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Research Paper 
Anatomical and histological study of the rabbit 

spleen development in the postnatal period in 

Algeria.  
Eddine RD, Amine FM, Farida BA, Khadidja Bd. 
Online J. Anim. Feed Res., 9(2): 44-50, 2019; pii: 

S222877011900007-9 
 
Abstract 
Our research describes the morphological and histological changes of the 
rabbit's spleen; local breed of eastern Algeria. In general, the spleen has a rectangular shape with a triangular section, 
rounded edges, more or less ridged, the surface is smooth, the color is brownish red becomes dark red with age, the 
capsule and the parietal surface are shiny and smooth. His organ measurement and mass parameters are given. 
Particular emphasis placed on its microstructure; especially on changes occur during development. Parenchyma 
histological composition analysis performed using statistical methods. Twenty-month-old rabbits known to have follicles 
with mantle strongly developed, parenchyma’s quantitative analysis components showed significant changes. 
Keywords: Capsule, Follicles, Lymphoid, Parenchyma, Rabbit, Spleen. 
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Research Paper 
Detection of antibodies against Newcastle and 

infectious bursal disease on chicken in north Gondar 

zone, Ethiopia. 
Birhan Mas., Birhan Mal., Tesfaye Sh, and Tariku A. 
Online J. Anim. Feed Res., 9(2): 51-58, 2019; pii: 

S222877011900008-9 
 
Abstract 
Infectious Bursal (IBD) and Newcastle diseases (NCD) are an acute 
highly contagious and destructive illness of chickens that occur almost any time of the year. In this study, we aimed to 
detect antibodies against NCD and IBD The study was compared a compressive investigation on the Ab detection local 
and exotic breed with different serological technique of Indirect-ELISA and Haemagglutination inhibition (HIT) test. In this 
study, a cross-sectional study design was used and applied to collect 384 serum samples from chickens which were 
selected by simple random sampling. Serum samples were collected from three different districts which were Dembiya, 
Dabark and Metema. The serum sample collections were also considered different parameters like sex, age, breed, 
infection, and vaccination during the data collection time. The results showed that the overall Ab detection of IBD and 
NCD Virus were 74.4% and 79.6% respectively. Epidemiological status of both IBD and NCD Virus of each districts were 
indicted Metema (72.2%, 86.0%), Dembiya (89.7%, 92.4%) and Dabark (67.2%, 69.1%) respectively. In conclusion, 
these research findings extend the presence of detectable antibodies to NCD and IBD in chickens, in the three districts of 
North Gondar Zone. As it is known Chickens’ might have been high detectable antibodies if they are either susceptible to 
the pathogenic or are vaccinated.  
 
Keywords: Newcastle, infectious bursal, Antibody, Chickens, Indirect-ELISA test and Haemagglutination inhibition.  
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Research Paper 
Effects of low temperature upon hatchability and 

chick quality of Ross-308 broiler breeder eggs 

during transportation. 
Hussain A, Bilal M, Habib F, Gola BA, Muhammad P, Kaker 

A, Yousaf A, Khalil R.  
Online J. Anim. Feed Res., 9(2): 59-67, 2019; pii: 

S222877011900009-9 
 
Abstract 
In current experiment n=20,000 Ross-308 broiler breeder eggs collected 
from 33 week old flocks were subjected to cold stress during transportation. Eggs were allocated to 4 temperature groups 
(treatments): 1.5 °C, 2 °C, 3.5 °C, 5 °C, and a control group, 20 °C. Each treatment had 4,000 eggs, and data were 
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analyzed in a completely randomized design. The results of this study showed that cold stress had a significant effect on 
percentage of egg weight loss (P < 0.001), and minimal egg weight loss occurred in the control group. The percentage of 
exploders and early hatched chicks and chick weight were higher in the below 3°C temperature treatment than the other 
groups (P < 0.01). Cold stress had a significant effect on chick length, hatchability, and the hatching of fertile eggs (P < 

0.001). The effects of cold stress on chick yield and body weight uniformity were significant (P < 0.01). The effect of cold 
stress on hatchery by product efficiency was significant (P < 0.001), but did not affect fertility. Cold stress also had 
significant effects on early (1-8 days), middle (9-17 days), and late mortality (20-21 days); total embryo mortality; and 
exposed brain. Ectopic viscera was significant (P < 0.001), and most mortality was observed in below 4 °C treatments. 
Total percentages of malpositions and deformity (P < 0.001) and egg contamination at 1-9 days (first stage) and 10-21 
days (second phase) were affected by cold stress (P < 0.001). Cold stress also had a significant impact on the number of 
cull chicks; percent of string navel, button navel, total string, and button; omphalitis; full body cavity; red hocks; 
dehydration; dirty chickens; and stubby down. Cold stress affects performance during incubation and overall chick quality.  
Keywords: Cold Stress, Egg Transportation, Hatchability, Chick Quality, Malposition And Deformity, Culls, Egg Weight 
Loss, Embryo Mortality And Contamination  
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Review 
A Review on Equine Wound Management and Healing 

Process.   
Seid AM and Birhan M.  
Online J. Anim. Feed Res., 9(2): 68-85, 2019; pii: 

S222877011800010-9 
 
Abstract 
Skin lacerations and other traumatic injuries of the integument are 
frequently seen in equine practices and range from relatively minor cuts 
to severe, potentially debilitating injuries. The early stages of wound healing (inflammatory or debridement stage) that 
are clean or clean contaminated are the best candidates for primary or delayed primary closure. Wounds that are in the 
later stages of healing or are contaminated or infected heal best by second intention. Management is dictated by the 
nature and size of the wound, the area of the body on which the wound occurs, and several aspects of wound healing. 
The age of the wound, integrity of the local blood supply, degree of contamination, location of the injury, skin loss, and 
local tissue damage must all be considered when deciding on the most appropriate method for managing a particular 
wound. In addition to biologic factors, the physical size of equine patients and the environment in which they are kept 
present unique management challenges not encountered in the treatment of soft tissue injuries in other species. 
Appropriate wound care is always a balance between improving the wound environment and harming the cells that are 
integral to the healing process. Consequently, the veterinarian must carefully weigh the benefits and the detriments of 
any particular action, not only for the immediate results but also for the long-term healing process. Understanding the 
principles and limitations of reconstructive procedures, adhering to the basic principles of equine wound management, 
and providing appropriate postoperative care all contribute to a successful outcome. 
Keywords: Debridement, Equine, Inflammation, Management, Wound  
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Research Paper 
In vitro digestibility and in situ degradability of 

sugarcane bagasse treated with urea as energy 

source in total mixed ration for goat.  
Elmnan B,A.Atta and Ismeal R,A.  
Online J. Anim. Feed Res., 9(2): 86-91, 2019; pii: 

S222877011800011-9 
Abstract 
This study was carried out to investigate the effect of replacing sorghum 
grains (SG) by sugarcane bagasse treated with 5% urea (SCBU) as 
energy source in total mixed ration. In vitro dry matter digestibility (IVDMD) and in situ DM degradability were adopted to 
conduct the experiment. In order to meet the nutrient requirement of goat, the following four iso-caloric and iso-
nitrogenous rations were formulated: A= 0% SCBU (control); B= 2.6% SCBU replaced 10% SG; C= 5.2% SCBU replaced 
20% SG; and D= 7.8% SCBU replaced 30% SG. The IVDMD was significantly (P≤0.05) affected by dietary level of SCBU 
which was decreased gradually with increasing SCBU levels in examined rations. Ration A gained the highest value of 
IVDMD (88.50%) followed by ration B (84 ,)%C (78 )%and D (74.50%). An in situ DM degradability results showed that the 

readily soluble fraction (a), slowly fermented material (b) and the potential degradability (PD )were significantly (P≤0.05) 
higher for ration A than rations B, C and D .Although DM digestibility and degradability of rations B, C and D were 

decreased with progress level of SCBU in the rations, the values obtained from present study might be considered within 
the range of moderate to high level of digestibility and degradability especially ration B which replaced 10% of SG. More 
research is needed to study the effect of replacing SG by SCBU regarding the nutrients intake, animal performance in an in 
vivo experiment and to determine its economic feasibility. 

Keywords: Sorghum Grains, Bagasse, Urea, Energy, Total Mixed Ration 
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Research Paper 
Chemical composition and sensory evaluation of 

meat of Tswana hens fed different protein sources: 

Mopane worm, Bambara groundnut and Morama 

bean.  
Manyeula F, Tsopito Ch-M, Mogotsi K, Nsoso Sh-J, Kamau 

JM and Moreki JC.  
Online J. Anim. Feed Res., 9(2): 92-102, 2019; pii: 

S222877011800012-9 
 
Abstract 
This study investigated the chemical composition and sensory evaluation of meat of Tswana hens fed diets containing 
mopane worm (Imbrasia belina, Westwood) or Bambara groundnut (Vigna subterranea (L) Verde) or morama bean 
(Tylosema esculentum, Burchell A. Schreiber) as different protein sources under intensive management system. Sixty 
Tswana hens (25 weeks old) were bought from a local farmer and reared up to 38 weeks of age on diets containing T. 
esculentum or V. subterranea or I. belina and a commercial layer diet as a control. Experimental diets met the nutritional 
composition of control diet. Whole thighs, drumsticks obtained from the carcasses at week 28, 33 and 38 were deboned. 
The thigh, drumstick meat and bone were analysed for phosphorus (P), calcium (Ca) and potassium (K) using AOAC 
methods. Furthermore, boiled 2 x 5 cm portions of drumsticks, breasts and thighs were organoleptically assessed for 
flavour, odour, juiciness, tenderness and firmness by untrained panelists (15 males and 15 females) using a 5-point Likert 
scale. Bone P and Ca were high in all treatment diets at 28 weeks compared to 38 weeks of age. The meat DM, CP, P, Ca 
and K and bone P, Ca and K contents were not significantly affected by treatment diets. Organoleptic quality from all 
treatment groups and across different ages received moderate (3.52) to good rating (4.13). In conclusion, Imbrasia 
belina (Mopane worm) or Vigna subterranea (Bambara groundnut) or Tylosema esculentum (Morama bean) can replace 
soybean meal in Tswana hens without compromising meat and bone chemical composition and also organoleptic qualities.  
 
Keywords: Crude protein, Minerals, Organoleptic Attributes, Protein Sources, Tswana hens 
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winter mineral lick on nutrients utilization and 
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Abstract 
This A completely randomized study with three dietary treatments was 
undertaken at the National University of Lesotho Faculty of Agriculture farm. The three treatments were made up of 
control which had no access to winter mineral lick supplement and two treated groups made up of farm formulated and 
commercial winter lick. All animals had access to basal diet in the form of Teff [Eragrostis tef (Zucc.) Trotter]. The main 
objectives of the study were to assess the influence of supplementary feeding using winter mineral lick on sheep 
performance and on the utilization of teff. Also to compare both farm formulated and commercial winter mineral lick on 
the performance of sheep and utilization o  Eragrostis tef.  A total of 30 yearling sheep of similar body weight were used ب

in this study and were housed in pairs. Dietary treatments and water were offered ad libitum while basal diet was pre-
weighed on daily basis. The findings of this study indicated that dietary treatments had a significant (P < 0.05) influence 
on feed intake, live weight and weight gain while there were no significant (P > 0.05) difference on feed conversion 
ratios. The control group of animals had poor production performance than treated groups and animals were losing 
weight. Nutrients digestibility were statistically different amongst all the treatments whereby supplement groups had 
better nutrient utilization than the control group. Mean comparison test revealed that there were no significant difference 
between farm formulated and commercial winter mineral lick on production and digestibility parameters. Economic benefit 
analysis indicated that by using farm formulated winter mineral lick farmers can save up to 36% of feed costs. To further 
reduce the costs of farm formulated lick, there is need to consider non-conventional feeds such as brewery by-products in 
the formulation of lick. 
Keywords: Digestibility, Eragrostis Tef, Farm Formulated, Nutrient Utilization, Winter Mineral Lick 
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ABSTRACT: Our research describes the morphological and histological changes of the rabbit's spleen; local breed 

of eastern Algeria. In general, the spleen has a rectangular shape with a triangular section, rounded edges, more 

or less ridged, the surface is smooth, the color is brownish red becomes dark red with age, the capsule and the 

parietal surface are shiny and smooth. His organ measurement and mass parameters are given. Particular 

emphasis placed on its microstructure; especially on changes occur during development. Parenchyma 

histological composition analysis performed using statistical methods. Twenty-month-old rabbits known to have 

follicles with mantle strongly developed, parenchyma’s quantitative analysis components showed significant 

changes. 

Keywords: Capsule, Follicles, Lymphoid, Parenchyma, Rabbit, Spleen. 
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INTRODUCTION 
 

The mammalian spleen works like a blood deposit. Since birth, red blood cells and lymphocytes are present, also 

in the postnatal period, the spleen is an organ of lymphopoiesis and protects the body against cells and genetically 

foreign substances, and also participates in humoral immune responses (Cesta 2006), also, it's a parenchymal organ, 

unpaired, and participates in the metabolism, especially iron and protein (Tiron et al., 2008). In the field of digestion, 

the spleen has a physical and chemical role, the blood thickens in the spleen and the elements formed separate to 

some extent the plasma in which they are suspended (Udroiu et al., 2017). The morphology of the animal and human 

spleen was carried out by researchers (Udroiu et al., 2017). The morphometry of the white pulp of the spleen in 

Yorkshire pig has been studied by Shringi et al. (2017).  

Spleen studies in goats have been conducted by Hassan et al. (2018). In addition, extensive studies on the 

human spleen have been conducted by Nerschbach et al. (2016). Like other animals, white and red pulps are 

distinguished in the spleen of rabbits. The white pulp of the spleen is mainly populated by the corresponding 

differentiated lymphocytes. The areas of the white pulp include arterial vessels surrounded mainly small lymphocytes 

(lymph tissue T-dependent), with clear boundaries. Furthermore, in the white pulp of the spleen rabbits, there are 

lymphoid follicles grouped by lymphoid cells. They are surrounded by a well-defined connective tissue. These 

lymphoid follicles belong to lymphoid tissue B-dependent (Thomas et al., 1967). The red pulp as white has clear 

boundaries. Lymphoid follicles are strongly developed according to age and have weak germinal centers. In addition, 

the white pulp has a distinctive feature: The B-dependent zone is formed after the T-dependent zone and has 

previously undergone an age-related physiological involution, cited by Nerschbach et al. (2016). Scientific work is 

devoted to the in-depth study of the normal morphology of different compartments of the spleen, in different species 

of animals. However, data from the scientific literature regarding the changes in age-related anatomical and 

histological structure of the rabbit spleen during ontogeny are insufficient.  

The objective of this study is to describe the anatomical and histological differences in development of spleen in 

rabbits during the postnatal period. This work will be of interest for future research in veterinary medicine as well as 

in biological and medical sciences. 

 

MATERIALS AND METHODS   

The ethical approval is not necessary for such type of study. We have used the spleen of rabbits were presented for 

post-mortem examination. We dissected 50 healthy male rabbits, aged 01-05-10-15 and 20 months, local breed of 

http://www.science-line.com/index/
http://www.ojafr.ir/main/
mailto:deddine44@hotmail.com
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the Souk-Ahras region in Algeria, divided into five age groups according to table 1, whose live weight ranged from 89 

to 4200 g. The rabbits were weighed before beginning the experiment in the laboratory of Animal Production, 

Biotechnology and Health, University of Mohamed Cherif Messaâdia, Souk Ahras, Algeria. 

A macro-morphometric study (weight gain using a “Tehniprot-WTW” scale with an error point of 0.002 mg) and 

the measurement of the length and width dimensions of the organs with a GOCT17435-72 ruler set to 1mm. The 

collected spleens were subjected to a macroscopic and histological study. The following technique was adopted to 

prepare histological slide; Tissues obtained from rabbits were fixed in 10% formalin for 24 hours and then underwent 

successive passes through the various compartments; dehydrated in increasing concentration of ethanol, then 

cleared in xylene and finally soaked in paraffin. The residence time of the fragments in the automate is 24 hours. The 

blocks were then cut to a thickness of 5 μm with a microtome. The sections were placed into a flotation bath at 37° 

C. Then, they were placed on the slides and dried on a hot plate. The sections were stained by hematoxylin and eosin 

to determine the general structures of rabbit spleen and Wiegert hematoxylin and picrofushin (Van Gieson) to study 

the structural features of the connective tissue stroma. Other frozen sections impregnated with silver nitrate to 

determine the characteristics of reticular stromal areas of the parenchyma of the spleen. Relative area of tissue 

components determined by the method of "exact calculation" using S test systems (Dunaievska, 2018) and using 

optical microscopes Leica DM2000 LED. The photomicrographs made with the digital camera Sony ILCE-6000. Data 

obtained from our morphometric and histological studies have been performed with the Excel 2016 program. 

 

Table 1 - Rabbit spleen morphometry and mass according to age  

Age group, months 1 5 10 15 20 

Weight of the animal, g 890±100 1350±100 2400±100 3900±100 4200±100 

Mass of the spleen, g 0,8±0,062 1,52±0,026 1,68±0,0688 1,86±0,05 2,11±0,12 

Length of the spleen, mm  42,88±0,3 45,8±0,354 61,214±0,95 71,2±1,19 65,28±0,97 

Width of the spleen, mm 5,28±0,17 6,66±0,18 7,7±0,19 9,98±0,18 11,3±0,19 

 
 

RESULTS AND DISCUSSION 

 

After desiccation, the spleen was not directly visible, hidden by the left edge of the stomach, and its axis is in 

border with the great gastric curvature, in contact with the left costal wall by the external face and in contact with the 

stomach and the left kidney by the internal surface. 

Studies have shown that rabbit spleen may have the following form: oval elongated, with slightly sharp edges, an 

irregular shape, "baguette", with a process caudate to the back end with a pointed rear end (Figure 1). The oval shape 

of the spleen has rounded dorsal and ventral ends, the upper and lower edges are smooth. Shaped "drumstick", the 

dorsal edge of the spleen is transferred and becomes "head" of the "drumstick". The size of this part is nine, six wide 

and three millimeters thick. Ventral end wider than two millimeters dorsal grows up to eleven millimeters. Smooth 

sharp edge, wavy and blunt edge. 

When the spleen is oval with a caudate process, its dorsal end is six mm in width and one and a half millimeters 

in length. Next is the three mm extension of the original. The shoot is at a distance of four mm from the dorsal 

extremity. Its dimensions are four in length, two in width, one and a half millimeters thick, and four millimeters wider 

than the dorsal in oval ventral extremity. The sharp and blunt edges are smooth. In the case of an irregular shape, the 

body has a modified rear end of seven centimeters wide, one and a half millimeters thick. The ventral extremity is 

slightly pointed, with a width equal to six mm. The dull edge is uniform, sharp in the region of the ventral extremity is 

also smooth, but undulating at the dorsal extremity. In the form with a pointed dorsal extremity, it initially has a width 

of three, extremity mm wide, still extends three millimeters. Its length is 15 mm, its thickness is five. The ventral end 

is wider and reaches six mm. Smooth dull edges, wavy sharp edge, the spleen is elongated, with slightly pointed 

margins, its dorsal extremity has a breadth equal to five mm and a thickness of a one mm and a half, and there is an 

increase after five mm. The ventral end is seven mm wide and one and a half millimeters thick. Blunt and sharp 

edges are smooth. In most cases, there is an elongated spleen with some sharp edges. Different forms of the spleen 

can be explained by the fact that the growth and development of the organ are irregular, and the shape and size of 

the adjacent organs and the pressure they exert on the formation of internal organs the abdominal cavity. 

Morphological changes observed in the hue of the rabbit spleen, the spleen of rabbits aged one month, the hue 

is red-brown, becomes darker in rabbits which are twenty months old, the lateral edges lose their hue and become 

less distinct than in the center, this feature was observed in these rabbits with a strong curvature of the arc, a low 

position and a left shift. The study of the mass of the spleen of the rabbit has revealed a gradual increase of 0.8 g for 
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spleens of older rabbits a month and this increase is proportional, reaching 2.11 g for rats aged rabbits 20 months 

(Figure 2). 

 

 
Figure 1. Macroscopic view of different rabbit spleen 

on negatoscop examination with measurement. 

 

 
Figure 2. Mass index of some spleens of rabbits, (g) 

according to age (months) 

The length reaches 42.88 mm for the spleen of the animals aged one month and 65.28 mm for the animals 

aged 20 months, the width was 5.28 mm found in the spleen of rabbits by one month and the value maximum of 

11.3 mm for the spleen of 20-month-old rabbits (Figure 3). The length of this portion is nine millimeters, six wide and 

three millimeters thick. The ventral end is larger than the two-millimeter dorsal. At a distance of seven millimeters 

from the ventral end, the organ extends to eleven millimeters.  

Morphological examination of the spleen of rabbits aged fifteen months revealed a thicker lateral surface than 

the underneath with three zones of vascular irrigation, wrapped in a thin layer of connective tissue; in particular a fat 

layer surrounding the end of the spleen, this has also been proved by the researcher (Hristov et al., 2006), the 

proximal part freely forms a distension curved in height, concerning the spleen of the first group, the fatty layer is 

minimal and occupies the apical layer of the layer of connective tissue lining the entire splenic zone from the turgor in 

the ventral part, there has more fixations equal to nine for this age, while the spleen of rabbits aged twenty months, 

from which the number of supplements reaches 14 according to (Lalić et al., 2018). Thus, the rabbit spleen is 

characterized by polymorphism and morpho-functional changes that, no doubt, should reflect increasing or 

decreasing functional processes in the respective developmental periods and affecting the immune system of the 

animal. The texture, size, weight, color and shape of the spleen vary significantly depending on the duration of its 

functional activity, age, species and race of the animal (Eberlova et al., 2017).  

Stereo-microscopic examination (MBS) revealed rabbit's spleen consists of stroma and parenchyma, stroma 

formed by capsule and trabeculae that penetrate inside parenchyma. It has been noted that capsule consists of two 

layers: external connective tissue (elastic) and internal (muscular), allowing the organ to change size and maintain a 

significant increase in its volume, this was mentioned by Nawal et al. (2018). The muscle layer consists of 

polymorphic myocytes (Figure 4). 

 
 

 
Figure 3. Morphometric index of some spleens of 

rabbits, (mm) according to the age (month). 

 
Figure 4. Spleen of one-year-old rabbit. hematoxylin-

eosin stain, X 5.7. 1- capsule; 2- red pulp; 3- white pulp. 4 

–cortical zone; 5- Cortico-medullary zones; 6- medulla zone; 

7- Trabecula. 
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At high magnification, it has been observed that red pulp is composed of splenic sinusoidal capillaries and 

cellular cords. Splenic sinusoids are limited by batch simple epithelium, resting on abasement membrane around 

sinusoids discontinuously, sinusoidal capillaries contain many blood cells (Figure 5), what has been identified in other 

spleens by the authors (Medaglia et al., 2017).  

It was found that surface of the red pulp is almost identical in spleen of the 1st and 2nd group of age, within 

maximum is 78.1%, this zone is minimal in the spleen of rabbits aged 10 and 15 months (Figure 5), equal almost 

70,78%, deduced that surface of the red pulp decreases with age. These results were consistent with another author 

research (Fukuta et al., 1969). Concerning white pulp, it should be noted that the surface of the white pulp decreases 

in the parenchyma of the spleens of the rabbits aged ten months (Figure 6), while 11.56% for spleens of rabbits aged 

five months. This increase reaches the maximum of 16.04% in the spleen of rabbits aged 20 months. Questions to 

note about the decrease in spleen value in five-month-old rabbits, probably due to a decrease in antigenic activation. 

Capsule trend increase varies from spleen of rabbits aged one month’s 10.44% to the spleen of rabbits aged 15 

months 14.67%, due to increase in spleen’s volume. Also, it has been found that white pulp has several 

compartments such as peri-arteriolar lymphoid sheaths (P.A.L.S), whose spleen of rabbits aged one month, had a 

maximum level of P.A.L.S with value of 9.35 ± 0.55%, while the spleen of rabbits aged 20 months, the minimum 

value was 1.63 ± 0.35%. 

Follicles quantitative study shows that rate is almost equal for 2 follicles types (primary and secondary) equal 

16.17% 17.38% in spleen of rabbits aged five months. This value also identical in spleen of rabbits aged 15 months 

34.45% and 35.82%. It was found that follicles activation is stable probably due to the non-immunization of animals 

with vaccines, contrary, this finding was not established for rabbits immunized by vaccines, this increase presents 

change point for secondary lymphoid follicle. Scrutiny optical microscope revealed that mantle secondary lymphoid 

follicle in marginal areas stand out easily, this was proven by Pinkus et al. (1986), the border zone is transition zone 

between white and red pulp, also mentioned in research, on mice spleen. 

Spleen connective tissue network is highlighted by silver staining, forming precipitates around reticulin fibers. 

Spleen capsule is crossed by blood vessels, which enter into organ via spans. White and red pulps are clearly visible. 

Lymphoid follicle has well-defined germinal center and crown (Figure 7). Central artery is also easy to see during this 

preparation. Reticulin fibers form extensive network through spleen, anchored on capsule and on spans. White pulp 

comprises lymphoid follicles complex of spleen that fulfill a protective function and produce a larger mass of 

lymphocytes in the blood. The red pulp has small round growths. 

Each site crossed by artery running along periphery, similar research has been demonstrated by other research. 

Lymphoid tissue silver nitrate impregnation was put in evidence as blood supply to red pulp, which comes from 

penicillar arteries which give rise arterioles, including endothelial cells and smooth muscle cells well visible in center 

elucidated also. 

Impregnation with silver nitrate, was observed that venous sinuses can be found throughout red pulp, directly 

adjacent to edge region bordered by endothelial cells loose network lie on basal membrane which sandwiched 

between endothelial cells and red pulp reticular fibers. In white pulp (Figure 8), it is subdivided into PALS, this 

research and results conformed with data to Gill et al. (2017), lymphoid follicles and marginal zone. Central arterioles 

surrounded by PALS in red pulp, composed of lymphocytes and reticular fibers concentric layers and reticular 

flattened cells. 

 

 
Figure 5. Histological section of rabbit spleen aged 15 

months. Van Gieson stain, Х40.  1 -layer of connective 

tissue (elastic). 2 -muscular layers. 3 -splenic 

parenchyma. 

 
Figure 6. Histological section of rabbit spleen ten 

months old. Hematoxylin and eosin, × 200: 1 capsule; 

2 – subcapsular trabecula; 3 – red pulp; 4 - lymphatic 

vessels; 5 – white pulp. 
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Figure 7. Histological section of rabbit spleen stained 

with silver nitrate X 200. 1 - capsule 2 - trabeculae; 3 - 

pulp artery; 4 – layer of reticular fibers 

 

 
Figure 8. Histological section of rabbit spleen stained 

with silver nitrate, X400. 1 - lumen of the vessel; 2 - 

reticular fibers; 3 – lymphocytes. 

 

 

 
 Figure 9. Histogram, rabbit spleen compositions (%) according to age (months). Graph4. White pulp compositions (%) 

according to age (months). 

 

 
Figure 10. Graph4. White pulp compositions (%) according to age (months). 

 
CONCLUSION  

 

Capsule surface and trabecular meshwork increased by age and form frame for white and red pulp, spleen white 

pulp shows peri-arteriolar lymphatic system (PALS) and lymphoid follicles, marginal zone separates red to white pulp 
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could also be clearly demarcated. In the first group lymphoid tissue still growing, in deformed state, smooth muscle 

tissue predominates structurally. Twenty months ago, increase in lymphoid follicles percentage and increased smooth 

muscle tissue. can concluded with animal’s age, produces spleen morphological changes. Appearance of reactive 

centers indicates primary nodules converted into secondary lymphoid follicles, occurs at new locations along blood 

vessels. Tissue components histogenesis from rabbits spleen during postnatal ontogeny characterized by primary 

lymphoid follicles intensive development, in context of corresponding significant changes in quantitative parameters 

other components first stage (up to 30 days), during growth, main parenchyma components tend to decrease, except 

primary lymphoid follicles in second phase (up to 10 months), accompanied respectively an increase of stroma 

relative area; Finally, third stage (up to 20 months) absence of significant changes in relationship between stromal 

and parenchymal components of the organ. 

In conclusion according to statistical analysis, 1st group PALS area reaches maximum value and decreases in 

first age; leaving place for primary and secondary follicular lymphoid. 
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ABSTRACT: Infectious Bursal (IBD) and Newcastle diseases (NCD) are an acute highly contagious and 

destructive illness of chickens that occur almost any time of the year. In this study, we aimed to detect 

antibodies against NCD and IBD The study was compared a compressive investigation on the Ab detection 

local and exotic breed with different serological technique of Indirect-ELISA and Haemagglutination inhibition 

(HIT) test. In this study, a cross-sectional study design was used and applied to collect 384 serum samples 

from chickens which were selected by simple random sampling. Serum samples were collected from three 

different districts which were Dembiya, Dabark and Metema. The serum sample collections were also 

considered different parameters like sex, age, breed, infection, and vaccination during the data collection time. 

The results showed that the overall Ab detection of IBD and NCD Virus were 74.4% and 79.6% respectively. 

Epidemiological status of both IBD and NCD Virus of each districts were indicted Metema (72.2%, 86.0%), 

Dembiya (89.7%, 92.4%) and Dabark (67.2%, 69.1%) respectively. In conclusion, these research findings 

extend the presence of detectable antibodies to NCD and IBD in chickens, in the three districts of North Gondar 

Zone. As it is known Chickens’ might have been high detectable antibodies if they are either susceptible to the 

pathogenic or are vaccinated.  
 

Keywords: Newcastle, infectious bursal, Antibody, Chickens, Indirect-ELISA test and Haemagglutination 

inhibition.  
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INTRODUCTION 

 

Chicken production has a major role in the economy of developing countries and backyard production is particularly 

important to women (Wilson, 2010). Several programmes, in Ethiopia and elsewhere, have attempted to improve 

chicken production as a means to reduce poverty (Sambo et al., 2015). 

Like away in the developing world, backyard poultry rearing is a common practice in rural Ethiopia. Village 

backyard poultry, characterized by traditional production methods and local breeds, represents 98% of the total 

Ethiopian poultry population of 38 million (Chaka et al., 2012). 

Small and large-scale chicken farms are rapidly growing in Ethiopia. The chicken strains imported are temperate 

breeds that are less adapted to the heat stress and disease challenges in the country. Accompanying intensification 

of poultry farming, there is occurrence of epidemics of newly introduced diseases and/or epidemics of endemic 

diseases (Anebo et al., 2014). One of the diseases that are of growing concern in poultry is Infectious Bursal disease 

(Gumboro disease). As in this report a large scale occurrence of Infectious Bursal disease in the central part of 

Ethiopia with intensive and high-density juvenile farms (Zeleke et al., 2005). 

Infectious bursal disease (IBD) is a highly contagious, immunosuppressive infection of immature chickens with a 

worldwide distribution (Negash et al., 2012). Two serotypes of IBD virus strains are described: 1 and 2. Serotype 2 

strains are classified as a pathogenic, and serotype 1 strain, pathogenic to chickens, is classified into several patho-

types, from mild to hyper virulent, according to their virulence (Chaka et al., 2012). 

IBD  infection results in lymphoid tissue depletion and the final destruction of the bursa, which  is the 

predominant feature of its pathogenicity (Okwor et al., 2012). This virus may exacerbate infection with other 

etiologic agents and reduce the chicken's ability to respond to vaccination. Susceptibility  and breed of flock, types 

of virus strains, inter-current primary and secondary pathogens, and environmental and management factors 

influence the economic impact of IBD (Jenbreie et al., 2012) 

http://www.science-line.com/index/
http://www.ojafr.ir/main/
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The other disease of poultry is Newcastle disease (NCD) also known as Ranikhet disease (RD), locally known as 

Fungal, is caused by avian paramyxovirus serotype 1 (APMV-1) belonging to the family Paramyxoviridae, 

genus Avulavirus (Ezema et al., 2009). Newcastle disease virus (NCD ) can be categorized into highly pathogenic 

(velogenic), intermediate (mesogenic), and less pathogenic (lentogenic) strains based on pathogenicity in chickens 

and are divided in two clades (class I and class II) (Ali et al., 2004). 

The epidemiology and control of NCD and IBD has been extensively studied and documented in commercial 

poultry systems, but has been poorly documented in village poultry (Awan et al., 1994). The large differences in 

management between commercial and village poultry prohibit the transfer of epidemiological data and control 

programmes of NCD and IBD from the commercial sector to the village environment (Yongolo et al., 2002). In 

developing countries these vaccines are available most often as live vaccines. The use of live vaccines can result in 

vaccination reactions especially if the birds are stressed (Cserep, 2008).  

With the ever expanding flock sizes and the increasing farm size it is possible for individual bird inoculation, 

which ensures even distribution of the vaccine but involves the chasing and catching of the birds for hours, to 

constitute a major stress. It also increases labour and cost. To save labour, and possibly minimize stress due to 

chasing and catching of the birds, it may be possible to administer the two vaccines simultaneously. However, this 

procedure may have some effects on immune responses to the vaccines, feed consumption and weight gain (Okwor 

et al., 2013). Although the diseases are the major health constraints responsible for marked economic losses in a 

country, the dynamicity and the status of the disease in chickens in the study areas have not been yet studied to a full 

extent and not well documented. 

 

MATERIALS AND METHODS 

 

Study setting  

Cross-sectional study type was conducted from October 2015 to April 2016 in selected districts of North Gondar 

zone, Amhara National Regional State, located in the northwestern part of Ethiopia. The study districts included were 

Dabark, Dembiya, and Metema, located between 700 and 778kms northwest of the capital, Addis Ababa. The study 

zone is located between geographically coordinates 12.3º to 13.38º north latitudes and 35.5º to 38.3º east longitudes 

and the altitude ranges from 550 to 4620 meters above sea level (masl) in western lowland and in north Semen 

Mountain, respectively. The average annual rain fall vary from 880mm to 1772 mm, which is characterized by a 

monomodal type of distribution. The mean annual minimum and maximum temperature is 10ºC in the highland 

and 44.5ºC in the lowland (Eshete, 2002). 

The indigenous chicken population in the study zone is estimated at 3.75million. Most of the poultry is found in 

the highland and mid highland areas of the region, which is associated with the ecology and human demography. 

Indigenous chickens are major family poultry types in the area managed under backyard free-range system (Fentie et 

al., 2013).  

 

Sampling procedure and study population 

In this study, a cross-sectional study design was used and applied to collect 384 serum samples from chickens 

which were selected by simple random sampling method (lottery drawing methods). Serum sample were collected 

from three different districts which were Dembiya, Dabark and Metema. The serum sample collections were also 

considered different parameters like sex, age, breed, infection, and vaccination during the data collection time. The 

serum sample was collected from October 2015 to April 2016. The laboratory tests were conducted in Deberzit 

National Veterinary Institute, Ethiopia from April to May 2016 using the laboratory techniques of Haemagglutination 

inhibition test and Indirect-ELISA test for NCD and IBD respectively. The sample size was determined using the 

formula described by Thrusifield (1995). The study was considered an expected prevalence of 50% and an absolute 

precision of 5% (5% significance level) with 95% CI. For both IBD and NCD, the total serum sample in Metema, 

Dembiya and Dabark were collected 114, 92 and 178 respectively. 

 

Data collection instrument and procedures  

Totals of 384 chicken serums were collected both from local and exotic (Faso T44) breeds of chickens in the 

three districts and 2-3 ml of blood were collected from the humeral region of the wing vein with a syringe and needle 

of 5ml size. The syringe with blood, then kept horizontally until the blood clots. After clotting, the syringe was returned 

to a vertical, but invert position and left on a bench overnight to permit the serum to ooze out. The separated serum 

was transferred into Eppendorf tubes, labeled and stored at -20 Cuntil. The Haemagglutination-inhibition test (HIT) 

and indirect ELISA tests were carried out. HIT and Indirect ELISA tests were performed to detect antibodies against 

NCD and IBD respectively. 
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Protocol HIT to detect specific antibodies 

i) 0.025 ml of PBS is dispensed into each well of a plastic V-bottomed microtitre plate, ii) 0.025ml of serum is 

placed into the first well of the plate ,iii) Two fold dilutions of 0.025 ml volumes of the serum are made an exotic the 

plate, iv) 4 HAU virus/antigen in 0.025 ml is add to each well and the plate is left for a minimum of 30 minutes at 

room temperature, i.e. about20°C, or 60 minutes at 4°C, v) 0.025 ml of 1% (v/v) chicken RBCs is added to each well 

and, after gentle mixing, the RBCs are allowed to settle for about 40 minutes at room temperature, i.e. about 20°C, 

or for about 60 minutes at 4°C if ambient temperatures are high, when control RBCs should be settled to a distinct 

button, vi) The HI titter is the highest dilution of serum causing complete inhibition of 4 HAU of antigen (Zeleke et al., 

2005).  

The agglutination is assessed by tilting the plates. Only those wells in which the RBCs stream at the same rate as 

the control wells (positive serum, virus/antigen and PBS controls) should be considered to show inhibition, vii) The 

validity of results shall be assessed against a negative control serum, which should not give a titter >1/4 (>22or 

>log22 when expressed as the reciprocal), and a positive control serum for which the titter should be within one 

dilution of the known titter. The value of serology in diagnosis is clearly related to the expected immune status of the 

affected poultry. HI titers may be regarded as being positive if there is inhibition at a serum dilution of 1/16 (24or 

log24 when expressed as the reciprocal) or more against 4 HAU of antigen. Some laboratories prefer to use 8 HAU in 

HI tests. While this is permissible, it affects the interpretation of results so that a positive titer is 1/8 (23 or log2 3) or 

more. Back titration of antigen should be included in all tests to verify the number of HAU used. In vaccinate flocks 

that are being monitore serologically, it may be possible to identify anamnestic responses as the result of a challenge 

infection with field virus (Alexander & Allan, 1974), but great care should be exercised as variations may occur from 

other causes. For example, it has been demonstrated that APMV-3 virus infections of ND-virus-vaccinated turkeys will 

result in substantially increased titers to NCD  (Vui, Lohr et al., 2002). 

 

Protocol Indirect ELISA to detect specific antibodies 

Coat plate with antigen using a multichannel pipet and tips; dispense 50 µl antigen solutions into each well of 

micro titer plate. Tap or shake the plate to ensure that the antigen solution is evenly distributed over the bottom of 

each well. 2. Wrap coated plates in plastic wrap to seal and incubate overnight at room temperature or 2 hr at 37°C. 

3. Rinse coated plate over a sink by filling wells with deionized or distilled water Flick the water into the sink and rinse 

with water two more times. Block residual binding capacity of plate. 4. Fill each well with blocking buffer dispensed as 

a stream from a squirt bottle and incubate 30 min at room temperature. 5. Rinse plate three times in water as in step 

5 Add Ab to plate. 6. Add 50 µl Ab samples diluted in blocking buffer to each of the coated wells, wrap plate in plastic 

wrap, and incubate ≥2 hr at room temperature. 8. Fill each well with blocking buffer, vortex, and incubate 10 min at 

room temperature9. Rinse three times in water as in step 5 Wash the plate7. Rinse plates three times in water as in 

step 5 and 8. Fill each well with blocking buffer, vortex, and incubate 10 min at room temperature9. Rinse three 

times in water as in step 5 Wash the plate 7. Rinse plate three times in water as in step 5 Add developing reagent to 

plate. 10. Add 50 µl developing reagent in blocking buffer to each well, wrap in plastic wrap, and incubate ≥2 hr at 

room temperature.11. Wash plates as in steps 9 to 11 Add substrate and measure hydrolysis. 12. Add 75 µl MUP or 

NPP substrate solution to each well and incubate 1 hr at room temperature.13. Monitor hydrolysis qualitatively by 

visual inspection or quantitatively with a microtitre plate reader. Hydrolysis can be stopped by adding 25 µl of 0.5 M 

NaOH. Read out visually, hydrolysis of NPP can be detected by the appearance of a yellow color. If using a micro titer 

plate reader to measure NPP hydrolysis, use a 405-nm filter (Williams et al., 1997). 

Washing of RBCs: A total of 5 ml of chicken blood was collected aseptically in a disposable syringe containing 1 

mL of sodium citrate (4% solution) as an anticoagulant. The blood was centrifuged at 1500 rpm for 15 min. The 

plasma and Buffy coat was pipetted off. After washing thrice with phosphate buffer saline (PBS), 1% suspension in 

PBS was made to be used in HI test (Miers et al., 1983). 

 

Data analysis 

Data were managed using both in hard and soft copies. Data entry was done using Microsoft office excels and 

processed using SPSS version 21 statistical software. Descriptive statistics, Chi-Square and ANOVA tests were 

computed for all the parameters and to analyze the differences in the Sero-prevalence between sexes, ages, vaccine, 

infection, breeds and among districts. P< 0.05 was considered to best statistical significant variation. 

 

RESULTS 

 

This study is aimed to make a comprehensive study on the detection of Ab against IBD and NCD of Chicken by 

considering multi factors analysis namely: age, district, vaccination, infection, breed, and Sex. As it is stated in the 

methodology section, the study considered 384 serum samples in all the factors.  
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Ab Detection of IBD  

The results revealed that out of the total 156 male chickens Sero-positive were 81.6%, whereas detection of Ab 

of females from the total 228 serum samples was found to be 69.4%. The highest Ab detection was found in males 

(81.6%) as compared to females (69.4%). The findings of this study indicating that 0% Ab in local and 83.3% in 

exotics do not agree with the findings of (Halima et al., 2007). 314 young chickens a total of 285 serum samples 

were found Ab positive (90.9%). Likewise, out of the 70 adult chickens a total 0 serum samples were found Ab 

positive (0.0%). 

The results showed that out of the total 48 infected chickens Ab detection were 80%, whereas out of the total 

336 non-infected Ab detection 73.6% were found to be Ab positive. The highest Ab detection was found on 

vaccinated Chickens 83.3% were serum antibody, as compared to non-vaccinated Chickens with 0% Ab detection 

which is in line with the findings of (Jenbreie et al., 2012).  

This indicates there are Sero-positive rate of 72.2%, 89.7% and 67.9% in Metema, Dembiya and Debark district 

respectively. It shows that compared to the others, Dembiya has highest Ab detection rate among the three districts. 

These findings agree with the findings of Halima et al. (2007) and Tadesse et al. (2005).The possible explanation for 

this could be there are few chicken farms in the highland area of the study sites and chicken population number is a 

factor for the transmission of the disease. 

The two-sided asymptotic significance of the chi-square statistic (χ2 = 135.76) was less than 0.05 (P=0.00). 

Therefore it is safe to say that the differences between vaccinated and non-vaccinated chickens with respect to IBD 

was not due to chance variation, which implies that vaccinated chickens have a higher level of prevalence on IBD 

than non-vaccinated chickens. Except sex and disease all the parameters such as district, age, breed shows similar 

result. However, the findings shows that IBD was independent of sex and infection with P= 0.09 and 0.48 

respectively. 

 

Detection of Antibody to Infection Bursal Disease Virus by Sex, Age and Breed 

In this section, detection serological antibodies of IBDV of chicken are investigated by sex, age and breed. As it is 

shown in Table 2, the findings of sex, age and breed are listed.  

 

Table 1 - Detection of antibodies against infectious bursal disease by sex, age and breed 

Variable 
No examined 

Chickens 

No. antibody 

Positive 

Antibody 

detection 

Total antibody 

detection 
χ2(P-value) P-value* 

Male 156 127 81.6% 
285(74.4%) 71.1(0.09) 0.07 

Female 228 158 69.9% 

Adult 70 0 0.0% 
285(74.4%) 246.44(0.00) 0.00 

Young 314 285 90.0% 

Local 42 0 0.0% 
285(74.4%) 135.16(0.00) 0.00 Exotics 342 342 83.3% 

χ2= the chi-square value, *=the annova p-value 

 

 

Table 2 - Detection of antibodies against infectious bursal disease by vaccinated, infection and districts 

Variable 

No. 

Examined 

Chickens 

No. 

antibody 

positive 

Antibody 

Detection 

Rate 

Total 

Antibody 

rate 

χ2 

(P-value) 
P-value 

Vaccinated 342 285 83.3%  

285(74.4%) 

 

135.76(0.00) 

 

0.00 Non-vaccinated 42 0 0.0% 

Infected 48 38 80.0%  

285(74.4%) 

 

0.7(0.48) 

 

0.345 Non- infected 336 247 73.6% 

Dembiya 92 82 89.7% 
 

285(74.4%) 

 

14.63(0.01) 

 

0.00 
Dabark 114 82 72.2% 

Metema 178 120 67.9% 

 

Ab Detection of NCD 

The 156 male chickens Serological Ab positive were account 79.57% and the 228 female Chickens also account 

79.56%. This shows that both male and female Chickens have equal serum Ab with respect to NCD, which indicates 

being male or female is not a decisive factor in the resistance of NCD. And from the total 32 local chickens Ab 

positive were 76.19%, whereas, exotics or Faso T44 chickens from the total 274 serum samples were found to be 



55 
To cite this paper: Birhan Mas., Birhan Mal., Tesfaye Sh, and Tariku A (2019). Detection of antibodies against Newcastle and infectious bursal disease on chicken in 

north Gondar zone, Ethiopia. Online J. Anim. Feed Res., 9(2): 51-58. www.ojafr.ir  

80.12% Ab positive. The highest Ab detection was found in exotics (8.12%) as compared to local (76.19%) I agree 

with (Chaka et al., 2013). 

In addition to this, further comparisons between local and exotics (Faso T44) Chickens were made. The result of 

the findings is similar to Moges (2010) reports. It shows that there no statistical significance difference (P-Value 

=0.113) between local and exotics or Faso T44 Chickens with respect to NCD. It shows that, out of the total of 286 

young chickens Sero-positive were 91.1%, whereas the serological prevalence of adult from the total 70 serum 

samples was found to be 28.6%. The highest prevalence was found in young (91.1%) as compared to adult (28.6%). 

The results of the study indicating 91.1% Ab in young and 28.6% in adult agree with those of who reported highest 

prevalence in young and the lowest in the adult. 

The results revealed that the Serological Ab of Metema was found to be 86.0%, that of Dembiya was 92.4% and 

that of Dabark was 69.1 %. Among them, the highest Ab detection was found in Dembiya (92.4%) as compared to 

Metema (86.0%) and Dabark (69.1%). The results of the study indicating 86.0% Ab in Metema, 92.4% in Dembiya 

chickens and 69.1% in Dabark was however, observed that susceptibility was the highest to Debark as compared to 

Metema and Dembiya which was in line with previous studies I agree with (Ashenafi & Eshetu, 2004). 

The results revealed that out of the total 342 vaccinated and 42 non-vaccinated chickens 89.5% and 0%, 

serological Ab detection is respectively found. When it was represented proportionally the total of 38 infected 

chickens Serological Ab were account 79.2%, whereas the serological Ab of non-infected from the total of 286 serum 

samples was found to be 79.8%, which shows that there is no serological Ab difference between infected and non-

infected Chickens with respect to NCD. 

The two-sided asymptotic significance of the chi-square statistic (χ2 = 135.76) is less than 0.05 (P= 0.00). 

Therefore it is safe to say that the differences between vaccinated and non-vaccinated chickens with respect to NCD 

is not due to chance variation, which implies that vaccinated chickens have higher level of prevalence on NCD than 

non-vaccinated chickens. Similarly the report in the same table shows that except sex and infection all the 

parameters such as district, age, breed show similar result. However, the finding show that NCD was independent of 

sex and breed with P= 0.036 and 0.551 respectively. 

 

Table 3 - Detection of antibodies against Newcastle disease by sex, age and breed 

Variable 
No. examined 

chickens 

No. 

Positive 

Antibody 

Detection rate 

Total Antibody  

detection rate 
χ2(p-value) p-value 

Male 156 124 79.59% 
306(79.9%) 0.007(0.936) 0.999 

Female 228 182 79.56% 

Adult 70 20 28.6% 
306(79.9%) 138.19(0.00) 0.0001 

Young 314 286 91.19% 

Local 42 32 76.19% 
306(79.9%) 0.36(0.551) 0.0001 

Exotics 342 274 80.12% 

 

Table 4 - Detection of antibodies against Newcastle disease by vaccine, infection and districts. 

Variable 
No. examined 

chickens 

N0. antibody 

positive 

Antibody 

detection Rate 

Total antibody 

Rate 
χ2(p-value) p-value 

Vaccinated 342 306 89.5% 
306 (79.6) 18.1 (0.00) 0.0001 

Non-vaccinated 42 0 0.00% 

Infected 42 38 79.2% 
306 (79.6) 73.73 (0.00) 0.834 

Non- infected 48 268 79.8% 

Dembiya 92 85 92.4% 

306 (79.6) 24.27 (0.00) 0.0001 Metema 114 98 86.6% 

Dabark 178 123 69.0% 

 
DISCUSSION 

 

In vaccinated flocks, positive serological results are clear evidence that the birds have been exposed to the infectious 

agent under investigation, although without identifying the infecting strains. In the present study, we confirmed from 

the sellers during purchase that all of them had vaccinated their chickens for any poultry diseases especially cross 

breeds. Hence, the presence of antibodies to NCD and IBD was considered evidence of not the exposure to natural 

infection. 

The study revealed that the prevalence of NCD antibodies in backyard chickens was generally high, around 

76.19%. This is considerably higher than previous reports by Geresu et al. (2016) who reported prevalences of 19.8% 
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in the southern and Rift Valley districts and 32.2% in central Ethiopia, respectively, but our results were not close to 

those reported by (Regasa, Fufa, Berihanu, & Hunduma, 2007) in southern Ethiopia (11%). Our results are also 

consistent with seroprevalence in backyard poultry of 76.19% in Mauritania. When chickens are affected by a 

velogenic NCD virus that results in very high mortality, one is likely to find few or no survivors with antibodies. Up to 

30% of market sellers claimed to have observed poultry disease signs (sudden death, diarrhea, and nervous signs) 

resembling Newcastle disease during previous months. There was no observed seasonal or geographic variation in 

seroprevalence, in the present study, suggesting that the disease is widespread and occurs throughout the year in the 

study area. 

The survey also indicated that IBD is widespread among village chickens in the study area, with a 

seroprevalence of 74.4%. This agrees closely with reports by Degefu et al. (2010)  from Ethiopia, and Chaka et al. 

(2012) from India, who reported seroprevalence of 76.6%, 100, 74, and 73.7% respectively. However, relatively lower 

IBD seroprevalence were recorded in Mauritania (15.8%; Chrysostome et al., 1995), Zimbabwe (55%; Mazengia et al., 

2010). The higher seroprevalence of the disease in the study area, in the apparent absence of mortality, could be due 

to an IBD virus of lower pathogenicity, unlike the case reported from the Amhara region of Ethiopia (Mazengia et al., 

2009) or the outbreak in a commercial broiler farm with evident mortalities (Jenberie et al., 2014). It is also possible 

that the birds were infected with IBD virus as adults, at which stage they simply seroconvert without any apparent 

clinical disease. With such a high seroprevalence and low mortality of infected birds, there is the possibility of genetic 

resistance among indigenous breeds of chickens in Ethiopia, as reported from Egypt (Hassan, 2004). This is difficult 

to demonstrate using serological studies, but further studies could be undertaken to investigate this. 

 

CONCLUSION 

 

In conclusion, these research findings extend the presence of detectable antibodies to NCD and IBD in chickens, in 

the three districts of North Gondar Zone. As it is known Chickens’ which might found in different districts have been 

high variable detectable antibodies if they are either susceptible to the pathogenic or vaccinated and either female or 

male.  
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Supporting Information 

 

ABSTRACT: In current experiment n=20,000 Ross-308 broiler breeder eggs collected from 33 week old flocks 

were subjected to cold stress during transportation. Eggs were allocated to 4 temperature groups (treatments): 

1.5°C, 2°C, 3.5°C, 5°C, and a control group, 20°C. Each treatment had 4,000 eggs, and data were analyzed in 

a completely randomized design. The results of this study showed that cold stress had a significant effect on 

percentage of egg weight loss (P<0.001), and minimal egg weight loss occurred in the control group. The 

percentage of exploders and early hatched chicks and chick weight were higher in the below 3°C temperature 

treatment than the other groups (P<0.01). Cold stress had a significant effect on chick length, hatchability, and 

the hatching of fertile eggs (P<0.001). The effects of cold stress on chick yield and body weight uniformity were 

significant (P<0.01). The effect of cold stress on hatchery by product efficiency was significant (P<0.001), but did 

not affect fertility. Cold stress also had significant effects on early (1-8 days), middle (9-17 days), and late 

mortality (20-21 days); total embryo mortality; and exposed brain. Ectopic viscera was significant (P<0.001), and 

most mortality was observed in below 4°C treatments. Total percentages of malpositions and deformity 

(P<0.001) and egg contamination at 1-9 days (first stage) and 10-21 days (second phase) were affected by cold 

stress (P<0.001). Cold stress also had a significant impact on the number of cull chicks; percent of string navel, 

button navel, total string, and button; omphalitis; full body cavity; red hocks; dehydration; dirty chickens; and 

stubby down. Cold stress affects performance during incubation and overall chick quality.  

Keywords: Cold Stress, Egg Transportation, Hatchability, Chick Quality, Malposition And Deformity, Culls, Egg 

Weight Loss, Embryo Mortality And Contamination 
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INTRODUCTION 

 

Incubation provides proper conditions for fertile eggs to produce high quality day old chicks. This occurs when the 

fertile eggs are delivered under standard conditions from breeder farm to hatchery (Jabbar and Yousaf 2017, Nakage 

et al., 2003). It is necessary to protect hatching eggs against any heat or cold stress during collection in the barn; 

storage at the farm; and transportation to the hatchery, egg grading room, incubator, and hatcher. For example, Cobb-

Vantress, is one of the primary breeders recommends that the temperature of trucks delivering hatching eggs from 

farm to hatchery be between 20-23°C (Yousaf et al., 2017, Cobb-Vantress, 2014). Temperature is one of the 

important factors affecting the growth and development of the embryo at all stages of the incubation period (Yousaf 

et al., 2016). The optimum temperature for fertile eggs during the storage period depends on the age of eggs, the age 

of broiler breeder flock, and the genetic strain of the birds (Hussain et al., 2018, Tullett et al., 2009). It must be noted 

that, as storage time increases, hatching eggs should be stored at lower temperatures (Yousaf et al., 2017). 

Guidelines are provided by primary breeder companies. For instance, Aviagen recommends storing eggs 1-3 days or 

older (e.g., 4 days) at 19 °C and 16-18°C, respectively (ROSS, 2016). It has been shown that storing eggs at 

18.33°C for 10 h reduced the internal temperature of the eggs to 1 °C (Yousaf et al., 2017).  

However, this did not have any impact on hatchability rate (Taylor et al., 2003). Storing turkey hatching eggs at 

18.33 °C for 1, 2, 3, and 4 h led to a higher number of female embryos compared to eggs stored from 10 to 12.7°C; 

when the temperature was reduced to 16°C,  hatchability decreased (Jull et al., 2001). If the temperature of the egg 

center over 120 min reaches 7 to 10°C, embryos will develop normally until they reach 8 days of age (Taylor et al., 

2006). Keeping eggs at 3°C for 4 days resulted in the development of the embryos to the blood ring stage with a 

http://www.science-line.com/index/
http://www.ojafr.ir/main/
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wide and enlarged blastoderm after which only the ectoderm and endoderm had the opportunity to grow (Taylor et al., 

2006). Cold stress 2°C before incubation increased embryo mortality, and the peak of mortality occurred after 16 

days (Wilson, 2001). Eggs maintained at 2 to 3°C caused ice crystal formation, which led to irreversible damage to 

embryo tissues (Hussain et al., 2018). It was reported that cold stress reduced yolk consumption by the embryo. It 

also prevented growth of the embryo and reduced the water loss or vapor exchange of the egg surface (Yousaf et al., 

2017). A reduction of ambient temperature in broiler breeder hens increased food consumption and serum 

corticosterone (Yousaf, 2016). It reduced egg production; feed efficiency; and concentrations of some vitamins, 

minerals, insulin, ascorbic acid, alpha tocopherol, and retinol in plasma (Yousaf, 2016). However, the level of 

malondialdehyde; the production rate of free radicals; and requirements for vitamins A, C, and E increased 

(Ensminger et al., 2004, Siegel et al., 2003, Klasing et al., 2003, Kucuk et al., 2003). Cold stress caused weakness in 

lymphoid organs and decreased immune function in hens. The effects of cold stress in chickens can be produced by 

different mechanisms (Yousaf, 2016). The cold changes the endocrine system; the hypothalamus-pituitary-adrenal 

axis, sympathetic-adrenal-medullary axis, and the thypothalamus-pituitary-thyroid axis become active, and as a result, 

hormone responses to stress will be evident (Hussain et al., 2018). Cold stress caused a significant drop in 

corticosterone levels and affected cellular immunity, but had no effect on T4 (Hangalapura et al., 2004). Several 

climate changes may take place during egg transportation. From an economic perspective it is a very important issue 

for day old chick producers (Jabbar and Yousaf, 2017). Therefore, in the current study the effects of cold stress and 

freezing conditions on broiler breeder eggs during transportation, and subsequent chick quality and incubation 

characteristics were investigated.  

 

MATERIALS AND METHODS 

 

Ethical Approval  

This experiment was performed according to all ethics and animal rights (Sindh Agriculture University Tandojam, 

Pakistan). 

 

Selection of Site 

The experiment started in January at menshera-Pakistan, when the ambient temperature during delivery of the 

hatching eggs to the hatchery was about -4 to 0°C. Due to road closures as a result of cold weather conditions, all 

eggs were kept inside the truck for 40 h. 

 

Analyzing eggs internal Temperature 

Internal temperature of the eggs was measured by thermometer (in 42 eggs, by breaking the eggs and 

measuring the temperature at the large end). The thermometer (Testo, Co.) was capable of measuring temperatures 

from -40 to 230°C, with accuracy to 0.1°C. Temperature recording for each egg took about 90 s. We did our best to 

minimize the effect of ambient temperature on the thermometer. A total of 20,000 fertile and settable eggs were 

used in this study. Of this total number, 12% (equal to 7 cartons) were selected; 6 eggs from each carton. In total, the 

internal temperatures of 42 eggs (7× 6) were measured. 

   

Classification of groups 

There were a total of 4 treatments (temperature group) 1.5°C, 2°C, 3.5°C, 5°C, and a control group, 20°C. 

Each treatment had 4 replicates, and each replicate contained 1000 eggs. 

 

Pre Warming Regimen 

 In a completely randomized design, eggs were prewarming for 8 h at 82°F. Egg prewarming was completed in 8 

h which is 3 h more than the usual time allotted.  

 

Egg weight sample  

From each treatment 165 eggs (825 eggs total) were individually weighed by digital scale (Berlini, model KV 

2001). Eggs were individually weighed while in the setter and at the time of transfer from setter trays to the hatcher, 

at day 19 of incubation (449 h). In the incubator, eggs usually lose part of their weight as water vapor (egg weight 

loss) (Tullett et al., 2009). To calculate the percentage of egg weight loss, the following formula was used: 

 

Weight of eggs = weight before Pre warming – weight before transfer   x 100 

    Weight before Pre warming  

 

It must be noted that we were calculated pre-warming weight and not setting weight, as there might have been 

some weight loss during the 5 to 8 h of pre-warming. 
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Incubation Regimen 

After completion of pre-heating stage the incubator started automatically stage profile (Ross prime age 

recommended by Chicks Master, USA). In order to synchronize and prevent delay in the removal of chicks from the 

hatcher, the egg setting was changed to 1 h earlier than the usual time. Every effort was made to prevent eggs from 

sweating while they were still in the preheating room. 

  

Candling Process  

After completing 456 h in incubator the fertility of eggs was checked through candling process. All the infertile 

eggs were removed from the tray and just fertile eggs shifted to hatchers for next 50 hours (2 days and 8 hours) 

(Jabbar and Yousaf, 2017). CobbVanress, Inc. recommends candling between days 10 and 12 of incubation (Cobb-

Vantress, 2014); however, the Aviagen management guide indicates that the right time for candling is day 18 of 

incubation (ROSS, 2016). Measuring chick length is a fast method for evaluating chick quality (Molenaar et al., 

2009). We measured from the beginning of the beak to the end of the middle toe by ruler. Chicks were stretched 

along a ruler by HatchTech method (Molenaar et al., 2009). Only 25 chicks are needed to measure length; however, 

we evaluated 150 chicks (Molenaar et al., 2009). We calculated the chick yield (%) or chick weight/initial egg weight 

ratio from this formula (Tullett et al., 2009):  
 

Chick weight   =     Chick weight (g)   x 100 

   Initial eggs weight (g) 
 

DIS Analysis  

We also performed an egg breakout on unhatched eggs (equivalent 20.83% of total), and results were recorded 

and evaluated. After the hatch, all residue, dead embryos, debris, culls, and shells were collected to buried far away 

from hatchery. 

  

Statistical Analysis  

All data were analyzed with SAS software version 9.1. Statistical models used for data analysis were as follows 

(Zamani, 2010). 

 

RESULTS 

 

The data showed that the rate of egg weight loss during transportation from farm to hatchery was 1.49%. It must be 

mentioned that the ambient temperature during transport from broiler breeder farm to the hatchery reached below 

zero. This did not cause freezing in the egg yolks or albumen; however, wrinkling of the vitelline membrane and color 

spots in egg yolks (manifested as darker or lighter areas) were observed. In this study egg weight loss was affected by 

temperature (P<0.001), and maximum weight loss (14.20%) was found in treatment 2. A number of contaminated 

eggs exploded during the transfer stage or incubation.  

In this study, percentage of exploded eggs was influenced by temperature (P<0.01); most exploders (0.05%) 

were in treatment 1. The number of early hatched chicks in the incubator was significantly higher in treatment 1 

(P<0.001) than in other treatments. Some chicks pipped the outer shell of the egg while still in the incubator. Under 

normal conditions we observed 1%-1.5% of eggs in this situation. As indicated in Table 1, cold stress did not have a 

significant effect on eggs pipped. The effect of cold stress on chick weight was significant (P<0.01), and mean weight 

of chicks in treatment 1 (1.5°C) was higher than in other treatments. Moreover, chick yield in treatment 1 was higher 

than in other treatments (P<0.01). Chick length was affected by cold stress (P<0.001); minimum chick length (17.90 

cm) was observed in treatment 1, and the greatest chick length was found in the control group. Chick length 

decreased with reduction in temperature during transport.  

As shown in Table 2, hatchability and hatch of fertile eggs decreased as the severity of cold stress increased. 

Cold stress had a significant effect on percent hatchability and hatch of fertile eggs (P<0.001). Cull percentage and 

hatchery byproduct efficiency increased when temperature was reduced (P<0.001); cold stress also significantly 

reduced the percentage of chick weight uniformity (P<0.01). As presented in Table 3, increase in cold stress before 

incubation resulted in a significant increase in the rate of contamination (P < 0.001). Cold stress also affected total 

embryo mortality (P<0.001), and, with decrease in temperature below 4 °C, total mortality increased. Reducing the 

temperature did not affect the infertility rate of eggs. Ectopic viscera (ECV) are a condition in which the intestines 

appear outside the abdominal cavity when the chicken is fully developed (Tullett et al., 2009).  

In this study, cold stress significantly affected the incidence of ECV (P<0.001); with a decrease in temperature, 

the rate of ECV increased. As shown in Table 4, most malpositions (1.10%) were observed in treatment 1. It seemed 

that temperatures below 2°C increased the incidence of malpositions. Total malpositions and also head between 

thighs, beak above right wing, and head under left wing increased. Cold stress caused a significant increase in the 
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rate of malpositions in treatments compared to the control group (P<0.001). As indicated in Table 5, cold stress 

caused significant increases in the incidence of chicken deformities in treatments compared to the control group. As 

shown in Table 6, cold stress significantly increased the number of chicks culled due to conditions such as red hocks, 

button navel, summation of button, and string navel. 

 

Table 1 - Effect of low temperature on incubation performance and chick quality 

Treatment 
Initial egg 

weight (g) 

Egg 

weight 

loss % 

Exploder % 
Early 

hatched % 

Eggs 

Pipped % 

Chick 

weight (g) 

Chick 

length (cm) 

Chick Yield 

% 

1 61.76 13.66 a 0.056 a 0.016 a 0.66 ab 42.83 a 17.90 c 69.35 a 

2 61.80 14.20 a 0.015 b 0.0066 b 1.206 a 41.67 b 17.98 c 67.43 bc 

3 61.77 13.52 a 0.015 b 0.00 c 1.14 a 41.53 b 18.07 c 67.23 bc 

4 61.83 14.06 a 0.023 b 0.0046 bc 1.19 a 41.34 b 18.30 b 66.86 c 

Control 61.71 12.16 b 0.020 b 0.00 c 0.02 b 41.93 b 18.61 a 67.95 b 

SEM 0.187 0.222 0.0053 0.002 0.292 0.210 0.079 0.291 

P Value 0.992 0.0005 0.0012 0.007 0.0674 0.0042 0.0002 0.0011 

a-c: Means within a column without a common superscript differ significantly (P≤0.05). Treatments: 1= (1.5°C), 2= (2°C), 3= (3.5°C), 4= (5°C), control= (20°C). 

 

Table 2 - Effect of low temperature on hatchability, culls, uniformity, fertility, hatchery by product efficiency 

Treatment Hatchability % Hatch of fertile % Culls % 
Uniformity of 

chicks weight % 
Fertility % 

Hatchery by products 

efficiency % 

1 85.40e 87.31 d 1.84 a 73.63 d 97.81 51.35 a 

2 86.39 d 88.28 c 1.49 b 77.57 cd 97.85 51.19 ab 

3 86.85 c 88.72 c 1.21 c 80.36 bc 97.89 51.02 bc 

4 87.84 b 89.86 b 1.09 d 82.50 ab 97.75 50.96 c 

Control 90.36 a 92.58 a 0.84 c 85.33 a 97.60 50.30 c 

SEM 0.095 0.219 0.029 1.400 0.250 0.070 

P Value <0.0001 <0.0001 <0.0001 0.0014 0.9262 <0.0001 

a-c: Means within a column without a common superscript differ significantly (P≤0.05). Treatments: 1= (1.5°C), 2= (2°C), 3= (3.5°C), 4= (5°C), control= (20°C). 

 

Table 3 - Effect of low temperature on infertility, embryo mortality and contamination 

Treatment Infertility 
1-8 days 

mortality 

9-17 days 

mortality 

18-19 

days  

mortality 

20-21 

days  

mortality 

Total 

mortality 

Contamination 
Ectopic 

viscera 1-9  

days 

10-21 

days 

1 2.19 6.15a 2.20 a 1.53 a 0.88 a 10.77 a 1.21 a 1.21 a 0.28 a 

2 2.14 5.24 b 1.78 c 2.02 ab 0.85 b 9.90 b 1.10 b 0.73 b 0.17 b 

3 2.10 5.47 b 2.01 b 2.60 a 0.84 b 10.94 a 1.00 c 0.66 c 0.13 c 

4 2.25 4.39 c 1.08 d 2.59 a 0.81 c 8.87 c 0.58 d 0.67 c 0.09 d 

Control 2.40 3.48 d 0.87 c 1.86 b 0.78 d 7.00 d 0.24 e 0.1 d 0.04 e 

SEM 0.250 0.149 0.043 0.179 0.005 0.130 0.019 0.006 0 

P Value 0.9262 <0.0001 <0.0001 0.0065 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
a-c: Means within a column without a common superscript differ significantly (P≤0.05). Treatments: 1= (1.5°C), 2= (2°C), 3= (3.5°C), 4= (5°C), control= (20°C). 

 

Table 4 - Effect of low temperature on embryo malposition 

Treatment 
Head between 

thighs 

Head in the small 

end of egg 

Head under 

left wing 

Head not direct 

toward air cell 

Beak above 

right wing 
Total 

1 0.39a 0.15 c 0.06 b 0 b 0.50 a 1.10 a 

2 0.22 b 0.48 b 0.00 d 0 b 0.37 b 1.07 a 

3 0.22 b 0.48 b 0.06 b 0 b 0.13 c 0.89 b 

4 0.17 c 0.58 a 0.12 a 0.02 a 0.00 d 0.89 b 

Control 0.06 d 0.16 c 0.04 c 0 b 0.00 d 0.26 c 

SEM 0 0.015 0 0 0 0.015 

P Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

a-c: Means within a column without a common superscript differ significantly (P≤0.05). Treatments: 1= (1.5°C), 2= (2°C), 3= (3.5°C), 4= (5°C), control= (20°C). 
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Table 5 - Effect of low temperature on embryo deformity and disorders 

Treatment Exposed brain Without eyes 4 legs Deformed beak Total 

1 0.22a 0 c 0.13 a 0.90 c 1.25 c 

2 0.11 c 0.40 b 0.05 ab 2.48 a 3.04 b 

3 0.09 d 0 c 0 b 0 d 0.06 d 

4 0.13 b 1.33 d 0 b 2.36 b 3.82 a 

Control  0.02 c 0 c 0 b 0 d 0.02 d 

SEM 0 0.007 0.03 0 0.033 

P Value  <0.0001 <0.0001 0.0396 <0.0001 <0.0001 

a-c: Means within a column without a common superscript differ significantly (P≤0.05). Treatments: 1= (1.5°C), 2= (2°C), 3= (3.5°C), 4= (5°C), control= (20°C). 

 

Table 6 - Effect of low temperature on cull chicks 

Treatment 
String 

navel 

Button 

navel 

String + 

button 

Body cavity 

full 
Red hock dehydrated 

Stubby 

down 

Dirty 

chicks 

1 1.77e 20.79 a 22.56 a 58.09 d 4.29 a 7.82 b 4.08 d 3.15 a 

2 6.27 c 12.79 b 19.07 b 56.29 e 4.18 a 4.99 d 12.98 c 2.49 b 

3 12.53 b 6 c 18.53 b 76.36 a 0 d 5.10 c 0 e 0 c 

4 14.47 a 0 e 14.47 e 62.63 b 1 c 4.53 e 17.37 a 0 c 

Control 5 d 2 d 7 d 61.56 c 1.43 b 11 a 16 b 0 c 

SEM 0.172 0.264 0.292 0.323 0.133 0 0.082 0.038 

P Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

a-c: Means within a column without a common superscript differ significantly (P≤0.05). Treatments: 1= (1.5°C), 2= (2°C), 3= (3.5°C), 4= (5°C), control= (20°C). 

 

 

DISCUSSION  

 

The vitelline membrane contains many proteins, carbohydrates, and lipids. Eggs stored for 6 months at temperatures 

±1°C experience weight loss, loss of nitrogen, and changes in the chemical composition of vitelline (Trziszka et al., 

2010). The vitelline membrane loses its natural state (selective nature) between 20 and 30 days of storage (Smoliska 

et al., 2011). After 6 weeks eggs stored at 4°C showed a decrease in the elastic properties of the vitelline membrane; 

this resulted in problems that facilitated the rupture of the vitelline membrane (Jones et al., 2005).  

Storage time and temperature are 2 factors that affect the vitelline membrane. The strength of the vitelline 

membrane decreases with increasing storage time (Khan et al., 2016). This may allow nutrients in the yolk to become 

available to any microorganism present in the albumen (Akyurek et al., 2009). Wrinkling of the vitelline membrane in 

sub-zero temperatures, under cold stress, is in line with this finding. Egg water loss during storage has a positive 

effect on hatchability (Walash et al., 2015). The percentage of egg weight loss between 1 and 19 days in Cobb 500 

and Ross 308 strains is 10.9% and 12.9%, respectively (Hussain et al., 2018). Age of the flock (before 44 weeks) 

does not affect egg weight loss, but the effect of strain is significant (Abudabos et al., 2010). Egg weight loss reaches 

12% up to 18 days, and as the altitude increases, the drop in egg weight increases (Cobb-Vantress, 2014). According 

to Aviagen, egg weight loss should be 12% from the time eggs set in the incubator up to transfer; under these 

conditions hatchability and chick quality are ideal. If eggs are stored for more than 6 days, egg weight loss will reach 

11.5% (ROSS, 2016). In the current study, egg weight loss in control eggs was 12.16%, which conforms to the 

observations of Aviagen and Cobb-Vantress. When compared with the control group, cold stress caused an increase 

in the egg weight loss. However, there was not a significant difference between the treatments. An increase in 

exploder eggs can be caused by a dirty nest, egg laying on the floor, egg washing, using dirty egg cleaner or 

sandpaper, high levels of dust in the nest, transportation and cold conditions, sweating eggs, spraying water on eggs, 

broken eggs, hand contamination of egg handlers, contamination of the setter floor, air filters, and the moisture 

supply system (Wilson, 2014). The current study demonstrated that cold stress is another factor affecting the 

percentage of exploder eggs. Early hatch in the incubator can be attributed to small eggs, differences between 

breeds, as well as high temperatures and low humidity in the incubator (Wilson, 2014). In the present study, cold 

stress especially at temperatures below zero increased the rate of early hatched chicks. Chick weight is affected by 

egg weight (Tona et al., 2014, Wilson, 2011). A decrease in temperature (from 37.8 to 36.6 °C) during incubation 

resulted in an increase in chick body weight, from 39 to 40 g, and yolk sac weight, from 3 to 4.3 g (Joseph et al., 

2016). These findings are consistent with the findings of others; there were overweight chicks in treatment 1 and a 

lack of yolk uptake and inappropriate yolk usage. Chick yield or chick weight-to-egg ratios are normally between 66% 
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and 68% (Cobb-Vantress, 2014). This ratio in fresh eggs (stored for a short period of time) was between 67% and 

67.5% (Tullett, 2009). Other research reported chick yield at 36 weeks at 73.1% (Abudabos et al., 2010). In the 

current study, the chick weight-to-egg ratio was higher in treatment 1. Improper use of nutrients inside the egg and 

yolk sac prevents chicks from growing enough. A temperature decrease from 37.8 to 36.6°C during incubation 

reduced chick length from 16.8 to 16.3 cm (Joseph et al., 2016). Chick length in this experiment was affected by cold 

stress; reducing the temperature during transport also reduced chick size. Percentage hatchability and hatch of fertile 

eggs (Ross 308, 33 weeks of age) were 82.8% and 86.9%, respectively (Abudabos et al., 2010). A temperature 

decrease from 37.8 to 36.6°C in incubation caused a reduction in hatchability (salable chicks) from 87% to 81% 

(Joseph et al., 2016). In the current study, reducing the temperature level reduced the hatch of fertile eggs and 

hatchability. The rate of cull chicks was 0.97%. Although it was 0.68% at 38 weeks and 0.42%-0.67% at less than 43 

weeks of age, the highest rate was 1.49% at 63 weeks (Cobb 500) (Leonor et al., 2012). In the current study, the 

percentage of cull chicks and hatchery waste increased as the temperature was reduced.  Uniformity of flock is the 

percentage of chicks within ±10% (Ensminger et al., 2010) or ±15% (Cobb-Vantress, 2014) of the average body 

weight at a certain age. The goal is 80% uniformity in a flock. Uniformity is affected by many factors including egg size, 

shell quality, genetic variation of parents, flock density, quantity or quality of feed consumed, parasites, 

environmental conditions (nest temperature), photoperiod programs, feed restriction programs, broiler breeder body 

weight (Abbas et al., 2010), incubator type or model (single stage or multistage), incubation conditions, duration of 

egg storage, initial egg weight, chick room conditions, condition of trucks and transportation system, variation 

between eggs (non-uniform chicks produced from small or large eggs), mixing eggs from young and old flocks, mixing 

eggs from different strains, storage periods, different patterns of egg storage, ventilation, non uniform setter and 

hatcher conditions, diseases, and stress (Wilson et al., 2014). Hatchability in flocks with 55%-59% and 75%-80% 

uniformity was 69.19 ± 1.93% and 83.93 ± 1.65%, respectively (Abbas et al., 2010). In the current study, cold stress 

severely reduced uniformity of body weight. Egg contamination rates from 0 to 21 days (in a flock 31-45 weeks of 

age) were nearly 0.5% (Tullett et al., 2009). Placing cold stress on eggs before incubation significantly increased the 

number of contaminated eggs and chicks with full body cavity. Cold stress had a significant effect on total embryonic 

mortality, and with reduction in temperature (below 4 °C) the rate of mortality increased. Reducing the temperature 

did not affect infertility. Egg shell contamination, nest contamination, ventilation status, and hatchery disinfection can 

cause increases in embryo mortality (Shane et al., 2010). An increase in the duration of egg storage, fumigation 

within 12 to 16 h of incubation, high or low temperatures, egg damage during transportation (jarring), illness, an old 

or aging flock, contamination, drugs, and pesticides are factors that can increase embryonic mortality (Wilson et al., 

2014). Early embryonic mortality (33 weeks, Ross 308) was 2.5% (Abudabos et al., 2010). A decrease in incubator 

temperature from 37.8 to 36.6 °C increased early embryonic mortality from 2.7% to 2.8% (Joseph et al., 2016). 

Mortality at 12-17 days is caused by inappropriate incubator temperature, moisture, nutritional deficiency (vitamins, 

phosphorus), and lethal genes (Wilson et al., 2014, Lundy, 1999). Reduction in incubator temperature from 37.8 to 

36.6 °C increased embryonic mortality at the middle stage from 0.2% to 0.5% (Joseph et al., 2016). Embryo mortality 

in the middle stage (33 weeks, Ross 308) was 3% (Abudabos et al., 2010). Cold stress (-2 °C) before the incubation 

period increased embryo mortality and most mortality reported after the 16th day (wilson et al., 2011). In the current 

study, we found that early stage embryo mortality in treatment 1 was higher than in other treatments. Eggshell 

pipping can result from upside-down eggs, setting fumigation at a high concentration, high temperature, high 

humidity, low turning, old eggs, large-sized eggs, and ventilation problems (wilson et al., 2011). Embryo mortality at 

the end of incubation (late stage) in a 33 week Ross 308 was 1.1% (Abudabos et al., 2010). A reduction in incubator 

temperature from 37.8 to 36.6°C increased embryonic mortality at the pipping stage (beak entering air cell) from 

0.8% to 1.4% and at external pipping (tip of beak puncturing the eggshell) from 0.9% to 2.4% (Joseph et al., 2016). 

The incidence of ECV is increased by high incubator temperatures, inheritance, and lethal genes (Wilson et al., 2014).  

In the current study, cold stress significantly increased ECV rates. The quality of chickens during incubation 

depends on various factors such as maternal age, flock status, length of storage and storage conditions, and 

incubation conditions (Tona et al., 2005). Inside the egg a normal embryo must position itself with the head (beak) 

under the right wing and placed directly into the air cell. Usually 1%-2% of chickens have malpositions and deformity, 

and these disorders are observed in the last week of incubation. In this study, malpositions occurred in 1.2%-1.8% of 

chicks (average 1.5%). Most embryos have a type of malposition that prevents the use of oxygen and they die in the 

shell (dead in shell); only a few of these embryos are able to leave the shell. Type 6 malpositions account for 48% of 

malpositions (beak above right wing); type 5 (feet on the head), 20%; type 1 (head between the thighs), 12.5%; type 2 

(head towards the end thin egg), 7.5%; type 3 (head under left wing), 7.5%; and type 4 (head not directed toward air 

cell), 4.5% (Butcher et al., 2009). Cold stress significantly affected total malpositions. Most malpositions (1.10%) 

occurred in treatment 1. A decrease in temperature towards -2 °C increased the incidence of malpositions. One of 

the important factors affecting the occurrence of malpositions is insufficient egg weight loss in the incubator (Butcher 

et al., 2009). In the present study, the rate of egg weight loss in all treatments was higher than in the control group 
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and the total rate of malposition was associated with it. Deformity or abnormalities prevent embryos from leaving the 

eggs. The rate of deformity was 0.22%-0.3%. Most abnormalities occur between 15 and 21 days of incubation and 

include brain hernia (29%), beak deformity (27%), failure to develop eyes (25%), 4 legs (10%), lack of upper beak 

(8%), and twisted legs (1%). High incubation temperatures cause abnormalities in the brain and eyes, while low 

temperatures affect chicken growth. At normal hatchability status (85%) the rate of deformity does not exceed more 

than 0.3% (Butcher et al., 2009). In our experiment, cold stress caused a significant increase in the rate of deformity 

in treatment groups compared to the control. Inheritance and viral infection cause cross beaked chickens and 

chickens without eye(s); these and other malformations are also caused by high temperatures, problems in egg 

handling, or delay in hatch time due to low temperatures during incubation (Cobb-Vantress, 2014). We observed that 

cold stress increased dirty chicks, red hock, button navel, and total string and button navel. In conclusion, cold stress 

during the delivery of eggs from farm to hatchery affects the performance of the developing embryo during 

incubation; cold stress also impacts chick quality at the time of hatch and at later stages of life.  

 

CONCLUSION 
 

The current study is concluding that cold stress had a significant effect on percentage of egg weight loss and minimal 

egg weight loss occurred in the control group. The percentage of exploders and early hatched chicks and chick weight 

were higher in the below 3°C temperature treatment than the other groups. Cold stress had played a vital effect upon 

chick length, hatchability, and the hatching of fertile eggs. The effects of cold stress on chick yield and body weight 

uniformity were significant. The effect of cold stress on hatchery by product efficiency was important, but it did not 

affect fertility. Cold stress also had considerable effects on early, middle, and late mortality; total embryo mortality; 

and exposed brain. Ectopic viscera and most mortality were observed in below 4°C treatments. Total percentages of 

malpositions and deformity and egg contamination at (first stage) and (second phase) were affected by cold stress. 

Cold stress also had an important impact on the number of cull chicks; percent of string navel, button navel, total 

string, and button; omphalitis; full body cavity; red hocks; dehydration; dirty chickens; and stubby down. Cold stress 

affects performance during incubation and overall chick quality.  
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ABSTRACT: Skin lacerations and other traumatic injuries of the integument are frequently seen in equine 

practices and range from relatively minor cuts to severe, potentially debilitating injuries. The early stages of 

wound healing (inflammatory or debridement stage) that are clean or clean contaminated are the best 

candidates for primary or delayed primary closure. Wounds that are in the later stages of healing or are 

contaminated or infected heal best by second intention. Management is dictated by the nature and size of the 

wound, the area of the body on which the wound occurs, and several aspects of wound healing. The age of the 

wound, integrity of the local blood supply, degree of contamination, location of the injury, skin loss, and local 

tissue damage must all be considered when deciding on the most appropriate method for managing a particular 

wound. In addition to biologic factors, the physical size of equine patients and the environment in which they are 

kept present unique management challenges not encountered in the treatment of soft tissue injuries in other 

species. Appropriate wound care is always a balance between improving the wound environment and harming 

the cells that are integral to the healing process. Consequently, the veterinarian must carefully weigh the 

benefits and the detriments of any particular action, not only for the immediate results but also for the long-term 

healing process. Understanding the principles and limitations of reconstructive procedures, adhering to the basic 

principles of equine wound management, and providing appropriate postoperative care all contribute to a 

successful outcome. 

Keywords: Debridement, Equine, Inflammation, Management, Wound 
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LIST OF ABBREVATIONS 

ATP Adenotri Phosphate 

DACA Drug Administration and control Authority 

ECM Extracellular Matrix 

EGT Exuberant Granulation Tissue 

FAOSTA Food and Agricultural Statistics 

HBO Hyperbaric Oxygen 

L Liter 

MMPs Matrix Metalloprotienases 

PA Plasminogen Activator 

PCV Packed Cell Volume 

PMNs Polymorphonuclear Leukocytes 

PSI Pounds Per Square Inch 

SIS Small Intestinal Submucosa 

SPP Species 

VEGF Vascular Endothelial Growth Factor 

 

 

INTRODUCTION 

 

More than 72% of the world‟s horse population is found in developing countries specifically kept for draft purpose 

(Swann, 2006). Ethiopia has more than 6 million donkeys, the second largest donkey population in the world next to 

China, 1.9 million horses and over 350,000 mules (FAOSTAT, 2012). Equines are important animals to the resource-

poor communities in rural and urban areas of Ethiopia, providing traction power and transport services at low cost 

(Dinka et al., 2006).  

http://www.science-line.com/index/
http://www.ojafr.ir/main/
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In Ethiopia, the rugged terrain characteristics, absence of well-developed modern transport networks and the 

prevailing low economic status of the community necessitate the use of equines for transportation (Mengistu, 2003). 

Wound is an open mechanical injury of the skin (epidermis), underlying tissues and organs.  It is characterized by 

pain, gaping bleeding functional disturbance. The most common cause of wounds in working equine are over loading, 

accidents, improper position of load predisposing to falling, hyena bites, donkey bites, injuries inflicted by horned 

Zebu (DACA, 2006). Some hobbling methods, inappropriate harnesses or yokes that may be heavy and ragged, long 

working hours may cause discomfort and inflict wounds (Mekuria et al., 2013). 

Wounds are one of the primary welfare concerns of working equids (Sells et al., 2010). The type of wound in 

working donkeys includes tissue damage with or without blood/exudates/ pus, abscess formation, or any secondary 

bacterial complication. Bites (lacerated wounds) will be identified by irregular edges with underlying tissues removed 

as well as hemorrhage (Sevendsen, 2008). 

Wounds can be either traumatic or surgical in origin; both types can fail to heal and become chronic although 

traumatic wounds are more commonly affected by healing difficulties. The incidence and prevalence of traumatic 

wounds in equine is considered to be high (Singer et al., 2003) and a high percentage become chronic, adding more 

complexity to wound healing management strategies. Chronic wounds in horses have a similar pathophysiology to 

human chronic wound (Cochrane et al., 2003). Treatment methods that are employed in the management of wounds 

focus on rapid and efficient evaluation, scrupulous, aseptic surgical techniques, and conscientious and prolonged 

aftercare. Appropriate antibiotic treatment regimens are routinely employed when the wound is at risk of becoming 

infected or is known to be infected (Griffiths et al., 2003). There for, the aim of this review paper is to clarify the types 

of wound in equine and what are the processes and the phase to heal it. 

 

GENERAL OVER VIEW ABOUT WOUND 

 

Initial preparation 

After the equine has been restrained appropriately and the area has been desensitized with local anesthetic, the 

clinician decides whether to treat the wound with aseptic technique or if a simple clean technique is adequate. If 

there is a possibility of cross-contaminating a wound while preparing and exploring, aseptic technique should be 

used. The next step is to clip the hair over and around the wound site. To minimize the amount of clipped hair that 

gets into the wound, it can be covered with water-soluble, sterile, lubricating gel prior to clipping. It is best to put on a 

pair of examination or sterile gloves, apply the gel onto the fingers, and rub the gel into place. This technique 

generally ensures that the gel will remain in contact with the wound bed. As the hair is clipped, it is trapped in the gel. 

The gel with the trapped hair can simply be rinsed from the wound with water or saline. Only when the entire wounds 

area has been clipped and prepared can the clinician begin to fully appreciate the complexity of the wound. In many 

cases, seemingly insignificant wounds had invaded synovial structures, and because appropriate aggressive therapy 

was not instituted, the horse was eventually euthanized (Auer and Stick, 2006). 

 

Wound assessment  

Wound assessment is of the most important steps in wound management. More repaired wounds fail because 

of improper preparation and assessment than because of improper therapy. Properly preparing the wound provides 

an accurate assessment of the wound and deeper structures. Wound preparation begins with placing the animal in 

allocation and environment that will allow the clinician to best determine the status of the wound (Auer and Stick, 

2006). 

 

Wound classification 

Wounds are typically classified on the basis of degree of contamination. Clean wounds, usually seen only in 

surgical situations, are not infected and do not involve the respiratory, alimentary, or urogenital tract. Clean 

contaminated wounds, generally seen in surgical situations, involve the lumen of the respiratory, alimentary, or 

urogenital tract. Contaminated wounds are generally traumatic in nature and may have gross contamination and 

necrotic debris. Infected wounds generally involve large numbers of bacteria, inflammation, edema, and suppuration 

(Knottenbelt et al., 1998). 

 

Debridement 

Debridement is the process of removing dead (necrotic) tissue or foreign material from and around a wound to 

expose healthy tissue. Necrotic tissue and bacterial infection are major roadblocks to effective and cosmetic wound 

healing. An open wound or ulcer cannot be properly evaluated until the dead tissue or foreign matter is removed. 

Wounds that contain necrotic and ischemic (low oxygen content) tissue take longer to close and heal. This is because 

necrotic tissue provides an ideal growth medium for bacteria, especially for Bacteroides spp. and Clostridium 

perfringes that causes the gas gangrene so feared in military medical practice. Though a wound may not necessarily 
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be infected, the bacteria can cause inflammation and strain the body's ability to fight infection. Debridement is also 

used to treat pockets of pus called abscesses. Abscesses can develop into a general infection that may invade the 

bloodstream (sepsis) and lead to amputation and even death. Burned tissue or tissue exposed to corrosive 

substances tends to form a hard black crust, called an eschar, while deeper tissue remains moist and white, yellow 

and soft, or flimsy and inflamed. Eschars may also require debridement to promote healing. The most common types 

of debridement are sharp, mechanical, chemical, and autolytic (Falanga and Harding, 2002). 

Sharp debridement. Sharp debridement refers to the use of forceps, scissors, or a scalpel to remove devitalized 

tissue, debris or other foreign materials from a wound bed (Ayello et al., 2008). After surgical debridement, sharp 

debridement is the most aggressive form of debridement available to clinicians, and also the most rapid. Vigorous 

and repeated sharp debridement of necrotic tissue and debris is considered the standard of care for many patients 

with open wounds. The technique is indicated in wounds presenting with significant necrosis, callus, advancing 

cellulitis or sepsis, or thick adherent eschar. Chronic wounds tend to require repeated debridement because of the 

likely re-emergence of necrotic tissue and bio burden in the wound bed. Sharp debridement has a number of 

contraindications, and should not be used when area cannot be adequately visualized or when the material to be 

debrided is unidentified. The technique should be used with caution in patients who are immunosuppressed, 

thrombocytopenic, or receiving anticoagulant therapy. As sharp debridement can be stressful for the patient, the 

procedure should be halted if the patient experiences uncontrolled pain or if there is extensive bleeding. Importantly, 

the procedure should not proceed if the clinician fatigues, and should only be undertaken if sufficient time is 

available to both clinician and patient (Myers, 2008). 

Mechanical debridement. Mechanical debridement is more traumatic, and un fortunately it is probably the most 

commonly used method in equine. It can be performed using woven gauze, lavage, wet-to-wet, or wet-to-dry dressings. 

Mechanical debridement can be a useful tool, and it can be beneficial in the healing process, but it can be very 

traumatic. Often, when using gauze, too much pressure is applied and trauma to the wound bed ensues. Only gentle 

pressure should be used. If more aggressive debridement is necessary, sharp debridement should be performed. 

Woven gauze provides mechanical debridement characteristics superior to those of nonwoven gauze. Lavage can be 

used successfully for mechanical debridement. It involves two critical components, the selection of a non-cytotoxic 

cleansing solution and the delivery of that solution to the wound surface with appropriate pressure and volume to 

wash away the necrotic debris without pushing it further into the tissue planes of the wound (Ovington, 2001). The 

pressure should be between 10 and 15 pounds per square inch (psi). One way to achieve this pressure is to attach a 

19-gaugeneedle or catheter to a 35-ml syringe (Rodeheaver, 2001). Many devices are available. Showerheads are 

safer and more effective than single-jet lavage systems. Therefore, devices that produce high pressures (e.g., the 

Water Pik) should not be used. A simple, gentle, low-pressure lavage system can be made by using a 16-gauge needle 

to punch four to eight holes in the cap of a 1-L bottle and then squeezing saline out. The fluids most commonly used 

in veterinary medicine are dilute antiseptics. Saline has been shown to be effective in reducing bacterial counts in an 

infected wound but to have no effect on wound healing in clean wounds (Hollander et al., 1998). In one study 

comparing saline and water in an infected wound in a rat model, saline reduced the bacterial counts by 81.6% 

whereas tap water reduced bacterial counts by 82% (Muscati et al., 1998). However, work by Buffa and coworkers 

suggests that tap water is very toxic to fibroblasts .When exudate is present, surfactant-based wound cleansers are 

more effective than saline or poly ionic fluids (Rodeheaver, 2001). 

Chemical debridement. Chemical debridement has been used in many different forms in medicine. Dakin‟s 

solution, a diluted sodium hypochlorite (bleach) solution, was originally used during World War I. Other chemical 

agents are hydrogen peroxide, acetic acid, and, more recently, hypertonic saline. Chemical debridement is 

nonselective and should be reserved for very contaminated wounds. However, although hypertonic saline is good in 

selected cases, sharp debridement is probably a better technique for removing large amounts of necrotic debris. 

Hypertonic dressings provide an effective chemical debridement with minimal damage to the wound in the early 

stages of wound healing (Auer and Stick, 2006). 

Autolytic debridement. Autolytic debridement takes advantage of the body's own ability to dissolve dead tissue. 

The key to the technique is keeping the wound moist, which can be accomplished with a variety of dressings. These 

dressings help to trap wound fluid that contains growth factors, enzymes, and immune cells that promote wound 

healing. Autolytic debridement is more selective than any other debridement method, but it also takes the longest to 

work. It is inappropriate for wounds that have become infected. Autolytic debridement is the least traumatic of these 

techniques which is achieved by leaving wound fluid (containing white blood cells and enzymes released from dead 

white blood cells) in contact with the wound bed. The white blood cells and enzymes affect only the dead and necrotic 

tissue, leaving healthy cells intact for wound healing. This can occur only in moist wounds. When wounds are allowed 

to dry, autolytic debridement is slowed significantly. Autolytic debridement reduces the bacterial count by allowing 

access of white blood cells to the wound bed without causing continued trauma to the wound bed. However, sharp 

debridement should be performed before using autolytic debridement, as the latter technique is ineffective in the 

presence of large volumes of necrotic material (Harper and Michael, 2001). 
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TOPICAL WOUND DRESSINGS 

 

1) Non antimicrobial dressings 

Collagens, Maltodextrins. Topical dressings such as collagens and maltodextrins are designed for use in the 

granulating stage of wound repair. They are both hydrophilic and should maintain a moist wound bed. They are 

available in powder or gel form. If the wound does not have a lot of exudate, it is probably best to use the gel form to 

prevent drying out of the wound bed .Maltodextrins may provide nutrition to the wound bed (Purna and Babu, 2000). 

Biologic Dressings. Various substances have been used recently as biologic dressings. These dressings are 

intended to provide a framework over which other cells migrate, and as a stimulant to those cells to form the tissue 

that is desired. Some of the more commonly used biologic dressings include porcine small intestinal sub mucosa 

(SIS), porcine bladder basement membrane, equine amnion, and various skin products. The porcine small intestinal 

sub mucosa and bladder products are not rejected by the host as other xenografts. From clinical experience, they 

appear to be best if they are kept moist. In a recent study, SIS dressing was applied to fresh and chronic wounds. 

Compared with similar wounds treated without SIS, exuberant granulation tissue was reduced and drainage was 

facilitated, which reduced wound exudation and improved epithelialization. Overall, wound healing was faster and 

costs for bandages and hospitalization were reduced (Dressel et al., 2004). Other studies have shown that the use of 

equine amnion reduces wound retraction and granulation tissue formation while improving epithelialization. Amnion 

has been shown to be beneficial as a non-adherent dressing in skin grafting (Goodrich et al., 2000). 

Gauze. The use of gauze to dress and bandage wounds has its origins in ancient times, having been firmly 

established by the fifth century and is still in use today. The term „gauze‟ represents two types of bandaging material: 

woven gauze is the 100% natural cotton cloth that we are most familiar with. Non-woven gauze refers to more 

modern, synthetic dressings made of rayon or synthetic fiber blends (Jones, 2006). Woven gauze is problematic in 

dressing and packing wounds as it sheds fibers when cut and may leave debris in the wound bed when removed. It is 

also absorbent and tends to stick to the wound, resulting in trauma upon removal as it quickly dries out the wound, 

becoming trapped within the eschar. Until recently, this was considered advantageous as a dry wound was 

considered optimal for healing and the removal of the embedded dry eschar was seen as a form of physical 

debridement. The perception that a wound was best healed under dry conditions persisted from the times of 

Hippocrates until relatively recent research promoted the maintenance of a moist wound environment (Eglasein, 

2001). Gauze strips soaked in antibiotics such as EUSOL, proflavin or chlorhexidine were used to pack wounds to 

prevent closure and promote granulation from the wound base. This was subsequently changed to salinesoaked 

gauze because the use of antibiotics in this fashion was thought to be potentially cytotoxic. Saline was employed as a 

hypertonic solution but quickly dried out, resulting in painful removal (Queen and Steed, 2004). Today, woven gauze 

is seen as a „wet to dry‟ dressing and utilized in a range of wound care strategies. Despite its non-selective mode of 

physical debridement, trauma to the wound bed and resultant pain, it is still the most utilized wound dressing in the 

world (Steed, 2004). It is also utilized as a vehicle for antimicrobial agents but presents complications such as 

degradation or inactivation of the antimicrobial agent upon exposure to the high protein levels within wound fluid and 

lateral bacterial migration into the wound bed within the moist environment. Factors such as cost, education and the 

ability to follow best practice are thought to determine selection of wound dressings and may account for continued 

use of this ancient product, seemingly surpassed by modern dressings (Boateng et al., 2001). Although gauze is 

commonly used, a range of more appropriate dressings has been available for a number of years. These dressings 

employ many technological advancements and exhibit qualities considered to be essential in the „perfect‟ wound 

dressing such as: the ability to maintain a moist wound environment while preventing maceration of surrounding 

tissue; non-adherent and a traumatic; thermally insulating and gas-permeable; antibiotic and non-toxic (Martineau 

and Shek, 2006).  

 

 
Figure 1.  Bandaging 
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Hydrocolloids: Hydrocolloid dressings, first developed in 1982, consist of an inner layer of hydrophilic gel made 

from gelatin, pectin, sodium carboxy methylcellulose and poly isobutylene, backed by a film, forming a flexible wafer 

dressing (Dumnille et al., 2011). These occlusive dressings have been shown to provide a moist, hypoxic wound 

environment which promotes autolytic debridement. They also allow gas exchange and are semipermeable to vapor 

but may cause maceration if used on heavily exuding wounds, although it‟s been suggested that the application of a 

hydrocolloid dressing may reduce the amount of exudate produced by a wound. Various specific types of hydrocolloid 

dressings have come to market, but while they differ in size, shape, exudate absorption and intended use, their basic 

mode of action remains the same (Davies and Rippon, 2006). 

Hydrogels: Hydrogels consist of cross-linked polymers such as starch, cellulose or other plant- or animal-derived 

polysaccharides and contain up to 96% water (Juris et al., 2011). They can provide moisture to dry wounds as well as 

absorb excess exudate, depending on moisture levels at the wound and are a traumatic when used correctly (Boateng 

et al., 2001). Hydrogels also facilitate the autolysis of necrotic tissue, and do not support bacterial growth but their 

use is limited to dry and low exuding wounds as they can cause maceration to surrounding tissues when higher 

volumes of wound exudate are present (Dumnille et al., 2011). There is also a risk that when used on exuding 

ischaemic ulcers their use can result in a shift from dry to wet gangrene within the wound. Interestingly, one group 

has recently reported some active antimicrobial and antifungal properties in a hydrogel dressing based on polyvinyl 

pyrrolidone/polyethylene glycol polymers (Biazar et al., 2012).  Hydrogels are available in a variety of formats such as 

sheets, gels and beads which enable a tailored application to individual wounds. Hydrogels are utilized for the 

treatment of burns, chronic ulcers, and surgical wounds and even injected into the spinal column (Macaya and 

Spector, 2012). 

Foams. Polyurethane foam dressings are easy to use and customize as they can be cut to shape and come in a 

range of absorbencies. They are designed to absorb excess wound exudate while maintaining a moist wound 

interface and providing thermal insulation. They also prevent maceration of surrounding healthy tissue and facilitate 

the removal of slough (Varma et al., 2008). A range of foam dressings exists with some incorporating other 

components to enhance absorbance, control infection or ensure a traumatic removal. These impregnated foams are 

used for a wide range of applications in both acute and chronic wounds, including post-surgical dressing, application 

on heavily exudating wounds or for packing deep cavity wounds (Dinah and Adhikari, 2006). 

Silicone dressings. Silicone is used either as a contact dressingor as the contact layer within a dressing, for 

example, Mepilex, a polyurethane foam membrane coated with a soft silicone layer (White, 2005). It is also used as a 

coating on materials like non-woven polyester nets. In negative pressure therapy, silicone-coated polyester enhances 

healing rates in sheep models and may assist in the prevention of hypertrophic scarring when combined with 

pressure therapy. Dressings incorporating soft silicone contact layers adhere to dry skin while remaining non 

adherent to the wound site, resulting in a traumatic removal and a decreased risk of damage to the wound site upon 

dressing changes. Silicone can be used on a range of acute and chronic wounds as it is incorporated in many 

different bandaging strategies (Losi et al., 2012). 

Capillary action dressings. Capillary action dressings incorporate an absorbent pad of hydrophilic fibers, typically 

comprising 80% polyester, 20% cotton fibers between two layers of perforated, permeable, non-woven polyester. 

Exudate is removed from the wound by capillary action and the excess is spread laterally through the absorbent pad 

along a capillary pressure gradient, preventing tissue maceration. These dressings decrease bacterial load on the 

wound surface, assist in debridement and desloughing, but may adhere to wounds with low levels of exudate, 

resulting in traumatic removal. They are best used in conjunction with a non-adherent contact layer and are not 

recommended for arterial or heavily bleeding wounds (Deeth et al., 2012). 

Odour-absorbent dressings. Odour in a wound is primarily produced from anaerobic bacteria, and whilst the 

initial line of management should be infection control, it is often advantageous to incorporate an odour-absorbing 

dressing into the treatment protocol. These dressings use charcoal or activated carbon to absorb odour from the 

wound and are often used in conjunction with absorbent secondary dressings. The odour-causing molecules are 

retained by the carbon and charcoal is shown to retain bacteria; when incorporated with antimicrobial agents like 

silver, antibacterial activity is attained. Efficacy in retaining odour and absorbing wound exudate varies considerably 

across products (Thomas et al., 2012). 

 

2) Antibacterial dressings 

Honey dressings. The use of honey as an antibacterial is well established in modern wound care, with medical-

grade honey used in a variety of commercially available dressings. These dressings provide antimicrobial and anti-

inflammatory properties through autolytic debridement and maintenance of a moist wound environment while 

inhibiting bacterial growth, stimulating wound healing and deodorizing the wound, although research trends are 

mixed in regard to their overall efficacy (Molan, 2006). Honey is bactericidal and antifungal against approximately 

(Zhong et al., 2010) bacterial strains, both gram-positive and gram-negative, and some yeasts and is often used to 

control bacterial strains resistant to conventional antibiotics (Cooper, 2008). Antimicrobial action is both mechanical 
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and enzymatic. Like sugar pastes, honey can inhibit bacterial growth through its osmolality, where the high 

concentration of sugars causes water to be drawn from the local wound environment. This also maintains a moist 

wound environment by stimulating fluid transfer from surrounding tissues. Whilst this action dilutes the honey, its 

antibacterial effects remain (Kwankman, 2012). Honey is applied topically to a wide range of wounds in the form of 

an ointment, for packing cavities, or impregnated within a hydrogel or alginate dressing. When used as an ointment, 

the honey will rapidly dilute due to absorption of wound exudate as well as increase in fluidity upon warming to body 

temperature and may, therefore, require frequent dressing changes in order to maintain efficacy (Molan, 2001). 

Iodine dressings. Iodine, a natural halogen, is an antiseptic and available in a range of topical applications. Like 

all antiseptics, it targets a broad spectrum of bacteria and other pathogens such as fungi, viruses, protozoa and 

prions through non-specific action (Sibbald et al., 2011). Iodine has been used to prevent and treat infection since 

the fourth century BCE and debate over its use remains. Although antiseptic use has declined due to the rise of 

resistant bacterial strains, modern preparations of iodine in managing infection are being explored, but results are 

conflicting and general consensus remains to be reached (Angel et al., 2008). Iodophors, one such modern 

formulation, were developed in the 1950s by complexing elemental iodine to a surfactant to improve solubility and 

reduce cytotoxicity effects. Elemental iodine is cytotoxic against fibroblasts, keratinocytes and leukocytes, thus 

impeding wound healing. The use of iodophors in modern wound dressings ensures release of lower concentrations 

of free iodine into the wound exudate. The most widely utilized formulations are povidone-iodine and cadexomer-

iodine (Chaikof et al., 2002). The former, while being the most commonly utilized form of iodine in the clinical setting, 

is not recommended for long-term use or for complex wounds. Indeed, the use of current formulations of povidone-

iodine is still contentious. Previous research has shown that clinical concentrations of as little as 1% are cytotoxic to 

granulocytes and monocytes in vitroand systemic iodine toxicity can occur with povidone-iodine dressings, which 

typically contain concentrations of 7.5% (Burks, 1998). Studies exploring cadexomer-iodine formulations as a topical 

application found them to be effective in controlling bacterial load. Subsequent studies in humans and porcine 

models showed an acceleration of epidermal migration and re-epithelialisation, through upregulation of cytokines like 

vascular endothelial growth factor (VEGF) (Ohtani et al., 2007). Cadexomeriodine was also found to positively affect 

healing rates in chronic wounds. Cadexomer-iodine formulations are available as ointments, powders or dressings 

(hydrogels, ointments gauze, knitted viscose, beads and    paste) (Flores and Kingsley, 2007). 

Silver dressings. Although the antibacterial action of silver is well established, with silver dressings used in a 

wide range of infected wounds, their potential cytotoxicity remains an issue (Kim et al., 2012). Ionic, metallic and 

nanocrystalline forms of silver have been employed as foams, hydrofibres and hydrocolloids. The amount of free silver 

available to action upon the wound varies from product to product, which impacts upon the effectiveness of the 

dressing (Jude et al., 2007). Silver ions act upon bacteria by binding and disrupting proteins and nucleic acids 

through interaction with their negatively charged groups such as thiol groups, carboxylates, phosphates, hydroxyls, 

imidazoles, indoles and amines as well as stimulating the generation of reactive oxygen species. As a result, cellular 

changes rapidly occur through a number of mechanisms that result in loss of viability. Investigations have begun only 

recently on the systemic toxicity of silver nanoparticles. Asharani et al., 2009 investigated the cytotoxicity of silver 

nanoparticles on human glioblastoma and lung fibroblast cells in vitro. The nanoparticles were found to penetrate 

into mitochondria and nuclei, interrupting ATP synthesis and resulting in DNA damage. Others have noted the 

cytotoxic effects of silver nanoparticles on keratinocytes in vitro (Zanette et al., 2011). 

Other antibacterial dressings. Antibacterial agents such as chlorhexidine have been incorporated into a wide 

range of commercially available dressings and washes (Aramwit et al., 2010). Chlorhexidine has been utilized in 

infection control since the 1950s but has been mostly limited to irrigation and wound cleansing protocols with limited 

evidence to support efficacy (Cooper, 2004). Chitosan acetate is currently used as a haemostatic dressing in the form 

of a bandage, but some investigations into its antimicrobial action have shown it can prevent fatal systemic sepsis 

and control the growth of Pseudomonas aeruginosa and Pseudomonas mirabilis (Dutta et al., 2011).  

  

WOUND CLOSURE TECHNIQUES 

 

After the wound has been successfully débrided, cleaned, and examined, it needs to be closed. The options are 

suture closure, healing by second intention, skin grafting, or some combination of these to provide a continuous 

epithelial surface over the wound. The type of closure technique to use depends on what caused the wound, the time 

from injury, the degree of contamination, the extent of the injury, and potential dead space. That there is a “golden 

period” of 6 hours from the wounding, after which the wound is considered to be infected, is no longer deemed 

correct, and it behooves the clinician to examine the wound carefully to determine which of the following techniques 

to use for wound closure. 
 

1) Primary  closure 

Primary closure is a technique whereby the wound is closed immediately and completely, using strict aseptic 

technique. This is the technique most likely to provide the best cosmetic result. Unfortunately, primary closure is 
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acceptable only in wounds with minimal tissue loss, minimal bacterial contamination, and minimal tension on the 

wound edges after closure. Regardless of whether primary closure or delayed primary closure is performed, the 

wound needs to be cleaned and prepared for closure, because excess bacteria in the wound increase the possibility 

of wound dehiscence. There are many suturing techniques for wound closure and many reviews of suture types for 

primary closure (Lott-Crumpler and Chaudhry, 2001). For areas of tension, complex suture patterns such as the near-

far-far-near, vertical mattress, and horizontal mattress patterns provide more tension reduction than simple patterns 

such as a simple interrupted or simple continuous pattern. The near-far-far-near suture pattern is most satisfactory, 

as it provides apposition of the skin edge at the same time as tension relief. Additionally, the mattress patterns can 

be used with stents to reduce pull-through at the skin–suture interface. A large-diameter suture material should be 

used if tension exists. One or a combination of four techniques can be used to manage dead space in a wound: 

suture, meshing, passive or active drains, and pressure bandages. Each technique has benefits and risks that need 

to be weighed. Suture material, although very useful in wound closure, can also act as a foreign body. Excess suture 

use (too much suture, too large a diameter, or too many knots) can potentiate infection. Consequently, the clinician 

should use the smallest-diameter suture material possible, use monofilament, absorbable suture material, and use 

only surgeon‟s knots (or interrupted sutures if absolutely necessary when the suture material must be buried). Good 

surgical technique also benefits the patient, as it reduces trauma to the wound site. If dead space cannot be 

managed by suture placement, meshing or suction drains (passive or closed) should be employed. However, drains 

not only allow evacuation of dead space but can also act as a conduit for bacteria to enter the wound. Drains should 

be left in place only as long as necessary to reduce the possibility of infection. Pressure bandages can and should be 

used whenever possible in addition to sutures, meshing, or drains, or sometime in place of them to reduce dead 

space. A properly applied bandage closes dead space without adding any foreign material. However, if a bandage is 

too tight, the blood supply to the wound may be compromised, leading to wound failure. 

 

2) Delayed primary closure 

In a delayed primary closure, the wound is initially treated as an open wound to allow debridement and reduce 

bacterial contamination. Next, the wound is closed primarily. In some cases, only a portion of the wound can be 

completely closed. Delayed primary closure is reserved for wounds that have mild to moderate bacterial 

contamination, minimal tissue loss, and minimal tension on the wound edges after closure. Drains may be placed to 

evacuate fluid after closure. Delayed wound closure is very useful in the management of abdominal incisions after 

colonic rupture (Bender, 2003). These studies showed as much as a twofold increase in incisional infection with 

primary closure of contaminated abdominal wounds. Delayed primary closure after 3 to 5 days did not result in an 

increased hospital stay. Wounds destined for delayed primary closure should be debrided and cleaned to reduce the 

bacterial burden. Hypertonic saline dressings, topical antimicrobials, and systemic antimicrobials can be very useful 

in treating wounds prior to closure. 

 

3) Second-intention healing 

Second-intention healing occurs when primary or delayed primary closure cannot be accomplished. In most 

cases, these wounds have gross contamination and moderate to severe tissue loss that would make closure difficult. 

They must heal completely through the process of contraction, granulation, and epithelialization (Hohn, 1977). 

 

PHASES OF WOUND REPAIR 
 

1) Acute inflammation 

Inflammation prepares the wound for the subsequent reparative phases. It encompasses vascular and cellular 

responses whose intensity is strongly correlated to the severity of trauma. The injured endothelial cell membrane 

releases phospholipids that are transformed into arachidonic acid and its metabolites, which mediate vascular tone 

and permeability as well as platelet aggregation. The first response of the damaged blood vessel is vasoconstriction, 

lasting 5 to 10 minutes, after which vasodilation ensues and promotes diapedesis of cells, fluid, and protein across 

the vessel wall into the extravascular space. Coagulated blood and aggregated platelets together form a clot within 

the defect that, despite providing limited strength to the wound, seals off the injury and prevents further bleeding. The 

clot also functions as a scaffold through the presence of a large number of binding sites on blood proteins that are 

recognized by special surface receptors found on migratory inflammatory and mesenchymal cells. Activated platelets 

are among the earliest promoters of inflammation, via the release of potent chemo attractants and mitogens from 

their storage granules. These serve as signals to initiate and amplify the reparative phases of healing and are 

detailed later. Over time, the surface clot desiccates to form a scab that protects the wound from infection. This scab 

is in turn lysed by plasmin and sloughs along with dead inflammatory cells and bacteria as healing proceeds 

underneath. The provisional extracellular matrix (ECM) will be replaced by granulation tissue in the next phase of 

repair. Leukocytes are recruited from the circulating blood pool to the site of injury by the numerous vasoactive 

mediators and chemo attractants supplied by the coagulation and activated complement pathways, by platelets, by 
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mast cells, and by injured or activated mesenchymal cells (Singer and Clark, 1999). These signals initiate the 

processes of rolling, activation, tight adhesion, and finally transmigration of inflammatory cells through the micro 

vascular endothelium. 

 Chemo attractants additionally stimulate the release of enzymes by the activated neutrophils; these enzymes 

facilitate the penetration of the inflammatory cells as they migrate through vascular basement membranes. Cellular 

influx begins early, and neutrophil numbers progressively increase to reach a peak 1 to 2 days after the injury. The 

neutrophils act as a first line of defense in contaminated wounds by destroying debris and bacteria through 

phagocytosis and subsequent enzymatic and oxygen-radical mechanisms. The principal degradative proteinases 

released by the neutrophils to rid the site of denatured ECM components are neutrophil-specific interstitial 

collagenase, neutrophil elastase, and cathepsin G. Neutrophil migration and phagocytosis cease when contaminating 

particles are cleared from the site of injury. Most cells then become entrapped within the clot, which is sloughed 

during later phases of repair. The neutrophils remaining within viable tissue die in a few days and are phagocytized by 

the tissue macrophages or the modified wound fibroblasts. This marks the termination of the early inflammatory 

phase of repair. Although the neutrophils help create a favorable wound environment and serve as a source of pro-

inflammatory cytokines, they are not essential to repair in uninfected wounds (Simpson and Ross, 2009). 

The rapid increase in macrophage numbers under inflammatory conditions is predominantly caused by the 

emigration of monocytes from the vasculature, which then differentiates into macrophages to assist resident tissue 

macrophages at the wound site for a period lasting from days to weeks. In this manner, the responsive and adaptable 

pluripotent monocytes can differentiate into macrophages, whose functional properties are determined by the 

conditions they encounter at the site of mobilization. Like the neutrophils, the macrophages are phagocytes and thus 

carry out débridement and microbial killing. Unlike the neutrophils, the wound macrophages play a key role in the 

reparative phases of healing. Indeed, adherence to the ECM (which consists of a cross-linked supporting framework 

of collagen fibrils and elastin fibers, which is saturated with proteoglycans and other glycoproteins) stimulates 

monocytes to transform into phenotypes that have the ability to continually synthesize and express the various 

cytokines necessary for their survival, as well as for the initiation and propagation of new tissue formation in wounds. 

On arrival at the site of inflammation, macrophages participate in bacterial killing via mechanisms that parallel those 

of the neutrophils. Three inducible, secreted, neutral proteinases have been identified in macrophages: elastase, 

collagenase, and plasminogen activator (PA). These proteinases aid in degradation of damaged tissue and debris, 

which must be cleared before repair can proceed. Despite the new data gleaned from the study on mice without 

macrophages (Martinet al., 2003) acute inflammation is still considered crucial to the normal outcome of wound 

repair. Indeed, macrophages are regarded as the major inflammatory cell responsible not only for debridement but 

also for recruitment of other inflammatory and mesenchymal cells, and for subsequent induction of angiogenesis, 

fibroplasia, and epithelialization. Thus, a general approach for improving wound repair may be to recruit or possibly 

activate monocytes. For example, it has recently been shown that priming a planned incision site with recombinant 

pro-inflammatory cytokines nearly doubles the breaking strength of an acute wound (Smith et al., 2000). Likewise, 

honey and sugar applied to open wounds have been shown to enhance fibroplasia and epithelialization, possibly via 

their chemo attractant and stimulatory activity on the tissue macrophages (Molan, 1999) and (Swaim and Bohling, 

2003). Extensive scarring or fibrosis of any organ may cause catastrophic loss of function of that organ. In the horse, 

a comparable condition is the development of exuberant granulation tissue in skin wounds. Wilmink and colleagues 

believe this is related to a deficient but protracted inflammatory response in the horse when compared with ponies, 

especially when wounds are located at the distal aspect of the limb. They found that the number of poly-morpho-

nuclear leukocytes (PMNs) was high in ponies during the first 3 weeks after experimental full- thickness wounding, 

but it subsequently decreased rapidly, whereas in the horse the initial number of PMNs was lower, but it remained 

persistently elevated during the entire 6- week study (Wilmink et al., 1999). Furthermore, peripheral blood leukocytes 

from ponies produce more reactive oxygen species essential to bacterial killing than do those of horses (Wilmink et 

al., 2003), which corresponds to the more pronounced initial inflammatory response and to the better local defense 

against wound infection clinically apparent in the pony. A handful of equine studies have been undertaken with the 

intent of encouraging a powerful yet brief acute inflammatory response and thus limiting the subsequent fibrosis that 

appears in response to injury to the distal portion of the limb in horses. Wilson and colleagues found that although an 

activated macrophage supernate effectively restrained proliferation of equine fibroblasts in vitro, no significant in vivo 

effects were found on distal limb wounds. Another study found that a protein-free dialysate of calf blood (Solcoseryl, 

Solco Basle Ltd., Birsfelden, Switzerland) provoked a greater inflammatory response, with faster formation and 

contraction of granulation tissue within deep wounds (Wilmink et al., 2000). Subsequently, it inhibited repair by 

causing protracted inflammation and delaying epithelialization. Finally, a field study was recently performed to 

determine the efficacy of Vulketan gel (Janssen Animal Health, Beerse, Belgium) in preventing exuberant formation of 

granulation tissue in equine lower limb wounds (Engelen et al., 2004). The active ingredient appears to antagonize 

serotonin-induced suppression of wound macrophages, thus allowing a strong, effective inflammatory response to 

occur.  
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2) Cellular proliferation 
 

Fibroplasia. The proliferative phase of repair comes about as inflammation subsides and is characterized by the 

eventual appearance of red, fleshy granulation tissue, which ultimately fills the defect. Although the earliest part of 

this phase is very active at the cellular level, this does not immediately translate into a gain in wound strength. 

Indeed, during the first 3 to 5 days after injury, mesenchymal cells such as fibroblasts and endothelial and epithelial 

cells are rapidly invading the wound in preparation for matrix synthesis and maturation; however, these latter 

reinforcing mechanisms lag somewhat. Granulation tissue is formed by three elements that move into the wound 

space simultaneously: macrophages debride and produce cytokines and growth factors, which stimulate 

angiogenesis and fibroplasia; fibroblasts proliferate and synthesize new ECM components; and new blood vessels 

carry oxygen and nutrients necessary for the metabolism and growth of mesenchymal cells, and confer to the 

granulation tissue (Singer and Clark, 1999). This stroma of which fibronectin and hyaluronan are major components, 

replaces the fibrin containing clot to provide a physical barrier to infection and, importantly, to proffer a surface 

across which mesenchymal cells can then migrate. A number of matrix molecules, as well as chemo attractants, 

cytokines, and growth factors released by inflammatory cells, are believed to stimulate fibroblasts from adjacent 

uninjured skin to proliferate and express integrin receptors to assist migration into the wound space. Integrins are 

trans membrane proteins that act as the major cell-surface receptors for ECM molecules and thus mediate 

interactions and transduce signals between cells and their environment. They are particularly critical to the migratory 

movements exhibited by wound-healing cells. Migration immediately precedes advancing capillary endothelial buds 

but follows macrophages, which have cleared a path by phagocytizing debris. Fibroblasts themselves also possess an 

active proteolytic system to aid migration into the cross-linked fibrin blood clot; proteinases include PA, various 

collagenases, gelatinase, and stromelysin. Once fibroblasts have arrived within the wound space, they proliferate and 

then switch their major function to protein synthesis and commence the gradual replacement of provisional matrix by 

a collagenous one, probably under the influence of various cytokines and growth factors. As the wound matures, 

there is a marked increase in the ratio of type I (mature) to type III (immature) collagen; proteoglycans also become 

abundant within the mature matrix. The greatest rate of connective tissue accumulation within the wound occurs 7 to 

14 days after injury, and thus this is the period with most rapid gain in tensile strength. Thereafter, collagen content 

levels off as fibroblasts retract their synthetic machinery; this corresponds to a much slower gain in wound strength, 

which occurs as the wound remodels. The fibroblast-rich granulation tissue is then replaced by a relatively avascular 

and acellular scar as the capillary content regresses and fibroblasts either undergo apoptosis or acquire smooth-

muscle characteristics and transform into myofibroblasts that participate in wound contraction. The latter phenomena 

are regulated by the physiologic needs and/or the micro-environmental stimuli present at the wound site. It appears 

that if the signal to down regulate fibroblast activity is delayed beyond a specific time point, apoptosis is permanently 

impaired, which ultimately leads to an imbalance between collagen synthesis and degradation and the formation of 

excessive scar tissue (Luo et al., 2001). Undeniably, repair of full-thickness wounds is subject to excessive formation 

of granulation tissue, with subsequent delays in epithelialization and contraction, especially when wounds are located 

at the distal aspect of the limb. Surprisingly, in vitro fibroblast growth from tissues isolated from the horse limb is 

significantly less rapid than growth of fibroblasts from the horse trunk (Bacon et al., 2000). In vivo, an elevated and 

persistent mitotic activity exists in distal metatarsal wounds of horses, compared with the activity present in wounds 

healing normally on the hindquarters (Leault et al., 2004). In a recent study in wounds of the distal limbs of horses, 

we found that the silicone dressing surpassed a conventional permeable, non-adherent dressing for preventing the 

formation of exuberant granulation tissue and improving tissue quality (Ducherme-Desjarlais et al., 2005) 
 

Angiogenesis. Besides initiating the inflammatory response through interaction with leukocytes, microvascular 

endothelial cells play a key role in the proliferative phase of repair. The formation of new capillary blood vessels from 

preexisting ones (angiogenesis) is necessary to sustain the granulation tissue newly formed within the wound bed. 

Angiogenesis, in response to tissue injury and hypoxia, is a complex and dynamic process mediated by diverse soluble 

factors from both serum and the surrounding ECM environment in particular, angiogenic inducers including growth 

factors, chemokines, angiogenic enzymes, endothelial cell–specific receptors, and adhesion molecules (Liekenset al., 

2003), many of which are released during the previous inflammatory phase of repair. Construction of a vascular 

network requires sequential steps that include augmented microvascular permeability, the release of proteinases 

from activated endothelial cells with subsequent local degradation of the basement membrane surrounding the 

existing vessel, migration and sprouting of endothelial cells into the interstitial space, endothelial cell proliferation 

and formation of granulation tissue, differentiation into mature blood vessels, and stabilization, eventually followed by 

regression and involution of the newly formed vasculature as the tissue remodels (Li et al., 2003). Angiogenic stimuli 

are down regulated or the local concentration of inhibitors increases and most of the recently formed capillary 

network quickly involutes through the activity of matrix metalloproteinases (MMPs) (Zhu et al., 2000) and apoptosis of 

endothelial cells. The wound color becomes correspondingly paler as the rich capillary bed disappears from the 

granulation tissue. Exuberant granulation tissue that develops in wounds of the lower limbs of horses is characterized 
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microscopically by a great number of microvessels. Although the reason angiogenesis is more prominent in this 

location remains obscure, it is tempting to speculate that the regional paucity of blood supply may impart an effect via 

up regulation of various angiogenic factors. Indeed, hypoxia is known to stimulate proliferation and synthetic activity 

of fibroblasts. In support of this hypothesis, we have recently shown that although a greater number of microvessels 

are microscopically apparent within the granulation tissue of limb wounds in equines, their lumens are occluded 

significantly more often than the lumens of microvessels within thoracic wounds, which may corroborate the 

existence of a hypoxic environment in wounds of the lower limb. Thus, via up regulation of various angiogenic factors, 

hypoxia may lead to excessive fibrosis. Alternatively, deficient apoptotic signals may lead to persistence of micro 

capillary endothelial cells and subsequent angiogenic activity. 
 

Epithelialization. All body surfaces are covered by epithelium, which acts as a selective barrier to the 

environment. Epithelium provides the primary defense against hostile surroundings and is a major factor in 

maintaining internal homeostasis by limiting fluid and electrolyte loss. The outer region of skin, a multilayered 

stratified squamous epithelium (the epidermis), interfaces with the musculoskeletal framework by means of a 

connective tissue layer (the dermis) and a fibrofatty layer (the subcutis). Epidermis is attached to the dermis at the 

level of the basement membrane, a thin, glycoprotein-rich layer composed primarily of laminin and type IV collagen. 

This attachment is mediated by hemidesmosomes, which physically attach the basal cells of the epidermis to the 

underlying dermis, as well as by vertically oriented type VII collagen anchoring fibrils, which bind the cytoskeleton. 

Although epithelial migration commences 24 to 48 hours after wounding, the characteristic pink rim of new 

epithelium is not macroscopically visible until 4 to 6 days later, although this is variable because the rate of wound 

closure depends on the animal species as well as on the wound site, substrate, and size. For example, 

epithelialization is accelerated in a partial thickness wound, because migrating cells arise not only from the residual 

epithelium at the wound periphery but also from remaining epidermal appendages. Furthermore, the basement 

membrane is intact in this type of injury, precluding its lengthy regeneration. On the other hand, during second-

intention healing of a full-thickness wound, epithelialization must await the formation of a bed of granulation tissue to 

proceed. Wounds in the flank area of a horse epithelialize at a rate of 0.2 mm per day, compared with a rate as slow 

as 0.09 mm per day for wounds in the distal portion of limbs. In preparation for migration; basal epidermal cells at 

the wound margin undergo phenotypic alterations that favor mobility and phagocytic activity. Additionally, various 

degradative enzymes necessary for the proteolysis of ECM components are up regulated within cells at the leading 

edge, facilitating ingestion of the clot and debris found along the migratory route. The migratory route is determined 

by the array of integrin receptors expressed on the surface of migrating epithelial cells, for various ECM proteins. 

Indeed, a fundamental reason why migrating epidermis dissects thefibrin eschar from wounds is that normal 

epithelial cells cannot interact with the fibrinogen and its derivatives found within the clot because they lack the 

appropriate integrin. Once the wound surface is covered by epithelial cells that contact one another, further migration 

from the margin of the wound inward is inhibited by the expression within the ECM of laminin, a major cell adhesion 

factor for epithelial cells. Although initial migration does not require an increase in cellular multiplication, epidermal 

cells at the wound margin do begin to proliferate 1 to 2 days after injury to replenish the migratory front. This 

corresponds histologically to epithelial hyperplasia, as cellular mitosis increases17-fold within 48 to 72 hours. The 

new cells leapfrog over those at the wound margin to adhere to the substratum, only to be replaced in turn by other 

cells coming from above and behind. The newly adherent monolayer subsequently restratifies in an attempt to restore 

the original multilayered epidermis. In full-thickness wounds healing by second intention, such as those commonly 

managed in equine practice, provisional matrix is eventually replaced by a mature basement membrane zone. 

Repairing epidermis reassembles its constituents from the margin of the wound inward, in a zipper like fashion. 

Epidermal cells then revert to a quiescent phenotype and become attached to this new basement membrane through 

hemidesmosomes and to the underlying dermis through type VII collagen fibrils. This particular aspect of 

epithelialization is time consuming, occurring long after total wound coverage is apparent, which may explain the 

continued fragility of neoepidermis for extended periods after macroscopically complete repair. This is particularly 

evident in large wounds of the limb, where epidermis at the center is often thin and easily traumatized. Wounds in 

horses commonly fail to epithelialize altogether. This occurs in two distinct types of wounds: those in which fibroplasia 

are excessive and those of an indolent nature. In the former, protruding granulation tissue may act as a physical 

impediment to epithelial migration and it may inhibit epithelial cell mitosis. The relative absence of epithelial cells 

could in turn lead to persistent synthesis of fibrogenic growth factors by fibroblasts (Lepoole and Boyce, 1999) and 

defective apoptosis signaling, thus establishing a vicious cycle culminating in proud flesh formation. Conversely, 

indolent wounds possess a granulation bed of deficient quantity and quality, thus hindering migratory efforts by 

epithelial cells. In this case, it is critical to encourage the formation of a healthy granulation bed. Although hydrogel 

dressings have been advocated for this purpose, a recent study is not supportive (Dart et al., 2002). In the case of 

limb wounds presenting delays in epithelialization but possessing a healthy bed of granulation tissue, the value of 

skin grafting is undisputed. Grafting exerts a significant inhibitory effect on both endothelial cell and fibroblast growth 
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while enhancing proliferation and migration of epithelial cells. It is, however, critical that the graft be obtained from a 

site that normally heals well and in which contraction is a prominent feature (e.g., from the lateral cervical, 

abdominal, or pectoral regions). The inhibitory effect of grafts on fibroblast proliferation and collagen synthesis may 

be regulated by a soluble epithelial cell–derived product (Lepoole and Boyce, 1999)  possibly a cytokine or a growth 

factor such as epidermal growth factor (EGF), which enhances epithelialization via positive effects on epithelial cell 

migration, proliferation, and differentiation (Burling et al., 2000). To encourage ingrowth of mesenchymal cells in 

indolent wounds during the proliferative phase, biomaterials such as collagen membranes and sponges have been 

developed and are appraised as improving rate and quality of repair. Collagen may function as a substrate for 

hemostasis; as a template for cellular attachment, migration, and proliferation; and as a scaffold for more rapid 

transition to mature collagen. A porous bovine collagen membrane was shown to generate a strong inflammatory 

response in full-thickness limb wounds of equines, which may augment the cytokine or growth factor content of 

wound tissues, although it did not significantly alter the total wound, or the epithelialization or contraction process. A 

commercially available collagen matrix derived from porcine small intestinal submucosa (Vet BioSISt, Cook Veterinary 

Products, Inc, Spencer, Ind.) and containing a plethora of proteins and growth factors, has been designed as a 

scaffold for tissue ingrowth and is promoted as reducing scarring. Regrettably, a recent study determined that it offers 

no apparent advantage over a nonbiologic, nonadherent synthetic dressing for treatment of small, granulating 

wounds of the distal limb of horses (Gomez et al., 2004) 
 

Matrix Synthesis and Remodeling. In addition to epithelialization, contraction contributes to the successful 

closure of full-thickness wounds. Contraction is defined as a process whereby both dermis and epidermis bordering a 

full-thickness skin deficit are drawn from all sides centripetally over the exposed wound bed. Wound contraction is 

divided into three phases. An initial lag phase (wherein skin edges retract and the wound area increases temporarily 

for 5 to 10 days) occurs because significant fibroblastic invasion into the wound is a prerequisite for contraction. 

Subsequently, a period of rapid contraction is followed by a period of slow contractionas the wound approaches 

complete closure. The number of myofibroblasts found in a wound appears to be proportional to the need for 

contraction; thus, as repair progresses and the rate of contraction slows, this number decreases. During wound 

contraction, the surrounding skin stretches by intossusceptive growth, and the wound takes on a stellate appearance. 

Contraction ceases in response to one of three events: the wound edges meet and contact inhibition halts the 

processes of both epithelialization and contraction; tension in the surrounding skin becomes equal to or greater than 

the contractile force of the myofibroblasts; or, in the case of chronic wounds, a low myofibroblast count in the 

granulation tissue may result in failure of wound contraction despite laxity in the surrounding skin. In this case, the 

granulation tissue is pale and consists primarily of collagen and ground substance. Wound contraction is greater in 

regions of the body with loose skin than in regions where skin is under tension, such as the distal aspect of the limb. 

Although it has been speculated that the shape of the wound may influence the process of contraction, this does not 

appear relevant in wounds at the distal extremities where skin is tightly stretched and not easily moved. Skin grafts 

have been reported to inhibit contraction by preventing formation of myofibroblasts or by accelerating the 

myofibroblast life cycle. As contraction concludes, myofibroblasts disappear, either by reverting to a quiescent 

fibroblast phenotype or by apoptosis, primarily in response to reduced tension within the ECM (Grinell et al., 1999). 

The myofibroblast persists in fibrotic lesions, where it may be involved in further ECM accumulation and pathologic 

contracture but leading to significant morbidity particularly when it involves joints or body orifices. Significant 

differences exist with regard to contraction between horses and ponies and between distinct areas of the body. 

Wound contraction is clearly more pronounced in ponies than in horses (Wilmink et al., 1999) and the rate of 

contraction of limb wounds is at best 25% that of flank wounds. The conversion of ECM from granulation to scar 

tissue constitutes the final phase of wound repair and consists of connective tissue synthesis, lysis, and remodeling, 

also referred to as maturation. Collagen macromolecules provide the wound tissue with tensile strength as their 

deposition peaks within the first week in primary wound repair, and between 7 and 14 days in second-intention 

healing. Although this corresponds to the period of most rapid gain in strength, only 20% of the final strength of the 

wound is achieved in the first 3 weeks of repair. At this time, collagen synthesis is balanced by collagenolysis, which 

normally prevents accretion of excessive amounts of collagen and formation of pathologic scars. It appears that 

during the development of exuberant granulation tissue in horses, collagen synthesis continues unabated (Schwartz 

et al., 2002). The balance between synthesis and degradation determines the overall strength of a healing wound at 

a particular time. The first newly deposited collagen tends to be oriented randomly and therefore provides little tensile 

strength, whereas during remodeling the fibers re-form along lines of stress and therefore resist dehiscence more 

effectively. Crosslinking in the later formed collagen is also more effective, although never to the same extent as in 

the original tissue. A recent study has shown that newly accumulated collagen fibrils are disorganized in wounds at 

the distal aspect of the forelimb of horses but more normally organized in thoracic wounds (Schwartz et al., 2002). 
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FACTORS INFLUENCING WOUD HEALING 

 

1) Patient Factors  
 

Age and Physical Status: The patient‟s age and physical status may influence the rate of wound healing. They 

consequently also appear more susceptible to infection (Stotts and Wipke-Tevis, 2001). Although there currently is no 

similar data for the horse, in the author‟s experience it appears that young horses heal more readily and with fewer 

complications than do older horses.As Theoret points out, since horses, compared to companion animals, are less 

commonly affected by these diseases, they are generally not a concern (Theoret, 2006). An exception may be horses 

suffering from Cushing‟s disease (Pars intermedia dysfunction) in which high endogenous cortisol can suppress 

inflammation sufficiently to delay healing (Knottenbelt, 2007). Also, sincehigh concentrations of glucocorticoids are 

known to be immunosuppressive, it is logical that horses suffering from this malady may be more susceptible to 

wound infection. 

Anemia/Blood Supply/Oxygen Tension: Because most of the oxygen in blood is carried by hemoglobin, it is 

intuitive that anemia should be an important factor in reduced oxygen delivery and impaired wound healing; this 

concept however, is unfounded. Data suggest that normovolemic anemia with a packed cell volume (PCV) >20, 

unrelated to malnutrition, cancer, or chronic infection, doesnot appear to affect wound healing. However, 

hypovolemia associated with hemorrhage and anemia or shock can greatly impair healing if not corrected (Huntet al., 

2000). Decreased perfusion of the wound appears to be the cause of altered healing. Local tissue hypoxia that 

results from insufficient blood volume in hypovolemic patients inhibits many of the responses that initiate healing. An 

oxygen gradient exists between the nearest functioning capillary andthe wound edge. The oxygen tension near a 

wound capillary is between 60 and 90 mm Hg; however, near the advancing edge of granulation tissue the oxygen 

tension approaches 0 mm Hg. This decrease is caused by the diffusion gradient and the consumption of oxygen by 

cells at the wound margin. Since the activities of the new fibroblasts (migration, proliferation, and protein synthesis) 

rely on the rate at which new capillaries are formed, the wound tensile strength is limited by perfusion and tissue 

oxygen tension.The maturity and fragility of the new blood vessels forming in an acute wound appear to be affected 

by oxygen tension. New vessels forming in a hypoxic environment (13% inspired oxygen) are immature and bleed 

easily. Conversely, new vessels forming in a hyperoxic environment (50% inspired oxygen) are mature and form at a 

more rapid rate than do vessels in either a normoxic (21% inspired oxygen) or hypoxic environment (Hopf and Rollins, 

2007). Reduced oxygen tension, besides inhibiting fi broblastic replication and migration, development of collagen, 

and tensile strength, also renders the wound more susceptible to infection by altering cellular phagocytic 

mechanisms (Hunt et al., 2000). When leukocytes ingest organisms and wound debris, more oxygen is consumed. 

Lack of sufficient oxygen slows the activity of leukocytes and decreases superoxide release, making the wound more 

susceptibleto infection (Hopf and Rollins, 2007). So correction of hypovolemia, and possibly the use of hyperbaric 

oxygen (HBO) therapy, should reduce the incidence of wound infection and allow healing to progress normally. 

 

Malnutrition and Protein Deficiency. Wound healing is impaired with mild to moderate short or long-term protein 

energy malnutrition. It appears that the direction of patient is moving toward metabolically (positive or negative) at 

the time of injury or surgery is most important, since the adverse effect of protein energy malnutrition occurs well in 

advance of the external evidence of weight loss. Impaired nutrition can alter growth factor synthesis and fibroblastic 

proliferation, and limit hydroxy proline and collagen deposition, as well as impair immune functions and oxygen 

transport in healing patients. Insufficient lipid levels, important to inflammation and membrane stabilization, have 

also been shown to adversely affect wound healing (Stotts et al., 2001). The impairment in wound healing is easily 

reversed by providing adequate nutrition. Although this has not been proven in horses, it seems logical that there 

would be an effect of inadequate nutrition on wound healing in this species as well.  Hypoproteinemia alone adversely 

affects wound healing primarily by altering fibroplasia, angiogenesis, remodeling, and gain in tensile strength, 

consequently prolonging the repair phase of healing. The impairment in wound healing from hypoproteinemia is seen 

well in advance of alterations in the plasma protein levels. As an example, albumin fractions are depleted almost 

immediately following withdrawal of protein from the diet. Since albumin is the major oncotic pressure stabilizer in the 

intravascular compartment, it is not surprising that a decreased serum concentration is associated with poor healing 

outcomes (Stotts et al., 2001). Even though the alteration in healing is not strongly correlated to plasma protein 

levels, when these levels fall to 6 g/dl, healing is retarded. Below 5.5 g/dl, a 70% incidence of wound disruption is 

expected, and below 2 g/dl, wound healing is disrupted, edema occurs, and death ensues. Because fats can be 

synthesized from carbohydrates and carbohydrates can be synthesized from protein but protein can only be produced 

from protein or its digested byproducts (amino acids and peptides) a protein rich diet is required to counteract the 

adverse effects on wound healing. Feeding D-L methionine to protein-deficient animals reverses the retardation in 

wound healing (Plumb, 2005). 
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Dehydration: Dehydration of the patient as well as the wound can negatively affect wound healing. The poor 

perfusion of peripheral tissues in the dehydrated patient is thought to be the reason that healing is delayed in these 

subjects (Peacock, 1984). This problem can easily be rectified by hydrating the patient. Wound dehydration will be 

discussed laterunder “nature of the wound.” 

 

2) Wound Factors 
 

Trauma. Excessive trauma, associated with the wound or at a site or sites remote from the wound (e.g., multiple 

lacerations or multiple fractures) can negatively affect repair and make the wound more susceptible to infection. 

When the effects of simultaneous trauma from either fracture or muscle contusion elsewhere on the body were 

examined, a delay in wound tensile strength was observed out to 15 days post-trauma. A delay in gain of wound 

tensile strength was also observed at the other sites when a second wound was made within 14 days of the first, and 

the degree and loss in gain of wound tensile strength was proportional to the severity of trauma (Peacock, 1984). 

 

 
Figure 2. Excessive trauma to the distal metacarpal region 

 

Age of Wound: A chronic wound (slow or non-healing) is often associated with an underlying problem that has 

exerted a negative impact on the normal progress in repair. Chronic inflammation from foreign bodies, necrotic tissue, 

repetitive mechanical trauma, and the application of caustic agents is a common cause. The goal in treating a chronic 

wound is to eliminate the causal agent/agents and convert the wound environment to one that closely resembles that 

of the acute wound; this is best done by wound debridement. In a case in which repeated mechanical trauma is the 

underlying cause, the use of appropriate bandaging/splinting techniques to immobilize the region is most important 

to ensure a successful outcome (Kane, 2001). 

Location: Wounds of the distal extremities (carpus/tarsus and below) of horses heal more slowly and are more 

problematic than wounds of the upper body and head regions. Specifically, delays in epithelialization and contraction, 

as well as the propensity to develop exuberant granulation tissue (EGT), commonly afflict full-thickness wounds of the 

distal limbs (Theoret et al., 2001). Although the causes of problematic healing in the horse‟s distal limbs have yet to 

be completely clarified, several have been proposed. Better blood supply, a greater amount of adnexal structures, 

and the thinner epidermis covering the head and neck contribute to the more rapid and cosmetic repair occurring in 

these regions. Wounds of the distal extremities have an absence of underlying musculature, may be near highly 

mobile joints and bony prominences, and are often more contaminated than are body wounds (Cochrane et al., 

2003). Differences between growth characteristics of trunk and limb fibroblasts and a tardy and prolonged 

inflammatory response are believed to contribute to the development of EGT, especially in limb wounds, in the horse. 

A study showed that fibroblasts isolated from the horse distal limb grow significantly more slowly than those of the 

trunk. The horse displays a deficient and protracted inflammatory response compared to the pony, especially in 

wounds involving the distal extremities (Wilmink, 1999). Furthermore, leukocytes from horses appear to be poorly 

equipped to kill bacteria compared to those of ponies (Wilmink, 2003). Moreover, their local cytokine profile is 

skewed in favor of fibrogenic mediators (Schwartz et al., 2002). Deficient contraction of limb wounds compared to 

body wounds may be due to a poor arrangement of myofibroblasts, precluding an ordered contractile activity. 
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Cytokine profiles may also negatively affect contractility (Wilmink, 2001). Wounds subjected to excessive movement, 

such as those located over highly moveable joints or those oriented perpendicular to lines of skin tension (e.g., 

perpendicular to the limb‟s long axis), are often slow to heal, and they usually form a disproportionate amount of scar 

tissue. Movement can also occur between healing skin and underlying tendon or muscle or between the heel bulbs, 

causing the wound edges to gape during weight bearing (Knottenbelt, 1997).  

 

Nature of the Wound 

A) Type: Degloving injuries that damage (strip off) the periosteum and the paratendon are more susceptible to 

infection and subsequent osteomyelitis or septic tendonitis because of loss of blood supply. In these cases, soft 

tissue coverage of the site should be achieved as soon as possible because of the increased risk of bony 

sequestration, tendon degeneration, and uncontrollable bone and soft tissue infection if the blood supply is not 

quickly re-established. Wounds in which a flap of tissue is at odds with the distribution of blood vessels in the 

extremities often experience delays in healing and are more susceptible to infection. In most cases it is best to delay 

suturing these wounds until a healthy bed of granulation tissue forms; this will ensure a good blood supply to support 

the healing of the skin flap following suturing. Stabilizing the flap into a somewhat normal position using a few large 

sutures, while awaiting definitive treatment, will prevent skin flap retraction (Stashak, 2003). 

 

 
Figure 3. Wounds in which movement between the healing skin and underlying tendon will either delay or prevent 

healing. 

 

B) Degree of Contamination. Wounds may be classified according to contamination and increasing risk of 

infection. A clean wound is one created surgically under aseptic conditions in situations where a contaminated site is 

not entered. Wounds are considered clean, clean contaminated, contaminated, or dirty contaminated/infected. As 

would be expected, the greater the contamination the greater the risk for infection. Dirty wounds have a 25-fold 

greater infection rate than do clean wounds. Wounds contaminated with fecal material and dirt run a high risk of 

infection despite therapeutic intervention; indeed, feces may contain up to 1011 microorganisms per gram (Stashak, 

2006).Specific infection potentiating fractions (IPFs) found in the organic and inorganic components of soil increase 

the wound‟s susceptible to infection. These highly charged fractions reduce the effects of white blood cells, decrease 

humoral factors, and neutralize antibodies. Consequently, as few as 100 microorganisms can cause infection in 

wounds contaminated with soil. The metabolic impact of contaminating bacteria (bioburden) on tissues can 

significantly impair healing (Robson, 1997). 

C) Wound Fluids. Wounds with pockets that allow exudate or seroma/hematoma to accumulate are often slower 

to heal and are susceptible to infection. While persistent contact with inflammatory products present in the exudate 

during the repair phase is believed to cause the delay in repair, accumulation of seroma/hematoma further provides 

an excellent medium for bacterial growth, thus making the wound more susceptible to infection. Expanding fluid 

pressure from the exudate/seroma/hematoma may also be great enough to alter the local blood supply (Stashak, 

2003). Drainage of the fluid-filled pocket followed by bandaging, where applicable, is usually all that is needed. 

Experiments have identified differences between acute and chronic wound fluids in humans (Rao et al., 1995). 

Metalloproteinases, essential in the various phases of healing but detrimental in the case of persistent up-regulation, 

were found to be 5 to 10 times higher in chronic wound fluid. Serine proteinases that degrade fibronectin and impede 
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collagen synthesis and epithelialization were also found to be increased in chronic wound fluids. Interestingly, when a 

chronic wound reverts to active healing, the levels of metalloproteinase activity decrease significantly, which parallels 

the processes observed in normally healing acute wounds (Trengrove et al., 1999).  

 

D) Infection: Infection is considered to be a major cause of delayed wound healing, reduced gain of tissue tensile 

strength, as well as dehiscence following wound closure. Potential pathogenic bacteria bind to extracellular matrix 

proteins (e.g., fibronectin), which may limit the latter‟s availability for promoting migration of mesenchymal cells and 

consequently bear a direct negative effect on wound healing. Additionally, bacteria that produce exotoxins (e.g., 

Clostridium spp, S. pyogenes, S. aureus) cause more tissue damage, creating a microenvironment conducive to their 

survival. Those with thick capsules (e.g., S. pyogenes, S. aureus, and Klebsiella pneumoniae) are more resistant to 

phagocytosis by leukocytes. During the process of bacterial degradation, released endotoxins can activate 

coagulation pathways which may cause thrombosis of the microvasculature or systemic organ or immune 

dysfunction, and activate macrophages to release more inflammatory mediators (Brumbaugh, 2005). 

  

CONCLUSION AND RECOMMENDATION 
 

A vital trait of living organisms continually subjected to insults from the environment is their capacity for self-

repairs. Whether the injury is a deliberate act of surgery or accidental, it generates an attempt by the host to restore 

tissue continuity. The two processes involved in wound healing are repair and regeneration. Regeneration entails the 

replacement of damaged tissue with normal cells of the type lost, and this is possible only in tissues with a sustained 

population of cells capable of mitosis, such as epithelium, bone, and liver. Repair is a stopgap reaction designed to 

reestablish the continuity of interrupted tissues (Theoret, 2005). The combination of skin loss and the amount of 

redundant or loose skin surrounding a wound has an obvious influence on the clinician‟s ability to close a wound and 

the extent to which wound contraction will contribute to the final result. The effects of the location of the wound on 

the body as well as breed differences on wound healing in horses are well recognized (Jacobs, 1984) as is the 

influence of surrounding skin tension on wound contraction (Walton, 1972). A large retrospective study revealed that 

primary closure was successful in only 24% of horse wounds and 39% of pony wounds, more than half of which were 

located on the limb. Thus, a significant number of wounds must heal by second intention. Unfortunately, this type of 

repair leads to formation of a much larger scar tissue than that formed after successful primary closure, and function 

and appearance may be adversely affected. Wound healing is part of normal body maintenance and depends on the 

patient‟s general state of health, blood supply/anemia/local oxygen gradient, location, vitamins (A, E, and C) and 

minerals (Zinc).  

From this review the following recommendations are forwarded:  

 Financial and time constraints are often imposed on the practitioner, so it is advisable to spend time 

discussing the owner‟s expectations, the possible complications, and the costs associated with these procedures 

before beginning wound management. 

 The extent to which some reconstructive and skin mobilization techniques can be used depends on the 

presence of adequate tissue surrounding the wound. 

 The practitioner should consider location, nature, cleanness of wound before starting management. 

 Animals should offered balanced nutrition in adequate amounts prior to surgery and/or elective surgery. 

 Therefore, additional investigation should conduct to find out a cost effective management of wound with 

locally available materials. 
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ABSTRACT: This study was carried out to investigate the effect of replacing sorghum grains (SG) by sugarcane 

bagasse treated with 5% urea (SCBU) as energy source in total mixed ration. In vitro dry matter digestibility 

(IVDMD) and in situ DM degradability were adopted to conduct the experiment. In order to meet the nutrient 

requirement of goat, the following four iso-caloric and iso-nitrogenous rations were formulated: A= 0% SCBU 

(control); B= 2.6% SCBU replaced 10% SG; C= 5.2% SCBU replaced 20% SG; and D= 7.8% SCBU replaced 30% 

SG. The IVDMD was significantly (P≤0.05) affected by dietary level of SCBU which was decreased gradually with 

increasing SCBU levels in examined rations. Ration A gained the highest value of IVDMD (88.50%) followed by 

ration B (84%), C (78%) and D (74.50%). An in situ DM degradability results showed that the readily soluble 

fraction (a), slowly fermented material (b) and the potential degradability (PD) were significantly (P≤0.05) higher 

for ration A than rations B, C and D. Although DM digestibility and degradability of rations B, C and D were 

decreased with progress level of SCBU in the rations, the values obtained from present study might be 

considered within the range of moderate to high level of digestibility and degradability especially ration B which 

replaced 10% of SG. More research is needed to study the effect of replacing SG by SCBU regarding the nutrients 

intake, animal performance in an in vivo experiment and to determine its economic feasibility.  

Keywords: Sorghum Grains, Bagasse, Urea, Energy, Total Mixed Ration 
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INTRODUCTION 

 

To address problems associated with poverty and food shortage, scientists investigated alternative food sources, 

evaluated present land use and utilization of food, thus feeding grains to ruminants is questioned because man and 

monogastric can utilize grains directly. On the other hand ruminants are characterized by their ability to convert low 

quality roughage to high nutritive products, which are useful to man e.g. (meat, milk, natural fibers, leather and 

manure) (Gertenbach and Dugmore, 2004). 

Agricultural by-products such as bagasse have enough potential to be used as non-conventional roughage for 

animal feed in Sudan, particularly when forages are in short supply. Bagasse is the main byproduct of sugarcane 

industry; it contains 60 to 70% carbohydrate, mostly in the form of polysaccharides and is a potential source of 

dietary energy for animals. The major limitation of bagasse as feed is its low digestibility which is due to association of 

lignin with cellulose and hemicelluloses (Atta Elmnan et al., 2007, 2009, 2011, 2015).  

To improve the nutritive value of these agriculture residues, it is important to breakdown the linkages among 

cellulose and lignin by mechanical, chemical or biological and combined biological plus chemical treatments. Many 

scientists suggested the use of ammonia and urea to increase the crude protein contents of the poor quality 

roughages (Shoukry et al., 1992, Fouad et al., 1998, Atta Elmnan et al., 2007, 2009, 2011). However, chemically 

and physically treated crop residues and other poor quality forages have been investigated extensively throughout the 

last years; there have been limited research studied the inclusion of these treated materials in total mixed ration 

(TMR) in Sudan.  

The aim of the present study was to investigate the possibility of replacing sorghum grains by 10%, 20% and 

30% of treated baggasse, which represent 2.6%, 5.2% and 7.8% of total ration component, respectively. The specific 

objectives were to determine the effect of inclusion different levels of treated bagasse instead of sorghum grains on 

in vitro dry matter digestibility and in situ dry matter degradability. 

http://www.science-line.com/index/
http://www.ojafr.ir/main/
mailto:balgeesatta@gmail.com
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MATERIALS AND METHODS 

 

Experimental site 

The experiment was conducted at the laboratory of department of animal nutrition, faculty of animal production, 

university of Khartoum, Sudan.   

 

Feeds preparation 

Four iso-caloric and iso-nitrogenous rations were formulated Table 1 to meet the daily nutrient requirement of 

goat according to NRC (1985). Table 2 showed the ingredients of the different rations which can be namely as follow: 

A= 0% SCBU (control); B= 2.6% SCBU replaced 10% SG; C= 5.2% SCBU replaced 20% SG; D= 7.8% SCBU replaced 

30% SG. 

 

Table 1 - Calculated Chemical Analysis of Experimental Rations 

                     Treatments 

Term 
A B C D 

CP (%) 12.92 12.86 12.92 12.57 

ME (MJ/Kg DM) 10.43 10.08 9.81 9.59 

A: 0% of treated bagasse, B: contained 2.6% treated sugarcane bagasse which replaced 10% of sorghum grains, C: contained 5.2% treated 

sugarcane bagasse which replaced 20% of sorghum grains and D: contained 7.8% treated sugarcane bagasse which replaced 30% of sorghum 

grains. 

 

 

Table 2 - Ingredients (%) of the experimental diets 

                                                                        Treatments  

Term 
A B C D 

Sorghum 26.00 23.40 20.80 18.20 

Treated bagasse 0.00 2.60 5.20 7.80 

Molasses 33.00 35.00 32.00 30.00 

Groundnut cake 6.00 8.00 8.00 7.00 

Wheat bran 34.00 30.00 33,00 36,00 

Salt 0.50 0.50 0.50 0.50 

Lime stone 0.50 0.50 0.50 0.50 

Total 100 100 100 100 

A: 0% of treated bagasse, B: contained 2.6% treated sugar cane bagasse which replaced 10% of sorghum grains, C: contained 5.2% treated sugar 

cane bagasse which replaced 20% of sorghum grains and D: contained 7.8% treated sugar cane bagasse which replaced 30% of sorghum grains.   

 
Chemical Analysis  

Samples of feed examined and residues were analyzed for their proximate components, dry matter (DM), ash, 

ether extract (EE), crude protein (CP), crude fiber (CF) according to AOAC (1990). While nitrogen free extract (NFE) 

calculating using the following equation: NFE% = DM – (CP% + EE% + ash% + CF %). 

 

In- vitro Dry Matter digestibility  

The two steps procedure was used for in vitro determination of digestibility of rations using four replicates to all 

treatments. Rumen liquor was collected by stomach tube from four mature goats. In the first step, dried rations were 

incubated in test tubes with rumen fluid. The tubes also contain buffer solution, macro-minerals, trace-minerals, 

nitrogen sources, and reducing agents to maintain pH and provide nutrients required for growth of rumen bacteria. 

Because oxygen is toxic to rumen bacteria, solutions are gassed with carbon dioxide to maintain anaerobic 

conditions, and temperature is held at 39°C (body temperature) during the incubation. In the second step, after 48 

hours of incubation, an enzyme solution is added to stimulate digestion in the small intestine (Tilley and Terrie, 

1963).  

 

In situ dry matter degradability 

Degradability study of was carried out in the rumen of two fistulated adult Nubian goat according to the nylon 

bag technique described by Ørskov et al., (1980). The fistulated animal was fed at maintenance level on a balanced 

roughage concentrate diet with free access to water and mineral blocks. The feeds were ground through a 3-mm 

sieve and three replicate samples of each, weighing about 5g, were put into nylon bags and incubated in the rumens 

of two fistulated adult Nubian goats to determine the degradability of the dry matter. The incubation periods were 4, 

8, 16, 24, 48, 72 and 96 hrs Washing losses were determined in triplicate by weighing about 5g of each feed sample 

into nylon bags, soaking them in warm water (39o C) for an hour and subsequently washing the bags in a washing 
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machine as was done for those incubated in the rumen and finally drying the samples in an oven (60oC) for 48h. The 

course of degradation of the feeds was described by using the equation of McDonald (1981), p -a + b (1 - e-ct).  

 

Statistical analysis 

Data obtained from experiment were subjected to analysis of variance (ANOVA) according to Completely 

Randomize Design. Where the F test was significant, Means between treatments were compared using the least 

significant difference (LSD). 

 

RESULTS AND DISCUSSION 

 

In-vitro dry digestibility of tested rations 

The results of in vitro dry digestibility (IVDMD) was significantly affected (P≤0.05) by dietary level of treated 

sugarcane bagasse (SCBU) which was decreased gradually with increasing treated bagasse levels in the rations Table 

3. Treatment A (0% SCBU) secured the highest value of IVDMD, in contrast ration D (7.8% SCBU) recorded the lowest 

value. This result implies that microbes in treatment A had high nutrients uptake, readily available energy and protein 

contents which might had improved microbial growth and fermentation (Chatterjee et al., 2006). Although, the four 

diets were iso-caloric and iso-nitrogenous the IVDMD was decreased with the increasing percentage level of treated 

bagasse, this may be due to longer retention time of the high fiber rations in association with low soluble 

carbohydrates since the SG was replaced by 10%, 20%, and 30% of SCBU for rations B, C and D respectively. There 

are several previous studies proved that the fiber fraction of a food had the greatest influence on its digestibility. 

Adewusi and Matthew (1994) and Atta Elmnan et al. (2007, 2009, 2011) reported that the increase of CF content in 

diet resulted in decreases in DM digestibility. The major limitation of bagasse as feed is its low digestibility which is 

due to association of lignin with cellulose and hemicelluloses (Atta Elmnan et al., 2009; 2011). Ensminger et al. 

(1990) reported that bagasse has high fiber content which resulted in low dry matter digestibility (25%). The same 

result was obtained by Jayasuriya (2000), Chappidi et al. (2014) who reported that the increase in the roughage 

component of the total mixed ration decreased the IVDMD. Similarly, Hindrchsen et al. (2002) concluded that the 

large proportion of lignified cell wall of fibrous materials leading to attachment difficulty by rumen microorganisms 

resulted in low DM digestibility.  

As can be observed from the current study the IVDMD is very high than the result reported by Ensminger et al. 

(1990), this could be explained by the fact that bagasse in the present study was inclusion in total mix ration after 

treated with urea resultant in high IVDMD. Maximum benefits from agricultural/agro-industrial by-products as feed 

will be achieved when the deficient nutrients like energy, protein and minerals were supplemented to these materials 

which resulted in promoting the efficiency of rumen microbes’ growth and thus increased digestibility (Aletor, 2010). 

Also Ahmed and Fadal Allseed (2007) reported that the higher fermentable carbohydrates, available nitrogen, better 

nutrient availability for rumen microbes was achieved when crop residues supplemented with concentrates.  

 

Table 3. In vitro dry matter digestibility (%) of tested rations 

Treatments IVDMD% 

A 89a 

B 84b 

C 78c 

D 75d 

SEM+  1.4 

A: 0% of treated bagasse, B: contained 2.6% treated sugar cane bagasse which replaced 10% of sorghum grains, C: contained 5.2% treated 

sugar cane bagasse which replaced 20% of sorghum grains and D: contained 7.8% treated sugar cane bagasse which replaced 30% of 

sorghum grains. SEM standard error of means: a-d means with different superscripts in the same column were significantly different (P≤0.05). 

 

 

In-situ DM degradability of tested rations 

Figure 1 showed the result of in-situ degradability of the tested rations during incubation time which extended 

from 0 to 96 hours. There was an increase in DM disappearance associated with increasing incubation time, while 

the increasing level of treated bagasse associated with reduction in DM disappearance. Obviously the low degraded 

materials recorded by rations B, C and D could be justify by the high fiber content in these rations. Generally high 

crude fiber content of feed stuff which bound to the cell walls and thus mostly unavailable to microbial enzymatic to 

attack the feed, resulted in low degradability (Nherera et al., 1998; Atta Elmnan and Hawa, 2011; Atta Elmnan et al., 

2007; 2009; 2011).  
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Figure 1. Rumen degradation of DM% of tested rations 

 

Estimation of Kinetics degradability of tested rations 

Table 4 showed the results of kinetic for in-situ degradability from different rations. The readily soluble fraction 

(a) was higher significantly (P≤0.05) for ration A which contain 0% of bagasse whereas rations B and C which contain 

10 and 20 had moderate value of this fraction. Ration D that contained 30% recorded the lowest value of readily 

soluble fraction (a). A slowly fermented material (b) is measure the proportion of the feed that can be fermented in 

the rumen (Mupangwa et al., 1997), in the present study this fraction for different treatments can be ranked as follow 

rations A and B followed by rations C and D. The maximum value of potential degradability (PD) was recorded by 

ration A followed by rations B, C and D. The maximum value of PD  for ration A may be due to its high content of 

readily degraded of soluble carbohydrates and N and low content of CF. Consequently the low value of PD recorded by 

B, C and D rations could be explained by their high CF and low ME content. There are negative correlation with rate of 

degradability as well as potential degradability and effective degradability of DM with the CF content (Smith et al., 

1991, Ramana et al., 2000, Melkau et al., 2003, Kiran et al., 2007 and Atta Elmnan et al., 2013). Also Bakhashwain 

et al., (2010) demonstrated that the negative effect of cell wall content on PD could be due to the reduction of the 

microbial activity through increasing the adverse environmental conditions.  

The four rations showed no differences in the rate of fermentation c among them which concluded the four 

rations can be considered as a good feedstuff for the animals feeding. The same fermentation rates indicate same 

nutrient availability for ruminal microorganisms (Mirzaeiet et al., 2011 and Fievezet et al., 2005). Although DM 

digestibility and degradability of rations B, C and D were decreased with progress level of treated bagasse in the 

rations, the values obtained from present study may considered within the range of moderate to high level of 

digestibility and degradability especially ration B (84. %) that replaced 10% of sorghum grains which can be used 

effectively during dry season.   

 

Table 4 - Kinetics degradability of tested rations 

Term A B C 
ED 

0.02 

ED 

0.05 

ED 

0.08 
PD 

A 23.00a 63.64a 0.056a 69.80a 56.50a 49.10a 86.70a 

B 20.16b 63.54a 0.056a 67.10b 53.90b 46.50b 83.70b 

C 20.38b 59.59b 0.054a 63.90c 51.50c 44.60c 80.00c 

D 17.83c 58.12b 0.056a 60.80d 48.80d 42.10d 75.70d 

SEM 0.36 0.40 0.06 0.05 0.05 0.04 0.04 

a: Readily degradable fraction; b: slow degradable fraction; a+b: Potential degradability; c: Rate of degradability; ED: Effective degradation at 

three levels of rumen out flow rate; A: 0% of treated bagasse, B: contained 2.6% treated sugarcane bagasse which replaced 10% of sorghum 

grains, C: contained 5.2% treated sugarcane bagasse which replaced 20% of sorghum grains and D: contained 7.8% treated sugarcane 

bagasse which replaced 30% of sorghum grains,  SEM standard error of the mean: a-c means with different superscripts in the same column 

were significantly different (P≤0.05).  

 

CONCLUSION  
 

The values of DM digestibility and degradability of tested rations are within the range of moderate to high level of 

digestibility. Readily energy source must be added to treated bagasse in total mix ration to enhance ME content of 

treated bagasse which may improve digestibility. More study is needed to evaluate the treated sugarcane bagasse in 

total mix ratio in in vivo feeding trial and to approve the economic appraisal. 

Incubation time (hrs.) 
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ABSTRACT: This study investigated the chemical composition and sensory evaluation of meat of Tswana hens 

fed diets containing mopane worm (Imbrasia belina, Westwood) or Bambara groundnut (Vigna subterranea (L) 

Verde) or morama bean (Tylosema esculentum, Burchell A. Schreiber) as different protein sources under 

intensive management system. Sixty Tswana hens (25 weeks old) were bought from a local farmer and reared 

up to 38 weeks of age on diets containing T. esculentum or V. subterranea or I. belina and a commercial layer 

diet as a control. Experimental diets met the nutritional composition of control diet. Whole thighs, drumsticks 

obtained from the carcasses at week 28, 33 and 38 were deboned. The thigh, drumstick meat and bone were 

analysed for phosphorus (P), calcium (Ca) and potassium (K) using AOAC methods. Furthermore, boiled 2 x 5 cm 

portions of drumsticks, breasts and thighs were organoleptically assessed for flavour, odour, juiciness, 

tenderness and firmness by untrained panelists (15 males and 15 females) using a 5-point Likert scale. Bone P 

and Ca were high in all treatment diets at 28 weeks compared to 38 weeks of age. The meat DM, CP, P, Ca and 

K and bone P, Ca and K contents were not significantly affected by treatment diets.  Organoleptic quality from all 

treatment groups and across different ages received moderate (3.52) to good rating (4.13). In conclusion, 

Imbrasia belina (Mopane worm) or Vigna subterranea (Bambara groundnut) or Tylosema esculentum (Morama 

bean) can replace soybean meal in Tswana hens without compromising meat and bone chemical composition 

and also organoleptic qualities.  

Keywords: Crude protein, Minerals, Organoleptic Attributes, Protein Sources, Tswana hens 
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INTRODUCTION 

 

The main constituents of layer meat are water, protein and fat (FAO, 2003). Increases in collagen and elastin, the 

proteins forming the connective muscle tissues are related to the toughness of the meat of layer birds. Age and sex of 

a bird influence the fat content, as does a high caloric diet. Layer meat provides a good source of high quality protein, 

iron and phosphates and the B vitamins (riboflavin and niacin). The vitamin content of the meat is influenced to a 

large degree by the vitamin content of the feed consumed (FAO, 2003). 

Meat quality is a generic term used to describe properties and perception of meat that includes attributes such 

as carcass composition and the eating quality (Maltin et al., 2003). Consumer’s sensory evaluation of eating quality 

takes into account tenderness, juiciness and flavour of meat as the most important elements. Tenderness and 

juiciness contribute to meat texture and form the basis for poultry meat quality (Dransfield, 1995). The quality of 

meat is changed from birth and through the growth period until the meat is mature enough for consumption. 

Diet is an important factor in meat quality since it determines the quantity of fat that in turn affects meat flavour 

(Sokołowicz et al., 2016). Feed costs per unit increase in body weight are of great practical and economic importance 

in assessing the productivity of poultry meat. The major challenge of producing poultry meat goes to the cost of 

dietary protein (Rezaeipour et al., 2016); hence reduction of feed costs is a major concern for poultry producers. 

Poste (1990) stated that replacement of component of a maize soybean diet with a locally available alternative 

requires the assessment not only of the poultry performance and carcass chemical characteristics but also of the 

resulting meat quality. Since Imbrasia belina (Mopane worm) or Vigna subterranea (Bambara groundnut) or Tylosema 

esculentum (Morama bean) are consumed by human being, it could be assumed that these protein sources should 

also be an ingredients that could be included successfully in Tswana hen’s diets.  
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The protein content of Morama bean is 31.4 % while the oil content is twice as high as that of soya bean and is 

comparable to that of groundnut (Bower et al. 1988). Bambara groundnut is an indigenous African crop grown 

primarily for its seeds which are eaten fresh when semi ripe, as a pulse when dry and mature, or ground into a flour. 

Its crude protein is 17-25% (Belewu et al. 2008). Madibela et al. (2009) reported protein content of mopane worm to 

be about 56.8%. There is little information on chemical composition and organoleptic attributes of meat from Tswana 

hens fed diets formulated using local ingredients as protein sources under intensive system in Botswana. Therefore, 

a study was undertaken to investigate the composition and sensory evaluation of meat of hens fed diets with 

Imbrasia belina (mopane worm) or Vigna subterranea (Bambara groundnut) or Tylosema esculentum (Morama bean) 

as different protein sources. 

 

MATERIALS AND METHODS 

 

Study area 

The experiment was conducted at the Botswana College of Agriculture (now Botswana University of Agriculture 

and Natural Resources), Content farm at Sebele, located 10 km north of Gaborone (the capital city of Botswana) from 

February to May 2010. The study site is located on 25°56’ 29.1” east and 24°35’18.8” south at an altitude of 983 

metres above sea level (Manyeula et al., 2018). The average annual rainfall is 450 mm and average daily 

temperature 30°C (Aganga and Omphile, 2000). 

 

Birds and management 

A total of 60 normal feathered Tswana hens (15 birds per treatment) aged 25 weeks (point of lay) were fed diets 

containing I. belina, T. esculentum, V. subterranea and a commercial layer diet (control) up to 38 weeks of age. The 

hens were reared intensively and supplemented with maize before the start of the study. At the beginning of the 

study, hens were individually weighed and tagged, then were vaccinated against Newcastle disease and infectious 

bursal disease (IBD). Clean water and feed were provided ad libitum for 90 days. Birds were raised on a deep litter 

system and received 16 hours of light daily throughout the experimental period. 

 

Birds and slaughter  

Three Tswana hens from each treatment (one from each replicate) were slaughtered at 28, 33 and 38 weeks of 

age. A humane slaughter method was carried out at Botswana University of Agriculture and Natural Resources (BUAN) 

slaughter facility, which involved rendering the birds insensible by electrical stunning and thereafter cutting jugular 

vein to allow for bleeding. Following dressing, the carcasses were individually packed in polythene bags and kept in 

the freezer at -17°C for proximate and mineral analyses and sensory evaluation. 

 

Preparation of experimental diets 

Chemical analysis of the diets: Prior to diet formulation, proximate analysis of I. belina, V. subterranea and T. 

esculentum were determined by the method of AOAC (2005). Calcium (Ca) was analysed using Inductively Coupled 

Plasma Mass optical Emission Spectrometer (Optimal 2100DV Model) while phosphorus (P) was determined using 

Kjeldahl digestion by ultraviolet spectrophotometer (Shimadzu UV 160 pc model) (AOAC, 2005). Table 1 presents the 

chemical composition of the protein sources used in the formulation of diets (%DM). 

The protein sources were ground and mixed with other ingredients to formulate their respective mash diets. 

Diets were isonitrogenous (16% CP) and isocaloric (13 MJ/Kg) and were formulated to meet the nutritional value of 

the control diet (commercial layer diet) as recommended by National Research Council (1996). The T. esculentum 

and V. subterranea diets were supplemented with DL methionine and lysine to ensure that these amino acids were 

not limiting for egg production and quality. The feed mixer auger (pet 14, animal shredder hammer mill foliage TRF 

600) was used to mix different diets homogeneously. Ingredients used in the formulation of the different diets are 

shown in Table 2. 

 

Diet formulation 

Three experimental diets containing either roasted I. belina or dehulled T. esculentum and also dehulled V. 

subterranea as sources of protein were formulated using the Feed Mixer Computer Software (OSUNRC2002 model). 

Roasted I. belina was purchased from local farmers in Tsetsebye in Central district, dehulled T. esculentum from 

Letlhakeng in Kweneng district and dehulled V. subterranea was also purchased from the Botswana Agricultural 

Marketing Board in Gaborone. 

 

Bone and meat chemical analysis: The right hand thigh and drumstick portions were cut from the frozen 

chickens and deboned for meat and bone chemical analyses. Analyses were conducted for laboratory dry matter (DM; 

AOAC method no 930.15), organic matter (OM; AOAC method no 924.05) and crude protein (CP; AOAC method no 
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984.13). Bone and meat P was determined using UV spectrophotometer (Shimadzu UV 160 pc Model) while, bone 

and meat Ca and K were analysed using Inductively Coupled Plasma Mass optical Emission Spectrometer (Optimal 

2100DV model). 

 

Taste panel evaluation 

A day after slaughter of chickens, drumsticks, breasts and thighs were obtained, cut and cooked for one hour by 

boiling in water (Lewko et al., 2017). Thereafter, meat portions were cut into pieces of about 2 x 5 cm cubes and 

given to untrained panelists (15 males and 15 females) from BUAN to evaluate. The panellists were given guidelines 

on meat attributes and were asked to assess cooked meat sample for the six organoleptic attributes (i.e., odour, 

odour intensity, flavour, juiciness, tenderness and firmness) on Likert scale of 1 to 5, where odour was ranked from 

offensive to natural; odour intensity from odourless to strong; flavour from tasteless to very good; juiciness from very 

dry to very juicy, tenderness from very tough to very tender and firmness from very soft to very firm (Levie, 1979). 

 

Table 1 - Chemical composition of Zea mays (Z. mays), T. esculentum, V. subterranea and I. belina used in the 

present study. 

Parameter Z. mays T. esculentum V. subterranea I. belina 

Dry matter (%) 79.32±1.4 90.12±4.2 89.32±5.7 91.36±8.5 

Crude protein (%) 7±0.14 30±1.6 18±0.7 54±3.7 

Crude fibre (%) 1.0±0.14 17±3.2 4.1±0.02 8.1±0.01 

Crude fats (%) 4.1±0.07 40±2.3 5.9±0.5 13.9±2.1 

Ash (%) 0.7±0.07 1.2±0.2 1.1±0.2 5.4±0.1 

Calcium (%) 0.6±0.01 0.61±0.03 0.40±0.07 0.7±0.01 

Phosphorus (%) 0.3±0.02 0.46±0.01 0.65±0.002 0.45±0.02 

Gross energy (MJ/kg) 1.638±0.02 1.993±0.04 2.440±0.01 1.713±0.009 

 

Table 2- Ingredients and nutrients composition of experimental diets formulated from T. esculentum, V. 

subterranea and I. belina used in the present study 

Ingredients T. esculentum V. subterranea I. belina Control 

Yellow maize (%) 59 19 78 * 

T. esculentum (%) 37 0 0 * 

V. subterranea (%) 0 77 0 * 

I. belina (%) 0 0 18 * 

Dicalcium phosphate (%) 1.2 1.1 1.2 * 

Limestone (%) 1.1 1.2 1.1 * 

Iodized salt (%) 0.4 0.4 0.4 * 

Vat. Mineral premix (%) 0.1 0.1 0.1 * 

DL-methionine (98%) 0.6 0.6 0.6 * 

Lysine HCL (%) 0.6 0.6 0.6 0.6 

Calculated analysis     

Met. energy (MJ/kg) 1 13.68 13.38 13.18 13 

Crude protein (%) 16.01 16.09 16.1 16 

Calcium (%) 3.54 3.51 4.21 4.5 

Phosphorus (%) 0.91 0.82 0.99 0.5 

Determined analysis     

Dry Matter (%) 93.80±4.2 93.84±3.9 93.84 ±5.1 84±2.5 

Crude protein (%) 15.96±1.02 16.00±2.0 16.80±1.4 16±0.8 

*= Company confidential information. 1Estimated using a method by Oduguwa et al. (2000) that is: ME (Kcal/kg) = 37 x % CP + 81.8 x % EE + % 

NFE. 1 caloric = 4.184 joules 

 

Statistical analysis 

Chemical composition and sensory evaluation data were analysed using PROC GLM procedure of SAS (2010) as 

a completely randomized design. Bone and meat chemical composition data were analysed according to the following 

model: 
ijkijijjiijk SEWDWDY  )(  

Where ijkY response variables,   = population mean, 
iD = treatments effects, 

jW = week of age, 

 ijWD )( interaction of age and diets, 
ijE = experimental error, 

ijkS = Sampling error. Differences among treatment 

means were determined using the PDIFF option in the LSMEANS statement of the GLM procedure of SAS (2010). 

Sensory evaluation data were analysed using non-parametric multivariate analysis. The level of significance for both 

chemical, proximate composition and sensory evaluation was set at P<0.05. 
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RESULTS 

 

Repeated measures analysis showed significant (P<0.05) week × diet interaction effect on bone P and Ca with the 

exception of bone K (Table 3). Hens fed V. subterranea diet had the lowest (P<0.05) bone P concentration in all ages. 

At week 28, there was no dietary effect (P>0.05) on the concentration of P in the bone. Hens fed V. subterranea diet 

had lowest bone P contents in week 33. However, on week 38, hens fed T. esculentum and I. belina diets had higher 

(P<0.05) bone P content compared to other diets. Age (weeks) did not significantly affect bone Ca contents. 

Treatment diets did not significantly affect bone Ca contents at week 28 and 38. However, highest bone Ca contents 

was observed on hen fed T. esculentum diets at week 33. For bone K contents, there were neither age (weeks) nor 

treatment diet effects. 

Dietary treatments and age (weeks) did not influence (P>0.05) DM, CP, P, Ca and K contents of the meat. Meat 

from hens fed V. subterranea diet had significantly lower odour than those fed control diet but there was no 

significant difference in odour in meat from hens fed control diet, T. esculentum and I. belina diet at 28 weeks of age 

(Figure 1). At 33 and 38 weeks, diets did not influence (P>0.05) odour. Similarly, age (weeks) also did not affect 

odour in all diets. Generally, consumer panellists ranked the meat odour between 3.52 and 4.13 (i.e., moderate to 

good) in all treatment diets and across the ages. Dietary treatments and age (week) did not influence (P>0.05) meat 

odour intensity, juiciness and tenderness for the duration of the study (Figures 2 to 4). Generally, consumer panellists 

ranked the meat odour intensity, juiciness and tenderness moderate (3.52) in all treatment diets and across the 

ages. There was no difference (P>0.05) in flavour between hens fed treatment diets at 28 and 38 weeks of age. 

However, at week 33 meat from hens fed I. belina diet had significantly moderate (low) flavour compared to hens on 

control and V. subterranea diets. 

Also, no differences (P>0.05) in flavour between hens fed T. esculentum and I. belina diets were observed 

(Figure 5). Similarly, there were no significant (P>0.05) differences in meat flavour in all weeks from hens fed control, 

V. subterranea and T. esculentum diets. However, meat from hens fed I. belina diet had significantly (P<0.05) higher 

flavour at week 28 compared to 33 and 38 weeks. 

Diets did not influence (P<0.05) firmness at week 28 and 38. However, at week 33 meat from hens fed V. 

subterranea diets was more (P<0.05) firm compared to that of hens on control diet. Hens fed control, T. esculentum 

and I. belina diets had similar (P<0.05) firmness at week 33 (Figure 6).  Age (weeks) also did not affect firmness in 

the entire study periods. Generally, consumer panellists ranked the meat firm to slightly firm in all treatment diets and 

across the ages. 

 

Table 3 - Mineral composition (%) of bone of Tswana hens fed three protein sources (I. belina, T. esculentum and 

V. subterranea) raised under intensive system from 28 to 38 weeks of age 

Parameters Age (weeks) Control V. subterranea T. esculentum I. belina 

Phosphorus  

28 19.5±0.6ax 14.3±0.6bx 19.7±0.6ax 18.0±0.6ax 

33 17.3±0.6ay 15.0±0.6bx 16.3±0.6by 16.3±0.6by 

38 15.7±0.6ax 14.7±0.6bx 16.3±0.6ay 16.3±0.6ay 

Calcium  

28 45.1±2.0ax 42.7±2.0ax 45.4±2.0ax 41.7±2.0ax 

33 37.4±2.0bx 36.8±2.0bx 41.7±2.0ax 39.8±2.0bx 

38 37.0±2.0ax 38.0±2.0ax 48.7±2.0ax 37.0±2.0ax 

Potassium  

28 2.70±0.6 1.50±0.6 2.20±0.6 2.50±0.6 

33 1.50±0.6 1.90±0.6 2.60±0.6  2.40±0.6 

38 3.00±0.6 2.10±0.6 2.90±0.6 2.10±0.6 
abValues on the same row within the same parameter and different superscripts are significantly (P<0.05) different. xyValues on the same 

column within the same parameter and with different superscripts are significantly (P<0.05) different  

 

Table 4 - Mineral and proximate composition (%) of meat of Tswana hens fed three protein sources (I. belina, T. 

esculentum and V. subterranea) raised under intensive system from 28 to 38 weeks of age 

Parameters Age (weeks) Control V. subterranea T. esculentum I. belina 

Dry matter 

28 29.5±6.3 30.6±6.3 30.4±5.1 31.5±6.3 

33 28.4±5.1 28.8±5.1 26.2±5.1 30.6±5.1 

38 28.1±5.1 30.5±5.1 30.9±5.1 30.6±5.1 

Crude protein 

28 82.7±7.7 80.4±7.7 83.1±7.7 82.0±7.7 

33 78.0±7.7 73.0±7.7 56.7±7.7 78.0±7.7 

38 81.2±7.7 75.8±7.7 76.0±7.7 76.2±7.7 

Phosphorus 

28 3.1±0.6 3.1±0.6 2.7±0.6 3.2±0.6 

33 3.0±0.6 3.0±0.6 2.7±0.6 2.9±0.6 

38 3.7±0.6 4.2±0.6 3.5±0.6 3.1±0.6 

 28 4.2±0.7 2.8±0.3 2.5±0.1 2.9±0.1 

Calcium 33 3.2±1.3 3.0±2.2 3.0±1.7 3.1±0.6 

 38 3.9±1.5 4.2±1.7 3.6±1.0 2.7±0.4 

 28 3.1±0.6 3.1±0.6 2.7±0.6 3.2±0.6 

Potassium 33 3.0±0.6 3.0±0.6 2.7±0.6 2.9±0.6 

 38 3.7±0.6 3.1±0.6 3.5±0.6 3.1±0.6 
Values in the same column within the same parameter and with different superscripts are significantly (P<0.05) different. Values in the same 

row within the same parameter and with different superscripts are significantly (P<0.05) different 
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Figure 1 - Odour of meat of Tswana hens fed treatment diets at different ages at slaughter 
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Figure 2 - Odour intensity of meat of Tswana hens fed treatment diets at different ages at slaughter 

Diet*Age at slaughter; LS Means

Wilks lambda=.83018, F(36, 1381.6)=1.6615, p=.00861
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Figure 3 - Flavour of meat of Tswana hens fed treatment diets at different ages at slaughter 
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Figure 4 - Juiciness of meat of Tswana hens fed treatment diets at different ages at slaughter 
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Figure 5 - Tenderness of meat of Tswana hens fed treatment diets at different ages at slaughter 
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Figure 6 - Firmness of meat of Tswana hens fed treatment diets at different ages at slaughter 
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DISCUSSION 

 

Bone P content of Tswana hens fed control, T. esculentum t and I. belina diets in the current study is consistent with 

the findings of Moreki et al. (2011) who reported medullary bone P content of 16.87±0.34 in broiler breeder hens at 

35 weeks of age. The current results are also in line with Chiripasi et al. (2013) who fed guinea fowl diet containing I. 

belina and found that inclusion of I. belina in guinea fowl diet had no influence on bone Ca contents of guinea fowl. 

The decrease in bone P and Ca contents with age in this study is consistent with Valable et al. (2018) who reported 

the decline of percentage bone P and Ca with increasing age of chickens. The reduction in Ca is expected, as the hen 

requires Ca and P for egg shell formation during the laying period. The mean meat P content of Tswana chickens 

reported in the current study is slightly higher (3.0±0.3 vs. 2.57± 0.19) than that reported by Mareko et al. (2010) on 

broiler chickens fed 40% level of Phane as supplement. The DM value (26.1±5.1) in the current study is consistent 

with De Marchi et al. (2005) who reported DM of 25.90±0.78 on breast of 25 weeks old female padovada breeds of 

chicken in Italy. The mean meat CP contents in the current study (76.6±7.7) compares very well with the findings of 

Saina (2005) (75.4% CP) on guinea fowl raised under an intensive rearing system and fed 18% CP, 13MJ/kg broiler 

phase 2 mash diet. Similar observations were made by Nsoso et al. (2008) (80.23±0.84%) on 5 weeks old keets 

raised on concrete floor and fed broiler starter diets in Botswana. 

As illustrated in Figures 2 to 4, the taste panel scores for meat odour, flavour and juiciness did not show much 

differences across diets and ages. Odour and flavour received scores that averaged 4 (good odour and flavour) while 

juiciness received average score of 3 (moderate juiciness). This observation is supported by the earlier work of 

Mareko et al. (2006) who showed that guinea fowl meat had moderate to good odour. Mareko et al. (2010) reported 

that a higher percentage of panellists (41.67%) said that meat from broilers fed diets containing I. belina had a 

moderate odour. The present results are in agreement with Moreki et al. (2012) who fed guinea fowl diets containing 

maize, millet and sorghum as energy sources and reported that inclusion of cereal grain in guinea fowl diet did not 

influence organoleptic attributes of guinea fowl meat. It seems that feeding diets formulated with I. belina 

(Westwood), V. subterranea (L) Verde and T. esculentum (Burchell) Schreiber as sources of protein did not influence 

meat odour and flavour of Tswana hens. The observation that Tswana chickens meat received a moderate juicy rating 

in this study is in line with Mareko et al. (2006) who showed that over 66% of respondents felt that guinea fowl meat 

was moderately juicy when fed growers mash and reared on concrete and earth floors. Mareko et al. (2010) also 

reported moderate juiciness in broiler meat of chickens fed a diet containing I. belina. Similar findings were reported 

by Okeudo et al. (2006) in broiler chickens. Taste panel scores for odour intensity and tenderness in this study did not 

differ across diets and age. Odour intensity and tenderness received a moderate ranking that averaged 3 implying 

that diet supplemented with I. belina (Mopane worm) or V. subterranea (Bambara groundnut) or T. esculentum 

(Marama bean) did not affect odour intensity and tenderness of Tswana hens. 

 

CONCLUSION  

 

The bone P, Ca and K contents of Tswana hens raised under intensive system were not influenced by treatment diets. 

However, it was observed that these minerals decreased over time. Furthermore, dietary treatment had no influence 

on meat DM, CP, P, Ca and K of Tswana hens. Organoleptic properties of Tswana hens was not influenced by the 

incorporation of either I. belina or V. subterranea and also T. esculentum in the layer diets as protein sources. 
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ABSTRACT: A completely randomized study with three dietary treatments was undertaken at the National 

University of Lesotho Faculty of Agriculture farm. The three treatments were made up of control which had no 

access to winter mineral lick supplement and two treated groups made up of farm formulated and commercial 

winter lick. All animals had access to basal diet in the form of Teff [Eragrostis tef (Zucc.) Trotter]. The main 

objectives of the study were to assess the influence of supplementary feeding using winter mineral lick on 

sheep performance and on the utilization of teff. Also to compare both farm formulated and commercial 

winter mineral lick on the performance of sheep and utilization of eragrostis tef.  A total of 30 yearling sheep 

of similar body weight were used in this study and were housed in pairs. Dietary treatments and water were 

offered ad libitum while basal diet was pre-weighed on daily basis. The findings of this study indicated that 

dietary treatments had a significant (P<0.05) influence on feed intake, live weight and weight gain while there 

were no significant (P>0.05) difference on feed conversion ratios. The control group of animals had poor 

production performance than treated groups and animals were losing weight. Nutrients digestibility were 

statistically different amongst all the treatments whereby supplement groups had better nutrient utilization 

than the control group. Mean comparison test revealed that there were no significant difference between farm 

formulated and commercial winter mineral lick on production and digestibility parameters. Economic benefit 

analysis indicated that by using farm formulated winter mineral lick farmers can save up to 36% of feed costs. 

To further reduce the costs of farm formulated lick, there is need to consider non-conventional feeds such as 

brewery by-products in the formulation of lick. 

Keywords: Digestibility, Eragrostis Tef, Farm Formulated, Nutrient Utilization, Winter Mineral Lick 

O
R

IG
IN

A
L
 A

R
T
IC

L
E

 
P

II: S
2

2
2

8
7

7
0

1
1

9
0

0
0

1
3

-9
 

R
e

c
e

iv
e

d
: Ja

n
u

a
ry

 0
9

, 2
0

1
9

 

A
c
c
e

p
te

d
: F

e
b

ru
a

ry 1
7

, 2
0

1
9

  

R
e

vis
e

d
: M

a
rc

h
 2

5
, 2

0
1

9
 

 

INTRODUCTION 

 

A dry season in Lesotho is marked by periods of feed shortages resulting in general retardation in animal growth and 

production. Small ruminants diets in Lesotho are based on fibrous feeds: mainly mature unimproved pastures 

particularly at the end of the dry season and crop residues such as wheat straw, maize and sorghum stovers. These 

feeds are imbalanced particularly deficient in protein, minerals and vitamins and they are highly lignified with low 

digestibility (Habib et al., 2009;  Khattab et al., 2013; Gado et al., 2016 and Sheikh et al., 2018).  Not surprisingly the 

animals are malnourished to a great extent, especially during winter when the grazing land has limited quantities of 

forage. The lack of supplementary feeding practices by the farmers during this critical phase of production further 

exacerbated the low body condition scores and increased mortality of both lambs and their dams as well as increased 

reproductive failures. 

 In sheep, digestion is done with the help of rumen microbes particularly cellulolytic bacteria which convert 

structural carbohydrates into volatile fatty acids, carbonic acid and methane gas. Cellulolytic bacteria need a neutral 

pH between 6 and 9, while a pH less than 5.5 affects fiber digestibility (Castillo-González et al., 2014). The presence 

of extracellular cellulase enzymes is needed to break β-glycosidic bonds (1-4) of the biopolymer thereby providing 

sugars for use by microorganisms (Wedekind et al., 1988). Major microbial activities in the rumen involve 

multiplication and substrate degradation and the latter depends primarily on the availability of fermentable nitrogen, 

rumen un-degradable protein and readily available source of energy (Alvarez Almora et al., 2012). Factors that can 

lead to deficiencies of any of the three primaries can negatively affect digestion and digestibility of structural 

carbohydrates by the rumen microbes (Leng, 1991; Ushida and Jouany, 1990). 

http://www.science-line.com/index/
http://www.ojafr.ir/main/
mailto:nchelekuleile@gmail.com
mailto:www.ojafr.ir
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Urea is a form of non-protein nitrogen (NPN) and probably the most common source of fermentable nitrogen.  

Molassses on the other hand is a source of readily fermentable energy and it also acts as carrier of both urea and 

mineral supplements for ruminant animals (Hamed et al., 2012). Urea-molasses mineral blocks (UMMB) contains 

urea, molasses, salt, mineral mixture, bran and vitamins and can improve the utilization of low quality roughages by 

satisfying the requirements of the rumen microorganisms, creating a better environment for fermentation of fibrous 

material and increasing production of microbial protein and volatile fatty acids (Trishna et al., 2012). Urea after 

hydrolyzing into ammonia in the rumen provides a nitrogen source for rumen microflora which in turn improves the 

digestibility and utilization of fibrous feeds (Mengistu and Hassen, 2017; Azizi-Shotorkhoft et al., 2018 and 

Selthilkumar et al., 2018). Urea molasses supplement in sheep is effective in reducing the cost of supplementary 

feeds (Mubi et al., 2013). 

The successful utilization of UMMB as supplement for small ruminants on production, digestibility and 

reproductive performance was reported by a number of researchers (Mubi et al., 2013; Hatungimana and Ndolisa, 

2015; Gendley and Tiwari, 2016; Yatoo et al., 2016 and Mira et al., 2018). These researchers used UMMB as a 

supplement to improve utilization of poor quality basal diet and observed that UMMB had improved animal appetite, 

dry matter intake, milk production, body weight gain, feed conversion ratio, body condition score and digestibility.  The 

aim of the current study was to assess the influence of UMMB as a supplement for merino sheep during a dry season 

and to compare the effect of commercial and farm formulated licks on production performance and nutrient 

utilization. 

 

MATERIALS AND METHODS 

 

Ethical Approval  

The study met the animal welfare conditions standards for conducting animal science research set by the 

Faculty of Agriculture of the National University of Lesotho. 

 

Study site 

The study was conducted at the National University of Lesotho farm in Roma, some 34 kilometres southeast of 

Maseru, the capital of Lesotho. The Roma valley is broad and is surrounded by a barrier of rugged mountains which 

provide magnificent scenery. The climate of this area alternates between the hot and cold months. The winter being 

the coldest season and is experienced from May to July and temperature may drop as low as -10C, summer is the 

hottest season and is experienced from September to February and temperature can be as high as 280C. 

 

Experimental design and treatments 

The study was done using completely randomized design with three dietary treatments replicated five times.  

Dietary treatments were made up of control (sheep with no access to winter mineral lick), treatment one (sheep with 

access to commercial winter mineral lick) and treatment two (sheep with access to farm formulated winter mineral 

lick). Commercial winter mineral lick block was obtained from local animal feed supplier while farm formulated was 

mixed at the University of Lesotho farm using cold processing technique. Ingredients and their inclusion rates for farm 

formulated urea mineral block are shown below in Table 1.  

 

Table 1 - Dietary ingredients and binding materials of winter mineral lick 

Ingredients Inclusion rate (%) 

Molasses 35 

Urea 15 

Mineral mixture 2 

Salt 5 

Cement 13 

Wheat bran 30 

Total ingredients 100 

 

Animal management 

A total of (n=30) yearling male Merino sheep of similar live weight were used in this study where 10 sheep were 

allotted to each treatment. All animals were stall fed during the entire experimental period. Two sheep were housed in 

each pen which was cleaned regularly .The sheep were fed a pre- weighted basal diet daily (Table 2) made up of 

Eragrostis teff. Dietary treatments were offered ad libitum to sheep. Clean water was also given ad libitum. All routine 

management aspects for yearling sheep were observed. The feeding trial lasted for eight weeks including one week of 

adaptation period.  
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Table 2 - Basal diet (Eragrostis tef) chemical composition 

Constituents Percentages 

Dry matter 87.0 

Ash 5.00 

Crude Protein 8.50 

Crude Fiber 2.20 

Metabolisable energy (MJ/kgDM) 11.0 

Ether Extract 2.20 

Calcium 0.10 

Phosphorus 0.30 

 

Data collection 

Data collection for this study was divided into three major areas namely production, digestibility and economic 

data. 

 

Production data 

Animal production data such as feed intake, live weight, weight gain and feed conversion ratio (FCR) were 

collected on weekly basis using the following formulas; 

Feed intake = Total feed offered (kg) - Total feed refused (kg) 

Feed Conversion Ratio = Feed Intake/Body Weight 

Live Weight was determined by weighing the animals using Weigh Bridge 

Weight gain was calculated as the difference in weekly live weight of the sheep 

 

Digestibility data 

Digestibility data was used as proxy for nutrient utilization by sheep. Data was collected for dry matter and 

protein digestibility every two weeks using total collection method for faeces. Digestibility was measured as the 

difference between feed intake and fecal output. Protein content was determined on both basal diet and small 

sample of faeces. Fecal samples for each pen was collected for a week, weighed and dried in the oven for 24 hours 

at 700C. A small sample of dried faeces was analyzed for protein content using kjeldahl procedure. The following 

formulas were used in the computation of dry matter and protein digestibility. 

Dry matter digestibility = [(dry matter intake –fecal output) / dry matter intake] *100 

Protein digestibility = [(protein intake – fecal output) / protein intake] *100 

 

Economic benefits 

The cost per kg of the experimental diet was calculated by multiplying the percentage composition of the 

ingredients with the price per kg of each feed ingredient and summing all the ingredients costs. Total feed intake x 

cost per kg feed gave total feed cost. Feed cost per kg weight gain was calculated as FCR x cost per kg of diet.  

 

Data analysis 

Data was analyzed with the aid of Studentized range Package for Social Sciences (IBM SPSS, 2011) version 

20. Analyzes of variance (ANOVA) was used to determine the difference between the three dietary treatments. Least 

significant difference (LSD) at 5% was used to separate the means. 

 

RESULTS AND DISCUSSIONS 

 

Production parameters 

The influence of winter mineral lick block on yearling sheep performance results are shown in Table 3. 

According to the results the dietary treatment had a significant (P≤0.05) influence on feed intake, live weight and 

daily weight gain whereby sheep that had access to winter mineral lick performed better than sheep without access to 

mineral lick. This increased Eragrostis tef intake by the treated group of animals is due to the resulting intense 

microbial activities due to increased nitrogen supply from the winter mineral lick. Feed conversion ratio results did not 

differ significantly (P≥0.05) between the three dietary treatments. The mean comparison test on the other hand 

revealed that there was not significant (P≥0.05) difference between sheep fed commercial and farm formulated 

winter mineral lick block. These results also highlighted the importance of supplementary feed because animals that 

were not given supplementary feeding (control group) had lower feed intake, live weight and daily weight gain 

compared to the supplemented groups. Sheep under control treatment were losing weight at the rate of 40g per head 

per day while animals receiving supplementary feeding were gaining an average weight of 38gram per head per day.  
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Data on weekly basis (Figures 1 to 2) also proved that animals that had access to winter mineral lick had 

higher feed intake and better live weight change across the entire experimental period. It was also observed from the 

current study that animals that did not have access to dietary treatment started losing weight linearly across all the 

weeks and this was also the similar case with feed intake which also declined linearly between week one and week 

four. These results indicated that the use of winter mineral lick had a significant influence on the utilization of 

Eragrostis tef whereby it increased the feed intake of treated group by 32% over the control group.  

The findings of the current study are supported by the findings of Peterson et al. (1981); Tiwari et al. (1990); 

Nyarko et al. (1993); Tiwari et al. (2008); Chanjula and Ngampongsai (2008); Ali et al. (2009); Hatungimana and 

Ndolisha (2015); Mira et al. (2018) and Mengistu and Hassen (2018) who recorded an increase in dry matter intake 

by animals that received supplementary feeding in the form of winter mineral lick block than animals that were not 

offered supplementary feeds. The positive effect of winter mineral lick results on live weight maintenance and gain 

was confirmed by a number of researchers (Chen, 1993; Hadjipanayiotou et al., 1999; Zhang et al., 1999;  Aganga et 

al., 2005; Mubi et al.,  2012;  Gendley and Tiwari, 2016; Yatoo et al., 2016;  Baa  et al., 2018 and Mengistu and 

Hassen, 2018) who found that animals that were supplemented with multi nutrients block significantly gained more 

weight than the control group which subsequently lost weight at the same time.  

 

Table 3 - The effect of winter mineral lick on sheep performance 

Parameters 
Treatments Significance 

Control Commercial Own formulate P1 CV2 

Feed Intake(kg) 0.739a 1,047b 1,081b 0.001 3.29 

Live weight (kg) 20.5a 22.5b 23.0b 0.001 6.34 

FCR3 (kg/kg) 1.26 1.49 1.64 0.200 3.95 

Weight gain (kg) -0.04a 0.038b 0.041b 0.001 2.44 

a, b, Means in rows with different superscripts differ significantly (P<0.05); 1 Probability level at 0.05% 2 Coefficient of Variation; 3 Feed Conversion 

Ratio (gram feed/gram weight gain) 

 

 

 
Figure 1 - Weekly feed intake 

 

 

 
Figure 2 - Weekly live weight change 
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Nutrient digestibility 

The comparison of farm formulated and commercial winter mineral lick on teff digestibility results are 

summarized in Table 4 below. The results showed that there were significant (P≤0.05) differences between treatment 

means in terms of Eragrostis tef dry matter and protein digestibility. The results also illustrated that there were 

significant (P≤0.05) difference between the control group and the two supplemented treatments in terms of teff 

digestibility and utilization whereby the control group had lower dry matter and protein digestibility. The mean 

comparison test results however, pointed out that there were no significant (P≥0.05) differences on teff dry matter 

and protein digestibility between both farm formulated and commercial winter mineral lick. The implication was that 

farm formulated winter mineral lick quality was good because it was able to give similar results to the commercial 

lick. The results on the influence of winter mineral lick supplementation on the utilization of teff highlighted that 

supplementary diet improved the utilization by thirty-two percent. The findings of the current study are in line with the 

findings of Garg and Gupta (1991); Khattab et al. (2013); Magalhaes et al. (2013) and Mengistu and Hassen (2018) 

who reported that supplementation of sheep with winter mineral lick improves the utilization and digestibility of low 

quality forages and maize stover. These results validated the theory that the use of winter mineral lick block improved 

the utilization and digestibility of low quality fodder in yearling sheep because the sheep that were not supplemented 

had poor utilization of Eragrostis tef. 

 

Economic benefits 

Economic benefits analysis results (Figure 3) indicated that the cost of 40kg commercial urea mineral lick was 

M255.00 while the cost for ingredients used in the formulation of own formulated urea mineral lick was M162.00. 

This implies that there was a reduction cost of 36% that was saved when using own formulated urea mineral lick as 

compare to buying commercial urea mineral lick. 

 

 
Figure 3 - The economic benefits of using farm formulated lick 

 

 

Table 4 -  The effect of winter mineral lick on Eragrostis tef nutrients digestibility 

Parameters 
Treatments Significance 

Control Commercial Own formulate P1 CV2 

Dry matter digestibility 54.07a 63.02b 63.09b 0.001 7.31 

Protein digestibility 61.07a 70.02b 70.09b 0.001 6.55 

a, b, Means in rows with different superscripts differ significantly (P<0.05); 1 Probability level at 0.05%; 2 Coefficient of Variation 

 

 

CONCLUSIONS 

 

It can be concluded from the results that supplementary feeding especially during the dry season is very important for 

maintaining live weight of yearling sheep in Lesotho. The use of winter mineral lick block was able to maintain live 

weight, improved feed intake and utilization of Eragrostis tef and improved live weight gain by sheep. The adoption of 

formulating own mineral lick block also proved to be very important aspect that can help farmers to reduce their 

supplementary feeding by as much as thirty- six percent. The use of winter mineral lick block as a supplement also 

improved the digestibility and utilization of Eragrostis tef during the dry season by thirty-two percent which without the 

supplement (winter mineral lick block) would not be able to maintain live weight of yearling sheep.  
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