

168

ASSESSMENT OF THE PRODUCTION AND REPRODUCTION PERFORMANCE OF SELECTED RABBIT BREEDS REARED UNDER INTENSIVE SYSTEM IN ZANZIBAR







RAJAB RAMADHAN JUMA









[bookmark: _GoBack]A THESIS SUBMITTED IN FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY IN ZOOLOGY
DEPARTMENT OF BIOLOGICAL AND FOOD SCIENCES 
OF THE OPEN UNIVERSITY OF TANZANIA

 2025

i



[bookmark: _Toc158300391][bookmark: _Toc202995883]
CERTIFICATION
The undersigned certifies that they have read and hereby recommends for acceptance
by the Open University of Tanzania a thesis titled: “Assessment of Production and Reproduction Performance of Selected Rabbit Breeds Reared under an Intensive System in Zanzibar”, in fulfillment of the requirements for the Degree of Doctor of Philosophy in Zoology of the Open University of Tanzania. 
	


……………………………….
Prof. Modest D. Varisanga
(Supervisor)

..…………………………..
Date



……………………………….
Dr. Angaza A. Gimbi
(Supervisor)

..…………………………..
Date
[bookmark: _Toc158300392][bookmark: _Toc202995884]COPYRIGHT
No part of this thesis may be reproduced, stored in any retrieval system, or transmitted in any form by any means, electronic, mechanical, photocopying, recording, or otherwise without prior written permission of the author or The Open University of Tanzania in that behalf.













ii
[bookmark: _Toc158300393]





[bookmark: _Toc202995885]DECLARATION
I, Rajab Ramadhan Juma, do hereby declare that the work presented in this thesis is original work and it has never been submitted and will not be presented to any other University or any other Institution of higher learning for a similar award. It is hereby presented in fulfillment of the requirements for the Degree of Doctor of Philosophy in Zoology of the Open University of Tanzania. 


………………………………………
Signature

………………………………..
Date









[bookmark: _Toc158300394]

[bookmark: _Toc202995886]DEDICATION
This thesis is dedicated to the Almighty God, my beloved wife Patima Abubakari Abdisalami, our children, and my mother Asha Suleiman Haji, who laid the foundation of my education.








[bookmark: _Toc158300395]


[bookmark: _Toc202995887]ACKNOWLEDGMENTS
First and foremost, I thank the Almighty God for granting me good health and strength throughout my studies and enabling me to accomplish this task. I express special thanks to my supervisors, Professor Modest D. Varisanga and Dr Angaza A. Gimbi of the Open University of Tanzania, for their invaluable guidance, constructive criticism and ideas, encouragement, and unwavering support throughout the research process and preparation of this thesis.

Similarly, I extend my heartfelt gratitude to all staff of the Department of Biological and Food Sciences at the Faculty of Science, Technology and Environmental Studies in Open University of Tanzania and my fellow students, who, in one way or another, played a crucial role in making this study a success. I am also grateful to the General Director of the Zanzibar Livestock Research Institute for his invaluable support when I was conducting the experiment which led to this thesis.

My deepest thanks go to my wife, Patima Abubakari Abdissalami, and my children, Asha, Amina, Asya, and Arwa, for their unwavering patience and encouragement throughout my studies. I also express my appreciation to Mr. Maulid Hamdu Yussuf and Ms. Safia Bakari for their assistance in rearing the rabbits during the experiment.

Lastly, I would like to express my sincere gratitude to the District Livestock Officers, Shehas of West ‘B’, North ‘A’, and South Districts, and all participating farmers for their cooperation and generosity as to volunteer their precious time during data collection.
[bookmark: _Toc158300396][bookmark: _Toc202995888]ABSTRACT
[bookmark: _Toc158300397]This study investigated rabbit production practices and the performance of selected rabbit breeds under intensive rearing systems in Zanzibar, Tanzania. A cross-sectional survey of 390 farmers from three districts revealed that 48.2% (188) practiced rabbit rearing, with the majority of owners (53.2%, 102) preferring medium-sized breeds and employing intensive management (60.2%, 113). Green grass was the predominant feed source (88.6%, 165) among farmers. Concurrently, a feeding trial evaluated 36 weaned does (30 days old) from New Zealand White, California, and Chinchilla breeds (n=12 per breed, further subdivided into three groups of four for dietary treatments). Rabbits were fed diets containing 50% of either maize, wheat, or sorghum as the primary energy source. Results indicated significantly higher (p<0.05) body weight gain in New Zealand White rabbits fed the diet with 50% maize (2640g). This breed also performed well on the 50% sorghum diet (2498.3g), followed by Chinchilla on the maize-based diet (2433.3g). Interestingly, no significant differences (p<0.05) were observed in carcass weight and dressing percentages. While the results on meat sensory evaluation showed that consumers did not rate meat very tough or tough across rabbit breeds or diets, 28(56%) having a very good smell and 28(56%) having a very good flavour for New Zealand fed wheat. The study concluded that energy-rich feeds are suitable for rabbits at different ages, with maize grains demonstrating superior results in terms of growth performance, meat quality, and cost-effectiveness compared to wheat and sorghum. This highlights maize as a highly beneficial feed component for intensive rabbit production in Zanzibar. 
Keywords: Energy feeds, growth performance and reproduction performance.
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[bookmark: _Toc158300403][bookmark: _Toc202995893]INTRODUCTION
1.1 [bookmark: _Toc158300404][bookmark: _Toc202995894]Background
Rabbits (Oryctolagus cuniculus) are herbivores that efficiently convert forages to food. The whole point of sustainable systems of meat production is to convert plant proteins into animal proteins of superior nutritive value for people (Dalle Zotte et al., 2011). According to Dalle Zotte (2014), a rabbit's efficient production system can turn 20 percent of the proteins they eat into edible meat, compared to other species quoted as 22 to 23 percent for broiler chickens, 16 to 18 percent for pigs, and 8 to 12 percent for beef (Mailafia et al., 2010). Moreover, rabbits have an efficient feed conversion ratio of about 3:1, which is the amount of feed consumed per gram of gain. A doe can produce up to 10 times its weight or more in offspring per year (Apori et al., 2015). Rabbit meat has high nutritional properties, such as high (20 - 21%) protein and n-3 polyunsaturated fatty acids (Petracci et al., 2009) and lower contents of sodium and cholesterol (Hermida et al., 2006; Dalle Zotte and Szendro, 2011). 

Moreover, like in other domestic animals, rabbit can be reared into three common production systems, namely extensive, semi-intensive, and intensive systems (Theau-Clement et al., 2016). The extensive system (Natural System) implies total dependence on forages and kitchen wastes, so it is very cheap and easy to provide the quantity of feed required, but it is labour intensive, and it can introduce diseases and health problems (Daszkiewicz et al., 2012). In semi-intensive systems, rabbits mostly use forages and some supplement concentrate feeds. It falls between the extensive and intensive system in terms of advantages and disadvantages. This system is most suitable for small-scale producers (Exequiel et al., 2012). In contrast, intensive systems have total dependence on prepared concentrate feeds and few forages, hence involving high levels of production and little risk of disease introduction. However, it is characterized by high production costs (Theau-Clement et al., 2016).

Furthermore, rabbits have high reproductive performance as one female (doe) that is well-fed and cared for can produce up to 12 bunnies in one litter and have up to 6 litters in a year (Mbanya et al., 2010). Similarly, rabbit manure is a great garden fertilizer and compost ingredient, and it is a relatively high source of nitrogen, phosphorus, and potassium, as well as a source of secondary nutrients and worms, which can be raised in the rabbit manure to produce fishing bait and worm castings (Hemenway, 2009), while the manure can also be used as a nitrogen source in thermophilic compost (Li-li et al., 2013). 

Globally, China is the major rabbit meat producer (735,021 tons/year), mainly for export, followed by Italy, Spain, Egypt, and France (262,436; 67,775; 56,338; and 52,955) tons/year, respectively. Africa produces 85,782 tons, while South America produces about 16,317 tons, and Central America 4,364 tons. In North America, very few rabbits are consumed, and production was estimated at just 35,000 tons (Food and Agriculture Organization Statistics (FAOSTAT), 2012).

However, rabbit production has constraints to the development of a viable rabbit industry in Africa, ranging from institutional and policy limitations that hinder the development of sustainable programs for smallholder rabbit units to critical environmental conditions (e.g. heat stress, poor stock adaptation, poor diet quality as well as poor disease prevention and control (Oseni et al., 2014). In particular, institutional limitations include lack of an appropriate policy framework for small stock development that supports backyard and smallholder rabbit production systems (Adu et al., (2005). Other limitations to rabbit production in Africa include the absence of a tradition of eating rabbit meat in some locations (Oseni, 2010). In Zanzibar, the critical constraints to rabbit production and reproduction are the non-application of sustainable models for low-input rabbit units and the absence of user-focused research and development programs (DLD, 2020).

1.2 [bookmark: _Toc158300405][bookmark: _Toc202995895]Statement of the Problem
Rabbit production and reproduction performance in Zanzibar is not well documented, but are considered not doing very well. This could be a fact that Zanzibar is formed by two small island resorts (Unguja and Pemba) and has a shortage of land for livestock grazing and human settlements. The shortage of land has led to a massive lack of forage and pasture for cattle and other animals. Currently, Zanzibar is cannot keep more than three cows per household due to the lack of feed. Land scarcity on the Island negatively affects the prospects of keeping animals that require large space, so an intensive rearing system like the case of rabbit production is a very effective remedial approach. 

Rabbit farming is one such enterprise that, if adopted, has the potential to lift households out of poverty and food security because it does not require a large area for production and needs relatively low initial costs. One doe with a ram or buck is enough to start with since once the kindling begins, the herd rapidly increases. In addition, rabbit meat is tasty and good (since it is white meat similar to chicken), and feeding rabbits can be very cheap as it is possible to use even roadside grass, kitchen waste, garden leaves, and the like as the main feed at almost no cost (Dutta et al., 2009). On the other hand, a rabbit is small enough that one can eat all its meat at once (at a family level) without the need for refrigeration or other ways to conserve it. 

The global demand for rabbit meat is expected to be 73% higher in 2050, and a large part of this increase will be in developing countries (Food and Agriculture Organization of the United Nations (FAO) 2011; OECD-FAO 2014). This is due to the rising incomes and rapid population growth (Makkar et al., 2014). However, in Zanzibar and globally, there are still some constraints and gaps that are related to rabbit production. One of them is the lack of information on the community's perception of rabbit production and utilization, factors that limit rabbit production, feed intake, growth, and reproductive performance as well as meat qualities. Such scenarios justify the need for more research that will equip extension service providers with the knowledge and skills that the rabbit production industry requires. This study is therefore aimed at assessing the production and reproduction performance of selected rabbit breeds reared under an intensive system in Zanzibar.

1.3 [bookmark: _Toc158300406][bookmark: _Toc202995896]Research Objectives
This study has been guided by a general objective, which yielded five specific objectives.
1.3.1 [bookmark: _Toc158300407][bookmark: _Toc202995897]General Objective
The general objective of this study is to assess the production and reproduction performance of selected rabbit breeds reared under an intensive production system in Zanzibar.

1.3.2 [bookmark: _Toc158300408][bookmark: _Toc202995898]Specific Objective
Five specific objectives guided this study. The objectives are to:-
i.  Assess the livestock keepers perception of rabbit production and utilization 
ii.  Determine the factors that limit rabbit production and reproduction to the livestock keepers.
iii. Assess the growth and reproductive performance of the New Zealand white, California, and Chinchilla breeds under an intensive production system.
iv. Evaluate the meat quality and characteristics of New Zealand white, California and Chinchilla breeds under an intensive production system. 
v. To determine the economic benefits of the New Zealand white, California and Chinchilla breeds fed diets containing different energy sources by cost-benefit analysis. 

1.4 [bookmark: _Toc158300409][bookmark: _Toc202995899]Research Questions
The following research questions guided the study:-
i. What is the community’s perception of rabbit production and utilization in Zanzibar?
ii. What are the factors that limit rabbit production and reproduction under an intensive production system in Zanzibar?
iii. Which rabbit breed performs better in growth and reproduction performance under an intensive production system in Zanzibar?
iv. Which rabbit breed has a better meat chemical composition than others?
v. What is the cost-benefit ratio for each rabbit breed that will be fed a diet containing different energy sources?

1.5 [bookmark: _Toc158300410][bookmark: _Toc202995900]Relevance of the Research
The study assesses the production and reproduction performance of selected rabbit breeds reared under an intensive production system in Zanzibar. Predictably, the research findings will provide new information on the current status of rabbit production, such as feeding practices, breeding, growth rate, and reproduction performance, issues that are suspected to be the main constraints to rabbit production like the lack of market, poor breeding, infectious diseases, lack of knowledge and skills and suggesting appropriate interventions to improve rabbit productivity. 

Similarly, it is expected that the research findings will provide new information that will help farmers, the Government, and other stakeholders to be able to understand influencing factors that affect the adoption rate of rabbit production in the community, as well as help extension agents to train and create awareness to the farmers about a correct way on rabbit production as a means to improve the economy and reduce poverty. 

1.6 [bookmark: _Toc158300411][bookmark: _Toc202995901]Organization of the Research
[bookmark: _Toc158300412]The study assesses the production and reproduction performance of selected rabbit breeds reared under an intensive system in Zanzibar. It contains six chapters, namely, introduction, literature review, research methodology, results and discussion, and conclusion and recommendations. The introduction Chapter consists of background information about the study, a statement of the research problem, research objectives and questions, relevance of the research, and organization of the research. Chapter two consists of the literature review. The review covers conceptual definitions of the study, empirical analysis, and conceptual framework. Chapter three is about research methodology. The Chapter shows research strategies, method of data collection, data processing and analysis. Chapter four presents research results and discussion, while Chapter five indicates the conclusion and recommendations about the study.








[bookmark: _Toc202995902]CHAPTER TWO
[bookmark: _Toc158300413][bookmark: _Toc202995903]LITERATURE REVIEW
2.1 [bookmark: _Toc158300414][bookmark: _Toc202995904]Introduction
This chapter consists of conceptual definitions of key terms used in the study. It also highlights the community perception of rabbit production and utilization, factors that limit rabbit production, feed intake, growth, and reproductive performance, as well as meat qualities and their characteristics, global, African, and Tanzania rabbit production perspectives, as well as the conceptual framework.

2.2 [bookmark: _Toc158300415][bookmark: _Toc202995905]Conceptual Definitions
This section interprets the key terms used in this study and provides information about the ones that were used interchangeably. The key concepts interpreted in the study are rabbit production, reproduction performance, growth performance, and feeding system.

2.2.1 [bookmark: _Toc158300416][bookmark: _Toc202995906]Rabbit Production
McNitt et al., (2013) define rabbit production as a rabbit farming intensification for meat production, and then rabbit farming became a livestock industry that was characterized as highly specialized, technically advanced, and unique. Lebas et al., (1997) mentioned that  specialized rabbit farming for meat purposes first occurred in southern California and some European countries, such as Italy, France, Spain, Belgium, and the Federal Republic of Germany, in the 1920s and 1970s, respectively.
2.2.2 [bookmark: _Toc158300417][bookmark: _Toc202995907]Reproduction Performance
Apori et al., (2014) define reproductive performance as the number of rabbits that got pregnant divided by the number of rabbits that were eligible to get pregnant. It also measures the speed at which rabbits get pregnant after the voluntary waiting period. Berchiche et al., (2000) define it as the productivity of an individual animal or flock concerning progeny produced and can be assessed in several ways, including prolificacy, fertility, conception rates, kindling interval, and age at first kindling.

2.2.3 [bookmark: _Toc158300418][bookmark: _Toc202995908]Growth Performance
Different scholars have defined growth performance in different ways. For example, Hutu et al., (2020) define it as the ability to increase the mass, size, lengths, and circumferences of animals. Growth occurs in both intrauterine and extra uterine respective periods, resulting from three major processes: hyperplasia, which implies cellular multiplication by mitotic division; hypertrophy, which means growth in the volume of the tissue cells; and gradual accumulation of substances, causing accretion. Owens et al., (1993) indicate that growth performance is an ability to increase tissue mass. Mass increases by hyperplasia early in life and hypertrophy later in life, although hyperplasia of adipose tissue continues throughout life.

2.2.4 [bookmark: _Toc158300419][bookmark: _Toc202995909]Feeding System
Khatun et al., (2016) define a feeding system as one that delivers the needed nutrients to each animal at the correct time to maintain maximum production. No system is suitable for all livestock producers. The feeding system selected must consider the delivery of forages, grain, protein, and minerals, either individually or in various combinations. Agric4Profits (2022) defines it as a large number of animals to be fed in a short time so that each gets its portion of the allotted feed for that day. Agric4Profits categorized it into intensive, semi-intensive, and extensive systems. The intensive system totally depends on prepared concentrate feeds from the feed mill. On the other hand, the semi-intensive system uses the forages supplemented with prepared concentrate feeds, while the extensive system completely depends on forages and kitchen wastes.

[bookmark: intensive_livestock_production_systems][bookmark: _Toc202995910]2.3 Intensive Rabbit Production Systems
Intensive production in the rabbit sector refers to systems that are based on indoor and semi-indoor feeding. In semi-indoor feeding, rabbits are fed on natural and/or improved forages by day and night (Deshmukh et al., 1995). They are given a variety of feeds, including forage crops, crop residues and concentrates. The typical small-scale farmer, however, practices indoor feeding, which is the most intensive form of rabbit production (Kale et al., 2016). In Kenya and to a large extent in Tanzania and Malawi indoor and semi-indoor are associated with animals of high genetic potential such as dairy cow. The nutritional value and importance of the various types of feeds differ seasonally. Weeds and roadside herbage are important in the rainy season, while crop residues and planted forages are the major feeds in the dry seasons (Moto, 2024).  

Feeding is the single most expensive item and therefore deserves particular attention. High performance is usually achieved through the use of dependable feeding standards and by relating yields to the nutrient and energetic content of feeds fed. In sub-Saharan Africa this is largely not possible because; There is a wide range of unselected genera and species of forages available for feeding, but inedible herbaceous plants predominate in the over-used pasture, the nutrient content and nutritive value of most feeds vary seasonally and dry matter (DM) intake of basal diets is usually inadequate (Daszkiewicz et al., 2012). These factors make it difficult to rationalise feeding based on stipulated standards. In the context of sub-Saharan Africa, therefore, intensive livestock production aims at achieving higher levels of DM intake through various vegetative and concentrate supplements to the basal diet (Theau-Clement et al., 2016).

[bookmark: _Toc202995911]2.4 Community Perception and Adoption of Rabbit Production and utilization
Rabbit production is one of the livestock enterprises with the greatest potential and room for expansion in Tanzania. However, consumption of their products is still questionable (Rodger, 2016). Tanzania's most popular rabbit products used are manure, with less meat consumption due to the lack of information on potential market sources for rabbits and their products, including little awareness of the importance of rabbits in income generation (Oseni & Lukefahr, 2014). The majority of Ugandans have not exploited rabbit products due to the accessibility of other sources of animal protein and lack of knowledge, especially on the consumption of rabbits and their products (Ndyomugyenyi et al., 2013). 

For instance, some women in the Tororo district (Uganda) believe that eating rabbit meat would make their children have long ears like rabbits (Lukerfahr, 1998). However, Kenya has a higher use of rabbit urine and manure, and its constraint in the region is that rabbit meat consumption is not as common as a traditional dish (Mailu et al., 2017). Hungarians highly use rabbit meat, but the same study showed that those who refused to consume rabbit meat were vegetarians or that their attitude was caused by emotional reasons (Bodnar et al., 2008). 

The Chinese have a high consumption of rabbit meat; the proportion of households that consumed rabbit meat in 2018 went up to 64.3% (Zhang et al., 2021). However, some Chinese have a negative attitude toward rabbit meat consumption due to the fact that they do not understand the nutritional and health value of rabbit meat, while others do not like the taste of rabbit meat (Zhang et al., 2021).

2.4.1 [bookmark: _Toc202995912]African Attitude Against Rabbit Meat Consumption
The prevailing attitude in Ekiti State, Southwestern Nigeria, that discourages rabbit meat consumption is inconsistent with the findings of Dairo et al., (2012). They reported that none of the respondents in Ekiti State gave any specific reasons, whether traditional or cultural, for avoiding rabbit meat. Abu et al., (2008) also confirmed that there is no taboo against eating rabbit meat in Nigeria. Teklebrhan (2012) investigated the consumer perception and preferences of different types of rabbit meat in Harare and Haramaya province in Ethiopia. He identified the high cost and scarcity of rabbit meat as factors that affect its consumption.

Ndyomugyenyi et al., (2013) studied the potential of rabbit production to enhance household incomes in Nankoma Sub-county, Bugiri District, in Uganda. They found that the low demand for rabbit meat led to a decrease in its prices and consumption and deterred traders and butchers from selling rabbits. They also attributed the low rabbit consumption to the lack of popularity of rabbits compared to other livestock species and the mistaken belief that rabbits resemble rats (Ndyomugyenyi et al., 2013). Maigida et al., (2018) examined the attitudes toward rabbit meat and the challenges associated with its consumption in the Sokoto metropolis of Nigeria. They revealed that the main obstacles to eating rabbit meat were the ignorance and the unappealing appearance of the rabbit.

Ronger (2016) conducted research on rabbit farming for employment and health in Tanzania. He discovered that less than 30% of the people in the country accepted rabbit meat consumption and that the traditional attitude that hindered it was due to the lack of awareness of rabbit meat and the comparison of the rabbit carcass to other animals, such as cats.

[bookmark: _Toc158300448][bookmark: _Toc202995913]2.5 Factors that Limit Rabbit Production and Reproduction
The key constraints to the development of a viable rabbit industry in Tanzania range from institutional and policy limitations, including the lack of an appropriate policy framework for small stock development that supports backyard and smallholder rabbit production systems (Zanzibar Livestock Policy, 2011). Moreover, the lack of extension services delivery and the supply of inputs necessary for rabbit keeping, as well as inadequate nutrition, poor rabbit breeds, inappropriate housing design and poor disease control are considered to be among the most significant hindrances to rabbit production in Tanzania and in Africa in general (Oseni & Lukefahr, 2014).

[bookmark: _Toc158300420][bookmark: _Toc202995914]2.5.1 Production Factors in the Rabbit Production
[bookmark: _Toc158300421]Five crucial production factors for successful rabbit production are proper housing, breeding, diseases control, feeding and market. These factors directly impact the health, well-being, and productivity of the rabbits, ultimately affecting the success of the enterprise (Moto, 2023).

[bookmark: _Toc202995915]2.5.1.1 Housing
Rabbits must be kept in a cage or hutch to protect them from harm. The cage must be open to allow air and light to enter freely (Rooney et al., 2014), strong enough to keep dogs out, and no openings large enough for rats to enter. The floor of the cage must be open to allow rabbit pellets and urine to fall through. The study by Schiere (2004) shows that a mother rabbit and her bunnies need a space of about one square metre.

[bookmark: _Toc158300422][bookmark: _Toc202995916]2.5.1.2 Breeding
[bookmark: _Toc158300423]The rabbit breeding cycle takes between 65 to 75 days. The circle can also be achieved by mating a doe 21 days after kindling (Theau-Clement et al., 2016). The gestation (pregnancy) period in rabbits ranges between 28-32 days (approximately 30 days). Mature bucks can be used daily for single mating over long periods without affecting their fertility (Heba-T-Allah et al., 2016). However, if they are used to serve several does within a day or two, they should be allowed to rest for a few days before mating again.

[bookmark: _Toc202995917]2.5.1.3 Rabbit Breeds
Rabbit breeds are distinctively identified phenotypically by body size, shape, and 
coat colour (FAO, 2012). Using these classification criteria, (the American Rabbit Breeders Association (ARBA, 2010) recognizes 47 distinct rabbit breeds, of which only a few are kept in Zanzibar (DLD, 2019). The most common rabbit breeds in Zanzibar include New Zealand white, Californian, Chinchilla, and Angora. Rabbits have further been classified as small-sized rabbits weighing about 1.4 – 2kg at maturity, medium-sized breeds weighing 4 – 5.4kg, and large breeds weighing 6.4 – 7.3kg (Philipson et al., 2011). 

In this classification, New Zealand white and Californian white are medium-sized breeds. They are the most popular for meat production due to their good growth characteristics and high meat-to-bone ratio (Oseni, 2008; Mailafia et al., 2010). The New Zealand white is also well recognized as a dam breed based on its outstanding maternal genetic merits for litter size, milking, and general mothering ability (Apori et al., 2015). Other common meat breeds are the Flemish giant, French ear Lop, and Checkered giant, mainly because of their large size. Smaller breeds, on the other hand, are mostly kept as pets and include Chinchilla, Dutch, and Angora (Moreki, 2007).

[bookmark: _Toc158300424][bookmark: _Toc202995918]2.5.1.4 Disease Control
[bookmark: _Hlk197858383]The most common diseases of rabbits are digestive system problems, respiratory infections, and skin disorders (Oglesbee et al., 2020). Rabbit disease can be controlled and prevented by understanding what a healthy rabbit requires and the subtle signs that can tell a rabbit is unwell. (Kashyap et al., 2020). Diarrhea is a common of the digestive problems in rabbits, especially in weaned baby rabbits, in which it has the highest incidence among all diseases (Chen et al., 2017). It causes a disturbance in the intestinal microflora and sometimes death, resulting in considerable losses to the rabbit farming industry (Nocon et al., 2007). The control diarrhea in rabbits, focus on identifying the cause, providing supportive care, and addressing the underlying issue if possible. Diarrhea in rabbits can be caused by various factors, including dietary changes, stress, or infection. (Gidenne, 2013).

Respiratory diseases in rabbits, often referred to as "snuffles," are commonly caused by bacterial infections, particularly Pasteurella multocida and Pasteurella haemolytica. Other bacteria like Bordetella bronchiseptica and Staphylococcus spp can also be significant opportunistic pathogens (Johnson-Delaney et al., 2011). Symptoms can include nasal discharge, sneezing, and difficulty breathing. To control respiratory diseases, focus on prevention through a healthy, stress-free environment, good hygiene, and proper nutrition and treatment involves antibiotics but may not completely eliminate the infection (Deeb et al., 2000).

Skin diseases are a common concern for rabbit owners, with parasites being the most frequent cause (Altamemy, 2014). Common skin problems include pruritus (itching), scaling or crusting, alopecia (hair loss), and nodules. It's also important to consider non-infectious diseases and neoplastic (tumor) conditions (Chebet, 2020). To control skin diseases, a multi-pronged approach is necessary, including addressing underlying causes, providing appropriate hygiene, and potentially using medication or other treatments. Regularly cleaning and checking the rabbit's feet and bedding, maintaining a healthy diet, and preventing obesity can help prevent many skin problems and treatment will vary depending on the cause of the skin disease, but may include topical or systemic medications, wound care, and supportive therapy (Snook et al., 2013).

[bookmark: _Toc158300425][bookmark: _Toc202995919]2.5.1.5 Feeding
Rabbits eat 3- 4% of their body weight (Applegate, 2008). They are nocturnal and eat more at night. They eat fresh grass, and they do not eat dried grass unless they have been trained to eat good quality dry hay and given plenty of water (Oseni et al., 2014). They are usually given fresh feed twice a day: a little in the morning and plenty at night. According to Schier (2004), a nursing doe needs more feed than a pregnant doe or young buck. In the beginning, a young rabbit (before 20 days of age) eats a very small quantity of feed, less than 20g per day. The solid food intake increases from 25 days of age to reach 40 - 50 g of feed per day at 35 days (Gidenne et al., 2002). Rabbits digest the protein in the forages efficiently from 75 to 80% (Lei et al., 2004).

[bookmark: _Toc202995920]2.5.1.6 Market and Marketing
The rabbit market encompasses various sectors, including meat, breeding stock, pets, and products like fur and wool. Rabbit meat is a growing market, particularly in food service, with increasing demand and sales projected to rise (Dairo et al., 2012). Rabbit marketing involves strategies to increase awareness, encourage consumption, and improve consumer acceptance, often focusing on nutritional value and production practices (Osei et al., 2012). The most African Countries rabbit meat is a well-established food served regularly at restaurants, hotels, clubs, and hospitals. The marketing system, the problems involved are dealing with supply and demand, producing a choice-quality product, merchandising it in a form that will appeal to the consumer, and using such methods of advertising as will be most effective in the immediate area where the product is to be offered (Cullere et al., 2018). Under all circumstances, the rabbit meat should be handled in a sanitary manner. There is little market for rabbit skins, about 85% of the rabbits marketed for meat are sold at four to six months of age (Taha et al., 2017).

[bookmark: _Toc158300449][bookmark: _Toc202995921]2.6 Rabbit Feed Intake
[bookmark: _Hlk157697887]Rabbit daily feed consumption is about 3 – 4% of their body weight. The rabbits should be supplied with an adequate quantity of fresh, clean water since they drink approximately 10% of their body weight, which is up to 50–150 ml/kg daily if lactating (Smith, 2013). Lactating does require more water and food (American Animal Hospital Association, 2008). A pregnant doe may consume 200 to 250 g of balanced feed combined with 100 g/day of good green types of grass (Gidenne et al., 2010). Milk is the only food for baby rabbits up to the age of 15 to 21 days; after 21 days, they eat more solids and suckle less (Gidenne et al., 2002).

[bookmark: _Toc158300426][bookmark: _Toc202995922]2.6.1 Nutrient Requirements of the Rabbits
Nutrition is probably the most important aspect of the rabbit environment, and it entails the supply of resources upon which all processes of life depends upon. These resources are known as nutrients and are derived from the ingested food. Apart from supporting high productive performance, good nutrition enables rabbits to build up effective body defence against disease-causing organisms (Lei et al., 2004). Energy, protein, water, minerals, and vitamins are the important nutrients required by rabbits (CD, 2010).

[bookmark: _Toc158300427][bookmark: _Toc202995923]2.6.1.1 Energy
Energy is a very important component of the diet for rabbit growth and reproduction performance. Approximately 2,500 kcal of digestible energy is required for rabbit growth and reproduction (Lebas et al., 2000). Fibre is also crucial in rabbit diets; if a rabbit does not eat enough fibre, it can have many digestive problems (Bennegadi et al., 2000). Furthermore, too little fibre can eventually cause serious illness or even death (American Animal Hospital Association, 2008).

[bookmark: _Toc158300428][bookmark: _Toc202995924]2.6.1.2 Protein
The rabbit diet requires a protein content ranging from 12 to 17%, depending on the class and age of the rabbit (FEDIAF, 2013). The protein quality in rabbit nutrition is important because it helps the rabbit maintain muscle, bone, hair, and eye health. The study conducted by Lei et al., (2004) on the effects of dietary crude protein on growth performance and nutrient utilization in weaned to 2-month-old New Zealand rabbits found that low dietary crude protein levels reduce growth and production performance and that high dietary crude protein increases economic profit through weight gain, slaughter performance, and nutrient digestibility.

[bookmark: _Toc158300429][bookmark: _Toc202995925]2.6.1.3 Water
Water is vital to a rabbit’s survival. Typical water intake is about 10% of a rabbit’s body weight or 50 – 150 ml/kg daily (Smith, 2013). Water is the medium in which all chemical processes of life (digestion, absorption, assimilation of nutrients, etc.) take place, often playing an active role in chemical reactions (Oseni et al., 2014). Water is not only one of the most important nutrients in animal nutrition, but it also plays an essential physiological role related to the thermal homeostasis of rabbits and other animals, especially during heat stress. Lactating does consume water up to 90% of their body weight daily (Ballard and Cheek, 2016). 

[bookmark: _Toc158300430][bookmark: _Toc202995926]2.6.1.4 Minerals
Animals require about 22 different inorganic elements, known as minerals, in their diet. These may be required in either relatively larger amounts (macro-minerals) or relatively smaller amounts (micro-minerals or trace minerals). The macro-minerals include calcium, phosphorus, sodium, chlorine, potassium, magnesium, and sulfur. Minerals have different functions in the body (Lebas et al., 2000). Calcium and phosphorus are particularly important for their role in the skeletal structure. During growth, development, and reproduction, rabbits need higher levels of calcium and phosphorus to support bone formation. Adult rabbits at maintenance require lower levels of calcium and phosphorus than at other life stages (CD, 2010).

[bookmark: _Toc158300431][bookmark: _Toc202995927]2.6.1.5 Vitamins
[bookmark: _Toc158300432][bookmark: __RefHeading___Toc146109957][bookmark: _Toc595]Rabbits, like humans, require several different vitamins. These vitamins can be divided into two groups: fat-soluble vitamins (A, D, E, and K) and water-soluble vitamins (B complex and C). Vitamins are required in small amounts by the body, and each one has a specific function in the body (Lebas et al., 2000). A lack of any one vitamin in the diet can cause deficiency symptoms or illness, while excesses of some vitamins can also be toxic (CD, 2010). Meeting the rabbit’s vitamin needs is relatively easy with a good-quality diet. The detailed nutrient requirements for rabbits are found in Table 2.1.
[bookmark: _Toc158325830]

[bookmark: _Toc201351802][bookmark: _Toc201428300][bookmark: _Toc201430975][bookmark: _Toc202995846]Table 2.1: Nutrient Requirements of Rabbits
	Nutrient
	Growth
	Maintenance
	Gestation
	Lactation 
	Source

	Digestible energy kcal 
	2500
	2100
	2500
	2500
	Gidenne et al., 2020

	Crude fibre (%)
	10-12 
	14
	10 - 12
	10 - 12
	Gidenne, 2015

	Fat (%)
	2
	2
	2
	2
	Fernandez-Carmona et al., 2000

	Crude protein (%)
	16
	12
	15
	17
	FEDIAF, 2013.

	Calcium (%)
	0.4
	-
	0.45
	0.75
	Mateos et al., 2020

	Phosphorous (%)
	0.22
	-
	0.37
	0.5
	Mateos et al., 2020

	Sodium (%)
	0.2
	0.2
	0.2
	0.2
	Mateos et al., 2020

	Potassium (%)
	0.6
	0.6
	0.9
	0.9
	Mateos et al., 2020

	Chloride (%)
	0.3
	0.3
	0.3
	0.3
	Lebas et al., 2000

	Magnesium (%)
	0.3
	0.3
	0.4
	0.4
	Bennegadi et al., 2000

	Vitamin A (IU)
	6000
	6000
	20000
	20000
	Halls, 2010

	Vitamin D (IU)
	1000
	1000
	1000
	1000
	Halls, 2010

	Vitamin E (ppm)
	200
	200
	300
	300
	Halls, 2010


[bookmark: _Toc158300434]



[bookmark: _Toc202995928]2.6.2 Common Cereal Grains Used as Livestock Feeds in the World
[bookmark: _Toc158300435][bookmark: _Toc202995929]2.6.2.1 Maize Grain
Maize grain is a major staple food grain in many parts of the world, particularly in Africa, Latin America, and Asia. It is also a major feed grain and a standard component of livestock diets where it is used as a source of energy (Heuzé et al., 2017). More than 90% of all produced maize is used primarily for animal feed, food, and alcohol production (Semenčenko et al., 2013). Due to the quality of its biomass, suitability for silage, and diversified utilization as feed, maize ranks first among forage plants in the world (Terzić et al., 2010). Maize is regarded as one of the most important fodder crops in ruminant nutrition due to the high level of dry matter content as well as the significant proportion of grain. Maize grain is a primary energy supplement in animal diets and can contribute up to 30, 60, and 98% of the diet’s protein, net energy, and starch, respectively (Mlyneková et al., 2013). The chemical composition of maize grains is in Table 2.2.

[bookmark: _Toc158325831][bookmark: _Toc201351804][bookmark: _Toc201428302][bookmark: _Toc201430978][bookmark: _Toc202995847]Table 2.2: Chemical Composition of Maize Grain
	Nutrient
	Composition (%)

	Available carbohydrate 
	73.4

	Crude Proteins 
	9.4

	Crude Fat 
	4.3

	Crude fibre 
	2.5

	Ash 
	1.4


Source: (Heuzé et al., 2017)
[bookmark: _Toc158300437]
[bookmark: _Toc202995930]2.6.2.2 Wheat Grain
Wheat grain is a major staple food that provides about 20% of the world’s food energy. It is also an excellent energy source for farm animals (Heuzé et al., 2015). Wheat is a common ingredient in poultry diets, especially in Europe (Steenfeldt, 2003). Because of its low protein and high starch levels, wheat is mainly used as an energy supplier. The nutritional value of wheat varies according to its nutrient content and digestibility. The nutrient content may vary depending on the cultivar and the environmental conditions (Carré et al., 2007). The digestibility of wheat in growing animals may also depend on these factors, as well as on the technological treatments of the diets and the genetic origin of the animals. The chemical composition of wheat grain is in Table 2.3.

[bookmark: _Toc158325832][bookmark: _Toc201351805][bookmark: _Toc201428303][bookmark: _Toc201430980][bookmark: _Toc202995848]Table 2.3: Chemical Composition of Wheat Grain
	Nutrient
	Composition (%)

	Available carbohydrate
	69.1

	Crude Proteins 
	12.6

	Crude Fat 
	1.7

	Crude fibre 
	2.6

	Ash 
	1.8


Source: (Heuzé et al., 2015)
[bookmark: _Toc158300439]
[bookmark: _Toc202995931]2.6.2.3 Sorghum Grain
Sorghum grain is the fifth most important staple cereal in the world, after wheat, rice, maize, and barley. It is cultivated worldwide in warmer climates and is an important food crop in semi-arid tropical areas of Africa, Asia, and Central America (FAO, 2009). In animal nutrition, grain sorghum is mostly used as an energy source and is a good feedstuff for poultry, pigs, and ruminants. The stalks remaining after harvest can be grazed as some varieties stay green for a long period. Sorghum may also be grown for fodder, for grazing, or to be cut green to make silage and hay (Balole et al., 2006). The chemical composition of sorghum grain is in Table 2.4. 
[bookmark: _Toc158325833][bookmark: _Toc201351806][bookmark: _Toc201428304][bookmark: _Toc201430982][bookmark: _Toc202995849]Table 2.4: Chemical Composition Sorghum Grain
	Nutrients
	Composition (%)

	Available carbohydrate
	74.5

	Crude Proteins 
	10.8

	Crude Fat 
	3.4

	Crude fibre 
	2.8

	Ash 
	2.1


Sources: (Heuzé et al., 2015)

[bookmark: _Toc158300441][bookmark: _Toc202995932]2.6.2.4 Millet Grain
Millet grain is considered a unique crop because they are rich in valuable nutrients such as calcium, dietary fibre, polyphenols, and protein (Devi et al., 2014). It is a staple food source for many Asian and African countries. Most of the millet produced is mainly for human consumption, and a lesser percentage is used for livestock and bird feed (Obiana, 2003). Millet grain is considered the main purpose for cultivation in Africa and Asia, and forage is also an important secondary product used for animal feed. The study conducted by Haggblade et al., (2004) on lactating and growing goats found that feed intake and milk production were not affected by the replacement of corn with millet. However, they recorded a depression in the daily growth rate and feed-to-gain ratio when corn was completely replaced with millet. The chemical composition of millet grain is shown in Table 2.5.

[bookmark: _Toc158325834][bookmark: _Toc201351807][bookmark: _Toc201428305][bookmark: _Toc201430984][bookmark: _Toc202995850]Table 2.5: Chemical Composition of Millet grain
	Nutrients
	Composition (%)

	Available carbohydrate
	66.6

	Crude Proteins 
	8.9

	Crude Fat 
	1.5

	Crude fibre 
	5.7

	Ash 
	4.0


Source: (Hassan et al., 2012)
[bookmark: _Toc158300443][bookmark: _Toc202995933]2.6.3 Caecotroph of Rabbit 
Caecotrophs are the soft faeces that the rabbit sucks directly upon being expelled from the anus and then swallows without chewing. Caecotroph plays an important role in rabbit nutrition, as it provides proteins and other nutrients (Table 2.6) from bacterial sources (Gidenne et al., 2010). The caecotroph behaviour in young rabbits is not fully known but probably starts around 25 days of age when a significant dry feed intake occurs that leads to a caecal and a colon filling (Gidenne et al., 2002; Orengo and Gidenne, 2007). 

[bookmark: _Toc158325835][bookmark: _Toc201351809][bookmark: _Toc201428307][bookmark: _Toc201430986][bookmark: _Toc202995851]Table 2.6: Chemical Composition of Rabbit Caecotroph
	Nutrient
	Composition (%)

	Dry matter 
	26.17

	Ash 
	7.07

	Crude protein 
	35.35

	Crude fibre 
	21.25

	Neutral detergent fibre  
	51.66

	Acid detergent fibre 
	28.28

	Ether extract 
	1.53

	Gross energy (MJ/kg)
	5.25


Source: (Miśta et al., 2015)

[bookmark: _Toc158300450][bookmark: _Toc202995934]2.7 Rabbit Growth and Reproductive Performance
[bookmark: _Hlk199236652]Rabbit growth and reproductive performance are closely linked. Females can mature and breed around 5-6 months of age, and their reproductive lifespan can be up to 4 years (Martinez-Paredes et al., 2018). The ability to reproduce quickly and often contributes to their prolific breeding, especially when conditions are favorable. Diet, including fiber, plays a crucial role in supporting healthy growth and reproductive capacity (Martinez-Paredes et al., 2022).
[bookmark: _Toc158300451][bookmark: _Toc202995935]2.7.1 Growth Performance
Rabbit growth performance, especially in commercially bred rabbits, involves several key metrics like final live weight, daily weight gain, and feed conversion ratio. Studies have shown that factors like diet, especially the energy and protein levels, can significantly impact growth (Martinez-Paredes et al., 2022). Larger breeds may take longer to reach their full size, potentially up to 18 months, compared to smaller breeds (Osei et al., 2024). Normal the growth rate of rabbits ranges from around 13-16 grams per day and is common in the tropics. However, it is possible to obtain 20-30 grams per day on very good food (Apori et al., 2015), Table 2.7. The smaller breeds rabbit reaches the highest growth rate in the first month of life. After becoming mature, the body weight remains constant (Hassan et al., 2012; Samkol et al., 2008).
[bookmark: __RefHeading___Toc146109971][bookmark: _Toc158325836][bookmark: _Toc201351812][bookmark: _Toc201428310][bookmark: _Toc201430989]










[bookmark: _Toc202995852]Table 2.7: The Growth Performances of the Meat-Type Rabbit as influenced by Breed and Parity
	Effect
	Number of rabbits
	Weight at weaning
(g)
	Pre-weaning growth wt/day
(g)
	Weight at 12 weeks
(kg)
	Post-weaning growth weight/day (g)
	Weight at 14 weeks
(kg)
	Mortality %

	Parity
	
	
	
	
	
	
	

	1st
	70
	601.8±1.9
	13.3±0.1
	1.3±0.2a
	15.4±0.3b
	1.4±0.2a
	14.0±0.2d

	2nd
	98
	600.8±1.9
	13.1±0.1
	1.3±0.1a
	16.3±0.3a
	1.4±0.1a
	19.0±0.2a

	3rd
	85
	596.2±2.0
	12.9±0.2
	1.3±0.1a
	15.5±0.3b
	1.4±0.3a
	17.0±0.2b

	4th
	98
	596.7±2.0
	12.9±0.1
	1.3±0.2a
	15.2±0.3bc
	1.4±0.2a
	14.0±0.2d

	5th
	100
	599.2±1.9
	12.9±0.1
	1.2±0.1b
	15.2±0.3bc
	1.3±0.1b
	16.8±0.2b

	Breed
	
	
	
	
	
	
	

	CA
	588
	601.6±0.7
	13.0±0.2
	1.3±0.2
	15.4±0.1
	1.4±0.1
	18.0±0.2a

	NZ
	574
	601.1±0.8
	13.0±0.1
	1.3±0.1
	15.6±0.1
	1.4±0.2
	15.0±0.2b


Means within the same column with different superscripts (a,b,c,d) are significantly different (p<0.05) CA= California White, 
NZ= New Zealand White.
Source: (Samuel et al., 2014)

[bookmark: _Toc158300453][bookmark: _Toc202995936]2.7.2 Reproductive Performance
Rabbits have a high reproduction rate due to their short gestation period. In favorable conditions, a female rabbit can have multiple litters per year, with litter sizes ranging from 1 to 14 babies. They can reach sexual maturity as early as 5 months of age and may even be able to breed within hours of giving birth (Fayeye et al., 2010) . A rabbit's gestation period is between 31 to 33 days, and the doe can produce up to 12 young each time she gives birth. It can produce up to 6 times its weight or more in offspring per year (Apori et al., 2014). Does with a small litter (usually 4 or fewer kits) seem to have longer pregnancies than those that produce larger litters. If a doe has not given birth by day 32 of her pregnancy, your veterinarian may induce labor; otherwise, a dead litter may be delivered sometime after day 34 (Bolet et al., 2004). Occasionally, pregnant does abort or reabsorb the fetuses because of nutritional deficiencies or disease. Nest boxes should be added to the cage 28 to 29 days after breeding (Iyeghe-Erakpotobor et al., 2005). If boxes are added too soon, they become contaminated with urine and feces. A day or so before giving birth, the doe pulls fur from her body and builds a nest in the nest box (Oguike et al., 2008).

[bookmark: _Toc158300454][bookmark: _Toc202995937]2.8 Rabbit Meat Quality and its Characteristics
According to Hernández et al., (2020), rabbit meat offers excellent dietary nutritional properties with protein contents as high as 22.4% in the loin. The leanest cut of meat in the rabbit carcass is the loin, which contains an average lipid content of 1.8 g/100 g of meat (Table 2.8), whereas the fattest is the foreleg, with an average lipid content of 8.8 g/100 g of meat (Hernández et al., 2010). Quantitatively, the most important cut is the hind leg, with a moderate lipid content (of an average of 3.4 g/100 g) compared with most types of meat consumed (Dalle Zotte, 2014). Also, rabbit meat contains high levels of essential amino acids, and the variation of vitamin content in meat is greater than with other meat nutrients because of the strong effect of the diet composition and the level of vitamin supplementation (Matics et al., 2014). Rabbit meat has richer calcium (21.4 mg/100 g) and phosphorus (347 mg/100 g) than other types of meat, and it is lower in fat (9.2 g/100 g) and cholesterol (56.4 mg/100 g). The beef has the highest cholesterol content (114.5 mg/100 g), almost double that of rabbit meat, while pork is rich in fat 28.2 g/100 g (Nistor et al., 2013). 
[bookmark: __RefHeading___Toc146109973][bookmark: _Toc158325837][bookmark: _Toc201351815][bookmark: _Toc201428313][bookmark: _Toc201430992][bookmark: _Toc202995853]Table 2.8: Chemical Composition and Energy Value of cuts of Rabbit Meat in Gram
	Nutrient
	Forelegs
	Loins
	Hind legs
	Whole carcass

	Water
	69.5 ± 1.3
	74.6 ± 1.4
	73.8 ± 0.8
	69.7 ± 2.6

	Protein
	18.6 ± 0.4
	22.4 ± 1.3
	21.7 ± 0.7
	20.3 ± 1.6

	Lipids
	8.8 ± 2.5
	1.8 ± 1.5
	3.4 ± 1.1
	8.4 ± 2.3

	Ash
	-
	1.2 ± 0.1
	1.2 ± 0.05
	1.8 ± 1.3

	Energy
	899 ± 47
	603± 14
	658 ± 17
	789 ± 106


Source: (Hernández et al., 2010)

[bookmark: _Toc158300456][bookmark: _Toc202995938]2.9 Global Rabbit Production
Rabbit is reared systematically on a vast scale, with global rabbit meat production reaching 1.8 million tons a year. Such production is in decreasing order, concentrated in Asia (48.8%), Europe (28.4%), America (18.1%), and Africa (4.7% FAOSTAT, 2012). China is the major rabbit meat producer (735,021 tons/year), mainly for export, followed by Italy, Spain, Egypt, and France (262,436; 67,775; 56,338; and 52,955 tons/year), respectively (FAOSTAT, 2012). However, a recent study in Italy has shown that rabbit meat consumption has significantly decreased during the last few years due to several causes, such as the negative effects of the economic crisis and the increasing consumer disaffection due to an increasing association with the perception of rabbits as pets and also to a progressive change in the lifestyle and eating habits of the consumers (Petracci et al., 2018).

[bookmark: _Toc158300457][bookmark: _Toc202995939]2.9.1 Rabbit Production in Africa
North African countries produce 90 percent of Africa's rabbit meat, covering 15 percent of European consumption (570,051 tons). Egypt tops the production, as it produces 8,000 tons per year, followed by Morocco and Algeria (FAO, 2019). Moreover, Oseni & Lukefahr (2014) show that there are major constraints to the development of a viable rabbit industry in Africa, ranging from institutional and policy limitations that hinder the development of sustainable programs for smallholder rabbit units to critical environmental conditions (e.g. heat stress, poor stock adaptation, and poor diet quality). The institutional limitations include the lack of an appropriate policy framework for small stock development that supports the backyard and smallholder rabbit production system.

[bookmark: _Toc158300458][bookmark: _Toc202995940]2.9.2 Rabbit Production in Tanzania
Tanzania has about 943,781 rabbits (URT, 2021). Most rabbit production in Tanzania is still in a small-scale, simply providing meat for the household, and it is mainly kept in the backyards and intensive rabbit farming systems. The assessment of Nonga & Mkula (2015) about rabbit management and occurrences of mange mite infestations in rabbit farms in Morogoro Municipality, Tanzania, revealed that most of the rabbits (83.1%) were raised in cages and were fed on green herbs, grasses, and concentrates. They also indicated that the constraints to rabbit production included the unavailability of good feeds, predators, lack of extension services, and diseases, particularly diarrhoea, infertility, and skin conditions. However, a study on rabbit farming for employment and health in Morogoro, Tanzania, by Rodgers (2016) showed that rearing rabbits for meat production is a viable concept with the ability to tackle nutrition challenges, especially in developing countries.

[bookmark: _Toc158300459][bookmark: _Toc202995941]2.9.3 Numbers of Slaughtered Rabbits in Different World Regions
The number of slaughtered rabbits has consistently increased from 1980 to 2012 (Table 2.9). The statistics may also indicate that the acceptance of rabbit meat is increasing. The number of slaughtered rabbits slightly decreased in 2013, about 0.27 %, as in most regions, except Africa (Raharjo & Bahar, 2016). The progress and development of rabbit production in the above-mentioned Asian countries are country-dependent. China is the most rapid in developing rabbit production and it is currently the largest producer of rabbit meat in the world (Gao, 2013). From 2001 to 2010, Chinese rabbit meat production increased from 406 thousand tons to 690 thousand tons, an increase of 70%.

[bookmark: _Toc158325838][bookmark: _Toc201351820][bookmark: _Toc201428318][bookmark: _Toc201430997][bookmark: _Toc202995854]Table 2.9: The Number of Rabbits slaughtered in different Global Regions
	Year
	World
	Africa
	America
	Asia
	Europe
	China

	1980
	496,627
	21,744
	14,137
	43,514
	417,232
	40,000

	1985
	524,350
	47,012
	13,802
	40,325
	423,211
	37,400

	1990
	630,239
	55,164
	110,200
	65,675
	399,200
	64,000

	1995
	758,017
	60,025
	124,474
	196,810
	376,708
	193,928

	2000
	883,731
	64,294
	142,164
	303,187
	374,086
	258,782

	2005
	1,029,850
	69,422
	182,040
	453,425
	324,963
	378,404

	2010
	1,130,003
	71,790
	152,738
	571,882
	333,593
	464,525

	2011
	1,159,673
	73,338
	152,780
	596,000
	337,555
	474,704

	2012
	1,174,763
	73,910
	158,707
	599,322
	342,824
	478,000

	2013
	1,171,578
	74,770
	158,713
	596,340
	341,755
	475,000


Source: (Raharjo et al., 2016)

[bookmark: _Toc158300461][bookmark: _Toc202995942]2.10 Conceptual Framework
In this study, the dependent variables include a community perception of rabbit production and utilization and factors that limit rabbit production and reproduction while the independent variables include a socio-economic factors, perception factor, production factor, household benefit and rabbit productivity. According, Moto (2024) stated that socio-economic factors, perception factors, production factors, household benefits and rabbit productivity are the main factors which influence the farmers in Tanzania were engaged in keeping rabbits.

The context            Independent variables        Dependent variables
	Socio-economic factors
· Sex  
· Age 
· Education level
· Martal status



Perception factor
· Perceived positive
· Perceived negative



	

· The community’s perception of rabbit production and utilization
· The factors that limit rabbit production and reproduction
Production factor
· Housing
· Feeding
· Breeding
· Disease control
· Market & marketing

Zanzibar Social, economic, cultural and environmental context

		
	

Household benefit
· Source income
· Source of food
· Source of manure



Rabbit productivity
· Increasing income generation
· Increasing food availability


[bookmark: _Toc158326483][bookmark: _Toc158326508][bookmark: _Toc201351822][bookmark: _Toc201428320][bookmark: _Toc201430999]
Figure 2.1: Conceptual Framework
[bookmark: _Toc202990648]
[bookmark: _Toc158300464][bookmark: _Toc202995943]2.11 Summary of the Literature Review
Management of rabbits for production and reproduction is quite different from the maintenance of a pet or house rabbit (Adeyemo, et al., 2014). One should give careful consideration to essential elements of a rabbit production system, health, nutrition, and breeding (Baruwa, 2014). Consequently, rabbit production in the world has been progressing and developing fast at different degrees depending on the situation and condition of each country. More and more medium and large-scale farming is being developed, but a large number of micro and small-scale farms will still exist and play important roles in the family income, especially in poor rural areas (Raharjo & Bahar, 2016). Despite the potential of rabbits to contribute to a significant number of meat products to the growing world population, some problems do exist (Raharjo, 2015). Surely, all problems should be discussed for improving rabbit production to meet global objective of providing more meat to the growing population in the world. A comprehensive strategy is needed for Zanzibar to develop the production and farming practices that are suitable and appropriate to the situation and conditions in the area.



[bookmark: _Toc158300465][bookmark: _Toc202995944]CHAPTER THREE
[bookmark: _Toc158300466][bookmark: _Toc202995945]RESEARCH METHODOLOGY
[bookmark: _Toc158300467][bookmark: _Toc202995946]3.1 Overview
[bookmark: _Toc17192][bookmark: _Toc158300468]This chapter discusses the study area, a study design, sampling procedure, sample size and ethical considerations arising in the course of the research. Similarly, it consists of the method of data collection, data processing, and analysis. 

3.2 [bookmark: _Toc158300469][bookmark: _Toc202995947]Study Area
[bookmark: _Hlk157702769]The survey for the study was conducted in all three regions of Unguja Zanzibar; Mjini Magharibi, Kaskazini Unguja, and Kusini Unguja region. One District from each region was selected:- West 'B' District, North 'A' District, and South District, all in Unguja (Figure, 3.1). On the other hand, the experiment was conducted at the Zanzibar Livestock Research Institute (ZALIRI).

[bookmark: _Toc201351828][bookmark: _Toc201428326][bookmark: _Toc201431005][image: ]
[bookmark: _Toc158326294][bookmark: _Toc158326524][bookmark: _Toc202990649]Figure 3.1: Map of Study Area 
Source: Adopted from (http://www.google.com, 2016).

3.2.1 [bookmark: _Toc158300471][bookmark: _Toc202995948]Geographical Location
Zanzibar is an island in the Indian Ocean, located on the eastern side of Tanzania, about 30 km from the east coast of Africa. The Island is located between latitude 04051’ South and longitude 39011’East. Kizimbani village is in West A District, about 15km from Zanzibar Town. It is found at 20m above sea level. The area receives an average annual rainfall of 1600 – 1900 mm. The rainfall pattern is bimodal, with long rains from March to May and short rains from October to December, while temperature varies between 18ºC - 32ºC.

3.2.2 [bookmark: _Toc158300472][bookmark: _Toc202995949]Socio-economic Activities
The main socio-economic activities in the study area are agriculture, petty trade, fishing, and tourism. The agricultural activities include the growing of food and cash crops and livestock keeping, which is comprised of ruminants and non-ruminant animals. Women mostly do the petty trade, while men mostly engage in tourism and fishing.

3.3 [bookmark: _Toc158300473][bookmark: _Toc202995950]Household Survey 
3.3.1 [bookmark: _Toc158300474][bookmark: _Toc202995951]Study Design 
A descriptive livestock keeper-based cross-sectional study was applied in this study. The design is useful for collecting data from many different individuals at a single point in time while observing variables without influencing them. The data were collected for three months, from January to March 2022.

3.3.2 [bookmark: _Toc158300475][bookmark: _Toc202995952]Sampling Procedure and Sample Size
A purposive sampling method was employed to select three regions, namely; Mjini Magharibi, Kaskazini Unguja, and Kusini Unguja regions. The selected Districts were West ‘B’, North ‘A’, and South, respectively. These districts were selected on the basis that they are not suitable for large animal keeping, such as cattle, goats, etc., due to the high population of human settlements and the potential for tourism activities (DLD, 2020). According to Patton (2002), purposive sampling is a useful method to focus on particular characteristics of the population that are of interest, which was best enabled to answer research questions.

Subsequently, 10 Shehias (Villages) were randomly selected from each District. In this sampling method, each shehia in the distrct had an exactly equal chance of being selected. The selected Shehias and districts (in parentheses) were Chuga, Fuoni Kibondeni, Mambosasa, Maungani, Kisauni, Pangawe, Kinuni, Meli Nne, Kijitoupele, and Tomondo (West ‘B’); Nungwi, Matemwe, Kandwi, Kibeni, Potoa, Kinyasini, Chaani, Kijini, Pwani Mchangani, and Mkokotoni (North ‘A’); and Kizimkazi Mkunguni, Dimbani, Kibuteni, Michamvi, Bwejuu, Paje, Jambiani Kikadini, Muyuni C, Muungoni and Kitogani (South). 

A total of 390 respondents were involved in this study, 130 respondents from each District at the 10 Shehia (Village). Thirteen (13) respondents were purposely selected from each of the selected Shehias. All the participants were livestock keepers, and they were willing to participate in the study. The thirteen (13) respondents were equivalent to 9 % of livestock keepers in the particular area. The sample size was calculated according to the following formula; 
N = Z2 P (100 - P)
            Ʃ2
Where;
N = Sample size required
Z = standard normal deviation corresponding to a 95% confidence interval, which equals 1.96
P = Expected number of livestock keepers in the study area is 9% based on rabbit keepers in Zanzibar recent survey conducted in Zanzibar (DLD, 2020).
Ʃ = Margin of error estimated to be 3%                            
Sample size (n) = 1.962 x 9 (100-9) 
                         32
                   N = 349
Adjusting for non-response and drop out, which is set at 12%,
                 12/100 x 349 = 41.43
Therefore, the sample size for this study was 349 + 41.43 = 390.43 respondents.

[bookmark: _Toc202995953]3.3.2.1 Inclusion and Exclusion Criteria
[bookmark: _Hlk200706189]The study was included the livestock keepers to assess socio-economic activities, the livestock keepers perception of rabbit production and utilization and to determine the factors that limit rabbit production and reproduction performance and excluded those none livestock keepers.

3.3.3 [bookmark: _Toc158300476][bookmark: _Toc202995954]Data Collection on Household Survey
The data for the household survey was collected from each District by a structured questionnaire (Appendix 1). The questionnaire consisted of closed and open-ended questions. Then, 390 livestock keepers which head of households or any member of household were employed to assess socio-economic activities, the livestock keepers perception of rabbit production and utilization, as well as to determine the factors that limit rabbit production and reproduction performance.

3.3.4 [bookmark: _Toc158300477][bookmark: _Toc202995955]Validity of the Study
Validity is the extent to which a measure adequately represents the underlying construct that is supposed to be measured (Drost, 2011). Validity is defined by Middleton (2020) as the process of how accurately a method is used in the study, and the instrument measures what is required to be measured. This study is based on both qualitative and quantitative approaches; it ensures the richness of the results through proper data collection, by using different methods and correct instruments for data collection and analysis, such as SPSS and content analysis, were used to ensure maximum validity of the results.

3.3.5 [bookmark: _Toc158300478][bookmark: _Toc202995956]Reliability of the Study
In achieving the recommended reliability, a pilot study was done in the West ‘A’ District to detect any major challenge likely to result from the research instrument’s application. A total of 30 respondents were used in pre-testing, where unclear questions in the study instruments were corrected, inappropriate ones dropped, and new ones were added to capture data, as expected.

3.4 [bookmark: _Toc158300479][bookmark: _Toc202995957]Experimental Study
3.4.1 [bookmark: _Toc158300480][bookmark: _Hlk158133210][bookmark: _Toc202995958]Experimental Design
In this study, the experiments were carried out in a randomized complete block design to evaluate the performance of three selected breeds of rabbits fed on three different diets. The rabbit breeds were New Zealand White, California, and Chinchilla, hereafter designated as Breed 1, Breed 2, and Breed 3, respectively (Table 3.1). 
The composition of the three dietary treatments comprised three cereal grains; maize, wheat, and sorghum grain, at an inclusion level of 50% each, as shown in Table 3.2. A set of four does of each breed at three smallest unit that received one dietary treatment. The allocation of the doe of each breed to the three dietary treatments was done in such a way that rabbits from the same mother or doe of uniform age/weight were randomly allocated to the three dietary treatments. One experimental unit comprised four does, which were allocated to four replicates in which one doe was placed in the individual cage. Hence, the total number of cages in the block was twelve. Bucks from each breed were rotated (3 days at breeding season) in the three experimental units of the same breed throughout the experiment period. 

[bookmark: __RefHeading___Toc146110002][bookmark: _Toc158325890][bookmark: _Toc202995855]Table 3.1: Experiment Design Layout
	DIETS
	BLOCK 1
	BLOCK 2
	BLOCK 3

	Diet 1
	4
	4
	4

	Diet 2
	4
	4
	4

	Diet 3
	4
	4
	4

	BUCKS
	1
	1
	1



The constituents of the three diets were modified during the period of growth, maintenance, gestation, and lactation (Table 3.2).



[bookmark: _Toc158325891][bookmark: _Toc202995856]Table 3.2: Dietary feeds for Experimental Rabbits
	DIETARY TREATMENTS 

	
Ingredients
	Growth
	Maintenance
	Gestation
	Lactation

	
	DT1
	DT2
	DT3
	DT1
	DT2
	DT3
	DT1
	DT2
	DT3
	DT1
	DT2
	DT3

	Maize grain %
	50
	-
	-
	50
	-
	-
	50
	-
	-
	50
	-
	-

	Wheat grain %
	-
	50
	-
	-
	50
	-
	-
	50
	-
	-
	50
	-

	Sorghum grain  %
	-
	-
	50
	-
	-
	50
	-
	-
	50
	-
	-
	50

	Maize bran %
	24
	24
	24
	15
	15
	15
	18
	18
	18
	14
	14
	14

	Sunflower seed cake %
	20
	20
	20
	30
	30
	30
	25
	25
	25
	23
	23
	23

	Fish meal %
	2
	2
	2
	3
	3
	3
	3
	3
	3
	7
	7
	7

	Dried blood meal %
	2
	2
	2
	-
	-
	-
	2
	2
	2
	4
	4
	4

	Dicalcphosph %
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Vit and Min premix %
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Kcal/kg
	2651
	2687
	2608
	2500
	2628
	2553
	2600
	2633
	2558
	2575
	2607
	2532

	Crude Protein %
	15
	14
	14.6
	15.4
	13
	15
	16
	13.3
	16
	18.4
	17
	18

	Fibre %
	14
	11
	13
	11
	11
	11
	10
	10
	9.7
	10.7
	9.2
	10.9

	Calcium %
	0.8
	1.4
	1
	1.4
	1.5
	1.4
	1.2
	1.4
	1.3
	1.4
	1.6
	1.5

	Phosphorous %
	0.5
	0.5
	0.6
	0.3
	0.5
	0.7
	0.6
	0.6
	0.6
	0.7
	0.6
	0.7




57






3.4.2 [bookmark: _Toc158300483][bookmark: _Toc202995959]Experimental Rabbits and their Management
Thirty nine weaned rabbits at 30 days of age (36 does and 3 bucks) from three breeds (New Zealand White, California, and Chinchilla) were bought from the Sokoine University of Agriculture at Morogoro, Tanzania. Each experimental rabbit was marked with an ear tag, and the initial weight for the individual rabbit was taken soon after arrival before placing the rabbits in the mesh cage (house) kept on floor, whose area was 90 × 60 × 60 cm. 

After that, the rabbits were allowed to stay for one week before starting the weight record to enable them to adapt to a new environment. The weighing was done once a week throughout the experimental period. The dietary feeds (Table 3.2) and water were given ad libitum, and green vegetative feed consisting of 40% of the feed requirements for each rabbit was given once a day (in the evening). Furthermore, the rabbits were given ivermec drug to control ectoparasites and endoparasites every 3 months throughout the experimental period, and penstreto were used to treat the rabbits which showed signs of infectious diseases.

3.4.3 [bookmark: _Toc158300484][bookmark: _Toc202995960]Experimental Procedures and Data Collection
3.4.3.1 [bookmark: _Toc158300485][bookmark: _Toc202995961]Feeds Chemical Composition
Chemical composition (i.e. DM, CP, EE, ASH, and CF) for the formulated diets was determined according to procedures described by the Association of Official Analytical Chemists (AOAC, 2000) using a near-infrared reflectance system (NIRS) at the Tanzania Veterinary Laboratory Agency in Temeke, Dar es Salaam, Tanzania.

3.4.3.2 [bookmark: _Toc158300486][bookmark: _Toc202995962]Feed Intake 
A weighed amount of dietary treatment was placed in feeders for each rabbit every day, and the remaining amount was weighed by using weighing balance to get daily refusal. Feed intake was determined by measuring the difference between the amount of weekly feed given and the remaining amount, as shown in the following formula:

 ..(1)

3.4.3.3 [bookmark: _Toc158300487][bookmark: _Toc202995963]Feed Conversion Ratio
The feed conversion ratio was determined by measuring the difference between the amount of feed consumed per week divided by weight gain in that period, as shown in equation 2.



3.4.3.4 [bookmark: _Toc158300488][bookmark: _Toc202995964]Growth Performance
The parameters of weight were determined for kindling, pre- and post-weaning. Live body weight weighing was carried out once a week throughout the experiment period for all rabbits from each replicate to determine weight gain using weighing balance. The growth performance of average daily weight gain (ADG) was calculated using the formula 3 as follows.
[image: ]...(3)
3.4.3.5 [bookmark: _Toc158300489][bookmark: _Toc202995965]Reproductive Performance
The litter size, weight at birth, kindling interval, gestation length, and mortality rate were recorded on both first and second parity. The number kits were borned by each a doe was recorded and weighed using a weighing balance to obtain litter size and birth weight for each kindling. Likewise, time period between a doe gives first birth and second birth was accounted to obtain kindling interval and it was accounted the period of time between conception and birth to assess gestation length. Furthermore, the number of kit kindling's and deaths were recorded to determine the pre-weaning mortality rate, as shown in Formula 4.


[bookmark: _Toc202995966]3.4.3.6 Health Status of Rabbits
A health of experimental rabbits were recorded by examined behavior a like activeness, curious and alert, however, any signs of illness include changes in behavior, appetite, or physical appearance, as well as specific symptoms like lethargy, loss of appetite, diarrhea, or dental issues were recorded to determine health status of experimental rabbits.

3.4.4 [bookmark: _Toc158300491][bookmark: _Toc202995967]Meat Quality and Their Characteristics
3.4.4.1 [bookmark: _Toc158300492][bookmark: _Toc202995968]Carcass Yield and Organ Components
[bookmark: _Hlk199328328]At four months of age, 3 rabbits were randomly selected from each replicate for slaughter. The rabbits were not given feed but were given fresh drinking water for 18 hours before slaughter. The slaughtered rabbits were skinned and weighed using a weighing balance to obtain eviscerated weights, and a longitudinal split of the carcass was done to obtain the right and left halves. All edible organs were separated and weighed using a weighing balance. Carcass yield was calculated as dressing percentage by using Formula 5, and organ weight as indices of production was measured using a weighing balance. The edible organ components (liver, heart, and spleen) were determined as an organ components by using Formula 6.
[image: ]  ……………………………………………….(5)
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[bookmark: _Toc158300493]
3.4.4.2 [bookmark: _Toc202995969]Meat Tenderness and Chemical Composition Determination
Two pieces (200g) of the meat samples from each thigh, loin, and neck muscles per each rabbit were used for the determination of tenderness and chemical composition were preserved in a deep freezer at - 200C for 2 days and then refrigerated at 40C for one day. They were afterwards vacuum packed and transported to SUA – Department of Animal, Aquaculture, and Range Sciences laboratory for analysis. 

At the laboratory, 100g of meat samples were thawed at 50C and then cooked in the water bath at 710C for one hour, after which they were allowed to cool to 400C before being refrigerated again for 24 hours. After refrigeration, the samples were weighed and recorded, then sliced into 1 cm thick cubes, then placed in the Warner Blade Sheer Force Machine for determination of tenderness. Hereafter, 100g of meat samples thoroughly mixed from each the thigh, loin, and neck were ground and then used for the determination of chemical composition (protein, ether extract, ash, and dry matter).

3.4.4.3 [bookmark: _Toc158300494][bookmark: _Toc202995970]Meat Sensory Evaluation and Preparation
Sensory evaluation is the analysis of meat product attributes perceived by the human senses of smell, flavour, and texture. In this study, the sensory analysis was carried out with 100 consumers, where 50 males and 50 females participated. They were trained for two days before give meats in order be the familiar with texture, flavor and smell of rabbit meats. 

The meat samples from the thigh, loin and neck muscles were used to determine sensory evaluation, where each sample was separated by sensory evaluation of texture, smell, and flavour. The samples were cut into pieces of 50 grams and were subjected to heat treatment at 1760C for 60 minutes, after which they were allowed to cool at 400C before serving to consumers so as to determine the texture, smell, and flavour. The sensory analysis score was performed according to Amsa ( 2015), which were very tough, tough, fairly tough, and soft for texture, while the scales very good, good, fairly, and bad were used for smell and flavour. 

3.4.5 [bookmark: _Toc158300495][bookmark: _Toc202995971]Cost-benefit Analysis
The total costs of feed consumed by rabbits per each dietary treatment were calculated and compared with the live weight gain to obtain the cost per unit of a kilogram of the live weight gain. Hereafter, live rabbit sales were calculated, and the final rabbit sales contrasted with the variable cost of each dietary treatment to obtain a gross profit margin. Moreover, the cost of the feed given to rabbits throughout the experiment period was calculated to estimate the potential economic benefits.

3.4.6 [bookmark: _Toc158300496][bookmark: _Toc202995972]Data Processing and Analysis
Data from household survey questionnaires were analysed using Statistical Package for Social Sciences (SPSS, version 20) software. Descriptive statistical analysis was used to summarize information into frequency counts, percentages, means, and standard deviation. Additionally, the chi-square test was used to determine whether there was a statistically significant difference between the expected and observed frequencies in one or more category variables, and the final model containing the variables that showed a significant relationship (p ˂ 0.05) was adopted. 

The Chi-square model used was:
∑2 = Σ (Oi – Ei)2
 i - 1  Ei 
Where;
i = Category of sample
Oi = Observed counts from category i
Ei = Expected counts from category i
Likewise, the binary logistic regression model was used to determine social – demographic factors that influenced rabbit keepers in the study area by using a 95% confidence interval (CI). The Binary Logistic Regression model used was :-
Log [p/(1-p)] = β1OK+β1X1 +β2X2….+ β3Xm+E
Where; 
Log[p/(1-p)] = are the log odds of being in a lower against higher categories for all possible combinations;
β OK = are intercepts or cut-offs that vary from one level to another; 
β1X1 +β2X2…. + β3Xm= are the slope coefficients in influencing individuals' choice of different levels equally
Ε = Error term

Furthermore, the Likert Rating Scale (LRS) was used to rank the score of the community's perception of rabbit production and utilization. A four-point Likert Scale (LS) was used and graded from 1 to 4 scores: 1 = Strongly agree, 2 = Agree, 3 = Disagree, and 4 = Strongly disagree.

However, General Linear Model (GLM) procedure of the Statistical Analysis System (SAS) (2005) was used to analysis feed intake, growth, reproductive, and meat quality, where differences in means were observed, the means were separated using the least significant difference at a 5 % level of significance. The model for analysis of feed intake, growth, and reproductive traits was as follows:- 
Yij =  + bi + tij + Ʃij  
Where:
	Yij 
	Expected observation for experiment unit ith in treatment jth

	µ = 
	Overall mean

	bi = 
	Treatment effect of the jth treatment

	tij =
	Replicate effect of the ith replicate

	Ʃij =
	Random error


[bookmark: _Toc158300497][bookmark: _Toc202995973]CHAPTER FOUR
[bookmark: _Toc202995974]RESULTS
[bookmark: _Toc158300499][bookmark: _Toc202995975]4.1 Household Survey
[bookmark: _Toc158300500][bookmark: _Toc202995976]4.1.1 Socio-Demographic Characteristics of the Respondents
[bookmark: __RefHeading___Toc146110014][bookmark: _Toc158325966]A total of 390 respondents across three Districts in Unguja were given questionnaires to obtain information on socio-demographic characteristics presented in Table 4.1. The results showed that 252 (64.8%) of respondents were males and 138 (35.2 %) were females. The highest number of males was 87 (22.7%) and females 49 (12.8%) found in the South and West ‘B’ Districts, respectively.

[bookmark: _Toc202995857]Table 4.1 Socio-demographic Characteristics of the Respondents (n=390)
	
	
	
	Districts
	
	

	
Variable
	
Category
	North (A)
District
N (%)
	West (B)
District
N (%)
	South
District
N (%)
	Total
N (%)

	Age Group (Years)

	18-35
36-55
Above 55
	51 (13.0)
55 (14.3)
24 (6.0)
	76 (19.8)
35 (8.9)
19 (4.7)
	46 (11.7)
53 (13.5)
31 (8.1)
	173 (44.5)
143 (36.7)
74 (18.8)

	Sex
	Male
Female
	84 (21.6)
45 (11.7)
	80 (20.5)
49 (12.8)
	88 (22.7)
41 (10.7)
	252 (64.8)
138 (35.2)

	Marital status
	Married
Divorced
Single
	94 (24.5)
6 (1.6)
28 (7.3)
	74 (19.2)
0 (0.0)
54 (14.1)
	84 (21.9)
14 (3.6)
30 (7.8)
	254 (65.6)
22 (5.2)
114 (29.2)

	Education level
	Degree
Diploma
Certificate
Secondary
Primary
None
	2 (0.3)
14 (3.4)
10 (2.6)
60 (15.6)
32 (8.3)
12 (3.1)
	5 (1.3)
28 (7.3)
20 (5.2)
62 (15.9)
14 (3.4)
2 (0.3)
	4 (1.0)
18 (4.7)
16 (3.9)
59 (15.4)
28 (7.3)
4 (1.0)
	11 (2.6)
60 (15.4)
46 (11.7)
181 (46.9)
74 (19.0)
18 (4.4)


Note: N= number observed 
While the majority of respondents, 254 (65.6%) were married, 114 (29.2%) were single, and only 22 (5.2%) were divorced. 

In terms of age, 173 (44.4%) belonged to the age group of 18 -35 years, followed by 143 (36.7%) who were 36 -55 years of age, and only 74 (18.8%) were above 55 years. On the other hand, on the education level, the results indicate that 11 respondents (2.6%) had a degree, 60 (15.4%) diploma level, 46 (11.7%) had a certificate level, 181 (46.9%) secondary, 74 (19.0%) primary school level and 18 (4.4%) did not have formal education.

[bookmark: _Toc202995977]4.1.2 Social-Economical Activities of Respondents
The 390 respondents used in this study to acquire information on socio-economic status are presented in Table 4.2. The results showed that 362 (93.5%) respondents were engaged in various economic activities, while 28 (6.5%) did not have any economic activity. 









[bookmark: _Toc202995858]Table 4.2: Social-Economical Activities of Farmers (n=390)
	
	
	
	District
	
	

	Variable
	Category
	North (A)
District
N (%)
	West (B)
District
N (%)
	South
District
N (%)
	Total

N (%)

	Social-economic activity
	Yes
	122 (34.0)
	115 (32.0)
	122 (34.0)
	362 (93.5)

	
	No
	6 (24.0)
	13 (52.0)
	6 (24.0)
	28 (6.5)

	Type of economic activities
	Farming
	53 (47.3)
	24 (20.5)
	36 (32.1)
	113 (31.2

	
	Petty trade
	30 (29.4)
	46 (44.1)
	27 (26.5)
	103 (28.4)

	
	Fishing
	14 (28.0)
	16 (32.0)
	21 (40.0)
	51 (13.9)

	
	Tourist
	20 (35.7)
	16 (28.6)
	20 (35.7)
	56 (15.6)

	

	Employee
	5 (12.8)
	15 (38.5)
	19 (48.7)
	39 (10.9)


   Note: N= number observed 

[bookmark: _Toc158300504]Furthermore, on types of economic activities done, out of the 362 respondents who were engaged in certain economic activity, the majority, 113 (31.2%) were engaged in farming activities; 103 (28.4%) were involved in petty trade; 56 (15.6%) in tourism; 51 (13.9%) were doing fishing; and only 39 (10.9%) were government employees. 

[bookmark: _Toc202995978]4.1.3 Rabbit Farmers and Types of Rabbits kept (n=390)
[bookmark: _Toc158300505][bookmark: _Toc23896]A total of 390 farmers across the three Districts were studied in relation to rabbit keeping, as shown in Table 4.3. The results showed that 188 (48.2%) farmers were rabbit keepers, while 202 (51.8%) were not. The higher number of rabbit keepers, 80 (42.7%) were found in the West ‘B’ District, followed by 58 (30.8%) in South and 50 (26.5 %) in the North district whereas higher number of 80 (39.7%) non-rabbit keepers found in the North ‘A’ District, followed by 72 (35.7%) in South and 50 (24.6 %) in the west (B) district respectively.

[bookmark: _Toc158325968][bookmark: _Toc202995859]Table 4.3: Rabbit Farmers and Types of Rabbits kept (n=390)
	
	
	
	District
	
	

	
Variable
	
Category
	North (A)
District
N (%)
	West (B)
District
N (%)
	South
District
N (%)
	Total
N (%)

	Rabbit keeping
	Yes
No
	50(26.5)
80(39.7)
	80(42.7)
50(24.6)
	58(30.8)
72(35.7)
	188(48.2)
202(51.8)

	Types of Rabbit
	Medium breed
	25(24.2)
	42(41.4)
	35(34.3)
	102(53.2)

	
	Small breed
	26(29.9)
	37(43.7)
	23(26.4)
	86(46.8)


 Note: N= Number observed

Likewise, 188 farmers were deployed to obtain information on the type of rabbits kept, where two major types of rabbits were observed: medium and small-size breeds. The results are summarized in Table 4.3. The results showed that 102 farmers (53.2%) kept medium breeds of rabbit, while 86 farmers (46.8%) kept small breeds. 

[bookmark: _Toc158300507][bookmark: _Toc202995979]4.1.4 The Social-Demographic Factors Influencing Rabbit Farmers
The binary logistic regression model was employed to determine the statistically influence of the four selected socio-demographic predictors variables: age, sex, marital status, and education level on rabbit farmers. The chi-square results in Table 4.4 indicate that explanatory variables tested of/for the null hypothesis affected the dependent variable (rabbit farmers), and the chi-square value of 61.091 was highly significant (ρ≤ 0.001) statistically. The results mean that the model, containing all the four independent variables was able to predict the influence of rabbit farmers in rabbit keeping.
[bookmark: _Toc158325969][bookmark: _Toc202995860]Table 4.4: Omnibus Tests of Model Coefficients
	[bookmark: __RefHeading___Toc146110020]Step 1
	Chi-square
	Df
	Sig.

	
	Step
	61.091
	4
	.000

	
	Block
	61.091
	4
	.000

	
	Model
	61.091
	4
	.000



[bookmark: __RefHeading___Toc146110022][bookmark: _Toc21027]Table 4.5 shows the binary regression results of the four socio-demographic variables that influenced rabbit farmers. The results showed a negative beta coefficient of β = - 0.07 for age, β = - 0.175 for marital status, and β = - 0.097 for education level. These results suggest that an increase of age, marital status, and education level decreased the number of farmers were involved in the rabbits keeping by 9.28%, 8.40%, and 9.08%, respectively. However, the age was statistically significant (ρ≤ 0.001), implying that it influenced the farmers involved in rabbit keeping, while marital status and education level did not contribute significantly (p≤ 0.270) and (p≤ 0.343), respectively. This implies that they did not influence farmers engaged in rabbit keeping.
[bookmark: _Toc158325970]
[bookmark: _Toc202995861]Table 4.5: The Social-Demographic Factors influencing Rabbit Farmers
	
	95% C. I. for Odds ratio

	Variable
	β
	S.E.
	Wald
	Df
	Sig
	Odds
	lower
	upper

	Age
	-0.075
	0.013
	35.382
	1
	0.000**
	0.928
	0.905
	0.951

	Sex 
	0.388
	0.235
	2.711
	1
	0.100 ns
	1.473
	0.929
	2.337

	Marital status
	-0.175
	0.158
	1.215
	1
	0.270 ns
	0.840
	0.615
	1.146

	Education level
	-0.097
	0.102
	0.898
	1
	0.343 ns
	0.908
	0.744
	1.109

	Constant
	3.136
	0.772
	16.484
	1
	0.000**
	23.002
	
	


Note: Number of observation = 384, chi2 (4) = 61.091, Prob> chi2 ≥ 0.001 Log likelihood = 470.736, Df =1, Pseudo R2 = 0 .196, ns = not significant, ** = significant at 5% of confidence interval.
On the contrary, the sex variable had a positive beta coefficient of β = 0.388, indicating that an increase of male farmers, increased the number of farmers engaged in rabbits keeping by 147.3% and was not statistically significant (p ≤ 0.1001). Moreover, the range of lower and upper confidence interval (CI) of age was between 0.905 and 0.951; marital status was between 0.615 and 1.146; and education level ranged from 0.744 to 1.109. These results indicate that lower and upper CI cross less than one, which means that the age, marital status, and education level variables decreased the odds ratio of rabbit keeping by 0.928, 0.840, and 0.908, respectively. In addition,the range of lower and upper confidence intervals of the sex variable was between 0.929 and 2.337, which means that CI is greater than one. So, the results showed that the sex variable increased the odds ratio of rabbit keeping by 1.473.

[bookmark: _Toc158300510][bookmark: _Toc202995980]4.1.5 Rabbit Population Intake and Off-take
Descriptive statistics were used to analyze the rabbit population's intake and off-take. The results are summarized in Table 4.6. The coefficient of variation (CV), calculated as the standard deviation divided by the mean, was used to assess the spread of the data. Generally, a CV greater than 1 indicates high variability, while a CV less than 1 indicates low variability. This means that a high CV suggests the data are more spread out, while a low CV suggests the data are clustered around the mean. These results indicate that, initially 0.57 of the rabbits kept by farmers were female, while 0.43 were male. This suggests a relatively small starting population of both female and male rabbits. Furthermore, the data reveals a similar trend in the proportion of female and male rabbits throughout the farming period. Regarding the duration of rabbit ownership and animal slaughter, the numbers were 0.95 CV and 0.94 CV, respectively. These findings imply relatively short periods of rabbit ownership and low numbers of rabbits slaughtered for consumption.

[bookmark: _Toc158325971][bookmark: _Toc202995862]Table 4.6: Rabbit Population Intake and Off-take
	 Variable
	Mean
	Standard Deviation
	Coefficient of variation

	Initial number of female rabbits 
	2.43
	1.38
	0.57

	Initial number of male rabbits 
	1.27
	0.54
	0.43

	Present number of female rabbits 
	11.60
	9.42
	0.81

	Present number of male rabbits 
	5.32
	4.42
	0.83

	Months rabbits kept
	16.82
	16.06
	0.95

	Number of slaughtered rabbits 
	5.24
	4.95
	0.94



[bookmark: _Toc158300512][bookmark: _Toc202995981]4.2 Livestock Keepers Perception of Rabbit Production and Product Utilization
[bookmark: _Toc5729][bookmark: _Toc158300513]On livestock keepers perception of rabbit production and utilization, a Likert scale in the range between 1 and 4 (1 = strongly agree; 2 = agree; 3 = disagree and 4 = strongly disagree) was used as shown in Table 4.7. The results depict that, on variable rabbits grow quickly and have lots of off-springs, the majority of farmers 227 (58.2%) agreed with this statement; followed by 128 (32.8%) who strongly agreed; 27 (6.9%) disagreed; and 8 (2.1%) who strongly disagreed. For the variable of rabbit meat being good and tasting like chicken, the results showed a higher number of farmers agreeing 170 (43.6%), with 127 (32.6%) disagreeing, 67 (17.2%) strongly agreeing, and 26 (6.7%) strongly disagreeing. On the variable that rabbit production requires lower investment than other livestock production, the results indicate that half the farmers 197 (50.5%) agreed, 88 (22.5%) disagreed, 72 (18.5%) strongly agreed, and 33 (8.5%) strongly disagreed.
Similarly, the variable that rabbits eat green grass like goats and cows, the majority of farmers, 243 (62.3%) agreed, 88 (22.5%) strongly agreed, 47 (12.1%) disagreed, and 12 (3.1%) strongly disagreed. However, the variable regarding early benefits from rabbit production compared to other types showed results among farmers 151 (38.8%) disagreed, 139 (35.6%) agreed, 71 (18.2%) strongly agreed, and 29 (7.4%) strongly disagreed.




[bookmark: _Toc158325972][bookmark: _Toc202995863]Table 4.7: Community Perception on Rabbit Production and Utilization (n=390)
	VARIABLE
	Strong agree
N (%)
	Agree
N (%)
	Disagree
N (%)
	Strong disagree
N (%)
	Total
N (%)

	Rabbits grow quickly and have lots of off-springs
	128 (32.8)
	227 (58.2)
	27 (6.9)
	8 (2.1)
	390 (100)

	Rabbit meat is good and flavoured like chicken
	67 (17.1)
	170 (43.6)
	127 (32.6)
	26 (6.7)
	390 (100)

	Rabbit production is a lower investment than other livestock production
	72 (18.5)
	197 (50.5)
	88 (22.5)
	33 (8.5)
	390 (100)

	Rabbits eat green grass like goats and cows
	88 (22.5)
	243 (62.3)
	47 (12.1)
	12 (3.1)
	390 (100)

	Rabbit production has earlier benefits than other livestock production
	71 (18.2)
	139 (35.6)
	151 (38.8)
	29 (7.4)
	390 (100)

	Rabbit is better raised using an intensive system than other systems
	106 (27.2)
	169 (43.3)
	99 (25.4)
	16 (4.1)
	390 (100)

	Rabbit has lower labour costs than other livestock production
	80 (20.5)
	228 (58.4)
	58 (14.9)
	24 (6.2)
	390 (100)

	Consumption of rabbit meat is health
	70 (17.9)
	174 (44.6)
	121 (31.1)
	25 (6.4)
	390 (100)

	Most livestock keepers in Zanzibar like consuming rabbit meat 
	15 (3.8)
	77 (19.7)
	226 (57.9)
	72 (18.6)
	390 (100)

	Rabbit manure is better garden fertilizer than large animals’ manure
	74 (19.0)
	148 (37.9)
	141 (36.2)
	27 (6.9)
	390 (100)
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· [bookmark: _Hlk199413184]Note: N = number observed, Strongly agreed and agreed are presenting positive perceived. Disagree and strongly disagree are presenting negative perceived.




Furthermore, regarding the rabbit management systems, the number of respondents who favoured raising rabbits under an intensive system, among the respondents, 169 (43.3%) agreed, 106 (27.2%) strongly agreed, 99 (25.4%) disagreed, and only 16 (4.1%) strongly disagreed. For the statement that rabbit rearing involves lower labour costs than other livestock production, a high number of farmers supported it. More than half, 228 (58.4%), strongly agreed, followed by 80 (20.5%) who agreed, 58 (14.9%) who disagreed, and 24 (6.2%) who strongly disagreed.

Similarly, among respondents regarding the perceived healthiness of rabbit meat. The majority, 174 (44.6%), agreed, while 121 (31.0%) disagreed, 70 (17.9%) strongly agreed, and only 25 (6.4%) strongly disagreed. Regarding the consumption of rabbit meat, three-quarters of the respondents, 226 (57.9%), disagreed, followed by 77 (19.7%) who agreed, 27 (6.9%) who strongly agreed, and only 15 (3.8%) who strongly disagreed.

Finally, among farmers regarding the perceived richness of rabbit manure for gardens compared to manure from large animals. The majority, 148 (37.9%), agreed, followed by 141 (36.2%) who disagreed, 74 (19.0%) who strongly agreed, and 27 (6.9%) who strongly disagreed.

[bookmark: _Toc158300515][bookmark: _Toc202995982]4.3 Factors Affecting Rabbit Production
[bookmark: _Toc158300516][bookmark: _Toc202995983]4.3.1 Feed and Feeding System
A total of 188 farmers in the three districts were surveyed to acquire information on the feed and feeding system of the rabbits, as summarized in Table 4.8. A chi-square test was used to assess the statistical association between the feed and feeding system, type of feed, supplement feeds, type of supplement feeds, and equipment used for feeding. The results of the feeding system showed that 113 (60.2%) of farmers used an intensive system, while 75 (39.8%) practised semi-intensive systems. The chi-square results showed a statistically significant association (p ≤ 0.038) with the feeding system used. More farmers 52 (46.4%) practised the intensive system in West 'B' compared to 38 (33.9%) in the South District. In contrast, 28 (37.7%) farmers practised the semi-intensive system in West 'B' and 27 (36.5%) in the North 'A' District.

In terms of the type of feed used, almost three-quarters 165 (88.6%) of the farmers fed the rabbits green grass, while only 23 (11.4%) used kitchen waste. This shows a significant difference (p ≤ 0.049) in the types of feed used across the three districts. The highest number of farmers who used green grass was in West 'B' 74 (45.1%), followed by the South district 51 (31.1%) and North 'A' district 40 (23.8%).
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[bookmark: _Toc158325973][bookmark: _Toc202995864]Table 4.8: Feed and Feeding System (n=188)
	
	
	
	DISTRICT
	
	
	
	

	
VARIABLE
	
CATEGORY
	North (A)
District
N (%)
	West (B)
District
N (%)
	South
District
N (%)
	
N
	
χ2
	
p-Value

	Feeding system
	Intensive
Semi-intensive
	22 (19.6)
27 (36.5)
	52 (46.4)
28 (37.8)
	39 (33.9)
20 (25.7)
	113 (60.2)
75 (39.8)
	6.554
	0.038**

	Type of feeds
	Fresh grass
Kitchen waste
	40 (23.8)
10 (47.6)
	74 (45.1)
6 (23.8)
	51 (31.1)
7 (28.6)
	165 (88.6)
23 (11.4)
	6.013
	0.049**

	Supplement feed
	Yes
No
	41 (32.0)
8 (14.0)
	53 (41.4)
26 (45.6)
	35 (26.6)
24 (40.4)
	128 (69.2)
60 (30.8)
	7.419
	0.024**

	Type of supplement feeds used (n=128)
	Maize bran
Wheat bran
Layer mash 
Pellet feeds
	24 (42.9)
2 (20.0)
3 (7.1)
14 (66.7)
	16 (28.6)
4 (40.0)
28 (66.7)
3 (16.7)
	16 (28.6)
4 (40.0)
11(26.2)
3 (16.7)
	56 (44.4)
10 (7.9)
42 (33.3)
20 (14.3)
	

30.083
	

0.001**

	Equipment used for feeding
	Feeder
On floor
Hanging
	16 (20.3)
22 (24.7)
13 (50.0)
	40 (54.1)
35 (41.2)
5 (15.4)
	19 (25.7)
29 (34.1)
9 (34.6)
	75 (40.0)
86 (45.9)
27 (14.1)
	
14.489
	
0.006**


Note: *Statistically significant at 0.05, **statistically significant at 0.01, χ2= Chi-square value
As per farmers' practices of providing supplementary feed to their rabbits, there was significant variation among them (p ≤ 0.024). While only 60 (30.8%) did not provide any supplements, 128 (69.2%) of the farmers did. Among these, 53 (41.4%) were from the West 'B' District, 41 (32.0%) from the North 'A' District, and 35 (26.6%) from the South District.

In terms of the types of supplement feeds used, 56 (44.4%) farmers utilized maize bran, 42 (33.3%) used pellet feeds, 20 (14.3%) used layer mash feeds, and only 10 (7.9%) used wheat bran. 

Moreover, the chi-square results showed a statistically significant (p ≤ 0.001) of farmers used maize bran, higher farmers 24 (42.9%) from the North 'A' district, followed by 16 (28.6%) in the West 'B' district and 16 (28.6%) in the South district. Notably, the majority of farmers in the West 'B' district 28 (66.7%) used layer mash feed as a supplement, while 14 (66.7%) farmers in the North 'A' district used pellet feeds.

Regarding the types of equipment used, the majority of farmers 86 (45.9%) fed their rabbits on the floor, 76 (40.0%) used feeders, and 27 (14.1%) hung green grasses. The chi-square test revealed statistically significant variation (p ≤ 0.006) in the equipment used. Notably, the majority of farmers in the West 'B' District preferred feeding on the floor 40 (54.1%), while more farmers in the North 'A' District used feeders 35 (41.2%) and the South District favoured hanging green grasses 13 (50.0%).
[bookmark: _Toc158300518][bookmark: _Toc202995984]4.3.2 Marketing of Rabbits and their Products
[bookmark: _Toc158300519][bookmark: _Toc4883][bookmark: _Toc158327887]One hundred eight eight (188) farmers were surveyed on the marketing of rabbits and their products, as shown in Table 4.9. Regarding the commercialization of rabbits or their products, the proportion of respondents who had sold rabbit parts was significantly (p ≤ 0.007). In other words, 137 respondents (73.0%) had sold rabbit parts, compared to 51 respondents (27.0%) who did not. Among those who sold rabbit parts, respondents from the West 'B' District were in the lead with 67 respondents (49.6%), followed by the South District with 38 respondents (27.4%). Conversely, the number of respondents who hadn't sold rabbit parts was higher in the South District 20 respondents (40.0%) and the North 'A' District 18 respondents (36.0%).

[bookmark: _Toc158300520]Furthermore, the chi-square test results revealed no statistically significant difference regarding the types of rabbit products sold (p ≥ 0.836), the place of rabbit products sold (p ≥ 0.909), and marketing challenges (p ≥ 0.475). This implies that there were no significant variations in these variables among farmers in the three selected districts.
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[bookmark: _Toc158325974][bookmark: _Toc202995865]Table 4.9: Marketing of Rabbits and their Products
	
	
	
	DISTRICT
	
	
	
	

	
VARIABLE
	
CATEGORY
	North (A)
District
N (%)
	West (B)
District
N (%)
	South
District
N (%)
	
N
	
χ2
	
p-Value

	Rabbit products Sold (n=188)
	Yes
No
	32 (23.0)
18 (36.0)
	67 (49.6)
13 (24.0)
	38 (27.4)
20 (40.0)
	137 (73.0)
51 (27.0)
	9.832
	0.007**

	Type of products sold (n= 137)
	Live rabbit
Urine
Manure
	23 (23.2)
1 (14.3)
7 (21.2)
	47 (49.5)
5 (71.4)
16 (48.5)
	27 (27.4)
1 (14.3)
10 (30.3)
	97 (70.4)
7 (5.2)
33 (24.4)
	
1.446
	
0.836 ns

	Place of rabbit products sold (n=137)
	Local market
Restaurant
Farmers
	5 (25.0)
1 (33.3)
22 (19.3)
	9 (45.0)
1 (33.3)
59 (53.2)
	6 (30.0)
1 (33.3)
33 (27.5)
	20 (15.2)
3 (2.3)
114 (82.5)
	
1.007
	
0.909 ns

	Marketing challenge (n=188)
	Yes
No
	32 (27.1)
18 (25.8)
	53 (44.9)
26 (37.9)
	33 (28.0)
25 (36.4)
	119 (64.1)
69 (35.9)
	1.487
	0.475 ns

	The main challenge of marketing (n=119)
	No permanent market
Low price
Few buyers
	8 (18.2)
22 (38.2)
2 (10.5)
	22 (50.0)
20 (36.4)
12 (63.2)
	14 (31.8)
14 (25.5)
5 (26.3)
	44 (37.3)
56 (46.6)
19 (16.1)
	

8.726
	

0.068 ns


Note: *Statistically significant at 0.05, **statistically significant at 0.01, ns = Not statistically significant at 0.05, χ2= Chi-square value.
[bookmark: _Toc158300522][bookmark: _Toc202995985]4.3.3 Rabbit Diseases Infections, Stolen, or Loss by Predators 
Of the 188 farmers surveyed on disease infection (as shown in Table 4.10), a chi-square test was conducted to assess the statistical association among them concerning disease infection. The results showed that 110 (58.9%) farmers reported their rabbits being affected by the disease, while 78 (41.1%) did not. Notably, 52 (46.5%) farmers from the West 'B' District reported rabbit disease infection, compared to 36 (33.6%) in the South District. This difference was statistically significant (p ≤ 0.027). Conversely, a higher number of farmers, 29 (36.8%) from North ‘A’ District, followed by 28 (35.5%) in West ‘B’ District, did not report any disease, indicating no significant difference (p ≥ 0.05).

However, no statistically significant associations were found between the causes of disease infection and the number of rabbits affected by predators (p ≥ 0.299 and p ≥ 0.497, respectively. This suggests that these variables did not vary significantly among farmers in the three districts. Among the reported causes of rabbit deaths, diarrhoea 27 (36.5%), unknown causes 25 (33.8%), and skin infections 22 (29.7%) were the most prevalent. There was significant variation (p ≤ 0.011) among farmers in the reported causes of death. Notably, the highest number of deaths by diarrhoea 14 (51.9%) occurred in the West 'B' District, followed by unknown causes 12 (48.0%) in the South District and skin infections 10 (45.4%) in the North 'A' District.

Regarding rabbit theft, more than half 127 (67.4%) of farmers reported no rabbits stolen, while 61 (32.6%) reported some theft. Significant variation (p ≤ 0.020) was observed among farmers, with the highest proportion reporting no theft in the West 'B' District 55 (43.5%), followed by the South District 45 (35.5%) and the North ‘A’ District 26 (21.0%). Conversely, the highest number of reported stolen rabbits was in the West 'B' District 25 (41.7%), followed by the North ‘A’ District 23 (38.3%) and the South District 13 (20.0%).
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[bookmark: _Toc158325975][bookmark: _Toc202995866]Table 4.10: Rabbit Diseases Infection, Stolen, and Loss by Predators
	
	
	
	District
	
	
	
	

	
Variable
	
Category
	North ‘A’
District
N (%)
	West ‘B’
District
N (%)
	South
District
N (%)
	
N
	
χ2
	
p-Value

	Diseases infection (n=188)
	Yes
No
	21 (19.3)
29 (36.8)
	52 (46.5)
28 (35.5)
	37 (33.6)
21 (27.7)
	110 (58.9)
78 (41.1)
	7.201
	0.027**

	Causes of diseases (n=110)
	Poor diets
Poor hygiene
External parasites
Unknown
	6 (33.3)
6 (16.1)
9 (20.5)
1 (6.2)
	8 (44.4)
18 (58.1)
17 (38.6)
9 (56.2)
	4 (22.2)
8 (25.8)
18 (40.9)
6 (37.5)
	18 (16.5)
32 (28.4)
44 (40.4)
16 (14.7)
	
7.238
	
0.299 ns

	Causes of death (n=74)
	Skin infection
Diarrhoea
Unknown
	10 (45.4)
2 (7.4)
3 (12.0)
	6 (27.3)
14 (51.9)
10 (40.0)
	6 (27.3)
11 (40.7)
12 (48.0)
	22 (29.7)
27 (36.5)
25 (33.8)
	
13.049
	
0.011**

	Stolen rabbits  (n=188)
	Yes
No
	23 (38.3)
26 (21.0)
	25 (41.7)
55 (43.5)
	13 (20.0)
45 (35.5)
	61 (32.6)
127 (67.4)
	7.797
	0.020**

	Rabbit loss by Predator (n=188)
	Yes
No
	19 (27.5)
30 (25.6)
	27 (37.7)
54 (46.2)
	24 (34.8)
34 (28.2)
	70 (37,1)
118 (62.9)
	1.396
	0.497 ns
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Note: *Statistically significant at 0.05, **statistically significant at 0.01, ns = Not statistically significant at 0.05, χ2= Chi- square value




[bookmark: _Toc202995986]4.3.4 Number of Rabbits got Diseases Infection, Stolen, and Loss by Predators
A descriptive analysis was conducted to determine the number of rabbits disease infection, stolen, or loss by predators as shown in Table 4.11. The coefficient of variation (CV), calculated as the standard deviation divided by the mean, was used to assess the variability of the data. Generally, a CV greater than 1 indicates high variability, while a CV less than 1 indicates low variability. A higher standard deviation implies more spread-out data, while a lower standard deviation suggests data clustered closer to the mean. The calculated CVs for rabbits got disease infection, treated, dead, and recovered were 1.00, 1.02, 0.86, and 1.02, respectively. These results suggest a higher number of rabbits treated and recovered from infectious diseases, with relatively few deaths. Additionally, the CVs for stolen rabbits (0.52) and those consumed by predators (0.77) indicate fewer losses due to theft and predation compared to other categories.

[bookmark: _Toc158325976][bookmark: _Toc172666197][bookmark: _Toc201351865][bookmark: _Toc201431044][bookmark: _Toc202995867]Table 4.11: Number of Rabbits got Diseases Infection, Stolen, and Loss by Predators (n=188)
	 Variable
	Mean
	Standard
Deviation
	Coefficient of
variation

	Number of diseased rabbits 
	6.09
	6.10
	1.00

	Number of treated rabbits 
	5.39
	5.49
	1.02

	Number of death rabbits 
	2.35
	2.02
	0.86

	Number of recovered rabbits 
	4.32
	4.42
	1.02

	Number of stolen rabbits 
	2.83
	1.46
	0.52

	Number of lost rabbits by a predator
	2.96
	2.29
	0.77


[bookmark: _Toc158300525]
[bookmark: _Toc202995987]4.3.5 Disease Control 
The chi-square test was used to obtain statistical information on disease control in rabbit production, as summarised in Table 4.12. The results showed that 55 (28.5%) farmers used acaricides for disease control, while 133 (71.5%) did not. The chi-square test revealed no statistically significant difference (p ≥ 0.498) in the use of acaricides for rabbit disease control, implying that the use or non-use of different acaricides had no effect in the three selected districts.

However, the results showed a significant difference (p ≤ 0.030) between farmers who used the spread method 25 (47.2%) and those who employed hand dressing 20 (35.8%) or traditional methods 10 (17.0%) of acaricide application. Similarly, for anthelmintic drugs used, the number of farmers who used them 117 (62.4%) was significantly higher (p ≤ 0.001) than those who did not 71 (37.6%). More farmers who used anthelmintic drugs were from the West 'B' District 62 (53.4%), followed by the North 'A' District 30 (25.9%). Notably, 34 (47.1%) of farmers from the South District did not use any anthelmintic drug.
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[bookmark: __RefHeading___Toc146110037][bookmark: _Toc158325977][bookmark: _Toc202995868]Table 4.12: Diseases Control and Drugs used (n=188)
	
	
	
	district
	
	
	
	

	
Variable
	
Category
	North (A)
District
N (%)
	West (B)
District
N (%)
	South
District
N (%)
	
N
	
χ2
	
P-Value

	Used acaricide (n=188)
	Yes
No
	17 (32.1)
32 (24.1)
	23 (41.5)
58 (43.6)
	15 (26.4)
43 (32.3)
	55 (28.5)
133 (71.5)
	1.396
	0.498 ns

	Method of acaricide used (n= 55)
	Spray
Hand dressing
Traditional
	9 (36.0)
8 (42.1)
0 (0.0)
	9 (36.0)
5 (26.3)
8 (88.9)
	7 (28.0)
7 (31.6)
2 (11.1)
	25 (47.2)
20 (35.8)
10 (17.0)
	
10.723
	
0.030**

	Used anthelmintic drugs (n=188)
	Yes
No
	30 (25.9)
19 (27.1)
	62 (53.4)
18 (25.7)
	25 (20.7)
34 (47.1)
	117 (62.4)
71 (37.6)
	17.803
	0.001**


Note: *Statistically significant at 0.05, **statistically significant at 0.01, ns = Not statistically significant at 0.05, χ2= Chi-square value.


[bookmark: _Toc158300527][bookmark: _Toc202995988]4.3.6 Extension Services Delivery
One hundred and eighty-eight (188) farmers were surveyed to gather information on extension service delivery (Table 4.13). A significantly higher proportion of farmers (71.4%, n=134) had received extension services compared to those who hadn't (28.6%, n=54; p ≤ 0.026). Most farmers receiving services were from the West 'B' district (44.7%, n=59), followed by the South district (34.1%, n=46). The North 'A' and West 'B' districts had the lowest proportion of farmers without services (39.6% each, n=21).

Regarding the source of extension services, 55.3% (n=74) reported receiving them from livestock officers, while 44.7% (n=60) received them from experienced farmers. A significant difference (p ≤ 0.001) was found between sources. In the West 'B' district, the most common source was livestock officers (50.7%, n=37), followed by the North 'A' district (28.8%, n=21). Experienced farmers were the most common source in the South district (50.8%, n=30), followed by the West 'B' district (37.3%, n=22) and the North 'A' district (11.9%, n=8).










71






[bookmark: _Toc158325978][bookmark: _Toc202995869]Table 4.13: Extension Services Delivery
	
	
	
	District
	
	
	
	

	
Variable
	
Category
	North (A)
District
N (%)
	West (B)
District
N (%)
	South
District
N (%)
	N
	χ2
	P-Value

	Extension services delivery (n=188)
	Yes
No
	29 (21.2
21 (39.6)
	59 (44.7)
21 (39.6)
	46 (34.1)
12 (20.8)
	134 (71.4)
54 (28.6)
	7.286
	0.026**

	Source of extension services (n=134)
	Livestock offices
Experience farmer
	21 (28.8)
8 (11.9)
	37 (50.7)
22 (37.3)
	16 (20.5)
30 (50.8)
	74 (55.3)
60 (44.7)
	14.492
	0.001**


Note: *Statistically significant at 0.05, **statistically significant at 0.01, ns = Not statistically significant
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[bookmark: _Toc158300529]	



[bookmark: _Toc202995989]4.4 Challenges facing Rabbit Production
A total of 188 farmers were surveyed to obtain information on the challenges of rabbit production as presented in Figure 4.1. The most important production challenges encountered were lack of education (21.2%), lack of market (18.6%), high cost of feeds (15.8%), poor breeding (11.5%), infectious diseases (11.5%), small area (8.9%), predator (7.0%) and thieves (5.5%).


[bookmark: _Toc158326550][bookmark: _Toc202990650]Figure 4.1: Challenges facing Rabbit Production

[bookmark: _Toc158300531][bookmark: _Toc202995990]4.5 Experiment Study
As indicated in Chapter three (see 3.4.1), apart from the survey, this research also involved an experiment to evaluate the performance of three selected breeds of rabbits fed on three different diets. The rabbit breeds were New Zealand White, California, and Chinchilla. 
[bookmark: _Toc26855][bookmark: _Toc202995991]4.5.1 Health Status of the Rabbits
The rabbits were in good health throughout the experimental period. The mortality rate was noted as 0.0% for New Zealand breed-fed diets 1, 2, and 3. Likewise, there was 0.0% mortality rate for Chinchilla and California breeds fed diets 2 and 3 respectively. However, 5.5% and 11.1% mortality rates for California breed-fed diets 1 and 2 were observed. On the other hand, higher 7.4% and 9.5% mortality rates were observed for the Chinchilla breed fed diet 1 and 3 respectively. The results showed that an increased mortality rate in the young rabbits happened in the first week after birth.
[bookmark: _Toc158300532]
[bookmark: _Toc202995992]4.6 Chemical Composition of Feed Ingredients and Experimental Diets
[bookmark: _Toc158300533][bookmark: _Toc202995993]4.6.1 Analysis of Feed Ingredients
The chemical composition of the experimental feed ingredients is presented in Table 4.14. In this study, the observed chemical composition of the feed ingredients generally fell within the expected ranges despite some slight variations. Notably, the wheat grain had a lower crude protein (CP) content than expected, while the sunflower seed cake and maize bran had higher ether extract (EE) and crude fibre (CF) contents. Conversely, the wheat grain had a slightly lower starch content compared to maize and sorghum grains.




[bookmark: _Toc158325979][bookmark: _Toc202995870]Table 4.14: Chemical Composition of Feed Ingredients used for Dietary Formulation
	
	Percentage composition

	Ingredient
	DM
	CP
	EE
	CF
	Ash
	STARCH
	Ca
	P

	Wheat grain
	90.5
	9.0
	1.5
	1.4
	7.6
	68.2
	0.96
	1.35

	Fish meal
	89.1
	69.0
	4.4
	-
	9.2
	-
	3.18
	1.92

	Sunflower seed cake
	92.8
	24.0
	15.2
	22.8
	5.8
	-
	0.30
	0.73

	Maize grain
	89.1
	10.1
	1.4
	1.2
	2.3
	70.0
	0.13
	0.80

	Sorghum grain
	86.1
	13.9
	1.2
	2.8
	4.5
	72.1
	0.13
	0.39

	Maize bran
	88.3
	5.2
	5.9
	12.2
	6.4
	-
	0.14
	0.78


[bookmark: _Toc32143][bookmark: _Toc158300535]Key: DM = Dry matter, CP = Crude protein, EE = Ether extract, CF = Crude fibre, Ca = Calcium, P = Phosphorous.

[bookmark: _Toc158300536][bookmark: _Toc202995994]4.6.2 Chemical Composition of Experimental Diets
The chemical composition of experimental diets is presented in Table 4.15. All dietary treatments had a relatively similar percentage of DM, EE, Ash, Ca, and P.  However, there were differences between the dietary treatments noted for CP, CF, and ME. Diets 1 and 2 for growth had slightly lower CP than other diets, whereas diet 2 for maintenance and diets 1, 2, and 3 for gestation had slightly higher CF and were likewise observed to have slightly low ME in diets 1 and 2 for lactation than other diets. 


[bookmark: _Toc158325980][bookmark: _Toc202995871]Table 4.15: Chemical Composition of Experimental Diets
	
	DIETARY TREATMENTS (DT)

	
	Growth
	Maintenance
	Gestation
	Lactation

	Nutrients
	DT1
	DT2
	DT3
	D1
	D2
	D3
	D1
	D2
	D3
	D1
	D2
	D3

	Dry matter %
	89.3
	89.1
	89.2
	90.3
	89.1
	89.2
	89.8
	90.3
	90.0
	89.8
	90.3
	90.0

	Crude Protein %
	12.7
	13.0
	13.5
	13
	14.0
	13.6
	16.4
	16.2
	15.7
	14.8
	15.0
	14.1

	Ether extract %
	6.9
	6.6
	7.7
	5.9
	7.6
	7.7
	6.8
	7.0
	6.6
	6.8
	7.0
	6.6

	Crude fibre %
	6.9
	7.3
	8.0
	6.9
	9.0
	8.8
	9.7
	9.3
	10.0
	8.5
	7.6
	6.9

	Ash %
	9.7
	9.0
	8.9
	9.0
	9.0
	8.9
	7.2
	9.9
	10.1
	7.2
	9.9
	10.1

	ME/Kcal/kg 
	2565
	2528
	2531
	2600
	2630
	2580
	2592
	2580
	2661
	2492
	2480
	2561

	Calcium %
	0.35
	0.42
	0.70
	0.37
	0.48
	0.80
	0.65
	0.75
	0.61
	0.55
	0.87
	0.81

	Phosphorous %
	0.52
	0..54
	0.64
	0.52
	0.54
	0.64
	0.60
	0.75
	0.63
	0.66
	0.55
	0.63


Key: ME= metabolizable energy, Kcal = kilocalorie, DT 1 = diet with 50% maize grain,  DT 2 = diet with 50% wheat grain, DT 3 = diet with 50% sorghum grain. 
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[bookmark: _Toc158300538][bookmark: _Toc202995995]4.7 Effects of Energy Feeds in the Rabbit Diets on Weekly DM Intake and FCR
The least-square means of the effect of energy feeds on weekly DM intake are presented in Table 4.16. The results showed a significantly higher (p ˂ 0.05) DM intake for New Zealand white and Chinchilla breeds that were fed diet 1, as well as California breed fed diet 2 in the first week of the experiment. Moreover, significant effects (p ˂ 0.05) slightly higher DM intake were noted for New Zealand white breed fed diet 1, Chinchilla-fed diet 2, and California breed-fed diet 3 at the 8th and 16th weeks of the experiment, while there was no significant difference in other weeks. Likewise, the results of total and average weekly DM intake shows that were significant effects (p ˂ 0.05) higher DM intake for New Zealand white-fed diet 1 and Chinchilla fed diet 3.
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[bookmark: __RefHeading___Toc146110052][bookmark: _Toc158325981][bookmark: _Toc202995872]Table 4.16: Effects of Energy Feed in the Rabbit Diets on Weekly Dry Matter Intake (g)
	
	
	DIET 1
	
	
	DIET 2
	
	
	DIET 3
	
	
	

	Weekly Age
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH
	SEM
	Pr > F

	2
	470.00a
	380.00c
	503.33a
	438.33b
	475.00a
	433.33b
	433.33b
	400.00b
	420.00b
	15.40
	0.0006

	4
	480.00
	451.66
	581.66
	451.66
	486.66
	505.00
	463.33
	448.33
	445.00
	31.86
	0.1454

	6
	620.00
	573.33
	565.00
	530.00
	533.33
	545.00
	561.66
	566.66
	533.33
	37.36
	0.8438

	8
	641.66a
	576.66b
	551.66b
	571.66b
	486.66c
	595.00a
	571.66b
	590.00a
	601.66a
	29.82
	0.0263

	10
	693.33
	625.00
	580.00
	620.00
	586.66
	626.66
	606.66
	611.66
	630.00
	23.18
	0.0670

	12
	678.33
	638.33
	670.00
	651.66
	630.00
	645.00
	610.00
	648.33
	663.33
	41.71
	0.9972

	14
	701.66
	648.33
	638.33
	659.66
	641.66
	658.33
	631.66
	698.33
	673.33
	45.40
	0.8061

	16
	713.33a
	663.33b
	678.33b
	660.00b
	645.00b
	670.00b
	628.33c
	683.33b
	705.00a
	31.16
	0.0053

	18
	720.00
	721.66
	700.00
	715.00
	691.66
	675.00
	631.66
	716.66
	735.00
	31.96
	0.4864

	20
	796.66
	796.66
	735.00
	780.00
	731.66
	756.66
	698.33
	758.33
	761.66
	25.68
	0.2037

	Total DM intake
	12183.33a
	11590.00c
	11793.33b
	11854.66b
	11196.66e
	11694.33c
	11241.66e
	11459.33d
	11958.33a
	199.81
	0.0395

	Average weekly
DM intake
	609.16a
	579.50c
	589.66b
	592.73b
	559.83e
	584.71c
	562.08e
	572.96d
	597.91a
	9.99
	0.0395


  a b, c, d, e Least square means with the same row with different superscript letters are significantly different (p < 0.05). Key: Diet 1 = diet with 50% maize grain,  Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed   
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Table 4.17 presents the effects of energy feed in rabbit diets on the weekly feed conversion ratio (FCR). The results demonstrate a significant effect (p ˂ 0.05) on FCR during the 8th and 10th weeks of the experiment. Specifically, diet 1 with Chinchilla rabbits and diet 2 with California rabbits exhibited higher FCR during the 8th week than other weeks. For the 10th week, higher FCR was observed in Chinchilla rabbits fed diets 1 and 3 than other rabbit breeds. However, no significant effect (p ≥ 0.05) was detected in other experimental weeks. However, an overall significant effect (p ˂ 0.05) was observed on average FCR, with slightly higher values recorded for Chinchilla rabbits fed diet 1 and New Zealand rabbits fed diet 2 than other rabbit breeds.
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[bookmark: _Toc158325982][bookmark: _Toc202995873]Table 4.17: Effects of Energy Feed in the Rabbit Diets on the Weekly Feed Conversion Ratio (g)
	
	
	DIET 1
	
	
	DIET 2
	
	
	DIET 3
	
	
	

	Weekly Age
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH
	SEM
	Pr > F

	2
	4.37
	2.09
	2.91
	4.79
	3.53
	4.15
	4.15
	4.29
	3.88
	1.18
	0.8434

	4
	2.94
	2.43
	3.42
	4.30
	5.61
	4.23
	3.67
	5.34
	4.76
	0.81
	0.1609

	6
	3.91
	7.19
	8.86
	5.15
	6.46
	6.97
	5.66
	5.59
	7.39
	1.59
	0.5901

	8
	7.31c
	5.38d
	13.73a
	10.73b
	7.54c
	6.88d
	5.78d
	4.86e
	8.55c
	1.13
	0.0006

	10
	7.63d
	5.72e
	13.61a
	9.47c
	9.26c
	9.48c
	7.60d
	9.10c
	10.13b
	1.53
	0.0050

	12
	8.30
	10.96
	7.52
	12.28
	7.39
	11.39
	10.52
	11.87
	9.72
	2.96
	0.4573

	14
	10.48
	9.82
	9.58
	10.80
	6.76
	10.12
	8.33
	11.36
	10.58
	1.41
	0.4660

	16
	7.04
	10.54
	7.90
	11.59
	10.32
	12.06
	8.95
	8.98
	9.74
	1.32
	0.2104

	18
	11.68
	7.78
	9.95
	11.95
	12.33
	12.00
	8.39
	10.65
	7.72
	1.57
	0.2513

	20
	10.20
	11.97
	13.35
	11.28
	12.34
	10.38
	10.66
	11.78
	10.19
	1.58
	0.8549

	Average FCR
	6.90c
	7.92b
	8.22a
	8.54a
	7.52b
	7.98b
	6.87c
	7.55b
	7.55b
	0.29
	0.0101


 a, b, c, d, e Least square means with the same row with different superscript letters are significantly different (p < 0.05). Key: FCR= Average feed conversion ratio, Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed.
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[bookmark: _Toc158300541][bookmark: _Toc202995996]4.8 Effects of Energy Feed in Rabbit Diets on Weekly Body Weight and Average Daily Gain
The least-squares means of the effect of energy feed on the weekly body weight of rabbits are presented in Table 4.18. The results showed no significant effect (p ≥ 0.05) on weekly body weight in the second and fourth weeks of the experiment. However, a significant effect (p ≤ 0.05) was observed on weekly body weight in the remaining weeks. Rabbits fed diet 1 containing 50% maize grains had heavier body weights at 16 weeks of the experiment compared to rabbits fed diets containing 50% wheat and sorghum grains during the same period.
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[bookmark: __RefHeading___Toc146110055][bookmark: _Toc158325983][bookmark: _Toc202995874]Table 4.18: Effects of Energy Feed in the Rabbit Diets on Weekly Body Weight (g)
	
	
	DIET 1
	
	
	DIET 2
	
	
	DIET 3
	
	
	

	Weekly Age
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH
	SEM
	Pr > F

	2
	896.67
	883.33
	968.33
	833.33
	876.67
	890.00
	865.00
	911.67
	896.67
	46.13
	0.7420

	4
	1238.33
	1223.33
	1245.00
	1086.67
	1060.00
	1105.00
	1121.76
	1095.00
	1068.33
	46.51
	0.0520

	6
	1541.67a
	1355.00c
	1406.67b
	1351.67c
	1280.00d
	1341.67c
	1368.33c
	1298.33d
	1275.00d
	43.23
	0.0122

	8
	1696.67a
	1543.33b
	1506.67b
	1463.33c
	1455.00c
	1526.67b
	1556.67b
	1525.00b
	1416.67c
	40.52
	0.0077

	10
	1870.00a
	1730.00b
	1663.33b
	1600.00c
	1608.33c
	1653.33b
	1710.00b
	1696.67b
	1566.67d
	45.72
	0.0079

	12
	2053.33a
	1810.67b
	1816.67b
	1706.67c
	1750.00c
	1770.00c
	1878.33b
	1835.00b
	1713.33c
	54.99
	0.0101

	14
	2183.33a
	1961.67b
	1960.00b
	1835.00c
	1936.67b
	1911.67b
	2038.33b
	1978.33b
	1845.00c
	63.67
	0.0373

	16
	2375.00a
	2095.00c
	2103.33b
	1946.67d
	2083.33c
	2025.00c
	2180.00b
	2126.67b
	2005.00c
	65.08
	0.0119

	18
	2505.00a
	2250.00c
	2238.33c
	2066.67d
	2218.33c
	2160.00d
	2340.00b
	2263.33c
	2168.33c
	67.62
	0.0157

	20
	2640.00a
	2401.66b
	2358.33c
	2201.66d
	2326.67c
	2305.00c
	2498.33b
	2393.33c
	2433.33b
	65.91
	0.0120
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   a, b, c, d Least square means with the same row with different superscript letters are significantly different (p < 0.05). Key: Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed.  




Table 4.19 shows the effect of energy feed on the average daily gain of rabbits. The results showed no significant effect (p ≥ 0.05) on initial weight between the three rabbit breeds fed three different energy feeds, whilst total weight gain and average daily gain were significantly (p ≤ 0.05) higher in rabbit breeds fed diet 1, followed by rabbit breeds fed diets 3.
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[bookmark: _Toc158325984][bookmark: _Toc202995875]Table 4.19: Effects of Energy Feed in the Rabbit Diets on Average Daily Gain (g)
	
	
	DIET 1
	
	
	DIET 2
	
	
	DIET 3
	
	
	

	Parameter
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH
	SEM
	Pr > F

	INTWT
	571.66
	568.33
	598.33
	538.33
	578.33
	570.00
	615.00
	635.00
	601.66
	31.03
	0.5546

	FWT
	2640.00a
	2401.66b
	2358.33c
	2201.66d
	2326.67c
	2305.00c
	2498.33b
	2393.33c
	2433.33b
	65.91
	0.0120

	TWTG
	2068.33a
	1833.33b
	1760.00c
	1663.33d
	1748.33c
	1735.00c
	1883.33b
	1758.33c
	1831.67b
	60.32
	0.0057

	ADG
	13.92a
	12.22b
	11.73c
	11.08c
	11.65c
	11.56c
	12.55b
	11.72c
	12.21b
	0.40
	0.0056


    a, b, c, d Least square means with the same row with different superscript letters are significantly different (p < 0.05). Key: INTWT = Initial weight, FWT = Final weight, TWTG = Total weight gain, ADG = Average daily gain, Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed   
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[bookmark: _Toc158300544][bookmark: _Toc202995997]4.9 Effects of Energy Feed in the Rabbit Diets on Litter Weight, Litter Size, Birth Mortality, Gestation Length, and Kindling Interval
Table 4.20 presents the influence of energy feed in rabbit diets on litter weight, size, birth mortality, gestation length, and kindling interval. No significant differences (p ≥ 0.05) were observed in litter weight, size, birth mortality, gestation length, or kindling interval between rabbits fed three different energy feeds, regardless of parity (number of births).
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[bookmark: __RefHeading___Toc146110058][bookmark: _Toc158325985][bookmark: _Toc202995876]Table 4.20: Effects of Energy feed in the Rabbit diets on Litter weight, Litter Size, Birth Mortality, Gestation length, and Kindling Interval
	 PARITY ONE
	DIET 1
	DIET 2
	DIET 3
	
	

	Parameter
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH
	SEM
	Pr > F

	Litter weight (g)
	285.00
	236.66
	303.33
	313.33
	223.33
	316.66
	318.33
	278.33
	285.00
	42.33
	0.7207

	Average litter weight (g)
	48.57
	49.99
	56.09
	55.44
	59.44
	55.44
	50.35
	53.33
	51.82
	4.93
	0.8283

	Litter size (n)
	6.00
	5.00
	6.00
	5.66
	4.00
	5.66
	6.33
	5.33
	5.66
	1.08
	0.9029

	Birth mortality (%)
	0.00
	5.55
	7.40
	0.00
	11.11
	0.00
	0.00
	0.00
	9.52
	5.77
	0.7234

	Gestation length (day)
	30.33
	31.00
	30.66
	30.66
	31.66
	30.66
	30.66
	30.66
	30.66
	0.45
	0.7177

	PARITY TWO
	
	
	
	
	
	
	
	
	
	
	

	Litter weight (g)
	383.33
	303.33
	334.33
	300.00
	316.66
	336.66
	358.33
	303.33
	311.66
	45.26
	0.9014

	Average litter weight (g)
	55.20
	48.63
	54.87
	53.77
	54.16
	56.14
	49.03
	45.67
	53.60
	5.15
	0.8449

	Litter size (n)
	7.00
	6.66
	7.00
	5.66
	6.00
	6.00
	7.33
	6.66
	6.00
	1.22
	0.9813

	Gestation length (days)
	31.00
	31.00
	30.00
	30.66
	31.33
	31.00
	30.33
	31.00
	30.33
	0.44
	0.5000

	Kindling interval (days)
	66.33
	73.66
	72.66
	67.33
	63.33
	67.33
	72.00
	60.00
	58.00
	9.78
	0.9479


Key: Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed  
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[bookmark: _Toc158300546][bookmark: _Toc202995998]4.10 Effects of Energy Feed in the Rabbit Diets on Slaughter weight, Carcass weight, Dressing percentage, Edible Organs, and Non-edible Components
Table 4.21 shows the effect of energy feed of rabbit diets on carcass weight, dressing percentage, edible organs, and non-edible components. The results showed no significant effect (p ≥ 0.05) for slaughter weight, carcass weight, and dressing percentage. These three measurements were unaffected by the energy feed, regardless of the rabbit breed.
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[bookmark: _Toc158325986][bookmark: _Toc202995877]Table 4.21: Effects of Energy feed in the Rabbit diets on Carcass weight, Dressing percentage, Edible organs, and Non-edible Components
	
	DIET 1
	DIET 2
	DIET 3
	
	

	Parameter
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH
	SEM
	Pr > F

	Slaughter weight (g)
	1702.50
	1845.00
	1705.00
	1700.00
	1605.00
	1800.00
	1830.00
	1767.50
	1595.00
	139.04
	0.8793

	Carcass weight (g)
	872.50
	992.50
	902.50
	892.50
	812.50
	970.00
	962.50
	935.00
	845.00
	82.92
	0.8065

	Dressing percentage (%)
	51.27
	53.75
	52.71
	52.50
	50.55
	53.89
	52.65
	52.85
	52.97
	1.43
	0.7874

	Liver (%)
	3.52
	3.39
	3.71
	3.41
	3.79
	3.75
	3.18
	3.37
	2.86
	0.46
	0.8857

	Heart (%)
	0.29
	0.27
	0.29
	0.29
	0.31
	0.27
	0.28
	0.28
	0.33
	0.02
	0.6858

	Kidney (%)
	0.88
	0.67
	0.74
	0.76
	0.94
	0.83
	0.83
	0.85
	0.82
	0.12
	0.9065

	Lung (%)
	0.74
	0.67
	0.88
	0.89
	0.96
	0.83
	0.95
	0.98
	1.34
	0.17
	0.4229

	Gut (%)
	18.99
	16.68
	17.53
	15.36
	16.89
	16.38
	17.57
	17.05
	17.44
	1.47
	0.8637

	Head (%)
	9.10
	9.34
	9.24
	9.50
	9.82
	9.03
	9.30
	9.07
	9.00
	0.47
	0.9427

	Leg (%)
	2.65
	2.57
	2.80
	3.11
	2.98
	2.78
	2.63
	2.85
	3.02
	0.22
	0.7049

	Skin (%)
	11.17
	10.18
	9.71
	10.00
	11.26
	10.28
	11.30
	10.97
	9.52
	0.71
	0.5266


 Key: Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain.  
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NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed    



[bookmark: _Toc158300548][bookmark: _Toc202995999]4.11 Effects of Energy Feed in the Rabbit Diets on Meat Chemical Composition (Neck, Loin, and Thigh muscles)
[bookmark: _Toc158300549]Table 4.22 presents the results of the chemical composition of rabbit meat from the neck, loin, and thigh muscles. The results showed that dry matter, crude protein, ether extract, and ash percentages from the neck, loin, and thigh muscles had significant effects (p ≤ 0.05). The neck muscle had a higher dry matter percentage for rabbits fed diets 2 and 3, while it had a higher crude protein percentage for California breed-fed diets 1 and 3. Similarly, a higher ether extract percentage was observed for rabbit breeds fed diet 3, with similar results for ash percentage.

[bookmark: _Toc158300550][bookmark: _Toc158300551][bookmark: _Toc5296]Moreover, the loin muscle had a higher dry matter percentage in rabbits fed diet 2, New Zealand Whites fed diet 1, and Chinchillas fed diet 3, while the crude protein percentage was higher in California breeds fed diet 1 and Chinchillas fed diet 2, with similar results observed for ether extract percentage. However, no significant difference (p ≥ 0.05) in ash percentage was noted for the loin muscle. On the other hand, a significant effect (p ≤ 0.05) was observed for dry matter percentage, crude protein percentage, ether extract, and ash percentage from the thigh muscle. A slightly higher dry matter percentage was observed in Chinchilla-fed diet 1, followed by New Zealand Whites fed diets 1 and 3, while higher crude protein percentages were observed in rabbit breeds fed diets 1 and 2. However, ether extract percentage and ash percentage were slightly higher for rabbit breeds fed diets 2 and 3.
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[bookmark: _Toc158325987][bookmark: _Toc202995878]Table 4.22: Effects of Energy feed in the Rabbit diets on Meat Chemical Composition (Neck, Loin, and Thigh muscles)
	
	DIET 1
	DIET 2
	DIET 3
	
	

	Parameter
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH
	SEM
	Pr > F

	Neck muscle
	
	
	
	
	
	
	
	
	
	
	

	Dry matter (%)
	22.48e
	21.55e
	23.38d
	28.51a
	23.30d
	26.35b
	26.14b
	24.60c
	23.18d
	0.20
	<.0001

	Crude protein (%)
	19.50c
	22.09a
	19.86c
	18.93d
	19.03c
	19.86c
	17.90e
	20.28b
	19.48c
	0.42
	0.0037

	Ether extract (%)
	7.79c
	7.63c
	7.70c
	7.90b
	7.67c
	7.85b
	8.79a
	8.04b
	8.65a
	0.02
	<.0001

	Ash (%)
	4.57c
	4.45c
	4.87b
	4.22d
	4.55c
	4.57c
	5.38a
	3.31e
	5.49a
	0.19
	0.0009

	Loin muscle
	
	
	
	
	
	
	
	
	
	
	

	Dry matter (%)
	25.68a
	24.98c
	25.26b
	25.43b
	25.12b
	25.85a
	25.30b
	23.44d
	25.94a
	0.31
	0.0088

	Crude protein (%)
	23.89b
	24.41a
	23.95b
	23.63b
	23.98b
	24.91a
	23.40b
	21.98c
	21.83c
	0.23
	<.0001

	Ether extract (%)
	1.21b
	1.07d
	1.12c
	1.24b
	1.11c
	1.16c
	1.35a
	1.16c
	1.23b
	0.02
	0.0002

	Ash (%)
	5.56
	6.05
	6.42
	5.76
	5.51
	4.53
	5.06
	4.88
	5.23
	0.33
	0.0582

	Thigh muscle
	
	
	
	
	
	
	
	
	
	
	

	Dry matter (%)
	23.45d
	25.22b
	23.56d
	24.63c
	24.46c
	26.11a
	25.01b
	24.14c
	22.78e
	0.39
	0.0054

	Crude protein (%)
	22.61b
	23.63a
	23.65a
	23.54a
	22.07b
	23.23a
	22.48b
	21.63c
	21.82c
	0.29
	0.0033

	Ether extract (%)
	2.53c
	2.45c
	2.50c
	2.75b
	2.68b
	2.64c
	3.22a
	2.89b
	2.92b
	0.01
	<.0001

	Ash (%)
	4.47c
	5.99a
	5.62b
	6.45a
	5.41b
	6.03a
	6.04a
	5.63b
	5.50b
	0.23
	0.0089


  a, b, c, d, e Least square means with the same row with different superscript letters are significantly different (P < 0.05). Key: % = percentage, Diet 1 = diet 
with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed.   

[bookmark: _Toc158300553][bookmark: _Toc202996000]4.12 Effects of Energy Feed in the Rabbit Diets on Meat Tenderness and Cooking Loss
The least-square means of the effect of dietary energy level on meat tenderness and cooking loss in rabbits are presented in Table 4.23. The results showed a significant effect of dietary energy (p ≤ 0.05) on both tenderness and cooking loss. Neck muscle tenderness was higher in Chinchilla rabbits fed diets 2, while cooking loss was slightly higher in New Zealand White rabbits fed diets 1 and in all breeds fed diet 3. Similar trends were observed for loin muscle tenderness (higher in Chinchilla-fed diet 2) and cooking loss (higher in Chinchilla-fed diet 2 and New Zealand White-fed diet 3). However, thigh muscle tenderness was highest in New Zealand White rabbits fed diet 1, followed by Chinchilla rabbits fed diet 2. Conversely, cooking loss was highest in California-fed diet 2, followed by Chinchilla-fed diets 2 and 3.
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[bookmark: __RefHeading___Toc146110064][bookmark: _Toc158325988][bookmark: _Toc202995879]Table 4.23: Effects of Energy feed in the Rabbit diets on Meat tenderness and Cooking loss
	
	DIET 1
	DIET 2
	DIET 3
	
	

	Parameter
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH
	SEM
	Pr > F
	

	Neck muscle
	
	
	
	
	
	
	
	
	
	
	
	

	Tenderness (N)
	3.47c
	3.86b
	2.50d
	3.87b
	2.99d
	5.53a
	3.08c
	3.40c
	3.20c
	0.35
	<.0001
	

	Cooking loss %
	30.05a
	26.72d
	24.37e
	23.77e
	28.03c
	29.86b
	28.09c
	30.52a
	30.19a
	0.73
	0.0006
	

	Loin muscle
	
	
	
	
	
	
	
	
	
	
	
	

	Tenderness (N)
	3.30b
	3.39b
	2.94d
	3.01c
	3.13c
	6.45a
	2.69d
	3.01c
	3.15c
	0.39
	<.0001
	

	Cooking loss %
	27.00b
	24.24d
	22.80e
	21.82e
	25.60c
	28.13a
	28.49a
	26.94b
	25.86c
	0.69
	0.0008
	

	Thigh muscle
	
	
	
	
	
	
	
	
	
	
	
	

	Tenderness (N)
	5.19a
	3.14c
	2.80d
	3.05c
	2.55e
	4.42b
	3.41c
	2.90d
	2.91d
	0.32
	<.0001
	

	Cooking loss %
	21.64e
	23.88d
	23.43d
	24.03c
	25.24b
	25.95b
	24.47c
	29.25a
	25.14b
	0.62
	0.0007
	


  a, b, c, d, e Least square means within the same row with different superscript letters are significantly different (P < 0.05). Key: N= newton, % =
percentage Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand breed, 
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CA= California breed, and CH= Chinchilla breed       




[bookmark: _Toc158300555][bookmark: _Toc202996001]4.13 Effects of Energy Feed in the Rabbit Diets on Meat Sensory Evaluation
According to the male respondents' meat sensory evaluation in Table 4.24, consumers did not rate the rabbit meat as very tough or tough in terms of texture. However, 30 (60.0%) respondents found it fairly tough for New Zealand white-fed diet 3, while 12 (24.0%) respondents considered it fairly tough for New Zealand white-fed diet 2. Conversely, responses for a soft texture showed the opposite trend.

Regarding smell, 28 (56.0%) respondents rated New Zealand white-fed diet 2 as having a very good smell, and 28 (56.0%) respondents gave good ratings to New Zealand white-fed diets 1 and 3. In contrast, 20 (40.0%) respondents perceived a fair smell for California-fed diet 1, and none reported a bad smell for any rabbit meat.
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Similar results were found for meat flavour, where 28 (56.0%) respondents described New Zealand white-fed diet 2 as having a very good flavour, followed by 26 (52.0%) respondents who found Chinchilla-fed diet 3 to be good. Conversely, 16 (32.0%) respondents considered California-fed diets 1 and 3 to have fair flavour.




[bookmark: _Toc158325989][bookmark: _Toc202995880]Table 4.24: Effects of Energy feed in the Rabbit diets on Meat Sensory Evaluation (Male meat consumers) n=50
DIET 1
DIET 2
DIET 3
Parameter
NZ
N (%)
CA
N (%)
CH 
N (%)
NZ
N (%)
CA
N (%)
CH
N (%)
NZ
N (%)
CA
N (%)
CH
N (%)
Texture









Very tough
0 (0%)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.00
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
Tough
0 (%)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
Fairly
18 (36.0)
18 (36.0)
20 (40)
12 (24.0)
16 (32.0)
20 (40.0)
30 (60.0)
22 (44.0)
22 (44.0)
Soft
32 (64.0)
32 (64)
30 (60.0)
38 (76.0)
34 (68.0)
30 (60)
20 (40)
28 (56.0)
28 (56.0)
Smell









Very good
20 (40.0)
8 (16.0)
18 (36.0)
28 (56.0)
16 (32.0)
14 (28.0)
12 (24.0)
10 (20.0)
14 (28.0)
Good
28 (56.0)
22 (44.4)
20 (40.0)
18(36)
16 (32.0)
22 (44)
28 (56.0)
22 (44.0)
24 (48.0)
Fairly
2 (4.0
20 (40.0)
12 (24.0)
4 (8.0)
18 (36.0)
14 (28.0)
10 (20.0)
18 (36.0)
12 (24.0)
Bad
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
Flavour









Very good
26 (52.0)
14 (28.0)
20 (40.0)
28 (56.0)
12 (24.0)
14 (28.0)
22 (44.0)
14 (28.0)
22 (44.0)
Good
18 (36.0)
20 (40.0)
16 (22.0)
14 (28.0)
24 (48.0)
26 (52.0)
18 (36.0)
20 (40.0)
20 (40.0)
Fairly
6 (12)
16 (32)
14 (28.0)
8 (16.0)
14 (28.0)
10 (20)
10 (20)
16 (32)
8 (16.0)
Bad
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
Total
50 (100)
50 (100)
50 (100)
50 (100)
50 (100)
50 (100)
50 (100)
50 (100)
50 (100)
 

      










Key: N= number observed, Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed 
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Table 4.25 presents the results of the female respondents' meat sensory evaluation. Similar to the male respondents, they did not rate the rabbit meat as very tough or tough in terms of texture. However, for "fairly" and "soft" textures, different results emerged. More female consumers 24 (48.0%) respondents found New Zealand white-fed diet 2 and Chinchilla-fed diet 3 to be "fairly" textured, compared to 18 (36.0%) respondents who perceived New Zealand white-fed diet 1, California-fed diet 1, California-fed diet 2, and Chinchilla-fed diet 3 similarly. The trend reversed for "soft" texture.

Smell evaluations also differed from the males' 20 (40.0%) respondents rated New Zealand white-fed diets 2 and 3 as having a "very good" smell, while a majority 28 (56.0%) respondents found New Zealand white-fed diet 1 and Chinchilla-fed diet 2 to have a "good" smell. However, 24 (48.0%) respondents perceived California-fed diet 2 as having a "fairly" pleasant smell, with no respondents reporting a bad smell for any rabbit meat.

Flavour results echoed the diverse preferences. Slightly over half 26 (52.0%) respondents described New Zealand white-fed diet 1 and Chinchilla-fed diet 3 as having "very good" flavour, while 22 (44.0%) respondents enjoyed California-fed diet 1 as "good" flavour. Furthermore, 24 (48.0%) respondents found California-fed diet 3 to have a "fairly" pleasing flavour, and none reported a bad taste. 
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[bookmark: _Toc158325990][bookmark: _Toc202995881]Table 4.25: Effects of Energy feed in the Rabbit diets on Meat sensory Evaluation (Female meat consumers) n=50
	
	DIET 1
	DIET 2
	DIET 3

	Parameter
	NZ
N (%)
	CA
N(%)
	CH 
N (%)
	NZ
N (%)
	CA
N (%)
	CH
N (%)
	NZ
N (%)
	CA
N (%)
	CH
N (%)

	Texture
	
	
	
	
	
	
	
	
	

	Very tough
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Tough
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Fairly
	18 (36.0)
	20 (40.0)
	22 (44.0)
	24 (48.0)
	18 (36.0)
	20 (40.0)
	20 (40.0)
	18 (36.0)
	24 (48.0)

	Soft
	32 (64,0)
	30 (60.0)
	28 (56.0)
	26 (52.0)
	22 (64.0)
	30 (60.0)
	30 (60.0)
	32 (64.0)
	26 (52.0)

	Smell
	
	
	
	
	
	
	
	
	

	Very good
	16 (32.0)
	18 (36.0)
	18 (36.0)
	20 (40.0)
	16 (32.0)
	14 (28.0)
	20 (40.0)
	12 (24.0)
	18 (36.0)

	Good
	28 (56.0)
	20 (40.0)
	24 (48.0)
	22 (44.0)
	10 (20.0)
	28 (56.0)
	20 (40.0)
	16 (32.0)
	18 (36.0)

	Fairly
	6 (12.0)
	12 (24.0)
	8 (16.0)
	8 (16.0)
	24 (48.0)
	8 (16.0)
	10 (20.0)
	22 (44.0)
	14 (28.0)

	Bad
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Flavour
	
	
	
	
	
	
	
	
	

	Very good
	26 (52.0)
	16 (32.0)
	22 (44.0)
	18 (36.0)
	10 (20.0)
	16 (32.0)
	18 (36.0)
	6 (12.0)
	26 (52.0)

	Good
	18 (36.0)
	22 (44.0)
	20 (40.0)
	20 (40.0)
	18 (36.0
	20 (40.0)
	12 (24.0)
	20 (40.0)
	16 (32.0)

	Fairly
	6 (12.0)
	12 (24.0)
	8 (16.0)
	12 (24.0)
	22 (44.0)
	14 (28.0)
	20 (40.0)
	24 (48.0)
	8 (16.0)

	Bad
	0 (0.0
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Total
	50 (100)
	50 (100)
	50 (100)
	50 (100)
	50 (100)
	50 (100)
	50 (100)
	50 (100)
	50 (100)
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Key: N= number observed, %= percentage, Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50%      sorghum grain. NZ= New Zealand breed, CA= California breed, and CH= Chinchilla breed.




[bookmark: _Toc158300558][bookmark: _Toc202996002]4.14 Comparison of the Costs of Dietary Treatments
[bookmark: _Hlk158143575]Table 4.26 compares the cost of different dietary treatments. Feed costs per kilogram were highest for rabbits fed Diet 2 (containing 50% wheat grains), followed by rabbits fed Diet 3 (containing 50% sorghum grains). In terms of profitability, gross margin was highest for rabbits fed Diet 1 (containing 50% maize grains), followed by those fed Diet 3.




















[bookmark: __RefHeading___Toc146110069][bookmark: _Toc158325991][bookmark: _Toc202995882]Table 4.26: Cost-Benefit of the Experimental Diets
	
	DIET 1
	DIET 2
	DIET 3

	Costs
	NZ
	CA
	CH
	NZ
	CA
	CH
	NZ
	CA
	CH

	Final live weight (g)
	2,640.00
	2,326.67
	2,358.38
	2201.66
	2401.66
	2305.00
	2498.33
	2393.33
	24333.33

	Days of rearing
	150
	150
	150
	150
	150
	150
	150
	150
	150

	Price of rabbit (Tsh)
	20,000
	20,000
	20,000
	20,000
	20,000
	20,000
	20,000
	20,000
	20,000

	Total feed intake/rabbit (g)
	12,183.00
	11,590.00
	11,793.00
	11,854.00
	11,196.00
	11,694.00
	11,241.00
	11,459.00
	11,958.00

	Price of feed/kg
	1,123.00
	1,123.00
	1,123.00
	1,323.00
	1,323.00
	1,323.00
	1,173.00
	1,173.00
	1,173.00

	Total feed cost/rabbit
	13,681.51
	13,015.57
	13,243.54
	15,682.84
	14,812.31
	15,471.16
	13,185.69
	13,441.41
	14,026.73

	Cost of drug/rabbit
	1,200
	1,200
	1,200
	1,200
	1,200
	1,200
	1,200
	1,200
	1,200

	Gross margin/rabbit
	5,118.49
	5,784.43
	5,556.46
	3,117.16
	3,987.69
	3,328.84
	5,614.31
	5,358.59
	4,773.27


Key: Diet 1 = diet with 50% maize grain, Diet 2 = diet with 50% wheat grain, Diet 3 = diet with 50% sorghum grain. NZ= New Zealand      breed, CA= California breed, and CH= Chinchilla breed.  
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[bookmark: _Toc158300560][bookmark: _Toc202996003]CHAPTER FIVE
[bookmark: _Toc158300561][bookmark: _Toc202996004]DISCUSSION
5.1 [bookmark: _Toc158300562][bookmark: _Toc202996005]Household Survey
5.1.1 [bookmark: _Toc158300563][bookmark: _Toc202996006]Socio-Demographic Characteristics of the Respondents
[bookmark: _Toc158300564]This study found that males were the predominant respondents, mirroring the Zanzibar reality, where over 70% of livestock keepers are men (DLD, 2020). This might be due to the observed average age group of 18-50 years being more active in livestock keeping (URT, 2021). This aligns with previous findings by Sanah et al., (2020) in East Algeria, who reported using 58.9% of male respondents and 78.3% from the 18-50 age group in their study on rabbit meat consumption motivations and obstacles. Similarly, Nonga and Mkula (2015) had 72.2% male and 72.3% aged 18-50 respondents when evaluating rabbit management and mange mite infestations in Morogoro, Tanzania. The finding by Moreki et al., (2019) who found that rabbit farming in Botswana cuts across all age groups but a large number of respondents who kept rabbits were males, comprising about 60 %, while the remainder were females. The reason for the small number of females engaging in rabbit farming might be occupied with other activities such as caring for the home and child rearing.  

[bookmark: _Toc158300565]The high involvement of married respondents echoes OCGS's findings (2021) that over 76% of Zanzibar livestock keepers are married. The results suggest that many livestock keepers are families working together to provide for basic needs like food, education, and healthcare. However, Sanah et al., (2020) observed a lower percentage of married livestock keepers in Algeria (56.1%), likely due to differences between the two countries. According, URT (2021), the most of married farmers were engaged in livestock keeping compare single farmers, this a resoan higher percentage of married livestock keepers involved in present study.

[bookmark: _Toc158300566]Finally, the education levels in present study align with the Zanzibar education policy of compulsory education up to Form II (RGoZ, 2010). This is further supported by the (URT, 2021) reporting a 78.1% literacy rate for Zanzibar's agricultural population, up from 73.3% in 2008.

5.1.2 [bookmark: _Toc158300567][bookmark: _Toc202996007]Social-Economical Activities of Farmers
[bookmark: _Toc158300568][bookmark: _Toc158300569]Most farmers in present study engaged in multiple socio-economic activities, similar to Maro, (2008), who found that over 90% of Tanzanians participate in diverse economic activities, as reported in their study on mainland Tanzania and Zanzibar Island. The results align with (URT, 2021), which noted that 65.3% of Zanzibar's population participate in agriculture. This suggests that farming plays a key role in their socio-economic, both as a source of food and income. Further supporting this, Lyatuus et al., (2015) observed that agriculture serves as the main economic activity for many families in developing countries, providing food, income, and the means to afford essential services. Additionally, OCGS (2021) highlighted the importance of fisheries and tourism in Zanzibar's economy, as they support the livelihoods of over 30% of the population.

5.2 [bookmark: _Toc158300570][bookmark: _Toc202996008]Rabbit Farmers and Types of Rabbits kept
[bookmark: _Toc158300571][bookmark: _Toc158300572]The chi-square test revealed a highly significant association between rabbit keepers and non-rabbit keepers in the three studied districts. These results align with Mokoro et al., (2015), who reported significantly higher proportions of non-rabbit farmers compared to rabbit farmers in four Kenyan districts: Manga (70%), Nyamira North (68%), Masaba North (65%), and Borabu (60%). This suggests significant variation in farmers' willingness to keep rabbits across different areas. However, the current study's findings on rabbit breed preference differ from those of Mailu et al., (2013) in Kenya, who reported a preference for medium-sized breeds due to their potential for good mothering ability, numerous offspring, good growth, and high carcass weight (Mailafia et al., 2010).

5.2.1 [bookmark: _Toc158300573][bookmark: _Toc202996009]The Social-Demographic Factors Influencing Rabbit Farmers
The model fit in this study, as indicated by the Omnibus test and model summary, aligns with Sylvester et al., (2017), who found that their model effectively established a relationship between dependent and independent variables. However, the binary regression results for the age and marital status variables differ from the study by Deliwe et al., (2016) in Zimbabwe, where these factors had a positive and significant influence on rabbit farmers. This suggests that age can influence people's attitudes towards rabbit keeping for household food security in different ways across locations. The reason for age has big chance to enhance rabbit farming due to young people had the highest chance to gain required knowledge on rabbit farming, including marketing through the school curriculum, Internet and informally from their fellow friends about rabbit production and market availability (Moto, 2024).

On the other hand, the finding on the sex variable aligns with Wongnaa et al., (2023), who reported a non-significant positive effect in Ghana. However, it contrasts with Deliwe and Mrema (2016), who found a positive and significant influence of education level on the decision to keep rabbits. These results suggest that the impact of education on rabbit production may vary depending on the context.

5.2.2 [bookmark: _Toc158300574][bookmark: _Toc202996010]Rabbit Population Intake and Off-take
Present study found that farmers started with few female and male rabbits, similar to Ndyomugyenyi et al., (2013) in Uganda where 42% of the farmers started with 1-10 rabbits and Serem et al., (2013) in Kenya 44.6% with 1-10 rabbits. This may be due to low market demand and prices, as suggested by Borter and Mwanza (2011), who highlighted inadequate funds and information as barriers to rabbit commercialization. While, finding by Mbutu (2013) stated that 78.8% of rabbit farmers were agreed that there are several benefits to be achieved from rabbit farming. 

The white meat benefit attracted more farmers than income contrary to belief that farmers in Abothuguchi West division in Kenya. Also, the farmers in these area believed that rabbit manure have more useful compare other animals like a cattle and shoats for cropping production. An increase in rabbit population would cause an increase in the amount of manure thus an increase in food crops to get enough for home consumption and much more for sale which would improve the farm income. Furthermore, the linear regression model showed that a unit increase in rabbit products would lead to a 2.993 increase in rabbit farming (Cheeke, 1980). Rabbits have more products than farmers are aware of as indicated by Lukefahr (1985), which would attract increased rabbit farming as the benefits attract more farm income.
However, present findings differ from Nonga and Mkula (2015), who reported an average of 34.6 rabbits per farm. This variation could be caused by factors like feed availability, predators, limited extension services, and diseases. Regarding the duration of rabbit keeping, this study aligns with that conducted by Mutisya (2014), who found 51.4% of Kenyan farmers keeping rabbits for 1-2 years. However, it contrasts with Nonga and Mkula (2015), who reported an average experience of 3-28 years. 

Moreover, Borter and Mwanza (2011) who indicated that in Kenya rabbit production dates back to colonial times and there were efforts to promote it in 1980s through National Rabbit Development Program funded by Government of Kenya and German International Development Agency (GTZ). National Breeding Station in Ngong Veterinary Farm was set up with an objective of providing breeding materials to the farmers throughout the country. Despite efforts to promote, socio-cultural factors remained a hindrance to widespread adoption of rabbit. This was due to fact that rabbits keeping was for young boys and other social groups gave it little attention. Due to poor response from farmers, multiplication centers were closed except Ngong Veterinary farm. 

Finally, our slaughter numbers differ from Mailu et al. (2012), who reported 82% of Kenyan rabbit farmers slaughtering for food. This implies that while many farmers keep rabbits for food, present study population may have different consumption patterns or market access.

5.3 [bookmark: _Toc158300575][bookmark: _Toc202996011]Community Perception of Rabbit Production and Utilization 
The results of the awareness of rabbit production and their products do not concur with the findings of Lebas et al., (1997), who reported that most respondents agreed that rabbit production has been highly productive in terms of offspring, low labour costs, and the work can be done by family members, the rabbit easily accommodates a fairly wide range of cellulose-rich foods and investment is low in terms of infrastructure and equipment can easily be put together by the breeder and not much space is needed. This discrepancy might be because the respondents in the present study lack technical knowledge and awareness of some rabbit production practices including breeding, housing, feeding and feeding system.

Moreover, present study disagrees with that by Zotte et al., (2014) who reported that the majority of respondents like rabbit meat and declared it to taste good and palatable may be attributed to its excellent organoleptic properties of tenderness, juiciness, and flavour. This implies that tenderness, juiciness, and flavour are the main quality attributes for consumers' choice of rabbit meat (Nistor et al., 2013). On the other hand, the results of the consumption of rabbit meat are healthy. The findings in this study are contrary to those of Cullere and Zotte (2018), who reported that respondents recognized/admitted that rabbit meat has high protein content, low fat content, a high percentage of unsaturated fatty acids, and low cholesterol including sodium levels. A similar finding by (Buitrago-Vera et al., 2016) revealed that it has relatively higher energy values (899 kJ/100 g in the forelegs and 603 kJ/100 g in the loin), which is equivalent to that of many types of red meat typically consumed. Also, Składanowska-Baryza and Stanisz (2019) stated that rabbit meat is highly recommended for pregnant women, adolescents, and older people due to rabbit meat is a white meat has a low saturated fat and it high protein and mineral sources.

5.4 [bookmark: _Toc158300576][bookmark: _Toc202996012]Factors Affecting Rabbit Production
5.4.1 [bookmark: _Toc158300577][bookmark: _Toc202996013]Feed and Feeding System
Present study found significant differences in feeding systems across the three districts, contrasting with Abu et al., (2008), who reported no significant differences in Nigeria, where farmers used both intensive and semi-intensive systems. Similarly, Abu et al., (2008) found that Nigerian rabbit diets mainly comprise green grass and legumes with kitchen waste, served in wooden, cement, or metal troughs. Nonga and Mkula (2015) also reported that 100% of farmers in Morogoro, Tanzania, used fresh grass as their primary diet.

However, the findings on feed supplements diverge from Seren et al., (2014) in Kenya, who found 20% of farmers offered concentrate supplements at levels ranging from 20g to 150g, while many didn't supplement daily. Similarly low levels and high forage content in Kenyan rabbit diets were reported by Borter and Mwanza (2011). Furthermore, Konmy et al., (2023) found that only 2.8% of farmers in Benin provided supplements. This suggests a lack of awareness about the importance of supplement feeds for rabbit production.

5.4.2 [bookmark: _Toc158300578][bookmark: _Toc202996014]Marketing of Rabbits and their Products 
The results of this study revealed a significant difference among respondents who sold rabbits. This findings align with Chipo et al., (2019), who, while evaluating the challenges and opportunities of rabbit production and marketing in Zimbabwe, reported that 60% of farmers sold their rabbits for business, while 28% sold them for emergency needs and 12% to control herd size. Similarly, Tembachako et al., (2017) found that in Zimbabwe, most farmers sold live rabbits to local markets or farmers within their communities. Furthermore, echoing the findings of Ndyomugyenyi et al., (2013), who stated that many Ugandan farmers sold rabbits locally due to poor market linkages between producers and external markets. 

This limited potential buyers' access to rabbits for commercial purposes, home consumption, or breeding stock due to fact that rabbit production is an unpopular production, so the most farmers did not known the benefits of rabbit production. It is worth noting that a 2011 study by the Kenyan Ministry of Agriculture identified local households and restaurants as the primary consumers of rabbit meat. Similarly, rabbits in Australia are primarily used for meat production, generating income and serving as laboratory specimens (Williams et al., 2013).

5.4.3 [bookmark: _Toc158300579][bookmark: _Toc202996015]Rabbit Diseases Infection, Stolen, and Loss by Predators 
The results of disease infection in this study differed from those reported by Chah et al., (2018), who, while assessing disease management practices among rabbit farmers in Enugu State, Nigeria, found that only 17.9% considered diseases as a problem, with 82% reporting no issues. This contrast might be attributed to two factors: firstly, farmers prioritizing the selection of healthy rabbits for breeding, and secondly, the relative inexperience of many farmers, potentially limiting their observation of disease outbreaks. However, Chah et al., (2018) noted that among the minority who did observe disease issues, skin infection (mange) was the most prevalent (75%), followed by diarrhoea, ear canker, and sniffles (all at 8.3%). This aligns with Elshahawy et al., (2016), who identified skin infection as a common problem in rabbits.

Furthermore, the present study diverges from the findings of Nonga and Mkula (2015), who reported that 100% of farmers in Morogoro, Tanzania experienced rabbit diseases, with diarrhoea (61.1%) and skin infection (22.2%) being the most common. These discrepancies could be due to variations in rabbit management systems, seasonal influences, or the practice of mixing adult and young rabbits. Regarding rabbit theft, this study's results deviate from Oluwatusin (2015), who reported only a 1% theft rate in Nigeria. The higher theft rate observed in present study could be linked to poor rabbit management practices like to use semi-intensive system as a feeding practices, in this system rabbits mostly use forages and some supplement concentrate feeds, it is suitable for small-scale producers but it is high possibility of rabbit stolen (Daszkiewicz et al., 2012). 

In terms of predators, the study's findings diverge from Ndyomugyenyi et al., (2013), who found that 46.0% of Ugandan farmers reported predator-related losses. Differences in farming practices might explain this disparity: Ugandan farmers used extensive feeding systems and inadequate housing, as opposed to the intensive methods described by Luzobe (2011), who attributed declining rabbit production in Uganda to predator attacks discouraging potential farmers. Additionally, this study's findings differ from Nonga and Mkula (2015), who reported that 66.7% of farmers experienced predator-related losses, primarily from rats, cats, and insects.
5.4.4 [bookmark: _Toc158300580][bookmark: _Toc202996016]Diseases Control
Our results on disease control concur with those reported by Nonga and Mkula (2015), that only 35.6% of respondents in Morogoro, Tanzania, practised disease control methods. Among these, the most common practice was administering ivermectin injections every three months to control and prevent both external (ecto) and internal (endo) parasites in their rabbits. This finding is further supported by Sharon et al., (2019), who reported that nearly all farmers use a single dose of long-acting ivermectin administered subcutaneously to prevent and control Sarcoptes scabiei cuniculi, the parasite responsible for skin infection (mange). However, the study also identified the use of parenteral ivermectin at varying dosages for treating ecto and endo-parasites in rabbits. Notably, most of these treatment practices involved a 7-day interval between subsequent ivermectin injections (Kumar et al., 2018).

5.4.5 [bookmark: _Toc158300581][bookmark: _Toc202996017]Extension Services 
The results on extension service delivery differed from those reported by Chipo et al., (2019), who found that only 40% of respondents in Zimbabwe received extension services from extension staff or other sources like experienced farmers. This suggests that inadequate extension services delivery might be hindering rabbit production development in developing countries, making it difficult for farmers to manage rabbits as conventional livestock due to the challenges they face (Nonga and Mkula, 2015). Conversely, the findings in this study are similar to those of Mutisya (2014), who reported that a high proportion (80.1%) of respondents in Kenya's Nakuru District received extension services from livestock officers. This highlights the significance of training farmers on basic husbandry techniques for the sustainability of production systems. Similarly, Mashapa et al., (2014) emphasized the critical role of agricultural extension services in driving agribusiness and reducing rural poverty. The fact that  28% of the farmers did not received extension services from any source indicates that extension services delivery are inadequate and not technically equipped to promote rabbit production in our Country.

5.5 [bookmark: _Toc158300582][bookmark: _Toc202996018]Challenges to Rabbit Production
The present study's results differ from those of Chipo et al., (2019), who reported that the main challenges faced by respondents in Mazowe District, Zimbabwe, were a 52% shortage of funds and feed, 24% poor genetic potential, 22% lack of markets and extension services, and only 2% high mortality rate. Interestingly, this study found high mortality as a significant challenge, unlike Chipo et al.'s (2019) findings. However, the present study aligns with Tembachako et al., (2017), who identified poor extension services, inadequate feed, and limited market access as major constraints to rabbit production in Mt Darwin District, Zimbabwe. This concurrence suggests regional consistency in these challenges. Furthermore, the study echoes the points raised by Nworgu (2006) regarding rabbit production issues in Nigeria: lack of market access, high feed costs, and insufficient knowledge about the benefits of rabbit rearing. These additional factors highlight the broader scope of challenges across different regions.

Finally, the findings support Odinwa et al., (2016), who reported poor marketing channels, inadequate production techniques knowledge, poor genetic potential, and disease infection as key challenges for small-scale farmers. This overlap reinforces the widespread nature of these obstacles.

5.6 [bookmark: _Toc158300583][bookmark: _Toc202996019]Experiment Study
5.6.1 [bookmark: _Toc158300584][bookmark: _Toc202996020]Health Status of the Rabbits
The health status of experimental rabbits fed energy sources like maize, wheat, and sorghum grains did not affect the survival of the three breeds studied. The observed mortality rate was within the range reported by Read et al., (2016), who documented an 8.1% to 20% mortality rate for young rabbits before weaning. Similar findings were observed by Rashwan et al., (2000), who reported a 12% to 20% mortality rate. This suggests that using these cereal grains as energy sources in rabbit diets did not negatively impact the young rabbits' survival, further supported by similar observations from Apori (2014). These findings indicate that when properly prepared, maize, wheat, and sorghum grains provide adequate energy nutrients and lack harmful components. However, it is important to note that, as Yu and Pedroso (2023) highlight, cereal grains can be susceptible to contamination by soil microorganisms, particularly molds. These toxigenic molds not only reduce grain quality and cause losses, but they can also produce harmful secondary metabolites called mycotoxins. These mycotoxins can cause acute toxicity, death, chronic diseases like cancer, immune suppression, and growth impairment in livestock and pets.

5.7 [bookmark: _Toc158300585][bookmark: _Toc202996021]Composition of Feed Ingredients
The chemical composition of the feed ingredients (e.g., maize meal, sunflower cake, maize bran, and sorghum) in the present study fell within the range values reported in the study by Mutayoba et al., (2011). However, the crude protein and fat content of maize meal, maize bran, and sunflower seed cake meal were slightly lower than those observed by Mutayoba et al., (2011).

Wheat grain, on the other hand, had a slightly lower starch content compared to maize and sorghum grains. These results differ from those reported by Heuzé et al., (2015), who found that the starch content in wheat grain ranged between 69.1 and 74.9%. This variation might be due to either differences in the variety used or genetic factors that can affect the chemical characteristics of cereal grains and other plant products (Peltonen-Sainio et al., 2012).

The crude protein and dry matter values from fish meals were within the range reported by Heuzé et al., (2015). However, the ether extract (EE), crude fibre (CF), ash, calcium (Ca), and phosphorus (P) content were slightly lower, likely due to differences in the type of fish meal used (Médale et al., 2009).

5.7.1 [bookmark: _Toc158300586][bookmark: _Toc202996022]Composition of Experimental Diets
[bookmark: _Hlk158179482]The average dry matter content for the dietary treatments was 89.1 – 90.3%, and the crude protein average of 12.7 – 16.4% was slightly different from those of (FEDIAF, 2013), which reported an average of 91 – 92.5% for dry matter and 14 –18% for protein in the nutritional guidelines for feeding pet rabbits in Europe. Similar to the report of (Gidenne et al., 2020) on rabbit nutrition and feeding strategy, this contrast in the results might be caused by either the types of feed ingredients used or the storage conditions of feeds. Poor feed storage causes quality deterioration and nutrient loss, which is caused by the contamination of microorganisms, especially fungi (Peltonen-Sainio et al., 2012).

The crude fibre was slightly lower for all experimental diets than the values reported by (Gidenne, 2015), who noted that 10 to 14 percent of crude fibre is required in rabbit diets. Similar to the findings of (FEDIAF, 2013), the low fibre content in rabbit diets may have negative effects on nutrient digestion and absorption (AAHA, 2008).

The mineral contents (i.e. calcium and phosphorus) and ether extract were within range values from those observed by (Mateos et al., 2020), who observed the optimum levels of calcium and phosphorus required in rabbit diets ranged between 0.4 to 1 percent and 0.22 to 0.75 percent respectively, as well as 2 to 8 percent of ether extract. Deficiency of calcium and phosphorus in rabbit diets results in poor mineralization of the bones and teeth, excessive amounts of these minerals may develop kidney damage and urinary stones (Zerrouki et al., 2008). 

The metabolizable energy obtained in the present study was within the range reported by (Gidenne et al., 2020; Lebas et al., 2000), who stated that the requirement of metabolizable energy in rabbit diets is 2500 ME/Kcal for growth and maintenance diets as well as 2600 ME/Kcal for gestation and lactation diets. However, the present study was noted slightly low of metabolizable energy in the lactation diets. Low metabolizable energy in rabbit diets leads to a reduction in growth and reproduction performance (Lebas et al., 2000).
5.8 [bookmark: _Toc158300587][bookmark: _Toc202996023]Effects of Energy Feeds in the Rabbit Diets on Weekly DM Intake and FCR
[bookmark: _Hlk158209446]Total feed intake and average feed intake on a dry matter basis observed in the present study were significantly higher (p≤ 0.05) in dry matter intake for New Zealand white-fed diet 1 and chinchilla-fed diet 3; and similar results were reported by (Ibitoye et al., 2020) who included up to 52% each of maize, sorghum, and millet grains. On the other hand, other related studies observed higher feed intake in rabbits fed diets containing more than 50% of maize grain than other energy feeds (Khan et al., 2016). The contrasting results might be associated with various factors that modulate feed intake in rabbits such as genetic variation between strains, environmental temperature, energetic content of the diet, texture, and palatability of the feed (Gidenne et al., 2010). 

The total and average feed conversion ratio was higher in Diet 2 containing 50% of wheat and Diet 3 containing 50% of sorghum grains. These results conformed to the findings of a study by (Gidenne et al., 2017; Maerten, 2009). The higher feed conversion ratio recorded from rabbits fed diet 2 containing 50% wheat and diet 3 containing 50% sorghum grains in the diets could be an indication of unsatisfactory availability and absorption of nutrients by the rabbits (McDonald et al., 2002). However, comparisons of feed conversion ratio among different species of rabbits may be of little significance unless the feeds involved are of similar quality and suitability (Gidenne et al., 2020). Moreover, the higher feed conversion ratio on rabbits fed diets containing 50% sorghum grains in the present study might be attributed to the tannin content in sorghum grains reducing or impairing nutrient digestibility and nitrogen retention as reported by (Adeyemo et al., 2016). 
The results of present study disagreed with the finding of (Saidj et al., 2016), who observed that the female rabbits that received higher energy diets (2600kcal/kg) had lower feed intake during both the lactation period than those fed low energy diets (2300kcal/kg). A similar study by (Saidj et al., 2012) reported that a higher energy diet induced by the third week of lactation a significantly higher live weight (9.8%), associated with a reduction of feed intake (12.4%). 

However, Lebas and Fortun-Lamothe (1996) reported the effect of energy content (2400 and 2900 kcal/kg) in the diet of rabbits on productive and reproductive parameters over four successive cycles; when energy content was moderate, feed intake increased by about 20%. According to Tolkamp, ( 2010), feed availability, feed quality, and feed management are the most factors affecting energy feed intake in rabbits.

Generally, the results showed that the inclusion of maize grains in rabbit diets at 50% could lead to improved feed conversion to the rabbits and also could improve feed biological value, availability of nutrients as well as digestibility and thus resulting in a reasonable body weight gain (Ibitoye et al., 2020). 

5.9 [bookmark: _Toc158300588][bookmark: _Toc202996024]Effects of Energy Feed in the Rabbit Diets on Weekly Body Weight and Average Daily Gain of the Rabbits
The results showed that there was no significant difference (p ≥ 0.05) in initial weight for those rabbits employed in this study, Similar observations by (Apori et al., 2014). However, the results showed that heavier final live weight and average daily gain (ADG) from New Zealand white-fed diet 1 containing 50% maize grains and New Zealand white-fed diet 3 containing 50% sorghum grains compared to the other rabbit breeds. These results coincide with those obtained by the work of (Ibitoye et al., 2020) who stated that rabbit has good body weight when fed a diet including up to 52% of maize and sorghum grains, which did not affect digestibility and absorption of nutrients in the gastrointestinal tract of rabbits and led to improved body weight gain probably resulting from the supply of well-balanced energy and protein. 

These results were also comparable to the growth performance observed by (Martinez et al., 2006) who used energy feeds in rabbit diets. From their studies, they concluded that maize grain was a good energy source for rabbit diets but should be included in up to 30%. Higher inclusion of maize grains in rabbit diets results in increasing digestible energy in the diet but, it causes reduction in feed intake in lactation rabbits (Saidj et al., 2016). Moreover, the present study showed that maize and sorghum grains could be a valuable energy source for rabbits up to 50% each in different classes of rabbit diets without affecting growth and reproduction performance.

5.10 [bookmark: _Toc158300589][bookmark: _Toc202996025] Effects of Energy Feed in the Rabbit Diets on Litter Weight, Litter Size, Birth Mortality, Gestation Length, and Kindling Interval 
The present results showed no significant difference (p ≥ 0.05) in litter weight, litter size, birth mortality, gestation length, and kindling interval for those two reproduction parities from three rabbit breeds fed three different energy feeds. These results conformed to those reported by (Sivakumar et al., 2013) who stated that did not find any difference in litter weight, litter size, birth mortality, and gestation period of the Soviet Chinchilla and White giant rabbits in tropical climatic conditions in India. 

However, the present results disagree with those observed by (Apori et al., 2014) who reported a significant difference in litter weight and average litter weight that were heavier for New Zealand white than California breed in litter weight. The variation in litter weight might be affected either by genetic factors or management practices (Marykutty and Nndakumar, 2000).

While results of the study by (Oke and Iheanocho, 2011) reported a significant difference in the birth mortality rate, a lower number of deaths 15 % observed from New Zealand Whites than 18% of California breeds. These contrasting results could be that New Zealand whites were more adaptable in tropical environments than California breeds.

5.11 [bookmark: _Toc158300590][bookmark: _Toc202996026] Effects of Energy Feed in the Rabbit Diets on Carcass Weight, Dressing Percentage, Edible Organs, and Non-edible Components
The carcass weight and dressing percentage obtained in the present study were within the range that was reported by (Birolo et al., 2022) but were different from the higher carcass weight and dressing percentage results reported by (Adeyemo et al., 2014) in rabbit-fed diets containing 50% of concentrates and green forage. The contrasting results between the two studies might be associated with the length of the experimental period and type of feeds used due to forage containing insoluble fibres (lignin and hemicellulose) that restrict the bio-availability of other components such as non-proteic amino acids, polyphenols, and glycosides are important resources in animal nutrition for improve nutrient digestibility (Aganga et al., 2003). 

Furthermore, the percentage of edible organs (i.e. Giblets) and non-edible components did not differ significantly between treatments similar results were reported by (Garcia-Vazquez et al., 2020). These results were also comparable to the percentage of edible and non-edible components reported by (Ghosh et al., 2008) using up to 48% of ground maize as an energy feed in rabbit diets and did not significantly when evaluating carcass and meat quality traits of rabbits under the warm-humid condition of West Bengal, India. 

The present study showed that could be use maize, wheat, and sorghum grains as energy feeds up to 50% each in rabbit diets without affecting carcass weight, dressing percentage, edible and non-edible components.

5.12 [bookmark: _Toc158300591][bookmark: _Toc202996027] Effects of Energy Feed in the Rabbit Diets on Meat Chemical Composition (Neck, Loin, and Thigh muscles)
The analysis of the proximate composition showed that the level of dry matter, crude protein, ether extract, and ash percentages in the raw rabbit meat had significant difference in both dietary treatments. The present results disagreed with those reported by (Hernández-Martínez et al., 2018) who observed no negative effect in protein (20.38 - 22.11 %), ether extract (1. 2 - 2.2%), and ash (0.91-1.01%) in the neck and thigh muscles respectively when evaluating the effects of hydrolyzed sorghum on the meat quality of rabbits. These contrasting results might be associated with genetics and environmental factors (including on-farm and maturity of slaughter). The larger rabbit breed has different carcass characteristics to the medium-sized (Hernandez et al., (2010). 

However, the present results conformed to the findings of (Szendro and Dalle Zotte, 2011) who observed significant differences in protein and ether extract values when using up to 40% of maize on the role of rabbit meat as a functional food. The protein value (22.4%) for loin muscle, (21.7%) thigh muscle, (18.6%) neck muscle, and ether extract values (1.8%) for loin muscle, (3.4%) thigh muscles, and 8.8% neck muscle. Similar, observation by Alabiso et al., (2017) when evaluating the effects on growth, health, carcass, and meat traits of rabbits of two genotypes. on 3-week feed restriction after weaning as an alternative to a medicated diet. 

Furthermore, the findings of (Pla et al., 2004), reported that no significant difference in protein value (22.10 %) for the loin muscle, (21.24 %) thigh muscle, and (20.15 %) for the neck muscle but there was a significant effect for in ether extract was (1.20 %) for loin muscle, (3.03 %) thigh muscle and (12.82 %) neck muscle when using up to 35% of ground wheat in rabbit diets. According to Zotte, (2002), higher ether extract content in rabbit meat depends on the portion considered and productive factors, especially diet. The present study concluded that there are potential advantages of using maize, wheat, and sorghum grains up to 50% each as energy feeds in rabbit diets without affecting meat protein and ether extract values, especially in loin and thigh muscles.
5.13 [bookmark: _Toc158300592][bookmark: _Toc202996028] Effects of Energy Feed in the Rabbit Diets on Meat Tenderness and Cooking Loss (Neck, Loin, and Thigh muscles)
Dietary treatment had a significant effect (p ≤ 0.05) on meat tenderness and cooking loss, higher neck muscle tenderness from Chinchilla breed fed diets 2 and slightly higher cooking loss from New Zealand white-fed diets 1, whereas, high cooking loss from those rabbit breeds fed diets 3. The results obtained in the present study agreed with the report of (Bianchi et al., 2007) who found a significant effect on meat tenderness for loin muscle cut when compared with the meat tenderness at two different devices (Allo-Kramer and Warner-Brawler devices). The main factors affecting meat tenderness were attributed to collagen content and its chemical state as well as the myofibrils, determined by the degree of overlapping of sarcomeres (Sams, 2002). 

Hernandez-Martinez et al., (2018), reported that there is decreased hardness and increased cooking loss in the rabbit meat when rabbits are feeding up to 30 % of sorghum grains because it an increasing nutrient synthesis and assimilation. However, the results reported by (Alagon et al., 2015) noted that no negative effect on meat tenderness and cooking loss of the meat cut when feeding diets containing barley, wheat, and corn distillers dried grains in growing rabbits. This variation of meat tenderness and cooking loss was influenced by the amount of fat and collagen contained in particular cuts (Klont et al., 1998).

5.14 [bookmark: _Toc158300593][bookmark: _Toc202996029] Effects of Energy Feed in the Rabbit Diets on Meat Sensory Evaluation
The results of a present study of meat sensory evaluation the majority of consumers responded on fair texture for New Zealand white-fed diets containing 50% of wheat grains and Chinchilla fed diets containing 50% sorghum grain as well as for very good smell while very good flavor from New Zealand white fed diets containing 50% of maize grain and Chinchilla fed diets containing 50% sorghum grain. These results disagreed with the report by (Ojali et al., 2020) who reported that no significant effect on the texture and smell of rabbit meat when evaluating the sensory evaluation of meat of rabbits fed some browse plants supplemented with a concentrate diet. This contrasting of results is mostly influenced by breed, age of animals at slaughter, diet, ante, and post-mortem factors (Lebas et al., 1997).

Similarly, the present study concurs with (Arshad et al., 2018) who reported that rabbit meat has a good flavor and smell due to it having high levels of fatty acids. A similar report was given by Apata and Akinfemi (2010) reported that smell and flavor constitute the most cherished attributes of meat that attract consumers to accept any type of meat.

5.15 [bookmark: _Toc158300594][bookmark: _Toc202996030] Cost-Benefit of the Experimental Diets
The results obtained from the study showed that returns from sold rabbits' gross margin were greater from those rabbit breeds fed diet 1 containing 50% maize grains followed by rabbits fed diet 3 containing 50% sorghum grains and low gross margin from those rabbit breeds fed diet 2 containing 50% wheat grains. These results were not supported by the work of (Igwebuike et al., 2013) in Nigeria reported that the cost per kilogram of feed decreased progressively as the level of sorghum increased in the diets. The feed cost per kilogram of weight gain also declined from N393.01 in diets containing 100% maize to N248.84 fed diets containing 100% sorghum. 
The more the quantity of sorghum in the diet, the less expensive the diet. Similar, results were obtained by the findings of (Abubakar et al., 2006) when evaluating the effects of dietary replacement of maize with malted or unmalted sorghum on the performance of weaner rabbits. Moreover, the present finding does not concur with a study by ( Idowu et al., 2023) in Nigeria who revealed that higher feed cost-benefit (N1344) per kilogram of weight gain on rabbits fed diet containing 49% of maize than those fed diets containing 51% of multi-nutrients (N661.02).

Nonetheless, the results obtained from the present study were supported by (Nsa et al., 2019), in Nigeria who observed that rabbits fed a diet containing 50% of wheat was of higher cost (N 364.92) of feed per live weight gain than a feed diet containing 50% of maize sievate (N 299.92) when assessing the cost-benefit of feeding growing rabbits with selected agro-industry by-products-based diet.
 
[bookmark: _Toc158300595]Likewise, URT (2022) in the monthly market bulletin in Tanzania approved that there was a higher rise price of wheat grain globally due to the Russia and Ukraine war. The variation of results in feed cost-benefit could be the differences in the total feed intake per weight gain in rabbit breeds and the price of feed ingredients in a particular Country.





[bookmark: _Toc202996031]CHAPTER SIX
[bookmark: _Toc158300596][bookmark: _Toc202996032]CONCLUSION AND RECOMMENDATIONS
6.1 [bookmark: _Toc158300597][bookmark: _Toc202996033]Conclusion
Conclusively, the findings in this study indicated that there are potential advantages of using maize, wheat, and sorghum grains as energy feeds in rabbit diets due to enhanced growth and reproduction performance as well as improved meat characteristics and quality with relatively low-cost of (or in terms of) production. Thus, the conclusions of the study findings presented here are based on five major areas of study questions.

[bookmark: _Hlk201341804]The present study concluded that most of the farmers have positive perceptive that rabbit production has been highly productive in terms of offspring, easy management and it required low production cost as well as the farmers have positive perception on rabbit meat is a highly nutritious, lean protein source gaining popularity worldwide due to its health benefits and sustainability, also it has good taste and palatable due to the fact that it has excellent organoleptic properties of tenderness, juiciness, and flavor. 

Likewise, the study findings concluded that the most factors limit rabbit production is a poor market availability of rabbit products in the study area, leading to the farmers selling rabbit products in the local households and restaurants at low prices. Also there is a lack of education that leading to several challenges that negatively impact rabbit productivity, rabbit welfare, and profitability. Without proper knowledge, rabbit production remains inefficient, unprofitable, and unsustainable. 
Moreover, the study concluded a poor rabbit breed one factor that enhancing to low productivity, high costs, and reduced profits in rabbit production.The present finding concluded that the inclusion of maize grains in rabbit diets at 50% leading to improvement in feed intake, and growth performance to the rabbit, and it could be economically profitable in rabbit production as well the inclusion of 50% of each wheat and sorghum grains in rabbit diet increased feed conversion ratio which causes diminished digestibility and utilization of nutrients.

Furthermore, the study concluded that the inclusion of energy feed (i.e. maize, wheat, and sorghum grains) in rabbit diet at 50% in different stages of rabbit had no negative effect on reproduction performance in terms of the litter weight, litter size, birth mortality, gestation length and kindling interval as well as carcass characteristics, carcass weight, dressing percentage, edible organs, and non-edible components, but the inclusion of each maize, wheat, and sorghum grains in rabbit diets at 50% increase meat protein and reduction fat values in rabbit meat, especially in the loin and thigh muscle.

The study also concluded that the inclusion of each maize and sorghum grains in rabbit diets at 50% could decrease feed cost per body weight gain as well as increase the gross margin of rabbit production. 

6.2 [bookmark: _Toc202996034]Recommendations
Therefore, based on the results of this study, the following recommendations are made.
i. The Department of Livestock Development should provide knowledge and skills on rabbit production and utilization of their products, it helps increase the positive perception of the rabbit production and its products. 

ii. The Department of Livestock Development should create education and awareness among individuals on the importance of rabbit production so that more people can engage into rabbit enterprise.

iii. The Government, through the Department of Livestock Development should provide support to rabbit farmers to overcome the challenges facing such as poor rabbit market, high cost of feeds, poor breed and disease infection.

iv. The livestock policy in Zanzibar should focus on establishing innovative institutional arrangements that enhance rabbit production extension services, farm contacts, and farmer training by extension officers.

v. It also recommended that further studies using energy feeds (maize, wheat and sorghum grains) in other diets of domestic animals and its effect on production and reproduction performance should be done.
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FACULTY OF SCIENCE TECHNOLOGY AND ENVIRONMENTAL STUDIES
DEPARTMENT OF LIFE SCIENCES
Instructions to Interviewer; Read each question to the interviewee and the relevant responses then wait for the answer. Attempt all questions by putting a number to provide space in front of the answer and Circle all the mentioned answers for multiple responses.
	1. 0  IDENTIFICATION DETAILS
	
	

	1.1 LOCATION
	
	
	

	1. 1.1. Region Name ………………………………………………………

	1.1.2. District Name ………………………………………………………

	1.1.3. Shehia ………………………………………………………………


  1.1.4. Name of Respondent……………………………………………….
2.0. HOUSEHOLD INFORMATION
2.1. Age	    	

2.2. Sex       

1) Male                    2) Female 
2.3 Marital Status 

1) Married   2) Divorce     3) Single            4) Separate
2.3 Education level  
1) College education

1) Diploma education
2) Certificate education
3) Secondary education
4) Primary education
5) None education
3.0 MAJOR SOCIO-ECONOMIC ACTIVITY
3.1 Do you have any economic activities instead of livestock keeping?

       1) Yes                          2) No (If no, skip quest 4)
3.1.1 If yes, mention most economic activities is done
…………………………………………………………………………………………
…………………………………………………………………………………………
3.2 How the economic activities mentioned above help in your daily life?
……………………………………………………………………………………………………………………………………………………………………………………
4.0 RABBIT POPULATION INTAKE AND OFF-TAKE

4.1 Do you keep a rabbit on your farm?
   1) Yes (If yes, don’t fill quest 4.5 - 4.6)     2) No  (If no, skip quest 4.5)

4.1.1 If yes, what type of rabbit is kept on your farm?  
 1) Large breed         2) Medium breed      2) Small breed 
4.1.2 Give the number of rabbits you start to keep on your farm?

1) Number of Doe

1) Number of Buck
4.1.3 Give the number of rabbits present on your farm?

1) Number of Doe

2) Number of Buck
4.2 Where did you get your rabbit for the first time?

1) Purchase         2) Given     3) other, mention………………..
4.3  The months/years since you kept rabbits on your farm?

4.4 Did you slaughter your rabbit for meat consumption?

1) Yes                                 2)   No

4.4.1 If yes, give the number of rabbits slaughtered for meat consumption? 
4.4.2 If no, give a reason 
……………………………………………………………………………………
……………………………………………………………………………………
5.0 FEED AND FEEDING SYSTEM FOR RABBITS
5. I. What type of feeding system is used for rabbit production on your farm?
1) Intensive system

1) Extensive system
2) Semi-intensive system
3) Free-range system
4) Other, mention…………………....
5.2. What type of feeds are given to your rabbit?

1) Fresh grass 
1) Dry grass 
2) Kitchen waste
3) Other, mention……………………..

5.3 Did you given supplement feeds to your rabbits?
	1) Yes                                    2) No
5.3.1 If yes what were the main supplement feeds given to your rabbit?
……………………………………………………………………………………
5.3.2 If no, give a reason why you did not give supplement feeds for your rabbit?
…………………………………………………………………………………………
…………………………………………………………………………………………
5.4. What type of equipment is used for keeping feeds to your rabbit?

1) In feeder   2) On floor     3) Hanging   4) Other, mention……………..  
6.0 PERCEPTION OF RABBIT PRODUCTION AND THEIR PRODUCTS
6.1 Rabbits grow quickly and have lots of offspring

     1) Strong agree      2) Agree   3) Strong disagree   4) Disagree	
6.2 Rabbit meat is good and is flavored like chicken

      1) Strong agree      2) Agree   3) Strong disagree   4) Disagree
6.3 Rabbit production is a low investment compared to other livestock production

      1) Strong agree      2) Agree   3) Strong disagree   4) Disagree
6.4 Rabbit eat most green grass just like goats and cows

      1) Strong agree      2) Agree  3) Strong disagree    4) Disagree
6.5 Rabbit production has early benefits to farmers compared to other livestock production

      1) Strong agree      2) Agree      3) Strong disagree   4) Disagree
6.6 Rabbit is better raising intensive system than other rearing systems 

     1) Strong agree      2) Agree      3) Strong disagree    4) Disagree
6.7 Rabbit production is low labor cost compare to other livestock production

       1) Strong agree      2) Agree    3) Strong disagree  4) Disagree
6.8 Consumption of rabbit meat is health

       1) Strong agree      2) Agree   3) Strong disagree  4) Disagree
6.9 Most Zanzibar livestock keepers like rabbit meat for consumption

        1) Strong agree      2) Agree  3) Strong disagree  4) Disagree
6.10 Rabbit manure is rich for the garden than goat, pig, or cow manure 

       1) Strong agree      2) Agree   3) Strong disagree   4) Disagree	
7.0 MARKETING ON RABBITS PRODUCTION AND THEIR PRODUCTS
7.1 Did you sell any products from the rabbit on your farm?
       1) Yes                         2) No (If no, skip quest 7.5)

7.2 If yes, what types of products did you sell?
 1) Live rabbit  2) Rabbit meat  3) Manure  4) Other, mention………………

7.3 Where did you sell your products?
 1) Market   2) Restaurant   3) Farmer   4) other, mention…………………..
7.4 How much shilling per product?
	S/N
	Products
	Cost

	1
	Live rabbit
	

	2
	Rabbit meat
	

	3
	Manure
	

	4
	Other, mention
	



7.5 Did you experience any challenges in marketing rabbit production?

      1) Yes                                    2) No
7.6 If yes mention them………………………………………................................
……………………………………………………………………………………………………………………………………………………………………………………
8.0 DISEASE ON RABBIT PRODUCTION

8.1 Did you observed any disease on your rabbit farm?                    
       1) Yes                    2) No (If no, skip quest 8.4)
8.1.1 If yes, give a number of rabbits were get infections?


8.1.2 Give a number of treated	
8.1.3 Give the number of died

8.1.4 Give the number of recovered

8.1.5 Give the number of vaccinated


8.2 What is the main cause of rabbit sickness and death on your farm?
 Sick……………………………………………………………………………………
    Death…………………………………………………………………………………
8.3 What are the main clinical signs of unknown causes of rabbit sickness and death on your farm?
Clinical sign…………………………………………………………………………. 
Death………………………………………………………………………

8.4 Did you experience a rabbit stolen from your farm? 
  1) Yes                            2) No
8.4 If yes, give the number of rabbits stolen from your farm?


8.5 Give the number of rabbits lost by predators from your farm?
9.0 EXTENSION SERVICES
9.1 Did you receive livestock extension service on rabbit production?

       1) Yes               2) No   (If no, skip quest 10)
9.2 If yes, where is the source of extension services you received?
1) Livestock officers  

1) NGO  
2) Farmer field school
3) Other, mention………………….
10.0 DISEASES CONTROL
10.1 Ecto-parasites control

10.1.1 Did you use acaricide to control the ecto parasites of your rabbits?
            1) Yes          2) No (If no, skip quest 10.2)
10.1.2 Which method of acaricide did you used?
1) Dip
1) Spray

2) Hand dressing
3) Traditional
10.2 Endo- parasite control
10.2.1 Did you use anthelmintic drugs to control the endoparasites?

1) Yes                    2) No (If no skip to quest 11)
10.2.2 Which method of anthelmintic drugs did you used?

	1) Drench

	1) Injection
11.0 CHALLENGES


 11.1 Did you experience any challenges in your rabbit farm?

       1) Yes                          2) No   
11.1.1 If yes mention them
1) …………………………………………………………………………………
1) …………………………………………………………………………………
2) …………………………………………………………………………………
3) …………………………………………………………………………………
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	D -Variable
	DF
	SS
	 M S
	F Value               
	Pr > F
	R2
	

	Intake/rabbit wk 2
	8
	35468.51852      
	4433.56481       
	6.23    
	0.0006
	0.734563           
	

	Intake/rabbit wk 4
	8
	43601.85185      
	5450.23148       
	1.79    
	0.1454
	0.442950      
	

	Intake/rabbit wk 6
	8
	16600.00000      
	2075.00000       
	0.50    
	0.8438
	0.18035                      
	

	Intake/rabbit wk 8
	8
	63340.7407       
	7917.5926       
	2.97    
	0.0263
	0.568721      
	

	Intake/rabbit wk 10
	8
	29783.33333      
	3722.91667       
	2.31    
	0.0670
	0.506376      
	

	Intake/rabbit wk 12
	8
	6273.6296        
	784.2037       
	0.13    
	0.9972
	0.053347                      
	

	Intake/rabbit wk 14
	8
	22850.0000       
	2856.2500       
	0.55    
	0.8061
	0.195606      
	

	Intake/rabbit wk 16
	8
	98666.6667      
	12333.3333       
	4.23    
	0.0053
	0.652989      
	

	Intake/rabbit wk 18
	8
	23868.51852      
	2983.56481       
	0.97    
	0.4864
	0.301999      
	

	Intake/rabbit wk 20
	8
	24800.00000      
	3100.00000       
	1.57    
	0.2037
	0.410483      
	

	Total intake
	8
	2563405.407      
	320425.676       
	2.68    
	0.0395
	0.543151      
	

	Average intake
	8
	6408.51352       
	801.06419       
	2.68    
	0.0395
	0.543151      
	





[bookmark: _Toc21213][bookmark: __RefHeading___Toc146110108][bookmark: _Toc158300602]Appendix 3: ANOVA table on Weekly feed conversion ratio (FCR)
	D -Variable
	DF
	SS
	M S
	F Value
	Pr > F
	R2

	FCR wk 2
	8  
	16.73946667      
	2.09243333       
	0.50    
	0.8434
	0.180605                      

	FCR wk 4
	8
	27.16302963      
	3.39537870       
	1.72    
	0.1609
	0.433552

	FCR wk 6	
	8
	50.6835630       
	6.3354454       
	0.83    
	0.5901
	0.268779      

	FCR wk 8
	8
	191.8899630      
	23.9862454       
	6.22    
	0.0006
	0.734305      

	FCR wk 10
	8
	112.8336963      
	14.1042120       
	2.00    
	0.0050
	0.471210      

	FCR wk 12
	8
	214.1846000      
	26.7730750       
	1.02    
	0.4573
	0.311542                            

	FCR wk 14
	8
	48.0263630       
	6.0032954       
	1.00    
	0.4660
	0.308657      

	FCR wk 16
	8
	64.7640074       
	8.0955009       
	1.55    
	0.2104
	0.407176      

	FCR wk 18
	8
	85.3466000      
	10.6683250       
	1.43    
	 0.2513
	0.388214      

	FCR wk 20
	8
	28.9631852       
	3.6203981       
	0.48    
	0.8549
	0.175662      

	Total FCR
	8
	3007.510541      
	375.938818       
	3.70    
	0.0101
	0.621733

	Average FCR
	8
	7.51138519      
	0.93892315       
	3.70    
	0.0101
	0.621571      







[bookmark: _Toc10958][bookmark: _Toc158300603]Appendix 4: ANOVA table on Weekly body weight and Average daily gain
	D-Variable
	DF
	SS
	MS
	F Value
	Pr > F
	R2

	BWT wk 2
	8
	32212.9630       
	4026.6204
	0.63    
	0.7420
	0.218943      

	BWT wk 4
	8
	136724.0741      
	17090.5093
	2.63    
	0.0520
	0.539223      

	BWT wk 6
	8
	159168.5185      
	19896.0648
	3.55    
	0.0122
	0.611908                  

	BWT wk 8
	8
	154350.0000      
	19293.7500
	3.92    
	0.0077
	0.635142

	BWT wk 10
	8
	195285.1852      
	24410.6481
	3.89
	0.0079
	0.633696

	BWT wk 12
	8
	268690.7407
	33586.3426
	3.70    
	0.0101
	0.170462  

	BWT wk 14
	8
	264216.6667      
	33027.0833
	2.72
	0.0373
	0.546900      

	BWT wk 16
	8
	363100.0000      
	45387.5000
	3.57    
	0.0119
	0.613483

	BWT wk 18
	8
	367933.3333      
	45991.6667
	3.35    
	0.0157
	0.598347      

	BWT wk 20
	8
	371129.6296      
	46391.2037
	3.56    
	0.0120
	0.612682      

	TWTG
	8
	364196.2963      
	45524.5370
	4.17    
	0.0057
	0.649524      

	ADG
	8
	16.15662963      
	2.01957870
	4.18    
	0.0056
	0.650200      




[bookmark: __RefHeading___Toc146110110][bookmark: _Toc16110][bookmark: _Toc158300604]Appendix 5:	ANOVA table on Litter weight, Litter size, Birth mortality, Gestation      length, and Kindling interval
	D -Variable
	DF
	SS
	M S
	F Value
	Pr > F
	R2

	PARITY ONE
	
	
	
	
	
	

	Litter weight (g)
	8
	28300.0000       
	3537.5000
	0.66
	0.7207
	0.226279

	Average litter weight (g)
	8
	302.425030       
	37.803129
	0.52
	0.8283
	0.186861

	Litter size (n)
	8
	11.40740741      
	1.42592593
	0.41
	0.9029
	0.152626

	Birth mortality (%)
	8
	523.338363       
	65.417295
	0.65
	0.7234
	0.225334

	Gestation length (day)
	8
	3.33333333      
	0.41666667
	0.66
	0.7177
	0.227273

	PARITY TWO
	
	
	
	
	
	

	Litter weight (g)
	8
	20057.4074       
	2507.1759
	0.41
	0.9014
	0.153472

	Average litter weight (g)
	8
	315.465667       
	39.433208
	0.49
	0.8449
	0.179984

	Litter size (n)
	8
	8.07407407      
	1.00925926
	0.23
	0.9813
	0.090985

	Gestation length (day)
	8
	4.51851852      
	0.56481481
	0.95
	0.5000
	0.297561

	Kindling interval (days)
	8
	735.185185       
	91.898148
	0.32
	0.9479
	0.124498
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	D -Variable
	DF
	SS
	M S
	F Value
	Pr > F
	R2

	Slaughter wt (g)
	8
	131236.1111      
	16404.5139       
	0.42    
	0.8793
	0.273830

	Carcass wt (g)
	8
	58569.4444
	7321.1806
	0.53    
	0.8065
	0321202             

	Dressing %
	8
	18.32134444      
	2.29016806       
	0.56    
	0.7874
	0.332065

	Liver %
	8
	1.40247778      
	0.17530972
	0.41    
	0.8857
	0.269023

	Heart %
	8
	0.00630000      
	0.00078750       
	0.70    
	0.6858
	0.384146      

	Kidney (%)
	8
	0.09961111      
	0.01245139       
	0.38    
	0.9065
	0.252205      

	Lung (%)
	8
	0.57654444      
	0.07206806       
	1.14    
	0.4229
	0.502525      

	Gut (%)
	8
	15.70701111      
	1.96337639       
	0.45    
	0.8637
	0.284997      

	Head (%)
	8
	1.13477778      
	0.14184722       
	0.31    
	0.9427
	0.216586

	Leg (%)
	8
	0.55261111      
	0.06907639       
	0.67    
	0.7049
	0.374916      

	Skin (%)
	8
	7.72720000      
	0.96590000       
	0.94    
	0.5266
	0.456435      




[bookmark: __RefHeading___Toc146110112][bookmark: _Toc6494][bookmark: _Toc158300606]Appendix 7: ANOVA table on Meat Chemical Composition (Neck, Loin, and Thigh muscles)
	D -Variable
	DF
	SS
	M S
	F Value
	Pr > F
	R2

	Neck muscle
	
	
	
	
	
	

	Dry matter (%)
	8
	78.69410000      
	9.83676250     
	119.32    
	<.0001
	0.990660      

	Crude protein (%)
	8
	20.90817778      
	2.61352222       
	7.27    
	0.0037
	0.865993      

	Ether extract (%)
	8
	2.92624444      
	0.36578056     
	411.50    
	<.0001
	0.997274      

	Ash (%)
	8
	6.59277778      
	0.82409722      
	10.68    
	0.0009
	0.904703      

	Loin muscle
	
	
	
	
	
	

	Dry matter (%)
	8
	8.86134444      
	1.10766806       
	5.69    
	0.0088
	0.834885      

	Crude protein (%)
	8
	24.24507778      
	3.03063472      
	28.43    
	<.0001
	0.961937      

	Ether extract (%)
	8
	0.11190000      
	0.01398750      
	15.94    
	0.0002
	0.934057      

	Ash (%)
	8
	5.58951111      
	0.69868889       
	3.05    
	0.0582
	0.730812      

	Thigh muscle
	
	
	
	
	
	

	Dry matter (%)
	8
	16.65457778      
	2.08182222       
	6.55    
	0.0054
	0.853362      

	Crude protein (%)
	8
	10.59894444      
	1.32486806       
	7.50    
	0.0033
	0.869557      

	Ether extract (%)
	8
	0.97874444      
	0.12234306     
	224.71    
	<.0001
	0.995019      

	Ash (%)
	8
	5.03640000      
	0.62955000       
	5.66    
	0.0089
	0.834249      





[bookmark: __RefHeading___Toc146110113][bookmark: _Toc11389][bookmark: _Toc158300607]Appendix 8: ANOVA table on Meat tenderness and Cooking loss (Neck, Loin, and Thigh muscles)
	D -Variable
	DF
	SS
	M S
	F Value
	Pr > F
	R2

	Neck muscle
	
	
	
	
	
	

	Tenderness (N)
	8
	52.9000266       
	6.6125033       
	5.21    
	<.0001
	0.373379      

	Cooking loss %
	8
	103.0287111      
	12.8785889      
	11.96    
	0.0006
	0.914022                          

	Loin muscle
	
	
	
	
	
	

	Tenderness (N)
	8
	105.3269969      
	13.1658746       
	8.56    
	<.0001
	0.443412      

	Cooking loss %
	8
	85.04044444     
	10.63005556      
	11.00        
	0.0008
	0.907191      

	Thigh muscle
	
	
	
	
	
	

	Tenderness (N)
	8
	71.2240809       
	8.9030101       
	6.85    
	<.0001
	0.392143      

	Cooking loss %
	8
	69.76501111      
	8.72062639      
	11.31    
	0.0007
	0.909548      
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THE OPEN UNIVERSITY OF TANZANIA
DIRECTORATE OF POSTGRADUATE STUDIES

Tel: 255-22-2668992/2668445
ext.2101

Fax: 255-22-2668759

E-mail: dpgs@oul.ac.iz

P.0. Box 23409
Dar es Salaam, Tanzania
http:/www.out.ac.tz

Ref: PG201900404 . 26" November 2021

Permanent Secretary,

The Office of the Second Vice President,
P.O Box 239,

ZANZIBAR.

RE: RESEARCH CLEARANCE

The Open University of Tanzania was established by an Act of Parliament No. 17 of 1992, which
became operational on the 1* March 1993 by public notice No.55 in the official Gazette. The Act
was however replaced by the Open University of Tanzania Charter of 2005, which became
operational on 1* January 2007.In line with the Charter, the Open University of Tanzania
mission is to generate and apply knowledge through research.

To facilitate and to simplify research process therefore, the act empowers the Vice Chancellor of
the Open University of Tanzania to issue rescarch clearance, on behalf of the Government of
Tanzania and Tanzania Commission for Science and Technology, to both its staff and students
who are doing research in Tanzania. With this brief background, the purpose of this letter is to
introduce to you Mr. Rajab Ramadhan Juma, Reg No: PG201900404 pursuing PhD. We
here by grant this clearance to conduct a research titled “Assessment of the Rabbit Production
and Reproduction Performance in Zanzibar”. He will collect his data in your office from
December 2021 to August 2022,

In case you need any further information, kindly do not hesitate to contact the Deputy Vice
Chancellor (Academic) of the Open University of Tanzania, P.O. Box 23409, Dar es Salaam.
Tel: 022-2-2668820.We lastly thank you in advance for your assumed cooperation and
facilitation of this research academic activity.

Yours, .
THE OPEN UNIVERSITY OF TANZANIA

P ias Loy
Prof. Magreth S.Bushesha
DIRECTOR OF POSTGRADUATE STUDIES.
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