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IN TIMES OF DISASTER: RABBIT PROJECTS TO THE RESCUE
Lukefahr S.D.
Dept. of Animal Science & Veterinary Technology, Texas A&M University-Kingsville, MSC 228, Kingsville, TX 78363,
USA
Email: steven.lukefahr@tamuk.edu

Abstract: In recent decades, several rabbit projects were initiated that were in direct response to human or natural
disasters. It is evident that humanitarian organizations and agencies have become increasingly aware of the benefits
of rabbit production. Organizations and funding agencies recognize rabbit projects as a solution that could offer
relief or prevention from long-term suffering (malnutrition and poverty) and as a means for victims to (re)settle to
improve the quality of their lives. This paper provides the case stories of several rabbit projects: Ghana, Haiti, Latin
America, and Nepal. A brief description of project inception, technical inputs and constraints, and for some projects
a summary of the realized impact is provided. In the Haiti and Nepal projects, the World Rabbit Science Association
generously provided both financial and technical assistance. One key aspect of these projects was the direct
community involvement in choosing families for project participation. Families received formal rabbit training,
quality breeding stock, timely technical assistance, and access to necessary inputs and markets. In addition, a
passing-on-the-gift measure was paramount in expanding projects to other families. In terms of sustainability and
profitability, it was critical that small- to medium-scale enterprises were maintained at an optimal balance between
minimizing production costs (largely by utilizing on-farm feedstuffs) and meeting market demand for rabbit meat
without flooding the market. In conclusion, the rabbit has received a well-deserved promotion as a recognized
species that through projects can alleviate human suffering in times of disaster and transform misery into hope and
prosperity for rural and urban communities.
Key words: Rabbit production, Food security, Project development, Sustainability, Training

INTRODUCTION
About one century ago, the domesticated rabbit (Oryctolagus cuniculus) was not seriously considered as a
livestock species or food animal in most countries. However, there was the tradition in some European
countries of small-scale, backyard rabbit meat production as a “cottage industry”. This tradition traces to
the rabbit‟s center of origin in the Mediterranean region.
Although there were brief rabbit booms in the early last century, it was mostly in the second half that
certain critical developments occurred that brought to light the rabbit as a legitimate livestock species.
First, rabbit research stations were initiated in Africa, Asia, Europe, and the Americas. Of note in Ghana,
the National Rabbit Project for years provided training to many farmers (Mamattah, 1978). Several
governments supported rabbit research programs at research stations and(or) universities. In the U.S.,
there was first the USDA Rabbit Research Station in Fontana, CA, and then later the Oregon State
University–Rabbit Research Center in Corvallis, OR. Cheeke (1986) published a paper: Potentials of
rabbit production in tropical and subtropical agricultural systems that educated both the scientific
communities and world funding agencies. Several of these institutional programs held regular meetings,
formed national rabbit science organizations (culminating in the World Rabbit Science Association),
while some centres created research journals (e.g., Cuniculture and the Journal of Applied Rabbit
Research), and wrote authoritative books to guide their infantile industries. Another new industry
emerged that involved rabbits as a laboratory animal species used for basic research. During the same
timeframe, China would rise as the largest producer of rabbit meat and wool for the global market (Wu et
al., 2016).
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In 1978, the International Foundation for Science (Stockholm) organized a workshop on rabbit farming in
Tanzania. Several rabbit scientists presented papers on the status of rabbit programs across African
nations. This event sensitized the continent to the high potential of small-scale rabbit production (IFS,
1978). In 1984, the 3rd World Rabbit Congress was held in Rome under the patronage of the Food and
Agriculture Organization (FAO) of the United Nations. The congress theme was: The role of the rabbit in
world feeding. WRSA members were even invited to St. Peter‟s Basilica for a special audience with Pope
John Paul II who praised the efforts of rabbit scientists in feeding the world. The FAO played an early
instrumental role in: organizing conferences; developing training manuals, books, and website materials;
and in supporting rabbit projects throughout the lesser developed countries (FAO, 1982; Lebas et al.,
1997).
During this same timeframe, Heifer International (HI; www.heifer.org), a humanitarian organization
based in Little Rock, AR, became recognized for initiating self-help rabbit projects throughout the
developing world, especially in Cameroon, China, and Poland. In fact, the Sichuan Xuping Rabbit
Company (once a multi-million-yuan company that for many years trained thousands of people in rabbit
farming) began when one poor family receiving two rabbits from an HI project in the early 1980‟s
(Lukefahr, 2010). Major rabbit program developments have also occurred in other Asian countries, such
as Indonesia (Raharjo and Bahar, 2016) and Vietnam. In 2008 an international conference: „Rabbit
Farming Based on Forages‟ was held at Cantho University, Vietnam (Thu and Danh, 2008).
In 1981 the publication of the classic paper by the late John Owen: Rabbit meat for the developing
countries, was published in World Animal Review (an FAO journal). This article was a “total game
changer” (Owen, 1981). The rabbit was presented in the full spotlight with respect to its potentially major
role in solving world hunger and poverty. In addition, the WRSA has traditional held, since its inception
in 1976, a special session during its congresses held every four years: Rabbits in Developing Countries.
The WRSA American branch has also had a strong focus on this same topic at their Rabbit Congress of
the Americas meetings which are also held every four years.
In this historical context, this paper will expound on the unique contributions of rabbit projects to aid
humanity in times of human or natural disaster. In recent years, this recognized role has been employed to
allow disaster victims to rapidly recover to improve their lives.
The primary objective of this paper is to share my experiences in assisting and developing rabbit projects
in the lesser developed countries as associated with human or natural disasters. These experiences will be
presented and discussed as case studies that will include lessons learned and recommendations for future
projects. A secondary objective is to offer guidance in terms of maintaining profitable small- to mediumscale enterprises in rural and urban areas.
CASE STUDIES
Background
For this paper, the history and development of several case studies will be presented involving Ghana,
Haiti, Latin America and the Caribbean, and Nepal. For each study a brief background of the project
inception, technical inputs and constraints, and for some projects a summary of the realized impact upon
formal termination (cessation of funding from the organization or agency) will be described. Other key
aspects will include the nature of direct involvement of participants who first received formal rabbit
training, provision of quality breeding stock, timely technical assistance, and access to both necessary
inputs and to markets. In addition, mention will be made of a passing-on-the-gift measure, which was
paramount to project expansion to future participants beyond the short, formal life of the project. Table 1
provides an overview of these projects.
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Table 1. Overview of rabbit project case-studies.
Rabbit project overview
Case study

Ghana
Haiti
Latin
America
Nepal

Disaster

Goal

Constraint

Intervention

Economic/Political/
Extreme drought

Food security/
Income generation

Lack of government
funding support

Awareness

Earthquake

Resettle earthquake
victims

Poor quality diets
for rabbits

Training

Economic/Social/
Urban migration

Accept rabbit meat/
Improve quality of life

Non-tradition
of consuming
rabbit meat

Training/
Feed children
rabbit meat

Earthquake/
Gender inequity

Food security/
Income generation

Poor quality diets
for rabbits

Retraining/
Expansion

Ghana
Since its independence from Britain in 1957, Ghana struggled for decades with economic and political
turmoil, coupled with years of extreme drought. It would not
be until the 1990‟s when prosperity would turn the tide. In the
early 1970‟s, there was strong national awareness and a
governmental agenda towards food self-sufficiency, especially
to alleviate the nation‟s critical shortage of meat. One key
individual, Mr. Newlove Mamattah, was appointed by the
government to serve as the director of the National Rabbit
Project (NRP). The NRP had the slogan of "Rabbit for Food
for the Millions". Mamattah had previously raised and
promoted small-scale rabbit production for many years.
Moreover, he was a charismatic pioneer who participated at
scientific conferences (Mamattah, 1978) and even served as the General Secretary for Rabbits in
Developing Countries of the WRSA. In addition, Mamattah played a key role in obtaining grants to
greatly expand the NRP, as well as in acquiring imported, high-quality breeding stock to establish the
center‟s population. The NRP provided farmers, extension agents, and entreprenuers with an intensive, 3day training course in backyard rabbit production.
During the formative years of the NRP, the FAO (via a UNDP initiative) was instrumental in sensitizing
the entire country on the virtues of self-help rabbit meat production and consumption. A multi-media
campaign was launched that was highly effective that featured radio and newspaper promotions and large
street-side billboards. According to one report (Anonymous, 1979): “By the end of 1977, the nation's first
national rabbit census counted 13,948 rabbits owned by registered breeders throughout the country”.
While accurate data are unavailable, a conservative estimate is that over 37,000 Ghanaians directly
benefitted from the NRP. However in latter years, the NRP was unable to keep pace with the demand for
breeding stock. This was a major set-back for the program, which resulted in a downward trend in
governmental funding support (Opoku and Lukefahr, 1990). A lesson learned: established farmers could
have become a source of breeding stock. Following Mamattah‟s retirement and replacement by Mr.
Eugene Opoku, the program continued for several more years, despite continued major funding cuts by
3

the government. Eventually, in the late 1990‟s the NRP was closed. Nonetheless, for many years The
NRP served as a role model to other African nations in efforts to become food self-sufficient.
The author made several trips to Ghana in the 1980s and 1990s. He visited the NRP and had the pleasure
to meet Mr. Mamattah at his residence. In addition, as an employee of Heifer Project International, he
also evaluated other Ghanaian rabbit projects and investigated opportunities to initiate new projects for
families from impoverished communities. Later, as a faculty member at Alabama A&M University, the
author received a grant from USAID to conduct a research study at the NRP. The grant funded a genetic
study, provided M.S. training of Mr. Jacob Atakora, and furnished computer equipment. Several
publications resulted from this collaboration (e.g., Opoku and Lukefahr, 1990; Lukefahr et al., 1992).
In recent years there have been a steady flow of reports from various regional scientific institutions in
Ghana (Osei et al., 2012; Sarfo, 2017), as well as numerous popular articles and on-line videos that extoll
the advantages of small- and large-scale rabbit production. While it seems that rabbit production is on the
rise in Ghana, it should be generally emphasized that large-scale, commercial operations are only
profitable near large cities where there are strong markets with a huge demand for rabbit meat.
Nonetheless, the earlier efforts of Mamattah no doubt laid the foundation for a grassroots-level rabbit
industry. More recently, Sarfo (2017) called for a national rabbit census to assess the present status of
rabbit production, formation of rabbit organizations, and stronger funding support by the government to
encourage rabbit farming and research. Several Ghanaian rabbit scientists are members of the SubSaharan branch of the WRSA.
Haiti
Haiti is the poorest country in the Western Hemisphere. On January 12, 2010, more than 200,000 people
perished during the catastrophic earthquake disaster. The epicenter
of the quake was in the Port au Prince metropolis. An NGO –
Makouti Agro-Enterprises (based in Cap Haitian; Benito Jasmin,
director) managed rabbit projects that had been assisted by an
American volunteer (Dr. Myriam Kaplan-Pasternak). As a result of
the disaster, Dr. Kaplan-Pasternak contacted the author via the
Partners of the Americas (POA; https://www.partners.net) and
asked to evaluate the project. The POA receives annual funding by
the U.S. Agency for International Development (USAID). The
author visited Haiti from July 24 to 4 August 2010. In response to
the earthquake disaster, the POA and the NGO decided to expand
the program by an additional 1,000 families, many of whom would be moved from Port au Prince and
resettled to rural areas of familial origin. The WRSA also made a generous donation to support the plans
for program expansion. It was evident that both POA and USAID recognized the potential of small-scale
rabbit projects to alleviate human suffering in the short term, and at lower risk relative to other livestock
projects. For example, the economic risk of losing one cow would be devasting to a family as opposed to
one rabbit, not to mention the budgetary impact to the program that purchased the cow.
To briefly describe this project, besides farm families, students from several universities also received
rabbit training. Many students would later become rural extensive agents and would thereby have some
knowledge in rabbit production. Families were selected for inclusion as project participants largely based
on their low-income status, small farm holdings, and the willingness to receive training to start a rabbit
enterprise. Following intensive training, the project provided a technical, start-up project that involved a
2,000 USD loan for breeding stock (12 does and 2 bucks) and building materials for a shed and cages. In
return, farmers repaid the equivalent of 400 USD quarterly in the form of 40 market age rabbits. By the
end of the first year some farmers not only completely paying off their loan but had more than tripled
4

their income. However, one major project constraint that was identified by the author was poor quality
diets fed on several farms. Consequently, reproduction and growth rates and fryer survival were poor. The
author conducted several regional intensive training courses. Many species of suitable feedstuffs were
identified and discussed. Specifically, forages, garden and orchard by-products, wild shrubs and weeds,
and other feedstuffs were classified into energy and protein feeds. Plans were also developed for yearround feeding of high quality, complete diets. Another constraint identified was the infrequent technical
visits by rabbit experts to family farms due to rapid project expansion. It was recommended to the
Makouti program staff to make more regular visits to farmers to solve any early problems.
About one year later, a 142% increase in rabbit numbers and a 185% increase in the number of young
rabbits on farms were reported (Lukefahr et al., 2012). It was also documented that the program had
approximately 32,642 breeding rabbits managed by 6,931 families in four regions of the country. In
addition, over a three-year period, a total economic impact of 403,043 USD was realized. Many families
credited their post-quake survival to their rabbit project that provided more food and income, including
monies to send their children to school. Lastly, according to survey reports, Haitians had become
increasingly aware of the rabbit program. Presently, there is a strong demand for rabbit breeding stock
which sell at high prices. On a gloomier note, the current U.S. administration has dramatically cut funding
for foreign aid, which has affected programs such as the POA, Peace Corps, and USAID. Fortunately, the
rabbit program independently continues to multiply today at the grassroots level through local training
and passing-on-the-gift activities.
Latin America and the Caribbean
Over the years, the author has had the opportunity to work in several countries in Latin America and the
Caribbean. Three countries, the Dominican Republic, Guatemala, and Peru, will be highlighted for this
section in which special reference to the involvement of children in rabbit projects will be made. The
author worked in these countries to identify new project opportunities as a consultant to Heifer
International (HI) and(or) to deliver lectures on rabbit farming at regional training conferences organized
by HI. Trainees were primarily agricultural and extension agents and HI in-country staff who were
increasing their knowledge to become better farmer trainers.
In recent decades, governments of several Latin American and Caribbean countries have actively
promoted rabbit meat production to improve diet quality and increase household income levels. For
example, such programs exist in Argentina (Facchin et al., 2004), Cuba (Riverón, 2000), and in Mexico
(Gómez Gallegos, 2008). In addition, international organizations such as FAO (1986) and USAID
(Lukefahr et al., 2012) have been involved. The American branch-WRSA consists of members who
mostly are rabbit scientists with research programs at universities or institutions.
The three case study projects in the Dominican Republic, Guatemala, and Peru involved different
situations with children and to some extent women. In the Dominican Republic, a national rabbit school
provided rabbit training and breeding stock for many years and sold rabbit meat to major markets in
vicinity of Santo Domingo (Lukefahr, 1988). The author also visited rabbit projects that were mostly
managed by women and visited a school where children consumed rabbit meat for the first time at its
cafeteria. Similarly, in Guatemala, the author visited schools in the Lake Atitlan highlands near the city of
Solola. At one school that was part of a Catholic mission, children received both lessons and hands-on
experiences in raising rabbits in addition to regularly consuming rabbit meat. Being a very poor region,
upon graduation some students were given gifts of rabbit breeding stock to introduce to their families in
villages. This was a highly effective, albeit long-term, method of gaining cultural acceptance of rabbit
meat. Consequently, testimony was given that rabbit production gradually spread throughout several
villages, which improved diet quality and increased income levels. In Central America, Heifer
International had several other rabbit projects that directly involved women. In Mexico, Gómez Gallegos
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(2008) described a project in an impoverished region where many of the men were away to earn capital
while women raised rabbits to feed their children and to sell surplus rabbits to increase income.
In 1986, a special project was visited at a Catholic mission near Chimbote, located in an extremely poor
region north of Lima along the Pacific coast. The name of the project was, “Tierra los Hombres” (Land of
Brothers), which was managed by priests. The project had a
school where its students were mostly boys who were socially
disadvantaged, being either abandoned or orphaned, handicapped
or rescued from criminal situations. Facchin et al. (2004) also
reported on the involvement of children in legal trouble in rabbit
projects in Argentina. Moreover, rural-to-urban migration of
youth is a global social problem. Besides receiving an education,
the boys also developed life-long skills, for example, in
carpentry, gardening, and rabbit raising. Over the years, many
boys “graduated” and were returned to society with a much
brighter future.
Nepal
Nepal is the third poorest country in Asia. Malnutrition of women and children under age five is a chronic
problem (Pokharel et al., 2009). On May 12, 2015, a disastrous earthquake struck Nepal with the
epicenter being just east of the capital of Kathmandu. Consequently, the District Food Security Network
(DFSN) classified 224 Village Development Committees (VDCs) in 11 districts as highly food insecure
involving an estimated half a million people (Chapagain and Lukefahr, 2016). Prior to this disaster, the
author had communications with Mr. Ujjwal Chapagain who is the manager of the Himalayan Rabbit
Farm. For several years, he provided rabbit training and breeding stock to mostly low-income farmers
(the major occupation in Nepal) and had developed markets for their surplus rabbits. The earthquake
greatly damaged his farm and many rabbits were lost. In response, a GoFundMe page was created. The
WRSA and other rabbit associations and individuals soon donated monies for Mr. Chapagain to rebuild
and restock his farm.
Soon afterwards, a grant was provided by the Rotary International (RI; www.rotary.org) club of
Kingsville, Texas, to initiate a rabbit project. Following meetings with local organizations, including RI
officials, the people from the community of Chogau village were selected for the first rabbit project.
During community meetings, a rabbit project was identified
as an intervention that could soon offer relief and hope. Fifty
families who were earthquake victims, and whose homes
were destroyed, soon received rabbit training by Mr.
Chapagain. About 80% of the trainees were women who
were experienced in gardening and raising of chickens and
goats (Chapagain and Lukefahr, 2016). Generally, women
cooperate and work better together than men in groups, have
higher loan repayment rates, and are responsible for
preparing meals (Todd, 1998). The women also received
training by a family nutrition expert who developed meal
plans that included rabbit meat to meet protein requirements
for family members. The program invested 125 USD per
family. After training, families received materials for hutch
construction and breeding stock (3 does and 1 buck), and
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later regular technical support visitations. Besides forages, crop residues from straws from millet, pulses,
corn, and rice, as well as cereal brans, are available as feedstuffs. Farmers recycle manure into compost to
grow organic vegetables which are sold at premium prices.
In 2017, the author visited this project. Overall, good progress was noted. However, one constraint was
the feeding of poor quality diets on some farms. It was recommended that the participants attend a
refresher training course on rabbit feeding and nutrition. This was soon conducted.
To date, 206 people have received rabbit training, more families are regularly consuming rabbit meat, and
over 5,000 surplus rabbits have been sold. Markets for rabbit meat have been expanded. Rabbit meat
products are labelled with nutritional information and recipes developed by famous chefs in Kathmandu.
Labels also include a brief story of how the purchase will contribute to generating more income for
farmers who were earthquake victims. Due to the growing popularity of rabbit farming, projects are being
introduced in more than 35 districts under the auspices of the
Nepalese Government and Rotary International. This project serves as a role model.
GUIDING SUCCESSFUL PROJECTS
Strategies to Achieve Immediate Post-Disaster Benefits
It is paramount that disaster victims are first trained in rabbit farming. Ideally, participants should be
chosen by the community based on their dire situation and personal interests, as well as on the capacity of
their farms (minimum of ½ ha) to support a small-scale enterprise. However, it is well known that rabbits
can also be raised in cities as an urban agricultural activity. These details are all addressed in the book:
Developing Sustainable Rabbit Projects (Lukefahr, 2010). The goal is to ensure food security and
economic returns while revitalizing communities affected by disaster.
The project should be carefully planned to ensure that participants will receive benefits from the rabbit
project. As a planning guide, at the 8th World Rabbit Congress in Puebla, Mexico, Lukefahr (2004)
proposed the Small-Scale Rabbit Production Model (SSRPM). The SSRPM can be used as a guide to plan
and implement rabbit projects for limited-resource families. Briefly,
the SSRPM consists of three dimensions or levels of the project:
internal, intermediate, and external (Figure 1). The internal level
directly addresses aspects of production that are relevant to farmers.
The intermediate level relates aspects of the project that are critical to
the project manager to ensure program success. The external level
represents factors that ideally should support the project. A wheel is
used as an analogy in the sense that one area of weakness (constraint)
can cause the entire project to collapse or fail. Herein, the SSRPM will
be used to illustrate how a rabbit project can impart early benefits to
victims following a disaster. The focus will be on the internal level
consisting of factors of genetics, housing, diet, health, and other.
Besides farmers receiving training, they must establish a place for the rabbit enterprise - typically a shed,
hutches and forage plots. This takes time to develop. Some programs have provided small loans to
farmers. Once the site is prepared, farmers can receive their initial breeding stock. In many past
successful projects, the breeding animals were hardy, local stock. Although pedigrees seldom existed,
animals were well adapted to the environment and to the backyard feeding and management system.
There have been failed projects that involved exotic breeds in which animals were fed commercial
pelleted. Further, breeding stock should be obtained from farms or centers that maintain good production
records. In most cases, farmers should receive an in-kind loan for their rabbit stock (at least 1buck and 3
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does) but be obliged to later pass-on offspring to other farmers to honor the loan. This activity should be
planned as a ceremonious event. Keep in mind that it is a community project and there should be a strong
sense of project ownership.
To plan for early impact, rabbits already near maturity could be obtained and mated following a onemonth adjustment period. If a high-quality local diet is fed, fryers weighing at least 2 kg could be
harvested for family consumption or sold as early as 3 months of age. Hence, farmers can benefit as early
as in 6 months‟ time. With three does each producing four litters per year, a total of 60 fryer rabbits
should be produced in the first year. However, plans should also be made to gradually expand to a
minimum, 10-doe enterprise to ensure significant nutritional and economic benefits. For a 10-doe
enterprise, assuming a live fryer weight of 2 kg and a market price of 5 USD/kg, a family could earn the
equivalent of 670 USD if a family consumes 133 rabbits and sells 67 rabbits. Consuming two fryers and
selling one places higher priority for the family to improve the quality of their diet for good health.
However, if market prices are high it would be more profitable to sell additional fryers and purchase less
expensive sources of animal protein.
Housing and hutches should be made of local materials as renewable resources that are inexpensive and
that can be easily maintained. One exception may be commercial wire if it is locally available. In projects
where farmers received loans, wire materials for cages were provided by the program. Suitable local
materials include, for example, bamboo and palm woods and bricks.
The importance of a good quality diet cannot be overemphasized. Good diets represent not only nutritious
feedstuffs but also proper feeding levels. One practical tip is that at least one-third of the diet should
consist of protein feeds which typically involve legumes. Local energy feeds should also be fed such as
rice bran, molasses, and surplus fruits, vegetables, and tubers. Both grasses and legumes should be
established in forage plots. In some projects, farmers prepared a large community forage plot. Nutritious
garden and crop residues can also be fed in addition to wild harvested plants that are known to be
palatable and safe. A wide variety of feedstuffs should be offered free-choice daily. Farmers should also
have a plan for a year-round feeding program that involves switching to other available feeds, making and
storing hay, etc. Overall, the cost of feeding can be minimized which reduces economic risk to farmers.
Faulty feeding and poor sanitation are the well-known root causes of health problems in the rabbitry.
Prevention is key. Basic preventative measures should be followed as described in books by Lebas et al.
(1997) and Lukefahr (2010). In some projects, farmers used medicinal plants or local remedies such as
palm oil to treat cases of ear mites. Other aspects relevant to farmers depend on the local environment or
management. For example, this may include the extent or type of on-farm integration or species
diversification and the extent of division of labor amongst family members.
Strategies to Maintain Profitable Small- to Medium-scale Rabbit Enterprises
At the 1st International Conference on Rabbit Production in Bogor, Indonesia, Lukefahr (2007) proposed
strategies for low-income farmers to expand from small- to medium- sized operations with a focus on
minimizing economic risk. There are a number of factors to consider the first one being the farm-type. Ideally, the rabbit enterprise should be
both diversified and integrated with other farming activities. The
primary purpose is to promote food security and secondly to produce
more food and generate more income via recycling of farm-based
renewable resources while reducing off-farm inputs (e.g., commercial
feed and fertilizer). To illustrate, forages, crop residues and garden
wastes are fed to livestock, while manures are made into compost for
gardens and (or) for vermiculture or even biogas. In addition, rabbits
can be raised in pens over fishponds as personally observed in Vietnam.
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Manure fertilizes the pond which increases fish yields; in turn, aquatic forages such as duckweed and
water spinach are fed to rabbits.
Opportunities exist to add market value to farm products. In Nepal, use of rabbit manure as compost
instead of using commercial fertilizer increases profit margins by reducing costs while increasing market
value of vegetables (Chapagain and Lukefahr, 2016). Moreover, by-products from rabbit production have
potential market worth (e.g., compost, worms, and skins). In the Dominican Republic, a rabbit training
and production center tanned and developed rabbit skins into a variety of items that were sold at local
arts, crafts and souvenir shops (Lukefahr, 1988).
Small enterprises initiated with 1 buck and 3 does should be gradually expanded. However, the farmer
should proceed with caution. It is paramount to keep production costs low by maintaining an integrative
farming system. Forage plots will need to be expanded. In Malaysia, Loh (2003) identified local agro byproducts as suitable feed supplements (e.g., brewers grains, palm kernel cake, and rice bran). Family labor
should be utilized without the need for hired labor. Inappropriate costs such as commercial feeds and
show breeding stock should be avoided. Fryers should be sold at competitive prices to stimulate demand;
ideally, sold at lower prices than commercial-raised broilers and ducks. Care should also be taken to avoid
flooding the market. In China, Zhan and Zhu (2016) reported that medium-scale operations were more
profitable than small and large operations due, in part, to farmers having more control over feed costs
relative to market prices.
Urban Cuniculture Opportunities
Because rabbits are small, quiet and relatively odorless, they can be raised in cities. In Cuba, organic food
production using intensive integrative systems is practiced in major cities (Altieri et al., 1999). In 2002, it
was observed in Havana that rabbits were largely fed “wastes” from community gardens. Manure was
used for composting and growing redworms. In 1987, in a consultancy trip to Egypt for the Near East
Foundation, it was observed that kitchen wastes from apartment buildings in Cairo were collected as feed
for small livestock raised on rooftops; grasses were gathered by children along streets. Urban agricultural
systems have been developed that involve multi-story (“vertical farming”) greenhouses with hydroponic
vegetable production and tilapia. Animal and vegetable wastes and water are recycled (Banerjee, 2014).
To develop urban-based markets, consumer and market surveys are useful to guide product development.
In China, a major rabbit meat company, Kangda Foods (www.kangdafood.com), has developed a wide
variety of convenient, easy-to-serve products. In cities the potential exists to expand markets (e.g., hotel
restaurants, meat stores, and supermarkets). A marketing system in Mexico City involves specialized
middleman who purchase rabbit fryers directly from farmers, which are then sold at markets that traverse
tourist corridors (Lopez et al., 1999). Commercial ads and use of labels with nutritional information and
recipes promote sales. In Indonesia, Raharjo and Bahar (2016) described the lucrative practice of selling
rabbits as pets in cities.
CONCLUSIONS
In times of human tragedy, rabbit projects have been used to help victims of disaster. Rabbit projects are
used as a tool to alleviate food insecurity and poverty. Herein, several case studies have been presented.
Each one offers lessons for guiding successful future projects. Care should be taken to ensure that projects
are first well planned. The role of a cadre of rabbit experts and program staff is critical at each stage of
project development. A small-scale rabbit enterprise should be integrated into a farming system to
produce more food and income while minimizing economic risk. Caution should be made when gradually
expanding from small- to larger-scale enterprises. Potentially, rabbit projects can alleviate human
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suffering in times of disaster - to transform misery into hope and prosperity for rural and urban
communities.
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Abstract: The climate change has recently caused problems more seriously in the World including higher ambient
temperature, risen sea water levels, super storms, larger flooding, droughts, limited food production, slashed land,
reduced arable land, animal diseases and outbreaks, human deaths, etc. Greenhouse gas (GHG) emissions are the
crucial reasons for this. While demands of adequate quantity, quality and safe food are increasing due to the increase
of human population in the World. In the dry season along the coast areas of many countries, which are the
vulnerable regions with the drought and lacking fresh water for human living activities and for agricultural
production, particularly for animal water demands. Animal disease outbreaks directly or indirectly affected by
climate change have been become more serious for pigs, poultry, cattle and sheep, etc. With the increasing human
population in the big cities, animal production systems in the urban areas to supply foods for them are necessary to
change from the high to the low pollution, but higher yield of products. Therefore a selection of animal species for
raising to improve food production and human livelihood, and to adapt to negatively global changes and to
contribute for mitigating causes for climate change i.e. reduced greenhouse gas emissions is very important.
Rabbit production, which is easy to apply modernized and automatic systems with low water consumption,
environmental pollution and producing areas. However it produces more meat products in a production unit
compared to these of other animal species. Rabbit is a herbivore species, which produces lower greenhouse gases
compared to ruminants. It is a good potential source for a solution to fulfill the human demand of animal protein
in the present view of the need to save feed grains and to fight against hunger. Furthermore, rabbit meat as
compared to chicken, beef and pork meat is high in protein and low in fat, and raising rabbits is an excellent
choice for the family labor availability. In recent years rabbit population continue to increase in the tropical
developing countries for improving meat production by better use of forages as compared to the developed ones.
Thus rabbit could be obviously a candidate animal species to satisfy the above requirements for future animal
production in the World under climate change with the widen urbanization areas, narrower agricultural lands and
seriously epidemic diseases of pig and poultry. In this paper a review of the World crises, GHG production,
negative impacts of climate change, animal production solutions, rabbit production characteristics as well as their
promising potential adapting to climate change for future production with a better environmental benefit is
presented.
Keywords: animal protein, drought, greenhouse gases emissions, outbreak, rodent, solution.

Introduction
The world is faced with a triple global crisis in terms of food, energy (global resource depletion), and
climate change, all of which are interrelated and interactive. Food crisis has caused recently severe
problems in many countries of the world due to an increasing human population and worsening economic
development, and global climate change has made these problems even more serious (Nguyen Van Thu
2015). Although in some last years the oil price has been fluctuated due to some technical and political
reasons (Bocca, 2015), it will continue their generally upward spiral in the years ahead (Worldwatch
Institute 2015). Alda et al., (2018) in their study concluded that in all regions of the world, increases in
environmental temperature have been reported and predicted, indicating a trend towards a continuous
increase for the next 50 years. The adaptation of animals and production systems to environmental
variations and the possible lower input of resources may be fundamental for the sustainability of food
production in agroecosystems. To increase carbon footprint mitigation and animal adaptation to the
adverse effects of climate change on animal production systems are very important, since a large part of
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the world's herd is in regions where animals are exposed to extensive systems and thus subjected to
substantial fluctuations in environmental conditions.
Climate change is a global phenomenon that results in global warming, droughts, flooding and depletion
of natural resources (Naqvi and Sejian 2011). In tropical developing countries which are highly
vulnerable to climate change since their economy predominantly relies on agriculture that totally depends
on natural factors. Under climate change in many regions along the coasts sea level rise, droughts, lack of
fresh water for human and livestock consumption in dry season caused more serious problems of dead
crops, low animal production and diseases (Nguyen Van Thu, 2018). Traditional farming systems
practiced, which have low technological capacity, cannot help to adapt and mitigate drastic climate
change (Tubiello, 2012). While the animal disease outbreaks have recently caused the heavy loss of the
animal herds in the Word i.e. the African swine fever (ASF) and bird flu outbreaks reported in China,
Vietnam, Korea, Nepal, Cambodia, etc. negatively global changes is very important for livestock
production. The rabbit known as small herbivore animal placed after chicken for meat, which can be a
great source of food production with advantages of very fast growing, better food converting rate, high
productivity, small keeping space, less cost production and risks of disease outbreaks, and tasty and
nutritious meat. Rabbit production is easy to apply modernized and automatic systems with low water
consumption, environmental pollution and greenhouse gas emissions compared (Nguyen Van Thu (2010).
Rabbit also has biological characterizations to tolerate high ambient temperature, diseases and variable
markets. Therefore, this paper aims to present problems of the World crises and rabbit production as a
candidate practice to improve food supply for human demands and adapting to climate change.
Hungry people in the world and the food and energy crisis
More than 820 million people in the world are still hungry today, underscoring the immense challenge of
achieving the zero hunger target by 2030. Hunger is rising in almost all sub regions of Africa and, to a
lesser extent, in Latin America and Western Asia (FAO, 2019a). In the last five years, but the prevalence
of undernourishment in this sub region is still the highest in Asia. Almost all the hungry people live in
developing countries, representing 13.5% undernourished in developed countries. The first and most
important is protein-energy malnutrition (WHES 2015). It is basically a lack of calories and protein. It is
also estimated that over 2 billion people do not have regular access to safe, nutritious and sufficient food,
including 8 percent of the population in Northern America and Europe (FAO, 2019a).
Table 1. Number of undernourished people (million) in the world, 2010–2018
Year
WORLD
AFRICA
Sub-Saharan Africa
Eastern Africa
ASIA
Eastern Asia
Southern Asia
L. AMER. & CARIB.
Latin America
South America
OCEANIA

2010
822.3
199.8

2015
785.4
217.9

2016
796.5
234.6

2017
811.7
248.6

2018* Annual Change, %
821.6
-0.011
256.1
3.52

180.6
118.6
572.1
178.4
293.1
40.7
32.6
21.1
1.9

202.4
119.3
518.7
138.1
286.1
39.1
31.5
20.6
2.3

218.5
126.9
512.3
137.8
278.3
40.4
32.9
22.2
2.4

232.1
129.8
512.4
138.1
276.4
41.7
34
23.2
2.5

239.1
133.1
513.9
137
278.5
42.5
34.7
23.7
2.6

4.05
1.53
-1.27
-2.90
-0.623
0.553
0.805
1.54
4.61

NORTH AMERICA & EU,
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r. = not reported, as the prevalence is less than 2.5 percent. Regional totals may differ from the sum of
sub regions, due to rounding. Source: FAO, 2019
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Table 1 showed that in the World the undernourished people in the World annually reduced was very
small from 2010 to 2018, while in Africa this increased by 3.52% with the highest value for the SubSaharan Africa. Although in Asia the undernourished people was annually reduced of 1.27%, its value
was still high of 513.9 million, particularly in Southern Asia being 278.5 million in 2018. Food is
converted into energy by humans, and the energy contained in food is measured by calories. Protein is
necessary for key body functions including provision of essential amino acids and development and
maintenance of muscles. Because food production is unable to keep up with the increase in the human
population. Consequently, there is a high demand for increased animal production and animal products
across the world. Water is the main resource required for agriculture, but this has also been depleted. In
the past, fossil groundwater (water created as the world cooled many millions of years ago) has been
exploited using cheap fuel; however, most fossil resources are now too deep to be economically mined for
irrigation, reducing some of the major areas of crop production. Animal feed mainly comes from crop
byproducts, with some competition to human beings and others, i.e., machines (biofuel).
Greenhouse gas emissions and global warming
Many greenhouse gases (GHGs) occur naturally, such as water vapor, carbon dioxide, methane, nitrous
oxide, and ozone, while others such as hydrofluorocarbons (HFCs), per fluorocarbons (PFCs), and sulfur
hexafluoride (SF6), result exclusively from human industrial processes. Human activities also add
significantly to the levels of naturally occurring GHGs: carbon dioxide is released into the atmosphere by
the burning of solid waste, wood and wood products, and fossil fuels (oil, natural gas, and coal); nitrous
oxide emissions occur as a result of various agricultural and industrial processes, and when solid waste or
fossil fuels are burned; and methane is emitted when organic waste decomposes, whether in landfills or in
connection with livestock farming, i.e., enteric fermentation of livestock and animal wastes, and methane
emissions also occur during the production and transport of fossil fuels. As the concentration of GHGs
increases, more heat is trapped in the atmosphere and less escapes back into space. This increase in
trapped heat changes the climate and alters weather patterns, which may hasten species extinction,
influence the length of seasons, cause coastal flooding, and lead to more frequent and severe storms, all of
which will have negative effects on human activities, life and the environment, such as agricultural
production, outbreaks, and disasters (Nguyen Van Thu, 2015) .
Climate change, livestock production, and disease outbreak
Climate change
The relationship between GHG emissions and climate change and sea level rise has now been accepted
and cannot be ignored in any discussion on future agricultural practices. Sea level increases will
undoubtedly lead to considerable areas of fertile delta being removed, and weather patterns will certainly
change, leading to more intense droughts and/or flooding rains at times. Crop and animal production
systems have been adapted to drought, flooding, and saline water effects in a number of areas in
Southeast Asia, such as Vietnam and Bangladesh. It has been suggested that we are now entering a stage
where grain-based animal production will become increasingly expensive across the globe as there is
increased competition for resources for food, feed, and fuel. Consequently, animal production industries
based on herbivores will require extensive development to exploit a wide range of waste byproducts from
agriculture or from land that is not dedicated to food or biofuel production (Leng 2008).
Livestock production and greenhouse gase emissions
Livestock production is very crucial to supply animal protein, which is essential for solving the
malnutrition of human population in the World. However, its development depends on many factors such
as climate, geography, soil fertility, technologies, production conditions, etc. The World population is
presented in Table 2.
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Table 2. World livestock population (thousand) from 2013-2017
Year
2013
2014
2015
2016
Buffaloes
193,070
194,458
196,363
199,391
Cattle
1,434,769
1,442,098
1,468,146
1,488,966
Chickens
20,953,583 21.118.014 21,693,865 22,562,532
Goats
954,716
966,843
1,000,510
1,025,636
Pigs
976,363
985,189
986,368
978,466
Rabbits
300,631
299,560
296,588
296,678
Source: FAOSTAT (2019) adapted by Nguyen Van Thu (2019)

2017 Annual Change, %
200,968
0.818
1,491,687
0.793
22,847,062
1.81
1,034,407
1.67
967,385
-0.184
308,945
0.553

The development of World animal population over years (2013-2017) showed that it was still continuous,
while this was reduced for pig production. The higher population development was for chickens and
goats. It is possible to explain that their production is more advantages of short times, less pollution and
adapting climate change. Intensive animal production systems produce high levels of nitrogen and
phosphorus wastes, and concentrated discharges of toxic materials, and yet are often located in areas
where effective waste management is more difficult. The regional distribution of intensive systems is
usually determined not by environmental concerns but rather by ease of access to input and product
markets, and relative costs of land and labor. In developing countries, industrial units are often
concentrated in peri-urban environments because of infrastructure constraints. More than one-third of the
world‟s methane emissions is said to be generated by rumen bacteria in farm animals such as cows, sheep
and goats. As a GHG, methane is 20 times more powerful than carbon dioxide, which has led to
researchers investigating ways to reduce this 900 billion ton annual release of methane (Innovative News
2010). Although much evidence has been amassed on the negative impacts of animal agricultural
production on environmental integrity, community sustainability, public health, and animal welfare, the
global impacts of this sector have remained largely underestimated and underappreciated. In a recent
review of the relevant data, Steinfeld, et al. (2006) calculated the animal agricultural sector‟s
contributions to global GHG emissions and determined them to be so significant that measured in carbon
dioxide equivalents they surpassed those of the transportation sector. However some non-ruminant
species such as horse, rabbit, guinea pig, which are also fed by forages, they produce much less GHG
emissions due to the fiber was mainly digested in the ceacum (Nguyen Van Thu, 2015).
Animal disease outbreaks
Climate change is increasing the incidence of viral disease among farm animals, expanding the spread of
some microbes that are also a known risk to humans (Medicalxpress,2009). Vector-borne diseases are
especially susceptible to changing environmental conditions due to the impact of temperature, humidity,
and demographics on the vectors. The impact of climate change on the emergence and re-emergence of
animal diseases has been confirmed by a majority of the World Organization for Animal Health (OIE)
Member Countries and Territories in a worldwide study conducted by the OIE among all of its national
delegates (PigProgress 2009). However, there is currently only limited evidence that climate change is
directly responsible for an increase in the incidence of livestock animal diseases, with bluetongue disease
in Europe being one of the exceptions. Climate change eliminates ecological barriers and constraints for
pathogen transmission, and the timing of seasonal migration. Because information health systems are
limited, changes in disease may have occurred but not yet been detected. As better information systems
that are capable of measuring change in disease patterns, vector distribution, and environmental
conditions are established, we may be surprised by the number of diseases that are already directly or
indirectly affected by climate change. Among livestock diseases, experts agree that there is evidence that
climate change explains the recent spread of bluetongue virus observed in Europe since 1998 (Purse et al.,
2005).
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African swine fever (ASF) is a highly contagious haemorrhagic viral disease of domestic and wild pigs
with up to 100% case fatality rate, which has recently been responsible for serious economic and
production losses in China, Vietnam, Mongolia, Laos, etc. (OIE, 2018 and FAO, 2019b). Bluetongue is a
non-contagious, insect-transmitted, viral disease of sheep, which are generally the worst affected. It can
cause spectacular disease outbreaks (DEFRA, 2019). After the serious bird flu outbreaks of A
(H5N1) virus in 1997 in China, this avian and other influenza viruses have spread from Asia to Europe
and Africa. In 2013, human infections with the influenza A (H7N9) virus were reported in China. Nepal
reported three more highly pathogenic H5N1 outbreaks, while Iraq reported an event involving highly
pathogenic H5N8, and Cambodia also reported with H7N4 in 2018 (CIDRAP, 2019). Foot and mouth
disease (FMD) is a highly contagious disease of cloven-hoofed animals. During 2008–2015, a total of 140
FMD outbreaks were reported in eight provinces of Thailand. Most of the outbreaks occurred on cattle
and buffalo farms, particularly backyard and smallholder farms. In contrast, only intensive pig farms
reported outbreaks (Terdsak, et al., 2018). In summary recently many serious diseases have been occurred
in the World for pigs, poultry, cattle, sheep, etc with the high economic loss and also threatening human
infection.
Opportunities for the organic farming with safe food products
Organic livestock farming may be a useful strategy to overcome the challenges of the agricultural sector
such as sustainability, food security, and food safety while matching with consumers´ tendencies on good
animal welfare, better health, environmental benefit, etc. (Alfredo, 2015). To produce organic livestock or
products such as meat, eggs or milk, animals must eat only organic feeds. Ideally, the feed will be grown
on-farm; it is required that livestocks graze organic pasture. Livestock producers prevent illness in their
animals by providing good nutrition, sanitation, and a low stress environment. While livestock also
provide manure, a very important source of fertility in traditional farming systems and an excellent means
of recycling nutrients within a crop rotation. Response to the challenges posed by global warming and the
declining availability of most non-renewable resources will require a paradigm shift in the practice of
agriculture and in the role of livestock within the farming systems (Nguyen Van Thu 2015). Farming
systems should aim to maximize plant biomass production from locally available diversified resources,
processing the biomass on the farm to provide food, feed, and energy, and recycling all waste materials.
This supports for the forage-eating animal production, particularly for rabbits, due to the limitations of
feed resources (land) in the rural poor areas. The following sections outline an approach whereby the
production of food/feed can be combined with the generation of electricity, thus ensuring a supply of both
food and energy for families in rural areas. This is achieved through the fractionation of biomass into
edible components (for food/feed) and inedible cell wall material. The cell contents and related structures
are sources of digestible carbohydrates, oil, and protein that can be used as human food and/or animal
feed. Organic rabbit farming is easy to practice due to the herbage is the least expensive. However a better
understanding of herbage intake is needed to appropriately adjust the size of the forage area and the
amount of feed supplementation with cereal/legume mixtures or commercial pelleted feeds.
Rabbit and advantages of its biological characteristics
The rabbit known as small herbivore animal placed after chicken for meat, which can be a great source of
food production with advantages of very fast growing, better food converting rate, high productivity,
small keeping space, less cost production, and tasty and nutritious meat. Rabbit production is easy to
apply modernized and automatic systems with low water consumption, environmental pollution and
producing areas, but higher products in a production unit compared to other animal species. Rabbits are
known to be 2.5-4.0 times more efficient in extracting proteins from forages than sheep, and beef cattle
due to higher reroductivity.
In the World rabbit population is still developing annually (0.54%), while in tropical developing
countries, this is enhancing to adapt to the high and fast meat demand of increasing human population by
many innovation production systems, particularly in Africa and Asia (Table 3). However, In Europe and
South Latin America it is slightly reduced (-0.33 and -0,19%, respectively).
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Table 3. Rabbit population development of different parts of the World (2013-2017)
Region
2013
2014
2015
2016
2017
World
300,631
299,560
296,588
296,678
308,945
South Latin America
4,289
4,204
4,331
4,141
4,248
Asia
255,813
256,107
249,276
250,378
263,082
Europe
23,414
23,256
23,361
23,199
23,039
Africa
15,684
14,559
18,181
17,511
17,124
Source: FAOSTAT (2019) adapted by Nguyen Van Thu (2019)

% annual change
0.54
-0.19
0.55
-0.33
1.68

In Table 4 indicated that rabbit production systems may be good selection chances for meat production
under the negative effects of climate change and fast urbanization such as serious disease outbreaks of
pigs and poultry, narrower agricultural land, higher ambient temperature, environmental pollution, etc.,
particularly in Vietnam, Egypt and Nigeria. While in some countries of Europe and South Latin America
rabbit populations are reduced (Table 4).

Table 4. Rabbit population development in representative countries of the continent (2013-2017)
Country
2013
2014
2015
2016
2017
% annual change
Italy
6,418
6,524
5,734
5,722
6,109
-1.01
France
825
837
871
761
679
-4.30
Brazil
210
220
215
186
179
-3.46
China
223,453
222,746
216,034
217,216
230,139
0.58
Vietnam
714
758
855
821
965
5.20
Egypt
4,597
3,448
6,495
6,165
5,600
3.58
Algeria
1,650
1,650
1,647
1,666
1,681
0.37
Nigeria
4,151
4,370
4,599
4,622
4,588
1.90
Source: FAOSTAT (2019) adapted by Nguyen Van Thu (2019)
Climate change adaptation and mitigation by rabbit production
Carbon sequestration through grass and other plants
Rabbit is a herbivore species, its staple feeds are forages such as grass, legumes and other tree leaves.
Carbon sequestration is the capture and storage of CO2 that would otherwise reach the atmosphere. There
are a variety of carbon sequestration options being investigated by Department of Energy (DOE) and
National Energy Technology Laboratory (NETL) of USA including terrestrial CO2 sequestration.
Terrestrial sequestration is the enhancement of CO2 uptake by soils and plants, both on land and in
freshwater. Early terrestrial efforts include tree-plantings, no-till farming, wetlands restoration, land
management on grasslands and grazing lands, and forest preservation. More advanced research includes
the development of fast-growing trees and grasses and forest preservation. we are able to plant more than
just trees to make the air cleaner. One hectare (2.47 Acres) of tropical grass can capture as much as
60,000 kgs (133,000 lbs) of CO2 per year. So planting grass can be very beneficial in making the world a
better place (Fig. 1). Not only capturing CO2, covering the tropical world with grass, provides a place for
animals to eat, increase biodiversity, decreases temperature, controls erosions, protects and improves the
quality of the soil (FAO, 2010).
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Fig 1. Planting grass for carbon sequestration and rabbit feeds
It is not a question of which activity should have priority, as the source of the biomass should facilitate
the production of both food and energy. It is certainly not acceptable, nor is it necessary, to convert
potential food sources into fuel, as are the current strategies underlying the production of ethanol (from
starch and sugar) and biodiesel (from edible plant oils). Energy from biomass must be derived only from
the fibrous residues following extraction of the food/feed component. Many crops lend themselves to
fractionation of the food and energy components. In Vietnam, several water plants could be used as
human food and animal feeds, e.g., water spinach stems and leaves (Fig. 2 and 3); the water spinach stems
are used to make pickles for human consumption, while the leaves with their high protein content are
good supplement feeds for rabbits (Nguyen Van Thu and Nguyen Thi Kim Dong, 2011) and other animal
species.

Fig. 2 Separation of water spinach to obtain stems for making pickles for human
(Source: Nguyen Van Thu, 2009)
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Fig. 3. Water spinach leaves as a good protein supplement for rabbits
(Source: Nguyen Van Thu, 2011)
Water hyacinth (Fig. 4) grows well in canals, ponds and rivers, and in many cases causes environmental
problems. This plant has traditionally been underutilized for animal production, but has been studied as a
feed for ruminants and rabbits in recent years (Table 1).

Fig. 4. Water hyacinth as rabbit feed source in the Mekong delta of Vietnam
(Source: Nguyen Van Thu, 2009)
The results in Table 5 showed that water hyacinth could be used as a complete feed for the rabbit;
however, the optimum level in feed was found to be 40%, with 60% Para grass (Brachiaria mutica).
Table 5. Feed and nutrient intakes (g·animal-1·day-1), and growth performance of rabbits fed different
levels of water hyacinth (WH) in a feeding trial (source: Nguyen Van Thu and Nguyen Thi Kim Dong,
2009)
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Treatment
± SE/P
WH0
WH20
WH40
WH60 WH80
WH100
DM intake of WH
7.33a
13.0b
18.3c
23.6d
19.7e
0.41/0.001
a
ab
b
b
b
c
CP
8.18
8.42
8.51
8.53
8.50
6.81
0.001/0.001
a
a
ab
ab
b
c
NDF
32.5
32.0
31.4
30.8
29.8
22.4
0.572/0.001
ab
a
a
a
a
b
ME, MJ/rabbit/day
0.57
0.58
0.59
0.61
0.60
0.50
0.024/0.007
a
a
a
a
c
c
DWG, g
18.9
19.3
19.6
19.0
16.2
14.0
0.955/0.001
ab
a
a
ab
b
ab
Feed conversion ratio
3.75
3.68
3.63
3.76
4.37
4.25
0.196/0.009
Econo. return, VND
24,521 24,620 26,279 24,409 16,819
13,265
WH: water hyacinth; WH0: basal diet; WH20, WH40, WH60, WH80 and WH100: WH replaces Para
grass at levels of 20, 40, 60, 80, and 100%, respectively, of the amount of Para grass consumed in WH0.
Means with different letters within the same row are significantly different at the 5% level.
Item

Methane production in rabbit
It is reported that rabbit is a herbivore species with low greenhouse gas production as compared to
ruminants (Nguyen Van Thu, 2011). In rabbits, the main fermentation site is the caecum, where
microorganisms convert nutrients from the small intestine into volatile fatty acids (VFA), gases (CH 4,
CO2, H2), and ammonia and compounds incorporated into microbial cells. Hydrogen is formed during
fermentation, but a high partial pressure of H2 in some anaerobic ecosystems reduces the fermentation
efficiency. An investigate in in vivo and in vitro experiments on the effect of different sources of fiber and
starch on caecal fermentation pattern and methane production in rabbits was done. Then Belenguer et al.
(2011) indicated that unlike fermentation in other species, methanogenesis may not be the major H2 sink
in rabbit caecal environment. However, methane formation could become remarkable in vitro with a pH
closer to neutrality, which seems to be favourable, supporting the assertion that methanogenic Archaea
exist in caecal contents. Methane production cannot be associated with diet characteristics in vivo because
of the high individual variability, although the source of starch modulated volatile fatty acid profile and
thus affected caecal methanogenesis in vitro.
When compared methane production on sheep and rabbit, Lan Mi et al. (2018) concluded that methane
production between the sheep and the rabbits can be explained by the different physiological
environments of their respective digestive organs and the microbiota residing therein. Lower abundance
of hydrogen-producing microbes (bacteria, fungi, and protozoa) and methanogens, and increased
homoacetogenesis as an alternative hydrogen utilization pathway in the rabbit cecum might result in
lower CH4 yield from the rabbits. The cecum of rabbits is potentially a rich resource to fibrolytic bacteria
and hence novel cellulolytic enzymes. Ragna et al. (2011) stated that methane production was similar for
two species (0.13 ± 0.007 L/LW/d and 0.28 ± 0.11 L/LW/d) and represented 0.69 ± 0.32 and
1.03 ± 0.29% of gross energy intake in rabbits and guinea pigs, respectively. In relation to body mass
(BM) guinea pigs produced significantly more methane than rabbit, while in Zebu crossbred cattle this
was from 0.698 to 0.777 L/LW/d reported by Nguyen Van Thu et al. (2018).
Rabbit production adapting to climate change
Climate change, which is essentially caused by the living activities of human being producing greenhouse
gases in the world due to the increasing the high population. The threat of climate change, which is now
talking by everyone. However, it is rarely mentioned together with population growth, despite the fact
that they interrelated. Though they would lead to powerful reductions in greenhouse gas emissions. The
consequences of the world being over populated has numerous effects which include: lack of food and
water, environmental effects, depletion of natural resources, effects on the economy, and disease
outbreaks, in which food demand satisfied is the key issue. The increasing requirement of animal protein
as a results, which needs to be solved by livestock production systems in developing and developed
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countries. Rabbit husbandry can be practiced in their conditions and situations, where the rabbit could
adapt to and mitigate the green housegas emissions.
The most countries likely to be affected by climate change are in tropical developing countries such
as Guinea Bissau, Sierra Leone, South Sudan, Nigeria, Bangladesh, Vietnam, Cambodia, Philippines,
Haiti, etc. They have the lower incomes compared to the others. Thus the negative effects of climate
change are even more serious than we think, particularly in livestock production for animal protein
supply. Ume et al. (2018) stated that in Africa, small holder rabbit farmers have devised varied
adaptation coping strategies in cushioning the effects of climate change in their rabbit farms.
Although, the coping strategies are location and farmers specifics, and included; provision of
sunshade, use of fan, position of hutches, use of plastic bottle of frozen water, use of tolerant rabbit
breeds, improved nutritional management and destocking (Okorie, 2011). However, it becomes
necessary to identify the adaptation strategies used by the farmers and factors influencing their choice
of adaptation strategies in the study area, since there is paucity of such knowledge. Despite rabbit
project successes need to be widely replicated across in Africa continent so that smallholders can
benefit, mostly by enhancing food security and income generation (Oseni and Lukefahr, 2014). In
Egypt, Kamel and Lukefahr (1990) reported that village rabbit projects that directly involved young
people reportedly decreased the rate of youth migration to urban areas. Small-scale rabbit projects
have also targeted the more vulnerable households (e.g. recovery programs from natural disasters like
the devastating earthquake in Haiti in 2010, as reported by Kaplan-Pasternak and Lukefahr, 2011). In
addition, Lukefahr (1999) reported that small-scale rabbit production provides opportunities as
humanitarian projects that assist people who live in poor rural communities. In Vietnam with the
heavy loss by the bird flu outbreaks (H5N1) in 2006, during this time the development of rabbit
production quickly increased for meat supplying the domestic markets, then a rabbit population
increase supported for the successfully national projects (Nguyen Van Thu, 2019), despite H5N1
virus still spread causing the bird flu disease in many provinces of Vietnam. Recently because of the
ASF outbreaks with serious losses of meat production and economy in almost provinves of the
country, rabbit production has been encouraged for better development by the Ministry of Agriculture
and Rural Development to supply more meat for compensation.
Conclusion
It is concluded that:
- The rabbit could successfully adapt to the climate change, due to its ability of efficient forage
utilization, high meat performance and reproductivity, good resistance to existing serious outbreaks, low
water use and pollution, wide range of adapting to ambient temperature, and mitigating greenhouse gas
emissions.
- Rabbit production systems are better adaptation to low or high technologies and different geography
areas under climate change conditions.
- More studies on improving rabbit breed performance, nutrition, feeds and supplements, reproduction,
microclimate of housing, diseases, ability for adaptation and mitigating climate change should be
implemented to improve its performance and adaptation to the harsh conditions of climate change.
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Abstract: The aim of the research work is to quantify the NPK status in faeces of New Zealand white rabbit to
identify its potential as manure for crop production. Hence, the present study was planned to quantify the NPK
status in the faeces of grower and adult New Zealand white rabbits. This study was conducted at Post Graduate
Research Institute in Animal Sciences, Tamil Nadu Veterinary and Animal Sciences University with twenty four
growers and twenty four adult New Zealand White rabbits during the month of May, 2019. Rabbits were offered
with Desmanthus virgatus fodder, concentrate feed along with ad libitum water. The fresh faeces were collected
individually from the rabbits during the study period. The moisture per cent in the faeces of grower and adult rabbits
was 45.83±4.92 and 48.21±4.69 respectively. The nitrogen, phosphorous and potassium content in the faeces of
grower and adult rabbits was 4.42±0.12 Vs 4.61±0.11, 0.17±0.00 Vs 0.22±0.00 and 0.57±0.07 Vs 0.60±0.07 per
cent respectively. Significant variation (P<0.05) in the faeces phosphorous content was noticed between grower and
adult rabbits. In this study, higher nitrogen and potassium content was recorded. The high nitrogen content in rabbit
faeces can be easily equated to the balanced application of NPK nutrients to the crops in organic farming. Hence, it
is concluded that rabbit faeces can be more effectively utilized in agricultural fields especially in organic cultivation
and also has the potential to reduce the utilization of fertilizers to a minimum level compared to other farm animals.
Key words: Rabbit faeces, NPK status, Manure, Eco friendly farming

1.

Introduction

Rabbit farming is gaining popularity in tropical conditions in countries like India especially in the
state of Tamil Nadu for meat purpose. Rabbits are herbivores mainly fed with high fibre diet for proper
digestion along with concentrate feed. Concentrate fed animals have higher fibre digestibility (Newton et
al., 1977). Chemical fertilizers are commonly used to improve soil fertility (FAO, 2000). However, the
effect of chemical fertilizer on highly weathered, low organic matter and nutrient poor soil without any
compensatory organic input sources has been reported to have limited residual effects (Okigbo, 2000).
Organic manure provides all the nutrients that are required by plants but in limited quantities. Manure
contains important nutrients for plant growth, most notably nitrogen (N), phosphorus (P), and potassium
(K). These manures are known to de-compose in soils to form humus and humid substances, which play a
dominant role in nutrient supply to crops. Organic materials are the storehouse of all essential soil and
plant nutrient in soil and they are important components of soil fertility, which are associated with a
variety of other important soil physical, chemical and biological characteristics (McDonald, 2010)
The use of organic wastes in agriculture plays a great role in recycling essential plant nutrients,
sustaining soil security as well as protecting the environment from unwanted hazards (Hossain, 2017).
Organic matter modifies soil physical and chemical properties and releases nutrients for a longer period of
time. Soil management is to create a healthy soil environment which may retain balance nutrient status
(Omotayo and Chukwuka, 2009) by protecting the surface soil cover and the fertility of the soil will be
maintained over time. Effective use of organic manures derived from these wastes will improve
agricultural soil fertility. An important factor in soil reclamation using organic matter derived from
organic residues play important role in improving the soil physical properties, by forming stable
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aggregates to improve soil structure, buffer the soil, improve aggregate stability, increases the soil
microbial population, and enhance water-retention capacity and the applied manures increases the soil pH
(Olatunji et al., 2006). Hence, the present study was planned to quantify the NPK status in the faeces of
grower and adult New Zealand White rabbits to uncover its scope for utilization as manure under tropical
conditions for eco friendly farming.
2.

Materials and Methods

This study was conducted at Post Graduate Research Institute in Animal Sciences (PGRIAS),
Tamil Nadu Veterinary and Animal Sciences University, Tamil Nadu, India with twenty four growers and
twenty four adult New Zealand White rabbits during the month of May, 2019. The rabbits were housed in
the individual cages elevated to 75 cm from the ground. Rabbits were offered with Desmanthus virgatus
fodder, concentrate feed along with ad libitum water. The faeces were collected individually from the
rabbits during the study period. Moisture and chemical analysis for nitrogen was carried out in the faeces
according to the methods of AOAC (2010). The phosphorus was analyzed by spectrophotometric
molybdenum blue method (Fiske, 1925) and potassium was analyzed using flame photometer (Hald,
1947). The data were analyzed by „T‟ test using IBM SPSS statistics 20.
3.

Results and Discussion

In our study the moisture per cent (mean±S.E.) in the faeces of grower and adult rabbits was
45.83±4.92 and 48.21±4.69 respectively. No significant variation (P>0.05) was noticed in moisture
percent between grower and adult rabbits. However, the moisture content level of rabbit faeces varied
from 34 - 52 per cent in a study carried out by Proto (1980).
The nitrogen, phosphorous and potassium content in the faeces of grower and adult rabbits was
4.42±0.12 Vs 4.61±0.11, 0.17±0.00 Vs 0.22±0.00 and 0.57±0.07 Vs 0.60±0.07 per cent
respectively(Fig.1).

Per cent

NPK per cent (%DM basis) in the faeces of
grower and adult rabbits

Grower rabbits
Adult rabbits

Fig.1. NPK per cent (%DM basis) in the faeces of grower and adult rabbits
Rabbit manure is much richer in nutrients than other farm animals which contains 0.4% to 1.0%
nitrogen, while rabbit faeces contains up to 2.4 % nitrogen (Lebas et al., 1996). Anon (1998) reported the
nitrogen level 0.57, 0.49, 1.44, 2.40 and 1.0 per cent in dairy cows, swine, sheep / goat, rabbit and chicken
respectively. However the nitrogen level recorded in this study in grower and adult rabbit faeces was
higher by 45 and 50 per cent respectively. McCrosckey (2001) reported that rabbit droppings have about
3-1.5-0.3 per cent of N-P-K. However in this study, higher nitrogen content was recorded. Most of studies
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related to rabbit faeces were conducted in temperate regions and no such studies were available in tropical
regions for comparison. The higher nitrogen content in the faeces of rabbits might be due to feeding of
leguminous fodder (Desmanthus virgatus). The high nitrogen content in rabbit faeces can be easily
equated to the balanced application of NPK nutrients to the crops in organic farming. No significant
variation (P>0.05) was noticed in nitrogen percent between grower and adult rabbits.
The phosphorous level in dairy cows, swine, sheep / goat, rabbit and chicken was 0.20, 0.34,
0.50, 1.40 and 0.8 per cent (Anon, 1998). The phosphorous level recorded in the rabbit faeces was much
lower. Significant variation (P<0.05) in the faeces phosphorous content was noticed between grower and
adult rabbits. The reason for the lower phosphorous content in the grower faeces could be due to effective
utilization of phytate phosphorus due to the presence of ceacal microbes and also due to the increased
demand during the growth phase of rabbits.
Potassium level in dairy cows, swine, sheep / goat, rabbit and chicken was 0.62, 0.47, 1.27, 0.60
and 0.39 per cent (Anon, 1998). Similar potassium level was recorded in this study in the faeces of
grower and adult rabbits. No significant variation (P>0.05) was noticed in potassium percent between
grower and adult rabbits.
Okigbo (2000) reported that continuous application of NPK fertilizer on soil have experienced
leaching of nutrients can lead to deficiency of some nutrient elements such as Zn and Mg, which may lead
to soil acidification and poor soil quality. Hence, application of organic manure with high nutrient content
is essential to maintain soil quality. Vivekananda and Fixen (1990) have reported that the buildup of
phosphorus through application of organic manure as a result of the mineralization of organic phosphate
due to microbial population and the production of organic acids, which make soil P available.
Phosphorous is not as mobile as nitrogen or potassium. The leaching of phosphorous will not be noticed if
applied as organic form and the availability will be more for the crop. Organic manure helps to build soil
organic matter levels and nourish a diverse soil microflora, which in turn helps the soil to retain nutrients.
Regular manure additions will improve soil aggregation and structure.
Increase in electrical conductivity of the soil is noticed with addition of organic manure and it
may be attributed to the better buffer capacity of the soil as a result of the high organic matter content of
the added manure (Meelu and Gill, 2001). The increase in the vegetative growth of crops could be
attributed to increase in N and P uptakes by crops, as well as availability of nutrients due to addition of
organic manure. Phosphorus and nitrogen increases the cell division thereby it promotes enhanced growth
of the crop. The photosynthetic capacity of the crop is increased, thus resulting in more assimilation
which influences the growth of the crop positively (Kling and Edmeades, 1997). Application of rabbit
manure would also result in higher plant growth due to enhanced nitrogen level and reduced leaching
level of phosphorus.
NPK equivalent Organic manure ratio
Organic manure is one of the important source of nutrients in organic farming system. PGRIAS,
Kattupakkam is an organic farm in which the rabbit manure is applied to the fodder crops. The nitrogen
requirement of important fodder crop like Cumbu Napier Hybrid grass is 150 kg N / ha.The equivalent
manures are worked out hereunder(Table 1).
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Table 1. Quantity of different composted manures required to meet the requirement of nitrogen
for one hectare of Cumbu Napier hybrid grass
Nitrogen availability
Quantity required to meet
Manure
(%)
nitrogen requirement (kg)
Cattle manure
0.57
26,310
Sheep / Goat manure
1.44
10,410
Chicken manure
1.0
15,000
Rabbit manure
2.4
6,240
Analysed rabbit manure from PGRIAS
4.40
3,408
In Urea
46
325.5
The nitrogen equivalent manure for rabbit manure is 3,408 kg. Manure with high nitrogen is
essential to overcome the deficiency of this nutrient. Because generally crop requires high amount of N
fertilizer and nitrogen is the nutrient that is most susceptible to transformations affecting plant availability
upon application. These transformations include mineralization, immobilization, nitrification and
denitrification, as well as leaching and ammonia volatilization. A nitrogen loss of 10 to 40% is typical
during the storage of animal manure (Kirchmann 1985; Eghball et al. 1997). Nitrogen losses to the
atmosphere reduce the nutrient value of the manure. Compared to other animals, rabbit manure contains
high nitrogen content, hence the availability of nitrogen is higher to crops even after storage.
4.

Conclusion

The nitrogen level recorded in this study in grower and adult rabbit faeces was higher compared
to other farm animals. Hence, it is concluded that rabbit faeces can be more effectively utilized in
agricultural fields especially in organic cultivation and also has the potential to reduce the utilization of
fertilizers to a minimum level compared to other farm animals.
5.
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Abstract : Two experiments were done on Mucana pruriens replacing dietary Para grass to evaluate the nutrient
intake and digestibility, nitrogen retention and growth rate of crossbred rabbits. The first experiment was a
completely randomized design with 5 treatments and 3 replications, which was a feeding trial. Sixty crossed-rabbits
at 8 weeks of age was used for the experiment with four rabbits in one experimental unit (balanced sex). The
treatments were Mucana pruriens (MP) replacement to basal diet of Para grass (PG) at the level of 0, 20, 40, 60 and
80 % (DM basis) corresponding to the MP0, MP20, MP40, MP60 and MP80 treatments. The second experiment
was the digestibility trial, in which the design was similar to that of the feeding trial, and sixty crossbred rabbits
were used at 12 weeks of age. The results showed that in Exp. 1, daily DM intake of PG decreased significantly as
the MP replaced increased (P<0.01) in the diets. There were significant difference in intake of dry matter (DM) and
organic matter (OM) among treatments (P<0.001), DM and OM intakes increased with increasing MP intakes, being
higher on the MP60 and MP80 diets. Crude protein (CP) intake was increased significantly (P<0.01) as the MP
replaced increased in the diets. NDF and ADF intakes were significantly higher (P<0.05) for MP60 and MP80
treatments. The live weight gain was significant difference (P<0.05), with the higher value for MP60 treatment
(21.3g/rabbit/day), however, the feed conversion ratio was significantly different (P<0.05) among the treatments
with the highest value for MP80 treatment. In Exp. 2, the apparent digestibility of DM, OM, CP were not significant
among the treatments (P>0.05). There were significant differences (P<0.05) of NDF and ADF digestibilities, with
the higher values for MP60 (51.6% and 48.8%, respectively). Nitrogen intake was significantly different (P<0.05)
among the treatments. A trend of increased nitrogen retention (P=0.057) when increasing the levels of MP replacing
Para grass was found. It was concluded that the highest performance of live weight gain, feed conversion and
economic return of crossbred rabbits was in MP60 treatment. The nutrient digestibility and nitrogen retention of the
rabbit were improved, when supplementing Mucana pruriens in the diets.
Key words: feed intake, digestibility, growing rabbits, natural grass, Mucana pruriens.

Introduction
Rabbit meat production has been more developed recently in Vietnam due to suitable conditions for poor
producer such as cheap investment, labor saving, good income and low risk. Crossbred rabbits (improved
x local breeds) are popularly raised for farmers‟s imcome, because they are adapting very well to the
climate, local feed resources and diseases. However, they need a adequate protein requirement in diets
(Nguyen Van Thu, 2019). In the Mekong delta in Vietnam, rabbit producers were mainly fed crossbred
rabbits with locally available feed resources including natural grasses, wild vegetables and agro-industrial
byproducts. They normally consumed diets containing high proportion of roughage and low high-protein
feed for rabbits (Nguyen Thi Vinh Chau, 2015). Protein is needed for healthy growth, reproduction and
maintenance of rabbit. protein can be obtained from both plant and animal sources. the nutritive value of a
protein feed source is determined not only by its amino acid composition, but also by its digestibility of
ingested protein. the main factors involved in protein digestibility of rabbits are chemical structure,
properties, and accessibility to enzyme activity (McDonald et al., 2010). Rabbits could use more protein
resources by microbial activity in caecum. Mucana pruriens (MP) is a valuable local forage resource for
rabbits. In the Mekong Delta, MP is popularly grown in nature and can be used for protein
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supplementation. However, studies on MP as feed sources in the Mekong delta have been limited, while
MP has higher CP content than that of the natural grass of Para grass (Brachiaria mutica), which is higher
fiber content. A combination between MP and para grass in diets could be efficient for feeding rabbits.
Therefore this study aims to determine the optimum level of Mucana pruriens as replacement to Para
grass in the diets based on nutrient utilization, nitrogen retention, growth rate and economic benefits of
crossbred rabbits.
Materials and methods
Exp 1. Feeding trial
The experiment was conducted at experimental farm and laboratories of Can Tho University, Vietnam.
Sixty crossbred rabbits (local x improved breeds) at 50 days of age (the live weight average 615g) were
arranged in a complete randomized design with 5 treatments and 3 replications. Four rabbits (balanced
sex) were housed in a cage, as an experimental unit. The treatments were the replacement of Para grass
(Brachiaria mutica) by Mucana pruriens at level of 0, 20, 40, 60 and 80% DM of the amount of the
control diet (corresponding to the MP0, MP20, MP40, MP60 and MP80 treatments), while PG was fed ad
libitum, Soya waste was given at level of 200g and the concentrate (20 %CP) supplementation was the
same in all treatments at level of 15g/rabbit/day.

Fig. 1. Mucana pruriens

Fig.2. Brachiaria mutica

Exp 2. Digestibility trial
The second experimental design was similar to that of the feeding trial, the 12-week old rabbits were
used. The animals had one week for adaptation and another week for getting samples according to by
fecal collection for 6 days. Feeds and refusals were daily measured. Urine was also collected for nitrogen
analysis to calculate the nitrogen retention. Digestibility of DM, OM, CP, NDF and ADF was employed
according Mc Donald et al., (2002).
Table1. Feed ingredient of composition of experimental diets
Treatment
Feeds
MP0

MP20

MP40

MP60

MP80

Mucana pruriens

0

20%

40%

60%

80%

Para grass

ad libitum

ad libitum

ad libitum

ad libitum

ad libitum

Soya waste

200g

200g

200g

200g

200g

32

Concentrate feed

10-20g

10-20g

10-20g

10-20g

10-20g

MP0: PG only (control), MP20, MP40, MP60 and MP80: MP replaced Para grass at the level 20, 40, 60
and 80% of the amount of the control diet.
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Feeds, feeding and management
Para grass and Mucana pruriens were daily collected in the areas surrounding Can Tho city. The animals
were fed three times a day at 7:00h, 15:00h and 19:00h. The feeds and refusals were recorded separately
and daily. The diets were adjusted every week following their live weights. Fresh water was available for
all rabbits almost all day and night time. The refusals and spillage were collected and weighed daily in the
morning to calculate the feed intake. The animals were vaccinated to prevent some diseases, especially
rabbit Hemorrhagic and parasite diseases.
Measurements
The feeds and refusals were taken for analyses of DM, OM, CP and Ash (AOAC, 1990); NDF and ADF
following procedure of and Van Soest et al., (1991). At the beginning of the experiment four rabbits per
experimental unit were weighed individually weekly. Daily feed and nutrient intakes, growth rate, and
feed conversion ratios were measured and calculated. The economic analysis was also done among the
treatments.
Statistical analysis
The data from both experiments were analyzed by analysis of variance using the ANOVA of General
Linear Model (GLM) of Minitab Reference Manual Release 13.20 (Minitab, 2000).
Results and Discussions
Expriment 1: Feeding trial
The results of the feeding trial were showed in table 2,3 and 4.
Chemical composition of feed ingredients of rabbits is presented in Table 2.
Table 2: Chemical composition of feed ingredients (% in DM, except for DM which is on fresh
basis) in the Exp.1.
Feeds
DM
OM
CP
NDF
ADF
Ash
Mucana pruriens
19.5
92.1
14.8
47.4
38.3
7.90
Para grass
18.9
88.8
9.40
71.8
35.8
11.2
Soya waste
11.1
93.2
21.7
47.9
33.4
6.80
Concentrate
87.0
91.1
20.0
23.6
8.06
8.90
DM: dry matter, OM: organic matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid
detergent fibre
In Table 1, the DM of Para grass (19,1%) was close with that of Mucana pruriens (19.5%). This result
was similar with that reported by Danh Mo (2003) (DM of Para grass was 18,4%). Mucana pruriens was
considerably higher in crude protein compared to Para grass (14.8% and 9.40%), while NDF content of
Para grass were higher than this of Mucana pruriens (71.8% and 47.4%). Soya waste had quite high CP
concentration (21.7%).
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Table 3. Daily intakes of feed and nutrients of growing rabbits (gDM/rabbit/day) in the Exp.1.
Items

Treatment

±SE/P

MP0

MP20

MP40

MP60

MP80

Para grass

46.1a

38.8b

32.1bc

32.1bc

26.6c

1.46/0.001

Mucana Pruriens

0.00a

9.90b

19.8c

29.6d

39.1e

0.59/0.001

DM

78.3a

81.3a

84.5a

94.3b

98.1b

1.40/0.001

OM

a

77.6

b

86.6

c

90.2

c

1.24/0.001

c

14.9

d

15.8

e

0.11/0.001

ab

71.7

74.5

a

b

CP

12.1

12.7

13.5

NDF

43.6ab

43.5a

43.3a

48.0ab

48.3b

1.09/0.013

ADF

22.7a

24.1ab

25.5b

29.3c

30.8c

0.52/0.001

MP: Mucana pruriens, PG: Para grass, MP0: PG only (control), MP20, MP40, MP60 and MP80: MP
replaced Para grass at the levels 20, 40, 60 and 80% of the amount of the control diet. Means with
different letters within the same rows are significantly different at the 5% level.
In Table 3, daily DM intake of PG decreased significantly (P<0.01) as increasing MP intakes in the diets.
DM and OM intakes increased with increasing MP intakes, being highest on the MP60 and MP80 diets
(P<0.001). The results DM and OM intakes in this study are considerably higher than the values of 51.464.1g/day and 65.0-75.5g /day of the previous studies in which the rabbits fed sweet potato vines and
water spinach basal diets (Dong, 2006 and Samkol et al., 2006, respectively). However, Nguyen Thi Vinh
Chau (2015) reported that DM intake (g) of the crossbred rabbits was from 80.3 to 80.9 when increasing
CP from 15.0 to 23.0 % in the diets with the soybean extraction meal supplementation. CP intake
increased significantly (P<0.001) as the MP level increased in the diets, due to high CP contain in MP and
the CP intake values from 12.1-15.8 gCP/rabbit/day. These values are similar with those reported by
Nakkitset (2007) (7.7 – 15.6g/day), the rabbits were fed diets included different forages (Ruzi grass, head
lettuce residue, Mimosa pigra or water spinach). NDF and ADF intakes were significantly higher
(P<0.05) for MP60 and MP80 treatments.
Growth rate, feed conversion ratio and economic analysis are presented in table 4.
Table 4. Daily weight gain, feed conversion ratio and economic return in different diets in the
Exp.1.
Items

Treatment
MP0
MP20

MP40

MP60

MP80

LW at initial (g)

614

614

614

615

617

2.65/0.842

LW at final (g)

2059a

2113a

2126a

2253b

2153ab

25.6/0.004

DWG, g/rabbit/day

18.8a

19.5a

19.6a

21.3b

19.9ab

0.33/0.004

Feed conversion ratio

4.07a

4.07a

4.27a

4.47a

5.40b

0.13/0.001

Expense (VND/rabbit)

50,158

49,782

50,008

50,616

50,993

Income (VND/rabbit)

72,078

73,953

74,402

78,850

75,339
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±SE/P

Benefit (VND/rabbit)

21,920

24,171

24,394

28,234

24,346

DWG: daily weight gain, MP0: PG only (control), MP20, MP40, MP60 and MP80: MP replaced Para
grass at the level 20, 40, 60 and 80% of the amount of the control diet. Means with different letters within
the same rows are significantly different at the 5% level.
In Table 4, The significantly higher final live weight and daily gain were found for rabbits fed high levels
of MP in the MP60 and MP80 diets as compared to those fed PG only, 20% and 40%MP in the diet
(P<0.01), with the highest value for rabbits were given 60% MP in the diet. The results of the present
study were very promising for production in the crossbred rabbits, while Le Thi Ha et al., (1996) stated
that the weight gain of the pure New Zealand rabbits fed grasses and concentrate and legume leaves were
15.5g and 20.6g per day. The daily weight gain of rabbits obtained in this study were also within the
range reported by Nakkitset (2007). However, the daily weight gain (g) was from 17.9 to 20.2 when
increasing % CP in diets from 15.0 to 23.0 for the crossbred rabbits (Nguyen Thi Vinh Chau, 2015) Feed
conversion ratio was significantly higher (P<0.01) for animals fed 80 %MP in the diet. The values were at
acceptable level and appropriate with the results of 4.6 to 5.2 reported by Nakkitset (2007). The values of
feed conversion ratio were in agreement with the results of 4.9 to 6.0 and 7.0 indicated by Akinfala et al.
(2003) and Nguyen Quang Suc et al., (2000), respectively. Nguyen Van Dat (2016) reported that in case
of New Zealand rabbit fed green forages the feed conversion ration was from 5.0 to 5.8. While in the
experiment mentioned above Nguyen Thi Vinh Chau (2015) stated that the feed conversion ration of the
crossbred rabbits was from 4.0 to 4.49.
The economic analysis was done for feeding rabbits in 8 weeks, showed that the expense was similar
among dietary treatments, however, due to the better rabbit growth rate of the increasing MP in the diets
which gave more benefit. The results indicated that the promising diets for the rabbit could be 60 %MP in
the diet.
Exp 2. Digestibility trial
The results of the digestibility trial were showed in table 5, 6 and 7.
Chemical composition of feeds ingredients of rabbits is presented in Table 5.
Table 5. Chemical composition of feeds (% in DM) used in the Exp.2.
Thực liệu

DM

OM

CP

NDF

ADF

Ash

Mucana pruriens

19.8

90.6

14.7

42.7

38.3

9.40

Para grass

18.6

89.8

9.10

71.8

35.8

10.2

Soya waste
11.1
93.2
21.7
47.9
33.4
6.80
Concentrate
87.0
91.1
20.0
23.6
8.06
8.90
DM: dry matter, OM: organic matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid
detergent fibre
In Table 5, Chemical compositions of feed used in the Exp. 2 were similar to those of Exp. 1, except for
slightly lower NDF content of Mucana pruriens.
Daily intakes of feed and nutrients of rabbits are presented in table 6.
Table 6. Feed and nutrient intakes (DM basis) of rabbits in different diets in the Exp.2.
Treatment
Items
±SE/P
MP0
MP20
MP40
MP60
MP80
DM

72.3

74.6

74.4

80.5
36

73.7

1.96/0.102

OM
CP
NDF

67.3
11.4a
37.1a

68.6
12.4ab
36.6ab

68.7
12.5ab
34.0ab

74.1
13.6b
36.5ab

67.5
13.4b
30.4b

1.79/0.118
0.29/0.002
1.40/0.036

ADF

19.5a

20.9ab

21.1ab

23.5b

20.8ab

0.72/0.004

MP0: PG only (control), MP20, MP40, MP60 and MP80: MP replaced Para grass at the levels 20, 40,
60 and 80% of the amount of the control diet. Means with different letters within the same rows are
significantly different at the 5% level.
In Table 6, DM intake value of the rabbits were ranged from 72.3 to 80.5gDM/rabbit/day, lower than that
in feeding trial. And the CP, NDF and ADF intakes among the diets were also lower in feeding trial
(P<0.05 and P<0.01, respectively).
Apparent digestibility of feed and nutrient, nitrogen retention of rabbits are presented in table 7.
Table 7. Apparent digestibility of feed and nutrient, nitrogen retention of rabbits in the Exp.2.
Treatment
Items
±SE/P
MP0
MP20
MP40
MP60
MP80
App. digestibility (%)
DMD

61.1

65.5

67.1

67.6

66.8

1.59/0.080

OMD
61.5
65.5
67.3
67.6
67.1
1.60/0.105
CPD
81.2
83.1
81.4
81.2
80.6
1.24/0.678
a
ab
ab
b
ab
NDFD
42.0
49.9
50.3
51.6
47.9
2.07/0.050
ADFD
32.6a
43.8b
48.0b
48.8b
45.6b
2.23/0.010
N balance, g/kgW0,75
Nitrogen intake
1.45a
1.57ab
1.57ab
1.66bc
1.75c
0.04/0.002
Nitrogen retention
0.82
0.92
0.91
0.94
1.09
0.05/0.057
App,: Apparent, MP0: PG only (control), MP20, MP40, MP60 and MP80: MP replaced Para grass at the
levels 20, 40, 60 and 80% of the amount of the control diet. Means with different letters within the same
rows are significantly different at the 5% level.
In Table 6, The apparent digestibility coefficients of DM, OM and CP were higher in the diets with the
inclusion of MP than that in the only PG diet, however, no significant difference of these nutrient
digestibility values among the treatments was found. CP digestibility was resemble among the treatments.
The digestibility values of NDF and ADF were lower in the PG alone diet (MP0) and higher with
increasing levels of MP in the diets. The explanation was that high fiber content in PG leading high intake
of fiber for rabbits consumed higher amount of PG. The findings are consisted with the explanation of
Gidenne et al., (1998) and Perez et al., (1996) stated that an increase of fiber leads to decrease of
retention time and an increase of caecotrophe production because of increasing bacterial fibrolytic activity
which in turn results in a reduction of digestibility of diets (Gidenne et al., 1998; De Blas et al., 1999).
The results of DM and NDF digestibility values were slightly lower than those of a study reported by
Samkol et al., (2006) in which rabbits fed water spinach basal diets by 73.5 -78.3%, 48.2- 56.3%,
respectively, however, CP digestibility values (80.6-83.1%) was superior to values of 59.9-70.9%
(Samkol et al., 2006).
There was a tendency of increase in both the nitrogen intake and nitrogen retention corresponding with
increasing levels of MP in the diets, but being significant difference only for the nitrogen intake
(p<0.001). The values in the present study are in the similar range as those and superior to data reported
by Nguyen Van Thu and Nguyen Thi Kim Dong (2005) and Samkol et al. (2006). The results of
digestibility trial clearly indicated that combination of the Para grass with the Mucana pruriens to make
the balance nutrient diets that could improve the digestibility of most nutrients for rabbits.
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Conclusions
Mucana pruriens has a appropriate nutritive value for rabbits as shown by improving apparent
digestibility of most nutrients and nitrogen retention in the diets included Mucana pruriens and para
grass. Increasing levels of Mucana pruriens in the PG basal diets of crossbred rabbits would increase
protein utilization and growth performances. At the level 60% of Mucana pruriens in the PG basal diet
gave the best economical benefits for producers.
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Abstract: In Indonesia, rabbit were raised in many altitudes area, high and low land. Rabbits more productive if
keep at not more than 21°C of environment temperature. The purpose of this study is to determine the physiology
and production performance of of weaned crossbreed male New Zealand White rabbit which maintained at different
environment temperature. The research material used were 18 animals. The method used was experiment with
Completely Randomized Design consists of three treatments and six replications. The data obtained were analyzed
using analysis of variance (ANOVA) continued by Duncan's Multiple Range Test (DMRT). The three different
cages environment were T1 (23-25oC), T2 (27-29oC) and T3 (31-33oC). There was highly siginificant effect of the
treatment (P<0.01) to rectal temperatures and respiratory frequency of the animals. The mean values of each
treatment were 38.7 +0.05 (T1), 38.8 +0.08 (T2) and 39.1 +0.08 (T3) oC and 77.4 +3.15 (T1), 132.0 +5.69 (T2) and
152.6 +7.71 (T3) times/minutes. The results showed that animals maintained in different cages temperature gave
highly significant effect (P<0,01) on consumption of dry matter, weight gain and feed convertion. The higher the
temperature the lower production of the animals. The conclusion of this research was that the animals would have
optimal growth at the enviroment temperature nearly comfort zone and in this experiment it was 23-25oC.
Keywords: Feed consumption, Rectal temperature, Weaned rabbit

1.

Introduction

BMKG (2013) states, in Indonesia climate change cannot be predicted anymore. Climate change
alone will have an impact on rising and falling temperatures. Lowlands have higher temperatures than
lowlands. Temperature changes that cannot be controlled can result in the heat resistance of animals.
Environmental temperature is one of the factors that influence the heat resistance of rabbits. The
temperature of the environment that is too cold or too hot will cause stress to the rabbit. Rabbits that
experience stress will release energy to maintain body heat, which will reduce the productivity of rabbits
(Dewi, 2006). Animals that experience stress will encourage genes to work to respond to environmental
heat loads above the thermonetral zone. Activation of this system will start on the surface of the skin
when the skin temperature exceeds 35°C which causes the animal's body to start storing heat and produce
signals to increase the mechanism of evaporation to influence growth (Ma et al., 2014).
According to Yan and Li (2008), an increase in environmental temperature from 20°C to 35°C
causes the respiration rate of rabbit to increase from 40 times / minute to 200 times / minute. By adjusting
the temperature with a different range, it can be determined at what temperature range the New Zealand
White cross bred rabbit can still maintain its body heat resistance.
The best management to optimized the animal production in the tropic is by applying controlled
housing system. In such housing system, the temperature and humidity of the micro environment can be
fully arranged according to its comfort zone so the animal can express their optimum potential genetics.
But such housing system is expensive which should be paid by price product. There is still opportunity to
replicate such housing controlled system cheaper by using simple and manual cooler or heater and
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thermostat as controller, for increasing animal productivity, especially in tropical country like Indonesia.
Research on the influence of different cage temperatures to the physiology and production performance of
cross bred New Zealand White rabbit so far been rare. The aim of this research to study the effect of the
use of different artficially cages temperatures to physiology and production performance of weaned male
cross bred New Zealand rabbit.

2.

Methods

This research was conducted in Cerme Village, Grogol District, Kediri Regency from February
untill April 2017.
2.1. Materials
Research Material used were 18 male New Zealand White cross bred rabbits with age of 6-8
weeks and an average initial body weight of 1069-1101 grams. The feed given was forage and
concentrate. Feed concentrate in the form of BR-1 produced by PT. Wonokoyo (at 07.00 a.m.). Forage
feed in the form of field grass was given in the afternoon (at 15.00 p.m.). Forage feed in the form of grass
with concentrate, with a ratio of 70: 30 (Prasetyo, 2006). Drinking water is given every day by ad libitum
The battery cages was chosen because it makes data retrieval easier and avoids the exchange of
rabbits. Tools used in research include: Body thermometer, Hand Tally Counter, room thermometer,
thermohygrometer, heater (incandescent lights for increase the temperature of the environment), cooling
(cooler use the blower modified to reduce the temperature environment) and thermostat.
Procedure for using each tool:
1. Thermometer: by entering the tip of the thermometer inward rectal rabbit, then wait for 1 minute
until the temperature changes. The number shown in thermometer stated as the temperature of the body
livestock (°C)
2. Hand Tally Counter: by pressing button when viewing indication of that object observed and that
number appears stated number of counts
3. Thermometer Room: by putting thermometer inside room, that number shown on the thermometer
stated temperature of the room (°C).
4. Heater: by putting heater in the form of incandescent lamp in each corner of the cage to increase
temperature, will light if the temperature the cage crossed the line minimum temperature that has been
determined, and will die if the temperature of the cage passes maximum limit. Heating this is used on
temperature treatment (27-29°C) and (31-33°C).
5. Cooling: by putting cooler in the form of a blower modified on one corner of the cage to lower the
temperature. Box filled with ice blocks and for maintain ice so not melt fast plus blue ice will light if the
temperature of the cage exceed the maximum limit (25°C) and will turn off if the temperature of the cage
passes minimum limit (23°C).
6. Thermostat: by adjusting the boundary maximum and minimum predetermined temperature, if the
temperature crosses the line maximum then automatic heating process will stop and when past the
minimum then the heater will be automatic light up (for treatment temperatures of 27-29°C and 31-33°C
At a temperature treatment of 23-25°C if the temperature crosses the line maximum then automatic
coolant will lights up and if it passes minimum limit then cooler automatically will die.
The animals were divided into 3 treatments and placed in 40x40x40 cm cages individually. The
research was conducted in two stages, namely:
A. Preparation
This preparation is done for one week. Activities carried out include:
1. Prepare tools that will be used during the research
2. Cleaning the cages and tools used using the antiseptic. The cage is sprayed using a 15 ml dose in 1 liter
of water. The feedd and drink sites were washed and then immersed into the antiseptic at a dose of 15 ml
in 10 liters of water.
3. Adapt animals with the specified temperature and feed
B. Implementation of research
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Data collections carried out include:
1. Retrieval of rectal temperature data was carried out three times a day at 8:00 am WIB after giving
concentrate feed, daytime 12.00 a.m and afternoon 16.00 p.m after giving forage feed. Retrieval of rectal
temperature data is done every 2 days to provide a rest period for rabbits. Rectal temperature
measurement by inserting a body thermometer into the rectal rabbit for one minute (Yachya, 2011).
2. Retrieval of respiratory frequency data was carried out three times a day on the morning of 08.00 a.m.
after giving concentrate feed, at noon 12.00 p.m and in the afternoon 16.00 p.m. after giving forage feed.
Retrieval of respiratory frequency data is done every 2 days. Frequency measurement by observing the
deflated breasts of the rabbit's chest and counting each chest flower with the Hand Tally Counter for one
minute and the numbers that appear on the Hand Tally Counter are expressed as rabbit respiratory
frequency values.
HTC is the level of resistance of livestock to surrounding heat. To determine the HTC value of an animal
can be known and measured by the formula:
HTC = Tb / 39.5 + Fr / 60 (Benezra, 1954)
HTC
Tb
39.5
Fr
60

: Heat Tolerance Coefficient
: Average rabbit body temperature (°C)
: Standard number of rabbit body temperature (Trisunuwati, 1989)
: The average frequency of respiratory rabbits (times / minutes)
: Standard respiratory rate rabbit (Sumadi et al., 2000)

2.2. Data Analysis
The data obtained is then processed and analyzed using variance analysis (Yitnosumartono,
1990). If the results obtained are different or significant, then continue with Duncan's double distance test
(Steel and Torrie, 1993) with the mathematical model used, namely:
Yij = μ + αi + €ij
where :
Yij
: observation value from the i treatment on the j repetition
μ
: general mean
αi
: the effect of the i treatment
€ij
: trial error from the i treatment on the j repetition

3.

Results and Discussion

3.1

Environment and Cages Temperature

The New Zealand White rabbit will achieve optimal productivity levels in environmental
conditions with a temperature of 18°C and a humidity level of 70%. The high temperature of the
environment is caused by the geographical location of the research site.
Table 1 Average (cages) room temperature (°C) and humidity (%) during the study
Week to
Temperature(°C)
Humidity (%)
1
2
3
4
5
6

27,60
28,19
27,57
27,50
27,33
27,14

63,33
60,33
62,29
62,05
63,29
63,05
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Average±sd

27,5 ±0,35

62,3 ±1,14

The temperature in the cages during the study took place ranging from 23-25°C at the P1,
27-29°C on P2 cages and 31-33°C on P3. The temperature of each treatment cage is presented in Table
2. Rabbits can be maintained in a fairly wide range of environmental temperatures, 10-30°C (Sarwono,
2002).
In Table 2, it is known that the temperature setting in each treatment has been successful, but the
temperature above the maximum limit has been obtained, namely in treatment P1 (26°C). This happens
probably because of a power outage so that the blower or cooling fan in the P1 treatment not work and
causes a high temperature to affect the temperature of the cage. Electricity unwork for about one to two
hours, so it doesn't affect the temperature of the treatment too much.
Table 2. Average cage temperature (°C) of cages in each treatment
Week to
P1
P2
P3
1
24.48
28.05
31.93
2
24.14
28.19
32.00
3
24.26
27.86
31.74
4
24.38
28.14
31.98
5
24.64
27.86
31.88
6
24.67
27.90
31.83
Average ± sd
24.4±0.20
28.0±0.14
31.8±0.09

3.2

Body Temperature
Body temperature is known by rectal measurements. Rectal temperature is a part that is measured
to represent the whole body, because the rectal temperature is relatively more constant than other body
parts (Yachya, 2011). According to Duke's (1995), body temperature in livestock is influenced by several
factors, one of which is environmental temperature. Increased body temperature can be known by
measuring the rectal temperature and skin temperature. Based on the results of the study, it was found that
the body temperature (rectal) of weaning New Zealand White cross bred rabbits ranged from 38.2-39.2°C.
The results of rabbit temperature are still normal, according to Trisunuwati (1989), the rabbit's rectal
temperature has a normal temperature between 38-39.5°C, while according to Linn (2000) rabbit normal
temperature ranges from 38.6-40.1°C. Nuriyasa, et al. (2014), also obtained local rabbit rectal
temperature results of 36.26°C to 39.97°C. The average data of New Zealand White cross bred rabbit
body temperature can be seen in Table 3.
Table 3. Average New Zealand White Cross bred body temperature (°C) during the study
Treatment
Repeated
1
2
3
4
5
6
Average±sd
P3
P2
P1

38.95 39.04 39.06 39.11 39.07 39.18 39.1 +0.08a
38.74 38.54 38.70 38.86 38.92 38.79 38.8 +0.08b
38.16 38.61 38.69 38.74 38.73 38.68 38.7 +0.05c

Note: Different a-c superscripts show very significant differences (P <0.01)

The statistical results showed that the treatment of cage temperature settings were very
significantly different (P <0.01) at the New Zealand White cross bred rabbit body temperature, where the
temperature was lowest at P1 and the highest at P3. Constant temperature regulation will have an impact
on the rabbit's body temperature which is constant too.
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3.3

Respiration Frequency
Breathing is the process of taking air that enters through the nose then exits regularly. The results
of this study showed that the respiratory frequency of male New Zealand White peranakan weaning with
three different temperature treatments was in the range of 74-163 times / minute (Table 4). The results of
this study are still in the normal range, Yan and Li (2008) stated, increasing the ambient temperature from
20°C to 35°C can cause respiratory frequency to increase from 40 times / minute to 200 times / minute.
The statistical test results showed that the treatment of environmental temperature settings
differed very significantly (P <0.01) on the respiratory frequency of the New Zealand White peranakan
rabbit, where the lowest respiratory frequency occurred in treatment P1 and the highest at P3According to
Sumadi et al. (2000), rabbit respiratory capacity is quite difficult to measure, because there are many
variations in activities that affect the workability of the lungs. Rabbit's respiratory rate
Table 4. Average respiratory frequency of New Zealand White male breeding rabbits during research
(times/minutes)
Treatment
Repeated
1
2
3
4
5
6
Average±sd
P3
154 154 141 156 163 147 152.6 +7.71a
P2
128 132 136 129 127 142 132.3 +5.69b
P1
80 81 74 74 76 76 77.4 +3.15c
Note: Different a-c superscripts show very significant differences (P <0.01)

varies between 32-60 times / minute. Rabbits weighing 2-4 kg have respiration of 39 times/minute.
Nuriyasa et al. (2014) obtained results from research that adult local rabbits had a breathing rate of 59-74
times / minute. This result is different from the results of observations by Linn (2000), it was found that
New Zealandd White rabbits had breath rates of 32-168 times / minute. Subangkit (2013) also obtained
results from research that New Zealand White rabbit breathing can be up to 179 times / minute. Nursita et
al. (2002) obtained the results of rabbit respiration frequency with tile roof and zinc cage models with a
cage temperature of 25-26°C ie 70 to 76 times/minute. The frequency of breathing will run fast if the
body temperature is high. If the body temperature is low when the respiratory frequency is fast, it happens
because at that time all the heat release process is almost completely finished. Nuriyasa et al. (2010)
states, an increase in respiration rate is an effort of animal to accelerate the process of releasing heat by
evaporation of the respiratory tract. Therefore speeding up the rate of breathing is the most effective effort
to reduce body heat.. The opinions above are different because of the use of different samples namely
local rabbits and New Zealand White.
3.4

Heat Tolerance Coefficient (HTC)
Heat tolerance is the resistance of livestock to surrounding heat. Body temperature and
respiratory frequency are responses from animals that are experiencing heat stress (Amakri and Fusho,
2009). Based on the results of the study, it is known the HTC value of rabbits with a range of 2.2
minimum values and 3.7 maximum values. According to Mashaly et al. (2004), livestock can be said to
have a good level of heat resistance if it has an HTC value = 2, the higher the value of HTC, the lower the
level of resistance of the livestock. The high value of HTC is due to increasing body temperature and / or
high breathing frequency. The body temperature and frequency of breathing are used to estimate the
adaptability of livestock. Average data from HTC values of New Zealand White crossbred rabbits are
presented in Table 5.
Table 5. The average value of the HTC New Zealand White during the study
Treatment
Repeated
1
2
3
4
5
6
Average±sd
P3
3.54 3.55 3.33 3.59 3.70 3.44 3.5 +0.13a
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P2
P1

3.11 3.17 3.25 3.13 3.10 3.34 3.2 +0.09b
2.32 2.33 2.21 2.21 2.26 2.26 2.3 +0.05c

Note: Different a-c superscripts show very significant differences (P <0.01)

Based on the statistical calculation results, it was shown that the treatment of environmental
temperature settings differed very significantly (P <0.01) on the value of the HTC. Table 7. shows that
treatment P1 has a lowest value and treatment P3 has the highest value. As homeotherm, rabbits will
always try to maintain their body temperature by regulating heat production and the amount of heat
released into the environment. Adaptation through the homeostatic process does not work effectively if
environmental conditions exceed the limits can be tolerated. In this condition rabbits will experience
stress. According to Virden and Kidd (2009), when animal suffer from stress, the neurogenic system is
activated immediately, which in the alarm phase is characterized by increased blood pressure, muscle,
nerve sensitivity, blood sugar and respiration.
The cage temperature of the treatment P1 which is in the range that is close to the comfort zone of
rabbits, causes the homeostasis to run well so that the release of heat from rabbits is lower than that of P2
and P3. Although the treatment of P2 and P3 is far from the normal number, at least the rise and fall of
HTC values in all treatments is in a stable range.
3.5

Feed Dry Matter Consumption
Consumption of dry matter is one of the factors that can be used to determine the productivity of
livestock. Because dry matter consumption is one of the main indications that can determine the condition
of livestock. When livestock consumption decreases, there is something wrong with health and
physiology in these animals. Feed consumption is also an essential factor for determining basic living
needs and production because knowing the level of feed consumption can determine the level of food in
the ration to find out the basic life and production (Heryanto, 2016).
Dry matter of field grass is 26.34% (Sidiq, 2012) and Wonokoyo 1 BR concentrate is 88%.
Table 6. Average consumption of dry matter (g/day)
Repeated
Treatment
Average±sd
1
2
3
4
5
6
P1
68,27 67,53 69,70 67,92
68,79 69,84 68,6+0,95c
P2
65,64 63,88 65,71 67,26
66,58 66,90 66,0+1,22b
P3
63,28 62,55 63,55 65,91
64,68 64,12 64,0+1,18a
Notes: Different superscripts in the same column show very significant differences (P <0.01)

The above Table showed that temperature had an influence on the consumption of dry matter in
cross bred New Zealand White rabbits. This shows the basic nature of the New Zealand White rabbit that
will grow optimally at a temperature of 18-21°C (Puspani, 2015). At temperatures above 21°C the New
Zealand White rabbit will experience interference and lack productivity. But the Peranakan New Zealand
White rabbit can still grow quite well in an ambient temperature range of 23-25°C.
Lestari (2004) states from the results of his research that the level of consumption of dry matter of
local weaning rabbits is influenced by the palatability of feed and feed energy. In the results of the study,
it was explained that the level of consumption of dry ingredients ranged from 49.14 to 58.19 g /day with
an average of 53.89 g/day. Low levels of dry matter consumption are caused by low food palatability and
lack of complete nutrition in the feed given.
The factors that influence the level of consumption of rations in rabbits are environmental
temperature, health, ration form, food balance, stress, body weight and speed of growth. Environmental
temperature plays a role in influencing the level of consumption of dry matter. In conditions where the
rabbit's living environment is higher, the rabbit will experience stress. This is caused by disruption of the
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adaptation process carried out by rabbits through the process of homeostasis. In this condition rabbit cattle
will release their body heat by conduction, convection, radiation and evaporation (Nuriyasa, 2012).
Temperatures higher than the comfort zone result in animal trying to regulate their
thermoregulation to remain in normal conditions (Astuti, 2015). An increase in temperature will cause
heat stress to animals which results in a decrease in consumption of dry matter. In high temperatures
animal tend to drink more than consume feed (Qiston, 2012).
3.6

Weight gain
Weight gain is one of the factors that can be used to measure livestock productivity. Body weight
gain is influenced by the level of feed consumption and environmental temperature factors (Marai, 2002).
Average body weight gain during the study can be seen in Table 7. The statistical results showed that the
treatment with a temperature of 23-25°C at P1,27-29°C on P2 and 31-33°C on P3 showed that the results
were significantly different for body weight gain (P <0.01). Treatment with lower temperatures shows the
results of higher body weight compared to treatment with high temperatures.

Table 7. Average body weight gain for rabbits during the study (g/day)
Repeated
Rata-rata
1
2
3
4
5
6
Treatment
a
P1
27,24 26,40 29,02 28,60 26,36 29,02 27,7+1,26
b
P2
22,86 22,19 22,19 20,83 21,38 21,36 21,8+0,74
c
P3
20,12 19,98 20,10 19,79 20,81 20,29 20,1+0,35
Notes: Different superscripts in the same column show very significant differences (P <0.01)

The average body weight gain P1 was 27.7 g/day, lower than P3 with an average body weight gain
of 20 g/day. From the results of previous study (Prasetyo, 2006) states that the average body weight gain
of non-pregnant rabbits is 27.56 g/day with comfortable maintenance conditions and is supported by
sufficiently complete feed nutrition. Lestari (2004) explained from the results of research conducted that
low body weight gain was influenced by the high environmental temperature and age of rabbits used
during the study. The age of rabbits that are getting older at the time of the study will experience lower
body weight compared to younger rabbits. Body weight gain in local male rabbits can reach 10-20 g/day.
In male New Zealand White Peranakan rabbits can reach 20-30 g/day (Marhaeniyanto, 2015).
High temperatures during the study at P3 showed the lowest levels of body weight gain during the
study. This is affected by high temperatures during the study above 31°C. high temperatures during the
study on P3 showed a lack of efficiency in feed, indicated by the high value of feed conversion and low
feed consumption. When the level of feed consumption is low, the temperature also affects feed
conversion and body weight gain.
3.7

Feed Conversion
Feed Conversion is the amount of feed consumed based on dry matter used for the research unit
divided by the weight gain of the research union used (Haryanto, 2016). In this study feed conversion data
was taken every week because data on body weight gain was also taken every week.
The value of feed conversion is used to determine the level of feed efficiency (Utami, 2014). The lower
feed conversion values indicate that feed efficiency is increasing. The smaller feed conversion value
indicates the less feed needed to produce per gram of body weight. The average value of feed conversion
during the study can be seen in table 8.
Table 8. Average feed conversion
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Treatment
P1
P2
P3

1
2,50
2,90
3,18

2
2,55
2,92
3,13

Repeated
3
4
2,41 2,39
2,97 3,24
3,16 3,32

5
2,61
3,13
3,12

6
2,42
3,17
3,16

Average±sd
2,4+0,09a
3,0+0,14b
3,1+0,07b

Notes: Different superscripts in the same column show very significant differences (P <0.01)

Cage temperature that exceed the comfort zone of the peranakan New Zealand White rabbit will
affect feed conversion. The temperature that approaches the comfort zone is found in treatment rabbit 1
(P1), at an intermediate temperature (23-25°C). The temperature away from the comfort zone is found in
P2 (27-29°C) and P3 (31-33°C). Animal will drink more than consume feed, this causes a decrease in
feed consumption levels and less efficient feed conversion.

4.

Conclusion

The temperature of different enclosure environments affects the physiology and performance of
livestock production. The higher the cage temperature the higher rectal temperture and HTC. The
increase cage temperature the lower feed intake, daily gain and conversion rate. The temperature of the
cage that approaches the comfort zone (23-25°C) gave the physiology and production performance.
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Abstract: A study to test the potential of non-conventional feed ingredients for use in rabbit production reported
that palm kernel oil residue (PKOR) could be used to replace up to 50 % of wheat bran in commercial rabbit rations.
Consequently, rabbit feeds have been compounded to include PKOR replacing 50% of wheat bran for commercial
rabbit production. This study was therefore conducted to assess the carcass characteristics, meat quality and fatty
acid profile of indigenous rabbits fed diets with or without PKOR replacing wheat bran. A total of 48 (14 weeks old)
indeterminate breeds of rabbit (24 males and 24 females) were selected from 144 rabbits grouped into two and fed
diets with or without PKOR inclusions for 8weeks. Data were analysed using the Analysis of Variance (ANOVA)
component of the Minitab Statistical Package (Minitab® Inc. version 17). Rabbits fed PKOR-based diets had higher
weights at slaughter, higher warm and chilled carcass weights, and higher dressing percentages than those fed
conventional rabbit diets. In addition, rabbits fed PKOR-based diets had higher fat contents and better muscle to
bone ratios; than those fed on the conventional diets. Sensory panellists rated the meat of the PKOR-fed animals as
more tender, juicier and with higher overall liking, probably due to the higher fat content of such meats. Compared
with that of the control diet, the n – 6/n – 3 fatty acid ratio, degree of saturation (S/P) and Atherogenic Index (AI) in
the meat significantly decreased (p < 0.05) with PKOR inclusion. Moreover, rabbits fed PKOR-based diets had
significantly higher (p < 0.05) polyunsaturated fatty acids (PUFA), as compared with those fed conventional diets,
thus, could be recommended as healthy meats to diabetics, cardiovascular and cancer patients.
Keywords: Meat quality. Carcass parameters. Rabbits; Fatty acid profile. Sensory evaluation

Introduction
The rabbit (Oryctolagus cuniculus), is an important source of good quality meat which is accepted by
many consumers in Ghana, and in other countries, including China, Italy and Spain (FAOSTAT, 2005).
Rabbit meat consumption is increasing for the following reasons; it is classified as white meat (which is
preferred by many consumers), it has high protein content but low in fat and cholesterol (Moreno, 1991).
The meat is also highly palatable and is easily used to substitute for chicken in Ghana and in some West
African countries like Nigeria (Moreki, 2007). Rabbit meat is reported to produce less uric acid during
metabolism; therefore, its consumption is being encouraged for good health, especially for diabetics,
hypertensive patients and the aged (Iyeghe-Erakpotobor, 2007). Reproductive wise, rabbits have
relatively higher litter size with short gestation period, so multiply within a short period of time
(Akinmutimi et al., 2006).
In Ghana, the breeds of rabbits available for commercial production are indeterminate due to
multiple crosses between unspecified breeds of rabbits. Meanwhile, these rabbits are noted to survive and
reproduce very well, even under unfavourable environmental and husbandry conditions; thus, are very
suitable for the Tropical climatic conditions. There is however, little published literature on the carcass
and meat characteristics, as well as fatty acid profile of these rabbit breeds in Ghana.
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Dry season feeding of rabbits has been a major challenge to most commercial rabbit farmers in
Ghana, as farmers complain about high costs of feed ingredients to formulate conventional rabbit rations.
In response to this, scientists have been investigating the potential of cheaper and readily available
alternative ingredients, to reduce the cost of feeding and also possibly increase the unsaturated fatty acid
composition of the meat. Modifying the type and amount of fatty acids (FA) in animal products is
particularly important as a means of enhancing the nutritional properties of animal-based foods or
decrease the potential negative effects of some saturated FA on human health (Martínez Marín, 2011).
One of such ingredients with potential for use in livestock rations, is palm kernel oil residue (Odoi et al.,
2007).
Palm kernel oil residue (PKOR) is the solid waste obtained after manual extraction of oil from the
kernels of oil palm (Elaeis guineensis) fruits by cottage industries. PKOR is usually dumped in the
locality where the oil is extracted, causing nuisance to residents as a result of the oil getting rancid and
emitting offensive odour. It also pollutes the soil and nearby water bodies when the oil seeps into the soil.
Meanwhile, several studies have reported that PKOR is a very good feed ingredient which promotes
growth and reduces cost of feeding poultry, pigs, sheep and goats (Odoi et al., 2007; Stein et al., 2015).
Previous studies by Nuamah (2017) used PKOR to replace wheat bran at 25%, 50% and 100% inclusions,
and reported significantly higher (p < 0.05) growth rates and reduced cost of feeding rabbits when PKOR
was used to replace 50% of wheat bran in rabbit rations. The author consequently recommended the feed
to livestock farmers, who are currently using it for rabbit production with proven results. However,
several studies reported variations in the fatty acid profile when oil seeds or their by-products are fed to
livestock (Ayerza and Coates, 2000; Peiretti and Meineri, 2008).
The objective of this study was therefore to assess the fatty acid profile, carcass and meat
characteristics of indigenous Ghanaian rabbits fed diets with or without PKOR as substitute for 50% of
wheat bran in rabbit rations.
Materials and methods
Study area
The study was conducted at the Meat Processing Unit and Laboratories of the School of Agriculture,
University of Cape Coast, Ghana. The area experiences a bimodal rainfall regime with a mean annual
rainfall of 920mm. The study area has a mean annual temperature of about 23 0C and relative humidity is
generally high (90%) in the night, but decreases gradually to about 70% during the day.
To comply with ethical requirements, this study had prior approval from the Institutional Review
Board (IRB) of the University of Cape Coast, Ghana.
Animals used
A total of 48 (14 weeks old) indeterminate breed of rabbits (24 males and 24 females) were selected from
144 rabbits grouped into two. Each group was fed on diets with or without PKOR as substitute for 50% of
wheat bran, for a period of 8 weeks. The animals used were weaned at 6 weeks old, and were placed on
the experimental feed for 8 weeks, thus, the rabbits were slaughtered at 14 weeks old.
Experimental feed
Earlier studies by Nuamah (2017) used PKOR to replace 25%, 50% and 100% of wheat bran in
commercial rabbit ration, and reported higher growth rates and lower costs of feeding animals on the diet
with PKOR replacing 50% of wheat bran. Consequently, the feed is currently being used by commercial
rabbit farmers, hence this study assessed the effect of that feed on carcass, meat quality and fatty acid
profile of the meat. The feed composition for this study was therefore based on the recommendations of
Nuamah (2017).
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The ingredient composition of the feeds, and their proximate composition, are presented in Tables 1 and 2
respectively.

Table 1Ingredient composition of the experimental feed
Ingredients (%)
Feed 1 (Control)
Wheat bran
35.00
PKOR
Soyabean meal
15.00
Fish meal
3.00
Oyster shells
1.45
Common Salt
0.30
Vitamin/mineral premix
0.25
100

Feed 2 (PKOR-based)
17.50
17.50
15.00
3.00
1.45
0.30
0.25
100

Table 2Proximate composition of the experimental feed
Parameter (%)
Feed 1 (Control)
Feed 2 (PKOR-based)
SED
P-value
Dry matter
86.36a
85.28b
0.58
0.018
b
a
Protein
18.56
20.15
0.43
0.000
Ash
8.42a
6.17b
0.71
0.006
Ether Extract
6.31b
9.11a
0.22
0.000
b
a
Fibre
4.49
5.03
0.33
0.004
CHO
53.55a
49.80b
0.71
0.001
Means within the same row with different superscripts are significantly different (p<0.05); SED =
Standard Error of Difference; CHO = Carbohydrate.
Slaughtering of Animals and primary processing
Approval was granted by the Institutional Review Board (IRB) of the University of Cape Coast for ethical
approval for the use of live animals in the research. A total of 48 rabbits (24 males and 24 females) were
randomly selected and weighed with an electronic scale (Sartorius, CP 245S) after 12hours of feed
withdrawal (water was however, not withdrawn).
Prior to slaughter, the rabbits were stunned with a captive bolt pistol, Matador SS3000 (Termet,
France) to induce brain dysfunction and cause immediate loss of sensibility, and was immediately
followed by a ventral neck incision with a sharp knife (GIESSER, Germany) to sever the major blood
vessels in order to cause blood loss and death. Carcasses were bled for a duration of 90 seconds. The bled
carcasses were then scalded in warm water, at a temperature of about 80 C for approximately 60 seconds,
and the furs were scraped-off with sharp knives. The de-furred carcasses were washed and eviscerated,
after which they were again washed with treated water. The dressed carcasses were weighed and stored in
a refrigerator at 4ᵒC, and re-weighed after 24 hours of chilling, to determine the chilling loss. The heart,
kidney, lungs and liver were all separated and each component was weighed.
Dressing percentage
The live weight of the animals was taken prior to stunning, and carcasses were weighed after evisceration,
to calculate the dressing percentage as follows:
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Chilling loss
The eviscerated carcasses were weighed before chilling, and reweighed after chilling at 4⁰C for 24 hours.
The chilling loss was calculated as follows:

pH45 and pHu
Digital pH meters (3510 Jensay) were obtained and calibrated using pH4 and pH7 buffer solutions under
room temperature (26⁰C) conditions. The pre-rigor pH of the carcasses (taken 45 minutes after slaughter),
and the ultimate pH (pHu, taken after 24 hours of chilling), were taken by making incisions along the
Longissimus thoracis et Lumborum muscles of the carcasses, and the pH meter was inserted into the
incised muscle. The readings were taken at approximately 1 minute after insertion of the pH meter.
Laboratory Analyses of Meat samples
Leg muscles of the rabbits - Semitendinosus, Semimembranosus, and Biceps femoris were mixed and
blended using a domestic blender (Binatone, BLG-621), to determine the proximate and mineral
compositions of the meat. The crude protein content was determined using the Kjeldahl method, ether
extract using the Soxhlet apparatus, moisture and ash contents according to the methods described by the
AOAC (2000).
Bone to muscle ratio of the carcasses
The chilled carcasses were weighed (Sartorius, CP 245S), after which they were deboned. The muscles
and the bones were weighed separately, to determine the proportion of muscle to bones.
Sensory evaluation of the meat
Sensory evaluation of the meat was conducted to assess their sensory characteristics. A total of twenty
panelists, comprising staff and students of the University of Cape Coast, were randomly selected and
trained, according to the British Standard Institution (BSI, 1993) guidelines to evaluate the meat products.
The Longissimus thoracis et Lumborum muscles of the rabbits were weighed using a digital scale
(Sartorius, CP 245S) and grilled in an electric oven (Turbofan Blue Seal, UK), to a core temperature of
about 72 ᵒC. The grilled meat was weighed and sliced into uniform sizes (about 2 cm2) and wrapped with
coded aluminum foils, before presenting to the trained panelists. Each panelist was provided with a
private booth, to avoid influences from other panelists. In addition, each panelist was provided with water
and pieces of bread to serve as neutralizers in-between tasting of meat.
A five-point category scale, as described by Teye, Apori and Ayeida (2015) with few
modifications, was used to describe the products as follows:
Colour: very pale (1), pale (2), intermediate (3), dark (4), very dark (5)
Off-odour: very weak (1), weak (2), intermediate (3), strong (4), very strong (5)
Tenderness: very tough (1), tough (2), intermediate (3), tender (4), very tender (5)
Juiciness: very dry (1), dry (2), intermediate (3), juicy (4), very juicy (5)
Rabbit flavour intensity: very weak (1), weak (2), intermediate (3), strong (4), very strong (5)
Overall liking: dislike very much (1), dislike (2), intermediate (3), like (4), like very much (5)
Fatty acid profile analyses
The oil extraction and the GC–MS analyses of the extracted oil were undertaken at the central laboratory
of the Chemistry Department of the University of Cape Coast, Ghana. The methods described by OpokuBoahen and Barku (2007) were adopted with few modifications. The Longissimus thoracis et lumborum
muscles were blended and extracted with petroleum ether (40-60) in a Soxhlet apparatus for 8 hours. The
extract was evaporated under reduced pressure, to afford a pale-yellow oil. Sulphuric acid in Methanol
(10%, 1ml) was added to the oil (0.92g, 1m) in a 15ml centrifuge tube. The solution was purged with N 2
52

by bubbling with N2 gas for 3 minutes. The tube was quickly corked with screw cap and was heated to
120⁰C for about 90 minutes. The sample was cooled to room temperature and extracted with hexane
(3x5ml). The upper hexane layer was transferred into another tube with a pipette, and evaporated to afford
1ml of the fatty acid methyl ester (FAME).
The extract was diluted with 1.0 mL of hexane (GC grade) and 1.0 µL aliquot of the resulting
solution was injected (split injection mode) into a Shimadzu GC–MS (QP 2020) equipped with an RTx 5
MS column (30 m x 0.25 mm i.d x 0.25 µm film thickness). The temperature was programmed for 50 oC
for 1 min, increased to 200 oC at 20 oC/min, and then held at 290 oC for 3 min. The time interval between
evaporation and injection was minimized in order to prevent oxidation. All mass spectra were conducted
by electron impact. Identification of methyl esters was accomplished by comparing retention times and
mass spectra of unknowns with three referenced libraries of mass spectra (NIST-14s, NIST-14 and
WILEY-8). The instrumental conditions are presented in Table 3.
Table 3: The GC-MS Parameters
Oven
Initial column oven temperature
Injection temperature
Detector interface temperature
Final Temperature

50 oC
280 oC
250 oC
290 oC

Column
Length
Internal diameter
Column thickness
Carrier gas
Carrier gas pressure
Linear velocity
Total flow
Column flow
Flow control mode
Injection mode
Split ratio

30 m
0.25 mm
0.25µm
Helium
500-900
47.2 cm/sec
6.4 mL/min
1.69 mL/min
Linear velocity
Split
1/30

Mass Spectrometer
M/z range
Ion source temperature
Interface temperature

35 to 500 amu
230 oC
280 ⁰C

The saturation (S/P) and atherogenic index (AI) were computed according to the formula of Ulbricht and
Southgate (1991), as follows:
Saturation (S/P) = (C14:0 + C16:0 + C18:0)/ ⅀MUFA + ⅀PUFA
AI = [C12:0 + 4(C14:0) + C16:0)]/ [ ⅀MUFA +⅀ (n – 6) + ⅀ (n – 3)]
Where PUFA and MUFA are polyunsaturated fatty acids and monounsaturated fatty acids respectively.
Data analysis
Data obtained from the study were analysed using the Analysis of Variance (ANOVA) component of the
Minitab Statistical Package (Minitab® Inc. version 17). Where significant differences were found, the
means were separated using the Tukey test, at 5% level of significance.
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Results and Discussion
The carcass and organ weights of the experimental rabbits, are presented in Table 4
Table 4: Carcass and organ weights (g) of the experimental rabbits
Parameter
Feed 1 (control)
Feed 2 (PKOR-based)
SED
P-value
Weight at slaughter
1926.20b
1977.10a
20.45
0.002
b
a
Warm Carcass weight
1193.90
1346.70
15.68
0.008
Chilled carcass weight
1168.50b
1300.00a
15.93
0.000
Head weight
138.77b
158.33a
4.70
0.005
Lungs weight
13.39
14.78
1.75
0.308
Heart weight
4.15
4.55
0.97
0.339
Kidney weight
11.15
10.44
1.37
0.399
Liver weight
57.77
56.22
3.53
0.778
Dressing %
61.98b
68.11a
2.06
0.000
Chilling loss %
2.13
3.47
0.34
0.440
Muscle weight
652.46b
825.67a
2.46
0.00
Bone weight
209.34
214.18
1.96
0.12
pH45
6.65
6.52
0.41
0.108
pHu
5.64
5.56
0.44
0.349
Means within the same row with different superscripts are significantly different (p<0.05); SED =
Standard Error of Difference; pH45 = pH of carcass taken at 45 minutes after slaughter; pHu =
Ultimate pH – taken after 24 hours of chilling carcasses
The rabbits, at the point of slaughter, weighed between 1926 and 1977 g (Table 4). Those fed with the
PKOR-based diets were significantly (p < 0.01) heavier than those on the commercial rabbit ration. This
observation might be due to the higher (p < 0.05) crude protein and fat contents of the PKOR-based diets
(Table 2). According to Pond et al. (1995), fat serves as a secondary source of energy, and diets which are
higher in energy and proteins provide better growth, than those with lower contents of these nutrients. The
dressing percentages of rabbits used in the current study, ranged between 61.98 and 68.11%, with those
fed with the PKOR-based diets having significantly (p < 0.001) higher dressing percentages than those
fed with the commercial rabbit feed. The dressing percentages recorded in this study were similar to those
of Bianospino et al. (2004), but were higher than the 45.3 – 50.2% recorded by Njidda and Isidahomen
(2011) when rabbits were fed with diets containing sesame seed meal. Similarly, Fielding (1991) also
recorded dressing percentages of rabbits between the range of 50 – 60 %. Differences in the dressing
percentages might be due to differences in parts of rabbits which are considered edible. In the present
study, the head formed part of the carcass, as it is a delicacy in Ghana and in other West African
countries. Other studies may exclude the head from the carcass, and that might result in lower dressing
percentages in such studies. That notwithstanding, higher dressing percentage of livestock is desired by
meat processors and consumers, because it translates into higher proportion of meat to non-meat parts,
and consequently, more meat for consumers. It was expected that slaughter weights of rabbits in this
study, would be lower than those used by Njidda and Isidahomen (2011), because feed used in the earlier
study had higher crude protein and fat contents than those used in the present study. In addition, the
rabbits in the previous study, were slaughtered at older ages (15 – 19 weeks old), compared with those in
the current study (slaughtered at 14 weeks old). The higher slaughter weights of rabbits in the current
study could imply that the breeds had better growth rates than those in the earlier study.
The organ weights of the rabbits were not significantly (p > 0.05) different among animals on the
different treatments. According to Teye et al. (2015), occurrence of disease in animals, is evident in
change in size/shape, weight and/or colour of visceral organs of animals. The similarity in weights of the
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organs of rabbits in the present study could imply that the PKOR did not impart negatively on the health
of the rabbits.
Animals fed with the PKOR-based diets had significantly (p < 0.05) higher muscle weights than
those on the control diets (Table 4). This is good news to meat consumers, because for every kilogram of
meat purchased, consumers expect to have more muscles to bones (Warriss, 2010), thus, the use of PKOR
in place of wheat bran in rabbit rations could be encouraged, for improved muscle to bone ratio of rabbits.
The pH of the carcasses was not significantly (p > 0.05) affected by the experimental feed.
However, it was generally observed that the pre-rigor pH (pH45) of all the carcasses were higher than 6.0,
whiles the ultimate pH (pHu) were lower than 6.0. This was expected, because according to Lawrie and
Ledward (2006), muscle glycogen reserves are converted to lactic acid post-mortem, and this causes pH
of the carcasses to fall below 6.0. Such muscles have been reported to have better storability than those
with higher pH, as the acidic medium creates an unconducive environment for bacterial activities (Warris,
2010).
The proximate and mineral compositions of meat of the experimental rabbits are presented in
Table 5.
Table 5: Proximate and Mineral compositions of the experimental carcasses
Parameters
Feed 1 (control)
Feed 2 (PKOR-based)
SED
P-value
Proximate composition (%)
Moisture
Ash
Crude Protein
Ether extract
Fibre
NFE

72.32
4.30
25.34
7.76b
0.62a
27.36

71.96
4.28
27.52
10.24a
0.54b
25.83

0.97
0.48
1.70
0.64
0.14
1.38

0.43
0.13
0.13
0.00
0.00
0.10

Mineral content of the meat (mg/100g)
Iron
6.20
5.16
0.069
0.179
Zinc
3.99
4.26
0.156
0.617
Potassium
346.73
353.06
0.224
0.142
Copper
2.26
2.57
0.069
0.202
Sodium
58.30
54.65
0.201
0.073
b
a
Phosphorus
79.33
88.28
0.269
0.019
Calcium
5.07
5.09
0.21
0.948
Magnesium
21.05
22.00
0.08
0.017
Means in the same row with different superscripts are significantly different (p<0.05); SED =
Standard Error of Difference; NFE = Nitrogen Free Extract.
The moisture, crude protein and ash contents of the meat were not significantly (p > 0.05) different
among animals on the different feed. The fat (ether extract) contents however, were significantly (p <
0.05) higher in the meat of animals fed with the PKOR-based diets. This observation could be due to the
higher fat content of the PKOR-based diets (Table 2), which provided additional energy to the rabbits,
and so excess energy provided was stored in the body of the animal as fats (Warris, 2010). Fat in meat, is
reported to improve juiciness, tenderness and flavour of meat and meat products (Teye et al., 2011).
However, excessive intake of dietary fats, especially those high in saturated fatty acids, has been
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associated with development of hypertension, cardio-vascular diseases and obesity (Bruhn et al., 1992;
Hongbao, 2006).
The mineral contents of the meat were similar (p > 0.05) among the experimental rabbits, except
for Phosphorus content which was significantly (p < 0.05) higher in the meat of animals fed with the
PKOR-based diets. Potassium was the most abundant of the minerals detected in this study (Table 5).
The values were however, lower than levels detected in earlier studies by Moreiras et al. (2004), Combes
(2004) and Hermida et al. (2006) who recorded Potassium levels of 404, 360 and 388 mg/100g
respectively. The Potassium levels from the current study confirm earlier reports that rabbit meat has
higher levels of Potassium, than meat of other livestock species (Hermida et al., 2006).
Sodium levels recorded in this study, were similar to those reported by Niinivaara and Antila
(1973); Combes (2004) and Hermida et al. (2006), who recorded Sodium levels of 60, 47 and 49 mg/100g
in rabbit meat respectively.
The fatty acid composition of the Longissimus thoracis et Lumborum muscles of the experimental
rabbits, is presented in Table 6.
Table 6: Fatty acid composition of Longissimus thoracis et Lumborum muscles of the experimental
rabbits
Fatty acid
Feed 1 (Control)
Feed 2 (PKOR-based)
C12:0
0.64 ± 0.01
0.55 ± 0.02
C14:0
3.89 ± 0.12b
7.52 ± 0.09a
C14:1
0.51 ± 0.01
0.61 ± 0.03
C15:0
0.33 ± 0.02
0.82 ± 0.05
C16:0
20.21 ± 0.14a
10.34 ± 0.02b
C17:0
1.41 ± 0.02b
4.31 ± 0.01a
C17:1
0.36 ± 0.01
3.41 ± 0.03
C18:0
5.69 ± 0.12
4.87 ± 0.13
C18:1
16.84 ± 0.06a
10.42 ± 0.06b
C18:2 (n - 6)
20.79 ± 0.00b
25.07 ± 0.02a
b
C18:3 (n - 3)
7.84 ± 0.04
12.24 ± 0.08a
b
C20:4 (n - 6)
1.25 ± 0.02
3.42 ± 0.06a
SFA
32.17 ± 0.42a
28.41 ± 0.30b
a
MUFA
17.71 ± 0.08
14.44 ± 0.12b
PUFA
29.88 ± 0.06b
40.73 ± 0.16a
b
PUFA (n - 3)
7.84 ± 0.04
12.24 ± 0.08a
b
PUFA (n - 6)
22.04 ± 0.02
28.49 ± 0.08a
n – 6/n - 3
2.81 ± 0.01a
2.33 ± 0.06b
a
Saturation (S/P)
0.63 ± 0.01
0.41 ± 0.00b
a
Atherogenic Index
0.86 ± 0.02
0.74 ± 0.01b
Means in the same row with different superscripts are significantly different; SFA = saturated fatty
acids, MUFA = monounsaturated fatty acids, PUFA= polyunsaturated fatty acids; PUFA (n – 6) =
polyunsaturated fatty acid series n – 6; PUFA (n - 3) = polyunsaturated fatty acid series n – 3; S/P =
saturated fatty acid/unsaturated fatty acid
Contrary to expectations, the saturated fatty acids (C14:0) and (C17:0) were significantly (p < 0.05)
higher in the meat of animals fed with the PKOR-based diets, compared with those on the conventional
diets. This observation might be due to the high levels of the fatty acid C14:0 contained in palm kernel oil
(Musa, 2009; Chow, 2007). Such long-chain fatty acids are reported to have greater likelihood of being
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deposited in the adipose tissues of non-ruminant species (Chow, 2007; Gondret et al., 1998), and that
could have accounted for the higher levels of C14:0 in the meat of animals fed with the PKOR-based
diets. The PKOR inclusion in the diets however, significantly (p < 0.05) reduced the saturated fatty acid
C16:0, and consequently reduced (p < 0.05) the total saturated fatty acid (SFA) content of the meat.
Similarly, meat of rabbits fed with the PKOR-based diets had significantly higher (p < 0.05)
polyunsaturated fatty acids (PUFA), but lower n – 6/n – 3 fatty acid ratios, degree of saturation (S/P), and
Atherogenic Index (AI) as compared with those fed conventional diets (p < 0.05). These observations
were similar to findings of Peiretti and Meineri (2008), who observed significantly lower (p < 0.05) SFA
levels, S/P, PUFA and Atherogenic index in meat of rabbits supplemented with Salvia hispanica seed
meal. According to Cobos et al. (1993), inclusion of oils derived from soybean, sunflower and rapeseed to
rabbit rations, increased the proportion of unsaturated fatty acids, resulting in higher degree of
unsaturation in the meat.
Findings from this study agree with those of Ayerza et al. (2002); Dal Bosco et al. (2004);
Peiretti et al. (2007); Peiretti and Meineri (2008), who fed oil seeds or their by-products to rabbits, and
observed reduced levels of saturated fatty acids in the meat. According to Oliver et al. (1997), the use of
vegetable fats in rabbit rations, increases the unsaturation of depot lipids and reduce the n – 6/n – 3 ratios
(Dal Bosco and Castellinni, 1998).
In the present study, the n – 6/n – 3 fatty acid ratios reduced from 2.81 to 2.33. These ratios are
usually used to describe the dietary value of fats, and the lower the ratio, the better the value (Peiretti and
Meineri, 2008). PKOR inclusion to the diets of the rabbits reduced significantly (p < 0.05) the S/P ratios
of the meat, to values lower than the ratio of 0.45 recommended for balanced diets by the UK Department
of Health and Social Security (1994). This implies that such meat would improve the health conditions of
consumers who patronize it.
The Atherogenic Index from the present study, was significantly lower in the meat of rabbits fed with the
PKOR-based diets, than those on the control diets. The findings are similar to those of Peiretti et al.
(2007); Peiretti and Meineri (2008). Several research findings reported that meat containing higher levels
of unsaturated fatty acids is beneficial in prevention of atherosclerosis and coronary heart diseases
(Wolfram, 2003; Russo, 2009). Long-term diets containing monounsaturated fatty acids have also been
reported to reduce platelet aggregation and decrease plasma LDL-cholesterol levels (Smith et al., 2003).
Unsaturated fatty acids are also very essential in the body for balancing of hormones, keeping of skin and
arteries supple, lubrication of joints as well as forming significant component of body cells (Tabas, 2002).
The sensory characteristics of meat from the experimental rabbits are presented in Table 7.
Table 7: Sensory characteristics of meat from the experimental rabbits
Parameter
Feed 1 (Control)
Feed 2 (PKOR-based)
SED
P-value
b
a
Colour
2.64
3.96
0.13
0.034
Off-odour
1.80
1.91
0.12
0.061
b
a
Tenderness
2.35
3.94
0.63
0.028
Juiciness
3.04b
4.16a
0.46
0.033
Rabbit flavour intensity
4.32
4.51
0.69
0.160
b
a
Overall acceptability
3.69
4.38
0.12
0. 010
Means with different superscripts are significantly different; SED=Standard Error of Difference.
The off-odour and rabbit flavour intensity of the meats were not significantly (p > 0.05) different
between the treatments. Colour was however, significantly (p < 0.05) different, with meat of animals on
the control diets appearing darker than those on the PKOR-based diets. This observation might be due to
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the relatively higher fat contents of the meat of animals on the PKOR-based diets. According to Lawrie
and Ledward (2006), meat with higher fat content appear relatively pale, compared with lean meat from
the same livestock species. The tenderness and juiciness were rated significantly (p < 0.05) higher in meat
of animals fed with the PKOR-based diets. These observations could be attributed to the higher fat
contents of the PKOR-based diets. Several studies reported increased juiciness and tenderness with
increases in fat content in meat (Berry and Wergin, 1993; Troy et al., 1999). Fat in meat plays a major
role in improving water holding capacity and binding properties, forming rheological and structural
properties that trap moisture in the products to improve juiciness (Hughes et al., 1997; Pietrasik and
Duda, 2000; Teye et al., 2012). The improved juiciness and tenderness of the meat of rabbits fed with the
PKOR-based diets, probably resulted in the significantly (p < 0.05) higher overall liking of such meat.
Conclusions
Rabbits fed with PKOR-based diets had higher live weights at slaughter, higher warm and chilled carcass
weights, and also higher dressing percentages than those fed with conventional diets (p < 0.05). In
addition, meat of rabbits fed PKOR-based diets had higher fat content and better muscle to bone ratio.
Moreover, the use of PKOR in the feed of rabbits resulted in significantly higher (p < 0.05)
polyunsaturated fatty acids (PUFA), but lower n – 6/n – 3 fatty acid ratios, degree of saturation (S/P) and
Atherogenic Index (AI) as compared with those fed with conventional diets (p < 0.05). Sensory panellists
rated meat of the PKOR-fed animals as more tender, juicier and with higher overall liking. PKOR can
therefore be used to substitute 50% of wheat bran in rabbit rations for improved carcass yield, and higher
levels of unsaturation of the fatty acids in the meat. Where meat is intended to be stored for future use, it
is recommended that such meats should be vacuum packed and kept frozen at -18 ⁰C or lower, to
minimize chances of lipid peroxidation and consequent rancidity.
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Abstract: The present study was conducted to analyze the carcass characteristics of New Zealand White rabbits
reared under tropical conditions of India. For this study, a total of 38 male rabbits of 4 – 5 months age selected
randomly from PGRIAS station, TANUVAS, Tamilnadu, which were fed with concentrate (16% CP) and
Desmanthus fodder during the rearing period. After, the animals were slaughtered by cutting the jugular veins and
carotid arteries, various carcass parameters and cut up parts weight were recorded and analyzed as per the standard
methods. In the present study, the mean live weight at slaughter and carcass weight observed were 1772.63 ± 40.65
g and 911.92 ± 21.05 g respectively with a dressing percentage of 51.55 ± 0.56 and an edible to inedible ratio of
1.69 ± 0.04. The average value of various cut up parts such as fore limb weight, thorax weight, loin weight,
abdominal flap weight, rump and hind limb weight and shank weight were 141.91 ± 4.37 g, 177.44 ± 4.96 g, 168.74
± 4.98 g, 67.31 ± 2.05 g, 292.30 ± 6.95 g and 51.13 ± 1.29 g respectively which shows high correlation with live
weight especially the prime cut up parts such as loin (0.805), rump and hind limb (0.908) with a significance level of
0.01. From the study, it is evident that among the various foragers like sheep, goat, cattle and rabbit, the dressing
percentage of the rabbits seemed to be high with better meat to bone ratio.
Keywords: Carcass weight, Cut up parts, Dressing percentage, New Zealand White, Rabbits

Introduction
In the last decade, meat consumption of the world is increasing especially in the developing
countries of Asia. In India, more than 71% of people over the age of 15 are non-vegetarians (sample
registration system (SRS) baseline survey, 2014). The annual meat production of India is 7.4 MT with a
growth rate of 5.21% for the year 2016-17 (BAHS, 2017). Even with steady growth of meat production,
the average per capita availability of meat is around 6 kg/year against the Indian Council of Medical
Research recommendation of 11kg/year. Dependence on food animals becomes higher to satisfy the
protein requirement of growing human population. The change in consumption pattern and admirable
nutritional qualities paves a great demand for rabbit meat production in the recent years in India. Rapid
growth and technological innovations lead to the structural changes in the livestock sector, of which
rabbitry is gaining popularity for meat production because of its least dependence on the concentrate diet.
Rabbit meat has high nutritional qualities with outstanding dietetic properties. The protein content of
rabbit meat is around 21% and total mineral content is 1.5%. The sodium content of rabbit meat is low
(49 mg/100 g) while phosphorus level is high (277 mg/100 g). A cholesterol content of 59 mg/100 g and
omega 6/omega 3 ratio of 5.9 make rabbit meat attractive for health purposes (Combes, 2004).
World rabbit population is around 316.69 million and meat production is approximately 1.43
million MT (FAOSTAT, 2016). The contribution of India is very meager in rabbit meat production.
Researches about rabbits on meat production aspect under Indian climatic conditions are very scanty. The
dressing percentage is a very important economic variable in the rabbit market. The knowledge about
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dressed carcass yield and various cut up parts is essential to assess the meat production of rabbits. Carcass
presented in cut up parts provides a variety of options to purchasers for meat handling, packing and
conformity assessment, which conform to good commercial practice for meat and meat products intended
to be sold in international trade (UNECE Standard for Rabbit Meat- Carcasses and Cuts – 2013).
Information on carcass characteristics is therefore helpful for the effective utilization of rabbit meat
(Fernandez and Fraga, 1996).
Materials and methods
The study was carried out at Post Graduate Research Institute in Animal Sciences, Kattupakkam
which is located at 12º336‟N latitude and 80°04‟E longitude near Chennai, Tamil Nadu. The station is
situated at 45 m above mean sea level and receives an average rainfall of around 1136 mm. The average
temperature is 28.4°C ranging from 38°C to 19.4°C.
After the weaning period of 42 days of age, the rabbits were reared as a pair in galvanized battery
cages of 2 x 1.5 ft size under standard farm conditions.The animals were fed with concentrate of around
40 g / kg live body weight in the forenoon and Desmanthus fodder of around 200 g/animal in the
afternoon hours during the rearing period. The concentrate (16% CP) was usually presented as wet mash
to the animals.
A total of 38 male New Zealand White rabbits aged 4 to 5 months were selected randomly and
slaughtered after an overnight feed withdrawal. Slaughtering is conducted by cutting the jugular veins and
carotid arteries (Deltoro and Lopez, 1985). Parameters like live weight, weight after blood loss to estimate
the blood loss, head weight, dressed head weight, carcass weight, various organ weights, pelt weight and
cut up parts weight viz. fore limb, thorax, loin, abdominal flap, shank and rump with hind limb were
recorded and analyzed as per the standard methods (Snedecor and Cochran, 1967). Degree of associations
was considered between variables by Pearson Correlation Coefficient using IBM SPSS statistics data
editor.
Results and discussion
The data pertaining to the live weight, blood loss, carcass weight, edible and inedible visceral
weight are expressed in mean values and percentage in Table 1.
Table 1. Carcass characteristics of rabbits (Mean ± S.E. & percentage in proportion to the live
weight ± S.E.)
Mean value
Parameters
Mean value (g)
(Percentage of the live
weight)
Live weight
1772.63 ± 40.65
Head weight

168.84 ± 4.27

9.52 ± 0.21

Dressed head weight

100.32 ± 2.48

5.66 ± 0.10

Carcass weight

911.92 ± 21.05

51.44 ± 0.56

Carcass weight with giblet

1012.24 ± 23.04

57.10 ± 0.06

Carcass weight with giblet and dressed head

1081.2 ± 23.60

60.99 ± 0.63

Edible parts weight
Heart weight

6.53 ± 0.44

0.37 ± 0.03

Liver weight

51.05 ± 1.77

2.88 ± 0.08

Kidney weight

11.34 ± 0.46

0.64 ± 0.03

Abdominal fat weight

23.74 ± 2.43

1.34 ± 0.13
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Inedible parts weight
Blood loss

57.47 ± 2.99

3.24 ± 0.14

Pelt weight (with feet)

290.11 ± 12.7

16.37 ± 0.43

Lungs weight

11.97 ± 0.70

0.68 ± 0.04

Intestine weight

304.05 ± 11.04

17.15 ± 0.58

Overall edibles weight

1104.94 ± 24.97

62.33 ± 0.68

Overall inedibles weight

663.61 ± 18.84

37.44 ± 0.56

Edibles : inedibles ratio

1.66 ± 0.04

The mean live weight at slaughter, blood loss and carcass weight were 1772.63 ± 40.65 g, 57.47 ±
2.99 g, 911.92 ± 21.05 g. The dressing percentage of New Zealand white rabbits obtained in this study
was 51.44 ± 0.56 which was higher compared to other studies (Yalç n et al., 2006; Murshed et al., 2014;
Ghosh and Mandal, 2007 and Bianospino et al., 2004.)
The overall dressed carcass weight with giblet and dressed head was 1081.2 ± 23.60 g with a
percentage of 60.99 ± 0.63 which was higher compared to Yalcin et al. (2006) who studied the meat
characteristics of New Zealand White rabbits at Turkey.
The overall mean organ weights were heart 6.53 ± 0.44 g, liver 51.05 ± 1.77 g, kidney 11.34 ±
0.46 g, abdominal fat 23.74 ± 2.43 g and lungs with trachea 11.97 ± 0.70 g which was 0.37 ± 0.03 %, 2.88
± 0.08 %, 0.64 ± 0.03 %, 1.34 ± 0.13 % and 0.68 ± 0.04 % of live body weight respectively. The values
were in resemblance with Yalcin et al. (2006) and slightly higher compared to indigenous rabbits of
Bangladesh (Murshed et al., 2014)
The mean value of edibles (dressed carcass with head, giblet and fat) and inedibles were 1104.94
± 24.97 g and 663.61 ± 18.84 g which contributes 62.33 ± 0.68 % and 37.44 ± 0.56 % of live body weight
respectively with an edible and inedible ratio of 1.66 ± 0.04. Whereas, Ghosh and Mandal (2007)
observed lower values of inedibles weight and better ratio of edibles to inedibles in their study but on
soviet chinchilla males.
The average value of various cut up parts such as fore limb weight, thorax weight, loin weight,
abdominal flap weight, rump and hind limb weight and shank weight were 141.91 ± 4.37 g, 177.44 ± 4.96
g, 168.74 ± 4.98 g, 67.31 ± 2.05 g, 292.30 ± 6.95 g and 51.13 ± 1.29 g respectively. The percentage of the
various cut up parts in relation to the dressed carcass weight are expressed in Table 2.
Table 2. Cut Up parts of rabbit carcass (Mean ± S.E. & percentage in proportion to the dressed
carcass weight ± S.E.)
Mean value
Parameters
Mean value (g)
(Percentage of the dressed
carcass weight)
Fore limb weight
141.91 ± 4.37
15.78 ± 0.26
Thorax weight
177.44 ± 4.96
19.74 ± 0.30
Loin weight
168.74 ± 4.98
18.73 ± 0.24
Abdominal flap weight
67.31 ± 2.05
7.51 ± 0.16
Rump + hind limb weight
292.30 ± 6.95
32.54 ± 0.21
Shank weight
51.13 ± 1.29
5.71 ± 0.09
The correlations among various carcass traits are given in Table 3. In the present study,
significantly high association observed between the live weight and various carcass traits. The correlation
observed between the live weight and dressed weight in this study was similar to Murshed et al. (2014).
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Of the various cut up parts, loin, rump and hind limb were considered as the prime cut up parts because of
its high meat to bone yield. In the present study, the prime portions of cut up parts such as loin, rump and
hind limb showed a high correlation with live weight and dressed weight which was in accordance with
the previous studies of Metzger et al. (2011) and Michalik et al. (2006) but lower compared to Nwagu et
al. (2009) and higher compared to Murshed et al. (2014). In the dressed carcass yield about 50 % is
contributed by the loin, rump and hind limp. These are the prime portions of the carcass with high meat
yield. Significant correlation of the portions with live weight suggests that the live weight of rabbit is
highly correlated with meat yield and high meat to bone ratio.

LW

Table 3. Correlation coefficients among various carcass traits
DW
FLW
TW
LOW
AFW
RHLW
.897

**

.773

**

.662

**

.805

**

.628

**

.908

SW

**

.735**

LW

1

DW

.897**

1

.818**

.835**

.898**

.679**

.958**

.777**

FLW

.773**

.818**

1

.463**

.807**

.411**

.768**

.552**

TW

.662**

.835**

.463**

1

.625**

.640**

.771**

.672**

LOW

.805**

.898**

.807**

.625**

1

.565**

.820**

.582**

AFW

.628**

.679**

.411**

.640**

.565**

1

.574**

.558**

RHLW

.908**

.958**

.768**

.771**

.820**

.574**

1

.756**

.735**
.777**
.552**
.672**
.582**
.558**
.756**
1
SW
**. Correlation is significant at the 0.01 level (2-tailed).
LW – Live weight, DW – Dressed weight, FLW – Fore limb weight, TW – Thorax weight, LOW –
Loin weight, AFW – Abdominal flap weight, RHLW – Rump and Hind limb weight and SW – Shank
weight
The dressing percentage of various animals like beef cattle, sheep / goat, swine, turkey and
chicken were 57-64, 49-52, 68-72, 77-81 and 70-72 respectively (Aberle et al., 2001). In general among
the foragers reared under tropical conditions, rabbit has a better feed conversion ratio of around 3.3 – 5.0
(Gupta et al., 2000) and the dressing percentage of the rabbits also seemed to be high with better edible to
inedible ratio which is very evident in this study. In future, rabbitry will definitely serve the nutritional
requirements of the world with a minimal input.
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Abstract: Rabbit meat is an interested alternative source of animal meat protein in Indonesia. The animals is easy to
raised and only needed small area. The purpose of this study was to determine the carcass characteristics of weaned
crossbred male New Zealand White rabbit at different temperatures (T 1 23-25 oC, T2 27-29 oC and T3 31-33 oC.
This research use 18 animals that raised for 6 weeks. Feeding the form of concentrate in the morning and forage in
the afternoon, giving an ad-libutum drinking water. Slaughtering was conducted on 12 rabbits that had been fasted
for 7 hours before being slaughtered. Results showed that the slaughter weight, carcass weight, percentage of
carcass, the weight of commercial pieces showed highly significant differences (P <0.01). Non carcass weights both
internal and external, non carcass percentage of internal and external, average weight of commercial pieces of the
rack, around the average percentage of commercial pieces and showed no difference (P>0.01). The higher the
ambient temperature will cause the decrease of cut weights that impact on the light weight and the percentage of
carcass. The temperature of treatment is best for generating a high carcass is 23-25 °C which is closer to the comfort
zone that is 21 oC.
Keywords: Rabbit meat, Environment Temperature, Commercial Cut

INTRODUCTION
Rabbit is one of the livestock suppliers of meat. Rabbits seen from the aspect of reproduction are
productive livestock. If these animals are managed intensively, they can breed 4-8 times a year (Sarwono,
2005). The advantage of rabbits is fast growth. Therefore it is suitable to be farmed as a commercial meat
producer. The weight of a 58-day-old child is around 1.8 kg, the age weight of 4 months reaches 2-3 kg,
the average adult is 3.6 kg. After getting older the maximum weight reaches 4.5-5 kg. This New Zealand
White rabbit is classified as a large rabbit, because its adult weight reaches 4.5-5 kg. One of the
environmental factors that affect animal life is temperature. Temperature will have a different effect on
each individual animal. Rabbits will be more productive at ambient temperatures of 21 oC.
The condition of global waming will provide a nurturing environmental effect of rabbits which
causes rabbits to become stressed so that it can reduce the quality of production and slow down the
growth of rabbits. Animal growth can be measured based on body weight gain, changes in body size and
shape, this is caused by changes in body components such as muscles, bones, fat and livestock organs.
Gillespie (2004) explained that the carcass percentage can be an indicator of meat productivity, the
percentage of rabbit carcasses ranged from 50-59% of the slaughter weight. The percentage of rabbit
carcass is smaller than chicken carcass (65-70%) and almost the same as the percentage of beef carcass
(53-56%) (Hapid, 2014 ). The character of carcass production based on differences in maintenance
temperature is still very limited, research explores rabbit productivity information as the basis for
developing livestock sub-sectors in the community so that rabbits can be bred to help meet protein needs.
The purpose of this study was to determine the carcass characteristics of the crossbred male New Zealand
White rabbits raised in different maintenance environments.
.
METHODS
Research Material used were 18 male New Zealand White croos bred rabbits with age of 6-8
weeks and an average initial body weight of 1069-1101 grams. The feed given was forage and
concentrate. Feed concentrate in the form of BR-1 produced by PT. Wonokoyo (at 07.00 a.m.). Forage
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feed in the form of field grass was given in the afternoon (at 15.00 p.m.). Forage feed in the form of grass
with concentrate, with a ratio of 70: 30 (Prasetyo, 2006). Drinking water is given every day by ad
libitum. The research method used in this study was an experimental research method using a completely
randomized design (CRD) with 3 treatments and 6 replications. The treatment given was maintenance of
rabbits with different temperature settings (23-25 oC, 27-29 oC and 31-33 oC) so that three treatments
were obtained:
T1
: Raised temperature 23-25 oC
T2
: Raised temperature 27-29 oC
T3
: Raised temperature 31-33 oC
Research Procedure
A. Cage Preparation
The temperature in the treatment is achieved by setting the temperature of the cage
with heaters and coolers controlled by the thermostat. T 1 (23-25 oC) by reducing the ambient
temperature using a blower modified with ice cubes and blue ice as a simple cooler, T 2 (27-29
o
C) using 5 10 watt incandescent lamps and T3 (31-33 oC using 5 10 watt incandescent lamps
and 5 40 watt incandescent lamps.Cages and equipment used in research are first cleaned.
Furthermore, the cages and equipment are purified using antibacterial Lisorin. The cage is
sprayed using Lisorin at a dose of 15 ml in 1 liter of water. Feed and drink sites are soaked in
antiseptic Lisorin with a dose of 15 ml in 10 liters of water then dried and put in a cage.
B. Raising
Raising is carried out for 6 weeks. Feeding is done twice a day, namely at 07.00 giving
concentrate and at 3:00 p.m. forage giving. Forages and concentrates given at a ratio of 70: 30 (Prasetyo
and Herawati, 2006). Provision of drinking water is given in ad-libitum.
C. Sampling and Data Collection
Four rabbits were randomly selected from each treatment to be cut, so that the total
rabbits cut were 12 in number. Before cutting, rabbits are fasted for 7 hours. Fasting aims to
empty the stomach (intestine) so that the skin and muscles become weak due to an increase in
glycogen content (Kartadisastra, 1997).
Slaughter is done by cutting the neck right in the trachea, jugular veins, carotid arteries
and esophagus. After the slaughter is complete, the rabbit is hanged by tying the back leg of the
tarsal part so that the blood is released smoothly.
Scaling is done in a dry or waterless manner, by separating the head, both front legs
and corpus and tail joints at the base. Then cut the skin on both back legs in a circle around the
wrist to the thigh and anus. The skin is peeled and slowly pulled down until the entire skin is
released from the rabbit.
The organ in the rabbit is removed by making an incision in the abdomen. Rabbit
carcass is cut commercially consisting of foreleg, rack, loin and hindleg.
Research Variables
Data collections carried out include:
Cut weight: The weight of a rabbit cut is weighed just before the rabbit is cut after 7 hours has been
fasted, stated gram/ head.
Carcass weight: Carcass weight was weighed after the rabbit was cut, skinned and then reduced blood,
head, lower legs, liver, tail, digestive tract and contents of the chest cavity except the kidneys,
expressed gram/ head.
Carcass percentage. "Carcass percentage =" "Carcass weight" / "Cut weight" "x 100%"
Non carcass weight
Non carcass weight is obtained by weighing all the non-internal carcass parts (digestive organs,
reproductive organs and cardiovascular organs), and non external carcasses (head, skin, fourth leg
lower tarsus and carpus) from rabbits, expressed as gram / head.
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Non carcass percentage.
"Non carcass percentage =" "Non carcass weight" / "Carcass weight" "x 100%"
Commercial cut weight
Commercial cut weight: rabbit carcass cut weight consisting of foreleg, rack, loin and hindleg,
expressed as gram/ head.
Commercial cut percentage
"Commercial discount percentage =" "Commercial pieces weight" / "Carcass weight" "x 100%"
The data were analyzed by analysis of variance. If there is any different, then continue by
Duncan's double distance test (Steel and Torrie, 1993). The mathematical model used:
Yij = μ + αi + €ij
where :
Yij
: observation value from the i treatment on the j repetition
μ
: general mean
αi
: the effect of the i treatment
€ij
: trial error from the i treatment on the j repetition
RESULTS AND DISCUSSION
The temperature in the cage used during the study ranged from 23-25 °C in the
enclosure T1, 27-29 ° C in the enclosure T2 and 31-33 ° C on the T3. Whereas the ambient
temperature at the research location ranges from 24-30 ° C with air humidity reaching 60-70 °
C. The average air temperature and room humidity during the study can be seen in Table 1
Table 1. Everage of Temperature (oC) and Humidity (%) in this Research
WeekTemperature
Humidity
1
27,60
63,33
2
28,19
60,33
3
27,57
62,29
4
27,50
62,05
5
27,33
63,29
6
27,14
63,05
Everage
27,5 + 0,35
62,3 + 1,14
Rabbits can be maintained in a fairly wide range of ambient temperatures, 10-30 oC. The average
temperature of each treatment is presented in Table 2. It is known that the temperature settings in each
treatment are as expected
Table 2. Everage of Temperature (oC) in Each Treatment
Week Number
T1
T2
T3
1
24,48
28,05
31,93
2
24,14
28,19
32,00
3
24,26
27,86
31,74
4
24,38
28,14
31,98
5
24,64
27,86
31,88
6
24,67
27,90
31,83
Everage
24,4 + 0,20
28,0 + 0,14
31,8 + 0,09
Cut Weight
Cut weight is the live weight of pre-cut rabbits that have been fasted for 7 hours, cutting weights
are the result of body weight gain during maintenance. Overall rabbit's weight is influenced by feed
consumption, slaughter weight will directly influence carcass weight, body fat weight and rabbit meat
quality. The average cut weight after 6 weeks of maintenance is shown in Table 3.
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Table 3. Average Cut Weight of the Rabbit of the Crossbred New Zealand White (g/ head)
Repetition
Treatment
Everage
1
2
3
4
P1
2254
2299
2231
2297
2270,2±33,40c
T2
2041
2027
2001
1978
2011,7±27,94b
T3
1916
1942
1933
1943
1933,5±12,50a
The results showed that the treatment gave a very significant difference (P <0.01) to the slaughter
weight. New Zealand White rabbits in the range of 80 days have an average cut weight ranging between
1900-2000 g and produce the same carcass weight ranging between 1100-1180g (Hernandez and Rubio,
2001). Table 3 shows that the higher the temperature of the maintenance environment greatly affects the
weight of the slices which tend to decrease. Templeton (1986) states that the rate of animal weight gain is
influenced by the quality and quantity of rations consumed and the temperature of the environment.
According to Decuypere and Buyse (2005), Kusnadi et al. (2006) high temperatures will stimulate the
decrease of thyroid hormone (triiodothyronine) which causes a decrease in oxygen consumption so that
the metabolism is disrupted and the growth of livestock is hampered
Carcass Weight and Percentage
The carcass weight is the result of weighing the body of the animal that has been cut, separated
by feet in the carpal and tar joint, head, skin, tail, blood, feces and innards (Figure 1). The percentage of
carcass is the result of carcass weight divided by rabbit cut weight and multiplied by 100%
(Reksohadiprojo, 1995). The average carcass weight of the Crossbred New Zealand White trabbits after
maintenance for 6 weeks is shown in Table 4.

Figure 1. Rabbit carcasses of research results.
Table 4. Everage Carcass Weight (g/head)
Repetition
Treatment
Everage
1
2
3
4
T1
1171
1254
1139
1234
1199,5±53,64c
T2
1050
1095
1074
1027
1061,5±29,44b
T3
941
959
971
969
960,0±15,71a
The results of the variance analysis showed very significant differences (P <0.01).
Temperature affects the difference in carcass growth, low temperatures lead to increased
efficiency of ration use. Energy will be used more quickly if animals experience heat stress. In
addition, heat stress will cause an increase in the number of stress hormones (glucocortocoid)
(Cooper and Washburn, 1998).
Muryanto and Prawirodigdo (1993) state that the higher the carcass weight, the higher the
percentage of carcass. The carcass weight obtained from the treatment of differences in maintenance
temperature gives results directly proportional to the slaughter weight of livestock. The higher the
ambient temperature causes decreased cutting weight which is also followed by a decrease in carcass
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weight. According to Soeparno (1994) genetic factors influence body composition which gives a
difference in weight distribution and chemical composition of carcass, proportion of bone, muscle and fat.
The percentage of carcass produced by the Crossbred New Zealand White rabbits during the
study was shoed at Table 5
Table 5. Average percentage of carcasses (%).
Repetition
Treatment
Everage
1
2
3
4
T1
51,95
54,55
51,05
53,72
52,8±1,60b
T2
51,45
54,02
53,67
51,92
52,8±1,27 b
T3
49,11
49,38
50,23
49,87
49,6±0,50a
The results of the variance analysis showed very significant differences (P <0.01). The
percentage of carcass is strongly influenced by carcass weight and live weight, because the
percentage of carcass is the carcass weight divided by its life weight and multiplied by 100
percent. Age, live weight and growth rate also influence carcass composition (Soeparno, 1994).
The results of this study are the same as the results of a study from Oteku and Lgene (2006)
which showed an average carcass percentage of 48-59%. The results of Duncan's analysis show
that the carcass percentage in T1 and T2 shows results that are not significantly different, but
very different when compared to T3. According to Templeton (1986) the percentage of young
rabbit carcass (fryer) is 50-54%, whereas in adult rabbits (roaster) produces a carcass
percentage of 55-65%), this proves that the carcass percentage obtained from T1 and T2 already
has criteria the good and the percentage of carcasses from T3 which are less than 50% show
unfavorable criteria. Unlike Templeton (1986), Kartadisastra (1997) states that the percentage
of good carcass of rabbit livestock ranges from 40-52% of its life weight. Hernandez and Rubio
(2001) compared New Zealand, Californian, Chinchilla and Rex rabbits and male and female
sexes, stating that the rabbit nation had no effect on the percentage of carcasses. Brahmantiyo,
Raharjo, Martojo, Mansjoer (2010) explained that gender does not affect the percentage of
carcasses in male and female rabbits
Weight and percentage of non carcasses
Non-carcass or commonly referred to as offal is the cut weight of livestock other than carcass, in
terms of non-carcass parts it can be divided into internal and external (Figure 2). Non-internal carcasses
are internal parts of the carcass consisting of digestive organs, reproductive organs and cardiovascular
organs. Whereas non-internal carcasses are parts that are outside the carcass such as the head, feathers,
front legs and rear part of the metatarsus. The average weight of the non-Crossbred New Zealand White
rabbits obtained from the results of the study is shown in Table 6.

Figure 2. Non-Internal and External Carcasses of Rabbit Research Results
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Table 6. Everage of Non Carcass Weight (g/head).
Treatments
T1
T2
T3
Internal
460,5±24,23
409,0±25,01
411,0±22,17
External
489,7±34,97
445,5±16,30
463,0±21,65
From this Table, weight of the non-carcass of the Crossbred New Zealand White rabbit
did not show a significant result (P>0.05) compared by the value of the internal non carcass
weight. These results indicate no significant difference between the treatments given.
Pamungkas, et al. (1992) state that the estimated carcass weight was not appropriate if it was
only based on its weight without being followed by the weight of internal and external noncarcass organs, so the non-carcass weight had an effect on carcass weight and could not be
estimated based solely on its weight. He also explained that the rate of non-carcass growth rate
was almost the same as the body's growth rate. Non-carcass weight can affect carcass weight,
because the higher non-carcass weight will cause the carcass weight to be produced to decrease
(Soeparno, 1994).
According to Soeparno (1994), nutrition affects the internal non carcass weight of the
body weight, so that organs associated with digestion and metabolism show changes in weight
that are in accordance with the nutritional and physiological status of livestock. Different
environmental temperatures of each treatment did not give a difference to the internal and
external non carcass weights. he difference in the weight of the non-carcass of the Crossbred
New Zealand White rabbit did not show a significant result with the value of the internal non
carcass weight T1 460.5 ± 24.23; T2 409.0 ± 25.0; T3 411.0 ± 22.17 and external T1 non carcass
weight 489.7 ± 34.97; T2 445.5 ± 16.30; T3 463.0 ± 21.65 These results indicate no significant
difference between the treatments given (P> 0.01). Pamungkas, et al. (1992) state that the
estimated carcass weight was not appropriate if it was only based on its weight without being
followed by the weight of internal and external non-carcass organs. So the non-carcass weight
had an effect on carcass weight and could not be estimated based solely on its weight.
Pamungkas, et al. (1992) explained that the rate of non-carcass growth rate was almost the
same as the body's growth rate. Non-carcass weight can affect carcass weight, because the
higher non-carcass weight will cause the carcass weight to be produced to decrease (Soeparno,
1994).
The percentage of non carcasses from each treatment with different temperatures showed no
significant difference (P> 0.01). The average percentage of internal carcasses of the Crossbred New
Zealand White rabbits as shown in Table 7. Templeton (1986) states that the percentage of carcass will
increase with increasing body weight, so that the body parts outside the carcass and digestive tract
decrease with increasing body weight.
Table 7. Everage of Non Carcass Percentage (%).
Treatments
Karakteristik
T1
T2
T3
Internal
20,3±0,96
20,3±1,27
21,3±1,16
Eksternal
21,6±1,80
22,1±0,71
23,9±1,22
Soeparno (1994) states that the percentage of non carcass is inversely proportional to
the percentage of carcass. The higher the percentage of non-carcass will reduce the percentage
of carcass and vice versa if the percentage of low carcass will increase the percentage of
carcass.
Caracteristic

Commercial Cut Weight and Commercial Cut Percentage
Commercial cuts are an interesting thing to study, because they can represent carcass weights
with the distribution of weights and how many pieces are generated to determine profits. Blasco et al.
(1993) state that a commercial retail value (first retail cuts) from a rabbit is a piece of hind legs, loin and
o
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forelegs while a rack piece is a discount with a lower economic value (second retail cuts) (Figure 3). The
average weight of the Crossbred New Zealand White rabbit carcass obtained from the results of the study
is shown in Table 8
Table 8. Everage of Commercial Cut Weight (g/head).
Treatments
Karakteristik
T1
T2
T3
Foreleg
195,2±10,31b
175,2±8,77ab
161,2±9,00a
Hindleg
481,0±14,17c
422,0±2,94b
391,2±12,37a
Rack
274,5±30,62
246,0±2,16
227,2±30,61
Loin
248,7±12,84b
218,2±30,40ab
180,2±18,82a

Figure 3. Commercial Pieces of Rabbit Research Results.
a: hindleg, b: loin, c: rack and d: foreleg.
Blasco et al. (1993) state that the weight of commercial pieces includes foreleg, rack, loin and
hindleg. The effect of maintenance temperature treatment gives a very significant difference (P <0.01) in
the foreleg, hindleg and waist (loin) but gives results that are not significantly different (P> 0.01) in the
section rack. During growth there are differences in the relative growth rates of organs and tissues.
Relatively fast growth is classified as a fast adult and vice versa is classified as a slow adult (Soeparno,
1994). According to Mawati, Warastuty and Purnomoadi (2004) rack is a carcass part which includes
slow cooking or late adulthood, so the rack will grow after other parts begin to show a decline, loin is a
slow cooked carcass, because it is needed to support the body and move, and hindleg is a carcass part that
is ripe early and has a high growth rate during the growth period.
High temperatures will increase the adrenal hormone from the adrenal cortex, cortisol and
corticosterone (Kusnadi et al., 2006). This adrenaline hormone will cause inhibition of Growth Hormone
(GH). Demain and Vaishnav (2009) states that Growth hormone is secreted by the pituitary and functions
as a biocatalyst for metabolic reactions in the body to transfer extracellular amino acids across the cell
membrane, specifically into muscle cells and he also holds the amino acid in the cell. The back leg has a
significant difference. At the front and waist, T2 results that are not significant with T1 and T3. In the chest
there is a more dominant rib so that the amount of muscle growth is less optimal and causes no difference
from the treatment given. The average percentage of commercial rabbit pieces is shown in Table 9
Table 9. Everage of Commercial Cut Percentage (%).
Treatments
Characteristics
T1
T2
T3
Foreleg
16,3±0,83
16,5±0,82
16,8±0,95
Hindleg
40,1±0,96
39,8±1,28
40,7±0,94
Rack
22,8±1,72
23,2±0,68
23,7±3,10
Loin
20,7±0,63
20,5±2,32
18,8±2,04
The average percentage of commercial rabbit pieces as shown in Table 9 did not show
a significant difference (P> 0.01) of each treatment. The commercial cut percentage shows the
weight of each commercial piece of the total carcass weight. Sartika (2005) states that the
percentage of New Zealand White carcass is 53.9%, percentage of foreleg and rack is 41.3%,
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percentage of hindlegs 38.1% and percentage of loin 20.4%. These data are not different from
the results of this study
Each treatment shows that the front foot has the least percentage. According to Metzger,
Odermatt, Szendro, Mohaupt, Romvari, Makai, Biro-Nemeth, Radnai and Sipos (2004), the differences in
forelegs are due to the fact that they have the most bone and a little muscle, besides foreleg grows with
constant. Commercial pieces such as loin and hindleg have the highest economic value than forleg and
rack because they have the highest percentage of carcass.
CONCLUSIONS
The carcass characteristics of the Crossbred New Zealand White rabbits in cutting
weight, carcass weight and carcass percentage decreased with the high maintenance
temperature. Weight and percentage of non-internal carcasses (digestive organs, reproductive
organs and cardiovascular organs) and externally (head, feathers, front legs and rear part of the
metatarsus) are generally the same for each environmental temperature treatment. Commercial
cuts in the weight of the forelegs, hind legs and waist decreased as the maintenance
temperature increased, but the chest weight and the percentage of all commercial pieces were
generally the same. The best temperature to produce high carcass is the temperature of 23-25
o
C which approaches the comfort zone of 21 oC. uture studies are expected to be carried out
studies for comparison of carcass characteristics between rabbits with different temperature of
maintenance environment
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Abstract: Thirty five rabbit does were arranged in a completely randomized design with 5 treatments and

7 replications to evaluate the reproductive performance of crossbred rabbits fed 5 levels of crude protein
(CP) including 30, 32, 34, 36 and 38g CP/doe/day corresponding to the CP30, CP32, CP34, CP36 and
CP38 treatments. The crude protein supplementation in diets was come from water spinach leaves and
concentrate with Para grass (Brachiariamutica) as a basal diet.The results showed that litter size at birth,
weight of litter at birth, number of rabbit at weaning, weight of rabbit at weaning in litter1 enhanced with
increasing of CP in the diets, the higher values were found for the treatments of 36 and 38g CP/doe/day
(P>0.05). The growth rate of pregnant doe and milk production (g/doe/day) of experimental rabbits
increased with increasing of CP levels in the diets and the values were higher for the treatments of 36 and
38g CP/doe/day (P<0.05). In litter 2, the results showed that litter size at birth, weight of litter at birth,
number of rabbit at weaning, weight of rabbit at weaning improved with increasing of CP levels in the
diets (P<0.05). The milk production (g/doe/day) increased with increasing of CP levels in the diets
(P<0.05), the higher values for the treatments of 36 and 38g CP/doe/day. It was concluded that the higher
reproductive performance in two litters were found in the 36 and 38g CP/doe/day diets.
Keywords: crossbred rabbit, crude protein, Para grass, reproductive performance, water spinach
Introduction
Rabbit meat production has increased considerably in Vietnam recent year in order to meet the increasing
demand for human food from animal products. Rabbit meat is nutritious, lean and low in fat and
cholesterol. Cost for rabbit production is low because rabbit producers can utilize cheap materials for
housing and plants or vegetables for rabbit feeding. Local rabbits are popularly raised in the Mekong delta
due to a good adaptation to the local climate and feeds; however, productivity is low. Rabbit producers
fed natural grasses, wild vegetables and agro-industrial byproducts for both growing and reproductive
rabbits.The diets for rabbits usually contain high proportion of fiber and low protein. Protein is needed for
growth, reproduction and health of rabbits, and it can be obtained from both plant and agrobyproducts.
Protein is an important component for life processes, effects on growth performance, and carcass yield of
rabbits. In recent years, dietary supplementation of protein and amino acids had the major and traditional
objective to meet rabbit requirements for production (Carabano et al., 2008). However, there is the lack of
studies on nutrients requirement of reproductive crossbred rabbits in the Mekong delta in Vietnam,
especially for crude protein requirement.
Several kinds of locally available protein-rich forages are found in the Mekong Delta, and water spinach
vines (Ipomoea aquatica) leaves (WSL) have been shown to be a very good source of plant protein for
rabbits and provides adequate protein and other nutrients essential for rabbits. Para grass is a good fiber
source for rabbits and contains around 67.0% neutral detergent fiber (NDF) and 25.7% crude fiber (CF).
Concentrate contained a high crude protein (CP) that was used to supply CP in rabbit diets (Nguyen Van
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Thu and Nguyen Thi Kim Dong, 2011).The objectives of study are to evaluate the effects of different
crude protein levels in basal diet (Para grass, waster spinach vines and concentrate) on the reproductive
performance of crossbred rabbits in two litters.
Materials and Methods
Animals and experimental design
The trial was carried out at the Experimental farm of Cantho University in Can Tho City. Thirty five
crossbred rabbit does (New Zealand x local) from 4-4.5 months of age were arranged in a Complete
Randomized Design with 5 treatments and 7 replications. The five treatments were different crude protein
dietary levels at 30, 32, 34, 36 and 38g CP/doe/day corresponding to CP30, CP32, CP34, CP36 and CP38
treatments, respectively. One animal was housed individually per wire mesh and woody cage, as an
experimental unit.
Feeds, feeding and management
Para grass was collected daily in the areas surrounding Cantho University. Water spinach leaves were
bought from farmers who plant and sell WS stems for human consumption, with the WSL available as a
by-product. Concentrate pellets (C225 with CP=20%) was bought at local feed store in one occasion
during experiment. Para grass was offered ad libitum, while 300g WSL per day was given to all does.
Concentrate pellets were offered at levels of 50, 62, 74, 86 and 98g/doe/day to give a total of crude
protein supply of 30, 33, 34, 36 and 38g per female per day. The feedstuffs were adjusted weekly by
increasing allowances by 5, 10 and 15% in the second, third and fourth week of pregnancy, respectively.
During lactation period allowances were increased by 10% in the first week, 30% for the second and third
week, and 40% in the fourth week. All animals had access to fresh water at all times.
The does were kept individually in separate cages, and 5 healthy bucks with good reproductive
performance were used for mating. The breeding service was done at two weeks after birth. The new-born
animals were weaned at the 30th day. Refusals and spillage were collected and weighed daily in the
morning to calculate feed intake. Weights of rabbit at birth, weaning, and daily milk yield were measured.
Before entering experiment all does were vaccinated to prevent some diseases, especially rabbit
Hemorrhagic diarrhea and also Parasite diseases.
Measurements taken
Reproduction criteria were recorded in 2 litters. Feeds and refusals were taken for analyses of DM, OM,
CP, EE, NDF and ADF following procedure of AOAC (1990) and Van Soestet al (1991). The
measurement taken included: daily feed and nutrient intakes for each litter, litter size at birth and
weaningand daily milk yield. Daily milk yield recorded by weighing the kids before and after suckling.
Statistical analysis
The data were analyzed by analysis of variance using the ANOVA of General linear model of Minitab
Reference Manual Release16.0 (Minitab, 2016). For the comparison of the reproduction criteria between
two litters the paired T test of Minitab Reference Manual was also used.
Results and Discussion
Feed characteristics
Characteristics of feeds used in the trial are presented in Table 1.

77

Table 1. Chemical composition of feeds (% DM basis except for DM which is on fresh basis)
Feed

DM

OM

CP

EE

NDF

ADF

Ash

ME (MJ/KgDM)

Para grass
Water spinach leaves

15.0

85.0

14.2

7.45

56.0

30.8

15.0

7.74

9.87
87.2

88.4
87.3

34.4
21.5

8.22
5.63

24.7
29.2

18.2
8.92

15.6
12.7

10.5
12.1

Concentrate pellets

DM: dry matter, OM: organic matter, CP: crude protein, EE: ether extraction, NDF: neutral detergent
fiber, ADF: acid detergent fiber, ME: metabolism energy
Chemical composition of feeds used in the experiment was showed in table 1. In table 1, the DM of Para
grass was 15.0% and higher thanwater spinach leaves being 15.2%. The CP content of water spinach
leaves was 34.4%, while it was 14.2% in Para grass. Neutral detergent fiber and ADF content of Para
grass were higher than water spinach leaves (56.0% vs. 24.7%, 30.8% vs. 18.2%), respectively.
Concentrate pellets had higher levels of crude protein and metabolism energy than the forages.
Feed and nutrient utilization and reproduction
Table 2. The DM, CP intakes and reproductive performance of does in first litter
Treatment
Item

± SE/P
CP30

CP32

CP34

CP36

CP38

DM intake (g/day)

124d

134c

144b

152ab

160a

1.95/0.001

CP intake(g/day)

29.9e

32.2d

34.4c

36.4b

38.5a

0.225/0.001

Littersize at birth

5.67

7.00

6.00

7.00

7.33

0.42/0.076

Number of alivekid at birth

5.33

6.67

5.67

7.00

7.33

0.47/0.055

Mean weight at birth (g/kid)

48.9

48.7

49.1

52.2

53.6

2.04/0.372

Weight of litter at birth (g)

261b

326ab

277ab

366ab

392a

27.3/0.029

Number of kid at weaning

5.33

6.00

5.67

6.67

7.00

0.45/0.12

Mean weight at weaning (g/kid)

359

355

448

450

397

30.1/0.122

1,905b

2,124ab

2,527ab

3,000a

2,774a

228.5/0.037

94.4

86.3

94.4

95.8

95.2

5.84/0.769

Weight of litter at weaning (g)
Survival rate
weaning, %)

(from

birth

to

The numbers with different superscript letters in the same row were significantly different (P < 0.05)
The intakes of DM and CP (g/rabbit/day) were higher (P<0.05) for the higher level of crude protein in
diets. The CP intake proportionally increased in the diets with the increase of CP level and they are
significantly different (P<0.05) among treatments (table 2). Daily DM intakes of the does in the
experiment were higher than those reported by Nam (2011), which ranged from 111 to 134g per day. Tran
Thi Hong Trang (2012) and Nguyen Thanh Nhan (2009) stated that CP intakes of does being 24.2-44.5
gCP/doe/day and 24.7-31.2 gCP/doe/day, respectively. Those results were similar to the findings in this
experiment.
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The litter size at birth significantly improved (P<0.05) with increasing CP levels in the diets. The CP38
diet got the highest value (7.33 kids) while CP30 diet got the lowest value (5.67kids). Number of alive
rabbits at birth and at weaning in the first litter significantly increased within creasing dietary CP levels,
being the highest value for the CP38 diet. The mean littersize at birth was similar to the values cited by
Fayeye and Ayorinde (2016) (4.25-6.5kids/litter) for domestic rabbit in Nigeria; Thao (2012) (6.33-7.50
kids/litter) and Nguyen Thi Vinh Chau (2008) (5.33-6.67kids/litter). However, the results reported by
Brecchiaet al (2012), studying with New Zealand White rabbits, showed a higher litter size at birth (6.29.8 kid) but similar of litter size at weaning (5.5-7.4 kid) compare to values obtained in the present study.
Table 3 shows that the DM and CP intakes obtained in litter 2 were similar pattern those in litter 1. The
daily intake average of DM and CP increased following with increasing the CP levels in diets (P< 0.05)
getting the highest in the CP38 treatment (151g/day and 38.6g/day, respectively). The DM consume of
does in this experiment was suitable to the findings of Cherfaoui and Berchiche (2012), researchon local
rabbit in Algerian, being 128-183 gDM/day. Thelittersize at birthand mean weight at birth were
significantly lower (P<0.05) for the CP30 treatment compared to the others.The findings of mean weight
at birth in present study were consist to results of Fayeye and Ayorinde (2016) (41-54 g/kid). Also, the
litter size at birth was in agreementwith data citedbyPhanThi Huyen Thoai (2012) (5,67-7,33 kids/litter)
and Nguyen ThanhNhan (2009) (6.50-7.67 kids/litter). Number of kid at weaning and weight of litter at
weaning were significantly different among treatments with the higher values for the CP38 diet (7.67 kids
and 3.107g, respectively) and the lower values for the CP30 diet (5.33 kids and 1.895g, respectively).
The survival rate to weaning of kids in this experiment in both two litters was too high (from 86.3 to
100%). These results were similar to findings on domestic rabbit in Nigeria stated by Fayeye and
Ayorinde (2016) being 72.5-100%.
Table 3. The DM, CP intakes and reproductive performance of doesin second litter
Treatment
Item

CP30

CP32

CP34

CP36

CP38

± SE/P

DM intake (g/day)

118c

124c

134b

142ab

151a

2.11/0.001

e

d

34.3

c

b

38.6

a

0.14/0.001

7.67

a

7.67

a

0.52/0.015

7.67

a

0.47/0.012
0.91/0.029

CP intake(g/day)

29.8

31.5

5.33

b

5.33

b

Mean weight at birth (g/kid)

44.4

b

Weight of litter at birth (g)

236b

286ab

Number of kid at weaning

5.33b

Mean weight at weaning (g/kid)

Littersize at birth
Number of alive kid at birth

Weight of litter at weaning (g)
Survival rate
weaning, %)

(from

birth

to

6.0

ab

6.0

ab

36.4

8.00

a

7.67

a

7.67

a

49.4

a

48.8

a

375a

379a

382a

23.9/0.04

5.67b

7.00ab

7.67a

7.67a

0.39/0.004

356d

341cd

369bc

384ab

406a

6.05/0.001

1,895b

1,984b

2,590ab

2,945a

3,107a

158/0.001

100

94.4

92.1

96.3

100

3.48/0.455

47.7

ab

48.8

ab

The numbers with different superscript letters in the same row were significantly different (P < 0.05)
Daily milk production was highly affected by crude protein intake. In both litter, daily milk yield was
lowest for the animals fed CP30 diet (62.4 g/day for the first litter and 66.0 g/day for the second litter),
then significantly improve (P<0.05) with increasing CP levels in the diets, and the highest milk yield was
for the CP38 diet (95.3 and 101 g/day approximating for the first and second litter). The results obtained
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in a present study are similar to the values (72.0 – 137 g/day) of Californian does (Tran Thi Hong Trang,
2012). Daily milk yield recorded in our study is considerably higher than data of 72.4-87.0 g reported by
Phan Kim Ngan (2014). The daily weight gain of doe in the first litter was significantly improved (P<0.05)
by increasing CP levels in the diets, however, there was no significant was found for the second litter
(P>0.05).
Table 4. Effect of different dietary CP levels on pregnant period, daily weight gain and milk production
of does in first and second litter
Litter
Item
Treatment
P /± SE

1

2

CP30

CP32

CP34

CP36

CP38

Pregnant period (day)

29.7

30.7

30.7

30.7

30.3

0.33/0.226

Daily weight gain of doe (g)

12.3b

13.5ab

13.7ab

16.3ab

17.7a

1.10/0.031

Milk production (g/doe)

62.4c

79.5b

84.9ab

92.2a

95.3a

2.27/0.001

Pregnant period (day)

30.0

30.0

30.3

29.7

31.0

0.49/0.431

Daily weight gain of doe (g)

11.8

12.5

13.8

12.9

14.4

0.73/0.148

Milk production (g/doe)
(g/doe/day)

66.0c

81.4b

87.5b

92.2ab

101a

2.51/0.001

The numbers with different superscript letters in the same row were significantly different (P < 0.05)
Table 5. Comparison the reproductive performance among two litters
Item
Litter 1
Litter 2
± SE/P
Litter size at birth
6.60
6.93
0.347/0.353
Litter size at weaning
6.13
6.67
0.274/0.072
Mean weight at birth (g/kid)
50.5
48.0
0.878/0.014
Mean weight at weaning (g/kid)
402
373
15.7/0.086
Weight of litter at weaning (g)
2466
2504
115/0.745
Daily weight gain of doe (g)
14.7a
13.1b
0.548/0.01
Milk production (g/doe)
82.8b
85.5a
0.69/0.042
A comparison of reproductive criteria of the does between two litters is presented in Table 5. There was
no significant difference in litter size at birth and at weaning, weight of litter at weaning and mean weight
at weaning (P>0.05) between two litters, while mean weight at birth and milk production were
significantly higher (P<0.05) for litter 2.
Conclusions
The does fed diet containing 38 gCP improved DM and CP intake that gave better reproductive
performance. Water spinach leaves is a good crude protein source, could be used for feeding rabbit does.
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Abstract: Introduction: Rabbit farming, a way to alleviate protein hunger is gaining popularity because of its high
prolificacy. Rabbits are mainly reared as a backyard venture. The rabbit rearing farmers are gradually shifting to
balanced feed from the traditional feeding of offering only agricultural / agroindustrial byproducts available with
them locally, in order to obtain optimum weight at marketing age. Protein is very much essential for the muscle
growth in early age of the rabbit life. Rabbits are having higher genetic potential to reach 2 kg body weight at 3
months of age. But protein is traditionally the most costliest nutrient in India. Curtailing the feed cost spent on
adding protein will be immensely helpful to the farmers in earning increased net profit. Hence, to assess the impact
of protein levels in the concentrate feed on growth potential of rabbit, an experiment was conducted in weaned
rabbits with varying levels of protein at 18, 17 and 16 per cent in isocaloric concentrate diets for a period of 56 days.
Materials and methods: The research work was conducted at Rabbit Breeding Unit of Post Graduate Research
Institute in Animal Sciences, Tamil Nadu Veterinary and Animal Sciences University, Kattupakkam, Tamil Nadu
state, India. A total number of 27 weaned rabbits were randomly divided into three groups with 9 animals in each
group. The concentrate feed was prepared by including varying proportions of Maize, Soyabean meal, Sun flower
oil cake, deoiled rice bran, mineral mixture and salt to make isocaloric diets. Treatment-1 contained 18% CP and
2700 kcal ME as per ICAR (2013) standard and kept as control. While Treatment - 2 and Treatment - 3 groups were
fed with 17% and 16% CP, respectively and both the treatment groups contained 2700 kcal ME similar to that of
control group. Feed was offered daily at 8.00 am and feed samples were maintained for dry matter estimation. The
left over feed was collected daily after 24 hours and weighed in order to assess the dry matter intake of the animal.
Rabbits were weighed at biweekly interval in the morning before offering feed to the animal and recorded till the
completion of the trial. All the data collected were subjected to IBM SPSS 20 for one way ANOVA and the results
were tabulated. Results: The data indicated that the cumulative ADG was higher by 3.08 g in T2 and 2.60 g T3
compared to control group. However, the increase was not statistically significant (P>0.05) among the treatment
groups. The feed conversion ratio was 5.86±0.40, 4.57±0.29 and 4.79±0.17, in T1, T2 and T3, respectively and the
values were not significant. Similarly, the feed cost per kg live weight gain was Rs. 118.37, 89.85 and 90.96, in the
three groups respectively. There was a reduction in feed cost by Rs. 28.52 in T2 and 27.41/- in T3 groups,
respectively compared to control. Hence, it is concluded that the protein level may be decreased up to 16 per cent for
obtaining better weight gain and reduced feed cost per kg live weight gain.
Keywords: Rabbit, Crude protein, growth performance

7.

Introduction

Rabbit farming, a way to alleviate the protein demand in Tamil Nadu, India is gaining popularity
because of many advantages like high prolificacy, 6-8 kits in one kindling, less floor space requirement
(2 sq.ft./ animal), suitable for multi-tier cage system of management. Further, rabbits can be reared only
on feeding vegetable waste available in the market. Moreover, rabbits are induced ovulators unlike other
farm animals. Rabbits are mainly reared as a backyard venture in Tamil nadu, India. The rabbit rearing
farmers are gradually switching to feeding rabbits with commercially balanced feed rather than traditional
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feeding of offering only agricultural / agroindustrial byproducts available with them, in order to obtain
optimum weight at marketing age. Rabbits can convert poor roughages into valuable animal protein since
the caecum is well adapted to digest higher amount of fibre because of its microbiota present in the
caecum. Moreover, the meat contains less sodium and high potassium which is best suited even for
cardiac patients.
The requirements in energy and protein for growth depend on several factors, such as genetic
potential, the weight at weaning and the growth rate of rabbits. Protein is very much essential for the
muscle growth in early age of the rabbit life. Rabbits are having higher genetic potential to reach 2 kg
body weight at 3 months of age. But one major impediment in feeding commercially balanced feed to
rabbits in Tamil Nadu, India is to procure suitable protein rich sources to be added in rabbit diet. In India,
traditionally, protein is the costliest nutrient compared to energy feed sources. Reducing the expenditure
on protein will be immensely helpful to the farmers in earning higher net profit.
The peculiarity in rabbit digestion is caecotrophy, eating its own faeces. Rabbit voids two kinds
of feces. Soft feces with more than 55 per cent moisture content, usually voided after 8 hours of feeding
and hard feces which have less than 35 per cent moisture. Consequent to the mechanical separation of
digesta at the caecum and proximal colon, the chemical composition of soft faeces is similar to that of the
caecal contents but quite different from that of hard faeces. The soft faeces contains greater proportions of
protein, minerals and vitamins than hard faeces, Whereas the hard faeces have greater proportion of
fibrous components compared with soft faeces. The protein of soft faeces is high in essential amino acids
such as lysine and threonine (Nicodemus et al., 1999; García et al., 2004), representing 0.10 to 0.23 of
total intake. The intake of soft faeces orally and a small direct intestinal absorption contributes
appreciable quantity of protein requirement in rabbits.
Higher dietary protein is required only during 21-35 days of life after which the protein could be
reduced to 14-16 %. At the same time, low protein level has been related to decreased growth
performance and increased mortality rate (Carabino et al., 2009). Recent research in rabbits are focused
more on maximising the nitrogen retention by adjusting dietary protein levels to avoid excess nitrogen in
the diet. In rabbits, nearly 2/3 of nitrogen ingested is excreted which further pollute the environment.
Effective nitrogen retention has been reported in rabbits fed diets with less than 12 per cent crude protein
and rabbits can tolerate up to 2 per cent of urea in their diets (Lebas, 2004).
Hence, to assess the impact of feeding graded levels of protein and to optimise the protein level in
the concentrate feed, an experiment was conducted in weaned rabbits with varying levels of protein at 18,
17 and 16 per cent in isocaloric concentrate diets.

8.

Materials and methods

Animals and study place
New Zealand White breed of rabbits available from Rabbit Breeding Unit of Post Graduate
Research Institute in Animal Sciences, Tamil Nadu Veterinary and Animal Sciences University,
Kattupakkam, Tamil Nadu, India were used for the experimental study.
A total number of 27 weaned rabbits, 8-9 weeks of age were randomly divided into three groups
with 9 animals in each group. The concentrate feed was prepared by including varying proportions of
maize, soyabean meal, sun flower oilcake, deoiled rice bran, mineral mixture and salt to make isocaloric
diets. Treatment-1 contained 16% CP and 2700 kcal ME as per ICAR (2013) specifications and kept as
control. While Treatment - 2 and Treatment - 3 groups were fed with similar levels of 2700 kcal ME while
the protein level varied with 17% and 18% CP, respectively. The study was conducted for a period of 56
days . The ingredient composition of control and treatment diets are presented in Table 1.
Table 1 : Per cent ingredient composition of control and treatment diets
Ingredients

Treatment –I
(18 % CP)
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Treatment – II
(17 % CP)

Treatment – III
(16 % CP)

Maize
DORB
SFOC
SOYA
Mineral Mixture
Oil/Fat
Methionine
Lysine
Salt
Total
Feed Cost (INR/kg)

36.66
22.40
25.70
10.40
1.00
2.80
0.00
0.04
1.00
100.00
20.20

38.90
24.00
24.70
7.80
1.00
2.50
0.05
0.05
1.00
100.00
19.66

39.80
27.30
23.40
5.00
1.00
2.40
0.05
0.05
1.00
100.00
18.99

Management Practices
The rabbits were maintained in cage system of rearing. The experimental animals were housed in
individual Galvanised Iron cages with the dimension of 2‟ x 1.5‟ X 1.5‟ kept above 3 feet from the ground
level. The side walls were constructed up to 1‟ height and above that 1” weld mesh were placed. Fresh air
was circulated in the rabbit house by using exhaust fans to provide adequate ventilation. Clean portable
water was offered for drinking to experimental rabbits used in the study and adequate water availability
was ensured through out the experimental period. The data on birth weight and weaning weight along with
litter sizes were recorded in the morning before feeding. The bunnies are generally weaned at 42nd day.
Feed was offered daily at 8.00 am local time. A representative sample of feed offered daily was
further kept for dry matter estimation. The residue left over after a period of 24 hours was weighed the next
day in order to assess the dry matter intake of the animal. The experimental rabbits were weighed during
the study period at every fortnightly interval in the morning before offering feed.
Data collection and statistical analysis
The data on daily feed intake and body weight of experimental rabbits were recorded at fortnightly
intervals. The data collected at the end of 56 day trial period were subjected to statistical analysis using
IBM SPSS 20 software.

9.

Result and discussion
The results of varying levels of protein on growth performance of rabbits is presented in Table 2.
The initial and final body weight of control (T1), treatment – 2 and treatment 3 groups at the end
of experimental period were 948.56±67.65 and 1746.67±99.74; 947.56±47.08 and 1918.00±76.83 and
946.56±57.31 and 1771.33±69.71, respectively. The cumulative average daily gain observed in treatment1, treatment-2 and treatment-3 groups were 14.25±0.95, 17.33±1.04 and 14.73±0.74, respectively. The
cumulative FCR recorded in treatment -1, treatment-2 and treatment-3 groups were 5.86 ±0.40, 4.57
±0.29 and 4.79 ±0.17, respectively.
The results revelaed that the growth performance reflected through gain in body weight increased
significantly (p<0.05) only during the first fortnightly period in Treatment 2 fed 17 % protein compared
to other treatment groups. There was no significance in the three treatment goups from 14 th day to 56th
day . Though there was no statistical difference in ADG in the three treatment groups, the numerically
higher (p>0.05) average daily gain of 3.08 g in treatment -2 and 0.48 g in treatment-3 compared to control
group (14.25 g/day) was probably due to the decreased nitrogen flow to the large intestine which could
have altered the urea and ammonia level in the intestinal environment and thereby improved the nitrogen
retention (Carabino et al., 2009).
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These results also corroborate with the earlier findings of Garcia et al. (2004) who stated that
decreased protein level in the diet improved the nitrogen retention from 15 per cent to 70 per cent and
thereby improved the growth performance in low protein diet fed groups.
The improved feed conversion ratio was observed in low protein fed groups (T2 and T3) than
control group (18% CP). In agreement with the results of the present study, Wang Xuepeng et al. (2012)
also reported that feeding 16 % CP to rabbits were found to be optimal for improving the performance of
rabbits.

Table 2: Growth Performance of rabbits fed on isocaloric diets with different levels of protein
Parameters
Body weight (g)
Initial (g)
First Fortnightly
Second Fortnightly
Third Fortnightly
Fourth Fortnightly
Gain in Body weight (g)
First Fortnightly
Second Fortnightly
Third Fortnightly
Fourth Fortnightly
Average Daily gain (g)
First Fortnightly
Second Fortnightly
Third Fortnightly
Fourth Fortnightly
Cumulative ADG
FCR
First Fortnightly
Second Fortnightly
Third Fortnightly
Fourth Fortnightly
Cumulative FCR

Treatment – 1
(Control – 18% CP)

Treatment – 2
(17% CP)

Treatment – 3
(16% CP)

948.56±67.65
1185.44±101.50
1354.44±112.49
1545.78±107.20
1746.67±99.74

947.56±47.08
1274.00±62.00
1185.44±65.16
1727.44±81.57
1918.00±76.83

946.56±57.31
1139.56±59.48
1274.00±72.43
1548.44±55.57
1771.33±69.71

236.88ab±41.91
169.00±27.76
191.33±17.52
200.89±18.72

326.44b±31.39
218.77±24.92
234.67±26.73
190.55±27.84

193.00a±30.59
208.88±22.29
200.00±44.56
222.88±24.88

16.92ab±2.99
12.07±1.98
13.67±1.25
14.34±1.34
14.25±0.95

23.31b±2.24
15.62±1.78
16.76±1.91
13.61±1.99
17.33±1.04

15.29a±1.80
14.92±1.59
14.20±2.89
15.92±1.78
14.73±0.74

5.43b±0.62
5.20±0.15
6.78±1.29
6.01±0.27
5.86±0.40

4.41ab±0.09
5.17±0.28
5.35±0.11
5.65±0.16
4.57±0.29

4.03a±0.29
4.94±0.11
4.54±0.51
5.66±0.42
4.79±0.17

Each value is a mean of nine observations
Values bearing different superscript within a row differ significantly at 5 % level (P<0.05)

The better performance of rabbits at reduced protein levels of 16 per cent compared to control
group is on par with the recommendation of NRC (1977) which recommends 16 % CP for grower rabbits
and also with the recommendations of De Blas and Wiseman (2010) who recommended 15.5 % CP for
rabbits.
Table 3 . Feed Cost per kg live weight gain
Cost (INR) / kg live weight

Treatment group
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gain
Treatment – 1 (Control with 18 % Crude Protein)

118.37

Treatment – 2 (with 17 % Crude Protein)

89.85

Treatment – 3 (with 16 % Crude Protein)

90.96

The economics on feeding the three treatment diets to weaned rabbits based on the cost per kg
live weight gain (in INR) revealed a reduction in cost of Rs. 28.52/kg and 27.41/kg in treatment-2 and
treatment-3, respectively compared to control group resulting in savings in feed cost per kg live weight
gain at reduced protein levels of feeding rabbits.

10.

Conclusion

Feeding weaned rabbits at decreasing levels of Crude Protein at 16 per cent did not affect the
growth rate and also improved the FCR. There was a substantial reduction in feed cost per kg live weight
gain at lower protein levels. Hence, it is recommended that concentrate feed containing 16 % crude
protein is beneficial and could be fed to weaned rabbits for optimum growth and to enhance profit.

11.
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Abstract: The aim of the study was to evaluate the ameliorative effects of Baobab fruit pulp meal (BFPM) on
semen quality of rabbit bucks in an experiment that lasted for 90 days. A total of thirty (25) adult rabbit bucks were
used. The rabbits were randomly allotted into five experimental treatment groups, with five (5) rabbits per treatment
in a completely randomize design. The animals were fed diets containing graded levels [0.0% (Control), 2.5%,
3.5%, 4.5% and 5.5%] of BFPM. From the results, it was found that the temperature humidity index (THI) of March
to May showed that environmental conditions were stressful in these months to the animals. The treatments with 3.5
– 5.5% BFPM significantly (P<0.05) improved semen quality and testicular and epididymal sperm reserves of the
rabbit bucks. It was concluded that Baobab Fruit Pulp Meal had a positive influence in ameliorating heat stress and
improving semen quality of rabbits under hot tropical conditions of Nigeria.
Key Words: Heat Stress, Semen quality, Antioxidants

Introduction
Growing population and incomes along with changing food preference are rapidly increasing demand for
livestock product. The current instabilities occasioned by cattle rustling, armed banditry, currently
witnessed in Nigeria, have made many citizen to consume their meal without meat because of their
scarcity and high cost. Encouraging the rearing of rabbits at this time is pertinent because rabbits are
known to utilize cheep feed resources and materials to bring about a tangible output. Rabbit production
also holds promise for relieving widespread micronutrient and protein malnutrition, while making
positive contribution to the sustainable intensification of smallholder agriculture.
Bernard, (1878), was the first to describe that the body has the ability to maintain a stable internal
environment to challenges from widely variable externals environments; this concept was later referred to
as homeostasis. Bernard, (1878) discovered that diverse detrimental (extraneous) stimuli (stressors) such
as pain, hunger, thirst, severe climatic conditions, or noxious agents cause physiological changes in
animals that may lead to pathological state.
High ambient temperature has been shown to increase the free radicals and other reactive oxygen species
(ROS) production in body fluids and tissues. Although, low levels of ROS are essential for many
biochemical processes, their accumulation due to over-production or a decreased antioxidant defense,
leads to damage of biological macromolecules and disruption of normal cell metabolism (Spurlock, and
Savage, 1993). It can also lead to low sperm quality and viability. Normally available antioxidants in the
body are vitamin C, vitamin E, folic acid, zinc, and chromium (Thomas and Reed 1989), they play a vital
role in protecting cellular damage from the harmful effects of ROS (Amakye-Anim et al., 2000 and ElGhaffar et al. 2000). High ambient temperature depletes such antioxidants and induces oxidative stress
(Abou-Ashour et al., 2004). In recent time attention is shifting from the use of synthetic antioxidants in
animal production, this brought about a renewed interest in the use of organic products that are viable and
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physiologically safe. Baobab has been reported to contain high amount of vitamin C (Agbessi DosSantos, 1987), and was effective in alleviation heat stress in rabbits (Anoh, 2017).
The aim of this study is to evaluate the ameliorative effects of Baobab fruit pulp meal (BFPM) on semen
quality of rabbit bucks
Materials and Methods
Experimental site
This study was carried out at the Rabbit unit of the National Animal Production Research Institute
(NAPRI), Shika-Zaria, Nigeria. Shika-Zaria lies between 11° 12‟ 42” N and 7° 33‟ 14” E at an altitude of
691 m above sea level (Ovimaps, 2014). Zaria is about 245 KM from Abuja Nigeria‟s capital. The area is
situated in the Northern Guinea Savannah Zone of Nigeria having an average annual rainfall of 1100 mm,
which starts from May to September, and average ambient temperature and relative humidity of 17 oC –
25 oC and 20 – 41% respectively during the cold period (Mornings and August – Feb) and 20 oC – 39 oC
and 25% - 60% during the hot periods (Afternoons and March – July).
Housing
The animals were housed in perforated metallic hutches measuring 75 X 75 X 75 cm and raised 80 cm
from the floor level. The hutches were thoroughly washed and disinfected with a locally made
disinfectant and allowed to dry for one week before the animals were brought. Feed and watering troughs
which were made of bunt clay were provided in each hutch. The rabbits were placed individually in
clearly labeled cells.
Meteorological Data of Rabbit Microclimate
The microclimate (ambient temperature and relative humidity values) within the rabbit house were
recorded twice daily at 08:00 h and 15.00 h during the study period using a digital thermometer (Cocet,
Shenzhen-Guangdong, China). The data collected was used to compute the temperature humidity index
(THI), an indicator of the thermal comfort level of the rabbits. The THI was calculated using the modified
formula for the rabbit by Marai et al. (2001) as follows: THI = t - [(0.31 – 0.31 x RH) (t – 14.4)]
Where RH = relative humidity /100.
t = ambient temperature.
The values of THI obtained were compared to that classified for tropical regions as shown below:
1) < 27.8 = Absence of heat stress, 2). 27.8 - 28.9 = Moderate heat stress, 3)28.9 – 30 = Severe
heat stress and 4) above 30 = Very severe heat stress.
Experimental animals, diets and design
A total of twenty five adult rabbit bucks were used in this study. The rabbits were randomly allotted into
the experimental treatments of five treatment groups with five (5) rabbits per treatment in a Completely
Randomized Design (CRD). Rabbits in the first group (T1) served as the control; rabbits in treatments 2
to 5 were fed diets formulated in the research institute containing graded levels of Baobab Fruit Pulp
Meal (BFPM). Feed and water were served ad libitum. All recommended managerial practices were duly
observed.
Semen quality evaluation:
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Adult bucks were trained for semen released and collection via an artificial vagina, while attempting to
mount a teaser doe over a two-week period prior to the experiment period. During this period the bucks
were tested in order to be sure that they were reproductively normal based on their libido and semen
characteristics, and were allowed to adjust to the twice-weekly schedule of experimental semen
collection. Ejaculate volume (ml), semen pH, semen colour, sperm motility (%), sperm concentration (x
106 /ml).
Evaluation of Epididymal and Gonadal Sperm Reserves
Three bucks were selected from each treatment group and slaughtered. The two testes of each of the
rabbits were carefully removed and evaluated for their gonadal sperm and/or spermatid reserves. The
determination of sperm and spermatid reserves was done according to the standard method of Igboeli and
Rakha (1971) and Rekwot et al. (1994). Briefly, each testis was homogenized in 20 ml of saline with
antibiotic and centrifuged for about two minutes. After rinsing the blender container with 50 ml of saline
and adding this to the effluent, the volume of the homogenate was measured and 5 ml of the homogenate
was transferred to a conical flask and further diluted with 30 ml of saline. The homogenate was then
stored overnight at 5oC to allow sperm cells to ooze out of the tissues. Gonadal sperm/spermatid
concentration was determined with a haemocytometer using the erythrocyte counting chamber of a
haemocytometer that was crossed with microscopic grids containing small squares (Cole, 1974; Rekwot
et al., 1994).
Statistical analysis
Data obtained from the study were subjected to analysis of variance using the general liner model
procedure of SAS (2002). Significant differences among treatment means were separated using the pair
wise difference (Pdiff) in the SAS package.
Results and Discussion
Temperature Humidity Index
The monthly THI inside the rabbitry during the experimental period is shown in Figure 1. THI in the
mornings averaged 26.44oC while the Afternoon THI averaged 28.74oC. The THI values kept increasing
from the month of February with a peak in May. There was a decline in THI in June. The values indicated
that the month of February had absence of heat stress in the rabbit house. The THI values of 29.4
(March), 30 (April), 31.5 (May) and 28.49 (June) indicated that the rabbit house was thermally severely
stressful and very severely stressful (Marai et al., 2001) in these months. The averaged THI of 29.85
during the experimental period showed that the rabbit house was thermally stressful and may exert
adverse effects on the rabbits (Marai, 2001). Overall, data obtained indicated that THI in the afternoon
was higher by 1.45 % than THI in the morning.
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Figure 1: Monthly Temperature Humidity Index inside the Rabbit house
Semen Quality Characteristics of Adult Rabbit Bucks
The effect of graded levels of baobab fruit meal on semen characteristics of adult rabbits is shown in
Table 1. BFPM significantly (P< 0.05) improved semen characteristics of rabbit bucks, especially at
4.5% inclusion. At 4.5% inclusion BFPM recorded higher semen concentration of about 102.50 x 10 6,
better pH, motility, colour and volume. The quality of the semen increased as the level of BFPM in the
diet rose with a peak at 4.5% inclusion level and thereafter declined at 5.5%. The poor semen quality
recorded in the control may be attributed to heat stress and could be explained by the degeneration of the
germinal epithelium, and to the partial atrophy of seminiferous tubules (Marai et al., 2002). TheauClement et al. (1995); Marai et al. (2002) and Roca et al. (2005) have attributed the increased abnormal
sperms rate in the summer ambient conditions to defects of spermatogenesis, particularly in the last stage
of differentiation of spermatids. BFPM improved semen characteristics up to 4.5% inclusion level in this
study because of the antioxidant properties BFPM contain. Castellini et al. (1999; 2003); Castellini
(2008), reported that the administration of antioxidants such as vitamin E, selenium, vitamin C, and
carotenoids may reduce oxidative stress and improve sperm motility. The role of antioxidants is to
counteract the spermatic cell membrane lipid peroxidation and sperm DNA fragmentation, caused by
reactive oxygen species and responsible for male infertility in animals and man (Aitken et al., 1989;
Baker et al., 1996; Greco et al., 2005).
Table 1 Effect of Graded Levels of BFPM on Semen Characteristics of Adult Buck
Treatments
Parameters
Volume (ml)

Control
0.55b

2.5%
0.94a

3.5%
1.00a

4.5%
0.96a

5.5%
1.03a

SEM
0.22

Colour

1.50ab

1.93a

1.17a

1.2ab

1.0b

0.18

Mortility (%)

28.33c

65.67ab

66.25ab

77.09a

51.88b

4.13

pH

7.19ab

7.30a

6.75ab

6.75ab

6.71b

0.12

Concentration (x106)

6.61c

82.71b

86.88b

102.50a

71.92b

9.58

Means within rows with different superscript letters are significantly P < 0.05 different
Semen colour = Milky: 1.00 – 1.5, Creamy: 1.51- 2.00, and Watery, 2.10 and above.
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Gonad and Epididymal Sperm Reserve of Adult Rabbit Bucks
The effect of graded levels of BFPM on gonadal and epididymal sperm characteristics of adult rabbit
bucks is shown in Table 2. Inclusion of BFPM in the diet significantly (P < 0.05) increased testicular
volume and sperm concentration, compared to the rest of the treatments while 5.5% BFPM significantly
(P < 0.05) improved testicular sperm concentration of the right testis. Epididymal sperm concentration
did not follow any pattern. The control rabbits recorded poor sperm characteristics, compared to the
treatments with BFPM. This may be attributed to heat stress. Increasing the temperature of the testes can
prevent spermatogenesis by causing degeneration of most cells of the seminiferous tubules besides the
spermatogonia (de Kretser 2004). Marai et al. (1991) attributed the increase in the abnormal sperms rate
in the summer ambient conditions to defects in the spermatogenesis, particularly in the last stage of
differentiation of spermatids. BFPM might have reduced heat stress and improved sperm reserve because
of its vitamin C content and antioxidant properties, which protect cells from oxidation of substrates such
as proteins, fatty acids, and DNA (Pincemail et al., 1998). Supplementation of vitamin C and other
antioxidant in drinking water improved sperm quality in rabbits (Mangiagalli et al., 2012).
Table 2: Effect of Graded Levels of BFPM on Gonadal and Epididymal Sperm Reserve of Adult
Rabbit Bucks
Treatments
Parameters

Control

2.5%

3.5%

4.5%

5.5%

SEM

0.90b

4.50ab

5.00ab

7.67a

2.70b

0.17

b

ab

ab

a

b

0.17

Testis sperm volume (ml)
Right
Left

0.80

3.17

20.33bc

27.33ab

4.33

5.67

1.97

Testis sperm conc. (x 106)
Right

c

b

17.67c

33.67a

32.67a

2.13

c

a

b

1.36

Left

19.33

25.00

Epididymis
Caput (x 106)
Right

5.33b

6.00b

20.33a

13.00ab

c

b

abc

ab

Left

16.67

9.67

33.33

16.00

25.33

12.00ab
17.33

a

3.25

7.33

8.00

1.92

Right

2.56b

6.00a

4.00ab

6.00a

2.67b

0.55

Left

5.33ab

7.00a

2.00b

5.33ab

3.33ab

1.00

Right

124.00c

137.33ab

154.33a

143.00a

132.33b

21.26

Left

110.00c

107.67c

173.67a

17.67a

165.33b

22.74

6

Corpus (x 10 )

6

Cauda (x 10 )

Means within rows with different superscript letters are significantly P < 0.05 different
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Conclusion and Recommendation
The study revealed that heat stress can adversely affect semen quality of rabbits. Using organic
antioxidants is a non expensive and hazardous method of ameliorating heat stress in rabbits. BFPM is
recommended to be used in rabbit‟s diets during hot periods for effective reproduction.
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Abstract: The objective of this study was to evaluate the feed intake, growth performance and economic returns
from paddy rice (PR) and sweet potato tuber (SPT) in the sweet potato (SP) basal diets for growing rabbits. Two
trials were conducted to 8 weeks (feeding trial) and 12 weeks of age (digestibility trial) rabbits using a factorial
experiment. The experiment 2 factors x 4 factors) was conducted with three replications using four rabbits per
experimental unit. The first factor was feed supplement with 0.43MJ/day/animal (45 g paddy rice or 115g fresh
sweet potato tuber) and the second factor was the level of SP (DM basis) offered (5%, 6%, 7% and 8% of live
weight (LW). During the first feeding trial to eight weeks of age rabbits, matter (DM) intake and organic matter
(OM) intake was analysed. While during the second digestibility trial to twelve weeks of age rabbits, feed
digestibility and nitrogen retention were determined. The result showed for the first feeding trial, the dry matter
(DM) and organic matter (OM) intakes were similar between supplements and among the four levels of feed offered
(5%, 6%, 7% and 8% of LW) (P>0.05). Crude protein (CP) intake was significantly higher for the paddy rice
(P<0.001) and numerically it increased with higher levels of feed offered (P=0.07). ME intakes were significantly
higher (P<0.01) for the PR diet supplement feed offered at 8% of LW. The daily gain and values of carcass were
significantly higher for the diets supplemented PR (P<0.01) offered at 8% LW (P<0.01). A higher gross margin was
found for the diet supplemented SPT offered at 8% of LW. In the second digestibility trial, the apparent digestibility
(%) of DM and OM were significantly higher in the diet supplemented PR diet (P<0.01) and in the diet of 8% feed
(P<0.001). It was concluded that the diets including PR and offering DM of feed by 8% of LW had a higher growth
performance, however, the SPT supplement showed a higher gross margin.
Keywords: crossbred rabbits, nutrient digestibility, paddy rice, sweet potato tuber, weight gain

Introduction
Rabbit farming becomes popular for almost provinces in Vietnam, and as a result rabbit meat
consumption is also increased in the cities and rural areas (Nguyen Van Thu, 2019). In the feeding
strategies, green forages are used as the main protein sources and fiber, while for the improved
performance of growing and reproductive rabbits, sources of soluble carbohydrate supplementation are
very important. This is a cause of low performance of the forages-fed rabbits in the villages as compared
to the concentrate/pellet-fed rabbit in the industries (Nguyen Thi Kim Dong and Nguyen Van Thu, 2009).
Sweet potato (Ipomoea batatas L.) is planted widely and availably by farmers in the Mekong, with both
purposes for foliage and tuber production. This plant give high yield of foliage biomass that use for
human and animals, with CP content ranged from 19-22% and CF content is 13.0 -19.3% (Le Van An et
al., 2003). Sweet potato tuber is considered as a good soluble carbohydrate source for the mono-gastric
animals, particularly the wastes of small fresh sweet potato tuber is refused by human consumption,
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which are cheap and could be utilized for feeding rabbits with the advantage of one-week storage. Also
paddy rice is a local available energy feed source for animals in almost farmer households. Samkol, et al.
(2006) reported that increasing the offer levels of water spinach from 8-18% of live weight increased the
proportion of leaves consumed, the intake of crude protein and the digestibility of the DM and CP.
However, the understanding of this scientific area for rabbit performance has still limited. Therefore a
study of growing rabbit performance offered green forages with supplementation of fresh sweet potato
tuber or paddy rice should be investigated for improving village rabbit production and farmers‟ income.
Materials and methods
Experiment1. Feeding trial
Animals and experimental design
The experiment was conducted at Experimental farm in Cantho City. Ninety-six young crossbred
rabbits (New Zealand x local breeds) at 8 weeks of age with similar live weight around 900g were
arranged in a factorial design with 2 factors and four rabbits in an experimental unit. The first factor was
energy feed supplementation with 0.43MJ/day/animal (45 g paddy rice or 115g fresh sweet potato tuber)
and the second one was the levels of sweet potato (SP) offered at 5, 6, 7 and 8% of live weight (DM
basis). The first trial was done on growing rabbits at 8 weeks of age and three replications were applied
for all experiments in the study. The experimental period lasted 10 weeks.
Feeds, feeding and management
Sweet potato was bought daily from farmers in the city. The animals were fed three times a day at 8:00h,
15:00h and 19:00h. Sweet potato and paddy rice and sweet potato tuber were offered and recorded
daily. The diets were adjusted weekly following their live weights. Fresh water was available for all
rabbits almost all day and night time. The refusals and spillage were collected and weighed daily in the
morning to calculate the feed intake. The animals were vaccinated to prevent some diseases, especially
rabbit hemorrhagic, parasite and other common diseases.
Measurements
The feeds and refusals were taken for analyses of DM, OM, CP, EE, NDF, ADF, and Ash following
procedure of AOAC (1990) and Van Soest et al. (1991). At the beginning of the experiment four rabbits
per experimental unit were weighed individually weekly. Daily feed intakes, growth rate, and feed
conversion ratios were measured and calculated. The economic analysis was also done among the
treatments.
Experiment 2: Digestibility trial
Animals and experimental design
The second experimental design was similar to that of the feeding trial, however, the 12-week old rabbits
were used. The animals had two weeks for adaptation and another week for getting samples according to
by fecal collection for 7 days. Feeds and refusals were daily measured. Urine was also collected for
nitrogen analysis to calculate the nitrogen retention. DM, CP, EE, NDF and ADF digestibility were
employed according Mc Donald et al. (2002).
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Statistical analysis
The data from both trials were analyzed by analysis of variance using the ANOVA of General Linear
Model of Minitab Reference Manual Release 13.21 (Minitab, 2000). Economic analyses were done using
current prices in Vietnamese Dong (VND) to compare differences of income and the feed cost in different
treatments.
Results and discussion
Experiment 1 (EX 1): Feeding trial
Feed characteristics
Chemical composition of feed ingredients of rabbits is presented in Table 1.
Table 1: Chemical composition of feed ingredients (% in DM, except for DM which is on fresh basis)

Feed

DM

OM

CP

EE

NDF

ADF

Ash

ME*,
MJ/kgDM
9.48
10.8
12.2

Sweet Potato (SP)
11.8
90.0
22.1
7.44
42.1
29.8
10.0
Paddy rice (PR)
87.7
95.9
7.37
3.25
25.5
13.8
4.10
Sweet Potato Tuber 31.2
96.9
2.80
1.05
31.2
5.00
3.11
(SPT)
DM: dry matter, OM: organic matter, CP: crude protein, EE: ether extract, NDF: neutral detergent
fiber, ADF: acid detergent fibre, *: Calculated by Maertens et al.(2002)

Sweet potato had higher CP, NDF, ADF contents and lower ME component compared with the paddy
rice (PG) and sweet potato tuber (SPT) (Table 1). In the study using SP was a basal feed to provide CP
and fiber with energy supplementation of PR or SPT to make balanced nutrient diets for growing rabbits.
The DM content of SP used in our experiment is slightly lower, but CP content is higher than the values
reported by Lam Thanh Binh (2008), however, these values are lower than those reported by Le Thi Lan
Phuong (2008), might be due to different variety and harvest season of sweet potato.
Feed and nutrient intakes in the EX.1
Daily intakes of feed and nutrients are shown in Table 2.
Table 2: Daily intakes of feed and nutrients of growing rabbits (g/rabbit/day).
Item

FS
PR

DM
OM
CP

82.5
75.9
13.3

SPL,%
SPT
79.7
74.1
11.8

5%
79.8
73.9
12.2

6%
80.3
74.3
12.3

SE/P
7%
80.8
74.7
12.5
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8% FS
83.4
77.1
13.1

SPL

0.92/0.05 1.30/0.24
0.82/0.13 1.17/0.24
0.17/0.001 0.25/0.07

EE
NDF
ADF
Ash
ME(MJ/

4.48
28.0
18.3
6.51
0.81

3.64
29.5
14.9
5.63
0.84

3.96
28.2
16.2
5.94
0.81

4.00
28.4
16.3
5.99
0.82

4.04
28.6
16.5
6.04
0.83

4.24
29.7
17.3
6.32
0.86

0.07/0.001
0.40/0.02
0.28/0.001
0.10/0.001
0.01/0.13

0.10/0.24
0.56/0.27
0.39/0.24
0.14/0.25
0.02/0.22

rabbit/day)
FS: feed supplement, SPL: sweet potato level, PR: paddy rice, SPT: sweet potato tuber
Daily intakes of DM and most nutrients such as CP, EE and ADF, except for NDF, were significantly
higher in the PR supplement diet (P<0.05), possibly due to the higher concentrations in PR and the lower
contents in SPT. These values slightly increased when increasing feed levels offered from 5 to 8% SP, but
being not significantly (P>0.05). The daily ME intake had tendency higher in the SPT supplement and in
the higher SP diet (P>0.05). This indicated that increasing feed level offered (8% of live weight) rabbits
consumed not much different feed and other nutrients. The obtained results are not consistent to those
indicated by Samkol et al. (2006) that the offered level of water spinach from 8 to 18% of live weight
(DM basis). The DM intakes in present study are similar to those (74-89g/day) of rabbits fed water
spinach and vegetable wastes supplemented paddy rice (Nguen Huu Tam et al., 2008), but being
considerably lower than the results of 97.6-125g/day in the trial that rabbits fed sweet potato vine
replaced with cassava foliage meal (Nguyen Kien Cuong et al., 2008) . The findings of CP intakes in
current study are similar with those stated by Duong Thi Bich Loan (2010) (9 -13.1g/day).
Growth rate, feed conversion ratio and economic analysis in EX.1
The results were presented in Table 3.
Table 3: Live weight, daily gain (g/rabbit) and economic returns of growing rabbits in the
Exp.1
Item
FS
SPL, %
SE/P
PR

SPT

5%

6%

7%

8%

FS

SPL

IW,g
889
884
888
881
880
898
4.79/0.47 6.78/0.24
FW, g
2.115 2.060 2.028a 2.091ab 2.084ab 2.147b 17.9/0.04 25.3/0.04
DG,g/day
20.0
19.1
18.9a
19.4ab
19.6ab 20.3b 0.18/0.002 0.26/0.01
FCR
4.12
4.18
4.22
4.13
4.13
4.12
0.05/0.43 0.06/0.70
Feed cost,VND 36.202 30.829 32.414 32.994 33.529 35.124
Tot. cost, VND 79.202 73.829 75.414 75.994 76.529 78.124
Tot.income, VND 95.194 92.681 91.275 94.088 93.788 96.600
Profit, VND
15.992 18.852 15.861 18.093 17.259 18.476
Means with different letters within the same rows are significantly different at the 5% level.
The significantly higher final live weight and daily gain were found for rabbits supplemented PR
(P<0.05) and at level of 8% SP offered (P<0.01) (Table 3). The results of the present study were
promising for production in the crossbred rabbits as compared with the weight gain of the pure New
Zealand rabbits fed para grass and sweet potato vines supplemented extracted soybean with broken rice
was 20.2g per day (Phan Thuan Hoang, 2009). Similarly, daily weight gain (g) of crossbreed and New
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Zealand fed by basic diets if green forages was from 16.2 to 19.4 reported by Nguyen Thi Vinh Chau
(2015), Nguyen Van Dat (2016), and Do Thi Khanh Linh and Nguyen Van Thu (2017).
The daily gains of rabbits in this study were also within the ranges (17 to 19g/day) reported by Duong Thi
BichLoan (2010). However, the values are higher than the results of 15.9 to 19.4g/day and 11.220.9g/day) found by Nakkitset (2007) and Nguyen Van Hiep and Ngo Van Man (2008), respectively.
Feed conversion ratio was quite similar between two factors (P>0.05). The obtained values for feed
conversion ratio were better than those of 4.5 to 5.5 indicated by Phiny and Kaensombath (2006).
The effects of intakes of CP (g/day) and ME (MJ/day) on daily gain of growing rabbits were presented in
regression equation Y1 = 0.0039 x2+ 0.66x + 10.6, with regression coefficient R2 = 0.818 and Y2 = - 7.78
x2 +
20.9x
+
6.8,
with
regression
coefficient
R2 =
0.829,
respectively.

Fig. 1. Relationship between CP and ME intakes and DG of growing rabbits
The economic analysis was done and showed that the cost for feeds was lower in the SPT and due to
being not much different feed cost among graded feed levels of live weight, and higher income in the 8%
SP diet, resulting in more benefits in these diets. The results indicated that the promising diets giving
better economic returns for rabbit production could be at level of 8% sweet potato with supplement of
sweet potato tuber.
Mean values for slaughter weights and carcass traits of growing rabbits.
Table 4: Mean values of slaughter weights, carcass traits and internal organs of growing rabbits
Item

FS
PR

Live weight
Carcass weight

2184
1064

SPL
SPT
2099
998

SE/P

5%
2062
972a

6%
a

7%
ab

2144
1026ab

98

8%
ab

2151
1004a

b

2210
1124b

FS

SPL

20.6/0.01
20.3/0.03

29.2/0.02
28.8/0.01

% Carcass
48.8 47.5 47.1
47.8
46.7
50.8
0.89/0.32 1.26/0.13
a
ab
ab
b
Lean weight
777
728
709
764
743
793
13.8/0.02 19.5/0.05
% Lean
73.2 72.9 73.0
74.7
73.9
70.6
1.02/0.84 1.44/0.25
Thigh meat weight 297
288
273a
288ab
305b
303b
5.29/0.24 7.49/0.03
ab
ab
a
b
% Thigh
28.0 28.9 28.1
28.2
30.4
27.0
0.51/0.25 0.72/0.03
Fat weight
18.3 22.7 18.0
19.3
25.7
20.0
1.96/0.19 2.78/0.26
Caecum length, cm 57.4 59.6 59.0
57.2
59.7
58.2
1.63/0.36 2.30/0.88
Means with different letters within the same rows are significantly different at the 5% level.
The results of carcass, lean meat and thigh meat were significantly higher in the diet supplemented PR
and in the 8 %SP diet (P<0.05) (Table 4). The results in our study are better than those in a previous study
of sweet potato vine basal diets supplemented molasses and soya waste of growing rabbits stated by
Nguyen Truong Giang (2010).
Experiment 2 (EX 2): Digestibility trial
Feed characteristics
Table 5: Chemical composition of feed ingredients in EX 2 (% DM basis)
Feed

DM

OM

CP

EE

NDF

ADF

Ash

ME*, MJ/kgDM

Sweet Potato

9.44

89.1

19.1

7.20

41.3

30.0

10.9

9.84

Paddy Rice

85.9

86.5

7.24

3.25

23.6

13.8

4.83

10.8

Sweet Potato Tuber

30.8

95.7

3.36

1.02

25.6

4.20

4.35

12.2

*: Calculated by Maertens et al. (2002)
Chemical composition of feeds used (Table 5) was similar to those in EX 1.
Daily intakes of feed and nutrients of growing rabbits in digestibility EX 2.
Table 6: Daily intakes of feed and nutrients (g/rabbit) of growing rabbits in digestibility EX 2
Items

FS

SPL, %

SE/P

PR

SPT

5%

6%

7%

8%

FS

DM

74.7

74.4

71.8

75.3

74.2

76.8

1.51/0.91

2.13/0.43

OM

66.5

67.3

64.3

67.7

66.7

69.0

1.63/0.72

2.30/0.55

CP

9.75

9.25

9.33

9.50

9.50

9.67

0.23/0.14

0.32/0.91

EE

3.54

3.31

3.28

3.47

3.40

3.56

0.13/0.20

0.18/0.71

NDF

23.3

23.3

22.3

23.3

23.2

24.2

0.54/0.59

0.76/0.56
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SPL

ADF

14.9

23.2

18.4

19.4

19.0

19.4

1.84/0.01

2.61/0.99

Ash

5.74

5.79

5.60

5.82

5.70

5.95

0.13/0.79

0.18/0.58

ME, MJ

0.76

0.74

0.69a

0.75ab

0.76ab

0.79b

0.02/0.42

0.03/0.05

Means with different letters within the same rows are significantly different at the 5% level.
Daily intakes of DM and most of nutrients such as CP, EE, NDF, ADF and ME of the rabbits between
two factors were slightly lower than those obtained in the feeding trial, may be due to data recorded in
one week of the digestibility experiment.
Apparent digestibility of dietary nutrients, nitrogen retention of growing rabbits
Table 7: Apparent digestibility (%) of dietary nutrients and nitrogen retention of growing
rabbits in EX 2.
Item

FS

SPL,%

SE/P

PR

SPT

5%

6%

7%

8%

FS

SPL

DMD

74.8

72.0

69.6a

73.2ab

75.2b

75.7b 0.66/0.01 0.93/0.001

OMD

75.2

72.9

70.3a

73.8ab

75.7b

76.3b 0.64/0.02 0.09/0.001

CPD

73.9

67.6

64.4

68.9

74.6

74.8

2.19/0.06 3.10/0.09

EED

69.5

70.4

65.0

70.5

71.5

72.9

1.74/0.74 2.47/0.16

NDFD

60.5

62.6

55.5

62.2

63.4

65.0

3.11/0.64 4.40/0.46

ADFD

48.2

50.4

40.5a

49.5ab

53.5ab

53.8b 2.42/0.54 3.43/0.05

Nitrogen balance (g/kgW0.75)
N intake

1.14

1.12

1.13

1.13

1.13

1.13

0.03/0.56 0.04/1.00

N retention

0.63

0.58

0.55

0.58

0.62

0.65

0.04/0.30 0.05/0.52

Means with different letters within the same rows are significantly different at the 5% level.
The apparent digestibility coefficients of DM and OM were significantly higher (P<0.05) in the PR
supplement diet, possibly due to higher ADF intake in the SPT supplement diet. Also, these values
considerably increased when increasing feed levels offered in the diets (P>0.001) (Table 7). Our results
are also in agreement with the findings that the digestibility indices of DM and CP were improved with
increasing water spinach levels offered in the diets (Samkol et al., 2006). The obtained DM digestibility
values were similar to those (65.4 to 75% and 66.6- 78.5%) of studies reported by Akinfala et al. (2003)
and Nguyen Truong Giang (2010), respectively. The results indicated that there was no significant
difference in both the nitrogen intake and nitrogen retention between two factors (P>0.05), this probable
explanation is not much different CP intakes in all dietary treatments.
Conclusion
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The conclusion was that the level of 8% sweet potatoes based on live weight offered and
supplementation of paddy rice gave higher rabbit growth rate and cacass traits, supplementation of sweet
potato tuber had better economic returns and nutrient digestibility was improved with increasing levels of
sweet potatoes in diets.
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PERFORMANCE OF RABBITS ON MASH MIXTURE FEED AND PELLET FEED
SUPPLEMENTED WITH GUINEA GRASS
Jusoh, S. and M.H. Kamalludin and F. S. Nadhirah
Department of Animal Science, Faculty of Agriculture
Universiti Putra Malaysia, Serdang, Selangor, Malaysia

Abstract: Rabbit production being reared for meat production and sources of income, because it ability to
turn forages into high quality protein. Rabbit can effectively utilize forages and by-products as major diet
component. The experiment was conducted weaned NZW rabbits, with five treatment groups. The purpose
of this study was to examine the effect of different form of rabbit feed on growth performance and it
influence on body weight of the rabbits. The cost of rabbit feed can be reduced if other feed substitution
such as mash mixture feed can be used to provide adequate nutrients to the rabbits. The feed intake of the
rabbits throughout the experiment, showed not significantly different. The growth performance of rabbits
was not significantly differ (P>0.05) within the groups., The feed conversion ratio (FCR) of the rabbits was
also not significantly different (P>0.05) within the groups. The outcomes of this study, it can be concluded
that mash mixture feed diet to the rabbits also can be fed to rabbit but slower growth increment compared to
pelleted feed in their diet. In addition, feeding pelleted diet also resulted in better feed conversion efficiency
in growing rabbits compared to those fed with mash mixture feed or mixture of mash and pellet diet.
Keywords : Rabbit, New Zealand White, performance, pellet feed, mash mixture feed, Guinea grass

INTRODUCTION
Rabbit production being reared for meat production and sources of income, because it
ability to turn forages into high quality protein. Rabbit can effectively utilize forages and byproducts as major diet component (Cheeke, 1986). Most of the Mediterranean countries like Italy,
Spain, and some other European countries already include rabbit meat as a common food (Zotte,
2011).
This industry in Malaysia is still small and the performance is low and the cost of rabbits
feed is high due to high dependency on pelleted feed. Therefore, the purpose of this study, to
examine the effect of different form of feed on growth performance of rabbits, in terms of feed
intake, body weight and nutritive value of the feed.
The importance of the study is to obtain useful information on feeding of the rabbits in order to
reduce the cost of rabbit feed.
MATERIALS AND METHODS
Experimental treatments and feeding management.
This study was conducted in 2016 at Universiti Putra Malaysia, Serdang, Selangor, with average
temperature and relative humidity was 25ºC - 35ºC and 78% - 80%, respectively. In this study,
fifteen weaned male New Zealand White (NZW) rabbits were used, are placed in individual cages.
There are 5 treatment with 3 replicates of animals in each group. The treatment were :
T1: 80% pellet feed + 20%Guinea grass
T2: 60% pellet feed + 20% mash mixture feed + 20%Guinea grass
T3: 40% pellet feed + 40% mash mixture feed + 20%Guinea grass
T4: 20%pellet feed + 60% mash mixture feed + 20%Guinea grass
T5: 80% mash mixture feed + 20%Guinea grass
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All rabbits were supplied ad libitum of fresh water and all treatment were given in separate feeder
bowl, and toxin binder was mixed with the pellet feed and also mash mixture feed to prevent mold
development in the feed at 0.2% of feed.
After 2 weeks adaptation period, 50 grams of feed were supplied to each rabbit, and the amount of
feed given were increased according to 6% of body weight weekly.
Field and Laboratory Data Collection
Feed intake, body weight, digestibility study and nutritive value of feed samples were conducted
and measured
Each rabbit was fed with the diet according to the treatment and the leftover of feed was measured
every morning before feeding to determine the feed intake of the previous day.
Body weight was weighted every week before feeding and the weight gained was calculated by
subtracting the initial body weight from the final weight and average weight gain was calculated.
Nutritive value of feed samples
Feed samples were analysed for crude protein (CP), crude fibre (CF) and dry matter (DM) content
using proximate analysis for determination of chemical composition of the feed.
Statistical Analysis
The data for every parameter was analyzed using SAS 9.4 program to compute analysis for
variance (ANOVA) for a completely randomized design (CRD), and Duncan‟s Multiple Range
Test (DMRT) was used to compare the treatment means for different parameters.
RESULTS AND DISCUSSION
Feed Intake
The mean of feed intake weekly (g) per rabbit from week 1 to week 8 showed no significant
different between treatments. The feed intake of rabbits fed mash feed was dropped drastically
from the previous week due to contamination of mycotoxin in the feed.
Mycotoxins are chemical compounds produced by actively growing molds (fungi) as secondary
metabolites that can negatively affect animal‟s performance. Feed ingredients such as grains are
very prone to mold growth and mycotoxin contamination (Jacela et al., 2010). Animals at early
age or young age are more likely to be affected by mycotoxins. This contamination of mycotoxins
can be solved by using mold inhibitors or toxin binders. Mold inhibitors are feed additives that
are used to reduce the contamination and also prevent the mold form growth (Huwiq, 2001).
Thus, the risk of having mycotoxin-producing molds proliferates can also be minimized. In this
project, toxin binders was added to the diet of the rabbits in order to prevent further mold growth
and contamination occur in the feed (Table 1).
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Figure 1: Weekly feed intake of rabbits (g)
Body weight
The body weight gain of rabbits has no significant difference (P < 0.05) among the treatment,
with average of final body weight of rabbits was 1340.7g, 291.0g, 1005.3g, 949.7g and 1089.0g
respectively. Body weight gain of rabbits fed pelleted feed was increase faster than rabbits fed
with mash mixture feed. This is due to amount of feed that given to the rabbits was lower in mash
feed groups compared to pelleted feed group. The pellet feed increase in the fatness compared
with the mash mixture feed (Handa, 1995).

Figure 1: Weekly body weight of rabbits
Feed Conversion Ratio (FCR)
The overall feed conversion ratio (FCR) of rabbit for 8 weeks were 3.4, 3.9, 6.8, 5.3, and 4.8
respectively. However, the results did not differ significantly (P > 0.05) between treatments
(Table 2). Feed conversion ratio was most extensively used parameter for estimation of feed
efficiency in intensive system. The dietary factor having the largest impact on the FCR of animals
in fatteners is the energy concentration (Halls, 2010). Based on the results, better FCR comes
from the treatment of rabbits fed with pelleted feed. This is may be due to energy concentration
higher in that treatment diet compared to the other treatment groups. According to Bielanski et al.
(1998), pellet feed improve feed conversion ratio.

Table 2: Feed conversion ratio of rabbits

Treatments
T1 – 80% Pellet +grass
T2- 60% Pellet + 30% Mash + grass
T3- 40% Pellet + 40% Mash + grass
T4- 20% Pellet + 60% Mash + grass
T5- 80% Mash +grass

FCR
3.4a ± 5.95
3.9a ± 7.63
6.8a ± 3.77
5.3a ± 1.04
4.8a ± 0.20

Nutritive Value
The means of crude protein content (%) in rabbit‟s diet was not significantly (P > 0.05) difference
among the treatment groups. However, crude fiber content and DM content of rabbit‟s feed shows
significant different between diet in mash feed and pelleted feed group, with mash mixture feed
higher in fiber content and lower in DM content.
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Figure 2: The crude protein, crude fibre and dry matter content of the treatments feed.
CONCLUSION
The outcomes of this study, it can be concluded that feeding of mash mixture feed diet to the
rabbits also can increase the growth performance of the rabbits but slower increment compared to
pelleted feed in their diet. In addition, feeding pelleted diet also resulted in better feed conversion
efficiency in growing rabbits compared to those fed with mash mixture feed or mixture of mash
and pellet diet.
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RABBIT URBAN FARMING
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Abstract: Rabbit farming has evolved largely since the 70's, passing from a family farming (including around the
cities) to a professional farming, all over the world. Rabbit farming is easily adaptable to many environments: from
intensive indoor farming to very extensive outdoor or semi-indoor systems. Now, humanitarian organizations are
aware of the several advantages of a rabbit production that could improve the quality of life, particularly to offer
meat of a high nutritional quality. Rabbit farming has several advantages to be produced around the cities. As small
herbivorous mammals, rabbit is easy to produce in a small area (garden), with very small money investments. Rabbit
could be fed without competition with human food, by giving various types of plants, cuts, household vegetable
wastes, etc. Thus, rabbit farming is already developed in urban communities, either at a small scale (family: 3 to 20
breeding does) or to a medium scale level (20 to 100 breeding does).
Key words: Rabbit production, Food security, urban farming, Sustainability
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MEAT RABBIT LIVELIHOOD PROGRAM IN PALAWAN,
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Abstract: The Palawan Meat Rabbit Livelihood Program is a PPP (Public Private Partnership) program that has
been established by the Provincial Government of Palawan in the Philippines. It is a partnership between the
Provincial Government of Palawan and a private company which is called Rabbit Meat Farming Systems Inc.,
headed by Dr. Justin Pereira. The program started with the Municipality of Narra, a municipality in southern
Palawan. The pioneer group of participants were selected from twelve (12) of the twenty three (23) barangays or
villages of Narra, with five (5) participants from each barangay, bringing a total of sixty (60) participants in the
first phase or pioneer batch. Since its inception in the third quarter of 2018, the success rate of the participants in the
program is eighty five percent (85%), with nine (9) dropouts due to various different reasons. This paper addresses
the advantages and challenges of choosing Meat Rabbits as the choice of livestock for a livelihood program in
tropical Philippines, designed for a.) alleviation of poverty through generation of alternative income to the rural
folks consisting of predominantly farmers and fishermen, b.) providing a new alternative livelihood skill set and at
the same time c.) establishing food security for the province/state. It also comprehensively covers the following
highlights: (a) SOP or Standard Operating Procedures of the program. (b) The Low-cost Backyard Farming System
approach. (c) The Sustainable Feeding System, (d) the Initial Seed capital financing for the participants and its
source. (e) The Roles of the parties in the PPP. (f) The Sustainability of the program. (g) The Important Role of the
Private Management Company, (h) Implementation, Follow up and Buy-back scheme of the meat rabbits, (k)
Managing a Processing Center. (l) Marketing of the rabbit meat and the profit channels that are available for the
management company. Most importantly, the paper discusses the challenges of the participants and the management
company, and how to avoid the pitfalls before it even happens to ensure success.
Keywords: Livelihood Program, Meat Rabbits, Poverty Alleviation, PPP, Rabbit Farming

12.

Introduction

Palawan, often referred as the country‟s „Last Frontier‟ and the largest province in the Philippines,
has a dismal rate of 68% poverty index according to the Annual Poverty Indicators Survey (Philippine
National Statistics, 2015). The rural population in the south consists predominantly of farmers and
fishermen whose income fall below the poverty line. As a response to this the Provincial Government of
Palawan through the dynamic leadership of Governor Jose Chaves Alvarez, formulated a 10-year
Development Program anchored on poverty alleviation and economic growth. A Public Private
Partnership between the government and a private company called Rabbit Meat Farming Systems Inc.
headed by Dr. Justin Pereira was forged to a.) to alleviate poverty through generation of alternative
income b.) provide a new alternative livelihood skill set and c.) establish food security for the province,
through launching among others, the Palawan Meat Rabbit Livelihood Program pilot program. This
program had its genesis in 2018 in the southern Palawan‟s Municipality of Narra and soon to start in the
other 22 municipalities throughout the province of Palawan.

13. The Purposes of the Livelihood Program
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Because of the high incidence of poverty in the province, providing alternative livelihood programs
is one of the highlights of the provincial government‟s effort to deter poverty rate. Due to the short tenure
of each governor, a quick launching project that will have a sustainable long term application is highly
sought after. This project was established due to its high sustainability at a low cost start up, which
profitability or return of investment can be rendered in a short span of time at approximately five months!
It caters to rural folks who are predominantly farmers, fisherman, underprivileged and the not so fortunate
such as widows, single mothers or retired folks, to provide an alternative source of income to increase the
livelihood capabilities and new skillset for backyard rabbit livestock farming. It likewise gives the
participants accessibility to high quality meat and reduce or eliminate protein deficiency, address
problems of hunger, malnutrition, and poverty.

14. Why Rabbit? Rabbit is the new chicken!
Chicken has been the oldest choice of economic livestock as the source of white protein meat.
However, it is plaqued with zoonotic diseases and it is known to be raised with the abusive usage of
growth hormones and antibiotics. (Dietitians of Canada, 2018 )
Rabbits were brought into developing countries such as the Philippines after World War II by the US
Peace Corps and some religious missionaries to help alleviate the problem of food scarcity brought about
by the devastation of war. Rabbit farming is slowly introduced for the purpose of adding protein source
to family diets and served as an income-generating project. (Peace Corps Publication No. R0041)
There are many types of livestock that can be used for the livelihood program but meat rabbits was
chosen as the choice of livestock for the program due to many obviously advantageous reasons which are
as follows:
Fast proliferation. Rabbits are sometimes considered invasive species due to their ability to
thrive and reproduce despite having numerous predators in the animal kingdom. They have a very
prolific reproductive ability.With rapid explosion or rabbits‟ population, they are infamous for the
expression „multiply like rabbits‟. (Schoenian) At an early age of maturity of 4-5 months, rabbits
can produce all year round. Does (female rabbits) can kindle (give birth to) up to 13 bunnies
(young rabbits) at a time, the average being 8. A doe can easily give 25 or more bunnies per year.
To estimate the potential of meat production this number (25) is multiplied by 1.1 kg which is the
weight of a dressed rabbit (carcass). Rabbits usually produce 4 to 5 litters in a year.
Low startup cost. With only minimum start-up cost for the starters‟ kit, the participant can begin
rabbit farming in his/her backyard and by following proper Standard Operating Procedures
(SOPs) the sale of rabbit meat and its derivatives is a short span of time results to a fast return of
income (ROI) and turnaround time within five months.
Fast growing. With proper care and feeding, rabbits have short fattening period of less than 2
months from weaning at age 4 weeks old. Young rabbits are ready for market at a minimum live
weight of 2 kgs. This will result to a commercially acceptable dressed rabbit weight (carcass) of
mimimum of 1.1 kg, which is 55% of its live weight. A doe can produce up to 10 times its own
weight, or more, in offsprings per of year. (Botswana Ministry of Agriculture)
Efficient & Excellent Feed Conversion Ratio (FCR), Rabbit is king!
When compared to other common commercial livestock for meat production such as poulty
(chicken), ruminants (cows, goats & sheep), and porcine (pigs), the rabbit is „King‟. Compared to
cows which requires 6 times the amount of feeds or 24 pounds to produce the same one pound of
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beef, a rabbit only need to consume four pounds of feeds, to produce one pound of meat. Even
when compared to the very prolific pig and the economical chicken, rabbits only require four
pounds of feeds to produce one pound of meat as compared to the pig which requires 10 pounds
of feeds and a chicken which requires 7 pounds of feed, respectively. (Ridha, 2019)

Non competition food intake. Rabbits do not compete for grains with humans as strongly as
chickens. In the tropics they feed on napier grass, mulberry leaves, and madre de agua, which are
non-human consumables.
Non competition for Space. Rabbits require very little space compared to other livestock.
Rabbits can be simply raised and breed in a backyard. This is important, especially in areas where
there is shortage of agricultural land.
Perfect for backyard Setup the farming of rabbits is noise free and odor free. Compared to
other livestock, rabbits are very quiet animals and will not disturb the neighboors when farmed in
the backyard and if the participant follow strictly the correct SOP of the Backyard Farming
training, it will not produce any foul odor. This makes rabbit the perfect choice livestock for a
livelihood program with a backyard farm setup.
High nutritional value. Rabbit meat is one of the most nutritious meats available when
compared to other commercially available meats for protein consumption.
Low Maintenance Farming and Upkeep. Rabbit farming requires minimum housing structures
while the recurrent costs for maintaining animals are very minimal.
Easily Manageable. Can be self managed by just one person, irrespective of gender and age,
even retirees or a woman single parent can manage. The time needed to be spent on the upkeep of
rabbits in a backyard setup is only one hour in the morning and one hour in the evening for
feeding and general maintenance such as cleaning the cages and mating the rabbits
Savory meat. Rabbit meat has been touted as white meat alternative and is a famous in most
European countries such as England, France, Germany and Italy. (Kim and Fagan) It can be
prepared in over 300 different ways as it is similar to chicken with a lot of flavor. Unlike wild
rabbit, domestic rabbit meat is pearly white, tender, juicy and mild in flavour. A chef described it
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as mild and generally sweet, without any traces of garminess. (Kronner) In addition, rabbit meat
is known to be low in calories and fat, high in protein, and rich in essential amino acids, Bcomplex vitamins and minerals.
Halal. With a halal accreditation, meat rabbits are a good source of protein that has a wide
acceptability not only among Muslim countries but likewise anti-red meat advocates and health
conscious people.
Zoonotic disease free. Compared to other small backyard livestock such as poultry (chicken,
duck, goose, turkey) all ruminants such as sheep, goat, cow or pigs which carry which greatly
pose the threat of zoonotic disease, rabbit on the other hand are infrequently associated with
disease transmission to people. (Rabbits for Vets, 2008)

15. The Roles of the Stakeholders
The project is established as a tripartite PPP or Public Private Partnership which consists of the
Provincial Government of Palawan (local government/state); Rabbit Meat Farming Systems Inc.
(private entity) and program beneficiaries (public).
The Provincial Government of Palawan’s role is very pivotal to the success of the program as it
sponsors, through grant of seed capital, the facilities such as land, buildings and other infrastructures to
build and set up the Rabbit Center. The seed grant also extends in the second phase of the project which is
to shoulder the participants‟ start-up kit. After a level of stability is attained from the seed capital, a
micro-credit facility which may either be the government or a private lending institution will finance the
expansion of the participants who graduated/succeeded in their backyard farm and who need to be
upgraded into commercial farm. Throughout this process, the provincial government‟s de facto
representatives who consist of the local chiefs of barangay shall also have an active part by taking the role
of selecting of eligible participants, facilitating close coordination between the participants and the Rabbit
Center management, and in assisting both, in setting all other necessary arrangements. Required permits,
licenses, approvals and other appropriate instruments are also to be prepared by the government.
On the other hand the private entity called the Rabbit Meat Farming Systems Inc. is responsible for
setting up the Rabbit Center. The company have developed the project‟s standard operating procedures
through research, development studies, and years of experience, to ensure the success of the project. After
impeccable conceptualization, the SOP developed is then taught through the conduct of trainings,
seminars, orientations, and meetings with the participants. Furthermore the Rabbit Center will likewise be
responsibility for dynamically integrating into the taboo-ingrained society the acceptance of meat rabbit
consumption to gain general acceptance from the local market. Its role is not only exclusive to academic
and technical expertise as the company also fabricates in-house and/or supplies the necessary equipment
such as cages, auto-drinkers, auto-feeders and other accessories necessary to the setting up of backyard
rabbit farm. More importantly, it shall supply the appropriate meat rabbit breed to the participants and
provide feeds in small quantities to be purchased by the same. After the turnover of rabbits from
successful participants, the Rabbit Center through its buy-back scheme shall facilitate the buying,
processing and selling of meat rabbits. Development and creation of downstream products from rabbit
meat is also one of the emphases of the Rabbit Center in order to fully optimize the market value of the
product. All other parts of the meat rabbit are to be harnessed into different purposes such as food,
medicine, apparel, aesthetic purposes and others. Along with this comes the establishment of a centralized
slaughterhouse with international accreditation like ISO and Halal status so that the dressed rabbit and
other derivative products will be in compliance in international standard viable to international markets
through the use of dynamic marketing strategies and creation of linkages and collaborations.
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Lastly, the beneficiaries of the program who are selected by the local barangay chief among the
eligible applicants who shall generally be a low income earner, shall among others must have a minimum
backyard space to accommodate not only the cages but also a sizable portion of land which can be
capable of housing the forage plants to feed the meat rabbits. After having been qualified, the beneficiaryparticipant shall be eligible to attend trainings, seminars, orientations, and meetings hosted by the Rabbit
Farming Systems‟ authority. Rigorous compliance to the standard operating procedures (SOPs) in rabbit
farming system which were passed through series of lectures is highly encouraged. These shall further be
fostered through real-time active interaction in social media group chats which facilitates follow up,
implementation and discussion among participants and the Rabbit Farming Systems‟ authority. Most
importantly, the highlight of their participation is to feed, breed, rear the rabbits until their kittens attain a
commercially-acceptable weight, which is 2 kilos live weight and which translates to 1.1kg dressed
weight (carcass) within 90 days. The participants will be thought how to ensure that the rabbits are
healthy to achieve low mortality and high reproduction.

16. How the Program works
The program‟s dynamic is made through the active participation of the local barangay chief captain
(village head) who shall screen and select eligible beneficiary-participants who will undergo intensive
training, workshop and follow-up sessions. The succeeding beneficiary-participants who started
producing rabbits will then sell the rabbits to the rabbit center. The rabbit center shall process the meat
into various products such as dressed rabbits, sausages, and other derivatives for commercial market.
In overview the program‟s chronological dynamics is as follow:
1. The Barangay Kapitan shall select participants of the program on a selection criteria based on
certain parameters;
2. The Rabbit Center shall provide the necessary trainings in order to prepare the participants
3. Participants will be qualified based on milestone achievements;
4. The Rabbit Center will provide planting materials such as Madre de Agua, Mulberry and
Hybrid Napier Grass. The first milestone is to plant these trees in their house compound in a
proper method which they will be trained;
5. Upon successful achievement of the first milestone, the participants will then qualify to
attend the training;
6. Upon completion of the training, the Livelihood Program will then loan the participant one
mature Buck, three mature Does and a set of cage with six compartments. The participant will
sign an agreement. The program reserves the right to revoke the program and take back
everything in the event the participant is found to be having unsatisfactory performance;
7. On the 5th month after taking delivery, the participant will return back one juvenile Buck and
three juvenile Does to the Program which is considered as repayment of the loan stock from
the program‟;
8. On the 7th month after taking delivery, the participant will choose to either to purchase the set
of cage that was loaned, this option to purchase will be at a 50% rebate of the original price.
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The payment for this can be barter traded with rabbits produced and sold back to the rabbit
centre via the buy back program. While the other option is to return it to reimburse the loan;
9. The Rabbit Center will collect the rabbits for slaughtering, processing and selling of meat
rabbit and other various derivative products.

17. The Low-cost Backyard Farming System Approach
The provincial government will provide an initial grant as seed capital for each participant. This fund
will be used for the purchase of a set of cage which consist of six compartments and complete with
accessories such as auto-feeders for the feeds and auto-drinkers. The fund is also to purchase four mature
rabbits which consist of one buck and three does. The low-cost approach consists of feeding the rabbits
only sixty grams of feed concentrate per day. This will be fed in the morning, followed by more than
enough high-protein forages in the evening, which will last overnight to feed each rabbit.The high-protein
forages recommended in the program are only three types which are Hybrid Napier grass, Mulberry tree
leaves, and Madre de Agua tree leaves. The participants are required to plant these three types of forages
in their backyard. One of the requirements for qualification as a participant is to have enough space in the
backyard not only to house the cages but also for planting these. The purpose for this is that the forages
provide a low-cost alternative to the high-cost feeds.
18. The Backyard Rabbit Farm Kit
Every cage set is appropriately designed to be lightweight and portable so that the participants may easily
set up and move the cages from one place to another or when there is a need to rearrange the layout in
their backyard. The cage set comes with of auto feeder and auto drinker for each compartment which
enables the backyard farm to have minimum supervision and very little effort on the part of the
participants who are mostly attending to their regular jobs. It also comes with a forages tray attached to it
at the top, which allows forages to be made available for the rabbit consumption as and when needed to
supplement the minimum ration of sixty grams commercial feed concentrate per day. More importantly,
the cage stand, is innovatively designed to have the rabbits urine and excrement droppings, collected
effectively in a catcher, that functions to separate the two to be collected of which the participant can be
processed and used as organic manure fertilizer or sold/barter traded at the rabbit center.

19. The sustainability of the program.
Most rabbit backyard breeders come to a halt because the rabbit population‟s increase starts to
outgrow the accommodating facilities (number of cages/holes/compartments and size of barn/space)
and/or when the available forages do not suffice the growing needs. To ensure this does not happen, the
rabbit center will educate the participants on how to budget for growth or rapid expansion of their
respective backyard farms. To manage this, the rabbit center will effect a barter trade mechanism whereby
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participants who sell their rabbits back to the rabbit center have the option of getting cages and feeds at
cost or at special incentive discounts instead of cash. Since the cages are fabricated in-house by the rabbit
centre, the cost of such is relatively economical to ensure the expansion or upgrade.
The participants who successfully breed and raised the bunnies for three months, which is until they
reach commercially-viable sizes will send their live rabbits to the Rabbit Center. Of these, 70% of them
will be subject for sales and the 30% remainder will be set aside to be added as breeding stock to pave
way to further expansion of the the respective participant‟s backyard rabbit farm. To ensure that there is
no inbreeding of the remaining 30% rabbits, the rabbit center will facilitate an „exchange program‟ from
one participant‟s set of rabbits‟ bloodline to another participant‟s set of rabbits‟ bloodline.

20. Business Model of the Rabbit Center or Rabbit Meat Farming Systems Inc.
The Rabbit Meat Farming Systems Inc. has a dual purpose. The first consist of the noble objectives which
is for the general welfare through poverty alleviation, skillset upgrade, and food security of the
beneficiary-participants, while the secondary purpose is to attain sustainable profitability.This business
model explores the different ways of profitability of the meat rabbits and its various derivatives.
Rabbit Meat Trading. The rabbit center will buy live rabbits from the participants at a live
rabbit price per kilo. After processing they will then sell the rabbit as a dressed rabbit which has a
higher market price. This difference in profit becomes the primary income of the rabbit center.
About 55% of the rabbit‟s body composition is meat for consumption, while other 45 percent can
be deduced or converted into any of byproducts that can generate additional income.
Profits from Byproducts. Additional income may be generated through the following: rabbit fur
to be made into pelt; feet can be made into lucky charm souvenir; innards to be processed, packed
and sold to rerstaiurants for a special delicacy, in the Philippines it is known as „papaitan‟; and
the rabbit ears can be processed for pet food industry as „dog bites‟.
Profits from rabbit waste. Rabbit droppings may be processed and converted into much sought
after organic manure fertilizers, while the rabbit‟s urine can be made into bio pesticide.
Downstream Products. In order to prolong the shelf life of persishable fresh rabbit meat the
rabbit center will develop products such as sausages, rabbit burgers, rabbit balls, and cooked
rabbit viands in retort packaging which preserves the food nutrients without adding any
preservatives or chemicals, for the local market with a view for export. Retort food is defined as
‘cooked food to filled in pouches or containers made of plastic film, metallic foil, or these
materials in multi layer form, then sealed by heat sealing followed by sterilisation using heat and
pressure’.
Conduct of Trainings. – The private company can also earn additional income by conducting
trainings, seminars, orientations and consultations as these services are not exclusive to
beneficiaries identified by the government since the company can also cater to other participants
who are willing to avail for a fee.
Equipment and Feeds. The private company can also sell various rabbit farming equipments
such as cages, auto-drinkers, auto-feeders, rabbit feeds, napier hay forages and other various
products at a fractional cost.
Live Rabbits. Live rabbits can also be sold as breeding rabbits for those who want to engage in
rabbit farming. Rabbits can also be sold to univasities and research centres that require rabbits for
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testing and research. And finally, rabbits can be sold to pet shops and the public for pets and
hobbies.
Visitor Center : Display and Exhibition. The rabbit centre also doubles as an attraction to
tourist visitors who wants to visit rabbit displays and exhibitions which consist of live rabbits and
its derivatives or byproducts. It can also readily become an avenue for educational trips for
students, and a rabbit petting zoo for children which provides feeding sessions for a minimal fee.

21. Difficulties, Challenges, Disadvantages & Pitfalls
During the launching of the pilot stage of the project, there were many incidents of difficulties,
challenges, disadvantages and pitfalls that were experienced and resolved by the management at the rabbit
centre. It is important to highlight these since the very success of the project is determined by the proper
handling of these addressed issues. The following are few of them:
Unqualified beneficiary-participants. The most basic qualification for the beneficiaryparticipants is to reach a milestone success in propagating the high-potein Hybrid Napier grass,
Mulberry tree leaves, and/or Madre de Agua tree leaves to ensure the sustainability and proper
administration of forage that serves to complement the higher cost of commercial feeds as the
food of the meat rabbits. The conduct of character investigation or background check by the local
barangay chief to identify qualified beneficiary-participants must be done with utmost diligence
and good faith. Abuse of authority to favour unqualified beneficiary-participants may be a
proximate cause of the project‟s failure.
Poor access to interactive group. One of the most importanat criteria ensuring success or failure
of the program is effective communicatuion between the rabbit centre and participants. With the
advent of the internet and social media which are currently available, effective communication in
problem solving can be done almost instantatiously for troubleshhoting and answering questions
and updating their current situation. Poor access to communication tools such as access to social
media (facebook, messenger, viber) where all members are required to obtain updates in order to
be able to shortcut the time and space barrier via immediate interaction on video, audio, text
communication on troubleshooting/ problem solving queries, challenges and difficulties is more
likely to lead to inadequate assistance or learning of the beneficiary-participants.
Waning interests. The common cause of failure of the project is the waning interest of the
beneficiary-participants. Some will only be proactive in the initial stage but after some time due
to personal lack of conviction and other factors such as lack of interactive support and follow up,
the beneficiary-participants stop or decline performing. That is why follow up is a must to
reinforce desire among beneficiary-participants. Participants are required to attend meetings on a
regular basis so that they can be motivated by their peers who are more successful.
Predators. The cages and perimeters of meat rabbits must be properly secured against the
following threats: dogs, rats, snakes, ants, centipede, scorpions, other wild animals that can come
into the backyard and devour or cause the timid rabbits to die of shock.
Marketability challenges. Market demand should be created through proactive promotion of the
social acceptability of rabbit meat consumption. Creation of awareness on the health advantages
of meat rabbit consumption must circulate all forms of communications such as social media
(digital) and print media to encourage acceptability. Besides that, awareness that rabbit meat is
tasty and delicious are alos important. Creation of linkages and forging of collaborations
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especially in international trade where halal-consuming countries is also warranted to expand the
marketability of the product.
Short-shelf life. Perishableness should likewise be addressed through use of highend technology
application to extend and preserve the shelf life of the meat. Proper sanitation, hightech
packaging, and innovative processing of the rabbit meat and its derivatives are indispensable
before the products reach the consumers‟ end.
Common Rabbit sickness.
Respiratory Flu. Due to the raining season where the backyard is not properly sheltered, the
rabbits are exposed into unwanted elements which leads to contraction of respiratory flu that may
lead to their death.
Poor quality feeds. The management company must be able to provide the quality feeds at a
greatly cheaper price so that the beneficiary-participants don‟t end up buying substandard feeds
which can disturb the reproductive ability of the rabbits.
Wrong way of administering forages. The beneficiary-participants must rigorously follow the
standard operating procedures set by the management company to ensure proper administration of
forages. Improper harvesting, storing, and feeding may result in unlikely sickness and even lead
to the death of the rabbits, such as infection due to exposure of forages to elements or
contamination.
Inbreeding. The management must ensure that each participant understands the topic of
inbreeding and its repercussions. With the implementation of the rabbit centre exchange program
shall prevent the inbreeding of the meat rabbits through facilitating the exchange of rabbits which
belong to one bloodline to another.
Listening to third parties. The rabbit center must ensure that all participants are pre prepared
before the program begins, to not listen to different advices of anyone who is not within the
program by strictly following the Standard Operating Procedures SOPs given. Any doubt must be
resolved by directly consulting to the management the solution to the issue. The use interactive
social media group chats shall facilitate real-time interaction that can immediately provide
resolutions to any inquiry, difficulty or challenge met.
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Abstract: China is a country with less resource but large population; it need rely on 7.75 percent global arable land
area and 5.19 percent inland water to feed 19.16 percent population of the world. For a long time, poverty alleviation
has been given much higher priority in government policies. In 2017 central government made strategy to eradicate
poverty in China before 2020. During different measures of poverty alleviation, agricultural industrial way is
considered as the most fundamental and effective. Due to many good characteristics, rabbit raising is selected as key
measure in many areas to mitigate the poverty problem, especially in far remote and mountainous poor areas. Based
on the Michael Poter‟s theory on industry development, this paper studies two typical models in poverty
reduction/eradication through rabbit raising. One case is Mengyin county located in Shandong province in eastern
area of China. The other is Puan county located in Guizhou province in western area of China. Both are
mountainous regions, which have no comparative advantages in agricultural production. However, rabbit raising
need less land area, can create jobs for old or women labours, it can also start with less investment. Therefore, rabbit
raising becomes the first choice for small scale farmers to make money or reduce poverty. The Mengyin and Puan
cases are two typical models of poverty alleviation, Mengyin model (MYM) mainly rely on small farmers with
certain support from governments, through several decades they have got out of poverty and now becomes a rich
area. MYM can be summarized as the Integrated Recycle Model. Puan model (PAM) is mainly driven by private
processing companies, they sign contracts with farmers and provide technical supports including rabbit, feed,
disease control etc, and companies purchase rabbit wool. Farmers need less investment, so through PAM just started
several years ago but it develops rapidly. PAM can be summarized as the Leading-company Driven Contracting
Model. Both models have made great achievements. Of course, during the process of local rabbit farming and
poverty alleviation of these two models, rabbit science and technology supporting also plays an important role.
Keywords: China, poverty alleviation, rabbit farming
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Abstract: Rabbit nutrition basis were mainly developed since the 70's, for indoor professional systems, where the
feed is produced by specialized companies, and in Western Europe, thus in temperate climates. However, since the
90's several research groups developed programs to improve the feeding in hot environments (Egypt, Spain) and
also in tropics (Indonesia, Africa, etc.). The nutrition is first dependent of the level of production aimed: either
intensive indoor farming to very extensive outdoor or semi-indoor systems. In tropical climates one of the main
constraints is the high temperature (>30°C) combined with high humidity that leads to a decrease in the voluntary
feed intake of the rabbit, and thus of performances. One of the challenge, particularly for a semi-intensive system is
to maintain a sufficiently high level of nutrient intake (energy, proteins) in the breeding doe, to allow a good milk
production and thus to improve the litter survival. In less extensive systems, one of the main challenge is to use
tropical forages having a good nutritional value for the rabbit. Further research are still needed in this topic, to set up
feeding programs, having a low-cost but a good nutritional supply to the animals. When rabbit are extensively
farmed a zero cost feeding may be reached, without competition with human food, by giving various types of plants,
cuts, household vegetable wastes, etc. Thus, rabbit farming is already developed in many tropical countries, either at
a medium scale level (20 to 100 breeding does) or a large scale level (>100 does).
Key words: Rabbit nutrition, tropics, feeding programs
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RABBIT INDUSTRY IN SELANGOR STATE: REVIEW ON
PRODUCTION AND CHALLENGES
Gunalan,S.1*, Hassuzana1, Yahasmida1, Azahari,J.1, Norhaliza,A.H.2
1

Department of Veterinary Services State Selangor, Lot 2, Jalan Utas 15/7, 40630 Shah Alam, Selangor Darul Ehsan, Malaysia.
Email: webmaster@dvssel.gov.my
2
Head of Exotic Animals Section, Livestock Commodity Development Division Department of Veterinary Services, WismaTani,
Block Podium 4G1, Presinct 4, 62630 Putrajaya, Malaysia
Email: norhaliza@dvs.gov.my
*Email: gunavet79@gmail.com.my

Abstract: The Selangor livestock industry, particularly that part pertaining to rabbit, has increased due to demand,
there is need in improvement for a productivity which been focused on the production systems and nutrition. Rabbit
industry is very new in Malaysia but has become popular since many campaigns and encouragement are given by
the government towards the development of this industry. It is the intention of the government to see that rabbit
meat can substitute up to 20 percent of poultry meat consumption (Dahlan, 1993). In 1988, Malaysian small holder
farmers and entrepreneurs were encouraged to go into rabbit farming for both export and local consumption
(Raharjo Y.C., 2016). Currently, farmers are aware about this opportunity and interesting features of the animal, but
they are still cautious and skeptical to get involved in the industry because there is no market assurance of the
products. As it may involve niche market such as shop selling “satay” (a local delicacies based on meat). Rabbit is
still perceived as pet and the meat consider not well preferred by many due to culture, social and norms of the
people. There are key components in developmental aspects of the rabbit industry with regards to collaboration
between authority such as DVS and farmer association as well as entrepreneurs. However, the industry constant face
up many challenges and many factors contribute to this downfall. Most farmer run their rabbit farming in a microand small-scale operation (Raharjo, 2008). In term of production, the cost of commercial feed is very expensive and
not specifically tailor to meet the nutrition requirements of the rabbit according to physiology and age. The type of
breed and its suitability to meet the management type of local farmers as well the investment and market size is
questionable. This paper discussed some aspects of the status of the rabbit industry, production aspects and its
challenges regarding farmers located in Selangor state.
Keywords: rabbit industry, production, challenges, Selangor, development.
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Abstrak : Banyak penyakit yang telah dikenalpasti secara rawak menjangkiti arnab samada arnab hiasan , arnab
pedaging mahupun arnab baka/pembiak. Sebahagian penyakit adalah zoonoses. Antaranya pasteurellosis, ringworm,
mycobacteriosis, cryptosporidiosis dan ektoparasit (Washington State University, 2017). Manakala 4 penyakit utama
boleh dilihat pada arnab hiasan iaitu Myxomatosis, virus hawar berdarah (viral haemorrhagic disease),
encephalitozoonosis dan masalah pernafasan berpunca daripada Pasteurella multocida (Laurie et.al, 2012). Di sini
para veterinarwan haruslah memainkan peranan aktif dalam menyumbangkan maklumat yang betul di peringkat
ladang terutama amalan pengurusan yang baik (good husbandry & health). Adalah perlu diingatkan bahawa penyakit
yang disebabkan oleh virus lazimnya tiada ubat atau cara rawatan berkesan untuk mengatasinya jika arnab
dijangkiti. Manakala penyakit yang berpunca daripada bacteria Pasteurella multocida yang diketahui sangat
sensitive kepada antibiotik jenis penicillin yang sebaliknya diakui boleh menyebabkan kematian arnab hendaklah
dielakkan dalam industri ini. Penekanan haruslah diberikan semasa memilih jenis ubatan yang sesuai dan hendaklah
senantiasa merujuk kepada pakar dalam bidang ini. Perlu dikongsikan juga beberapa masalah yang dikenalpasti
biasa berlaku pada arnab hiasan iaitu pertumbuhan gigi bermasalah, masalah pernafasan,bebola rambut yang
menjejaskan system pencernaan, ketumbuhan pada system pembiakan (uterus), myxomatosis dan calicivirus (juga
dikenali Rabbit Haemarrhagic Disease Virus). Kesimpulannya : tujuan artikel ini ialah untuk mengetengahkan
beberapa penyakit berjangkit yang dialami oleh arnab tempatan dalam kehidupan seharian mereka. Tanpa rawatan
atau pencegahan awal (vaksin jika ada), beberapa penyakit boleh menyebabkan kematian sekaligus mendatangkan
kerugian ekonomi yang besar. Oleh itu, adalah menjadi kemestian para veterinarwan professional memainkan
peranan tegar memberi khidmat nasihat yang akan membantu para penternak arnab agar dapat mengamalkan Good
Husbandry & Health terutama meningkatkan biosekuriti berkesan supaya meningkatkan jangkahayat arnab yang
dipelihara baik arnab hiasan mahupun pedaging.
Kata Kekunci : penyakit berjangkit, arnab, penicillin, biosekuriti, Good Animal Husbandry
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