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ABSTRACT: Consumption of meat is considered a vital source of essential amino acids, vitamins and minerals
which makes it a critical dietary requirement for humans and other organisms. However, in Sub Saharan Africa,
despite accounting for a large chunk of livestock production, it is in short supply due to poverty and cultural practices.
Hence, encourages the demand and consumption of other meat products such as singed ruminant hide and skin. This
study was carried out to evaluate the effect of singeing on bacterial population of hides and skin of cattle, camel,
goat and sheep sold for human consumption in the seven North-western states of Nigeria using standard methods.
Data obtained for the bacteria load showed that the highest mean count for singed hides and skins of cattle, camel,
goat and sheep mean log;o CFU/g;5.10+0.13, 5.08+0.10, 5.06+0.05 and 5.05+0.09 respectively which were less than
the unsigned (control), mean log;o CFU/g5.71£0.02, 5.70+0.03, 5.71+0.02 and 5.69+0.08. The high occurrence of
bacteria was slightly within unacceptable limits for the ruminant hides and skin sampleslog;o CFU/g; cattle: 5.22
camel: 5.19, goat: 5.23 and sheep: 5.19. This require urgent mitigation as it is slightly contaminated. However, the
lower bacterial counts taken for ruminant sampleslog;o CFU/g; cattle: 4.82, camel: 4.83, goat: 4.84 and sheep: 4.79
were all within the marginal acceptable standard. Succinctly, 60% of the ruminant hides and skin samples require
correctional measures whereas, 40% were out rightly contaminated. Hence, urgent action is needed across the
abattoirs of Northwestern states of Nigeria to curtail the tide of unsafe hides and skin consumptions. Conclusively,
the study established as thus; significantly, Singeing reduces (p < 0.05) the bacterial load on ruminant hides and skin
and all samples were considerably high and exceeding the WHO satisfactory level.
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Consumption of meat is considered a vital source of
essential amino acids, vitamins and minerals which
makes it a critical dietary requirement for human and
other organisms (Ahmed, 2014). In the least developed
countries with high rates of population growth, meat
consumption has been growing rapidly, notably in Sub
Saharan Africa where ruminant accounts for the bulk
of additional consumption in the region (OECD/FAO,
2016). Meanwhile, Sub Saharan Africa despite
accounting for large chunk of livestock production, it
is in short supply due to poverty and cultural practices
which in turn encourages demand and consumption of
other Meat products such as hides and skins that is
ideally associated with leather industries for
production of shoes, bags, belts and other leather
works (Leach and Wilson, 2009 and Woko, 2019).

Despite benefits associated with meat, it has been an
established conduit for spreading of food-borne
ailments due to its high water activity, high protein
content, and approximately neutral pH, which create
favourable conditions for the thrive and survival of
bacteria (Jajaet al., 2018).Singed ruminant hides and
skins are generally known as “Ganda” in Northern
Nigeria, “Ponmo” in Southern Nigeria and “Welle” in
Ghana. It is quite a popular delicacy in several parts of
West Africa, and in most West African enclaves
within European countries such as the United
Kingdom (Mensah et al., 2019). Singeing ruminants
proceed in West Africa with application of fuel wood
as major fuel supplier and other alternatives such as;
scrap tyre, liquefied petroleum gas (LPG), kerosene,
hot water, dumped plastics, waste polythene leather
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bags and refuse to singe (Aremo and Omojola, 2018).
Slaughtered ruminants such as goats, sheep and cattle
are normally singed to get rid of the body hair before
consumption and singeing is preferred because it
maintains the carcass hides and evokes meat flavours
that are highly desired by the consumers (Kalu et al.,
2015). However, in Nigeria (NAFDAC) National
Agency for Food and Drugs Administration and
Control, (26th July, 2019) issued cautionary advice
over the consumption of hides and skin for possible
chemical contaminations that can post health threats to
its consumers.Food borne pathogens are disease
causing microbes such as bacteria which contaminates
food substances (Addo ef al., 2016).Meanwhile, more
than 40 different food borne microbes are linked to
human illness (US CDC, 2014: Food Poisoning
Guide). The Centre for Disease Control and
Prevention (CDC) has also estimated that, pathogens
account for 81% of the food borne diseases (Mead et
al., 1999). However, the ecology of pathogens varies;
some pathogens are pervasive in the natural
environment and may contaminate food like meat
during processing, distribution and storage (Addo et
al., 2016). Animals as food sources such as the
ruminants are the major reservoirs for many foodborne
pathogens example includes; Escherichia coli,
Salmonella species, Campylobacter species, Shigella,
Staphylococcus — aureus, and Listeria species
(Forsythe, 2020).In the developing countries of sub
Saharan Africa specifically Nigeria, it is generally
recognized that the most significant food-borne
hazards from fresh meat are drawn from bacteria,
pathogenic bacteria to be precise and can contaminate
the environment and cause disease in humans (Bersisa
et al., 2019). Some of these, require only a few
numbers to trigger food poisoning in humans and the
main sources of contamination are the slaughtered
animals themselves, the workers and working
environment, and to a lesser degree, contamination
from air via aerosols and from carcass dressing water
(Bell and Hathaway 1996; Birhanu et al., 2017).
Moreover, the contaminating organisms are derived
mainly from the hide and skin of the animals that
comprises of organisms which originates from
stomachs and intestines that are excreted in their
faeces (Norrung et al., 2009).Similarly, unsafe food
containing harmful bacteria causes more than 200
diseases — ranging from diarrhea to fever (WHO,
2019). In tune with this, an estimated 600 million,
almost 1 in 10 people in the world fall ill after eating
contaminated food and 420 000 die every year,
resulting in the loss of 33 million healthy life years
(DALYSs) while children under 5 years of age carry
40% of the foodborne disease burden, with 125 000
deaths every year (WHO, 2019).The risk of toxic
substance and pathogenic contamination in meat
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therefore, is a source of great concern for both public
health, and food safety (Forsythe, 2020). Hence,
environmental integrity and public safety is required
towards engendered enduring economic prosperity
and maintenance of a healthy society (Zungum et al.,
2019). The study was undertaken to determine the
effect of singeing on bacterial population of hides and
skin of cattle, camel, goat and sheep sold for
consumption in the seven North-western states of
Nigeria.

MATERIALS AND METHODS

Study Area: The study area is Northwestern Nigeria,
encompassing the following seven (7) states; Jigawa,
Zamfara, Kaduna, Kano, Katsina, Kebbi and Sokoto.
The area is found between Latitudes 9° 02'N and 13°
58!N and Longitudes 3° 08'E and 10° 15'E and the
area so defined covers a land area of approximately
212,350km? (Murtala et al., 2018). It lies within the
north-west of Nigeria and shares its borders with Niger
Republic to the north, Yobe and Bauchi states to the
east, Plateau, Niger, Kwara states to the south and
Benin Republic to the west. The major vegetation
zones covering the area are Sahel and Sudan savanna
with total projected population of 35,915,467 (NBS,
2018).

Sampling Stations: BirninKebbi modern abattoir,
BirninKebbi, Kebbi State, Dutse ultra-modern abattoir
situated at the city center of Dutse, Jigawa State,
Gusau modern abattoir, Gusau, Zamfara State, Kaduna
central abattoir, Zango-Tudun Wada, Kaduna state,
Kano abattoir along Wambai quarters, Kano State,
Katsina central abattoir, along Dutsinma road, Katsina
state and finally, Sokoto modern abattoir, Kara, within
Sokoto North, Sokoto state.

Fig 1. Study area: Map of North western Nigeria showing
sampling stations.
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Sample Collection and Preparation: Randomized
experimental designed was employed. All samples
were aseptically and randomly procured, transported
and stored in accordance to microbiological standard
procedure (FAO/WHO, 1979). The samples were
collected between the period of October and
December 2019. Unsigned and singed samples (50g
each): where three (c=5) samples were obtained from
each type of ruminant within the retail outlets of the
seven (7) sample stations. A total of one hundred and
sixty (160) samples of hides and skins were collected
and comprised of 35 singed and 5 unsinged camel
hide, 35 singed and 5 unsinged cattle hides, 35 singed
and 5 unsinged goat skin and 35 singed and 5 unsinged
Sheep skin. All samples were taken from the neck area
of the ruminants and the unsinged samples served as
the control and bases for comparison. The samples
were inserted in labeled air-tight bags, placed in
Insulated plastic ice bucket and transported to
Microbiological laboratory of Bayero University Kano
for analysis. At the laboratory each sample was
chopped to smaller sizes due to its toughness and
preserved in a refrigerator at 5 - 0°C prior to analysis.

Preparations of Ruminant hide and skin homogenate:
Weighed 25g of Ruminant hide and skin sample were
aseptically poured into sterile blender jar and added
225ml of buffered peptone water which were blended
together at the speed of 15000 rpm for 2.5 minute to
ensure thorough mixture (FAO/WHO, 1979).

Dilution and pour plating: The hides and skins
homogenate was thoroughly shaking to mix, syringe
was used to pipette 1.0ml of homogenate which was
used to make serial dilution of 5 test tubes containing
9 ml of peptone water; 10-!, 102, 10-, 10* and 10,
From the appropriate dilutions, 1.0ml of the dilution
was inoculated into labeled sterilized Petri dish in
duplicate plates; nutrient agar was poured into each
plate and mixed by rotating. Thereafter, the plates
were incubated at 37°C for 48 hours after the agar
solidified (Bersisa et al., 2019).

Counting colonies and Calculation: Following
incubation, dishes containing 30-300 colonies counts
were recorded as results per dilution; the average
count was taken from colonies in both plates of a
dilution and recorded retaining only two significant
digits and multiply by the inverse of the corresponding
dilution to obtain the number of bacteria Colony
Forming Unit per gram (CFU/g) (FAO/WHO, 1979).
Furthermore, calculation was undertaken on the
results: merging the dilutions to obtain more accurate
number of bacteria colony counts in line with the
formula given below and in accordance to (FSSAI,
2012):
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zC

N= (N1 + 0.1N2)D

Where ZC is the sum of colonies counted on all the
dishes retained; N1 is the no. of dishes retained in the
first dilution; N2 is the no. of dishes retained in the
second dilution; D is the dilution factor corresponding
to first dilution

The results obtained were expressed in logio CFU/g
thereafter, the mean and standard deviations were
calculated and tabulated as meantstandard deviation
logio CFU/g accordingly (Jaja et al., 2018).

Statistical Analysis: Data analysis was performed
using Microsoft® Excel version 2007, (Microsoft,
Redmond, WA, USA) mathematical functions and
Statistical Package for Social Sciences (SPSS version
21.0). Descriptive statistics were used to express the
mean log, and standard deviation of the aerobic colony
counts from the neck hides and skins of carcasses.
ANOVA two factor with replication was used to
determine the statistical difference in means of singed
and unsigned (control) sample. Thereafter, a value of
p (< 0.05) was considered significant.

RESULTS AND DISCUSSION

Determination of the effect of singeing on bacterial
population in ruminant hides and skins:The analysis
of ruminant hides and skin from seven (7) sample
stations for cattle hide as shown in table 1. Had in
comparison, the means of the singed against unsigned
cattle hide (5.7340.00 logio CFU/g) with statistical
significance p < 0.05 (2.19x102%): there was
significant difference in effect of singeing on cattle
hides. Hence, there was difference between the singed
and unsigned/control cattle hide samples. However, p
> 0.05 (0.38) which indicates: there was no significant
difference between the singed cattle hides across the
seven different sample stations. The least mean count
of singed cattle hide was 4.91+0.02 log;o CFU/g and
was reported from Kano abattoir. Whereas; the highest
was 5.10+0.13 logio CFU/g obtained from Sokoto
modern abattoir. Similarly, samples of camel hide had
P < 0.05 (3.18x10'%), interpreted as: there was
significant difference in effect of singeing on camel
hides with regards to presences of mesophilic aerobic
bacteria. The least mean count observed was
4.86+0.02 logip CFU/g from Gusau modern abattoir.
On the other hand, the highest count taken was
4.92+0.06 logio CFU/g from Dutse ultra-modern
abattoir which were all compared against the unsigned
/control  count, 5.70+0.03 logio CFU/gas shown in
table 1.
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Table 1.The logarithm;o of mean total bacterial counts for singed and unsigned cattle and camel hide samples
obtained from seven sample stations of north western Nigeria

Mean Aerobic Colony Counts+SD (Log;(CFU/g)

N=160, n=35,c=5 Cattle hide Camel hide

Sample Station Singed Unsinged Singed Unsinged
Dutse ultra-modern abattoir 4.94+0.03 5.73+0.00 4.92+0.06 5.70+0.03
Gusau modern abattoir 5.05+0.09 5.73+0.00 4.86+0.02 5.70+0.03
Kaduna central abattoir 5.01+£0.01 5.73+0.00 4.91+0.02 5.70+0.03
Kano abattoir 4.91+0.02 5.73+0.00 4.90+0.08 5.70+0.03
Katsina central abattoir 5.02+0.20 5.73+0.00 5.00+0.18 5.70+0.03
kebbi modern abattoir 4.98+0.07 5.73+0.00 4.88+0.04 5.70+0.03
Sokoto modern abattoir 5.10+0.13 5.73+0.00 5.08+0.10 5.70+0.03

N: Total ruminant sampled; n: Total number of sampled singed and unsigned, Cattle =35, Camel =35, SD: Standard deviation;, CFU:
Colony forming unit; c: number of replication per each sample.

The comparison of the means of singed against
unsigned (5.71£0.02 logio CFU/g) goat skin has P<
0.05 (1x10"%%) indicating there is enough evidence to
reject null hypothesis and conclude that there is
significant difference in bacteria load between the
singed and unsigned/control samples. However,
singed goat skin across the sample stations has P-value
0.51 greater than 0.05 indicating sufficient evidence to
conclude that there was no significant difference in the
samples across the sample stations. Furthermore, the
research has 4.94+0.02 log;o CFU/g as the least
bacterial count obtained at Kaduna central abattoir
while, 5.06+0.05 logio CFU/g as the highest bacterial
count obtained at Sokoto modern abattoir as presented
in table 2. Correspondingly, results from sheep skin

samples also show that P<0.05 (1.62x1022) indicating
there is enough evidence to reject null hypothesis and
conclude that there is significant difference in bacteria
load between the singed and unsigned/control
samples. However, singed sheep skin across the
sample stations has P-value 0.67 greater than 0.05
indicating that there is no sufficient evidence to
conclude that there was no significant difference in the
samples across the sample stations. Furthermore, the
research has 4.90+0.11log;y CFU/g as the least
bacterial count from Gusau modern abattoir while,
5.05%0.09 logio CFU/g as the highest bacterial count
obtained from Sokoto Modern abattoir as shown in
table 2. The camel samples were compared against the
unsigned hides with 5.69+0.08 logio CFU/g count.

Table 2.The logarithm;, of mean total bacterial counts for singed and unsigned goat and sheep skin samples obtained from seven sample
stations of North western Nigeria

Mean Aerobic Colony Counts£SD (Log;(CFU/g)

N=160, n=35, c=5 Goat skin Sheep skin

SAMPLE STATION Singed Unsinged Singed Unsinged
Dutse ultra-modern abattoir 4.97+0.01 5.71+0.02 4.92+0.12 5.69+0.08
Gusau modern abattoir 4.90+0.06 5.71£0.02 4.90+0.11 5.69+0.08
Kaduna central abattoir 4.94+0.02 5.71£0.02 4.99+0.05 5.69+0.08
Kano abattoir 5.00+0.06 5.71£0.02 5.01+0.05 5.69+0.08
Katsina central abattoir 5.04+0.20 5.71£0.02 4.99+0.06 5.69+0.08
kebbi modern abattoir 4.96+0.14 5.71£0.02 4.93+0.06 5.69+0.08
Sokoto modern abattoir 5.06+0.05 5.71+0.02 5.05+0.09 5.69+0.08

N: Total ruminant sampled; n: Total number of sampled singed and unsigned; Goat =35, Sheep=35; SD: Standard deviation; CFU: Colony
forming unit; c: number of replication per each sample.

Determination of acceptable level of bacterial
contamination in singed ruminant hides and skins:
Samples of singed Ruminant hides and skins obtained
from the various seven sample stations of North
Western Nigeria were compared against WHO
microbiology standards in raw meat products which is
pegged at M > 5 logio CFU/g: the unsatisfactory
whereas, m< 3.5 logjo CFU/g: the satisfactory limit
and Mm> 3.5 but < 5 logjo CFU/g: the marginally
satisfactory limit, this level is acceptable however, a
corrective measure is required (WHO, 2007). The
results compiled for aerobic colony count of singed
ruminant hides and skin samples depicted in table
3.Succinctly recorded (56) 40% as unsatisfactory

while (84) 60% as marginally satisfactory.
Meanwhile, on the individual ruminant samples, the
singed cattle hide sample had 49% in the unacceptable
bracket while 51% within the satisfactory levels. In
depth, it had 6.63x10%, 4.82 logio CFU/g from Katsina
central abattoir as the least and within the marginally
satisfactory limits whereas, 1.67x103, 5.22 logio
CFU/g from Sokoto modern Abattoir as the highest
count and is captured within the unsatisfactory level.
The results also for camel hides samples in summary
is as thus: 28% considered unsatisfactory but 71% of
the samples were marginally satisfactory. Meanwhile,
both the least and highest bacterial counts were from
Katsina central abattoir. In detail, the least bacterial
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count and also within the acceptable category was
6.82x10% 4.83 log;¢CFU/g while, the highest count
was 1.56x10°, 5.19 logio CFU/g which on the other
hand categorized as unsatisfactory. The goat skin
samples had 40% as unacceptable however, 60% was
marginally satisfactory as shown in table 3 below. The
least bacterial count for goat skin was 7.00x10%, 4.84
logio CFU/g and recorded in Gusau modern abattoir
which is within the marginally satisfactory range but
the highest count, 1.81x10°5.231og19o CFU/g was taken
from Katsina central abattoir and it is on the
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unacceptable level. In similar trend, sheep skin
samples were found to have 43% samples exceeding
the marginally satisfactory limit but then again, with
57% of the sample within the acceptable level as
captured in table 3 below. The least bacterial count
however, was reported as 6.18x10% 4.79 log;o CFU/g
from Dutse ultra-modern abattoir and it is within the
bracket of acceptable limits whereas, the highest
counts on the other hand was recorded as 1.16x10°
,5.07 logio CFU/g from Kaduna central abattoir.

Table 3. Average number of colony per plate for singed ruminant hide and skin obtained from seven sample stations of North-western

Nigeria
WHO Standard Cattle Camel Goat Sheep The entire ruminants
Frequency
M>5 log;o CFU/g 17 10 14 15 56
Mm > 3.5 but < 5 log;o CFU/g 18 25 21 20 84
m< 3.5 log;y CFU/g 0 0 0 0 0
Percent
M % 49 28 40 43 40
Mm% 51 71 60 57 60
m % 0 0 0 0 0
N=140, n=35

M: unsatisfactory limit, m: satisfactory limit, Mm: marginally satisfactory limits, N: total number of the entire ruminants sample, n: total of
number each ruminant, cattle: 35, camel: 35, goat: 35 and sheep: 35.

Great number of poor people in low and middle-
income Sub Saharan African countries like Nigeria
and Ghana are in dire desire of meat substitute to make
up for their protein insufficient diets. Hence, the large
patronage of ruminant hides and skin from meat
processing facilities. However, in the absence of meat
safety standards and hygiene, the composition of meat
encourages the thriving and growth of microbes to
unacceptable levels (Bersisa et al., 2019). Therefore,
microbial contaminated meat and other meat products
poses grave challenge to public health through
transmission of food-borne diseases to consumers
(Forsythe, 2020). The prevalence of food-borne
diseases is on the rise globally; especially in
developing countries such as sub Saharan Africa,
where hygiene management systems during meat
processing are poorly implemented (Doulgeraki et al.,
2012; Zweife et al., 2015; and Hessain et al., 2015).
Since major food-borne pathogens dwelling in the gut
such as Salmonella, E. coli, Campylobacter, and other
Enterobacteria are excreted from the gastrointestinal
tract of food-producing animals, cross-contamination
is often a result of poor slaughter technique and
hygiene standards at abattoirs (Bell and Hathaway,
1996 and Birhanu et al, 2017). Sampling for
Microbial estimation in some raw ruminants meats
have been conducted in many countries including
Namibia, Ireland, Serbia, Switzerland, south Africa,
Ethiopia, Ghana and even Nigeria(Nastasijevic et al.,
2009; Thomas et al., 2012; Akwetey et al, 2013,
Zweife et al., 2015; Fasae and Bakare, 2016 and Jaja

et al., 2018). But to our knowledge, none have been
conducted on camel hide, and largely on the ruminant
hides and skins from Northwestern Nigeria which is a
hub for livestock production in Nigeria. The study is
timely in the wake of outbreak of novel virus such as;
Convic-19 (Corona virus), Ebola and Lassa fever
whose emergence and rapid transmission are also
associated to food consumption of meat (Gobir ef al.,
2019; WHO, 2020a; WHO, 2020b). The singed
samples from the seven abattoirs of North western
Nigeria were below the unsigned (control), thereby,
inferring that singeing lessens or even eliminates the
bacterial load on ruminant hide and skin(Aniet
al.,2018 and Mensah et al., 2019). Despite that, the
recorded high score of bacteria count must have been
reintroduced during the unhygienic meat processing,
washing, transportation or display on the retail sales
tables, in line with the revelations of (Olukitibi et al.,
2017;Addaiet al., 2019). More so, from the result also,
owing to similar meat processing practice, bacterial
load count on the ruminant hide and skin samples
depicted only slight disparity across the different
abattoirs. Meanwhile, the highest mean count for
singed cattle and camel hide; mean logio
CFU/g5.10+£0.13 and 5.08+0.10respectively which
were less than the unsigned (control),mean logio
CFU/g 5.71+0.02 and 5.70+0.03 and were
comparatively less than  6.3%2.4mean log
CFU/cm?recorded from informal meat sector of south
Africa but higher than that of the formal sector
4.3+2.5mean log CFU/cm? (Jaja et al., 2018), and
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Kano abattoir mean log cfu/ cm? 4.4+0.77 (Ahmed,
2014).In relation, the highest mean count for goat and
sheep skin which were mean log;o CFU/g 5.06+0.05
and 5.05+0.09 respectively and consistently, lower
than  the  unsigned  (controls),mean  logio
CFU/g5.71£0.02 and 5.69+0.08but, was above the
findings from both South African formal and informal
sector of mean log CFU/cm?4.3+2.5 and 4.4+1.1
separately (Jaja et al., 2018). In the same vein, it was
lower than the outcomes from Algeria mean log
CFU/cm?4.48+0.63 (Sihamand and Taha, 2009).
However, the results corroborated with 5.04mean log
CFU/cm? from Ethiopia (Bersisa et al., 2019).But,
lower than that from Mumbai abattoir in India, mean
log CFU/cm?5.80+0.1 (Sudhakar et al., 2009).

The high occurrence of bacteria within slightly
unacceptable limits for the ruminants hide and skins
samples logio CFU/g; cattle: 5.22, camel: 5.19, goat:
523 and sheep: 5.19 analyzed, require urgent
correctional steps, as it is slightly contaminated,
similar to studies in Kano, logl0 CFU /cm? 5.40
(Ahmed, 2014), but below logio CFU /cm? 7.6 findings
in Zaria (Kwaga et al., 1985). Whereas, the lower
bacterial counts taken for ruminant samples logio
CFU/g; cattle: 4.82, camel: 4.83, goat: 4.84 and sheep:
4.79 were all within the marginally satisfactory levels,
though, higher than that of slaughter plants in Canada
with counts of log CFU /em?; 3.8, 4.2, and 4.6(Gillet
al., 1998).Succinctly, 60% of the ruminant hides and
skin samples require correctional measures whereas,
40% were contaminated. Hence, urgent action is
needed across the abattoirs of Northwestern states of
Nigeria to tame tide of unsafe hide and skin
consumption.

Conclusion: Singeing reduced microbial population in
hides and skins. However, the high microbial load
obtained despite singeing, reflects the poor condition
of ruminant hides and skins processing, handling,
transportation, retail display and inadequate hygienic
practices within the seven North-western Nigeria
abattoirs. The contamination level though, in lesser
percent is a source of concern as it accentuates the
perpetual rise of food-borne diseases adding to extant
public health and economic burden.
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