorded in groups 

B and C, but there was no significant difference in total protein, albumin, 

sodium, potassium, calcium, phosphorous, and uric acid. Histopathology of 

the liver and kidney tissues indicated varying level of necrosis in groups B 

and C. Base on the findings of this research, it is concluded that, the quail 

appeared not to be affected by water restriction and 250mg AA 

supplementation was not beneficial in quail subjected to water restriction. We 

recommend that other researches should be conducted at different season of 

the year using different doses of AA. 
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CHAPTER ONE 

 

2.0 INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

The Japanese quail also known as corturnix quail, (Corturnix cortunix 

japonica) belongs to the kingdom animalia, phylum chordate, class Aves, 

order Galliformes, family phasianidae, sub-family perdicinae, genus corturnix 

and species japonica. The bird is a species of old world quail found in East 

Asia. They are migratory, species, breeding in Manchuria, southern Siberia, 

northern Japan and the Korean peninsula and dwell in grass land and 

cultivated field. Adults are approximately 20 centimeters in length. The bird 

is used mainly for table and egg production (Sam, 2010).  

The Japanese quail, also known as Coturnix quail, pharaoh's quail, stubble 

quail and eastern quail differs considerably from the North American 

Bobwhite quail. The Bobwhite is larger than the Japanese quail, however the 

Coturnix produces larger eggs. The incubation time needed for fertile eggs is 

shorter (14-17 days) compared to Bobwhite quail eggs (23 days). Coturnix 

may start laying eggs as early as 6 weeks of age compared to 16 weeks for the 

Bobwhite (Sam, 2010).  
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 Japanese quail have been widely distributed in Europe and Asia. Egyptians 

used to trap large quantities from their farm lands for meat. In Japan, these 

birds were kept as pets beginning in the eleventh century. By 1910 however, 

Japanese quail became popular in Japan for egg and meat production. They 

were introduced in the United States by bird fanciers around 1870 (Sam, 

2010).  

It has been reported that wild Coturnix lay eggs in small clutches of 5-12 eggs 

and incubate them naturally. Certain mutants of Japanese quail have been 

developed for their color of plumage, color of egg shell and body size (Sam, 

2010).  

 Japanese quail can be sexed as early as three weeks of age, based on the 

feather color which is distinct for the male and female of the species. When 

matured, the Japanese males weigh in the range of 100-140 grams and they 

reach sexual maturity at 5 to 6 weeks of age. The plumage color on the throat 

and breast will be cinnamon or rusty brown. When males are sexually 

matured, a large glandular or bulbous structure appears above the cloacal 

opening. If this gland is pressed, it will produce a foamy secretion. Males 

generally live longer than females. Male crow and the sound has been 

described as "Ko-turn-neex". Adult Japanese quail females are generally 
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larger than the males and weigh in the range of 120-160 grams. Through 

proper selection, heavier birds can be produced for meat. The females can be 

easily differentiated from the males by characteristically black stippled 

feathers of the male. The feathers of the female quail are longer and more 

pointed than those of the male birds (Sam, 2010). 

The female Japanese quial may start laying eggs as early as 35 days of age 

under proper conditions, laying approximately 200-300 eggs a year. Fertility 

in breeder flocks is high between 2-8 months of age although after that, it is 

considerably less. To obtain better fertility, a ratio of one male to one or two 

females should be considered when mating (Sam, 2010).  

 A Coturnix egg weighs approximately 10 grams, which is estimated to be 

about 8 percent of the female body weight. The basic shell color is white or 

buff with patches of brown, black or blue. Individual hens characteristically 

lay eggs with a particular color pattern, shape and size. Certain recessive 

strains of Japanese quail lay almost white-shelled eggs (Sam, 2010). 

In recent times, a new genus of poultry, Japanese quail (Coturnix coturnix 

japonica) was introduced into Nigeria by the National Veterinary Research 

Institute (NVRI) Vom to expand the poultry subsector and help supplement 

the domestic chicken production through meat and eggs (Edache et al., 2007; 
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Ane et al., 2009). The quails have unique characteristics and advantages over 

other species of poultry which include early attainment of sexual maturity, 

short generation interval making it possible to have many generations in a 

year (Anon, 1991), high rate of egg production between 200-300 eggs in 360 

days and are very resistant to common epidemics of poultry (NRC, 1991). 

The quail are hardy birds that can adapt to many different environments 

(Haruna et al., 1997b). Their meat and eggs are renowned for their high 

quality protein, high biological value and low caloric content, making it a 

choice product for hypertensive patient (Haruna et al., 1997a, Olubamiwa et 

al., 1999).  

Japanese quail is reared by many farmers in different parts of the country and 

accepted by the populace especially because of their prolific nature, less 

susceptibility to diseases, lean meat and low level of cholesterol in both meat 

and egg (Musa et al., 2007). Quail production is becoming fast growing in 

most parts of the country particularly in the northern part. Several factors 

affect the physiology of birds creating discomfort sometimes death. These 

factors include air temperature changes, high ambient temperature and 

relative humidity, and restricted access to food and water (Bedenova et al., 

2006; Vecerek et al., 2006).  
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It has been observed that temperature and moisture of air are two major 

environmental factors controlling the heat-stress of livestock (Bouraovi et al., 

2002 and ST-Pierre et al., 2003). Heat stress to different extent adversely 

affects egg size, laying percentage, mortality, body weight gain and egg shell 

durability (Franco-Jiminez and Beck, 2007).  

Much research has shown that metabolic rate is alterable and may be affected 

by numerous variables such as old age in rats (Kleiber et al., 1961). So also 

metabolic rate per unit of body weight and surface area (Davis, 1937). Old 

age rats may have difficulties with temperature regulation and as a result have 

lower body temperature (Kleiber et al., 1961). Metabolic rate has been shown 

to increase in response to various other factors such as stress (Gournay et al., 

1999).  

Water form an integral part of body mass and it plays a role in maintaining 

homeostasis. Water plays a role in temperature regulation, acid-base status 

regulation, hydrolysis, energy generation, digestion and joint lubrication e.t.c. 

Water forms largest part of individual cells, as extracellular fluid (ECF), 

intacellular (ICF) and intracellular fluid (IF), enhancing transportation of 

materials and facilitating biochemical reactions within individual cells. Water 

deprivation affects metabolic processes as well as reproductive activities. 
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Water deprivation is a form of stress that affects normal physiological 

functions (Silanikove, 1994). 

Water deprivation induces hypothermia (Herbert et al., 1998). Research on 

effect of dehydration and heat exposure in quail revealed reduced evaporation 

cooling resulting in hyperthermia (Itsaki-Gluklich, 1992). Water restriction 

results in increase oxygen consumption leading to an increase in metabolic 

rate (Mathew et al., 2006).  Ascorbic acid has been used widely as a 

supplement in managing all forms of stress, such as negative effect of high 

environmental temperature. Report on Vitamin C supplementation revealed 

beneficial effect on growth rate, egg production, egg shell and thickness. 

Vitamin C and folic acid supplementation increase live weight and feed intake 

and improve feed efficiency in heat-stressed animals (Salim et al., 2002).  

Dietary supplementation of Vitamin C and E was found to alleviate the 

adverse effect of heat stress in Shika Brown layer chickens transported during 

dry season (Joachim et al., 2009).  

Co-administration of Vitamin E and C is found to be important in protecting 

and preserving erythrocyte membrane integrity, prolonging the life span of 

erythrocyte, improving PCV, Hb, erythrocyte count, regulating white cell 
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population and reducing haemolysis in animals subjected to heat stress in the  

Northern Guinea Savanna zone of Nigeria (Alhassan et al., 2009).  

 

 

1.2 STATEMENT OF THE PROBLEM 

I. Quail production is becoming a lucrative business in this part of 

the country with little information on their ability to withstand 

water deprivation.  

II. High ambient temperature affects production in poultry and 

Ascorbic Acid (AA) has been used to alleviate such problems but 

there is little information on its role in water restricted quails in 

Sahel Savanna region of Nigeria 

III. Scarcity of information on the effect of water restriction on  

haematological parameters in quails 

IV. Need for more information on body temperature of water 

restricted quail.  

1.3 AIMS AND OBJECTIVES  

I. To determine the effect of water restriction on body temperature 

in quails.  
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II. To establish if 50% water restriction affects body weight in quail 

raised in the Sahel Savanna region of Nigeria.  

III. To determine the effect of water restriction on haematological 

parameters of quail. 

IV. To evaluate the effect of AA supplementation on body 

temperature, weight gain and haematological parameters of 

quails subjected to water restriction.  

1.4 JUSTIFICATION  

For quail farming to be commercially profitable in this hot (tropical) 

environment measures to alleviate the effects of high ambient temperatures on 

production of the birds must be found. 

quail farming is gaining more recognition in this part of Nigeria with little 

information on effect of the intense environmental temperature on their 

survivability and reproduction.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

This research will provide basic information on the physiologic response of 

quails to water restriction and hence will provide a guide on their water 

requirement and management in the Sahel Savanna region of Nothern 

Nigeria.  
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The research will also provide an insight on the normal physiology of Quail in 

Sokoto 

 

 

 

CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 WATER 

Water is the most abundant nutrient (273 liters/cm2 of the earth’s surface), 

268.45 liters/cm2 of the earth’s surface formed the Sea water, 4.50 liters/cm2 

of the earth’s surface formed the Continental ice, 0.10 liter/cm2 of the earth’s 

surface formed the Fresh water and 0.003 liter/cm2 of the earth’s surface 

formed the water vapor (Lee, 2004). 

 

2.1.1 Body Water and Body Composition 

The two-compartment model describes the body weight as a combination 

of total body water and total body solids. The total body solids are the total 

body fat and fat-free dry solids which comprises of total body protein and 
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total body ash otherwise referred to as fat-free body or lean mass (Lee, 

2004). 

 

On the fat-free basis, the proportion of body water, protein and ash stays 

relatively constant.  Moulton (1923) postulated the concept of "chemical 

Maturity," which he defined as "the age at which concentrations of water, 

protein and mineral matters in the fat-free body mass become practically 

constant." 

 The age in days at which animals presumably reached chemical maturity are 

as follows: rat, 50; guinea pig, 50; cat, 100; dog, 200; swine, 150-300; cattle, 

50-300; man, 500-1,000 (Reid et al., 1955). 

 Although various mammals become chemically mature at different ages, the 

proportion of the total life span expended prior to attaining chemical maturity 

seems to be similar (Moulton, 1923). 

Thus, the body composition can be determined if one of the three components 

can be estimated accurately. This is the basis for the water concept or water 

dilution technique. To estimate the body composition (C), if the body water 

content is known, then % water content is calculated as follows:   

   

(a)  % fat = 100 - % water/0.732 
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 or 

Total body water: 

Total body fat = Total body weight – Total body water/0.732 

 

(b) The remainder of body composition can be determined based on another 

assumption that body protein and ash in fat-free, dry matters are practically 

constant. (Lee, 2004) 

The role of water in biological systems of the human body, as well as in other 

organisms, is similar in its function. Also in non-biological systems, the role 

of water is also similar with minor differences. Due to its unique chemical 

structure and the huge resources of this compound, it functions in the body as 

a medium in which all other compounds in the body are dissolved (Guyton, 

2001). 

2.1.1 Functions of Water 

The physiological functions of water include: regulation of body temperature, 

solvent for nutrients, has an( ionizing power) important in all biochemical 

reactions, is involved in transporting nutrients and waste products, lubricates 

the body joints, is required for milk production in lactating animals and as  a 

cushion to fetuses and nervous system, e.t.c. (Sherwood et al., 2005) 
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  The ability of water through its continuous movement between the different 

parts of the body includes transportation of important molecules to needy 

tissues such as nutrients and oxygen. The mechanism of exchange of oxygen 

and carbon dioxide in the lung is possible due to this transport system that 

involves the water medium. Also, many other important compounds in the 

body are shifted from one place to another by the assistance of the continuous 

movement of the blood in the arteries. Examples include the transport of the 

hormonal system in the body which is mainly done by traveling in the blood 

stream. Also, cells of the immune system in the case of inflammation are able 

to migrate to the site of inflammation by movement through the blood stream 

(Houpt, 2004;Cunningham and Klein, 2007.). 

The continuous movement of water in the arteries is possible due to the 

efficient process of blood pumping by the heart. Compounds that are usually 

not soluble in water by itself become soluble by binding to carrier molecules 

in the body such as proteins. Examples include lipids that are normally 

insoluble in the blood medium. They become soluble in water by binding to 

special type of proteins that can increase their solubility in the blood. Cells by 

themselves are not water soluble otherwise our life would be terminated by 

the effect of dissolution of the body tissues (Houpt, 2004). 
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 Inside the cellular environment, water also has the distinct function of 

solubilizing the compounds inside the cells. The amount of water inside the 

cell is carefully monitored and controlled. Any change in the amount of water 

inside the cell can harm the cell and cause its death. The mechanism that 

controls the amount of water in the various compartments of the body is 

mediated by the phenomenon of osmosis. This phenomenon is characteristic 

of all biological systems and is dependent on the degree of salt concentration 

in and out of the cell called degree of osmolarity (William, 2005). 

The osmolality degree inside and outside the cell will dictate the direction of 

movement of water between the two sides of the cell. Osmosis is a very 

important process that can maintain homeostasis in the body by preventing 

cellular death. Too small amount of water inside the cell can lead to its 

shrinkage and subsequently its death. Analogously, too high water content 

inside the cell can cause its rupture and death. For these reasons, patients that 

are severely dehydrated are not treated with infusion that is of pure water but 

instead they are infused with saline water that has similar concentration to 

that of the blood. This is so in order to prevent the movement of water in and 

out of the cell (Houpt, 2004; Sherwood et al., 2005). 
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Due to all these important functions, biological systems in the human body 

use special forms of mechanisms in order to monitor and control the amount 

of water in the body in general and in the cells and the body compartments in 

particular. These mechanisms involve in most cases hormonal molecules that 

can affect the amount of water in the body by either inducing its diuresis in 

the urine in the case of high level of water in the blood or through inducing its 

retention as occurs in a state of low blood volume or shock. These two basic 

hormonal functions are mediated by receptors at the surface of the kidney 

cells that respond to the amount of the specific hormone in the blood (Houpt, 

2004).  

There are several hormones that have effect on the water level in the body and 

on the blood pressure in particular e.g Antidiuretic hormone, Aldosterone 

e.t.c. Pharmacological drugs that are called diuretics are drugs for the 

treatment of excess water in the body. Other drugs are designed the opposite 

way that is to retain water in the body. These drugs usually agonize or 

antagonize the effect of the particular hormone (Houpt, 2004). 

Water is the most important of all nutrients, amounting to approximately 58% 

of the content of chickens and 66% of eggs. It serves as a medium in which 

nutrients are transported, wastes eliminated, and body temperature 
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maintained. It also serves as a source of minerals, providing about 20% 

sodium, 7% calcium, 5% magnesium, and 15% sulphur requirements of 

poultry. It should not be overlooked as a source of such nutrients, particularly 

in tropical and subtropical areas where mineral deficiency might be a problem 

(Esmail, 2011). 

Water was also found to be an effective means of improving feed conversion 

efficiency. A new system of providing oxygenated water to poultry was 

developed lately by H2O Technologies® in Washington. The addition of 

oxygen to water helped increase metabolic rates in broilers, resulting in a 32% 

increase in feed efficiency and 12% reduction in feed costs. These results are 

certainly promising for most poultry enterprises aiming at achieving target 

slaughter weights in shorter periods of time (Esmail, 2011). 

The maintenance of water homeostasis by controlling the osmolality and 

blood volume is essential for survival. The body water is tightly controlled by 

regulating both water intake and urinary water excretion (Boone and Deen, 

2008). During dehydration, an increase in plasma osmolality acts on 

osmoreceptors in the hypothalamus to stimulate thirst and increase the release 

of the antidiuretic hormone arginine vasopressin (AVP) from the posterior 

pituitary (Andersson et al., 1982). The hormone (AVP) increases the water 

permeability of the collecting ducts in kidneys (Nielsen et al., 1995). The 
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kidneys are responsible for maintaining the total body water and its 

distribution, electrolyte composition of body fluids and acid-base balance 

(Skotnicha et al., 2007).  

2.1.2 Water Supply 

As with other animals, water for poultry must be regarded as an essential 

nutrient, and adequate supply of clean, good quality water is essential in order 

to fully utilize the potential of modern poultry genotypes selected for superior 

performance characteristics (Agriculture and Agri-Food Canada, 2010). The 

requirement of poultry for water depends on numerous environmental 

variables such as temperature and relative humidity, the composition of the 

diet, and production parameters that is growth rate and egg production Nirat 

and Ratana, (2005).  

Examples of water consumption for various classes of poultry are presented in 

the Table below. 
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Table 2.1:  Water Consumption (ml of water per week per bird) in 

various classes of poultry 

 

Age 

(weeks) 

Broiler 

Chickens 

White 

Leghorn 

Hens 

Brown 

Egg 

Laying 

Hens 

White 

Turkeys 

(Males) 

White 

Turkeys 

(Females) 

1 225 200 200 385 385 

2 480 300 400 750 690 

3 725 - - 1135 930 

4 1000 500 700 1650 1274 

5 1250 - - 2240 1750 

6 1500 700 800 2870 2150 

7 1750 - - 3460 2640 

8 2000 800 900 4020 3180 
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Age 

(weeks) 

Broiler 

Chickens 

White 

Leghorn 

Hens 

Brown 

Egg 

Laying 

Hens 

White 

Turkeys 

(Males) 

White 

Turkeys 

(Females) 

9 - - - 4670 3900 

10 - 900 1000 5345 4400 

11 - - - 5850 4620 

12 - 1000 1100 6220 4660 

13 - - - 6480 4680 

14 - 1100 1100 6680 4700 

15 - - - 6800 4720 

16 - 1200 1200 6920 4740 

17 - - - 6960 4760 

18 - 1300 1300 7000 - 

19 - - - 7020 - 

20 - 1600 1500 7040 - 

 

Based on data compiled from National Research Council of Canada 1994 

 

 

Although there is large individual variability, it is generally assumed that 

water consumption in birds is approximately double the amount of feed 

consumed. Water intake can be influenced by diet form and composition. For 

instance, in comparison to mash diets, poultry offered pelleted or crumbled 

diets will increase both feed intake and water intake. Increasing crude protein 
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in the diet will increase water intake. Also, dietary salt content will influence 

water intake (Anon, 2010). 

2.1.3  Water Quality Parameters for Poultry 

Drinking water used for poultry may contain considerable amounts of 

contaminants including various metals, sulphates, and nitrates. These 

compounds are usually readily absorbed from the gastro-intestinal tract, but in 

most practical situations, it does not appear that common water contaminants 

present any serious risk to poultry health. However, it should be noted that, 

although overt health effects are not likely to occur, water quality may have 

significant impact on production parameters in poultry highly selected for 

performance Agriculture and (Agri-Food Canada, (2010); Salah, (2011). 

A high concentration of minerals (usually those associated with water 

hardness) may result in precipitation of salts in watering equipment, and this 

may restrict water flow, or in some situations, water lines may be completely 

plugged up. This may lead to inadequate water supply, and consequently 

water deprivation may occur. Water deprivation may have adverse effects on 

the growth rate in meat type poultry and egg production in laying hens. Water 

deprivation may result in increased morbidity and mortality. It is important to 

stress that, if access to water is interrupted for a prolonged period of time, the 
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restoration of watering must be managed carefully in order to avoid the 

situation where "water intoxication" may lead to mortality. Young turkeys are 

especially susceptible to this condition (Agriculture and Agri-Food Canada, 

2010). 

The commonly used parameters of water quality such as pH, hardness, or 

electrical conductivity are not very useful in predicting the effects of water 

contaminant on poultry performance. However, pH of water is likely the most 

important factor to consider while assessing the suitability of water as a 

medium for delivery of medication (Agriculture and Agri-food Canada, 

2010). 

 

2.1.4  Potential Problems Associated With Water Contaminants in 

Poultry 

With the exception of some very specific localized situations, under practical 

conditions, most water mineral contaminants, including heavy metals, would 

not present serious health problems in poultry. However, the potential impact 

of water contaminants on product quality should not be ignored, as some 

compounds may be deposited in eggs, meat, or liver Also, several studies 
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suggested that water quality issues in poultry are of significance for optimal 

performance (Balnave and Scott, 1986:Agriculture and Agri-food Canada, 

2010). 

Research regarding water quality issues for poultry is fragmented and, for the 

most part, outdated. In the older literature several reports indicated drastic 

increases in the incidence of damaged eggshells associated with drinking 

water. Balnave and Scott (1986), who investigated an eggshell quality 

problem on a commercial farm, identified well water as a possible cause. The 

water was reported to contain 293 ppm Na, 38 ppm Ca, 155 ppm Cl, 46 ppm 

SO4, and 49 ppm  NO3. In subsequent experiments they found that adding low 

levels of NaCl, KCl, CaCl, MgSO4, CuSO4, or NaNO3 to municipal drinking 

water over a 6-wk period substantially increased the incidence of cracked, 

broken, and soft shells, especially in those groups receiving the Cl ion. 

However, most of the efforts in the past were devoted to investigation of salt 

(sodium chloride). The effects of salt on eggshell quality reported in the 

literature are highly variable. For instance, up to 6% dietary NaCl over a 21-d 

feeding period was not found to significantly reduce egg specific gravity 

(Damron and Flunker, 1993). Adding up to 2,000 ppm NaCl resulted in more 

than half of the eggs from 80- to 95-wk-old hens showing defective shells 
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(Yoselewitz and Balnave, 1989). The production of defective shells occurred 

more rapidly when saline water was given to 40-wk-old hens than to hens 

during the first few weeks of lay. But interestingly, saline drinking water in 

pullets before sexual maturity appears to have no detrimental effects on 

subsequent eggshell quality ( Balnave et al., 1989). A more recent report by 

Pourreza et al., (1994) showed mixed results. Eggshell thickness was reduced 

by 2,000 ppm NaCl in drinking water, but not by 1,000 ppm. In contrast to 

other reports, visually determined shell defects and egg specific gravity were 

not adversely affected by NaCl supplementation of layer drinking water 

(Damron, 1998; Chen and Balnave, 2001). 

The effects of saline water on reproductive performance were studied by 

Zhang et al., (1991). The incidence of eggs with defective shells doubled in 

hens receiving the saline drinking water at a level of 2 g NaCl/L. There was a 

significantly (twofold) higher incidence of embryonic deaths and a 

significantly lower (13%) hatchability of fertile eggs. For every 100 eggs laid, 

the numbers of settable eggs and chicks hatched were significantly reduced in 

hens receiving the saline drinking water. The saline water reduced the 

numbers of hatched chicks by 20%. The water treatment given to the 

cockerels had little effect on reproductive performance (Zhang et al., 1991). 
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Studies on other contaminants of water are limited. In one study, Merkley and 

Sexton (1982) reported that fluoride at the level of 100 ppm in drinking water 

did not affect reproductive performance of either pullets or cockerels, and no 

effects of fluoride on progeny growth were noted. 

Vodela et al., (1997) studied the interactions between drinking water 

contaminants and suboptimal nutritional status for performance and immune 

function in male broiler chickens. The latter author investigated the effects of 

drinking water containing a mixture of arsenic, benzene, cadmium, lead, and 

trichloroethylene (TCE) at low concentrations (0.80, 1.3, 5.0, 6.7, and 

0.65 ppm respectively) and high concentrations (8.6, 13, 50, 67, and 6.5 ppm 

respectively). According to the author, these set of chemicals were selected 

because they are among the most common contaminants found in ground 

water near hazardous waste sites. Both low and high concentrations of the 

chemical mixture, in comparison to chickens drinking normal water, affected 

feed consumption, body weight, and immune function. Interestingly, even at 

low concentration, the chemical mixture significantly decreased egg 

production and egg weight, and increased the percentage of embryonic 

mortality  
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Recommendations with regard to maximum, tolerable, or threshold values for 

poultry water supplies vary substantially. For instance, reported tolerances for 

iron may range from 0 to 50 ppm, for nitrates from 20 to 200 ppm, for 

sulphates from 200 to 1000 ppm, and for sodium from 50 to 1000 ppm. 

Without a doubt, the major source of this variation stems from the fact that 

past research investigated adverse effects of each element individually 

without accounting for total dietary burden. Whereas, there are many dietary 

and environmental interactions that influence tolerance to water contaminants 

(Vodela et al., 1997: Agriculture and Agri-Food Canada, 2010). 

Moreover, older information may not be applicable to modern poultry strains, 

which have been highly selected for superior performance. In general there 

seem to be paucity of recent knowledge on water physiology, nutrition, and 

toxicology in poultry (Agriculture and Agri-Food Canada, 2010). 

 

 

 

 

2.1.5 The Use of Water to Combat Heat Stress 
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Considerable research efforts with water have been centered on heat stress 

problems. Adding sodium chloride, potassium chloride, potassium sulphate or 

carbon dioxide to broiler drinking water has been shown to promote weight 

gain slightly and lower body temperature (Teeter, 1988). Most of this effect is 

probably attributable to the resulting increased water intake. 

Cooling water to combat heat stress may be beneficial in some situations. 

Studies in broilers showed a benefit in daily weight gain from providing cool 

drinking water. However, work at the University of Florida showed that 

cooling hens' drinking water during hot daylight hours did not improve 

performance other than the shell and interior quality of eggs (Agriculture and 

Agri-food Canada, 2010). 

2.2 TEMPERATURE 

 Temperature regulation represents the balance between heat production from 

metabolic sources and heat loss from evaporation (perspiration) and the 

processes of radiation, convection, and conduction. In a cold environment, 

body heat is conserved first by constriction of blood vessels near the body 

surface and later by waves of muscle contractions, or shivering, which serve 

to increase metabolism. Shivering can result in a maximum fivefold increase 

in metabolism. Below 40°F (-15.5°C) a naked person cannot sufficiently 
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increase the metabolic rate to replace heat lost to the environment. Another 

heat-conserving mechanism, goose bumps, or piloerection, raises the body 

hairs; although not especially effective in humans, in animals it increases the 

thickness of the insulating fur or feather layer Sherwood et al., (2005). 

In a warm environment, heat must be dissipated to maintain body 

temperature. In humans, increased surface blood flow, especially to the limbs, 

acts to dissipate heat at the surface. At environmental temperatures above 

93°F (34°C), or at lower temperatures when metabolism has been increased 

by work, heat must be lost through the evaporation of the water in sweat. 

People in active work may lose as much as 4 quarts per hour for short periods. 

However, when the temperature and humidity are both high, evaporation is 

slowed, and sweating is not effective. Most mammals do not have sweat 

glands but keep cool by panting (evaporation through the respiratory tract) 

and by increased salivation and skin and fur licking Cunningham and Kein, 

(2007). 

Temperature regulatory mechanisms act through the autonomic nervous 

system and are largely controlled by the hypothalamus of the brain, which 

responds to stimuli from nerve receptors in the skin. Continued exposure to 

heat or cold results in some slow acclimatization, e.g., more active sweating 

in response to continued heat and an increase in subcutaneous fat deposits in 
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response to continued cold Sherwood et al., (2005). Environmental extremes 

may result in failure to maintain normal body temperature. In both increased 

body temperature, or hyperthermia, and decreased body temperature, or 

hypothermia, death may result. Controlled hypothermia is used in some types 

of surgery to temporarily decrease the metabolic rate. Fever, caused by a 

resetting of the temperature regulatory mechanism, is a response to fever-

causing, or pyrogenic, substances, such as bacterial endotoxins or leucocyte 

extracts. The upper limit of body temperature compatible with survival is 

about 107°F (42°C), while the lower limit varies Sherwood et al., (2005). 

In humans the inner body temperature alternates in daily activity cycles; it is 

usually lowest in early morning and is slightly higher at the late afternoon 

peak. In human females there is also a monthly temperature variation related 

to the ovulatory cycle. In many mammals and birds the body temperature 

shows more pronounced cyclic variations than in humans. For example, in 

hibernators the body temperature may lower to only a few degrees above the 

environmental temperature during the dormant periods; mammalian 

hibernators reawake spontaneously and in their active period are 

homeothermic Cunningham and Kein, (2007). 

http://www.factmonster.com/ce6/sci/A0818591.html
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Body temperatures vary, even within humans.  The body temperatures of 

mammals range from around 97° to over 103°F.  Birds have average 

temperatures of around 105°F (Phi the golden number) 

The phi point between the freezing temperature (32° F) and the boiling 

temperature (212° F) of water is 100.8° F, or 38.2°C. 

Take the phi point from the other end of the scale of temperature and you 

arrive at 143°, which is about the temperature required to kill bacteria.  

(Generally rounded and stated as 140° in most literature) (Columbia 

Electronic Encyclopedia, 2011) 

Interestingly enough, if you take the phi point or 0.618 of 37°C, which is the 

average human body temperature, you get 23°C degrees centigrade or 73°F, a 

“room” temperature that many would consider to be just about perfect for 

indoor comfort and outdoor enjoyment (Columbia Electronic Encyclopedia, 

2011). 

Water has a very unusual property in that it reaches maximum density in the 

liquid state at 4° C, instead of in the solid one. This allows ice to float, which 

is vital to sustaining life beneath its surface in cold climates.  The kilogram is 

defined as the mass of water filling one liter at 4° C.  If this critical 
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temperature is regarded instead of 0° C, we find that the phi point is 105.2° F, 

and this defines the upper end of body temperatures. (Columbia Electronic 

Encyclopedia, 2011). Thus even key temperatures for body heat and comfort 

reflect the phi points in the property of water, of which we largely consist.  

Table 2.2: Description of key temperature point 

Description of key temperature point Fahrenheit Centigrade 

Freezing point of water 32° 0° 

Middle of range of typical body temperatures of 

mammals 
100.6° 38.1° 

Phi point 2 

(0.618 down from water’s boiling point to freezing) 
100.8° 38.2° 

Average body temperature of birds 105° 40° 

Phi point 2 

(0.618 down from water’s boiling point to 

maximum density) 

105.2° 40.7° 

Phi point 1 (sterilization point) 

(0.618 up from water’s freezing point to boiling) 
143.2° 61.8° 

Boiling point of water 212° 100° 

 (Anon, 2011) 

2.2.1 Thermoregulation  

There are two primary responses to fluctuating ambient temperatures (TA) 

exhibited by animals: poikilothermy and homeothermy. Because 
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poikilotherms lack the physiological means to generate heat, the body 

temperature of these animals tends to conform to that of the outside 

environment in the absence of any behavioral intervention. Examples of 

poikilotherms include the "cold-blooded" animals (Kearney et al., 2009), such 

as most fish, amphibians, and reptiles. On the other hand, homeotherms have 

specific physiological adaptations for regulating their body temperatures.  

Body temperatures of homeotherms do not fluctuate as much as those of 

poikilotherms. Indeed, all homeotherms maintain high body temperatures in 

the range of 36 to 42oC (Ivanov, 2006) and include the "warm-blooded" 

animals, such as birds and mammals. 

Poikilotherms are also known as ectotherms because their body heat is 

derived exclusively from their external environments. This external thermal 

dependence enables them to employ behavioral thermoregulation by shuttling 

between areas with lower and higher temperatures and changing body 

positions to adjust heat exchange via conduction and radiation (Kiefer et al., 

2007). For example, wood turtles (Glyptemys insculpta) move daily into 

forest clearings to bask and elevate their body temperatures but return to 

streams at night because the water temperature does not drop as much as does 

the air temperature (Dubois et al., 2009). Behavioral thermoregulation in 

poikilotherms can result in sustained average body temperatures that are 
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optimal for crucial metabolic activities, such as feeding and locomotion 

(Huey and Kingsolver, 1989). Reiserer et al., (2008) describe groups of 

neonate sidewinder rattlesnakes (Crotalus cerastes) that aggregate as "ball" 

groups during the time period leading up to the first shedding. The ball core 

temperature remained stable (mean of 31.94 ± 2oC) over a 5-hour period 

during the hottest part of the day, while temperatures measured outside the 

balls exceeded 42oC, the lethal critical maximum for these snakes.  

Homeotherms also use behavioral thermoregulation (i.e., habitat choice) to 

adjust their body temperatures (Jackson et al., 2009) but, unlike 

poikilotherms, they do not depend solely on the outside environment as a 

source of body heat. Instead, homeotherms use physiological mechanisms to 

regulate their body temperatures independently from ambient temperatures. 

When low ambient temperatures threaten to overcool the regulated body 

temperature, homeotherms have several strategies to supplement and conserve 

body heat. Isometric contraction of skeletal muscles, called shivering, 

transfers mechanical heat to the body core while vasoconstriction of 

peripheral vessels reduces heat loss from the integument (Ivanov, 2006). 

Heinrich (1979), described how shivering by bumble bees in cold ambient 

temperatures increased thoracic body temperatures to the level required for 

flight muscle activity (i.e., 30–40oC). In addition, some homeotherms are 
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adapted for non-shivering thermogenesis, a metabolic process in which brown 

adipose tissue is catabolized not for ATP synthesis, but for heat production 

(Grigg et al., 2004). As ambient temperatures increase, homeotherms use 

evaporative cooling through sweating and/or panting to regulate body 

temperatures, and also vasodilate surface blood vessels to promote heat loss 

(Robertshaw, 2006).  

2.2.2 Thermoneutral Zone  

A homeotherm's basic needs are met through basal metabolism, a form of 

metabolism that does not involve physiological thermoregulation because 

external temperatures do not exceed comfortable limits (Ivanov, 2006). The 

range of temperatures associated with basal metabolism comprises the 

thermoneutral zone (Figure2.1). When ambient temperatures either exceed or 

fall below the thermoneutral zone, physiological strategies like those 

described above are deployed to prevent the body temperature from changing. 

However, whenever an animal is thermoregulating to prevent overheating or 

overcooling, the non-basal metabolic rate increases. This increase in 

metabolic rate constrains the limits of what temperatures can be tolerated 

beyond the thermoneutral zone, especially the upper temperature limit. In 
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general, homeotherms utilize behavioral means to keep themselves in the 

thermoneutral zone(Cannon and Nedergard, 2011). 

 
Figure 2.1: The effect of changing ambient temperature on metabolic rate in 

mice above and below the thermoneutral zone. BMR is the basal metabolic 

rate. This figure is adopted from  Cannon and  Nedergard, (2011). 

2.2.3 Heterothermy  
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Even though homeotherms regulate their body temperatures around a specific 

set point (Cabanac, 2006), the body temperature of most homeotherms is not 

completely uniform. Heterothermy describes variations in body temperature 

along both spatial and temporal scales. For example, animal body temperature 

is usually warmest at the core but may be much lower in the extremities. The 

extremities are usually allowed to cool in homeotherms, while the body core 

temperature can be conserved by warming the blood returning from the 

extremities through counter-current exchange. In jackrabbits, the ears are 

allowed to warm above core body temperature, in order to facilitate body heat 

dissipation by radiation (Hill et al., 1980). 

Temporal heterothermy refers to body temperature differences in the same 

animal over time. Many animals change their insulation values seasonally 

(Soppela et al., 1986), in order to either conserve or release body heat. Other 

homeotherms may temporarily use fever in response to pathogen presence 

(Kluger, 1991). A special case of temporal heterothermy involves animals 

that not only adjust their body temperature but also adjust their metabolic 

rates. These adjustments are necessary because energy resources may not be 

available to fuel the same basal metabolic rates at all times. For example, 

black-tailed prairie dogs (Cynomys ludovicianus) remain active during the 

winter but periodically undergo shallow bouts of reduced metabolic rate and 
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hypothermia, a state called torpor, when conditions are too harsh to permit 

exposure (Kiefer et al., 2007). In small bodied-homeotherms, heat loss across 

their higher surface area relative to body volume is so great that they must 

undergo daily metabolic adjustments. Daily torpor is a frequent reduction in 

metabolic rate that conserves limited energy reserves that would otherwise 

have to be diverted to thermoregulation when the animal could not forage to 

keep up energy stores (Edelman & Koprowski, 2007; Hwang et al.,2006) 

2.3 AVIAN HEMATOLOGY 

On the basis of what the embryology and haemopoiesis of the chicken,  a 

blast cell may be defined as the earliest recognizable cell belonging to a 

particular cell type. Other cell types thereafter, consist of progressive steps 

toward the mature cell. In normal blood only two types of mature 

lymphocytes exist, medium and small; the large lymphocyte is not a mature 

cell but is an immature cell usually standing early in the lineage of the cell 

line to which it belongs, which may not necessarily be the lymphocyte line. 

More than one erythrocyte series exists in the life of the embryo up to 

hatching.  

There is a primary series representing the first generation of red cells in the 

embryo. Then is followed by several generations, each less precocious in its 
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hemoglobin formation than the preceding one and, finally, the definitive cell 

line arises. Thrombocyte stages of development in the embryo differ 

morphologically also from those found in the definitive stages (Alfred and 

Casmir, 1961). 

The ability of an animal to respond to osmotic challenges associated with 

cyclic dehydration and rehydration is reflected in the mean corpuscular 

fragility of its erythrocytes (Buffenstein et al., 2001). The presence of 

nucleated red blood cells in birds makes regulation of cellular osmolarity and 

transport processes a more intricate process than in mammals. The ion 

transporters on nucleated avian red blood cells are affected by stress 

hormones, unlike mammalian red blood cells (Lytle, 1998). 

PCV is affected by several factors e.g. hormones, altitude, hydration status, 

acceleration, age, sex and hypoxia (Sturkie and Griminger, 1986). Mafuvadze 

et al.,(2008), reported an increase in PCV, and osmolarity but with a decrease 

MCV in Guinea fowls deprived of  water for up to 48 hours. Elevated  

hematocrit values of approximately 15%  in water deprived laying hens 

during the prelaying periodwas reported by Nirat and Ratana, (2005). Abdalla 

et al., (2010),reported significant increase in PCV, serum total protein, serum 

albumin, serum creatinine and serum osmolality in water deprived Nubian 

goats. Significant increase in PCV, sodium level and serum osmolarity in 
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water deprived Saudi Arabia indigenous goats were reported by Alamer, 

(2006). An increase in PCV due to water restriction in goats were reported by 

(Hassan, 1989; El-Nouty et al., 1990 and Rajkhowa et al., 1999) and also in 

Awassi sheep (Laden et al., 1987).  

 

2.4 DYNAMICS OF BODY WEIGHTCHANGES IN POULTRY 

The term body weight is used colloquially and in the biological and medical 

sciences to refer to a person's mass or weight. Body weight is measured in 

kilograms, a measure of mass, throughout the world. Although, in some 

countries such as the United States and Canada it is measured in pounds, or as 

in the United Kingdom, stones and pounds. 

As animals get larger their linear dimensions grow linearly, their surface area 

increases with the square of the linear dimension increase and their 

volume/weight grows with the cube of the linear dimensions. Supporting bone 

structure mass also increases faster than the linear dimensions so the 

proportion of relatively inert or non-metabolizing tissue increases as an 

animal gets larger and the food requirements on a per kilogram body weight 

drop. Heat loss is a function of surface area and temperature differential and 

the ratio of surface area to volume is much larger in small animals 

necessitating larger caloric intake just to maintain body temperature (Parick, 

http://en.wikipedia.org/wiki/Weight
http://en.wikipedia.org/wiki/Kilogram
http://en.wikipedia.org/wiki/Pound_%28mass%29
http://en.wikipedia.org/wiki/Stone_%28imperial_mass%29
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1996). Weight varies among avian species. In  Fowl (Gallus gallus), 

depending on the breed,  a broiler fowl weight ranges from1.5 to 4.5 kg while 

laying hens weight ranges from 1.5 to 2.5 kg . Turkeys (Meleagris gallopavo) 

may get very heavy but most commercially raised birds are not allowed to 

reach maximum size because of market demands. They may range from 3 to 

16 kg but a more usual upper limit is 9 kg. An adult domestic Duck (Anas 

platyrhynchos domesticus) weigh between 2.5 to 3.0 kg. Some breeds which 

are bred for size will be heavier and have a higher mean value. Three groups 

of pigeon (Columba liva domesticaa) breeds are identified with varying adult 

weight ranging from, 250 to 300 g, 450 to 500 g and up to 1 kg (Patrick, 

1996). 

2.5 VITAMIN C 

Vitamin C or L-ascorbic acid, or simply ascorbate (the anion of ascorbic 

acid), is an essential nutrient for humans and other animal species (Padayatty 

et al., 2003). Ascorbic acid refers to a number of vitamers that have vitamin C 

activity in animals, including ascorbic acid and its salts, and some oxidized 

forms of the molecule like dehydroascorbic acid. Ascorbate and ascorbic acid 

are both naturally present in the body, since the forms interconvert according 

to pH  (Padayatty et al., 2003). 

http://en.wikipedia.org/wiki/Anion
http://en.wikipedia.org/wiki/Ascorbic_acid
http://en.wikipedia.org/wiki/Ascorbic_acid
http://en.wikipedia.org/wiki/Essential_nutrient
http://en.wikipedia.org/wiki/Human
http://en.wikipedia.org/wiki/Vitamer
http://en.wikipedia.org/wiki/Dehydroascorbic_acid
http://en.wikipedia.org/wiki/PH
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Vitamin C is a co-factor in at least eight enzymatic reactions including several 

collagen synthesis reactions that, when dysfunctional, cause the most severe 

symptoms of scurvy (Anon, 2007). In animals, these reactions are especially 

important in wound-healing and in preventing bleeding from capillaries. 

Ascorbate may also act as an antioxidant against oxidative stress (Padayatty et 

al., 2003). The enantiomer D-ascorbate (not found in nature) has identical 

antioxidant activity to L-ascorbate, yet far less vitamin activity. However,  

most of the function of L-ascorbate as a vitamin relies not on its antioxidant 

properties, but upon enzymic reactions that are stereospecific. "Ascorbate" 

without the letter for the enantiomeric form is always presumed to be the 

chemical L-ascorbate (Hassan et al., 1990) 

Ascorbate (the anion of ascorbic acid) is required for a range of essential 

metabolic reactions in all animals and plants. It is made internally by almost 

all organisms; the main exceptions are bats, guinea pigs, capybaras, and the 

anthropoidea (i.e., Haplorrhini, one of the two major primate suborders, 

consisting of tarsiers, monkeys, humans and other apes). Ascorbate is also not 

synthesized by some species of birds and fish. All species that do not 

synthesize ascorbate require it in the diet. Deficiency in this vitamin causes 

the disease scurvy in humans. (Higdon and Jane, 2006). 

http://en.wikipedia.org/wiki/Cofactor_%28biochemistry%29
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Collagen
http://en.wikipedia.org/wiki/Scurvy
http://en.wikipedia.org/wiki/Antioxidant
http://en.wikipedia.org/wiki/Oxidative_stress
http://en.wikipedia.org/wiki/Enantiomer
http://en.wikipedia.org/wiki/Stereospecific
http://en.wikipedia.org/wiki/Metabolism
http://en.wikipedia.org/wiki/Biosynthesis
http://en.wikipedia.org/wiki/Bat
http://en.wikipedia.org/wiki/Guinea_pig
http://en.wikipedia.org/wiki/Capybara
http://en.wikipedia.org/wiki/Haplorrhini
http://en.wikipedia.org/wiki/Primate
http://en.wikipedia.org/wiki/Tarsier
http://en.wikipedia.org/wiki/Monkey
http://en.wikipedia.org/wiki/Human
http://en.wikipedia.org/wiki/Ape
http://en.wikipedia.org/wiki/Vitamin
http://en.wikipedia.org/wiki/Scurvy
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2.5.1 Physiological Function of Ascorbic Acid in Mammals 

In humans, vitamin C is essential to a healthy diet as well as being a highly 

effective antioxidant, acting to lessen oxidative stress; a substrate for 

ascorbate peroxidase in plants (APX is plant specific enzyme); (Higdon and 

Jane, 2006)  and an enzyme co-factor for the biosynthesis of many important 

biochemicals. Vitamin C acts as an electron donor for important enzymes 

(Levine et al., 2000) 

Ascorbic acid performs numerous physiological functions in the human body. 

These functions include the synthesis of collagen, carnitine, and 

neurotransmitters, the synthesis and catabolism of tyrosine, and the 

metabolism of microsomes (Gropper et al., 2004). During biosynthesis 

ascorbate acts as a reducing agent, donating electrons and preventing 

oxidation to keep iron and copper atoms in their reduced states. Vitamin C 

acts as an electron donor for eight different enzymes (Levine et al., 2000). 

Three enzymes participate in collagen hydroxylation ( Prockop  and Kivirikko 

, 1995; Peterkofsky, 1991; Kivirikko  and Myllylä ,1985). These reactions add 

hydroxyl groups to the amino acids proline or lysine in the collagen molecule 

via prolyl hydroxylase and lysyl hydroxylase, both requiring vitamin C as a 

cofactor. Hydroxylation allows the collagen molecule to assume its triple 

http://en.wikipedia.org/wiki/Antioxidant
http://en.wikipedia.org/wiki/Oxidative_stress
http://en.wikipedia.org/wiki/Ascorbate_peroxidase
http://en.wikipedia.org/wiki/Biosynthesis
http://en.wikipedia.org/wiki/Electron_donor
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Collagen
http://en.wikipedia.org/wiki/Carnitine
http://en.wikipedia.org/wiki/Neurotransmitter
http://en.wikipedia.org/wiki/Catabolism
http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/Microsome
http://en.wikipedia.org/wiki/Electron_donor
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Collagen
http://en.wikipedia.org/wiki/Hydroxylation
http://en.wikipedia.org/wiki/Hydroxide
http://en.wikipedia.org/wiki/Proline
http://en.wikipedia.org/wiki/Lysine
http://en.wikipedia.org/wiki/Prolyl_hydroxylase
http://en.wikipedia.org/wiki/Lysyl_hydroxylase
http://en.wikipedia.org/wiki/Cofactor_%28biochemistry%29


lv 
 

helix structure, and thus vitamin C is essential to the development and 

maintenance of scar tissue, blood vessels, and cartilage (Anon, 2000)  

 

 

 

2.5.2 Antioxidant 

Ascorbic acid is well known for its antioxidant activity, acting as a reducing 

agent to reverse oxidation in liquids. When there are more free radicals 

(reactive oxygen species, ROS) in the human body than antioxidants, the 

condition is called oxidative stress (McGregor and Biesalski , 2006) and has 

an impact on cardiovascular disease, hypertension, chronic inflammatory 

diseases, diabetes (Kelly,1998; Tak et al., 2000; Mayne, 2003) as well as on 

critically ill patients and individuals with severe burns (McGregor, Biesalski, 

2006). Individuals experiencing oxidative stress have ascorbate blood levels 

lower than 45 µmol/L, compared to healthy individuals who range between 

61.4-80 µmol/L (Schorah et al., 1996).  

It is not yet certain whether vitamin C and other antioxidants in general 

prevent oxidative stress-related diseases and promote health. Clinical studies 
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regarding the effects of vitamin C supplementation on lipoproteins and 

cholesterol have found that vitamin C supplementation does not improve 

certain disease markers in the blood (Jacques et al., 1995; Fotherby et al., 

2000). Vitamin C may contribute to decreased risk of cardiovascular disease 

and stroke through a small reduction in systolic blood pressure( Fotherby et 

al., 2000), and  also  to  increase ascorbic acid levels and reduce levels of 

resistin serum ( Bo et al., 2007), another likely determinant of oxidative stress 

and cardiovascular risk. However, so far there is no consensus that vitamin C 

intake has an impact on cardiovascular risks in general, and an array of 

studies found negative results (Mayer-Davis et al., 2007). Meta-analysis of a 

large number of studies on antioxidants, including vitamin C 

supplementation, found no relationship between vitamin C and mortality 

(Bjelakovic et al., 2007). 

2.5.3 Pro-oxidant 

Ascorbic acid behaves not only as an antioxidant but also as a pro-oxidant 

(McGregor and Biesalski, 2006). Ascorbic acid has been shown to reduce 

transition metals, such as cupric ions (Cu2+), to cuprous (Cu1+), and ferric ions 

(Fe3+) to ferrous (Fe2+) during conversion from ascorbate to dehydroascorbate 

in vitro (Satoh and  Sakagami, 1997). This reaction can generate superoxide 
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and other ROS. However, in the body, free transition elements are unlikely to 

be present, while iron and copper are bound to diverse protein (McGregor and 

Biesalski, 2006).  The intravenous use of vitamin C does not appear to 

increase pro-oxidant activity (Mühlhöfer et al., 2004). Thus, ascorbate as a 

pro-oxidant is unlikely to convert metals to create ROS in vivo. In one study, 

vitamin C supplementation has been associated with increased DNA damage 

in the lymphocytes of healthy volunteers (Podmore et al., 1998). However, 

this study has been criticized on methodological grounds (Carr et al., 1999).  

2.5.4 Immune System 

Vitamin C is found in high concentrations in immune cells, and is consumed 

quickly during infections. It is not certain how vitamin C interacts with the 

immune system. However , it has been hypothesized to modulate the activities 

of phagocytes, the production of cytokines and lymphocytes, and the number 

of cell adhesion molecules in monocytes (Preedy et al., 2010)  

2.5.5 Antihistamine 

Vitamin C is a natural antihistamine. It both prevents histamine release and 

increases the detoxification of histamine. A 1992 study found that taking 

2 grams vitamin C daily lowered blood histamine levels 38 percent in healthy 
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adults in just one week (Johnston et al., 1992). It has also been noted that low 

concentrations of serum vitamin C has been correlated with increased serum 

histamine levels (Johnston et al., 1996; Clemetson, 1980).  

2.6 WATER RESTRICTION/DEPRIVATION 

Water deficiency generally impairs growth/development of young animals 

and reduces feed intake of all animals (Lee, 2004). Water loss of up to 4-5% 

causes animals to become restless and lose appetite.With a loss of 6-8%, 

disfunction of the central nervous system and metabolic disorders may be 

observed due to viscosity of blood. With a loss of 15-20%, death may occur 

(Lee, 2004). The animal can live up to 100 days without food but only 5-6 

days without water (Lee, 2004). 

Lack of drinking water commonly occurs in poorly managed poultry flocks, 

especially over the week-end period (Nirat and Ratana, 2005). The removal of 

drinking water in laying hens even for a few days appears to have a long-term 

effect on subsequent eggshell quality. Bierer et al., (1965), observed that 

withdrawal of water for 48 hours had deleterious effects on eggshell quality 

as evidenced by decreased eggshell thickness. It is well documented that 

reduced availability of drinking water may cause avian kidney diseases 

(Siller, 1981; Julian, 1982). Siller (1981) demonstrated that prolonged water 
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deprivation severely affected the kidneys in birds resulting in renal failure and 

sudden death. Julian (1982), reported that water deprivation in laying hens 

was the major cause of an outbreak of urolithiasis and acute kidney diseases. 

This worker found symptoms of urolithiasis, such as renal tubule 

degeneration, kidney atrophy and swollen kidneys, in laying hens deprived of 

water for 48 hours. Onderka et al., (1987) ,observed evidence of pale and 

swollen kidneys in 2-day-old broiler chickens after 120 hours of water 

deprivation but the investigators were unable to detect any histological lesions 

in kidneys of the birds deprived of water for 24 or 48 hours. Adding 

ammonium chloride in diets has been reported to be effective in reducing the 

incidence of renal disease (Glahn et al., 1988). 

 

 Poor management practices may result in poultry having inadequate drinking 

water for prolonged periods resulting in adverse haematological effects ( 

Mafuvadze et al., 2008). The ability of an animal to respond to osmotic 

challenges associated with cyclic dehydration and rehydration is reflected in 

the mean corpuscular fragility of its erythrocytes (Buffenstein et al., 2001). 

The osmotic fragility of erythrocytes is a measure of their overall response to 

osmotic pressure and is influenced by several intrinsic and extrinsic factors. 

The osmotic resistance of erythrocytes of some adult animals has been 
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reported to occur in the following decreasing order of resistance; camel, 

chicken, dog, pig, rabbit, guinea pig, mouse, rat, hamster, horse, donkey, ox, 

cat, sheep and goat (Perk, 1964). Amongst birds, there are species differences 

in the osmotic fragility of erythrocytes in response to water deprivation. 

Depriving ducks of water for 24 hours resulted in an increased erythrocyte 

osmotic fragility (Baloyi et al., 2006). Yagil et al., 1976, showed that keeping 

chickens at 35°C without drinking water resulted in haemoconcentration and 

increased erythrocyte osmotic fragility. On the other hand, the erythrocytes of 

turkey poults deprived of water for 3 days were resistant to haemolysis 

(Augustine and Witlock, 1983). Osmotic fragility of avian erythrocytes is also 

affected by hormones and gender (March et al., 1966). The presence of 

nucleated red blood cells in birds makes regulation of cellular osmolarity and 

transport processes a more intricate process than in mammals. Unlike 

mammalian red blood cells, ion transporters on nucleated avian red blood 

cells are affected by stress hormones (Lytle, 1998). 

In cases where water supply is restricted in poultry, there is a marked drop in 

feed intake, probably due to the reduced rate of digestion by delaying 

movement of feed from the crop with a resulting depression in weight gain. 

Chicks subjected to prolonged water deprivation develop nephrosis, 

polycythemia, shrivelling of the skin around the legs, and other gross signs of 
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dehydration. Adult hens deprived of water show necrosis of the ovaries, 

proventriculitis, and nephrosis, with a marked decrease in egg size and 

eggshell weight. Very thin shelled eggs are produced after 48 hours of water 

restriction, followed by the production of some shell-less eggs before egg 

production ceases entirely (Esmail, 2011). 

In rats, water deprivation over a period of 48 hours resulted in an increase of 

plasma osmolality and hematocrit level and a decrease of plasma volume, all 

in the range of ±10% (Hohenneger et al., 1986). Water deprived rats 

predominantly use fat as a metabolic fuel, but total energy turn- over 

measured by oxygen consumption was not altered. Plasma triacylglycerol was 

decreased, likely because of the elevation of plasma free fatty acids and 

reduction of hepatic fatty acid synthesis and reduced triacylglycerol secretion 

into the blood (Hohenneger et al., 1986). Hohenneger et al., (1986), 

speculated that enhanced plasma levels of corticosterone (about 100%) and 

glucagon (about 50%) may contribute to the metabolic situation observed in 

water deprived rats. 

Chicks affected with hereditary muscular dystrophy were deprived of water 

for 1 to 4 days at ages to 37 days ex ovo. Water deprivation partially 

alleviated impaired righting ability and reduced the typically elevated plasma 

creatine kinase activity by as much as 90%. Muscles from water-deprived 
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chicks showed several qualitative histologic improvements, including 

decreased sarcoplasmic staining for acetylcholinesterase activity, reduced 

fiber diameters, and a decreased incidence of abnormally large rounded 

fibers, but retained the high degree of fiber diameter variability characteristic 

of dystrophic muscles (Richard et al., 1983). 

Water deprivation may have detrimental effects on the physiological 

performance, productivity of ruminants (Silanikove, 1994 and Igbokwe, 

1997). Water loss and associated decrease in feed intake reduced milk yield in 

goats [Maltz, et al.,  1984; Alamer, 2009).  Deprivation also caused an 

increase in the viscosity of milk as well as concentrations of protein, fat, 

lactose and minerals (Aganga, 1992). During dehydration, the physiological 

changes which take place may alter the disposition of common drugs 

administered in goats mainly due to reduced distribution of drugs in tissues 

and slower elimination as a result of diminished liver and kidney functions 

(Elsheikh  et al., 1998), thus reducing the efficiency of treatments and health 

status. 

An increase in (PCV) following water deprivation was observed in goats 

under hot dry conditions (Hassan, 1989; Alamer, 2006). The reported increase 

in (PCV) during water deprivation is clearly associated with reduced plasma 

volume. Previous studies indicated that blood as well as plasma volume were 
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reduced during water deprivation in goats and sheep (Matlz et al., 1984, El-

Hadi, 1986; Degen and Kam, 1992). Change in plasma volume during 

dehydration can be assessed indirectly by utilizing the increase in (PCV) 

(Boyd, 1981). Elevations in PCV and plasma osmolality are usually 

associated with reduced plasma volume in response to water restriction (El-

Hadi, 1986.). However, use of gut water excretion rate during water 

deprivation (More, 1982) helps to attenuate the rise in plasma osmolality 

during dehydration (Silanikove, and Tadmor, 1989). The plasma protein 

concentrations are affected by glomerular filtration rate (Nawaz, and Shah, 

1984). Dehydration causes loss of fluid and subsequent hyperproteinaemia 

(Thomas, 2000).  It has been indicated that the increase in total plasma protein 

concentration during thermal dehydration may enhance preservation of 

plasma volume (Horowitz, and Adler, 1983). Furthermore, plasma albumin is 

considered vital for osmotic equilibrium between the blood and body tissues 

(Ganong, 2003). An increase in protein concentration during water 

deprivation has been reported in other goat breeds (Khan et al., 1978;Hossaini 

et al., 1994; Mengistu et al., 2007).  

Abdallah et al., (2010) reported a significant rise in serum urea concentration 

during water deprivation and attributed it to haemoconcentration. Similar 

responses were reported in goats and sheep (Laden et al., 1987; Abdelatif and  
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Ahmed, 1994;Alamer, 2006). However, a decline in urinary total nitrogen and 

urea output was reported in connection with water deprivation in goats and 

sheep (Musa et al., 1983, Brosh et al., 1987), which resulted in nitrogen 

retention. Short periods of water deprivation in goats and sheep can improve 

nitrogen balance (Silanikove, 2000), by increasing urea recycling, particularly 

with low quality feeds ((Musa et al., 1983). A decline in the rate of urea 

excretion associated with water restriction may occur as the glomerular 

filtration rate is usually reduced during water deprivation (Ghosh et al., 

1976). The increase in serum urea level may also be related partially to 

increase in secretion of the hormone arginine vasopressin (AVP). 

 It has been reported that water deprivation increased AVP level in goats 

(Olsson, and Dahlborn, 1989) and this would have opposed loss of urea as 

AVP promotes urea reabsorption in the kidney (Meintjes, and Engelbrecht, 

2004). The rise in urea level could also be associated with catabolism of body 

proteins during dehydration ( Houpt,  2004). 

A reduction in GFR in response to water deprivation is well documented in 

various avian species (Krag and Skadhauge, 1972; Roberts, 1991). Nishimura 

et al., (1984), reported that GFR decreased, while tubular reabsorption of 

filtered water increased during water deprivation. It has been suggested that 

arginine vasotocin (AVT) regulates renal water excretion by its dual actions 
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on tubule water permeability and glomerular filtration rate (GFR) (Stallone 

and Braun, 1985). Skadhauge (1986), explained that the reduction in GFR 

seemed to be due to the release of AVT in response to high plasma 

osmolality. 

In the tropics, heat stress is one of the major stressors in poultry production 

and it produces a wide range of behavioral and physiological responses 

(Pardue et al., 1985; Njoku, 1986; Minka et al., 2007). It has been shown that 

during stress the generation of free radicals in the body is often elevated to a 

level that overwhelms tissue antioxidant defence systems which results in 

oxidative stress and impairment of the activity of the antioxidant, Vitamin C 

in vivo (Halliwell, 1996; Sahin et al., 2003b). In situations of stress border-

line deficiency of AA has been demonstrated (Tuleun and Njoku, 2000). 

Under such situations exogenous AA supplementation has been shown to be 

beneficial in attenuating the adverse effect of environmental stress in broiler 

chickens (Kafri and Cherry, 1984; Ayo et al., 2007), and stress-induced tissue 

damage (Sen, 2001). Commercial chickens are increasingly been subjected to 

harsh environmental temperatures in the tropics that are unsuitable for 

optimum production. It is not economical for most producers to modify the 

environment within the poultry house that cause these problems. Thus, it 

would be useful to search inward for nutritional strategies that could be used 
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to ameliorate the adverse effects of heat on chicken in order to improve their 

productivity. A lot of information has been documented on the beneficial 

effects of AA on domestic fowls exposed to thermally stressful environments 

in many parts of the world (Mckee and Harrison, 1995; Tuleun and Njoku, 

2000; Adenkola and Ayo, 2009a).  
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 EXPERIMENTAL SITE 

The research was conducted at the poultry pen, of the Faculty of Veterinary 

Medicine, Usmanu Danfodiyo University Sokoto. Sokoto is located in the 

Sudan Savannah vegetation belt with sandy soil and a humidity of below 40% 

year round except during the rainy season when it rises to 60% (Iloeje, 1971). 

The two dominant seasons are the wet (June –October) and dry (November-

May) seasons. The state is located in the North Western part of Nigeria, it is 

located between longitude 11o 30” to 13o 50” East and latitude 4o to 6o North 

(NPC, 2006). With a land area of approximately 56,000 square kilometers, it 

is bordered in the North by Niger Republic, Zamfara state to the East and 

Kebbi state to the South and West (NPC, 2006). The research was conducted 

in the early dry season. 

3.2 EXPERIMENTAL CONDITION 

A total of One Hundred and fifty (150) five weeks of age quail were used for 

the research. The birds were sourced from National Veterinary Research 

Institute (NVRI) Vom Plateau state and transported in a cage  ( 0.8×0.7×1.0 

m)  made of wood and wire mesh. The cage was designed purposely for 
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transporting birds. The birds were rested in Zaria for two days and later 

transported to Sokoto.  

3.2.1 Housing of birds 

The birds were housed in two constructed open frontage cages made of zinc, 

wire mesh and insulated with ceiling. The cages were 1.9×1.0×1.8 m. Each 

cage was partitioned into three compartments separated by a flank wood. 

Twenty five birds were housed in each compartment, comprising of twenty 

females and five male per compartment in the ratio of 1:4. The birds were 

conditioned for two weeks and were fed with commercial poultry feed made 

by Grand Cereals and Oil Nigeria limited (Vital feeds®) and water ad libitum. 

Feeding tray and drinkers made by Ok plast® Nigeria limited were used for 

the research. 

Metlab digital scale was used to measure the quantity of ascorbic acid used in 

the research. Vitamin C soluble powder (1000 mg/g) at 250 mg/2 liters of 

water was used. 

A glass measuring cylinder (1 liter) was used in quantifying water during the 

experiment. 

3.2.2 Grouping of quails 

 A total of one hundred and fifty birds (150)  with average body weight of 

0.1kg were randomly assigned to three(3)  groups A, B and C comprising of 
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50 birds in the ratio of 1:4 male to female. Each group was divided in to two 

replicates comprising 25 birds each. The daily water consumption rate of the 

birds was determined using improvised drinkers made of rubber container and 

a perforated cover attached to another cover of larger size. Each drinker has a 

capacity of one liter and dispenses water as the bird drink.  This helps to 

minimize wastage. Another drinker was placed in a separate cage to quantify 

evaporative water loss. Each group was weighed using weighing balance and 

a rubber cage made by Ok plast® Nigeria limited.  

3.3 ANIMAL TREATMENT 

The daily water requirement of each quail was found to be 64.8ml/day and 

50% was 32.4 ml/bird/day. 

Birds in group A were provided feed and water ad lib (control group). While 

groups B and C were provided with only 50 % of their daily water 

requirements. In addition, group C birds were supplemented with AA 

dissolved in drinking water. The summary of the treatments for each group 

are as follows: 

Group A (Control group): Provided with 100 % water requirement ad libitum  

Group B: Deprived of 50 % daily water requirement 

Group C: deprived of 50 % daily water requirement and supplemented with 

AA at 250 mg / 2 liters of water 
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3.4 METEOROLOGICAL DATA AND CLOACAL TEMPERATURE 

MEASUREMENT 

 The ambient temperature (AT) , relative humidity (RH) were obtained from 

NAMET station in Sokoto and cloacal temperature (RT) of the quails were 

recorded at the experimental site at 08:00h for 3 weeks using a digital clinical 

thermometer made by (Cruse®) Netherlands, as described by FAO, (2009). 

The temperature and relative humidity during the first, second and third 

weeks of the experiment were 37.7 0C and 19 %, 28.9 0C and 33 % and 25.5 

0C and 78 % respectively. 

3.5   SAMPLE COLLECTION 

A total of 10 birds out of each group were sacrificed and 3-5 ml of blood 

sample was collected from each bird. 2-3ml of the collected blood sample was 

transferred into a plane test tube, and 1-3 ml was transferred into a specimen 

bottle containing 8mg of disodium salt of ethylene diaminetetra-acetic acid 

[2mg of EDTA/2ml of blood (Oyewale, 1992)].  

3.6 HEMATOLOGICAL ANALYSIS 

The packed cell volume (PCV) was determined using Na-heparinised 

microhematocrit capillary tube (Marienfeld Laboratory glassware, 

Germany®), Microhematocrit centrifuge (Hawksley and Sons limited, UK) 

and Microhematocrit tube reader (Hawksley and Sons limited, UK) as 
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described by Schalm et al., (1975).  Total erythrocyte and total leucocyte 

counts were determined using microscope slide, Neubauer-improved 

Haemacytometer (Marienfeld Laboratory glassware, Germany®),  and 

compound light microscope as described by Schalm et al., (1975). 

Haemoglobin was determined by cyanmethemoglobin method using 

Spectronic 20D (Bran Scientific and instrument company, England), as 

described by Ochei and Kolhatkar, (2000) 

 

 

3.7 BIOCHEMICAL ANALYSIS 

The plane blood sample was centrifuged using test tube centrifuge at 4000 

rpm for 10 minutes and the serum was collected and transferred into a plane 

sample bottle and was taken to Usmanu Danfodiyo University Teaching 

Hospital for analysis of glucose, total protein, cretinine, albumin, calcium, 

potassium, phosphorous and magnesium. 

Glucose was determined by glucose oxidase method using glucose oxidase 

peroxidase reagent (Julio and Horachio, 1995). Total protein was determined 

using Biuret method while albumin was determined using Bromocresol Green 

method as described by Doumas et al., (1971).  Sodium and potassium were 

determined by flame photometry (JENWAY Flame Photometer PFP7, United 
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Kingdom).  Calcium and phosphorus were determined using atomic 

absorption spectrophotometer as described by Fick et al. (1979). Urea was 

determined colorimetrically using Diacetyl Monoxime method as described 

by Alex and LaVerne (1983). Creatinine was determined colorimetrically 

using Rebbery – Follin Wu method as described by Ochei and Kolhatkar, 

(2000). Uric acid was determined colorimetrically using the Caraway method 

as described by Ochei et al. (2000). 

Tissue samples from the kidney and liver were collected for histological 

preparation as described by Ofusori and Caxton-Martins (2008). 
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3.8 STATISTICAL ANALYSIS 

The data of haematological parameters, serum biochemical parameters and 

cloacal temperature were analysed using One Way Analysis of Variance 

(ANOVA) with Duncan post hoc test. Values were expressed in means ± 

standard deviation from the mean. A value of P < 0.05 was considered 

statistically significant. Weekly trend in cloacal temperature of experimental 

quails was presented in a line chart. Variation in body weight between the 

groups was presented using scatter charts, and Pearson correlation was used 

to compare their interrelationship. Statistical analysis was performed using 

GraphPad InStat for Windows, (version 3.05), and data analysis tool pack of 

Microsoft Office Excel, 2007 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 CLOACAL TEMPERATURE 

Variations in the cloacal temperature of experimental quails as presented in 

table 3 indicate that there were no significant differences between the cloacal 

temperature of quails in group A and B, likewise group B and C.  But the 

mean cloacal temperature of quails in group C was significantly higher 

(p<0.05) than that of group B at the end of one week of experimentation. The 

difference between mean cloacal temperature of quails in group B and C was 

not statistically significant, while quails in group B and C had a significantly 

higher (P<0.05) cloacal temperature than quails in group A at the end of two 

weeks of experimentation. At the end of three weeks of experimentation, 
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differences in cloacal temperature between the three groups were not 

statistically significant.  

The time course of changes in clocal temperature of the three groups of 

experimental quails presented in figure 1 showed that the  treatment groups 

recorded the highest cloacal temperature at the end of two weeks of 

experimentation and lowest cloacal temperature at the end of three weeks of 

experimentation. 

 

 

Table 4.1:   Cloacal Temperature in control, water deprived and water 

deprived and vitamin c supplemented Quails. Mean±SD 

   Weekly mean 

cloacal Temperature 

 

    Group A      Group B      Group C 

Week 1 41.31±0.86a 41.58±0.94ab 41.73±0.88b 

Week 2 41.60±1.04a 42.0±0.75b 41.92±0.90b 

Week 3 40.60±1.47a 40.74±1.04a 40.86±1.06a 
abc: Means in the same row with different superscript are statistically different 

at P<0.05. 
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4.2 BODY WEIGHT CHANGES IN QUAILS 

Changes in body weight were correlated to show the linear relationships 

between body weights of quails in groups A and B, groups A and C, and 

groups B and C respectively . A non significant negative correlation between 

body weights of quails in group A and B, and group A and C were observed, 

while body weights of group B and C quails were positively correlated but the 

correlation was not statistically significant.  

Figure 4.1 shows the negative linear relationship between body weights of 

quails in groups A and B and figure 4.2 shows the negative linear relationship 
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between body weights of quails in groups A and C. While figure 4.3 shows 

the positive linear relationship between body weights of quails in group B and 

C. 

 

 

 

 

 

 

 

 

 

 

Table 4.2: Pearson Correlation Coefficients of the Body Weights in 

control, water deprived and water deprived and vitamin c supplemented 

Quails.  

Groups Pearson correlation coefficient  

                  (r) 
 

Group A Vs Group B              - 0.741 NS 

Group A Vs Group C              -0.970 NS 

Group B Vs Group C               0.880 NS 

NS: Not significant 
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Figure 4.1: Correlation between Body Weights of Experimental Quails in 

Groups A and B 
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Figure 4.2:   Correlation between Body Weights of Experimental Quails 

in Groups A and C  
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Figure 4.3:   Correlation between Body Weights of Experimental Quails 

in Groups B and C  
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4.3 HAEMATOLOGY 

 The means of the PCV, red blood cells count and haemoglobin between the 

groups were not statistically significant. Quails in group C had a numerically 

higher WBC count than those in group A and B, while WBC count of group 

B quails was higher than that of group A. However, these variations in WBC 

count were not statistically significant. The differential white blood cells 

count revealed statistically insignificant variations between the groups, 

though quails in group B and C had a numerically higher heterophils than 

group A.  Quails in group B had higher eosinophils and monocytes count, 

while the highest lymphocytes count was recorded in quails in group C. 
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Table 4.3: Haematological Parameters in control, water deprived and 

water deprived and vitamin c supplemented Quails. Mean±SD 

Parameter Group A Group B Group C 

PCV (%) 42.67±5.61a 43.83±2.78a 44.17±1.72a 

RBC (× 106/mm3) 5.68±0.85a 5.56±1.13a 5.81±0.91a 

Haemoglobin (g/dl) 8.47±0.98a  8.68±1.05a 8.35±0.74a 

WBC (× 103/mm3) 16.26±1.94a 16.96±1.10a 17.18±1.67a 

Heterophil  (× 

103/mm3) 

3.87±1.33a 4.06±1.58a 4.02±1.18a 

Eosinophils (× 

103/mm3) 

0.29±0.10a 0.41±0.24a 0.22±0.12a 

Basophils (× 

103/mm3) 

0 0 0 

Lymphocytes(× 

103/mm3) 

10.88±2.10a 11.36±2.21a 12.72±2.80a 

Monocytes (× 

103/mm3) 

0.69±1.49a 0.93±1.62a 0.80±1.32a 

 abc: Means in the same row with different superscript are statistically 

different at P<0.05. 

PCV: Packed Cell Volume 

RBC: Red Blood Cells 

WBC: White Blood Cells. 
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4.4 SERUM BIOCHEMICAL PARAMETERS 

The serum biochemical parameters of the experimental quails are presented in 

table 2. Blood glucose level was significantly higher (P<0.05) in quails in 

group C than in group A, while differences between the means of group A 

and B, and then group B and C with respect to   blood glucose level were not 

statistically significant. Serum total protein was highest in group A and lowest 

in group B, but variations in serum total protein and albumin between the 

three groups were not statistically significant. Differences in the mean 

concentrations of sodium, potassium, calcium and phosphorus between the 

three groups were considered not statistically significant. Variations in serum 

uric acid level between the three groups were not statistically significant. The 

differences in serum urea level between group A and B, and group B and C 

were not significantly different, but group C quails had a urea level which 

was significantly higher (P<0.05) than group A. There was no significant 

difference in creatinine level between group B and C, but the level of 
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cretinine in group B and C were significantly higher (P<0.05) than that of 

group A.  

 

 

 

Table 4.4:   Serum Biochemistry in control, water deprived and water 

deprived and vitamin c supplemented Quails. Mean±SD 

Parameters Group A Group B Group C 

Glucose (mmol/L) 10.10±1.41a 12.27±0.59ab 13.90±1.45b 

Total protein (g/dl) 4.53±2.15a 3.77±0.49a 3.83±0.51a 

Albumin (g/dl) 1.80±0.61a 1.43±0.31a 1.77±0.31a 

Sodium (mmol/L) 127.67±27.21
a 

130.00±10.00a 151.00±6.08a 

Potassium 

(mmol/L) 

3.20±1.25a 2.10±0.17a 3.57±0.96a 

Calcium (mmol/L) 2.71±2.37a 2.33±0.30a 3.49±0.54a 

Phosphorus 

(mmol/L) 

0.99±0.01a 1.07±0.07a 1.00±0.14a 

Uric acid () 7.20±2.49a 7.07±0.67a 3.77±0.23a 

Urea (mmol/L) 2.30±0.69a 3.77±0.80ab 4.23±0.47b 

Creatinine (mg/dl) 0.53±0.06a 0.83±0.06b 0.83±0.06b 
abc: Means in the same row with different superscript are statistically different 

at P<0.05. 
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4.5 HISTOLOGICAL STUDIES 

  
 
PLATE 4.1: Photomicrograph of Liver from group A quails showing normal 

hepatocytes (Blue arrow) with numerous cells undergoing mitotic cell 

division (Red arrow) H&E x300 
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PLATE 4.2: Photomicrograph of Liver from group B  quails (-AA) showing 

normal hepatocytes (Blue arrow) with numerous  necrotized  hepatocytes 

(Dark spots)  H&E x300 
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PLATE  4.3: Photomicrograph of Liver from group C quails (+AA) showing 

normal hepatocytes (Blue arrow) with moderately necrotized  hepatocytes 

(Dark spots)  H&E x300 
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PLATE 4.4: Photomicrograph of Kidney from group A quails showing 

normal glomerulus (Red arrow) H&E x300 
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PLATE  4.5: Photomicrograph of Kidney from group B quails (-AA) showing 

congested glomerulus (Red arrow) H&E x300 
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PLATE 4.6: Photomicrograph of Kidney from group C quails (+AA) showing 

moderately congested glomerulus (Red arrow) H&E x300 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER FIVE 

5.0 DISCUSSION 

5.1  CLOACAL TEMPERATURE 

There appears to be no significant statistical difference between the cloacal 

temperatures of group A and B. But that of A and C appeared to be 
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statistically different in the first week. Vitamin C may have acted as pro-

oxidant thereby promoting the effect of free radicals and enhancing heat 

generation and body temperature in group C quails. The difference in body 

temperature in the second week was statistically significant between the 

control and the experimental groups. This may be due to the effect of water 

deprivation on the plasma volume which leads to a decrease in blood volume 

and resulted in an increase cardiac activity thereby increasing body 

temperature. It could also be due to high ambient temperature prevailing 

during the first and second weeks of the study which may have stimulated 

thermoregulatory activities such as increase respiratory rate but with reduced 

evaporative heat loss due to body water deficit resulting in increased body 

temperature. 

The absence of significant difference in the body temperature between the 

groups in the third week of the study could be due to the change in 

environmental temperature as there was a drop in ambient temperature and a 

rise in relative humidity. This might have resulted in heat conservation by the 

body as pulmocutaneous  heat loss is greatly reduced with reduced ambient 

temperature. 

5.2 BODY WEIGHT 



xciv 
 

There was no statistically significant difference in terms of body weight 

between the groups.  This could be due to the fact that pulmocutaneous water 

loss is only slightly greater than metabolic water production in quails and also 

due to the nature of the experiment .i.e. partial water deprivation. This finding 

agrees to the report of Bartholomew and Dawson, (1953), that the California 

quail can survive for a month or more on a dry diet without drinking and that 

in this species, pulmocutaneous water loss is only slightly greater than 

metabolic water production. The capacity for prolonged survival on a dry diet 

appears also to be dependent on the fact that this species can tolerate a 

reduction in body weight of approximately 50 per cent during water denial 

Bartholomew and Dawson, (1953). Bartholomew and Mac Millen, (1961) 

also reported that quail have great tolerance for dehydration. This is because 

the rate of weight loss in quails during dehydration is constant and the mean 

weight loss on dry diet without drinking water is about 1.6 percent of the 

initial body weight per day.  In addition, the minimum water required for 

maintenance of body weight averages 1.8 percent body weight per day. The 

California quail have lower water requirement and greater tolerance of 

dehydration.  This situation is probably related to the limited mobility of the 

quail (Bartholomew and Mac Millen, 1961). Similarly, Tuleun et al., (2011) 

had reported that quails appeared to exhibit some level of tolerance to heat 
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stress. This tolerance may prevent necessary physiological adjustments that 

will enhance water loss during exposure to heat. 

5.3 HEMATOLOGICAL PARAMETERS 

Although there was no significant statistical difference in the hematological 

parameters (PCV, RBC,WBC and Hb) between all the groups, PCV appeared 

to be higher in the experimental groups compared to the control group. This 

could be as a result of haemoconcentration following water restriction. These 

observations are in conformity with the findings of Brown and Jones, (1996), 

that water deprivation for up to 11 days had no significant effect on 

haemoconcentration and PCV in ostrichs. Similarly, Musa et al.,(2008) and 

Tuleun et al.,(2011), reported no significant difference in the hematological 

parameters of quails exposed to heat stress and supplemented with 200mg 

AA. 

However, the observations contradict the findings of Mafuvadze et al., 

(2008); Nirat and Ratana, (2005); Koike et al., (1983) and Arnason et al., 

(1986) who reported increase in hematological parameters in their studies.  

 

 

 5.4 SERUM BIOCHEMISTRY 
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Plasma glucose level varied considerably and was significantly higher in the 

experimental groups compared to the control group. This could be attributed 

to the glucogenic effect of corticosteroids that may have been released due to 

the stress induced in this study. While no significant difference was observed 

in Plasma sodium levels between the groups,  the dehydrated groups had 

apparently higher sodium values. Presumably the higher values of plasma 

sodium in the experimental groups could be due to water loss during water 

restriction which causes an increase in the relative ratio of sodium to water in 

the body.  Also the apparent increase in haematocrit values and plasma 

sodium concentration may be attributed to the dehydration caused by the 

water restriction. This may have caused decreased blood volume and 

increased renal retention of sodium. The presumably higher values of sodium 

in the experimental groups may be due to decreased GFR and increased renal 

tubule reabsorption of  salt and water. This conforms to the reports of Krag 

and Skadhauge, (1972); Roberts, (1991); Nishimura et al., (1984) and Koike 

et al., (1983).  Nirat and Ratana, (2005), reported no plasma sodium increase 

in pullets deprived of water for 48 hours. 

 Cretinine and urea levels varied significantly between the groups. This could 

be as a result of protein catabolism to generate water resulting in increased 

production of creatinine as by-product of protein catabolism. This agrees with 



xcvii 
 

the finding of Alexander and Christopher, (2011) that birds catabolise protein 

to produce water endogenously during period of water restriction. Similarly, 

Berneis et al., (1999) and Hausinger, (1996), had reported that 

hyperosmolality alone may influence cellular metabolism in mammals, 

ultimately resulting in elevated protein catabolism. This could be seen in the 

reduction in total protein in this research. 

Birds typically maintain plasma volume during water restriction (Carmi et al., 

1994). Elevated plasma osmolality may be a response to dehydration that 

facilitates the maintenance of plasma volume by favoring the movement of 

intracellular water to blood vessels down the osmotic gradient, thus resulting 

in cellular dehydration (Arad et al., 1989). There is evidence indicating 

hyperosmolality alone may influence cellular metabolism in mammals, 

ultimately resulting in elevated protein catabolism (Berneis et al., 1999 and 

Hausinger, 1996). The resulting endogenous water production may alleviate 

cellular dehydration, while amino acids and peptides may bring intracellular 

osmolality toward equilibrium with the interstitial fluid and plasma. This 

mechanism would not only liberate water, but would reduce the osmotic 

gradient between the intra- and intercellular compartments. Responses of 

birds to extended dehydration typically include reduced glomerular filteration 

rate and increased tubular  reabsorption of water, resulting in production of 
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more concentrated urine (Goldstein and Braun, 1988; Goldstein and 

Skadhauge, 2000). Although no significant difference was observed between 

the groups in this experiment, the pattern in uric acid excretion is consistent 

with this response. However, the magnitude of the response in this research 

was mild, perhaps because the water restriction in this experiment was not 

absolute and the duration was also relatively short. Birds are uricotelic and 

utilize extra-renal water reabsorption in the colon to minimize excretory water 

losses Goldstein and Skadhauge, (2000). For this reason, birds may be distinct 

from mammals in their ability to benefit from a protein-for-water strategy so 

long as urine as urine does not reach a concentration where extra-renal 

absorption is repressed Goldstein and Braun, (1988).  

During dehydration, an increase in plasma osmolality acts on osmoreceptors 

in the hypothalamus to stimulate thirst and increase the release of the 

antidiuretic hormone AVP from the posterior pituitary Andersson et al., 

(1982). The hormone AVP increases the water permeability of the collecting 

ducts in kidneys Nielsen et al., (1995). The kidneys are responsible for 

maintaining the total body water and its distribution, electrolyte composition 

of body fluids and acid-base balance Skotnicha et al., (2007) 

 

5.5 HISTOPATHOLOGY 
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 The histopathologic findings in the liver indicated cellular necrosis of the 

hepatocytes in dehydrated quails. This could be as a result of continuous 

movement of intracellular water to blood vessels as a response to water 

deprivation thereby resulting in cellular dehydration and consequently cell 

dead. This observation agrees with the findings of Arad et al., (1989).  

 The lesions observed in the kidneys of the water restricted quails were 

suggestive of cellular necrosis which could be as a result of cellular 

dehydration following prolonged period of water deprivation. This agrees 

with the findings of Siller (1981), that reduced availability of drinking water 

may cause avian kidney diseases. It also agrees with the findings of Julian 

(1982), who reported water deprivation as the major cause of outbreak of 

urolithiasis and acute kidney diseases in laying hens. 
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5.6  CONCLUSION 

Base on the findings of this research, we concluded that, the quail appeared 

not to be affected by water restriction and 250mg AA supplementation was 

not beneficial in quail subjected to water restriction.  

5.7 RECOMMENDATIONS 

 

We recommend that other researches should be conducted at different seasons 

of the year using different doses of AA. Also research should be conducted to 

investigate the role played by hormones in water restricted quails. 
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