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ABSTRACT 

The histology of visceral organs from singed Red Sokoto goats were assessed for reliability for use as 
histopathological samples from singed abattoir specimen. This becomes important as samples for 
histopathology and histology of goats in Nigeria have been sourced from singed carcasses, with no 
available literature reporting on the effect of singeing on the histological appearance of tissues from such 
sample. Hence, this study will fill this knowledge gap. The unfixed samples post-singeing were grouped 
into time periods of an hour interval up to 3 hours. They were subsequently fixed after allocated tie 
framed and processed for histological observation. The slides were graded on a scale of 1 to 3, where 1 
referred to highly distorted, 2 referred to moderately distorted and 3 referred to mildly distorted. The 
samples from unsigned viscera that were fixed immediately served as control. Most of the visceral organs 
showed moderate distortions, except the intestines which degenerated to highly distorted architecture 
after 3 hours. The stomach compartments displayed normal organ structure similar to the control 
samples.  Blood extravasations were observed in most of the organs. This project shows that samples 
from singed carcasses that are fixed within 2 hours post-singeing are stable for histology or 
histopathological studies. It also implied that abattoir samples for histopathogy should be sent to the 
nearest laboratory about 2 hours radius for fixation and processing to generate reliable data. 
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INTRODUCTION 
In Nigeria and several other African countries, 
singeing in an open fire is the major process by 
which hair on the skin of slaughtered goat is 
removed (Okubanjo,1997; Obiri-Danso, 2008; 
Omojola et al, 2012). This is because singeing 
maintains the carcass hide for consumption and 
evokes flavor in the meat which is acceptable to 
the consumers (FAO, 1985). 

Singeing possesses antimicrobial and anti - 
parasitic potentials. Palumbo et al. (1999) 
reported that although singeing is undertaken to 
help facilitate removal of hair, an advantage of 
effective singeing is that it helps to reduce 

bacterial numbers on the carcass surface. 
Effective singeing can result in almost complete 
removal of skin-surface contamination 
(Berendset al., 1997). This is possible because 
heat generated during singeing can destroy both 
surface parasites and microbes that survive the 
slaughter animal. Omojola and Adesehinwa 
(2006) reported that singeing is one of the 
paramount post-slaughter processing methods 
of animal carcasses known to affect physical, 
chemical and organoleptic properties of meat 
used from small-stocks such as sheep and goats 
and recently cattle carcass. Even the use of some 
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materials like motor tyres and plastics as fuel 
source for the singeing process have been 
reported to contaminate the meat with heavy 
metal (Kalu et al., 2014). These may 
inadvertently affect the histological appearance 
of sample collected hence the need for this 
study. 

Whereas, most samples for histopathology and 
histology of goats in Nigeria have been sourced 
from singed carcasses (Omojola and 
Adesehinwa, 2006). There is no information from 
available literature on the effect of singeing on 
the histological appearance of tissues from such 
sample. Hence, this study will fill this knowledge 
gap. 

The research questions intended to be answered 
by the end of this project include, does singeing 
of goat carcass have any effect on the 
histological appearance? If yes, to what extent? 
Does duration between collection of sample and 
fixation affect histological appearance of 
samples from singed carcass? If yes, to what 
extent? 

The work is aimed at studying the effect of 
singeing on histological appearance of some 
goat visceral organs and comparing the effect of 
time of post sample collection fixation on the 
histological appearance of tissue from singed 
goat carcasses. This result will ascertain the 
extent of reliability of such samples for histology 
and histopathology.  

 
MATERIALS AND METHODS 

Tissue samples were collected from Red Sokoto 
goats (Capra hirrcus) at the abattoir in Ahiaeke 
goat market, Umuahia, southeastern Nigeria. 
The samples were from unsigned freshly 
slaughtered to serve as control and referred to 
as group 1; while the other samples were from   
singed freshly slaughtered goats (Fig. 1). The 
goats were clinically certified to be apparently 
healthy before slaughter. The samples were 
quickly transported in clean sample bottles to the 
laboratory in 5 minutes. The samples collected 
were lungs, mesenteric lymph nodes, spleen, 
liver, kidney, Abomasum, omasum, reticulum, 
rumen, jejenum, duodenum, colon and ceacum. 

Small pieces of the samples were immediately 
fixed in neutral buffered formalin in the 
laboratory referred to as group 2, while the bulk 
of the original specimen was kept unfixed. After 
one hour, small sections of these unfixed 
samples were cut and fixed with same fixative 
(group 3); after two hours small pieces from the 
unfixed samples were fixed in same fixative 

(group 4); and  three hours small pieces again 
were taken from the unfixed bulk and fixed in 
same fixative (group 5). After 48 hours, the 
tissues were passed through graded ethanol, 
cleared in xylene, impregnated at 600C and 
embedded in the paraffin wax. Sections 5mm 
thick were obtained with Leitz microtome model 
1512. They were stained with haematoxylin and 
eosin for light microscopy (Bancroft and Stevens, 
1990). The slides were examined with Olympus 
microscope (insert model number and country of 
production). The qualities of the stained sections 
from the singed samples were graded according 
to Nlebedum et al., (2013) using these criteria: 
general organ microscopic architecture, cell 
morphology, and state of the epithelium. They 
were graded on a scale of 1 to 3, where 1 
referred to highly distorted, 2 referred to 
moderately distorted and 3 referred to mildly 
distorted. Photomicrographs of selected sections 
were taken with Novel digital microscope model 
DN-10. 

 

RESULTS 
Kidney 
Tissue section from Group 2 presented a 
moderately distorted general organ microscopic 

architecture (Fig. 2; Table 1) as seen in the high 
extravasation of blood within and around the 
profiles of the tubules and glomeruli. At higher 
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magnification, the nuclear morphology and 
epithelial covering the convoluted tubules were 
not distorted, hence a grading of 2. The tissue 
sections from Group 3 presented moderately 
distorted general organ microscopic architecture 
such as high extravasation of blood within and 
around the profiles of the tubules and glomeruli. 
At higher magnification, the nuclear morphology 
and epithelial covering the convoluted tubules 
were not distorted; hence a grading of 2.The 
tissue sections from Group 4 presented a 
moderately distorted general organ microscopic 
architecture (Fig.3) as seen in the 
highextravasations of blood within and around 
the tubules and glomeruli. At higher 
magnification, the nuclear morphology and 
epithelial covering the convoluted tubules were 
not distorted, similar to the control sections, 
hence a grading of 2 (Table 1). The tissue 
sections from group 5 presented a moderately 
distorted general organ microscopic 
architecture, as seen in the highextravasations 
of blood within and around the profiles of the 
tubules and glomeruli. At higher magnification, 
the nuclear morphology and epithelial covering 
the convoluted tubules were not distorted, hence 
a grading of 2. 

Spleen 
Tissue sections from Group 2 presented a 
moderately distorted general organ microscopic 
architecture (Fig. 4) as seen in the 
highextravasations of blood in the organ 
parenchyma. However, cellular morphology of 
the cells of the white and red pulp, as well as the 
intact capsule and vascular endothelium were 
not distorted, hence the grading of 2 (Table 1). 
Sections from Group 3 presented a moderately 
distorted general organ microscopic architecture 
as seen in the extravasations of blood in the 
organ parenchyma and the entire organ.  
However, cellular morphology of the cells of the 
white and red pulp, as well as the intact capsule 
and vascular endothelium were not distorted, 
hence the grading of 2. Group 4 presented a 
moderately distorted general organ microscopic 
architecture. However, cellular morphology of 
the cells of the white and red pulp (Fig. 5), as 
well as the intact capsule and vascular 

endothelium were not distorted; hence the 
grading of 2.Tissue sections from Group 5 
presented a moderately distorted general organ 
microscopic architecture as seen in the 
extravasations of blood in the organ parenchyma 
and the entire organ. However, cellular 
morphology of the cells of the white and red 
pulp, as well as the intact capsule and vascular 
endothelium were not distorted, hence the 
grading of 2. 

Liver 
General organ microscopic architecture of tissue 
sections of the liver from Group 2 were mildly 
undistorted (Fig. 6), including the cellular 
morphology of the hepatocytes and kupffer cells. 
The central vein and portal triad were normal. 
The covering capsule and vasculature, especially 
the sinusoids, were normal hence a grading of 3 
(Table 1). The sections from Group 3 appeared 
normal hence a grading of 3. The Group 4 
sections were also normal (Fig. 7), hence a 
grading of 3. The normal general organ and 
cellular architecture was seen in the group 5, 
hence a grading of 3. 

Lymphnode 
Tissue sections from Group 2 presented a mildly 
distorted general organ microscopic architecture 
(Fig. 8) as seen by the mild extravasations of 
blood within the entire organ. At higher 
magnification, cellular morphology of the cells of 
the lymph nodules as well as the covering of 
capsule and vascular endothelium appeared 
mildly distorted, hence a grading of 3. Tissue 
sections from Group 3 presented a mildly 
distorted general organ microscopic architecture 
seen by the slight extravasations of blood within 
the entire organ. At higher magnification, cellular 
morphology of the cells of the lymph nodules as 
well as the covering of capsule and vascular 
endothelium appeared normal, hence a grading 
of 3.Tissue sections from Group 4 presented a 
mildly distorted general organ microscopic 
architecture (Fig. 9) as seen by the slight 
extravasations of blood within the entire organ. 
At higher magnification, cellular morphology of 
the cells of the lymph nodules as well as the 
covering of capsule and vascular endothelium 
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appeared normal, hence a grading of 3. Group 5 
presented a mildly distorted general organ 
microscopic architecture as seen by the slight 
extravasations of blood within the entire organ. 
At higher magnification, cellular morphology of 
the cells of the lymph nodules as well as the 
covering of capsule and vascular endothelium 
appeared normal, hence a grading of 3. 

Lungs 
Tissue sections from Group 2 presented a mildly 
distorted general organ microscopic architecture 
(Fig. 10) as seen by the slight extravasations of 
blood. However, at higher magnification, the 
cellular morphology appeared normal as did the 
epithelial lining of the bronchioles, hence a 
grading of 3.The microscopic architecture of 
Group 3 at low magnification presented 
moderately distorted general organ morphology 
as seen by the increase in extravasations of 
blood within the organ. However, at higher 
magnification, the cellular morphology appeared 
almost normal as did the epithelial lining of the 
bronchioles, hence a grading of 2. The 
microscopic architecture of Group 4 sections 
presented moderately distorted general organ 
morphology at low magnificationas seen by the 
increase in extravasations of blood within the 
organ (Fig.11).  However, at higher 
magnification, the cellular morphology appeared 
normal as did the epithelial lining of the 
bronchioles, hence a grading of 2. The Group 5 
sections presented moderately distorted general 
organ morphology as seen by the increase in 
extravasations of blood within the organ. 
However, at higher magnification, the cellular 
morphology appeared normal as did the 
epithelial lining of the bronchioles, hence a 
grading of 2. 

Stomach  
Tissue section from Group 2 presented 
undistorted general  morphology of the rumen 

as seen in the presence of the conical papillae 
projecting from the luminal surface of the organ 
and the lamina propria-submucosa (Fig. 12). At 
higher magnification, the cellular morphology 
and epithelium of the conical papillae appeared 
good, hence a grading of 3. Tissue section from 
Group 3 presented undistorted general 
morphology of the rumen hence a grading of 3. 
Tissue sections from Group 4 presented 
undistorted general morphology of the rumen as 
seen in the presence of the conical papillae 
projecting from the luminal surface of the organ 
and the lamina propria-submucosa (Fig. 13). At 
higher magnification, the cellular morphology 
and epithelium of the conical papillae appeared 
normal similar to the control group, hence a 
grading of 3.Tissue section from Group 5 
presented a good general gastrointestinal tract 
morphology, hence a grading of 3. 

While similar histological observations were 
observed in the other fore-stomach including 
reticulum and omasum hence a grading of 3, the 
abomasum showed slight organ distortion hence 
a grading of 3 (Table 1). 
 
Intestines  
Tissue sections from Groups 2 (Fig. 14), 3 and 4 
(Fig. 15) each, presented moderate distorted 
general morphology of the jejunum as seen in 
the slight erosions of their villi and the 
extravasations of blood in their mucosa. At 
higher magnification of each of the mentioned 
groups, the cellular morphology at the base of 
the intestinal crypts appeared normal, hence, 
Groups 2, 3 and 4 were graded 2. Tissue sections 
from Group 5 presented highly distorted general 
morphology of the small intestine as seen in the 
autolysis of its villi and the extravasations of 
blood in the mucosa, hence a grading of 1.These 
observations were also seen in the duodenum, 
colon and caecum (Table 1). 
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Fig.1: Singeing of goat in progress 

 

 

 

 
 

 
 

 

 

 

 

Fig. 2: Transverse section of kidney from the singed goat 
fixed immediately (Group 2) showing  fairly good cellular 
morphology but slight organ architecture distortion due to 
presence of blood extravasation (black arrow). Note simple 
squamous cells of Bowman’s capsule(white arrow)within the 
glomerulus(G), the simple cuboidal cells(black arrow head) of 
the convoluted tubules(CT).H&E (Scale bar = 40µm). 

 

Fig.3: Transverse section of  kidney fixed 2 hours post-singeing 
(Group 4) showing simple cuboidal cell of the convoluted 
tubules (CT), and high extravasation of blood(black arrow). H& 
E (Scale bar = 40µm). 
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Fig. 6:Transverse section of  liver from singed goat fixed immediately (Group 2) showing normal general organ microscopic 
architecture.Note the hepatocytes  in the Hepatic Parenchyma(HP) and Central Vein(CV). H & E (Scale bar = 20µm). 

 

CV 

HP 

Fig.4:Transverse section of Spleen from singed goat fixed 
immediately (Group 2) showing organ microscopic architecture 
distortion including extravasation of blood(black arrow) seen 
within the entire organ.Note the Red pulp(RP),White pulp(WP) 
and Splenic trabeculae(ST). H & E (Scale bar = 20µm). 

 

Fig.5:Transverse section of Spleen from a singed goat fixed after 
2 hours (Group 4) showing organ microscopic architecture 
distortion resulting from the high extravasation of blood(black 
arrow) seen within the entire organ.Note the Red pulp(RP) and 
White pulp(WP).H & E (Scale bar = 20µm). 
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Fig.7: Transverse section of  liver from singed goat fixed after 2 hours (Group 4) showing normal general organ microscopic 
architecture. Note the Hepatocytes  in the Hepatic Parenchyma (HP), sinusoid (black arrow), and Central Vein(CV) .H & E (Scale 
bar = 20µm). 

 

 
Fig.8: Transverse section of  Lymph node  from a singed goat fixed immediately (Group 2) showing normal organ microscopic 
architecture distortion.Note the lymphoid nodule germinal centren(G),cortex(C),capsule(black arrow) and  medula (M). H & E 
(Scale bar = 10µm). 
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Fig. 9: Transverse section of  Lymph node  from a singed goat fixed after 2hours (Group 4) showing moderately distorted organ 
microscopic architecture. Note the germial centre (G) and capsule (black arrow). H & E (Scale bar = 10µm). 

 

 

 

 
Fig.10: Transverse section of lung tissue from singed goat fixed immediately (Group 2) showing moderately distorted organ 
microscopic architecture resulting from slight extravasation of blood(black arrow).Note therespiratory bronchiole(RB) and 
alveolar sac(A).H & E (Scale bar = 20µm). 
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Fig.11: Transverse section of  lung tissue from singed goat fixed after 2 hrs (Group 4) showing moderately distorted organ 
microscopic architecture resulting from slight extravasation of blood(black arrow).Note the showing respiratory bronchiole (RB) 
and alveolar sac (A).H & E (Scale bar = 20µm). 

 

 
Fig.12: Section of rumen from a singed goat fixed immediately (Group 2) presented undistorted general morphology of 
rumen.The lamima propia-submucosa(LP-SM) and muscularis externa (ME).H & E (Scale bar = 10µm). 
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Fig.13: Section of rumen from a fixed 2 hours post-singeing (Group 4) presented undistorted general morphology of the 
rumen.The Conica papillae (double headed arrow),lamima propia-submucosa (LP-SM) and muscularis externa (ME ). H & E 
(Scale bar = 10µm). 

 

 
 

 
Fig.14: Section of Jejenum from a singed goat fixed immediately (Group 2) showing distorted organ microscopic architecture 
resulting from the lost of villi in the intestinal lumen (L).Note the Submucosa (SM),muscularis externa (ME), and  intestinal 
glands (G). H & E (Scale bar = 20µm). 
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Fig.15: Section of Jejenum from the singed goat after fixed  2hours (Group 4) showing distorted organ microscopic architecture 
resulting from the lost of villi.Note the Submucosa (SM),muscularis externa (ME), and intestinal glands (IG). H & E (Scale bar = 
20µm). 

 

 

ORGAN 
Fixation of Unsinged 
Freshly Slaughtered  

  
 TIME Of FIXATION POST SINGING 
  

  Control (Group 1) 
0 hour 
(Group 2) 

1hour 
(Group 3) 

2hours 
(Group 4) 

3hours 
(Group 5) 

kidney 4 2 2 2 2 
spleen 4 2 2 2 2 
liver 4 3 3 3 3 
Lymph 
node 4 3 3 3 2 
Lungs 4 3 2 2 2 
jejunum 4 2 2 2 1 
duodenum 4 2 2 2 1 
colon 4 2 2 2 1 
ceacum 4 2 2 2 1 
Abomasum 4  4  3  3  3 
Omasum 4  4  4  4  4 
Reticulum 4  4  4  4 4 
Rumen 4  4  4  4 4 

Table 1. Showing graded organ assessment for the different groups 
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DISCUSSION 
The general architecture of the organs from 
singed goat under study showed a reflection of 
their physiologic content and function. Most 
parenchymatous visceral organs like the liver 
and kidney containing relatively good content of 
connective tissue fibres had good histologic 
appearance whilst intestinal sections like colon 
duodenum with possible high content of 
digestive enzymes showed rapid degeneration 
especially their luminal epithelium. This was 
contrasted by the fore-stomach compartments 
whose histology remained very similar to 
unsingedsamples.  

The spleen filters blood,destroys effete 
blood,stores blood and reacts immunologically to 
blood borne antigen (Junqeiro and Carneiro, 
2003; Michael and Wojciech, 2006).The red 
appearance of the red pulp seen in the fresh and 
histologic sections from the singed goat may 
reflect large numbers of red blood cells (Michael 
and Wojciech,2006).The physiologic function of 
the spleen predisposes it to extravasations of 
blood.The large blood volume of the goat, 
contraction of the abundant smooth muscle of 
the capsule and trabeculae and, other multi 
factorial underlying factors may be responsible 
for the high hemorrhage observed in the spleen 
(Kranen et al, 2000; Gregory et al, 2011). 

The lymph node is an important site for 
phagocytosis and initiation of immune 
responses. They serve as filters through which 
lymph percolates on its way to the blood vascular 
system (Michael and Wojciech 2006). The slight 
extravasations of blood seen may probably be 
due to the physiologic role of the lymph nodes. 
Autolysis starts as soon as an animal dies 
(Brodersen, 2011).The progressive loss of some 
portion of the lymph node evident at the 4th 
hour was probably due to cell and extracellular 
micro-organism action exacerbated by the 
elapsed time in fixing the tissue which is similar 
to  its physiologic reaction and observations of 
Bancroft and Gamble (2002). 

The kidney parenchyma exists to provide service 
to blood by removal of waste product in it (Singh, 

2006). The kidneys are highly vascular organs 
and they receive approximately 25% of the 
cardiac output (Michael and Wojciech 2006). The 
high extravasation of blood seen within and 
around the profiles of the tubules and glomeruli 
may have resulted from the rupture of any of the 
vessels and also may have resulted from 
increase in venous blood pressure or agonal 
changes that occur in tissues immediately before 
death or following cessation of vital organs 
resulting in vascular congestion veins (Kranen et 
al., 2000). 

The lung has both pulmonary and bronchial 
circulations (Michael and Wojciech 2006). It has 
rich network of blood capillaries (Singh, 2006). 
The lung has the best developed capillary 
network in the body with capillaries between all 
alveoli including those of the respiratory 
bronchioles.The slight extravasation of blood 
seen in the tissue fixed immediately and the 
subsequent increase in extravasation with time 
for tissues fixed afterwards may be due to 
sudden drop in blood pressure after death that 
ultimately affected the partial pressure between 
oxygen and carbon IV oxide within the alveoli 
needed to control blood flow or cessation of vital 
function as observed by (Young and 
John.2000;Gregory,2004). 

The liver is unique among other organs because 
it receives its major blood supply (about 75%) 
from the hepatic portal vein. The remaining 25% 
of its blood supply is from hepatic artery.The 
efficiency of the liver acinus in coordinating 
blood perfusion, metabolic activity and liver 
pathology probably explains why there were no 
obvious hemorrhage seen on the liver tissue of 
the singed goat. 

The ruminant stomach consists of four 
compartments: the rumen, the reticulum, the 
omasum and the abomasum. The first three 
comprise the fore stomach and have non–
glandular mucous membrane lined with stratified 
squamous epithelium while abomasum has a 
glandular mucous membrane (Sisson and 
Grossman, 1975). The abomasum showed a 
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progressive autolysis of the mucosa which may 
be due to the presence of the gastric glands in 
the abomasum whereas the reticulum, omasum 
and rumen showed good gastro intestinal 
morphology which may be due to the type of 
epithelium lining their mucosa  

Tissue section from duodenum, jejunum, colon 
and caecum of the singed goat did not show 
much post mortem changes clearly shown by the 
good cellular morphology of the villi epithelium. 
This is different from the observation of 
Kruniningen (1998) in which he recorded that 
villous epithelial cells separated from the 
membrane within 5 to 10 minutes after death 
and the progressive spread of autolysis from the 
tip of the villi within minutes after death to the 
mucosa with time.The increase in body 
temperature and the delay in fixing the tissue 
due to singeing may not have affected the tissue 
histological integrity a lot.  

In conclusion irrespective of the method of 
slaughtering, hemorrhage may be induced prior 
to or during slaughter as well as a result of multi 
factorial underlying causes Allotted time for 
exsanguination cannot rid the carcass of its 
blood completely. Early fixation helps in arresting 
autolysis and in making sample good for histo-
pathologic study. 

Singeing of carcass allows for coagulation of 
blood within the blood vessel and extravasations 
of blood seen in highly vascularised organs while 
post sample collection time and fixation time 
delay creates conducive environment for 
autolysis to occur in tissue sample not fixed. The 
seemly moderately good general morphology of 
most of the samples fixed at 3 hours allows for 
collection of samples from neighboring states to 
the laboratory for histopathologic study so long 
as it is within 3 hours allowing for post sample 
collection especially in situations of avoidable 
delays. 
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