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Abstract
Ethiopia is endowed with different Indigenous cattle genetic resources with
millions of people directly depending on them. However, despite the
potentials of these diversified genetic resources, the huge loss of cattle
genetic diversity is becoming a prominent challenge these days. The aim of
this review is to show the current status and performance of some selected
indigenous cattle breeds of Ethiopia for better understanding of the situation of these breeds for the collective efforts
towards conserving and improving the breeds. Based on the review, there are persuasive evidences on the critical
situation of the selected indigenous cattle breeds. The facts and figures of the past and current situation of the selected
indigenous cattle of Ethiopia showed that the situation of these breeds is very critical. This situation therefore demands
the need to devise strategies to conserve and improve the cattle breeds based on the challenges that threatens them. Use
of new biological and information technologies is also imperative to facilitate the genetic restoration process. Besides, use
of new biological and information technologies which can enhance the conservation and improvement program are crucial.
Various ongoing development interventions like Artificial Insemination and introduction of genotypes into new
environments that are exacerbating threat of the breeds should totally be avoided by revising and designing sound
approaches for cattle Conservation and improvement programs. Strict regulations and by laws should also be in place for
illegal
movement
of
breeding
cattle
to
the
neighboring
countries.
Keywords: Genetic Resources, Indigenous Cattle, Ethiopia
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Abstract
Effects of providing grit on daily behavioural activities of intensively kept
ostriches were investigated at the Botswana College of Agriculture. Two
groups of ostriches were each housed in a 30 x 6m pen. Each group had
seven ostriches in it. Each member of the group was identified by a
number tag attached to its neck. Activities studied were feeding, picking
objects, walking about, sparring, standing rest, sitting rest, grooming self,
and grooming others. The study lasted 30 days. The results of the study show that during the mornings and afternoons,
ostriches without access to grit allocated significantly (P<0.05) greater proportion of their activity time to feeding than did
those with access to grit. The proportion of time allocated to morning feeding by the non-grit group was 23.1% as
opposed to 13.9% for the grit group. In the afternoon, the non-grit group of ostriches continued allocating significantly
more time (13.3 %) to feeding than the grit group which only allocated 4.8% of their activity to the same activity. This
trend in apportioning activity time by the two groups of ostriches was maintained with regards to the proportion of time
allocated to walking about in the pens. The non-grit group allocated significantly (P<0.05) greater proportions of time to
walking than the grit group. In the morning, non-grit ostriches allocated 25.8% of their daily activity to walking about in
the pen while their grit counterparts allocated 19.9% to the same activity. The grit-fed group of ostriches rested more as
they allocated significantly higher proportion (28.1%) of their afternoon time to resting while standing than the proportion
(17.7%) allocated to the same by the non-grit group. Both treatment groups allocated higher proportions of their activity
times to morning feeding. The group with access to grit spent 35.2% of the morning time feeding while allocating only
22.5% for the same activity in the afternoon feeding. The non-grit group allocated 24.7% and 8.4% of their daily activity
time to morning and afternoon activities, respectively.
Keywords: Ostrich, Activity, Grit, Non-Grit
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Naji HA and Zenad MM.
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Abstract
Cadmium (Cd) is a heavy toxic metal, with harmful effects on animals and
public health. Recently the risk of cadmium toxicity is substantially
regarded; the environmental pollution is increased due to multi- uses of this element in various industries. This study was
performed to clarify the effects of acute cadmium toxicity in sheep with trail of using alpha lipoic acid as an antioxidant
therapeutic substance. Fifteen male lambs aged from 5-to-7 months were divided equally in to three groups, they were
supplied with ordinary diet and provided with water ad-lib, the first group 1 was administered a single dose of CdCl2 3
mg/kg.bw subcutaneously (S/C), the second group 2 was injected with the same dose of CdCl2 and by the same route,
and then simultaneously administered an alpha lipoic acid 50 mg/kg.bw intramuscularly, the later drug was repeated after
12 hours via the same route. The third group 3 was left as control and given normal saline (S/C). All animals were daily
monitored and the clinical signs were recorded. The signs of cadmium toxicity appeared 18 hours post CdCl2
administration in the group 1; the signs were gradually increased in severity and multiple systems were involved
included: digestive disturbances, cardiovascular and neurological dysfunctions, and locomotors abnormalities. Significant
elevations in the body temperature, respiratory and heart rates were observed, deaths of 2 lambs were recorded 96 hours
post CdCl2 injection. The group 2 showed mild clinical signs, and no death was occurred, moreover insignificant variations
between clinical parameters in both groups 2 and 3 were recorded. Serum biochemical analysis revealed significant
(P<0.05) increased of malondialdehyde (5.41 ± 0.282 µmol/L) and glutathione (10.68 ± 0.38 µmol/L) concentrations and
marked elevation of serum catalase activity (103.85 ± 3.93 u/L) was also observed in group I, whereas the last three
parameters showed no significant differences between groups 2 and 3; these results pointed to the role of alpha lipoic
acid in ameliorating the toxic effect of cadmium to great extent.
Keywords: Cadmium Toxicity, Alpha Lipoic Acid, Antioxidant, Sheep.
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Abstract
The study of somatic and visceral lymph nodes of mature dromedary
(Camelus dromedarius) has shown a structure of conglomerates, which
are they made up of same subunits, the detailed histological study shows
a wide parenchyma and lymphatic sinuses divided into distinct structural
and functional areas (compartments). It was found that somatic lymph node (LN) has an unequal development of the
main components of the tissue (stroma of connective tissue, lymphatic sinuses, lymphoid parenchyma) the relative area
of each of them is about 30 to 35%. The richest areas in cells in the lymph nodes of the dromedary are the depth cortex
units in the somatic lymph nodes and the medullar cords in visceral lymph nodes. The content in the two groups of
follicles
of
the
lymph
nodes
of
the
adult
dromedary
does
not
exceed
6%.
Keywords: Lymph Nodes, Dromedary, Structural And Functional Areas, Lymphoid Parenchyma, Deep Cortex Units,
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ABSTRACT: Ethiopia is endowed with different Indigenous cattle genetic resources with millions of people directly
depending on them. However, despite the potentials of these diversified genetic resources, the huge loss of
cattle genetic diversity is becoming a prominent challenge these days. The aim of this review is to show the
current status and performance of some selected indigenous cattle breeds of Ethiopia for better understanding
of the situation of these breeds for the collective efforts towards conserving and improving the breeds. Based on
the review, there are persuasive evidences on the critical situation of the selected indigenous cattle breeds. The
facts and figures of the past and current situation of the selected indigenous cattle of Ethiopia showed that the
situation of these breeds is very critical. This situation therefore demands the need to devise strategies to
conserve and improve the cattle breeds based on the challenges that threatens them. Use of new biological and
information technologies is also imperative to facilitate the genetic restoration process. Besides, use of new
biological and information technologies which can enhance the conservation and improvement program are
crucial. Various ongoing development interventions like Artificial Insemination and introduction of genotypes into
new environments that are exacerbating threat of the breeds should totally be avoided by revising and designing
sound approaches for cattle Conservation and improvement programs. Strict regulations and by laws should also
be in place for illegal movement of breeding cattle to the neighboring countries.
Keywords: Genetic Resources, Indigenous Cattle, Ethiopia

INTRODUCTION
Indigenous animal genetic resources are believed to preserve much of the current global genetic diversity
with millions of people directly depending on them for the livelihood of the people (Rege and Gibson, 2003).
According to Bradley et al. (1998), the earliest cattle introduced in Africa is B. taurus. However, literatures indicated
that later on the genetic landscape of African cattle had been profoundly changed by waves of immigration of
humped B. indicus like the most recent immigrant Zebu cattle which was mainly being centered East Africa, around
Ethiopia and neighboring countries (MacHugh et al., 1997; Clutton-Brock, 1989; Rege, 1999; Hanotte et al., 2000
and 2002). Subsequent interbreeding of the zebus with the local taurine longhorns produced the present-day sanga
cattle and the second introduction of zebu led to the emergence of zenga breeds and their different strains adapted
to the diverse ecological environments in the East African highlands (Rege, 1999).
Ethiopia in particular and horn of Africa at large own the highest concentration of domesticated and
diversified cattle (Bos indicus and Bos taurus) in the continent (Rege, 1999). Hanotte et al. (2000) also concluded
that east Africa is the cradle of the largest number of African zebu population. This might be because of the fact
that Ethiopia is believed to have been a gateway for cattle immigrations into Africa (Hanotte et al., 2002). It is
indicated that cattle may have penetrated to Ethiopia in the middle of second millennium B.C (Epstein, 1971).
According to Li et al. (2007) the country, Ethiopia, is considered to be a putative migratory corridor for both NearEast Bos taurine and Arabian and Indian B. indicus cattle into East Africa. Therefore, in general, the country is
considered as the home of most important cattle breeds for eastern and southern Africa (Hanotte et al., 2002;
Ayalew et al., 2003) and enriched with 31 recognized indigenous cattle breeds (IBC, 2004; DAGRIS, 2007). The
diverse agro-ecology, cultural and ethnic diversity, a long-lasting agricultural practice and farming systems in the
country have contributed to be a centre of secondary diversification for livestock in the continent (IBCR, 2001;
Takele et al., 2011).
Despite the potentials of diversified genetic resource, the huge loss of livestock genetic diversity in
developing countries will seriously undermine the efforts towards achieving food security and poverty reduction
(Zerabruk et al., 2007a) viz avis the long-term effect on global biodiversity. The intervention trials of the animal
diversity, for instance in Ethiopia, has been poorly addressed in contrary to the efforts made on recognition of the
importance of conserving plant biodiversity (Nigatu et al., 2002). In line with this, as the percentage of the total
125
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number of existing breeds that have population data (and therefore the risk status is known), the number of
mammalian breeds recorded in the African region at risk of extinction has increased from 8% (of 179) to 19% (of
388) since 1995 (Garrine, 2007). Similarly, apart from the absence of documenting impact of the losses and the
unquantified within breed diversity (FAO, 2007), 31% of cattle breeds found globally are currently at risk and
already extinct (FAO, 2009a). Especially the situation is very serious in developing world where rapid changes in
production systems are leading to replacement of the breeds or at best cross breeding (Zewdu, 2010). A total of 22
breeds (13%) of the previously recognized have become extinct in the last Century in Africa (Rege, 1999). This
figure has grown up to 22 % of risk extinction in parallel with 47% of the 150 identified breeds which are getting
threatened in Africa (FAO, 2007). Most breeds may even perish before they have been exclusively recognized and
exploited (Okeyo et al., 2010; Hoda et al., 2012). In this regard, Pilling (2010) stated that knowledge regarding the
threats facing particular breeds and production systems is yet patchy and often unavailable to relevant
stakeholders. The absence of information on the level of genetic introgression of the indigenous Boran cattle
(Nigatu et al., 2002) can be a very good example. The lack of knowledge about threats often goes hand in hand
with a more general lack of knowledge about the characteristics, use, management and distribution of livestock
breeds (Pilling, 2010). For instance, in the absence of conservation measures to be implemented, half of the
current cattle diversity in Africa will be lost in the next 20-50 years (Reist-Marti et al., 2003). The situation in our
country is becoming serious. Though most parts of the country have been assessed in-terms of identifying the
livestock genetic resources, some of the livestock breeds identified are found at risk with unwise utilization of each
breed consecrated.
Thus, in cognizant of these facts there is a need to sensitize various stakeholders (the scientific community,
funding organizations, research institutes, government officials and others) to come together and internalize the
problem first, to design conservation and utilization strategies, and to show their commitment for the
implementation of sustainable breeding/conservation programs so as to alleviate the challenge our indigenous
cattle genetic resources are facing. Therefore, this paper aims to review the current status and performance of
some selected indigenous cattle breeds of Ethiopia for better understanding of the situation of these breeds for the
collective efforts towards conserving and improving the breeds.
Description and distribution of the breeds
Sheko cattle Breed: Tatek and Abegaz (2013) mentioned that it was in 1929 from South-west Ethiopia at
which the first report about Sheko cattle was made and later in 1982 (Albero and Haile-Mariam, 1982). However, it
is not Sheko rather Gimira (Kuri-humpless long horn) cattle of Ethiopia which was mentioned in 1929 for the first
time by Encyclopedia britanica. Despite discrepancy of these reports, currently, Sheko cattle is found only in the
remote corner of southwestern Ethiopia specifically at the humid Sheko and Bench districts owned by small holder
farmers who breed them for millennia of years for their natural resistance to disease, particularly tsetsetransmitted trypanosomosis (ILRI, 2007). This breed represents the last remnants of Africa‟s original Bos taurus
(humpless shorthorn) cattle which were probably the first to be domesticated in eastern Africa (ILRI, 2007). The
phylogenetic, genetic distance based, analysis of the breed indicated that Sheko cattle are distantly related to
Sanga cattle breeds of Ethiopia (Dadi et al., 2008). They are smaller in body size, with narrower belly and
hindquarters, and shorter or no horns which made them much easier to manage (Takele et al., 2009) (Figure 1).
Sheko cattle have better feed conversion efficiency, longevity, fertility good mothering ability compared to other
cattle breeds in adjacent areas. Fast growth rate and possession of larger
teats than the comparators were also noted as useful traits to improve
milk production of the Sheko breed (Takele et al., 2009). Rege (1999)
had also emphasized that, from the view of their morphology, Sheko
cattle appear to have been deliberately developed for milk production
(Rege, 1999). However, these days some of the Sheko cattle manifest
small humps that they inherited from zebu introgression (Tatek and
Abegaz, 2013). On the other hand, their occasional aggressive
temperament and voracious feeding habits, particularly during the dry
season, were mentioned as undesirable traits which trigger its keepers to
intentionally reinstate with smaller breeds of lower feed intake (Takele et
al., 2009).
Figure 1. Sheko cattle (DAGRIS, 2007)
Boran cattle Breed: According to Mpofu (2002) the Boran is believed to have been originated from south-west
Asia and developed by the Borana people, southern Ethiopia. This breed is also believed to be the ancestor of the
other renowned indigenous Fogera cattle breed predominant in the Lake Tana Belt of Northwestern Ethiopia (Ibid).
The Boran also then spread to Somalia (Ethiopian-Somalia border) and known as Somalia Boran or Awai and was
further extended to South-eastern Ethiopia (Mpofu, 2002). Nigatu et al. (2002) had also reported that Boran cattle
are being raised by both the Boran and Somali ethnic groups in Ethiopia. Rege and Tawah (1999) had also
ascertained Ogaden cattle are an ecotype/strain of the Boran found in Ogaden and Eastern Hararghe. They were
further distributed by the nomads of southern Ethiopia and Somalia who migrated to Kenya and in the late 1920s
where by European ranchers in Kenya purchased these cattle and developed the Improved Boran or Kenya Boran
through selective breeding. It was then introduced to Zambia in 1947 and to South Africa in the 1960s (Mpofu,
2002; BCBSSA, 2005).
126
To cite this paper: Mekuriaw G and Kebede A, 2015. A review on indigenous cattle genetic resources in Ethiopia: adaptation, status and survival. Online J. Anim. Feed
Res., 5(5): 125-137.
Scienceline/Journal homepages: http://www.science-line.com/index/; http://www.ojafr.ir

With regard to the phenotypic characteristics of the breed, Gillooly et al. (2001) described that a typical
Boran cattle have white coat color, and large dewlap and hump. But mostly they have light grey or fawn with black
or dark brown shading on the neck, head, shoulders and hindquarter and shorter, more pendulous sheath, well
developed hump, well developed udder, long legs, wide ear and large dewlap and erect horn orientation with
dominantly thick base (Getachew and Nigatu, 2001; Rege et al., 2001 and Nigatu et al., 2002; Getinet, 2005)
(Figure 2 and 3). However, based on the survey report of Nigatu et al. (2002) it was revealed that the Ethiopian
Boran cattle known by the community 50 years ago were not identical with the current Ethiopian Boran types,
especially in terms of their body size and coat color. The body size decreased and the current color is becoming
variegated as opposed to white and grey characteristic of the Boran due to the probable genetic admixture with
small sized zebu.
These phenotypic characteristics are a result of adaptation mechanisms of the breed to the harsh
environments. For instance, white color is helpful in thermo-regulation ability; long legs to trek long (60 km per day)
and wide ear and large dewlap help to increase the surface area for metabolic heat dissipation. Those of Somali
Boran cattle have white with black patches coat color (Rege et al., 2001 and Nigatu et al., 2002).
Begait Cattle breed: Begait cattle breed, alternatively called Barka, is believed to be originated from Sudan
and low lands of Eritrea (Zerabruk et al., 2007b). They are currently, found in Humera area of Ethiopia. Begait
cattle is phenotypically relatively large in size with a well developed udder, small and stumpy horns in both male
and females, long teats, a higher milk yielder and aggressive nature (Ibid). The common coat colors are grey,
brown, and black and white (Figure 4 and 5). In terms of susceptibility, they are very vulnerable to food shortage.

Figure 2. Boran bull (Source: Workneh and Rowlands, 2004)

Figure 3. Boran herds at South-west Borana plateau

Figure 4. Begait herd at Humera ranch

Figure 5. Begait bull at Humera res. Center

Fogera Cattle Breed: Fogera cattle breed are considered as a definite breed which inhabits the Fogera plains
around Lake Tana, Ethiopia having its own defined phenotypic and genetic characteristics. Regarding its origin
there are two schools of thoughts as stated by different scholars. According to Rege and Tewah (1999), Zewdu
(2004) and Zerabruk et al. (2007b) it is believed that it is a Zebu x Sanga (called Zenga) breed. In other words it is
believed that it is cross of various strains of Ethiopian highland zebu, Nilotic sanga and Abyssinian sanga (Rege and
Tawah, 1999). In contrast, Mpofu (2002) suggested that the introduction of Boran cattle (low land zebu) around
Lake Tana Belt by the Nomads from the south might have been the origin of Fogera cattle breed. According to the
hypothesis of Mpofu (2002), the nomads from the south moved northwards and settled with their cattle in the
areas of west and south of Lake Tana where the cattle became known as Tanaland Boran. In this connection,
despite the low bootstrap estimates that indicate the sampling bias, the protein polymorphism as well as nuclear
DNA reports ascertained the close relationships between Fogera cattle (the breed currently found around Lake
Tana) with Boran or Ogaden cattle breeds (Sisay, 1996; Dadi et al., 2008) (Figures 6 and 7).
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Even though it is not supported by research, there are some people who link few places with names of Oromo
tribes like Yilmana Denssia, Jawie and Mecha (which are proxy to the belt of Lake Tana) to the coming of the Oromo
nomads (Habitamu, 2014). The same author stated that the tribes were allotted by the Central government to stay
in those mentioned place following their arrival during the 15th and 16th century. This school of thought invites
social anthropologist to investigate the concrete expansion events of the Borana people with their cattle up to Lake
Tana area for scientific enquiry.
Needless to say both schools of thoughts might have true implications regarding the origin of Fogera cattle
as both events might have occurred over years in the history of the breed. In this sense, it looks that the breed
might have been introduced by the nomads as a Tana Land Boran and further crossed with other Sanga types
which gave its current description. Fogera cattle are generally of relatively larger size and long legs. Their coat color
varies, black-and-white or black – and –grey coat (Rege and Tawah, 1999; Zerabruk et al., 2007b). Most of their
characteristics (small horns, very large dew-lap, pendulous naval flap and perpetual sheath, docile) indicate the
characteristic of zebu cattle (Rege and Tawah, 1999; Zewdu, 2004; Fasil, 2006; Zerabruk et al., 2007b) (Figure 8
and 9). Only the hump, which in most of the cases is rather small and cervical or cervico-thoracic in position (Rege
and Tawah, 1999) represent the sanga genetic influence. These cattle, therefore, have been classified by breeders
as intermediate zebu-sanga type.

Figure 6. UPGMA tree summarizing genetic relationships using blood protein polymorphism (Sisay, 1996)

Figure 7. Neighbour-joining dendrogram summarizing genetic relationships using DA genetic distances based on 30
microsatellite loci (Dadi et al., 2008)
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Disease resistance and Adaptability
According to ILRI (2007) report, Sheko breed has been recognized as one of Africa‟s “Big Five” vintage cows
having great potential to form the genetic backbone for future survival. Dadi et al. (2009) had also explained
characters related to disease resistance and adaptation to extreme environments of the breed could prove
fundamental to food security for the present and future human generations. Apart from N‟dama cattle, Shecko
cattle is one of the trypano-tolerant cattle strain in Africa which lets to thrive in a trypanosomiasis infested area of
the country especially in wet areas of Ethiopia, South and South-west parts where trypanosomosis coverage
exceeds 180,000 to 200,000 km2 of agricultural suitable land. This breed which shares some genetic characters
with the West African Shorthorn cattle (Alberro and Haile-Mariam, 1982) and N‟dama cattle breed (having
ARHGAP15 and TICAM1 functional polymorphic markers that could affect the response to infections) (Noyes et al.,
2011) are recognized as trypanotolerant breeds which possess trypanotolerance character better than other
indigenous cattle breeds in Africa (Lemecha et al., 2006; Dayo et al. 2009; Stein et al., 2011; Takele et al., 2012)
and very important for sustainable agricultural development in tsetse infested area.
In this regard, according to the reports of MoA (1995), more than 20% of Ethiopia‟s landmass in the west and
southwest was infested by trypanosomosis, which even could be higher when the north western and pocket areas
of the south and southeast of Ethiopia are considered (Takele et al., 2012). Apart from importance of the breed for
tsetse invaded areas because of its trypanotolerance nature, molecular characterization of the Sheko breed
indicates that it has high genetic diversity with numerous unique alleles which may be vital for future breed
conservation (Dadi et al., 2008). This fact really underlines essentiality of rearing of trypanotolerant Sheko cattle
breed and designing conservation and improvement strategies for this peculiar adaptive breed.
The molecularly and clinically evidenced trypanotolerant nature of this breed should await either a transgenic
technique or a breeding program to make use of such unique qualities of the breeds for increment of the
productivity of arable as well as livestock-based farming systems by making draft power available to tsetse infested
areas in addition to the direct benefits from their products like milk and meat.
Like Sheko cattle breed which is trypanotolerant, conserving local breeds which are adaptive to the local
environment are critically important. It is strongly believed that to adapt the production systems to radically
changing conditions, traditional/local breeds offer diversity which is the only base for future selection and
adaptation as does plant genetic diversity (ILRI, 2007). For instance, both Boran and Begait are drought tolerant
and withstand water thirst. Boran cattle can stay two to three days without thirst (Nigatu et al., 2002). The genes
that Boran cattle carry are mainly the result of a long-term natural selection under harsh environmental conditions.
They have developed adaptive traits of crucial importance for their survival (BCBSSA, 2005). Zerabruk et al. (2007b)
indicated that Begait cattle breed is well adaptive to arid and semi-arid conditions where as Fogera cattle adapt to
survive in flooded and swampy areas for several months.
Populations‟ status and their voice of survival
Population status: Africa, a continent which is believed to be home to diverse and genetically unique
ruminant livestock and wildlife species, is missing its genetically diverse livestock genetic resources at an alarming
rate (Okeyo et al., 2010). This on-going loss of the livestock genetic heritage is tantamount to losing a road map for
survival - the key to food security, environmental stability and improving the human condition (ILRI, 2007).
According to various scholars report, the situation in Ethiopia seems very critical and remarks to be keen in terms
of internalizing the challenges, revising development intervention approaches which are threatening potential
breeds and to redesign them, and bringing the fragmented hands together and act accordingly.
For instance, in the last 15 years, different literatures indicate that there is very high population reduction of
Sheko breed. According to Rege (1999) who had identified Sheko cattle (the humpless shorthorn of East African
cattle group) breed as endangered breed in Ethiopia, the population was estimated about 31,000 and later
declined to 4040 which constitute only 2% of the
total cattle population in the known breeding tract
of Sheko (Takele, 2005; Takele et al., 2007), further
declined to 2400 (ILRI, 2007; Dadi et al., 2009) and
1967 by the year 2011 (Tatek and Abegaz, 2013).
The later report was based on secondary data
collected from district agricultural office and in
terms of population group 562, 231, 421, 651, and
102 of 1967 were heifers, bulls, oxen, cows and
calves, respectively (Tatek and Abegaz, 2013).
These all figures confirm and reverberate sparks of
echo for survival, a widely held notion, Sheko breed
is indeed endangered and the apprehensive
declining trend. Figure 10 shows the highest
probability of missing Sheko cattle soon like Gimira
(Kuri cattle-the humpless long horn) of Ethiopia
which has been already Extinct (Rege, 1999).
Figure 8. Fogera Bull at Andassa Livestock Research Center (ALRC)
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Similarly, this declining trend is also being observed in Boran and Fogera cattle breeds. The Boran breed is
threatened not only by effect of genetic erosion due the introduction of small zebu cattle from Bale area, through
uncontrolled mating and human purposive selective breeding for improvement towards the desired genetic traits
(Nigatu, 2001; Sabine et al., 2004). Population size of Fogera cattle was also estimated to be more than 800,000
in the beginning of 1980s (Alberro and Haile-Mariam, 1982), 86,500 (Rege, 1999) and declined to 15,000 heads in
the beginning of 2000s (Gebeyehu et al., 2004). This might be because of lack of indigenous animal genetic
resource management by farmers and a shift in the production system of the area within the last 30 years
(Adebabay, 2014) and indiscriminate cross breeding practice
(Zerabruk et al., 2007b) in contrary to the Afar cattle breed
which is protected by the traditional indigenous animal
genetic resources management systems of the pastoralists..
The Figure 11 can clearly show the degree of genetic
admixture in the main home tract and how much the breed is
affected by indiscriminate cross breeding practice with
highland zebu.
Similarly, even though, the population size of Begait
(Barka) in Ethiopia has not been figured out, Rege (1999) had
indicated Barka cattle in Eritrea were estimated to be
850,000. Later, Zerabruk et al. (2007b) estimated the
extinction probability of Begait cattle in Ethiopia to be 67%
within the coming 20-50 years that might be due famine and
war, and next to the danger of cross breeding.

Population size

Figure 9. Fogera Cow at Blue Nile fall under farmers management

1995

2000

2005
2010
Year of Report

2015

Figure 10. Sheko cattle population: a declined trend (Source: Tatek and Abegaz, 2013)

Figure 11. Are they really Fogera cattle? Cattle herd at Fogera cattle breed home tract, Fogera district
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Major causes of the threat
Among other things, Okeyo et al. (2010) had mentioned some of the reasons that aggravate threat of Africa‟s
indigenous cattle as follows. These includes: unfair competition from vigorously promoted commercial European
breeds, even where such genotypes are inappropriate, unplanned crossbreeding with commercial European breeds,
globalization and the supermarket revolution where standards of livestock products are made to mirror the
developed world‟s tastes and requirements, absent or poor breeding program design and implementation plans,
lack of infrastructure (e.g. recording systems, breeders organizations etc.) and policy frameworks to support
sustainable breed improvement programs. Few of these factors can be mentioned as the major contributing factors
in threatening the indigenous cattle breeds in Ethiopia.
Presence of high gene flow and admixture among indigenous breeds: The presence of high gene flow and
admixture between indigenous cattle breeds is one of the major contributing factors in threatening unique breeds
(Zerabruk et al., 2007a; Hoda et al., 2012). In Borana area, pastoralists usually move to look for feed and water
resources which leads the breed to be admixed with the surrounding small sized zebu in the watering and feeding
points (Getachew and Nigatu, 2001; Nigatu et al., 2002). Similarly, there is indiscriminate crossbreeding and high
affinity of reinstating Sheko cattle by other thoracic-humped zebu cattle which have good temperament (Rege,
1999; Takele, 2005; Takele et al., 2007; Dadi et al., 2009). With this respect, the molecular genetic evidence also
showed that about 90% of the sampled Sheko bulls have had their specific taurine allele replaced by indicine allele
confirming an alarming introgression of Zebu genes (Hanotte et al., 2000). In the pastoral area, like Borana
plateau, the conflict between clans on control over resources has also contributed to genetic admixture due to
raiding (the animals obtained through raiding are reared to increase animal number). In general, various molecular
studies (Sisay, 1996; Fedlu et al., 2007; Zerabruk et al., 2007a; Dadi et al., 2008; Zewdu, 2010; Zewdu et al.,
2012) conducted on indigenous cattle genetic resources in Ethiopia indicate that the genetic diversity among
breeds is very minimal. This is just because of the fact that there is high pressure of breed admixture and
uncontrolled breeding program.
The alarming increment farm land at the expense of grazing lands: Pasture and grazing lands are decreasing
due to various reasons which are related to the biological and behavioral nature of the breeds, natural disaster and
other development interventions priorities. For instance, apart from the aggressive nature of the breed which
provides difficult to manage the animals in tethered feeding system Sheko breed is known with its high feed intake
that contrasts to the high farm land expansion in the home track and consequently causes to shrinkage of grazing
land (Rege, 1999; Takele 2005 and 2010; Dadi et al., 2009). On the other hand, pastoralists identified scarcity of
pasture in Borana range land due to the increasing recurrence of droughts as the main cause shrinkage of the
grazing land (Sabine et al. (2004). Due to this, cattle are losing their predominant position to small ruminants and
camels (Nigatu, 2001; Sabine et al., 2004). Diress, et al. (2003) also stated that the change in the rangeland
condition has infavoured cattle rearing compared to camel and goat production. The shift from livestock dominant
mixed crop livestock production system to crop dominant mixed crop livestock system has also affected the
indigenous Fogera cattle breed. In this regard, the expansion of dominantly rice and other crop farming at the
expense of productive communal lands is interfering with the production and productivity potential of the breed.
Recurrent drought and war: Literatures indicate that recurrent drought and war were frequently affected
various parts of the country. In Borena area drought was occurred during 1984/85 and 1995/1997 which caused
to the decline of the cattle population by 60 and 78%, respectively (Sanford and Yohannes, 2000). Similarly, more
than 70% reduction in population size was recorded between May 1999 and May 2000 in the southern Somali and
Borena regions (Devereux, 2000). The large sized animals, the Boran cattle, which demand high metabolic
maintenance requirement couldn‟t cope up the drought occurrence compared to small sized zebu. Therefore,
sometime there is intentional shift to small sized zebu, like small Bale highland Zebu, Ayuna and other
intermediate, by pastoralist (Getachew and Nigatu, 2001; Nigatu et al., 2002).
Similarly, the north Ethiopian region had been a centre of some of the longest civil wars in Africa and this has
led, among other things, to the accelerated destruction of eco-systems and natural resource degradation resulting
in recurrent drought and famine (Zerabruk et al., 2007b). The highest meat demand by the huge number of army
stationed in the region, particularly between Ethiopia and Eritrea border since 1998 has been also mentioned as
one of the potential concern in creating extreme pressure on the livestock populations found in the region
(Zerabruk et al., 2007b). This pressure can also be considered as one of the causes of the livestock threat in the
south-eastern region because of the huge military based in Somalia and Ethiopia to fire back Al Shabaab terrorist
group since 2009.
Inappropriate and imbalanced development interventions and absence of institutionalized breed
improvement intervention: Various studies indicated that in most of the indigenous breeds in Ethiopia, there is no
any active research and development work targeted towards conservation, example, Sheko cattle (Tatek and
Abegaz, 2013). Rather, mostly practiced breed improvement interventions are contributing for the loss of
indigenous genetic resources. When one can see the interest of conserving the local livestock types has decreased
over the last 25 years in response to the expansion of highly productive livestock breeds at the expense of local
populations (Hall, 2004). For instance, there is provision of AI service (exotic blood) in the home land of Sheko
breed and introduction of Boran breed for farmers with a subsidized cost in some selected districts of bench Maji
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zone (Tatek and Abegaz, 2013). Such treat of introduction of Boran cattle breed was practiced, still going on, in
Metema area and other places. The restocking programs by Non Governmental Organizations (NGOs) was identified
and considered potential influential factor in changing the genetic constitution of the native breed populations. In
line with this Nigatu et al. (2002) reported that 50% of farmers‟ herds are composed of admixture in Borana area.
The absence of institutionalized schemes for genetic improvement of the breeds have encouraged the practice of
exchanging of superior bulls among closely related herdsmen apart from the massive admixture of herds of various
origins (Zerabruk and Vange, 2005; Zerabruk et al., 2007b) which have unique and potential attributes. This
practice is significantly observed among north Ethiopian indigenous cattle breeds including Fogera and Begait
cattle.
Increasing demand of the indigenous gene pool: This point may not a big concern, at this time, particularly
for the cattle breeds mentioned above. But this does not mean that the interest and demand for large animals by
the local people in Ethiopia is still low. For instance, Fogera cattle breed is preferred for its relatively larger body size
for domestic market and illegal foreign trade to Sudan border. Different literatures revealed that there is intentional
cross breeding between indigenous cattle breeds in search of large size animals (Getachew and Nigatu, 2001;
Nigatu et al., 2002). Due to this reason, many development agents pick better performing animals from their home
tract and introduce to other environments with complete negligence on the fate of the breed and its effect on the
genetic dilution with the native indigenous breeds. Apart from that, it is quite clear that Ethiopia is home and main
gate of many of African cattle breeds, example, the Boran breed which is now widely distributed beyond Africa.
Kenya is the major beneficiary in providing the improved Boran gene pool to the market. Many of the countries
which introduced the Boran have developed their own Boran breed. The performance difference of Boran at its
original home land and where it is improved is quite large. Conversely, the breed is becoming threatened at its
homeland. It is proverbed that “If you can‟t breed them buy „em” (BCBSSA, 2005). Yes indeed that genetic resource
is a global property. One may use unwisely but others do it in a better way to make use of the genetic resource they
obtained. As authors, we prefer to say that “If we couldn‟t breed them buy „em back and breed”.
In general, these all points indicated above provide evidences how indigenous cattle populations are loosing
their initial genetic architecture and landscape.
Possible options of interventions and points to be considered
Focusing on insuring infrastructures: According to FAO (2007) African countries are described with shortage
of the technical, physical, institutional and financial resource capacity needed to enable sustainable utilization and
genetic improvement of their livestock. Meticulously, Ojango et al. (2010 and 2011) commented inefficiency of the
human resources who have got trained in the area of Animal genetic resource management.
Ethiopia as part of African countries, these gaps are significantly seen and caused for the reduction and poor
utilization of the livestock genetic resources. Hence, apart from supporting policy which is the major infrastructure
in breed conservation and utilization program, infrastructures like physical facilities, functioning recording and
genetic evaluation systems, efficient and workable organizational and institutional frameworks and linkages, well
trained personnel and long-term financial support are critically thought and be in place. The strong links between
these mentioned components are also essential (FAO, 2009b, 2010, 2011).
Formation of breeders‟ society as an alternative tool for arresting genetic erosion: Formation of breeders‟
society can be one of the means to arrest the deterioration of the indigenous gene pool of the various cattle breeds.
In line with this, Strydom (2008) indicated some of the successful breeder societies that have helped to make use
different economic important traits of the breeds. Examples of the breeders‟ societies are the Drakensberger Breed
Society which was formed in 1947 in South Africa, the Tuli Breed Society formed in 1961 in Zimbabwe, the
Bonsmara (a composite indigenous breed originated in the 1940‟s) and Shorthorn/Hereford breed society
established in 1964. Similarly, Mpofu (2002) has also indicated formation Boran breed societies in various
countries like Kenya, Zambia and Australian. The Boran cattle breed breeders‟ society in South Africa is also one of
the strongest bovine breed society established in the beginning of 1960s (BCBSSA, 2005). For the success of
utilizing, for instance, from economic benefits of Boran cattle breed, the breeders‟ societies had contributed a lot in
outlining and designing the conservation and improvement programs. Therefore, Ethiopia can learn from those
countries and show efforts for the implementation. Kefena et al (2009) had also suggested the importance of
formation of breeders‟ society in Ethiopia.
Production system tailored breed improvement program: Ethiopia is characterized in having various
production systems ranging from intensive livestock production system, though this very limited share and
coverage compared to others, to pastoral based livestock production system. The diverse agro-ecologies the country
is endowed with had contributed to have such numerous production systems that demand to understand the
genetic diversity of the animal genetic resources accordingly. Therefore, the breed conservation and improvement
programs should be carefully tailored to the specific production systems.
Substantial reduction of cattle number as an intervention of breed improvement program: Apart from the
genetic introgression of breed admixture, especially in countries like Ethiopia, the within population genetic
diversity is incomparably higher than the between population genetic diversity. This is because of the fact that the
practice of extensive random mating and absence of selection. This allows poorly performing individual animals to
be reproduced. Therefore system based reduction of number of animals should be part of the breeding program to
be implemented. Such strategies will have simultaneous advantages in taking the edge of environmental
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degradation due overstocking, reduce environmentally harmful methane emissions and helps to utilizes potential
advantages of ecologically and environmentally friendly breeds.
Exercising informed conservation programs: Conservation and breeding programs should also be supported
with information technology. In this era of information technology one can dig maximum information from the
genomic data of a given population that can provide to design efficient and accurate conservation and
improvement programs. In connection with this, Okeyo et al. (2010) indicated that integration of the advanced
information technology with the genomics and bio-informatics allows collection and real-time remittance of the
biological data for safe storage and management. This in turn provides opportunities for fast turnover and feedback
potentially to a wide variety of stakeholders. Not only genomic information together with advanced information
technology facilitates conservation and utilization of the animal genetic resources but also the advancement of
reproductive technology highly helps for the breed conservation and improvement program implementation (Okeyo
et al., 2010).
Capitalizing and scaling up indigenous resource management practices: Uncompromised development
interventions are one of the bottle necks in affecting the sustained survival of indigenous cattle populations in their
own natural habitat. For instance, the traditional natural resource management practice of the Borana pastoralists
has been severely disturbed mainly by such inappropriate development interventions (Sabine et al., 2004). In this
area numerous water ponds in the traditional wet season pastures were constructed which eventually discouraged
seasonal mobility of herds and opportunistic resource exploitation. Besides, the indigenous institutional and social
networks by which pastoralists governed access to pasture and water resources have been severely compromised
(Sabine et al., 2004). The replacement trend of large-framed Ethiopian Boran (Qorti) by small size type of Boran
(Ayuna) can be a very good indicative. According to Sabine et al. (2004) large framed Boran cattle are considered
not competitive when the grazing resources are scarce and the pastoralists select small sized type of Boran cattle
which have lower demands on forage. Side by side pastoralists are increasing the adoption of small ruminants and
camels. One of the root causes of the species replacement is the development intervention introduced in the area
that highly disturbed the indigenous and traditional practices accustomed by pastoralist in governing the natural
pasture and water resources.
Since longtime ago, farmers especially pastoralists, used to have their own practices to manage and utilize
the resources they have and had sustainably employed their practices and utilized the genetic resources. Therefore,
new interventions should compromise the local context of indigenous practices which pastoralist or farmers have
been acquainted with to meet the intended objectives in any of the development programs. This helps the
pastoralists to efficiently utilize the resources they have and maintain their indigenous cattle breeds.
Maintaining and consolidating traditional social structures: In the local community, there are ample of
traditional social structures which had been, perhaps have been, functioning since long time before. Those social
structures contribute in resolving conflicts in between, predicting the upcoming natural as well as human
intervened disasters and other advantages. The traditional social structure of the Borana people which have
maintained for long in managing the livestock production and productivity issues can be a very good example
(Sabine, 2004). Next to Abba gadda (the president) Abba guya (delegate for water use and maintenance), Abba
herrega (delegate for water management), Abba quaee (Convener of ad hoc meeting) and Aburro (Range scouter
for the assessment of current range conditions) are facilitators who are supposed to manage livestock and
livestock related resource management issues. Therefore, appreciating the system, identifying the gaps in the
system and contributing in the system by providing modern tools and inputs would be helpful for better
conservation and utilization of the breeds. The breeding strategies to be designed should also look into such
indigenous practices within the community and one can easily and successfully demonstrate to farmers and
implement activities like livestock recording, evaluation of data and supporting the farmers with selection tools.
According to FAO (2009b) most breeds have been developed based on traditional knowledge and improved through
human interventions and natural selection. However, only structured and systematic breeding programs designed
have resulted in the impressive genetic improvements starting in the 20 th century (Zonabend et al., 2013).
Reviving back closed ranches and strengthening new ones: When one may have a look at the experience of
other countries like Australia, South Africa and others, the key destinations for implementation of breed
conservation and improvement programs are ranches, multiplication centers and farms. These farming areas have
contributed a lot for their success of benefit from their cattle genetic resource. In Ethiopia, from the 1950s to
1970s there are indications that scholars and respective bodies exerted their efforts in establishing ranches,
multiplications centers and farms. Some of them are Metekel Fogera cattle ranch, Wolaita cattle ranch, Jigjiga
ogaden cattle ranch, Dida Tuyura Boran cattle and Abernossa Boran cattle ranch. However, most of them, including
sheep ranches (Horro sheep ranch at Bako, Menz sheep ranch at Sheno and Amed-Guya menze sheep
multiplication center) are unjustifiably demolished. Many thousands of animals from those ranches have been
disappeared together with the ranches. This devastating action is a big treat in losing the diversity of indigenous
livestock resources which was conserved for future use. Still there are indications to shift the remaining ranches,
multiplication centers and farms. The only active ranches in this time are Dida Tuyura Boran cattle ranch at Borana,
Metekel Fogera cattle ranch at Chagni, Begait cattle ranch (newly established) at Humera and Horro cattle ranch at
Bako. These ranches would have contributed a lot if they were supported with soft as well as physical
infrastructures and tools. Demolishing cannot be an alternative for success and better utilization of genetic
resources rather unavertly failure. Keeping the existing ranches, reviving the lost ones is not a dead lock option
rather there is still an opportunity to replace back.
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Use of genomic conservation and selection tools: The advent of cheaper, faster sequencing technologies and
the realization of good draft sequences and development of SNP chip technologies for livestock species have
contributed to our understanding on many ways to further improve our important food species (Rothschild and
Graham, 2014). Genomic studies analyzing between and within breeds can be used as an effective and significant
conservation tool in conservation programs as a basis for understanding geographical distribution of variation
(Ryder, 2005). According to Allendorf et al., (2010), genomic tools may assist the management of ex situ
populations and reintroductions by providing increased precision and accuracy of estimates of neutral population
genetic parameters and by identifying specific loci of importance, which is essential for selecting founder
individuals. Moreover, it provides exciting opportunities to assess differential rates of introgression across different
genomic regions following hybridization. These days, in developed countries the uses of genomic tools have
heightened practical implications for designing breeding programmes. It has the potential to radically alter the
structure of livestock breeding programmes (Goddard and Hayes, 2007). Therefore, incorporation of genomic
conservation and selection tools is indispensible to hasten in conservation and breed improvement of indigenous
livestock genetic resources in Ethiopia.
Developing in-situ and ex-situ breed conservation and improvement programs: Indigenous cattle populations
are declining and there is lack of breeding bulls and high genetic admixture in village herds. This calls for
maintenance of breed based nucleus populations (ex-situ) as a source of pure genetic material to maintain and
buildup purity of village herds and community based breeding programs (in-situ). Nucleus breeding programs entail
a continuous supply of replacement bulls to villages, usually at no cost or highly subsidized prices. Yet communitybased conservation may be uncertain, especially for highly threatened breeds, and thus complementary nucleusvillage based programs are suggested (Heimstra et al., 2006). Thus a breed based breeding scheme that integrates
the merits of station-based nucleus herd and village (community-based) breeding scheme should be designed and
implemented.
Creating institutional frame work: Well coordinated institutions and organizations constitute important parts
and roles for the development of the livestock sector (Philipsson et al., 2011; Zonabend et al., 2013). For better
utilization and conservation of these indigenous cattle genetic resources, a well coordinated institutional
arrangement is a key issue. Apart from the between institutional readability, the arrangement should include
dissemination of information and networking at different levels. To implement this concerned regional, national
and international institutions should take up the lead responsibility.
Context based dissemination of cattle genetic resources and development interventions: In Ethiopia,
attempts have been made to improve indigenous cattle breeds mostly either by crossbreeding with exotic breeds or
with themselves. However, in majority of the cases attempts have failed due to mainly indiscriminate dissemination
of breeds to areas where the breed is not geographically and socio-culturally supported usually leading to wrong
breeding objectives and neglect of the potentials of various indigenous breeds of livestock. Therefore, approaches
better adapted to the potential of indigenous livestock breeds must be developed. In this regard, Philipson et al.
(2011) suggested that realistic ways of improving these genetic resources must be chosen and applied in the
context of environmental constraints and socio-economic demands and within the resources available. In a nut
shell, for sustainable maintenance of indigenous cattle genetic resources, suitability mapping of physical and sociocultural environments should be done before dissemination of any potential breeds.
Extensive implementations of utilization of reproductive technology tools: Since in last few years, there is an
effort of providing indigenous cows for AI (out breed bull: either local or exotic) by bringing them into estrus cycle via
synchronization. Despite the limitation in using, for instance, the Boran or exotic semen for Sheko cows, this
technique is helpful to bring the threatened indigenous breeds back. However, it seems imperative to mention
about consequences of the former approach in particular that needs due care so that the intervention would not
embark back after sometime.
CONCLUSIONS AND RECOMMENDATIONS
The facts and figures of the past and current situation of some selected indigenous cattle of Ethiopia showed
that the situation of these breeds is very critical. This review gave us persuasive evidences on the critical situation
of the selected indigenous cattle breeds. Therefore, there is a need to devise strategies to conserve and improve
these cattle breeds based on the challenges that threatens these potential breeds. Use of new biological and
information technologies is imperative to facilitate the genetic restoration process. Various ongoing development
interventions like Artificial Insemination and introduction of genotypes into new environments that are exacerbating
threat of the breeds should be totally avoided by revising and designing sound approaches for cattle Conservation
and improvement programs. Strict regulations and by laws should also be in place for illegal movement of breeding
cattle to the neighboring countries. Our live animal export practice (legal) is also the most important point that
needs to be seen critically. Live animals are exported without castrating them. No one seems aware about
transporting the gene pool too to outside in contrary to the strict genetic resource transfer regulation we have.
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ABSTRACT: Effects of providing grit on daily behavioural activities of intensively kept ostriches were investigated
at the Botswana College of Agriculture. Two groups of ostriches were each housed in a 30 x 6m pen. Each group
had seven ostriches in it. Each member of the group was identified by a number tag attached to its neck.
Activities studied were feeding, picking objects, walking about, sparring, standing rest, sitting rest, grooming self,
and grooming others. The study lasted 30 days. The results of the study show that during the mornings and
afternoons, ostriches without access to grit allocated significantly (P<0.05) greater proportion of their activity
time to feeding than did those with access to grit. The proportion of time allocated to morning feeding by the
non-grit group was 23.1% as opposed to 13.9% for the grit group. In the afternoon, the non-grit group of ostriches
continued allocating significantly more time (13.3 %) to feeding than the grit group which only allocated 4.8% of
their activity to the same activity. This trend in apportioning activity time by the two groups of ostriches was
maintained with regards to the proportion of time allocated to walking about in the pens. The non-grit group
allocated significantly (P<0.05) greater proportions of time to walking than the grit group. In the morning, nongrit ostriches allocated 25.8% of their daily activity to walking about in the pen while their grit counterparts
allocated 19.9% to the same activity. The grit-fed group of ostriches rested more as they allocated significantly
higher proportion (28.1%) of their afternoon time to resting while standing than the proportion (17.7%) allocated
to the same by the non-grit group. Both treatment groups allocated higher proportions of their activity times to
morning feeding. The group with access to grit spent 35.2% of the morning time feeding while allocating only
22.5% for the same activity in the afternoon feeding. The non-grit group allocated 24.7% and 8.4% of their daily
activity time to morning and afternoon activities, respectively.
Keywords: Ostrich, Activity, Grit, Non-Grit

INTRODUCTION
The ostrich (Struthio camelus) is the only living member of its family, Stuthionidae and its genus, Struthio. It
is a large flightless bird native to Africa and formerly the Middle East (Davies, 2003). The ostrich has a long neck
and legs which enable it to escape danger at an average speed of more than 70 km/h. Although in the same order,
Struthioniformes, with the emu, kiwis and other ratites (Dehorty, 1974), the ostrich commonly associated with the
savanna ungulates such as the zebras and antelopes who benefit from the ostrich’s acute senses of sight and
hearing that alerts them of pending danger in time so that they can timeously escape (Donegan, 2002). Ostriches
are diurnal, but may be active on moonlight nights. They are most active early and late in the day (Davies, 2003).
In their natural habitat, the ostriches are nomadic, wandering to wherever food is most readily available.
They are dietary indiscretive; their diet consisting typically of seed and leaves of both woody herbaceous plants, as
well as animals such as insects and lizards (Best, 2003). Ostriches can go without water for several days, living off
the moisture in the ingested food. When water is available, ostriches drink as much as 4-5L/day and hardly stray
away from it. Since ostriches do not have teeth, they pick and swallow pebbles that aid as gastroliths to grind the
swallowed food in the gizzard. The amount swallowed varies by age, but an adult ostrich typically carries about one
kilogram of stones in its gizzard (Maclean, 1996).
Additional grit is required only to meet demand for calcium when birds graze regularly (Kreibich and
Sommer, 1995). Farming ostriches date as far back as the Roman time when there was demand for products
which were use in venation games and in cooking. In the 19 th century when ostrich feathers were fashionable and
popular ornamentation, ostriches were hunted and farmed. Their skins were valued for making leather goods. They
were therefore hunted extensively during that period, resulting in drastic reductions in their numbers. Due to limited
stock in the world, farming for feathers began toward the end of the 19 th century (Maclean, 1996). However, the
market for feathers collapsed after the First World War, but commercial farming for feathers and later for skins
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become fashionable and widespread again during the 1970s and thereafter (Best, 2003). Young ostrich chicks
require very accurate and careful management of chick nutrition (Cooper, 2005). Dietary concerns of the modern
society have ensured that ostriches are also farmed across the globe for their lean meat from very cold to very hot
climates (Clark 2007), including in Botswana and in the rest of southern Africa. The methods of farming range from
semi-intensive to intensive. Intensive ostrich farming requires providing commercial feeds ad-libitum. This feed may
be provided with or without grit. The effect of the dietary grit on the daily activities of ostriches is not understood. As
a result, this study was conducted to assess the effect of providing grit on the diurnal activities of intensively
managed ostriches. The objective of the study was to assess the effect of floor type on activities of intensively
reared ostriches.
MATERIAL AND METHODS
The study was conducted at the Botswana College of Agriculture farm (S24°34.832 and E025°58.394),
Gaborone. The climate is semi-arid with an average annual precipitation and temperature ranging, respectively,
from 450 to 500mm and 5 to 36°C (Field, 1978). Rainfall during the study period amounted to only 56mm while
the average temperature ranged from 2.6 to 34.9°C. The 30 days old ostriches were purchased from an ostrich
farm operating an intensive production some 60km away and were randomly allocated to the pens to two feeding
groups using a Completely Randomized Design and reared intensively in those groups. Each birds was identified by
a neck tag. Two weeks were allowed for the birds to adjust to the pens before data collection commenced. The
pens were constructed of treated poles and chicken mesh. Each pen measured approximately 30 x 6m and housed
five birds each. One pen had concrete floors while the other had normal earth or range floor which provided access
to natural soil. The pens were roofed with corrugated iron sheets. Feed and water troughs were provided in both
pens. The troughs (1.0m long x 0.5 wide x 0.2m deep) were made from fiber-glass. Both water and grower
concentrate were supplied ad-libitum to both treatment groups. Data on ostrich activities were recorded hourly
every day for four successive weeks. The period from 06:00 to 12:00 hours represented the morning while 14:00 to
18:00 represented afternoon. The length of the observation time was 15 minutes each hour. During each
observation, the amount of time (minutes) spent on each activity were recorded by two researchers who randomly
allocated observation pens between themselves. The observed activities were feeding, picking objects, walking
between feeds, sparring, standing rest, lying rest, grooming self, grooming others and sitting rest. A t-test statistic
was used to compare the main effects of floor type on ostrich activities. The response variables were the
proportions of time allocated to each activity while the floor type was the determining variable. The statistic was
also used to test the within treatment effects of time of the day on the proportion of time allocated to each activity
by the ostriches. The analysis was done via the General Linear Model of SAS (2005).
RESULTS AND DISCUSSION
Influence of time of day on activities of ostriches intensively reared on earth and concrete floors
Depending on time of the day, floor type influenced some of the activities of ostriches while having no effect
on others (Table 1). During the mornings, ostriches kept in concreted floored pen allocated a significantly (P<0.05)
greater proportion (23.1%) of their daily activities time to feeding while those in earth floored pen allocated only
13.9% for the same activity. The same pattern of apportioning time persisted into the afternoons. The ostriches in
concrete floored pen spent 13.3% on their daily activity time feeding while those in earth floored pen only spent
4.8% of their on the same activity. Since soil particles or pebbles are required by ostriches to help grind food in the
gizzard (Waugh et al., 2006), it is likely that the access to soil of the one group of ostriches allowed ostriches
associated with that treatment to allocate a greater portion of their daily activities to feeding, implying that the
concrete group consumed more feed than their earth floor or soil exposed counterparts. This meant that the
concrete floor ostriches spent more of their daily activity time budget feeding. The implication of this is that they
may have consumed more feed than their earth floor counterparts. Interestingly, the higher proportion of activity
time budgeted to feeding by the ostriches kept in concrete floored pen translate into higher daily weight gains;
neither did it allow this group a higher feed conversion rate as observed by Waugh et al. (2006) in a related study
using the same groups of ostriches. They subsequently recommended that grit be fed to intensively kept ostriches
to minimize excessive feed intake that did not proportionally influence weight gain. The greater proportion of daily
activity time allocated to feeding by ostriches in the concrete floored pen may be indicative of the fact that soil
pebbles, once consumed, takes up space available for feed in the gizzard. This would result in, as observed in this
study, less time spent on feeding by ostriches kept earth floored pen. Observations made in ostriches under natural
conditions (Donegan, 2002) have shown that adult ostriches can carry as much as one kilogram of pebbles in their
gizzards. The pebbles are part of the soil under those conditions. Pebbles consumed by ostriches in the earth
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floored pen reduced the potential volume in the gizzard that would have been occupied by feed; hence the lower
proportion of time allocated to feeding by the earth floor group. Based on the assumption that the less the
proportion of time spent feeding, the less the amount of feed eaten, the likely possibility would be that the group of
ostriches kept on earth floored pen consumed less feed than those in concrete floored pen. The grit stimulated the
secretion of digestive enzymes hence, good for management practices (Ryan, 2002).
Table 1 - Activities (% time) of ostrich in concrete and earth floored pens under intensive management system
Activity
Feeding
Picking objects
Walking
Sparring
Standing rest
Sitting rest
Grooming self
Grooming other

Morning
Earth
13.9b
32.8b
19.9b
3.0a
23.8a
2.6a
6.1a
0.5a

Afternoon
Concrete
23.1a
40.1a
25.8a
1.3a
7.0b
0.5a
2.2a
0.0a

Earth
4.8b
25.0b
19.1a
0.0a
14.3a
28.1a
3.8a
0.0a

Concrete
13.3a
34.3a
19.4
0.7a
11.9a
17.7b
6.1a
0.0a

Within mornings or afternoons, figures in the same row followed by the same letter are not different at the 5% level of significance.

Ostriches on the earth floor spent significantly less proportion of their daily activity time picking at objects
which are not food. During the mornings, the proportion of time spent picking objects by this group was 7.3% less
than that allocated to the same activity by the concrete floor ostriches. In the afternoon, the concrete floor ostriches
allocated 9.3% more time to picking objects than their earth floor counterparts. These findings imply that despite
being intensively kept, ostriches still spend time attempting to satisfy their natural habit of picking on
pebbles/stones and other objects not considered part of their food (Donegan, 2002 and Davies, 2003).
The concrete floor group spent significantly more (P<0.5) proportion (25.8%) of the morning activity time
walking than the earth floor group (19.9%). The higher proportion of time spent walking during the morning by the
concrete floor group of ostriches probably reflects their natural tendency of being more active in the morning than
during any other time of the day. The proportion of time allocated to this activity, by the two groups, however, did
not differ during the afternoon, possible implying, as observed by Davies (2003) that compared to mornings,
ostriches are less active in the afternoons. The earth floor group used a greater proportion (23.8%) of their morning
activity time resting on a standing posture than did the concrete floor group which allocated 7.0% to the same
activity during that time. During the afternoon, the proportions of time spent stand resting did not differ between
the two groups; neither was the proportion of time allocated to sitting rest which turned out to be very low
compared to that allocated to standing rest. The concrete floor group allocated a lower proportion of their activity
time to resting because they used a greater proportion of their morning time walking about and picking objects
both of which were allocated significantly higher proportions of the morning activity time. The higher proportion of
daily activity time allocated to resting by the earth floor group possibly contributed to this groups higher daily
weight gains and feed conversion efficiency observed on the same birds by Waugh et al. (2006). The value of grit in
ostrich feeding is to increase digestive efficiency (Gionfriddo and Best, 1995).
Influence of floor type on morning and afternoon activities of ostriches
Within group, the proportions of time allocated to most daily activities did not vary by time of the day (Table
2). The only exception concerned the proportion of time allocated to feeding. Both groups allocated significantly
(P<0.5) higher proportion of time to morning than afternoon feeding. The earth floor group spent more than 35% of
their morning activities feeding and about 22.5% to afternoon feeding. On the other hand, the concrete floor group
spent about 25% of the morning activity time feeding and only 8% of the activity time doing the same in the
afternoon.
Table 1 - Activities (% time) of ostrich in concrete and earth floored pens under intensive management system
Activity
Feeding
Picking objects
Walking
Sparring
Standing rest
Sitting rest
Grooming self
Grooming other

Morning
Earth
35.2a
18.8a
17.4a
3.0a
16.5a
0.0a
5.0a
4.1a

Afternoon
Concrete
22.5b
22.1a
20.5a
3.0a
17.5a
3.0a
5.2a
5.2a

Earth
24.7a
33.0a
20.7a
1.7a
11.3a
4.3a
1.3a
1.0a

Concrete
8.4b
39.0a
27.7a
1.5a
10.6a
6.4a
3.2a
3.2a

Within mornings or afternoons, figures in the same row followed by the same letter are not different at the 5% level of significance.
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This observation conforms to the generally held view that ostriches are more active during the morning hours
than during any other time of the day or night (Davies, 2003). The contributing factor to this may be the fact that
ostriches are diurnal in their natural habitats and the intensively kept ones possibly spent more time resting at
night thereby minimizing feeding during that period. Should that be true of both groups, it should follow then, that
they allocated greater proportion of their activity time to morning feeding.
CONCLUSION
Subjecting ostriches to the two floor types influenced some of their daily behavioral activities. During both the
morning and afternoon observations, the study showed that concrete floor ostriches allocated higher proportions of
their time to feeding than their earth floor counterparts. The concrete floor group also devoted greater proportions
of activity time to picking non-food objects than their earth floor counterparts. The concrete floor ostriches allocated
lower proportions of their activities to resting (either standing or sitting), both in the morning and afternoons.
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ABSTRACT: Cadmium (Cd) is a heavy toxic metal, with harmful effects on animals and public health. Recently the
risk of cadmium toxicity is substantially regarded; the environmental pollution is increased due to multi- uses of
this element in various industries. This study was performed to clarify the effects of acute cadmium toxicity in
sheep with trail of using alpha lipoic acid as an antioxidant therapeutic substance. Fifteen male lambs aged from
5-to-7 months were divided equally in to three groups, they were supplied with ordinary diet and provided with
water ad-lib, the first group 1 was administered a single dose of CdCl2 3 mg/kg.bw subcutaneously (S/C), the
second group 2 was injected with the same dose of CdCl2 and by the same route, and then simultaneously
administered an alpha lipoic acid 50 mg/kg.bw intramuscularly, the later drug was repeated after 12 hours via
the same route. The third group 3 was left as control and given normal saline (S/C). All animals were daily
monitored and the clinical signs were recorded. The signs of cadmium toxicity appeared 18 hours post CdCl 2
administration in the group 1; the signs were gradually increased in severity and multiple systems were involved
included: digestive disturbances, cardiovascular and neurological dysfunctions, and locomotors abnormalities.
Significant elevations in the body temperature, respiratory and heart rates were observed, deaths of 2 lambs
were recorded 96 hours post CdCl2 injection. The group 2 showed mild clinical signs, and no death was occurred,
moreover insignificant variations between clinical parameters in both groups 2 and 3 were recorded. Serum
biochemical analysis revealed significant (P<0.05) increased of malondialdehyde (5.41 ± 0.282 µmol/L) and
glutathione (10.68 ± 0.38 µmol/L) concentrations and marked elevation of serum catalase activity (103.85 ±
3.93 u/L) was also observed in group I, whereas the last three parameters showed no significant differences
between groups 2 and 3; these results pointed to the role of alpha lipoic acid in ameliorating the toxic effect of
cadmium to great extent.
Keywords: Cadmium Toxicity, Alpha Lipoic Acid, Antioxidant, Sheep.

INTRODUCTION
Cadmium (Cd) is a heavy toxic metal, has undesirable effects in animals (Bampidis et al., 2013); it had been
classified as one of the 126 priority polluters according to (AEPA) American Environmental Protection Agency report
(Paul et al., 2014). The sources of environmental pollution with cadmium are mainly including the uses of this
metal in different industries as: anticorrosive agent, batteries, glasses, and ceramics, plastic etc. (Miller et al.,
2015, Monika et al., 2015) and in the pesticides, and fungicidal drugs (Ognjanovic et al., 2008). The excessive
accumulations and poor excretion of cadmium in the organs besides its long biological half-time (15–30 years)
were responsible for the damage of tissues, moreover cadmium causes many neoplastic and non neoplastic
diseases were reported in animals and human (Lane et al., 2015). The toxic effects of Cd are owing to indirect
induction of the oxidative stress (Li et al., 2015). The oxidative stress is occurring as a consequence of an
imbalance between pro-oxidant and body's antioxidant defense system (Agarwal and Prabakaran, 2005). The
production of free radicals reactive oxygen species (ROS) are attributed to the presence of one unpaired electron
even though naturally present in the organism (Wang et al., 2014).
The malondialdehyde (MDA) is a convenient biomarker for lipid peroxidation and oxidative stress in biological
systems (Nagamani et al., 2015). Antioxidants substances interact with and stabilize the free radicals and
consequently they prevent damage of cells caused by these radicals, glutathione (GSH) is an important soluble
antioxidant, it is synthesized by cells from their constituent amino acid (Shelly, 2013).
Catalase is an enzymatic scavenger antioxidant (Esra et al., 2012), it is neutralizing reactive oxygen species
and removes cellular superoxide and peroxides before their reaction with metal catalysts to form more reactive
species, also it catalyzes the reduction of hydroperoxides, thereby protects mammalian cells from oxidative
damage (Gill et al., 2015). The alpha lipoic acid is an antioxidant compound discovered in 1988, it is equivalent to
antioxidant vitamins (C and E) and coenzyme Q 10 (Silvestri et al., 2015), and it has ability to neutralize the free
radicals within lipid and aqueous region in the extra and intra-cellular compartments (Gomes and Negrato, 2014);
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also it is considered a master antioxidant due to many functional characters: scavenging activity of reactive oxygen
species, regeneration of endogenous antioxidants such as glutathione, metal chelating activity and repairing of
oxidized proteins (Ahmadi et al., 2013). This study was designed to clarify the effects of the oxidative stress induced
by Cd toxicity, with trial to use the alpha lipoic acid as a therapeutic antioxidant agent in sheep.
MATERIAL AND METHODS
Experimental animals
Fifteen males lambs aged from 5-7 months, weight from 17-20 kg, apparently healthy were used in the
experiment; they were administered Albendazol (7.5 mg/kg) orally. Lambs were provided twice daily with green
fodder (alfa alfa) and concentrate (ordinary diet), water was provided ad-lib. They were kept 20 days for adaptation.
Experimental design
Lambs were allocated equally in to three groups (5 lambs in each group). First group: lambs were
administrated subcutaneously (S/C) a single dose of cadmium chloride (sub lethal dose) 3 mg/kg. Second group
(II): the lambs also injected (S/C) a single dose of cadmium chloride 3 mg/kg and at the same time administered
Alpha lipoic acid 50 mg/kg intramuscularly followed by the same dose (50 mg/kg) and route (I/M) after 12 hours
(Harlod et al., 2011). Third group: was left as control group, administered S/C normal saline (milliliters were
equivalent to cadmium chloride solution).
Clinical examination
Lambs were examined clinically daily during the period of experiment; the clinical signs were recorded in
special card.
Blood samples
Blood was collected aseptically from jugular vein by 10 ml disposable syringe, before administration of CdCl 2
and two days post administration of CdCl2 and ALA (after appearance of toxicity signs), serum were separated by
centrifugation at 3000 rpm and kept at -20 ◦C.
Chemicals: Reagents were prepared by using analar grade chemicals obtained from BDH chemical Ltd
England Segma.
Determination of malondialdehyde (MDA):
MDA was determined according to Wysocka et al. (1995), thiobarbituric acid (TBA) reacts with MDA to form
thiobarbituric acid reactive substance (TBARs) and the absorbance of this resultant was measured by
spectrophotometer at 535 nm.
Determination of glutathione concentration
The glutathione concentration of the serum was determined according to the method described by Schafer
and Buttner (2001), the method based on the reduction of 5,5-dithio-bis (2- nitrobenzoic acid – DTNB) with
glutathione (GSH) to product a yellow compound. The reduced chromogen is directly proportional to GSH
concentration and its absorbance can be measured at 412 nm wave length.
Determination of catalase activity determination
Catalase was determined by colorimetric method according to Aebi (1984). It catalyzes the divalent reduction
of hydrogen peroxide (at high concentration) to water and free oxygen.
2H2O2 + CAT
2H2O + O2
Consequently absorbance was decrease due to H2O2 consumption (£ = 0.04mmol-¹ cm-¹) (Mueller et al.,
1997). The activity determined by reading the initial and final absorbance at 240 nm.
RESULTS
The clinical sings of cadmium toxicity appeared on lambs in the first group 18 hours post administration of
CdCl2, the signs were including inappetance, decrease ruminal contraction (1.2 ± 0.2 contraction/ minute), slight
increase of the body temperature (40.3 ± 0.2 ºC), increase in respiratory (38 ± 1.095/ minute), and heart rates
(110±1.702/ minute). Signs of depression appeared 36 hours after cadmium administration manifested by:
segregation of lambs from each other, extended head and neck, sometime lowered down with, general indolence.
Seventy two hours post administration of cadmium chloride, some lambs showed sluggish response to external
stimuli, anorexia and ruminal stasis with hard feces were obvious, rapid and shallow respiration became more
pronounced accompanied with irregular heartbeats (Table 1), congestion of the mucous membrane was observed
with moderate to severe dehydration, lateral recumbence with loss of vital response and decrease of the body
temperature (subnormal temperature) occurred before death, two lambs were died in this group.
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The lambs in the second group 2 showed mild decrease in appetite, normal ruminal contraction (2.4 ± 0.24/
minute) also mild increase in the body temperature (39.9 ± 0.18 ºC), slight increase in respiratory (33 ± 1.953/
minute) and heart (93 ± 1.067/ minute) rates, beside that no death was recorded in this group. No significant
variation in the clinical parameters observed between second group and control (3) groups (Table 1).
The malondialdehyde (MDA) concentration in sera of group 1 significantly (P≤ 0.05) increased (5.41 ± 0.282
µmol/L), as compared with group 2 (3.05 ± 0.27 µmol/L) and control 3 groups (2.89 ± 0.167 µmol/L), also non
significant variations in the levels of MDA between group 2 and control (3) groups were recorded (Figure 1). A
significant (P≤ 0.05) increase of the glutathione concentration in the group 1 was (10.68 ± 0.38 µmol/L) higher
than in the group 2 (6.008 ± 0.442 µmol/L) and control (3) group (5.73 ± 0.354 µmol/L). A significant (P≤ 0.05)
higher activities of catalase enzyme in the sera of group 1 (103.85 ± 3.93 u/L) than in the group 2 (69.762 ± 2.200
u/L) and control (3) groups (66.46 ± 2.195 u/L) (Figure 2).
Table 1 - Clinical signs appeared on the three groups

Body temperature (ºC)

1st group
CdCl2
40.3 ± 0.2a*

2nd group
CdCl2 & ALA
39.9 ± 0.18ab

3rd group
Control
39.48 ± 0.21b

Respiratory rate/minute

38 ± 1.095a

33 ± 1.953b

31 ± 1.449b

Coughing

1(36 h)

0

0

Shallow respiration

4 (48 h)

1 (48 h)

Clinical sings

1.702a

93 ±

0

Heart rate /minute

110 ±

Weak and irregular heart beats

5 (48-72 h)

0

0

Congested mucous membrane

5 (18-36 h)

3 (24-48 h)

0

Icteric mucous membrane

2 (72h)

0

0

Mild dehydration

3 (48-72h)

0

0

Severe dehydration

2 (72-96 h)

0

0

Inappetance

5 (18-24 h)

4 (24-36 h)

0

2.4±0.422b

2.8±0.2b

91 ± 2.369b

Ruminal contraction

1.2 ±

Complete anorexia

5 (36-48 h)

0

0

Constipation

4 (36-72 h)

0

0

Depression

5 (36-72 h)

2 (48 h)

0

Segregation of lambs

4 (24-36 h**)

1 (48 h)

0

Extended head and neck

4 (48-72 h)

1 (48h)

0

Reluctant to move & in coordination

4 (72 h)

0

0

Muscle tremor

2 (72 h)

0

0

Recumbence

3 (72 h)

0

0

Death

2 (96 h)

0

0

*Different

0.2a

1.067b

small letters referred to significant difference between groups; h: means hours

A

B

Figure 1 – A) Concentrations of (µmol/L) malondialdehyde and B) Catalase activity (U/L) in sera of the three groups. Glutathione
proxidease (GPx) in sera of lambs in the three groups.
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DISCUSSION
The toxic effect of cadmium had been studied in farm ruminant (Phillips et al., 2011; Tomas-Marciniak et al.,
2011), The increased body temperature in the first group might be due to aseptic fever, which might be occurred
due to damage of vessels and cells specially of liver and kidneys (also other organs) lead to liberation of endogens
pyrogen (particularly granulocyte, monocyte and macrophage), the endogenous pyrogen causes releasing of
archidonic acid with subsequent synthesis of prostaglandin (Barberà-Cremades et al., 2012). Consequently
significant increase in the respiratory and heart rates in the first group were noticed (Table 1), these results were in
agreement with others (Zaki and Mohamed, 2012), moreover the accelerated heart and respiratory rates might be
attributed to the lesions occurred in the lungs (Roggeman et al., 2014, Lane et al., 2015), beside that an increase
demand of the tissues for oxygen because of histotoxic hypoxia or damage of lungs tissues might resulting due to
cadmium toxicity leading to shallow and labored respiration (Stoev et al., 2003).
The atony of rumen and constipation, beside other signs of weakness and locomotors disturbances as well
as neurological signs might be belonged to decrease calcium level in the muscular and nervous tissues, as the
calcium ion is an essential for neuromuscular transmitting impulses as well as muscle function, these results
corresponded with finding of others (Stoev et al., 2003), the cadmium chloride causes damage of renal tubules,
might resulting in high excretion of calcium through the urine (Silvestri et al., 2015), and also occurrence of
anorexia in lambs causes excessive reduction in the ingestion and absorbance of calcium, and this also might be
contribute in occurrence of dehydration and worsening the condition.
The mild clinical signs in the second group as compared with the first and control groups denoted that alpha
lipoic acid has capability to protect tissues from the damage effects produced by the cadmium chloride, in spite of
antioxidants role were debated (Basta and Haenen, 2013). The ALA has characteristic functions: metals chelating
agent, antioxidant effect, also aids in regeneration of vitamin C and E and plays an important role in the synthesis
of glutathione and metallothionine, in addition to decrease the oxidative stress via lowering the free radicals
produced by the cadmium toxicity (Park et al., 2014), these characters made it highly efficient antioxidant
compound.
The increase of MDA concentration in the sera of first group indicated high oxidative stress occurred due to
cadmium toxicity, MDA is the main by–products formed by lipid peroxidation, resulting from high oxidative stress,
the oxidative stress leads to excessive production of free radicals which are responsible for impaired cellular
functions, furthermore lipid peroxidation causes irreversible damage of cell membrane (Stefania et al., 2013). The
increases of glutathione level and catalase activity in the first group due to cadmium chloride toxicity were similar
to the findings reported by others (Gills et al., 2015; Kar et al., 2015). It was suggested that the increase of
glutathione occurs to offset the free radicals produced by cadmium toxicity and other heavy metals (Jones et al.,
2002), beside its role in elimination and detoxification of toxins and carcinogenesis process. Similarly the
significant (P<0.05) increase of catalase activity in the first group might be belonged to the same reason (Maan
and Kataria, 2012).
The non-significant (P<0.05) differences of MDA, glutathione concentrations and catalase activity in the
second group as compared with control group (Figures 1 and 2) indicated that the alpha lipoic acid ameliorated the
toxic effects of cadmium chloride to great extent. Glutathione is considered the main antioxidant enzyme against
heavy metals, it was reported that the alpha lipoid acid increases production of cysteine, which is an important
amino acid for the synthesis of the glutathione (Suh et al., 2004).
CONCLUSION
The acute cadmium toxicity causes severe clinical signs in sheep involving different organs and multiple
systems, gastrointestinal dysfunction, respiratory distress, neurological disorder, and locomotors abnormalities. The
alpha lipoic acid has an ameliorating effect on cadmium toxicity as an antioxidant substance.
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ABSTRACT: The study of somatic and visceral lymph nodes of mature dromedary (Camelus dromedarius) has
shown a structure of conglomerates, which are they made up of same subunits, the detailed histological study
shows a wide parenchyma and lymphatic sinuses divided into distinct structural and functional areas
(compartments). It was found that somatic lymph node (LN) has an unequal development of the main
components of the tissue (stroma of connective tissue, lymphatic sinuses, lymphoid parenchyma) the relative
area of each of them is about 30 to 35%. The richest areas in cells in the lymph nodes of the dromedary are the
depth cortex units in the somatic lymph nodes and the medullar cords in visceral lymph nodes. The content in the
two groups of follicles of the lymph nodes of the adult dromedary does not exceed 6%.

INTRODUCTION
In productive mammals, where the mature born animal species, have one of the mechanisms of the most
perfect adaptation to environmental factors, particularly the functional morphology immunogens better than in
humans and laboratory animals (Abdel-Magied, 2001, Cynthia, 2006 and Gavrilin, 2014). The dromedary (Camelus
dromedarius) is one of the mammals that adapts to unfavorable conditions. The adaptation of the species in the
extreme desert environment contributed to the development of a number of structural and functional
characteristics in the immune defense system of the organism (Guy Sainte-Marie, 2010; Kayouli 1995 and
Mosallam, 1979).
This work is devoted to the study of individual characteristics cytoarchitectonics structural and functional
areas of the parenchyma of the lymph node (LN) (somatic and visceral) of the dromedary. At the same time, one of
the main contradictions is the statement on the particular structure of the LN, where there is no clearly marked
zoning of the lymphatic parenchyma, which is typical for all other mammalian species (Zine Filali, 2004). For a
possible explanation, we made extensive studies on the LN of the dromedary at different levels of structural and
functional organization of this body.
This work is devoted to the study of individual characteristics cytoarchitectonics structural and functional
areas of the parenchyma of the LN (somatic and visceral) of the dromedary (Camelus dromedarius).
MATERIALS AND METHODS
The selection of material produced at slaughter of healthy animals at slaughter (meat processing plant) city
Ouargla, Algeria. The experimental part of the work performed in the laboratory of histology, immunocytochemistry
and morpho-pathology research center for Biosafety and environmental control resources agro industrial complex
at the Department of anatomy and pathological anatomy of farm animals - Dnipropetrovsk State Agrarian and
Economic University, Ukraine.
We selected somatic (parotid submandibular, superficial cervical, the axillary, the popliteal) and visceral
(medial retropharyngeal, caudal mediastinal, hepatic, jejunum, medial iliac) LN from dromedary mature, age 3-5
years (Camelus dromedarius) LN. Every single part of the LN was dissected in the sagittal plane, through the hilum
and selected small pieces, taking into account their histological architecture. Fixation was performed in 10%
neutral formalin aqueous solution. Fixed part of the material used to manufacture thin paraffin sections (5
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microns). Subtle paraffin sections were stained with hematoxylin and eosin to determine the general histoarchitectonics domains to the LN (Santambrogio 2013), Wiegert hematoxylin and PICRO-fuchsine (Van Gieson) to
study the structural features of the connective tissue – stroma (Goralska, 2005).
The relative area of tissue components LN determined by the method of "accurate calculation" using the
ocular GG test systems Avtandilov (Avtandilov, 1990) using light microscopes Olympus CH-20, Leica DM1000.
Morphometric data processing was performed using the Leica QwinV.3. Histological sections were photographed
with a digital camera Leica DFC 295 and stored in the image format designs on the electronic media.
RESULTS AND DISCUSSION
Previous studies have shown that the LN dromedary have a certain number of features at the macro and
microscopic structural organization. Dromedary LN were distinguished that have a lobed structure and represent a
conglomerate, partly merged in units (macro-units) with no evidence of a specific spatial organization (Sapin 1978).
It was noted that the intra-site system lymphatic sinuses is much larger than in the LN of other species that
are represented by a uniform set of large lymphatic spaces limiting lymphatic parenchyma islands. Despite this, the
islands of the parenchyma of the LN are under lobular form (compartment), while in other mammalian species
consist of a set of structural-functional zones (DCU, primary and secondary follicles, cords medullary), with a
specific binding with a reticular structure and cytoarchitectonics. However, the main feature of the nodal
organization of the dromedary is a mosaic arrangement of lobes or compartment, which is not typical for other
types of animals in parts which are generally arranged in a single row.
During the analysis of histological preparations LN dromedary it has been found that they are constituted by
the parenchyma, stroma and lymphatic sinuses. Outdoor units are covered with a capsule of dense fibrous
connective tissue, and the space between the units (lobules) is filled with loose connective tissue with numerous
blood and lymph vessels. The capsule of this great branch, extends far into the depth of the parenchyma, and can
sometimes reach the thickening of the hilum. As in the capsule, and that there are clusters of trabecular smooth
myocytes. In somatic LN, stroma was developed fairly evenly; with respect to the surface they present almost 30%.
The minimum number of stromal components between somatic LN present in the popliteal and parotid LN (relative
area is respectively 27.78% and 27.36%), and the maximum in the superficial cervical LN (relative area - 33.04%)
(Figure 1).

Figure 1. The relative area of the stroma, parenchyma and sinus some somatic LN dromedary, %.
In terms of visceral LN, the stroma is weakly developed. It was noted in all the visceral LN studied its relative
area is less than 30%, except for the internal iliac LN. Thus, somatic and visceral LN, stroma contains the capsule.
The relative area of the cap is maximal in the superficial cervical LN (21.13 ± 0.75%), the jejunum LN (21.03 ±
0.92%) and minimum in the caudal mediastinal LN (9.8 ± 0.34). We also noted that the trabeculae somatic LN is
more efficient, their relative area is about 12% in almost all somatic LN, except the popliteal LN. The values at
visceral LN, the relative area of the trabecular area is more than 11%, in particular median iliac LN and the relative
area of the trabecular area of all other visceral LN does not exceed 10%, then they are relatively thin and much
stronger.
A main feature of the LN the dromedary is the significant development of the lymph sinuses. In somatic LN,
they are much more developed than in the visceral LN. The total relative area of the sinus in somatic LN varies
between 28.54% (mandibular LN) - 36.75% (axillary LN), while in the visceral LN, it does not exceed 22.02%
(medial retropharyngeal LN) (Figure 1, 2). In somatic LN, lymphatic sinuses are considerably developed and
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systematically sub capsular sinus, the medullary cords and medullary sinuses. These laws have been identified. It
was noted that in the visceral LN, the sub-capsular sinus of the capsule is present below each subunit, draining
lymph in the afferent lymphatic vessels.
Sub capsular sinus is more developed in somatic LN; it covers an area of 10.55 ± 0.26% (submandibular lLN)
to 13.75 ± 1.35% (axillary LN). Visceral LN for the sub capsular sinus, there was a relative surface area of 2.63 ±
1.56% (jejunum LN), 8.22 ± 0.38% (median retropharyngeal LN), except of mediastinal LN possesses a relative
surface that is high (14 69 ± 2.57%). The intermediate cortical sinuses are better developed in somatic LN, where
their relative surface is 6.53 ± 1.14% (submandibular LN) - 12.56 ± 1.35% (axillary LN). The relative area is
maximal for intermediate sinus visceral LN; there was 9.17 ± 1.99% for the hepatic LN.
As part of the organization of the entity parenchymal LN dromedary, namely a mosaic arrangement of a
multi-layer compartments within the same subunit, the medullary sinuses are not only in the medullary area near
the thickening of the hilum, but also in the depth of parenchyma in contact with the cortical plate and the
underlying compartment. This medullary sinus is much better expressed in the somatic LN than in the visceral LN
(Figure 2).

Figure 2. The relative area of the stroma, parenchyma and sinus some visceral LN dromedary, %.
Thus, in somatic LN; it was noted that the relative area of the medullary sinuses is minimal and almost
identical to the axillary and popliteal LN (respectively (10.44 ± 1.40% and 10.43 ± 1.49%), this surface is maximum
- in the superficial cervical LN (14.28 ± 1.04%). This result is much lower in visceral LN. Therefore the relative area
of medullary sinus is maximum does not exceed 8% in the medial retropharyngeal, hepatic and jejunum LN, it is
minimal is only 2.7 ± 0.61% in the iliac LN. The main components of the lymphoid tissue of the LN dromedary are
the parenchyma. Its relative area of less than 50% in somatic LN, while in all the visceral LN, it exceeds this
proportion.
It was noted that the minimum relative area of somatic lymphoid parenchyma is in the axillary LN (32.69%),
while the maximum is in the popliteal LN (43.63%); this number is reduced in the visceral LN, 55% (median
retropharyngeal LN) and not more than 57% (jejunum LN). As in all mammals, the parenchyma of the LN in
dromedary is divided into separate compartments, including structural domains and complex areas with the
specific structure of reticular nucleus and Cytoarchitectonics. Among the functional areas of the LN parenchyma
units the dromedary is the most developed are the units of the DCU and medullary cords. In the parotid, submandibular and popliteal LN, there was a very functional development noticed at the DCU (Figures 1, 2), whereas in
the visceral LN, it is visible only in the medial retropharyngeal LN.
The prevalence of the relative area of the medullary cords in other functional areas of the parenchyma
somatic LN found in the axillary LN, superficial cervical, as in the visceral LN investigated except the medial
retropharyngeal LN. In somatic LN, The relative area of the DCU is minimal, as it was found in the superficial
cervical LN (8.63 ± 1.83%), it is maximal in the parotid LN (22.56 ± 0.77%). The relative surface is maximal for this
functional area is in the medial retropharyngeal LN (27.66 ± 0.47%); the minimum is 19.63 ± 1.06% in the jejunum
LN. The center of each DCU, reticular fibers are shaped polygonal cell, forming a network in the form of large loop.
T lymphocytes are predominant in this domain, which has been shown by the immunocytochemical study. On
the periphery of the DCU of the cortical plate, there exist primary and secondary lymphoid follicles. Similarly, both of
which are located on the DCU, transmitted to the sub capsular sinus, and intermediate sides adjacent sinuses and
even the underside surface in contact with the medullary sinuses. The relative area of lymphoid follicular area does
not exceed 6%, in both somatic and visceral LN.
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Figure 1 (Left): lymph node: 1 - capsule, 2 - trabeculae, 3 - System intermediate sinuses, 4 – DCU, 5 - lymphoid
follicles, 6 – medullary cords
Figure 2 (Right): A germinal center - B mantle zone.
It is also noteworthy that in most of the LN, the total area occupied by the lymphoid follicles (primary
lymphoid follicles: without germinal center and secondary follicles: with a germinal center). In somatic LN, it was
noted that the relative area occupied by the primary follicles was 3.64% in the superficial cervical LN and 0.34% in
the axillary LN. The secondary follicles were observed that also are highly developed in the axillary and popliteal LN,
and is relatively smaller and the same in parotid, submandibular and superficial cervical LN.
In the visceral LN, primary follicles are negligible and do not exceed 1.5 to 1.7%, while the secondary follicles,
their related fields does not fall below 2.56%. The maximum number of secondary follicles in the visceral LN was
detected in the internal iliac LN (4.55%) and jejunum LN (4.03%). Lymphoid follicles are reticular argyrophile shape
and variety is distinct, consisting of large mesh, undergoing degeneration of secondary follicles and they take the
form of fiber fragments, separated and released and slightly sinuous. On the narrowed side of DCU, there has been
the deposition of the medullary cords, where the relative area varies between 13.5% and 20.6% for somatic LN and
of 22.7 to 32.7% for the visceral LN. In one compartment the medullary cords is developed unevenly. Therefore, the
lobules are located under the capsule; the medullary cords are often minor and may even be absent.
The medullary cords are well developed and they lead directly into the compartments near the thickening of
the hilum. The reticular architecture in the medullary cords is typical and has felt-like appearance.
CONCLUSION
LN of the dromedary are partially in the form of conglomerates (units) fused to a specific histoarchitectonics
form which consists of a stack of layers and a mosaic arrangement of the structural units (lobules) of parenchyma
in the area of the capsule to the thickening of the hilum. The main morphological characteristics of the LN
dromedary, at the structural organization of tissues are: an important development of the lymphatic sinuses, which
is characteristic of all the units, in particular expressed in somatic LN. Therefore, the total relative area is less for
the lymphoid parenchyma in somatic LN was 40% and 50% for the visceral LN. Among the functional zones of LN in
the parenchyma units dromedary are the medullary cortex, very advanced in depth, the relative area of the
medullary cortex in both groups of LN does not exceed 6%. The architecture of reticular skeleton is a characteristic
of each functional area lobular units with a maximum density of the arrangement of fibers in the medullary cords
and a minimum in the follicles.
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First page of the manuscripts must be properly identified by the title and the name(s) of the author(s). It should be typed in Times
New Roman (font sizes: 12pt in capitalization for the title and the main text, double spaced, in A4 format with 2cm margins. All
pages and lines of the main text should be numbered consecutively throughout the manuscript. The manuscript must be saved in a
.doc format, (not .docx files). Abbreviations in the article title are not allowed except the well-known ones.
Manuscripts should be arranged in the following order:
a. TITLE (brief, attractive and targeted);
b. Name(s) and Affiliation(s) of author(s) (including post code) and corresponding E-mail;
c. ABSTRACT;
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d. Key words (separate by semicolons; or comma,);
e. Abbreviations (used in the manuscript);
f. INTRODUCTION;
g. MATERIALS AND METHODS;
h. RESULTS;
i. DISCUSSION;
j. CONCLUSION;
k. Acknowledgements (if there are any);
1. REFERENCES;
m. Tables;
n. Figure captions;
o. Figures;

The sections "RESULTS AND DISCUSSION" can be presented jointly.
The sections "DISCUSSION AND DISCUSSION" can be presented jointly.

Article Sections Format:
Title should be a brief phrase describing the contents of the paper. Title Page should include the author(s)'s full names and
affiliations, the name of the corresponding author along with phone and e-mail information. Present address(es) of author(s)
should appear as a footnote.
Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments,
indicate significant data, and point out major findings and conclusions. The abstract should be 150 to 300 words in length.
Complete sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense.
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited.
Following the abstract, about 3 to 7 key words should be listed.
Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach
or solution. It should be understandable to colleagues from a broad range of scientific disciplines.
Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures
should be described in detail; previously published procedures should be cited, and important modifications of published
procedures should be mentioned briefly. Capitalize trade names and include the manufacturer's name and address. Subheadings
should be used. Methods in general use need not be described in detail.
Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in
the author(s)'s experiments. Previously published findings should be written in the present tense. Results should be explained, but
largely without referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the
results but should be put into the discussion section.
Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the
conclusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when
appropriate, both sections can be combined.
Conclusion should be brief and tight, providing a few specific tasks to accomplish: 1-Re-assert/Reinforce the Thesis; 2-Review the
Main Points; 3- Close Effectively. The Conclusion section should not be similar to the Abstract content.
Declarations including Ethics, Consent to publish, Competing interests, Authors' contributions, and Availability of data and
materials are necessary.
Acknowledgments of persons, grants, funds, etc should be brief.
Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced
throughout, including headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic
numerals and supplied with a heading and a legend. Tables should be self-explanatory without reference to the text. The details of
the methods used in the experiments should preferably be described in the legend instead of in the text. The same data should not
be presented in both table and graph forms or repeated in the text.
The Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications
capable of generating high resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use
Arabic numerals to designate figures and upper case letters for their parts (Figure 1). Begin each legend with a title and include
sufficient description so that the figure is understandable without reading the text of the manuscript. Information given in legends
should not be repeated in the text.
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Declarations section - Please include declarations heading
Please ensure that the sections:
-Ethics (and consent to participate)
-Consent to publish
-Competing interests
-Authors' contributions
-Availability of data and materials
are included at the end of your manuscript in a Declarations section.
Consent to Publish
Please include a „Consent for publication‟ section in your manuscript. If your manuscript contains any individual person‟s data in
any form (including individual details, images or videos), consent to publish must be obtained from that person, or in the case of
children, their parent or legal guardian. All presentations of case reports must have consent to publish. You can use your
institutional consent form or our consent form if you prefer. You should not send the form to us on submission, but we may
request to see a copy at any stage (including after publication). If your manuscript does not contain any individual person‟s data,
please state “Not applicable” in this section.

Authors’ Contributions
For manuscripts with more than one author, OJAFR require an Authors' Contributions section to be placed after the Competing
Interests section. An 'author' is generally considered to be someone who has made substantive intellectual contributions to a
published study. To qualify as an author one should 1) have made substantial contributions to conception and design, or
acquisition of data, or analysis and interpretation of data; 2) have been involved in drafting the manuscript or revising it critically
for important intellectual content; and 3) have given final approval of the version to be published. Each author should have
participated sufficiently in the work to take public responsibility for appropriate portions of the content. Acquisition of funding,
collection of data, or general supervision of the research group, alone, does not justify authorship.
We suggest the following format (please use initials to refer to each author's contribution): AB carried out the molecular genetic
studies, participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in
the sequence alignment. ES participated in the design of the study and performed the statistical analysis. FG conceived of the
study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final
manuscript.
For authors that equally participated in a study please write 'All/Both authors contributed equally to this work.' Contributors
who do not meet the criteria for authorship should be listed in an acknowledgements section.
Competing Interests
Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript
should be declared in a paragraph heading "Competing interests" (after Acknowledgment section and before References).
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no
competing interest, please use the statement "The authors declare that they have no competing interests.".
Online Journal of Animal and Feed Research adheres to the definition of authorship set up by the International Committee of
Medical Journal Editors (ICMJE). According to the ICMJE authorship criteria should be based on 1) substantial contributions to
conception and design of, or acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it critically
for important intellectual content and 3) final approval of the version to be published. Authors should meet conditions 1, 2 and 3.
It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript. Contributors who do
not qualify as authors should be mentioned under Acknowledgements.
Change in authorship
We do not allow any change in authorship after provisional acceptance. We cannot allow any addition, deletion or change in
sequence of author name. We have this policy to prevent the fraud.
Acknowledgements
We strongly encourage you to include an Acknowledgements section between the Authors‟ contributions section and Reference list.
Please acknowledge anyone who contributed towards the study by making substantial contributions to conception, design,
acquisition of data, or analysis and interpretation of data, or who was involved in drafting the manuscript or revising it critically for
important intellectual content, but who does not meet the criteria for authorship. Please also include their source(s) of funding.
Please also acknowledge anyone who contributed materials essential for the study.
Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements. Please list the source(s) of
funding for the study, for each author, and for the manuscript preparation in the acknowledgements section. Authors must
describe the role of the funding body, if any, in study design; in the collection, analysis, and interpretation of data; in the writing
of the manuscript; and in the decision to submit the manuscript for publication.
Data Deposition
Nucleic acid sequences, protein sequences, and atomic coordinates should be deposited in an appropriate database in time for the
accession number to be included in the published article. In computational studies where the sequence information is unacceptable
for inclusion in databases because of lack of experimental validation, the sequences must be published as an additional file with
the article.

References
An OJAFR reference style for EndNote may be found here.

1.

All references to publications made in the text should be presented in a list with their full bibliographical description.
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2.

In the text, a reference identified by means of an author„s name should be followed by the date of the reference in
parentheses. When there are more than two authors, only the first author„s surename should be mentioned, followed by
‟et al„. In the event that an author cited has had two or more works published during the same year, the reference, both
in the text and in the reference list, should be identified by a lower case letter like ‟a„ and ‟b„ after the date to distinguish
the works.

3.

References in the text should be arranged chronologically (e.g. Kelebeni, 1983; Usman and Smith, 1992 and Agindotan et
al., 2003). 'et al.' should not be italic. The list of references should be arranged alphabetically on author's surnames, and
chronologically per author. If an author's name in the list is also mentioned with co-authors, the following order should be
used: Publications of the single author, arranged according to publication dates - publications of the same author with one
co-author - publications of the author with more than one co-author. Publications by the same author(s) in the same year
should be listed as 1992a, l992b,etc.

4.
5.

Names of authors and title of journals, published in non-latin alphabets should be transliterated in English.

6.

A sample of standard reference is "1th Author surname A, 2th Author surname B and 3th Author surname C (2013).
Article title should be regular, in sentence case form, and 9 pt. Online Journal of Animal and Feed Research, Volume No.
(Issue No.): 00-00." (Journal titles should be full and not italic.)
If available please add DOI numbers or the link of articles at the end of each reference.

Examples (at the text):
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992), (Chege, 1998; Chukwura, 1987a,b; Tijani,
1993,1995), (Kumasi et al., 2001).
Examples (at References section):
a) For journal:
Lucy MC (2000). Regulation of ovarian follicular growth by somatotropin and insulin- like growth factors in cattle. Journal of Dairy
Science, 83: 1635-1647.
Kareem SK (2001). Response of albino rats to dietary level of mango cake. J. Agric. Res.Dev. pp 31-38.
Chikere CB, Omoni VT and Chikere BO (2008). Distribution of potential nosocomial pathogens in a hospital environment. African
Journal of Biotechnology. 7: 3535-3539.
b) For symposia reports and abstracts:
Cruz EM, Almatar S, Aludul EK and Al-Yaqout A (2000). Preliminary Studies on the Performance and Feeding Behaviour of Silver
Pomfret (Pampus argentens euphrasen) Fingerlings fed with Commercial Feed and Reared in Fibreglass Tanks. Asian Fisheries
Society Manila, Philippine 13: 191-199.
c) For edited symposia, special issues, etc., published in a journal:
Korevaar, H., 1992. The nitrogen balance on intensive Dutch dairy farms: a review. In: A. A. Jongebreur et al. (Editors), Effects of
Cattle and Pig Production Systems on the Environment: Livestock Production Science. 31: 17-27.
d) For books:
AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88.
Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603.
e) Books, containing sections written by different authors:
Kunev, M., 1979. Pig Fattening. In: A. Alexiev (Editor), Farm Animal Feeding. Vol. III. Feeding of Different Animal Species,
Zemizdat, Sofia, p. 233-243 (Bg).
In referring to a personal communication the two words are followed by the year, e.g. (Brown, J. M., personal communication,
1982). In this case initials are given in the text. Where available, URLs for the references have been provided.

Formulae, numbers and symbols

1.

Typewritten formulae are preferred. Subscripts and superscripts are important. Check disparities between zero (0) and
the letter 0, and between one (1) and the letter I.

2.
3.
4.
5.

Describe all symbols immediately after the equation in which they are first used.

6.

In the English articles, a decimal point should be used instead of a decimal comma.

7.
8.
9.

Use Symbol fonts for "±"; "≤" and "≥" (avoid underline).

10.

Greek letters should be explained in the margins with their names as follows: Αα - alpha, Ββ - beta, Γγ - gamma, Γδ delta, Δε - epsilon, Εδ - zeta, Ζε - eta, Θζ - theta, Ηη - iota, Θθ - kappa, Ιι - lambda, Κκ - mu, Λλ - nu, Μμ - xi, Νν omicron, Ξπ - pi, Οξ - rho, Πζ - sigma, Ρη - tau, υ - ipsilon, Φθ - phi, Σχ - chi, Τψ - psi, Υω - omega. Please avoid using
math equations in Word whenever possible, as they have to be replaced by images in xml full text.

For simple fractions, use the solidus (/), e.g. 10 /38.
Equations should be presented into parentheses on the right-hand side, in tandem.
Levels of statistical significance which can be used without further explanations are *P < 0.05, **P < 0.01, and
***P<0.001.

In chemical formulae, valence of ions should be given, e.g. Ca2+ and CO32-, not as Ca++ or CO3.
Numbers up to 10 should be written in the text by words. Numbers above 1000 are recommended to be given as 10
powered x.

Abbreviations
Abbreviations should be presented in one paragraph, in the format: "term: definition". Please separate the items by ";".
E.g. ANN: artificial neural network; CFS: closed form solution; ....
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Graphical Abstract:
Authors of accepted articles should provide a
graphical abstract (a beautifully designed
feature figure) to represent the paper aiming
to catch the attention and interest of
readers. Graphical abstract will be published
online in the table of content. The graphical
abstract should be colored, and kept within
an area of 12 cm (width) x 6 cm (height) or
with similar format. Image should have a
minimum resolution of 300 dpi and line art
1200dpi.
Note: Height of the image should be no more than the width. Please avoid putting too much information into the graphical abstract
as it occupies only a small space. Authors can provide the graphical abstract in the format of PDF, Word, PowerPoint, jpg, or png,
after a manuscript is accepted for publication.
If you have decided to provide a Professional Graphical Abstract, please click here.

Review/Decisions/Processing
Firstly, all manuscripts will be checked by Docol©c, a plagiarism finding tool. The received papers with plagiarism rate of more
than 40% will be rejected. Manuscripts that are judged to be of insufficient quality or unlikely to be competitive enough for
publication will be returned to the authors at the initial stage. The remaining manuscripts go through a double-blind review process
by two reviewers selected by section editor (SE) or deputy SE of OJAFR, who are research workers specializing in the relevant field
of study. One unfavourable review means that the paper will not be published and possible decisions are: accept as is, minor
revision, major revision, or reject. The corresponding authors should submit back their revisions within 14 days in the case of
minor revision, or 30 days in the case of major revision. Manuscripts with significant results are typically reviewed and published
at the highest priority. The editor who received the final revisions from the corresponding authors shall not be hold responsible for
any mistakes shown in the final publication.
Plagiarism: There is an instant policy towards plagiarism (including self-plagiarism) in our journals. Manuscripts are screened for
plagiarism by Docol©c, before or during publication, and if found they will be rejected at any stage of processing.
Date of issue
All accepted articles are published bimonthly around 25th of January, March, May, July, September and November, each year in
full text on the Internet.
Publication charges
Articles of Online Journal of Animal and Feed Research (ISSN 2228-7701) are freely accessible. No peer-reviewing charges are
required. Publication of short reports and letter are free of charge; however, a negligible editor fee (100 USD) will be applied for
long research and review papers (more than 10 pages) before copyediting and publication. Instruction for payment is sent during
publication process as soon as manuscript is accepted.

The Waiver policy
The submission fee will be waived for invited authors, authors of hot papers, and corresponding authors who are editorial board
members of the Online Journal of Animal and Feed Research. The Journal will consider requests to waive the fee for cases of
financial hardship (for high quality manuscripts and upon acceptance for publication). Requests for waiver of the submission fee
must be submitted via individual cover letter by the corresponding author and cosigned by an appropriate institutional official to
verify that no institutional or grant funds are available for the payment of the fee. Letters including the manuscript title and
manuscript ID number should be sent to: editors@ojafr.ir. It is expected that waiver requests will be processed and authors will be
notified within two business day.
The OA policy
Online Journal of Animal and Feed Research is an Open Access journal which means that all content is freely available without
charge to the user or his/her institution. Users are allowed to read, download, copy, distribute, print, search, or link to the full
texts of the articles, or use them for any other lawful purpose, without asking prior permission from the publisher or the author.
This is in accordance with the BOAI definition of Open Access.
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Submission Preparation Checklist
Authors are required to check off their submission's compliance with all of the following items, and submissions may be returned to
authors that do not adhere to the following guidelines:







-The submission has not been previously published, nor is it before another journal for consideration (or an explanation
has been provided in -Comments to the Editor).
-The submission file is in Microsoft Word, RTF, or PDF document file format.
-Where available, URLs for the references have been provided.
-The text is double-spaced; uses a 12-point font; and all illustrations, figures, and tables are placed within the text at the
appropriate points, rather than at the end.
-The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines.
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