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ABSTRACT

The levels of serum biochemical indices have a direct association with the status and

performance of animals at every given stage of its life. The current study was carried out in the

University of teaching and research farm, Benin City to evaluate the relationship between some

breed of rabbit, some biochemical parameters and weight of kits. The experimental animals were

Dutch and NewZealand white rabbits. The design used for the experiment was Completely

Randomized Design. Biochemical parameters measured where body weight of kits ALP, ALT

and AST levels. The data collected were subjected to one way statistical analysis of variance.

The results showed that ALP, ALT and AST levels were significantly affected (P<0.05) by

breeds of rabbits. Dutch does had higher values for ALP (20U/L), ALT (17U/L) and AST

(12.5U/L) compared to NewZealand does which recorded lowest for ALP (15U/L), ALT (5U/L)

and AST (6U/L). All measured biochemical parameters of Dutch and NewZealand does had no

significant effect (P>0.05) on body weight of kits. Body weight of NewZealand kits were

numerically but not statistically higher than Dutch kits. The results showed that NewZealand kits

recorded highest for body weight at week 6 (551.67), week 7 (576.67), week 8 (604.00), week 9

(631.67) and week 10 (641.67) compared to Dutch kits which recorded lowest for body weight

at 6th (506.67), 7th (548.00), 8th (575.00), 9th (595.83 + 30.25) and 10th week (635.33)

respectively. It was obtain from this study that the breed of an animal can significantly affect the

levels of some biochemical parameters such as ALP, ALT and AST. Recommended as a result

of this study is that NewZealand rabbits should be the genotype of choice for broiler rabbit

production and the nee for more needed attention to be paid to the biochemical indices in

animals.



4



5

ACKNOWLEDGEMENT

Foremost of all, I want to thank God for keeping me throughout the duration of this research

study. My sincere thanks to my supervisors, Prof. A. M. Orheruata and co-supervisor Mr Paul

Aduba, for their seasoned guidance during the course of this project. I want to offer my warm

appreciation to the Head of Departmnt, Prof. J. M. Omoyakhi, and lecturers in the Faculty of

Agriculture, who had somehow contributed to the success of the project. Special thanks to Dr.

Bello for his immerse help during the course of this work. To my course adviser Dr. N. C.

Akaeze i say thank you sir for your guidiance. All my love to my mother, Late Ms. Bridget, my

aunts Odiri and Favour for thier constant love and suppor. My cousins Marho and Rukevwe

whose support system constant fed me love and light. My elder sister Philomina for always been

there when need be. To my project partners, Efe, Edit, Wale, Ese, Joshua, Destiny, Kelvin, Faith,

Winifred, Motun and Kelvin, , if they were to fall on its back and start again, I would pray for it

to still be you. You were a pure joy to work with, thank you. My warmest regards to Splendour,

Grace, and Williams for all the help and support all through the course of the practical.

Thank you to everyone who helped, I am deeply grateful.



6

CERTIFICATION

This is to certify that this project work was carried out by Wisdom Onoriode Ugbodaga ,

Department of Animal Science, Faculty of Agriculture, University of Benin, Benin City, Nigeria,

under the supervision of Professor A. M. Orheruata and co-supervision of Mr. Paul Aduba.

____________________ ____________________

Professor A. M. Orheruata Date

(Supervisor)

_____________________ _____________________

Mr. Paul Aduba Date

(Co-supervisor)

____________________ _________________

Prof. J. M Omoyakhi Date

(Head of Department)



7

DEDICATION

This work is dedicated to my family for their overwhelming love and support throughout the

course of my study in the University of Benin and to God Almighty for His loving Kindness that

have seen me through these years of study.



8

ABSTRACT

The current study was carried out to evaluate the relationship between some breed of rabbit,

some biochemical parameters and weight of kits. The experimental animals were Dutch and

NewZealand white rabbits. The design used for the experiment was Completely Randomized

Design. Biochemical parameters measured where body weight of kits ALP, ALT and AST levels.

The data collected were subjected to one way statistical analysis of variance. The results showed

that ALP, ALT and AST levels were significantly affected (P<0.05) by breeds of rabbits. Dutch

does had higher values for ALP, ALT and AST compared to NewZealand does. All measured

biochemical parameters of Dutch and NewZealand does had no significant effect (P>0.05) on

body weight of kits. Body weight of NewZealand kits were numerically but not statistically higher

than Dutch kits.
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CHAPTER ONE

1.0 Introduction

Population growth in the developed countries is stabilizing while that of developing countries

including Nigeria is still increasing rapidly (Mailafia et al., 2010). This calls for increasing the

production of livestock to meet the protein demand of the populace. In recent years there has

been increased awareness of the advantages of rabbit meat production in Nigeria as a means to

alleviate food shortages (Baruwa, 2014).

Production of rabbit is of great economic importance in livestock industry and its profitability

solely depend on the performance of the rabbit stocks. Rabbit production for meat is an

important livestock activity in many countries (Shewita et al., 2012). Rabbits are characterized

by small body size, short gestation period, high reproductive potential, rapid growth rate, genetic

diversity, and their ability to utilize forages (Mailafia et al., 2010).

Biochemical indices plays significant role in animal performance. Some functions of

biochemical indices in animal body includes: coagulation of blood, maintaining osmotic pressure,

regulation of acid base balance, as reserved protein and antibodies (e.g albumin and globulin).

Biochemical indices are also involved in catalyzing certain biochemical reactions in the body of

man and animals according to Tasha (2014). Example of such reaction is the conversion of

alanine to pyruvate where alanine aminotransferase (ALT) act as the catalyst. ALT enzyme

catalyzes the transfer of amino groups from L-alanine to α-ketoglutarate, and the converted

products are L-glutamate and pyruvate in the liver, which is a critical process of the tricarboxylic
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acid (TCA) cycle (Zhengtao et al., 2014). Alkaline phosphate is an enzyme which helps to break

down protein in the body in different form (Aladin, 2017).

Although the importance of biochemical indices in rabbit performance cannot be

overemphasized, literature reports established relationship between biochemical indices and

animal performance are scanty. This research therefore aim at determining the role of feed intake

and some biochemical indices in rabbit performance.

1.1 Statement of the Problem

Nigeria like many other developing country is faced with worsening situation of inadequate

protein consumption (Adekunmi et al., 2017). The increasing need to reduce protein deficiency

has resulted to the establishment of various sector of the livestock industry of which rabbit

production is a major segment. Despite the potential of livestock production in increasing

household income and nutrition, its productivity is still low. And as noted by Abel et al. (2015),

production of animals such as rabbits has not meet their full potential in Nigeria. This is due to

the poor awareness of animal nutrition and biochemical indices among other factors. Challenges

regarding rabbit farming still exist (Abel et al., 2015). Sejian (2012) and Hangu et al. (2013) has

shown that rabbit producers are faced with problems such as high mortality, miscarriages, low

income from rabbit sales arising from poor growth and pest and diseases. Biochemical indices

also play important role in determining the health performance of animals. High value of some

biological parameters such as Aspartate Transaminase (AST), Alkaline Phosphate (ALP),

Alanine Transaminase (ALT) and Albumin (ALB) has health implication which may affect

animal performance. Abnormal levels of ALP in blood most often indicate malnutrition, kidney
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cancer tumors, intestinal issues, a pancreas problem, or a serious infection (Ellen, 2019). There

are very low awareness of the correlation between biochemical indices and animal performance

by many farmers. Against this backdrop this study was carried out to investigate the impact of

biochemical indices in animal (rabbit) performance.

1.2 Objectives of the study

The broad objective of the study is to evaluate the role of biochemical indices in the performance

of rabbits.

The specific objectives are to determine:

1. Body weight rabbit does.

2. Body weight of the rabbit kits.

3. Some biochemical indices of the rabbits.

1.3 Justification of the Study

The purpose of this study is to examine the activities of some biochemical parameters in rabbits

as it relate to performance. While different literatures has reported on the activities of some

biological parameters in human and animals, there are little knowledge on it relationship with

rabbits performance. As population increases progressively, there is a mandatory need to

increase livestock production as a means of improving animal protein (Mailafia et al., 2010).

Rabbit production is one segment of the livestock industry that can help in achieving this goal

due to its fast production cycle. Many studies have justified rabbit production as a desirable and

profitable venture (Okojie et al., 2004). It is very obvious that good health of the animal is
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needed to achieve this goal. Results from biochemical analysis may be useful in determining the

health status of animal as a means of preventing against poor performance and improving

productivity. Therefore result from this study will provide useful information that can help in

improving rabbit production.
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CHAPTER TWO

LITERAURE REVIEW

2.1 A Review on Rabbit Production and Performance in Nigeria

Rabbit’s production in Nigeria plays a significant role in the development and provision of food

and materials for marketing purposes (Salihu et al., 2020). Rabbit is micro – livestock producing

about 47kg of meat per doe per year which enough to solely meat the animal protein requirement

of medium sized family under small scale rural farming system (Adedeji et al., 2012). Baruwa

(2014), also posited that rabbit production has gain recognition for having the significant

potential of improving food security in Nigeria. Advantages of growing rabbits includes: high

fertility rate, rapid rate of growth; high feed efficiency and early marketing age and high

muscle-bone ratio ( Shewita et al., 2012).

Socio-economic characteristics of the rabbit’s farmers consist of the distribution of farmers in

age, gender, marital status, stock size and other characteristics. The distribution of rabbits

farmers by occupation which was prove to be 33% of all farmers are government employees

(civil servants, teachers, etc) while 39% and 28%represent private sector(artisans, business man,

farmers, etc) and others (student, retirees, etc) respectively (Salihu et al., 2020). This trend shows

that those engaged in rabbit farming cut across all professions and walks of life in the society

(Oseni et al., 2008).

Also the distribution of rabbit farmers by person(s) in charge of the units by purpose for keeping

rabbits is a significant proportion of the farmer, (60%) indicated that the primary reasons for

keeping rabbits was for consumption with occasional sales of excess stocks according to Salihu
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et al., 2020. this implies that rabbit keeping serves the primary goal of providing supplemental

protein for the household. The management of rabbit is done on a small- scale by a peasant

farmer is raised for many different uses, and they can play an important role in a small

sustainable family operation. While the most common use in agricultural industries is for meat,

rabbit also is raised for pelts, manure, show, and laboratory use.

Rabbit meat is high in protein. Samkol et al. (2008) reported that rabbit meat is high in protein

and low in fat, calories, and cholesterol when compared to most of the meat consumed. Rabbit

meat is cheap in terms production compared to beef, chicken and frozen fish (Abel et al., 2015).

Rabbits are prolific and will breed year-round in well managed Rabbitries. Does have been

known to kindle (give birth) up to 23 kits at one time according to (Salihu et al., 2020). With

proper management, rabbits can be kindled more intensively. Rabbit are ready for market at four

to five pounds. It usually takes eight weeks to reach this weight with proper care and feeding.

Rabbits have an efficient feed conversion ratio - the amount of feed consumed per pound of body

weight gain. A doe can produce up to 10 times its own weight, or more in offspring per year

according to Salihu et al., 2020. Rabbit meat is one of the most nutritious meats available. It is

the high in protein, low in fat and cholesterol. The meat is recognized has having high dietetic

qualities, making rabbit production an attractive option for worldwide diversification of meat

supply (Mcnitt et al., 2013)

2.2 Biochemical Indices and Animal performance

Biochemical profiles are being extensively used in veterinary medicine not only for individual

Blood clinical evaluation, but also to assess animals populations, because when properly
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interpreted these figures provide important information about animal's clinical status, nutritional

balance, deficits situation, treatment evaluation and prognosis (Sharon et al., 2015).

Biochemical indices plays significant roles in animal performance. Some functions of

biochemical indices in animal body includes: coagulation of blood, maintaining osmotic pressure,

regulation of acid base balance, as reserved protein and antibodies (e.g albumin and globulin).

Biochemical indices are also involved in catalyzing certain biochemical reactions in the body of

man and animals according to Tasha (2014). Example of such reaction is the conversion of

alanine to pyruvate where alanine aminotransferase (ALT) act as the catalyst. Biochemical

parameters has standard normal levels depending on the parameter of concern. Values higher or

lower than the normal range is an implication of medical concern. Tasha (2016) posited that an

abnormal level of biological parameters indicate disease condition such as hepatitis, acute renal

failure, cirrhosis of liver, heart attack, muscle injury inflammation of the pancreas and many

more.

Recent research has established a relationship between biochemical indices and animal

performance. Research conducted by Ghanem (2016), suggest that biochemical parameters had

significant effects on animal performance such as growth and body conformation. Odetola et al.

(2018) and several other literatures also had similar finding. Sallam et al. (2020) reported

decreased in weight of New Zealand White and Baladi rabbits as the level of biochemical

parameters such as alkaline phosphate (ALP), aspartate aminotransferase (AST), alanine

aminotransferase (ALT) and serum protein increases although mortality was not affected

significantly.
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High or low levels of biochemical parameters has some health implications in animals. For

example celiac disease, scurvy and hypoproteinemia are accompanied by low levels of some

biochemical parameters such has alkaline phosphate (ALP) and serum proteins (albumin and

globulin). While disease conditions like rickets, bone tumors, liver cirrhosis, hepatitis and

cardiovascular disease are accompanied by high levels of biochemical parameters like alkaline

phosphate, albumin, globulin, glucose, aspartate aminotransferase and alanine aminotransferase.

It is very obvious that animal health has significant impact on their performance. Research by

Dena Jones (2018) suggest that the health of farm animal affects their productivity as well as

safety and product of the animals. The variation in the performance of animals with high or low

levels of biochemical parameters may be due to the health implication posed by the varied levels

of biochemical parameters.

2.2.1 Usefulness of the Aminotransferases (Alanine Aminotransferase (ALT) and Aspartate

Aminotransferase (AST)

Transaminase enzymes, alanine aminotransferase (ALT) and aspartate aminotransferase (AST)

catalyzes the conversion of the amino acid alanine and aspartate to pyruvate and oxaloacetate,

respectively (Bestol, 2010). They are normally referred to as the aminotransferases. AST and

ALT are commonly measured to detect liver injury; however, both enzymes are present in high

concentrations in liver and several other tissues. AST activity is higher in kidney, heart, and

skeletal muscle than liver, whereas ALT activity is highest in liver (Sharon, 2015). According

Thrall (2007), ALT is a specific liver enzyme for animals, therefore, between liver function tests

it is considered the most common and best for liver damage detection. ALT serum increased

activity indicates a cell damage (Bestol, 2010).
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In regard to animal performance, some literatures has reported on the influence of AST and ALT.

AST and ALT elevated above normal level according to Medilab, (2019), has being found to

indicate some disease conditions such as toric hepatitis, liver cirrhosis, inflammation of the

pancreas, acute renal failure and loss of kidney functions. Research conducted by Mohamed et al.

(2019) suggest that animals with high level of ALT and AST had slow growth performance than

their counterpart. Low level of ALT and AST is also a medical concern and may be due to

malnutrition, starvation and some other disease conditions.

While ALT is common with the liver, AST is also found in red blood cells, kidney cells and

pancreas, and in smaller quantities, in cardiac and skeletal muscle cells. Increase in AST and

ALT activity indicates severe damage to hepatocytes, with degeneration or necrosis (Bestol,

2010).

2.2.2 Usefulness of Alkaline Phosphate

Alkaline phosphatase (ALP) is a homodimeric protein enzyme of 86 kilodaltons (Wikipedia,

2021). Several literatures has shown that ALP has the physiological role of dephosphorylating

compounds (Shipman et al., 2013). Alkaline phosphate is an enzyme which helps to break down

protein in the body in different form depending on where it originate (Aladin, 2017). The normal

range of alkaline phosphate in the blood is 40-125 U/L, (Aladin, 2017). Due to its widespread

prevalence in these areas, its concentration in the bloodstream is used by diagnosticians as a

biomarker in helping determine diagnoses such as hepatitis or osteomalacia (Dhruv et al., 2017).

Ghanem, (2016) and Odetola et al., (2018) reported that animals with increased level of alkaline

phosphate had poor growth response and body conformation compared to those with normal
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levels. Research conducted by Sallam et al. (2020) also indicated that New Zealand White and

Baladi rabbits with high level of alkaline phosphate showed lower weight. Decreased level of

alkaline phosphate is also detrimental to both man and animals as it is associated with certain

disease like celiac disease and scurvy according to Aladdin (2017) which can affects animal

performance significantly.

The level of alkaline phosphatase in the blood is checked through the ALP test, which is often

part of routine blood tests. The levels of this enzyme in the blood depend on factors such as age,

sex, or blood type (Dhruv et al., 2017).

It is believed that blood levels of alkaline phosphatase also increase during pregnancy as result of

additional alkaline phosphatase produced by the placenta (Shipman et al., 2013). Additionally,

abnormal levels of alkaline phosphatase in the blood could indicate issues relating to the liver,

gall bladder or bones. Kidney tumors and infections as well as malnutrition have also shown

abnormal level of alkaline phosphatase in blood (Healthline, 2017).

2.3 Effect of Feed Intake on Biochemical Indices

Nutrition plays a major role in animal metabolism. The type of feed and method used in feeding

animals affect every performance of the animals from production, reproduction and health to the

physical wellbeing of the animals. Several metabolic reactions in the body also need feed to

function. For example glycolysis requires diet containing glucose to take place. Muhamed et al.

(2016) earlier noted that nutrition among other factors had significant effect on small ruminant

metabolism.
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Several literatures has reported on the effect of feed intake on biochemical indices. Report from

Washaya., et al. (2019) showed that feeding Lablab purpureus and Vigna unguiculata to goat

had significant effect on albumin (ALB) and Alanine phosphate (ALP) at 95% confident level

although there was no significant effect on Alanine Aminotranfserase (ALT) and Aspatate

Aminotransferase (AST). It is evident that protein based diet can increased the level of globulin

and alanine since both belong to the family of globular protein. Elamin et al. (2011) on the effect

of different feed on performance and some blood constituent of local rabbits reported that

albumin level varied significantly (p<0.05) between rabbits fed C. ternatea and Barseem. Data

obtained by Shewita et al. (2012) indicated that blood serum total protein, albumin and globulin

concentration of rabbits decreased significantly with increased level of allicin. It is therefore

believed that different type of feed can affect the level of biochemical indices although may not

posed harmful consequences according to Veronica et al. (2003)

2.4 Effect of Feed Intake on Performance of Different Breeds of Rabbit

Nutrition is the most important factor in livestock production and the growth and profitability of

livestock depends on what and how the animals are fed in most cases. The causes of weight loss,

mortality and miscarriage has been linked with some nutritional and managerial implications by

several literatures. Sobri et al., (2019) reported that post weaning rabbit fed with fibre rich diet

recorded less mortality compare those fed with less fibres. Maringa (2013), also reported a

positive correlation between feed nutrient and weight gain. Other literatures such as Rosell et al.

(2016), and Abeer et al., 2011 also established that nutrition and management had significant
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effect on rabbit performance. Although post- weaning feed intake limitation strategy in rabbit are

now frequently employed in rabbit breeding system to reduce the incidence of post-weaning

digestive trouble and improve feed efficiency (Thierry et al., 2012). This therefore suggest that

feed intake can significantly affect livestock performance.

2.4.1 Effect of Feed Intake on New Zealand Rabbits

New Zealand white rabbit is one of the most important breed of commercial and experimental

rabbits in the world (jiali et al., 2020). Several literature reports has shown significant effect of

feed intake on New Zealand rabbits. A study conducted by Amin et al. (2019), showed that

weight gain and feed intake increased significantly when leuceana leaf meal was added to the

diet fed to New Zealand white male rabbits. Amin et al., 2019 suggested that the reason for

increased feed intake was due to the palatable nature of leuceana leaf to rabbits. Providing high

quantity and quality meal to New Zealand white rabbits will increase their performance, although

Maria et al. (2012) reported that feed restriction or manipulation does not really have adverse

effect on grower’s rabbit. Amin et al. (2019) reported 4.60 ± 0.55 for feed conversion ratio

which corresponded with that reported by Statria (2008) with values ranging from 3.63 to 5.63.

Report from Rizqiani (2011) showed that daily weight gain of New Zealand white rabbit was 17.

60g/day mean while Amin et al. (2019) recorded values ranging from 10.56 to 20.20 g/day.

2.4.2 Effect of Feed Intake on Dutch Rabbits

Dutch rabbits are light breed of rabbits with an average body weight of 1.6-2.5kg (Akpobasa,

2013). The coat fur is short with a characteristic white with black, blue or brown, chocolate steel.

They are well furred with clear bright eyes free form spot and discoloration in the iris. As with
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other breeds of rabbit, Dutch rabbits also respond to the effect feed intake. Results from Prebble

et al. (2015) showed that Dutch rabbits fed hay diet where more active than those fed with muesli

only. The higher activity levels and absence of abnormal behavior when hay was fed support

recommendation that forage should form a significant portion of diet for domestic rabbits

(Prebble et al., 2015). Akpobasa 2013 posited that feed manipulation (restriction) can account for

compensatory growth in growers Dutch rabbits even though it may result to weight loss.

2.4.3 Effect of Feed Intake on Hyla Rabbits

Hyla rabbit is a genetically modified broiler rabbit bred to have fast growth and reach a table size

within 3 months. Hyla rabbits can reach an average body weight of 2kg. It is a pure white with

pink eyes. Hyla rabbits are fery fertile although as noted by Christine et al. (2011), hot and

humid climate can significantly affect some reproductive trait of Hyla doe. Hyla is a breed that

has fast growth and high feed conversion as well as large litter size and high survival rate (Want

et al., 2016).

Literature reports on the efdect of feed intake on the performance of Hyla rabbits are scanty.

However, Wang et al. (2017) reported that a short term feed restriction improved feed

conversion ratio in a lasting way, transiently alters serum and IFG-1 levels and lead to

compensatory growth in growing dutch rabbits.
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2.4.4 Effect of Feed Intake on Baladi Rabbits

Baladi rabbit breed is an Egyptian domestic rabbit breed (Mostafa et al., 2020). It is used

primally for meat production. Baladi rabbits comes in three coat colors: black, red or white. This

rabbits weigh approximately 2.7 kg and a typical litter consist of about 5 to 6 kits. Elamin et al.

(2011) reported that he daily weight gain of Baladi rabbit was 9 gram/day. This is in line with

result obtained by Akinmutimi et al. (2008) who recorded 9.04 gram/day.

Elamin et al. (2011) also reported a significant difference in feed intake when Baladi rabbits

were fed different type of diet. The highest intake was observed for Barseem (64.17g/day) and

the lowest intake was observed for sweet potato and ternatea (61.30 and 56.53g/day

respectively)). Shanti et al. (2018) also found that dry matter feed intake and growth of Baladi

rabbits decreased linearly but 1.16 +_ 0.080 g/day and 0.998+_ 0.062g/day respectively.

2.5 Effect of breed on biochemical indices

It has been known for long that the breed an animal belongs to can influence their performance

and also the way and manner of certain biochemical reactions. Although it is obvious that

biochemical indices varies from one animal family to another, not too many literatures however

has being able to establish significant differences for animal belonging to the same family but

different breed. Research conducted by Nkeke et al. (2020) on the effect of different breed of

chickens on biochemical parameters showed no significant difference in the level of albumin,

cholesterol, total protein and aspartate amino transferase among breeds. Alkaline phosphate

however differ significantly among the breeds of chickens. Fedrick et al. (2018) also reported

significant difference in the level of biochemical parameters of different breeds of guinea fowl.
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2.6 Reference value of Biological parameters for Some Animals

The values of biological parameters varies from one animal to another. Some literatures has been

able to establish values for these parameters in different species of animals although, these

values varies among different literatures.

Table 1: Reference values of biological parameters for some animal species

Species

Parameters

Glucose(
mg/dL)

ALB
(mg/dL)

ALT
(mg/dL)

AST
(mg/dL)

ALP
(mg/dL)

GLB
(mg/dL)

Cattle 82-116 34-42 13-17 80-160 79-172 15-23

Goat 49-76 44-63 40-100 27-52 21-165 31-36

Rabbit 81-183 20-41 14-46 13-47 21-48 35-43

Chicken 73-106 18-22 19-66 18-40 32-43 16-21

Deer 67-89 33-37 19-25 78-90 66-72 33-42

Sheep 51-78 45-64 40-120 22-49 32-60 33-40

Human 72-130 35-48 17-21 40-80 53-128 23-35

ALB =Albumin, ALT = Alanine Aminotransferase, AST= Aspartate Aminotransferase, ALP = Alkaline

Phosphatase, GLB = Globulin. Reference values extracted from Shami (2003), Karwan et al. (2016), Samira et al.,

2016), Hajarah et al. (2020), Ajayi et al., 2012 and Wikipedia (2021).
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2.7 Relationship between Biochemical Parameters and Reproductive Traits

Most mammals show a seasonal pattern in reproductive activity that is shaped by biochemical

activities in the body. Some reports has it the level of some biochemical parameters such as ALP

increases during pregnancy. Biochemical estimates of blood serum can also be used for semen

evaluation since using semen characteristics alone are not completely satisfactory for semen

appraisal in the current practice of commercial artificial insemination (Lincoln et al., 1990).

2.7.1 Some Biochemical Parameters and Semen Characteristics

Biochemical evaluation of blood and its relationship with physical characteristics are still

completely unknown (Gündoğan et al., 2009). With better knowledge of reproductive physiology,

more accurate andrological evaluation could be conducted, which would improve reproductive

efficiency and enhance breeding schemes and the rate of genetic gain. Seminal lipids play

significant roles in the membrane structure of spermatozoa, sperm metabolism, sperm

capacitation, and fertilization of the female gamete (Kelso and Redpath, 1997) Cholesterol is a

precursor in the synthesis of sex hormones. The concentration of transaminase enzymes (AST

and ALT) in semen is a good indicator of semen quality because it measures sperm membrane

stability (Corteel, 1980). Furthermore, many studies have correlated the AST level in semen with

sperm concentration (Zedda and Bini 1996).
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Research conducted by Gundogan et al. (2009), established as Positive relationships between

percentage of abnormal spermatozoa and AST level, and AST/ALT ratio in blood serum

(P < 0.01) (r: 0.595) and a negative correlations were found with sperm concentration, AST level,

and AST/ALT ratio (P < 0.01) (r: − 0.613).

2.7.2 Some Biochemical Indices during Pregnancy

Interpretation of laboratory investigations relies on reference intervals. Physiological changes in

pregnancy may result in significant changes in normal values for many biochemical indices.

Several studies have documented the physiological changes that occur in many biochemical

laboratory tests in pregnancy (Klajnbard et al., 2010, Abbassi et al., 2009). Stephanie and Adam

(2018), reported that a negative relationship exist between pregnancy time and the level of ALT

and AST. Pregnancy is associated with mild falls in alanine aminotransferase and aspartate

aminotransferase (AST) (Stephanie and Adam, 2018). Pregnancy is also associated with a fall in

serum albumin beyond what would be expected from the increase in circulating volume, and

despite a 50% increase in albumin synthesis in the liver, and it has been hypothesised that there

might be albumin catabolism to improve delivery of amino acids to the fetus (Klajnbard et al.,

2010).

Alkaline phosphatase however increases with increase in pregnancy period. Levels of alkaline

phosphatase (ALP) rise due to production of the placental isoenzyme, as well as a significant

increase in bone isoenzyme in third trimester (Stephanie and Adam, 2018). The level of ALP

need to be checked during pregnancy. An acute rise in ALP may signify placental damage or
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infarction. Elevated placental ALP may also be seen with antiphospholipid syndrome. (Delluc et

al., 2008).

2.7.3 Biochemical Parameters and other Reproductive Traits

Biochemical indices plays significant roles in animal performance. Some functions of

biochemical indices in animal body includes: coagulation of blood, maintaining osmotic pressure,

regulation of acid base balance, as reserved protein and antibodies (e.g albumin and globulin).

Biochemical indices are also involved in catalyzing certain biochemical reactions in the body of

man and animals according to Tasha (2014).

Although biochemical indices plays significant role in animals, excess or deficiency of it has

been correlated with some reproductive traits. Abigail et al. (2008), revealed that levels of

alanine aminotransferase (ALT) and gamma glutamyltransferase (GGT) decreased linearly as

birth-weight increases. Same report also established that alkaline phosphatase (ALP) levels

increases as birth-weight decreases. No evidence was found for associations of birth-weight with

aspartate aminotransferase (AST) and albumin. Svjetlana et al. (2016), also found a positive

correlation between ALP and abnormal fetus, and premature death of fetus. Some research has

also explained that dramatic elevation in placental alkaline phosphatase is associated with right

upper quadrant pain during the third trimester of a pregnancy complicated by gestational diabetes.

This may be the reason for abnormal birth of fetus.

Research conducted by Mohamed et al. (2019) reported no correlation between levels of ALT

and AST and conception rate, weaning weight and survival rate of young kids. Ghanem, (2016)
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though observed a negative correlation between ALP and weaning weight and survival rate.

Odetola et al. (2018) reported no correlation between ALP and Survival rate and conception rate .

Research conducted by Sallam et al. (2020) also indicated that New Zealand White and Baladi

rabbits with high level of alkaline phosphate showed lower birth-weight and weaning weight.

AST and ALT has a negative correlation with fertility in male (Gundogan et al., 2009).
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CHAPTER THREE

MATERIALS AND METHOD

3.1 Experimental Location

The experiment was conducted in University of Binin teaching and research farm Edo State. It is

located between latitude 60oE and 30oN of the greenish meridian of the forest zone with a

temperature of 27.6oc. Annual rainfall ranges from 1498 to 3574mm with the mean value

2162mm. The relative humidity ranges between 63.3 and 81.71% and daily sunshine is between

5.85 and 7.5 hours with mean value of 72.5 and 6.8 hours respectively (NAA, 2015).

3.2 Experimental Animals

Seven rabbits were sourced form a reputable source and used for the experiment. The

experimental animals consist of Dutch rabbits (male and female) and New Zealand (male and

female). The animals were kept separately in different hutches in the University of Benin farm

house.

3.3 Experimental feed

The experimental Animals were fed concentrate feed (top feed finisher) and grass (Panicum

maximum). The concentrate feed was fed to the animals using a hanging feeder. The forage was

chopped into smaller size before being fed to the animals.
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3.4 Experimental Design and Model

The experimental animals were randomly assigned to different hutches according to their breeds.

The design for the experiment is completely randomized design. The model for the experiment is

given bellow:

Hij = µ + Ai + ɛij

Where µ = Population mean

Ai = the ith animal receiving the jth treatment

ɛij = Random error associated with the experiment.

3.5 Data collection and statistical analysis

The data on weight gain of doe and body weight of kit were collected on weekly basics. Data

were also collected for Aspartate Transaminase (AST), Alkaline Phosphate (ALP) and Alanine

Transaminase (ALT). The data collected were subjected to one way statistical analysis of using

SPSS. Significant means differences were separated using the Duncan multiple range test

technique.
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CHAPTER FOUR

RESULTS

4.1 Results

Tab 1: shows the means of some biochemical parameters of NewZealand and Dutch breeds of

rabbits. The one way analysis of variance showed that breed had significant effect at 5%

confident level (P<0.05) on the levels of Alkaline Phosphatase (ALP), Aspartate Transaminase

(AST), and Alanine Transaminase (ALT). Dutch rabbit rabbit recorded highest for Alkaline

Phosphatase (ALP) with average value of 20 U/L, while NewZealand rabbits recorded lowest

for Alkaline Phosphatase (ALP) with average of 15U/L. Alanine Transaminase (ALT) was

highest in Dutch rabbits (17U/L) and lowest for NewZealand breed of rabbits (5U/L). Dutch

rabbit also recorded highest for Aspartate Transaminase (AST) with average of 12.5U/L.

Tab 1: Some biochemical parameters of different Dutch and NewZealand does

DT 20a 17a 12.5a

NZ 15b 5b 6b

LSD 2.238** 2.818** 3.190**

DT = Dutch deo, NZ = NewZealand doe, LSD = Least Segnificant Differences , ALP = Alkaline
Phosphatase, AST = Aspartate Transaminase, and ALT = Alanine Transaminase, ** = significant.

Breed ALP ALT AST
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compared to Neazealand with the lowest record (6U/L).

Fig 1: Average ALP of Dutch and NewZealand rabbits Fig 2: Average ALT of Dutch and NewZealand rabbits

.

Fig 3: Average AST of Dutch and NewZealand rabbits
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Tab 2: shows the effect of some biochemical parameters on the weekly body weight of kits of

different. The results showed that the levels of ALP, ALT and AST had no significant effect

(P>0.05) of the weekly body weight of Dutch and NewZealand kits.

The analysis of variance showed that NewZealand kits with the lowest levels of ALP, ALT and

AST recorded highest for body weight at week 6 (551.67), week 7 (576.67), week 8 (605.00),

week 9 (631.67) and week 10 (641.67) compared to the body weight of Dutch kits which

recorded lowest for body weight at 6th (506.67), 7th (548.00), 8th (575.00), 9th (595.83) and

10th week (635.33) respectively. Although NewZealand kits had the highest record for body

weight for all the weeks compared to Dutch kits, the results from the one way analysis of

variance showed that the differences between the means were not statistically significant

(P>0.05).
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Tab 2: Effect of some biochemical parameters of does on body weight of kits

ALP

20 DT 507 548 575 596 635

15 NZ 552 577 605 632 642

LSD 131.7NS 116.1NS 117.6NS 107.2NS 107.1NS

ALT

17 DT 507 548 575 596 635

5 NZ 552 577 605 632 642

LSD 131.7NS 116.1NS 117.6NS 107.2NS 107.1NS

AST

17.5 DT 507 548 575 596 635

6 NZ 552 577 605 632 642

LSD 131.7NS 116.1NS 117.6NS 107.2NS 107.1NS

WOKAW6, 7, 8, 9 & 10 = Weight of kits at week 6, 7, 8, 9 and 10 respectively, DT = Dutch deo, NZ =
NewZealand doe, LSD = Least Segnificant Differences , ALP = Alkaline Phosphatase, AST = Aspartate
Transaminase, and ALT = Alanine Transaminase, NS = Non Significant.

BREED WOKAW6 WOKAW7 WOKAW8 WOKAW9 WOKAW10
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Fig 4:Mean body weight of Dutch and Newzealand kits at 6th, 7th, 8th, 9th10th weeks of age as
affected by ALP levels.

Fig 5:Mean body weight of Dutch and Newzealand kits at 6th, 7th, 8th, 9th10th weeks of age as
affected by ALT levels.
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Fig 6: body weight of Dutch and Newzealand kits at 6th, 7th, 8th, 9th10th weeks of age as affected
by AST levels
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CHAPTER FIVE

DISCUSSION

5.1 Discussion

As presented in Tab 1, breed of rabbit had significant effect at 5% confident level (P<0.05) on

the levels of Alkaline Phosphatase (ALP), Aspartate Transaminase (AST), and Alanine

Transaminase (ALT) of Dutch and NewZealand does. Result from this study showed that does

belonging to the Dutch breed were highest for ALP (20U/L), ALT (17U/L) and AST (12.5U/L)

as compared to NewZealand does which recorded lowest for ALP (15U/L), ALT (5U/L) and

AST (6U/L). The values of all biochemical characteristics measured in this study for

NewZealand doe were bellow the physiological range reported by Archetti et al. (2008), Ibrahim

et al. (2018) and Sobhy et al. (2020) whose ranges were within 40 to 48U/L. Result from this

study revealed that breed significantly affect the levels of some biochemical parameters such

ALT, ALP and AST. This is consistent with the finding of Fedrick et al., 2018. In agreement

with this study, Sobhy et al. (2020) also reported significant difference (P<0.05) between values

of AST, ALP and ALT of different breeds of rabbits. Contrary to this study, Nkeke et al. (2020)

reported that values of biochemical parameters do not vary among breeds. Henry et al. (2016).

also had similar findings. This discrepancy among literature results may be due to several factors

that includes the condition and diet of the animals. Washaya., et al., (2019) established from their

findings that the diet of animals can significantly affect the level of albumin (ALB) and Alanine

phosphate (ALP). It is believed that different type of feed can affect the level of biochemical

indices although may not posed harmful consequences according to Veronica et al. (2003).
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As presented in Tab 2: body weight of Dutch and NewZealand kits did not vary significantly

(P>0.05) at 6, 7, 8, 9 and 10th weeks of age. ALP, ALT and AST levels of does did not have

significant effect (P>0.05) on weekly body weight of dutch and NewZealand kits. Results

obtained showed that NewZealand kits recorded highest for body weight at week 6 (551.67),

week 7 (576.67), week 8 (604.00), week 9 (631.67) and week 10 (641.67) compared to Dutch

kits which recorded lowest for body weight at 6th (506.67), 7th (548.00), 8th (575.00), 9th

(595.83 + 30.25) and 10th week (635.33) respectively. The values for NewZealand kits were

numerically but not statistically higher than those of Dutch kits. Ajayi et al. (2018) also reported

higher values of body weight for NewZealand rabbits compared to Dutch rabbits. Dutch does

with higher values of ALP, ALT and AST recorded lowest for body weight. Although Dutch

does had the highest levels of ALP, ALT and ALT, the kits however had lower values for body

weight compared to NewZealand kits although the differences where not statistically significant. .

Although biochemical indices plays significant role in animals, excess or deficiency of it has

been correlated with some reproductive traits. Abigail et al. (2008), revealed that birth-weight of

progeny increased linearly as levels of alanine aminotransferase (ALT) of parent decreases.

Several other reports also established that alkaline phosphatase (ALP) levels increases as weight

of kits decreases although no evidence however were found for associations of birth-weight with

aspartate aminotransferase (AST) (Abigail et al., 2008). Research conducted by Sallam et al.

(2020) also indicated that New Zealand White and Baladi rabbits with high level of alkaline

phosphatase showed lower weight of kits.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The weekly body weight of kits and some biochemical parameters of two breeds of rabbits viz

Dutch and NewZealand were evaluated. The result showed that breed had significant effect on

the body weight and biochemical parameters such as ALP, ALT and AST. ALP, ALT and ALT

values were higher in Dutch does compared to NewZealand does. Kits weight of NewZealand

were numerically but not statistically higher than kits weight of Dutch.

Lots of literature has it that increased level of biochemical parameters can have effect animal

performance negatively due to health implications. The variation in the performance of animals

with high or low levels of biochemical parameters may be due to the health implication posed by

the varied levels of biochemical parameters. Research by Dena Jones (2018) suggest that the

health of farm animal affects their productivity as well as safety and product of the animals.

Result from this study therefore suggest that relationship exist between biochemical parameters

(such as ALP, ALT and AST), breed of rabbit and their performance.

6.2 Recommendations

From the findings of this study, it is recommended that NewZealand rabbits should be the

genotype of choice for better production. It is also recommended that more attention should be
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given to biochemical indices in animals in order to avoid the consequences that comes along

with its excess and deficiency.



40

References

Abbassi-Ghanavati M, Greer LG, Cunningham FG. Pregnancy and laboratory studies: a

reference table for clinicians. Obstet Gynecol 2009; 114: 1326–1331.

Abeer. N, Amhed. S.E and Hallah. S.F (2011). Feed restriction during pregnancy on performance

and productivity of New Zealand white rabbit does. International Journal of Veterinary

Medicine. Vol 11 (4): 109-122.

Abel. M, Osoro. K, Dickson and Grtabu. A (2015). Analysis of factors influencing farmer’s

adoption of improved rabbit production techniques: A case of Nyamira country Kenya.

Journal of humanity and social science. Vol 20 (4): 90-104.

Abigail Fraser, Shah Ebrahim, George Davey Smith and Debbie A Lawlor (2008). The

associations between birthweight and adult markers of liver damage and function.

Paediatr Perinat Epidemiol. 22(1):12-21.

Adedeji, I.A., I.O., Adejumo, and K.S., Obaniyi, 2012. Information needs of farmers in rabbit

production in Sagamu Local Government Area of Ogun State. Continental J. Agricultural

Economics 6 (1): 23 - 27,

Adeva-Andany, M. M.; Pérez-Felpete, N.; Fernández-Fernández, C.; Donapetry-García, C.;

Pazos-García, C. (2016). "Liver glucose metabolism in humans". Bioscience Reports . 36

(6)

Adwkunmi A. O, Ayinde J. O and Ajala A.O (2017). An assessment of animal protein

consumption patterns among rural duellers in osun state Nigeria. Ife journal of

Agriculture. Vol 29(1) 1-11.



41

Agboola M.O and Bacilar M, (2012). Impact of Food Security on Urban Poverty: A Case Study

of Lagos State, Nigeria. Procedia Social and Behavioral Science. Vol 6. 1225-1229.

Ajayi, Ayodeji F, and Raji, Y. (2012). Haematological and serum biochemical indices of

prepubertal male rabbits fed with graded level of bloodwild sunflower forage meal

mixture. African Journal of Biotechnology Vol. 11(35), pp. 8730-8734

Akinmutimi, A.H. and C.C. Osuagwu, (2008). Response of weaner rabbits fed graded levels of

sweet potato meal in place of maize-based diet. Pak. J. Nutr., 7: 705-709.

Akpobasa B. I. O (2013) Influence of Feed Manipulation on Growth of Dutch Rabbits. Journal

of Agricultural And Veterinary Science. 5(1) 19-31.

Archetti I. C, Titterelli M, Cerioli R, Brivio G, Grilli A and Lavazza (2008). serum chemistry

and haematology valuesin commercial rabbits: preliminary data from industrial farms in

northern Italy. Preceedlings of 9thWorld Rabbit congress, verona, italy: 1147-1152.

Babatunde RO and Qaim M. 2010. Impact of off-farm income on food security and nutrition in

Nigeria. Food Policy. Vol 35 (4): 303–311.

Bamaiyi P.H (2013). Factors Militating Against Animal Production in Nigeria. International

Journal of Livestock Research. 3(2):54-56.

Bamaiyi PH. 2012. Factors Militating against the control of Helminthosis in Livestock in

developing countries. Veterinary World. Vol 5 (1): 42–47..

Baruwa. O.I (2014). Profitability and constraint of rabbit production under tropical condition in

Nigeria. Journal Livestock science. 5: 83-88.



42

Bastos R.K.G, A.M.C. Meneses; V.T. Almeida; L.H.C. Pereira; N.F. Souza; C.C.G. Moraes;

R.B.S. Kuroda; D.J.S. Lima; M.J.F.M. Figueiredo; A.C.A. Pereira; M.A.M.K. Alves; R.N.

Dias Neto; R.F. Andrade; A.C.F. Cardoso; L.S. Seixas; E.N.L. Andrade; G.S. Oliveira;

K.A. Reis; A.C.C. Lacreta Junior; E.R. Branco; F.C.M. Oliveira; B.M.A. Leandro (2010)

Serum Alanine Aminotransferase (ALT) and Aspartate Aminotransferase (AST)

Determination in Dogs From Belem, Pará State, Brazil. World Small Animal Veterinary

Association World Congress.

Beauchemin K.A., Kreuzer M., O׳Mara F., McAllister T.A. Nutritional management for enteric

methane abatement: a review. Aust J Experi Agr. 2008;48:21–27. [Google Scholar]

Benjamin Caballero, Paul Finglas, Fidel Toldrá: Encyclopedia of Food and Health. Academic

Press (2016).ISBN 9780123849533 , Volume 1, p. 76.

Boland MJ, Rae AN, Vereijken JM, Meuwissen MPM, Fischer ARH, Van Boekel MAJS,

Rutherfurd SM, Gruppen H, Moughan PJ and Hendriks WH. 2013. The future supply of

animal-derived protein for human consumption. Trends in Food Science & Technology.

Vol 29 (1): 62–73.

Chrysostome C. A, Houndonougbo A. F, Gbangboche A. B and Houangni M. S, (2017).

Evaluation of Production Performancr of Hyla Rabbits in a Hot and Humid Region in

Benin. Research Opinion in Animal and Veterinary Science. 1(10). 669-678.

Columbia Encyclopedia, 6th ed.. 2015. Glucose, Encyclopedia.com. 17 Nov. 2015

http://www.encyclopedia.com.



43

Corteel JM (1980). Effects of blood serum on the survival and fertility of spermatozoa kept in

vitro. Reprod. Nutr. Dev. 20: 1111–1123.

Delluc C, Costedoat-Chalumeau N and Saadoun D (2008). Elevation of alkaline phosphatase in a

pregnant patient with antiphospholipid syndrome: HELLP syndrome or

not? Rheumatology. 47: 554–555.

Development of feeding systems and strategies of supplementation to enhance rumen

fermentation and ruminant production in the tropics. J Anim Sci Biotechnol. 2013; 4:32.

[Google Scholar]

Dhruv L, Savio J (2017). Alkaline Phosphatase Level Test (ALP)". Healthline. StatPearls.

Elamin K.M, Elkhaire M.A, Ahmed H.B, Musa A.M and Bakhiet A.O, (2011). Effect of

Different Feeds on Performance and Some Blood Constituents of Local Rabbits.

Research Journal of Veterinary Sciences, 4: 37-42.

Ellen. E (2019). Alkaline phosphate level test. https://www.healthline.com/health/alp.

Ellen. E (2019). Alkaline phosphate level test. https://www.healthline.com/health/alp..

Farrugia A (January 2010). "Albumin usage in clinical medicine: tradition or therapeutic?”

Transfusion Medicine Reviews. 24 (1): 53–63.

Fasoyiro SB and Taiwo KA. 2012. Strategies for Increasing Food Production and Food Security

in Nigeria. Journal of Agricultural & Food Information. Vol 13 (4): 338–355.

Fedrick Y. O, Zoudi S.A and Raphael A.A, (2018) effect of age, breed andsex on haematological

and biochemical parameters in helmeted guinea fowl (Numida meleagris). Comp Clin

Pathol 27, 901-909.

https://www.healthline.com/health/alp


44

Geng F , Li S, Cao Y, (2017)."Genome-Wide Identification and Comparative Analysis of

Albumin Family in Vertebrates. Evolutionary Bioinformatics Online . 13:

1176934317716089.doi : 10.1177/1176934317716089.

Ghanem H.A, A.I. Ateya, Y.Y. El Seady, S.M. Nasr and N.A. El Kholy, 2016. Effect of Breed,

ApoVLDL-II Gene Polymorphism and Metabolic Biochemical Markers on Growth and

Body Composition Traits in Commercial Broiler Breeds. Asian Journal of Animal and

Veterinary Advances, 11: 548-555.

Gündoğan M. Yeni D, Uçar M and Özenc E (2009). Relationship between Some Reproductive

Parameters and Biochemical Properties of Blood Serum in Rams. Journal of

Reproductive Systems. Volume 50, Issue 6Pages 387-390.

hanthakhoun V., Wanapat M., Wachirapakorn C., Wanapat S. Effect of legume (Phaseolus

calcaratus) hay supplementation on rumen microorganisms, fermentation and nutrient

digestibility in swamp buffalo. Livestock Science. 2011;140:17–23. [Google Scholar]

Hypoalbuminemia: Background, Pathophysiology, Etiology". Medscape Reference. 2019-11-10.

Retrieved 2019-12-22.

Ibrahim B. S, Ahmad A.S, Qasim A, Abdul Q. R and Tayyab H (2018). Nutritional Assessment

of Dietary Bt and Cp4EPSPS Proteins on the Serum Biochemical Changes of Rabbits at

Different Developmetal stages. Frontiers in Nutrition.

https://doi.org/10.3389/fnut.2018.00049.

Jones, J. G. (2016). "Hepatic glucose and lipid metabolism" . Diabetologia. 59 (6): 1098–103.

doi :10.1007/s00125-016-3940-5 . PMID 27048250.



45

Joseph, Abraham j, Wiseman, David (2011). Handbook of Biodegradable Polymers. p. 275.

Kelso KA and Redpath A (1997). Lipid and antioxidant changes in spermatozoa and blood

serum throughout the reproductive period of bulls. J of Reprod. and Fert. 109: 1–6.

Kenji Kamide: Cellulose and Cellulose Derivatives. Elsevier, 2005, ISBN 978-0-080-45444-3 , p.

1.

Klajnbard A, Szecsi PB, Colov NP, et al. (2010). Laboratory reference intervals during

pregnancy, delivery and the early postpartum period. Clin Chem Lab Med; 48: 237–248.

Lichenstein HS, Lyons DE, Wurfel MM, Johnson DA, McGinley MD, Leidli JC, et al. (July

1994). "Afamin is a new member of the albumin, alpha-fetoprotein, and vitamin D-

binding protein gene family". The Journal of Biological Chemistry. 269 (27): 18149–54.

PMID 7517938.

Lincoln GA, Lincoln CE, McNeilly AS (1990). Seasonal cycle in the blood plasma concentration

of FSH, inhibin and testosterone, and testicular size in rams of wild, and domesticated

breeds of sheep. J. of Reprod. and Fert.. 88: 623–633.

Maringa (2013). Effect of nutritional density and season on the performance of young rabbit

does before the first mating. International Journal of Animal Breeding and Reproduction.

Vol 35 (4): 267-279.

Martin C., Morgavi D.P., Doreau M. Methane mitigation in ruminants: from microbe to the farm

scale. Anim. 2010; 4:351–365.



46

McNitt J.I., Lukefahr S.D., Cheeke P.R., Patton. H.M. CABI Wallingford and Boston, (2013).

Rabbit Production. 9th Edition.300 -309.

Medilab Academiy (2019). Alanine Aminotransferase and Aspartate Aminotransferase.

Https://www.youtube.com/channel/UCJRuYmtHDfEtpXFFq2wwGvg

Melissa Conrad Stöppler, Robert Ferry Jr., MD, FAAP Medically (2019). Normal Blood Sugar

Levels (Ranges) In Adults with Diabetes.

https://www.medicinenet.com/normal_blood_sugar_levels_in_adults_with_diabetes/artic

le.htm. Retrieved April, 2021.

Midaoui A, Champlain J (2005). Effects of glucose and insulin on the development of oxidative

stress and hypertension in animal models of type 1 and type 2 diabetes. J Hypertens. 2005

Mar;23(3):581-8. doi: 10.1097/01.hjh.0000160215.78973.ba. PMID: 15716700.

Mokoro. A, Osoro. K, Dickson and Grtabu. A (2015). Analysis of factors influencing farmer’s

adoption of improved rabbit production techniques: A case of Nyamira country Kenya.

Journal of humanity and social science. Vol 20 (4): 90-104.

Mokoro. A, Osoro. K, Dickson and Grtabu. A (2015). Analysis of factors influencing farmer’s

adoption of improved rabbit production techniques: A case of Nyamira country Kenya.

Journal of humanity and social science. Vol 20 (4): 90-104.

Mostafa a. R, dorina M, Mohamed s, Ayman A and Monica M, (2020).Rabbit meat production

and its impact on food security, small holders income and economy. Agricultural research

and technology. Open access journal. 23(5):55-62.



47

Ninfa AJ, Ballou DP, Benore M (2010). Biochemistry and Biotechnology. USA: John Wiley &

Sons, INC. pp. 229–230.

Norrapoke T., Wanapat M., Wanapat S. Effects of protein level and mangosteen peel pellets

(mago-pel) in concentrate diets on rumen fermentation and milk production in lactating

dairy crossbreds. Asian-Aust J Anim Sci. 2012; 25:971–979.

Odetpla O. M, Adedeji O.Y, Saka A. O, Edeolu M.E and Adejola A.Y (2018). Effect of water

acidification on growth response and serum biological indices of broiler chickens.

Nigerian journal of Animal Science. Vol 20(4). ESSN:1119-4308.

Peter C. Heinrich (2014). Löffler/Petrides Biochemie und Pathobiochemie. Springer-Verlag,

ISBN 978-3-642-17972-3, p. 195.

Population RB. 2012. 2012 World Population Data Sheet [online]. Population Reference Bureau

2012. Available from: http://www.prb.org/pdf12/2012-population-data-sheet_eng.pdf

[Access: March 20, 2021].

Prebble J, Fritha M.L, Darren J.S and Anna L.M (2015) The effect of four different feed regime

on rabbits behavior. Applied Animal Behavior Science. 169.

DIO10.1016/j.applanim.2015.05.003.

Reginald H. Garrett: Biochemistry. Cengage Learning, 2012, ISBN 978-1-133-10629-6 , p. 551.

Rosell. J.M and Fuente. L.F (2016). Causes of mortality in breeding rabbits. Preventive

veterinary medicine, vol 2 (3): 19-36.

Sachan N, Singh VP and Verma AK. 2012. In Vitro Meat - The Start of New Era in Meat

Production. International Journal of Livestock Research. Vol 2 (1): 38–51.



48

Salihu Abdullahi Abubakar and Abdulrahman Bello (2020). Rabbit Production in Semi Arid

Zone of Sokoto State. 2020 - 7(3). AJBSR.MS.ID.001147. DOI:

10.34297/AJBSR.2020.07.001147.

Sallam S M A, S Ahmed Omnia Essa T Rabie (2020) The Effect of Breeds And Feed

Restriction Level on Serum Biochemical Response of Rabbits. DOI:

10.21608/ejap.2019.98432

Samkol P, SD Lukefatir (2008) A Challenging Role for organic Rabbit production Towards

Poverty Alleviation in Soulth East Asia 9th world Rabbit Congree, Verona, Italy.

Sauvant D., Giger-Reverdin S (2007). Empirical modelling meta-analysis of digestive

interactions and CH4 production in ruminants. In: Ortigues-Marty I., Miraux N., Brand-

Williams W., editors. Energy and protein metabolism and nutrition. Wageningen

Academic Publishers; Wageningen, The Netherlands. p. 561. EAAP publication no. 124.

[Google Scholar]

Schenck, Fred W. (2006). "Glucose and Glucose-Containing Syrups". Ullmann's Encyclopedia

of Industrial Chemistry. doi : 10.1002/14356007.a12_457.pub2.

Schoentgen F, Metz-Boutigue MH, Jollès J, Constans J, Jollès P (June 1986). "Complete amino

acid sequence of human vitamin D-binding protein (group-specific component): evidence

of a three-fold internal homology as in serum albumin and alpha-fetoprotein". Biochimica

et Biophysica Acta (BBA) - Protein Structure and Molecular Enzymology. 871 (2): 189–

98.



49

Sejian, V. (2012).Environmental Stress and Amelioration in Livestock Production. Retrieved

from DOI: 10.1007/978-3-642-29205-7_2on 26th April, 2014.

Shami S.A (2003). Studies on Normal Haematological and Biochemical Parameters of Hassawi

Cattle Breed in Saudi Arabia. Pakistan Journal of Biological Sciences: Volume 6 (14):

1241-1242.

Shanti H, Omaer J, Alwaheidi I, Abdallah J and Dbadran E, (2018).Effect Of Substituting

Hydroponic Barley For A Commercial Feed On Performance And Blood Metabolite Of

Young Baladi Rabbits Imported And Indigenous. Journal of Animal Science. 39(5)

ISSN2286_5314.

Sharon A. (2015). Enzyme Activity in Hepatic Disease in Small Animals. Center, BS, DVM,

DACVIM, Department of Clinical Sciences, College of Veterinary Medicine, Cornell

University.

Sheludiakova A, Rooney K, Boakes RA. Metabolic and behavioural effects of sucrose and

fructose/glucose drinks in the rat. Eur J Nutr. 2012 Jun;51 (4):445-54. doi:

10.1007/s00394-011-0228-x. Epub 2011 Jul 29. PMID: 21800086.

Shewita. R, Ktcha. M.I, Soltan. M.A (2012). Growth performance, immune response, carcass

traits and nutrient digestibility of growing rabbits fed on diet supplement with graded

level of allicin (garlic extract). Department of Animal Nutrition and Clinical Nutrition,

Faculty of Veterinary medicine, Alexandra University. Vol 37 (3): 337-345.

Shipman KE, Holt AD, Gama R (April 2013). "Interpreting an isolated raised serum alkaline

phosphatase level in an asymptomatic patient". BMJ. 346: f976. doi : 10.1136/bmj.f976.



50

Sobhy S, Ahmed S, Omnia, Rabie T (2020). Feed Restriction Level on Serum Biochemical

Response of Rabbits. Egyptian Journal of Animal Production.57, 99-105.

Sobri. M, Wiryawan. K and Wibawan.W (2019). Effect of fibre on rabbit during the post

weaning period. Pakistan Journal of Nutrition. Vol 18 (2): 101-108..

Stephanie Teasdale and Adam Morton (2018). Changes in biochemical tests in pregnancy and

their clinical significance. Obstet Med. 2018 Dec; 11(4): 160–170.

Svjetlana Lozo, Amir Atabeygi , and Michael Healey (2016). Extreme Elevation of Alkaline

Phosphatase in a Pregnancy Complicated by Gestational Diabetes and Infant with

Neonatal Alloimmune Thrombocytopenia. Open Access Journal. Case Reports in

Obstetrics and Gynecology. https://doi.org/10.1155/2016/4896487.

Thierry .G, Sylvie .C, Fortun .L (2012) Feed intake limitation strategies for the growing rabbit:

Effect on feeding behaviour, welfare, performance, digestive physiology and health: A

review. Animal 6(9):1407-1419.

Voet, Judith G. Voet: Biochemistry, 4th Edition. John Wiley & Sons, 2010, ISBN 978-0470-

57095-1 . p. 363.

Wang D, Lu J, Shen Y, Hie Z, Dai.x, Zhang J and Li H, (2017). Effect of short term feed

restriction on growth performance, blood metabolites and hepatic IGF-1 LEVEL IN

GROWING RABBITS. World rabbit science. Vol 25. 223-239.



51

Wang J, Ywan S, Manricio A, Xianbo J, Shiyi C and Songjia L, (2016). Comparism of carcass

and meat quality trait among three rabbit breeds. Food science of animal research

36(1)84-89.

Watts M. 2006. Empire of Oil. Monthly Review: 1–18.

Wenyue Kang and Zhijun Zhang (2020): Selective Production of Acetic Acid via Catalytic Fast

Pyrolysis of Hexoses over Potassium Salts. Catalysts, volume 10, pages 502-515.

doi :10.3390/catal10050502

Wikipedia (2021). Alkaline Phosphate. https://wikipedia.org/wiki/Alkaline_phosphatase

Wikipedia (2021). https://wikipedia.org/wiki/Glucose.

World Health Organization (2019). World Health Organization model list of essential medicines:

21st list 2019. Geneva: World Health Organization.

Yebra-Biurrun, M.C. (2005), "Sweeteners". Encyclopedia of Analytical Science, Elsevier, pp.

562–572, doi : 10.1016/b0-12-369397-7/00610-5 ,ISBN 978-0-12-369397-6

Zedda MT and Bini PP (1996). Constituents of blood serum of the ram. Bull. Soc. Ital. Biol. Sper.

72: 227–230.

Zhengtao. L, Shuping. Q, Jing. X and Tao. P (2014). Alanine Aminotransferase – old biomarker

and new concept: A Review. International Journal of Medical Science. Vol 11 (9): 925-

935.



52


