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Abstract: Suya meat samples for this study were purchased at different locations of Ore and Okitipupa communities
to evaluate its microbial load and advise safety consumption measures for its hundreds of millions consumers. Serial
dilutions of the homogenized suya meat were prepared and cultured on MacConkey, Nutrient and Blood agar
incubated at 37°C for 24 hours. DNA of pure isolates were done by extraction with solution-based JENA
Bioscience Bacteria DNA Preparation kit. rRNA gene of isolates was carried out using universal primers for
bacteria. The PCR products were then purified using ethanol precipitation and thereafter sequenced with automated
DNA sequencing machine. The optimal tree with the sum of branch length are as follows: 3.23634780, 3.49366796
and 3.54608845. The trees are drawn to scale, with branch lengths in the same units as those of the evolutionary
distances used to infer the phylogenetic tree. This analysis involved 13 amino acid sequences, and there were a total
of 433 positions in the final dataset. Results revealed the identity of isolates as Lysinibacillus pakistanensis SN6-4
(MTO071723.1), Alcaligenes sp. DST 194 (MH793390.1), Proteus mirabilis 0OG020 (MK641335.1) with 70 — 100%
ribosomal RNA homology. It is then concluded that although isolation of bacteria with antimicrobial characteristics
in suya is an advantage, suya also has opportunistic pathogenic bacteria that is raising health concerns hence
consumers should be guided to ensure that they consume well roasted ready to eat suya to prevent food poisoning.
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1. Introduction Fresh meat has a high water content that is favorable
Suyais a spicy meat skewer which is a for the growth of microorganisms. It also generally
popular food item in West Africa. It is also eaten in contains bacteria, including those that can cause
Sudan, referred to as "Agashe" (El-sheikh |, diseases. The animals naturally carry bacterial species
2018). Suya is generally made with skewered beef, like Salmonella and E. coli in their intestines, and raw
ram, or chicken. Innards such as kidney, liver and meat can become contaminated during the slaughter
tripe are also used” Suya can be found across West process. Equipment and tools used in the processing
Africa, along Nigeria, Cameroon and Niger Republic meat can also become contaminated with microbes
(Culture trip — Nigeria, 2017). Meat is excellent in and spread those to the raw meat. (Catherine, 2020).
supplying high quality protein, vitamins and Bacteria multiply rapidly at temperatures from 40 °F
mineral salts (Afolabi and Odubanjo, 2015) thus they to 140 °F. Pathogenic bacteria do not necessarily
are essential for the  growth, repair and multiply in meat leading to illness. Some species such
maintenance of body cells which is necessary for as Staphylococcus aureus tend to be outcompeted by
our everyday activities. other harmless flora or spoilage bacteria that lead to a
Consumption of meat could be traced bad odor that cause most consumers to discard the
back in history to the period when primitive man ate meat.
raw flesh of animals. Meat is a perishable food and it Public concern has risen due to numerous
is very rich in protein thereby making it ideal for the food scandals such as those surrounding food borne
growth of wide range of spoilage bacteria. The growth diseases which remain a substantial burden. The
of microbes in meat is governed by a number of spoilage challenge could be met with an improved
intrinsic and extrinsic factors. Intrinsic properties of global food and safety control system. One rapid
meat, such as pH and moisture can promote microbial improvement would be a rapid and accurate detection
growth, whereas temperature is an extrinsic factor. system for microbial spoilage. This technique should
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ideally also be non-destructive and give accurate
results in real time for application in highly automated
food processing environment (Catherine, 2020) The
suya meat is either sold at a joint or hawked. When
sold at joints, the suya meat is kept warm over a fire
source. When hawked, the suya meat is carried about
in an open basin from one place to another thereby
exposing it to dust and other toxic effects of the
environment hence allowing harmful microorganisms
find their way into the meat and causing food
poisoning. Food poisoning is an illness with acute
gastro enteritis as a major symptom caused by the
ingestion of containing harmful pathogenic
microorganisms. Some of the microorganisms present
in suya meat that causes food poisoning when
consumed are staphylococcus aureus, Salmonella
typhi, Escherichia coli, bacillus spp, klebsiella spp,
clostridium botulinum, and streptococcus. These
microorganisms induce toxic substances into the meat
which makes it unfit for eating and also reducing the
taste and nutrient value, (Eke er al,2013;
Genevieve,1974)

2. Material and Methods

Samples of the suya meat were collected with
a sterile well zipped pack bag from four different
selling points each at different points of both Ore and
Okitipupa, Ondo state, Nigeria. The samples were
wrapped and placed inside a Ziplock bagwell labelled
and transported to the microbiology laboratory where
microbial analysis was carried out on each of the
samples.

Preparation of Diluent

From each of the samples,] gram of already
homogenized roasted meat was dispensed into 10ml of
distilled water which was kept and used as the sample
stock. With the aid of a sterile pipette 9ml of distilled
water was put into different test tubes which was used
to carry one in ten serial dilutions.

Preparation of Media for Culturing

Nutrient, MacConkey, Blood and Eosin
Methylene Blue Agar were prepared by standard
methods and used in culturing when needed.

Culturing of Organism

Spread plate technique was used, in which
0.1ml of the appropriate dilution factors 10~ and 10
as well as the stock used for each sample was spread
plated on the surface of the media in the petri-dish
with sterile spreader rod. The plates containing
Nutrient agar were incubated at 37°C for 24hours.
After incubation, different culture characteristics were
observed.

http://www.sciencepub.net/nature

28

Determination of Bacterial Load

Total plate count of bacteria in each sample
was determined using a colony counter and calculated
as colony forming units per ml (CFU/ml) with the
formula: CFU/ml = No. of colonies x Dilution factor/
volume of inoculum.

Streak Plate Method

Portion of each dilution was placed the
surface of an agar medium and then streaked with a
sterile wire loop. Actuate inoculation was
accomplished by streaking the agar surface with a
back and forth sweeping motion of the wire loop and
by turning the plate at angles 90°C. The isolated
colonies were individually sub cultured to another
media to obtain pure cultured to isolate which were
studied on different media.

Isolation of Pure Cultures of Bacteria

Pure cultures were obtained by taking one
loopful of a colony and aseptically inoculating onto
sterile Nutrient agar and incubated at 37°C for
24hours. Pure culture was stored in cryogenic vials
with sterile nutrient agar in slanting position to obtain
agar slants. These were used for differential tests and
biochemical test.

Colony Morphology

Isolated organisms from the different plates
were characterized by their colony morphology which
includes their colony shape (i.e. circular, filamentous,
rhizoid etc.), edge, elevation, color, transparency.

Staining Techniques Used
Gram Stain

The specimen is collected from the growth of
the organisms in the cryogenic vile and smeared on a
clean glass free slide and allowed to air dry. Gram
staining was done. Gram positive stained dark blue,
while gram negative bacteria appear pink red.

Biochemical Test Used In the Identification of the
Isolates.
Catalase Test

A loopful of the test culture was placed on a
drop of normal saline solution and smeared evenly on
a clean slide. A drop of hydrogen peroxide was poured
on to the smear and inspected for gas bubbles. Rapid
effective sciences indicated oxygen gas production
and a positive test.

Coagulase Test

Two forms of coagulates occur a free
coagulate which is detected by the coagulate tube test
and a slide test slide coagulate test- This is used to
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differentiate  staphylococcus aureus from other
staphylococcus_clumping when a colony dropped on
a plasma positive.

Sugar fermentation with Durham tubes (Glucose,
Lactose, Maltose and Sucrose)

Phenol red glucose broth was prepared and
Sml of the broth was added to test tubes then Durham
tubes were inserted into the test tubes so as to detect
gas production. The test tubes were autoclaved at
121°% for 15mins. The tubes after removing from the
autoclave were inoculated with colonies of the isolates
using inoculating loop. The test tubes were then
incubated at 37°c for 24hrs. The observations were
recorded.

Citrate test

Simmon’s citrate agar media was prepared
and sterilized using autoclave, thenSml of the media
was poured into the culture tubes and slants were
prepared. Simmon’s citrate agar slants were
inoculated with isolates from each plate identified as
gram negative. The un-inoculated tubes were kept as
control; the tubes were incubated at 37°C for
48hours.Slant culture was observed for the growth and
coloration of the medium and was recorded.

Urease test

Urease agar medium was prepared and
sterilized using autoclave. The medium was allowed
to solidify in the slanting position to form a slope. The
slants were inoculated with test organism.The tubes
were incubated at 37°C for 48hrs. The observation
was done and recorded appropriately.

16S rDNA EXTRACTION AND
AMPLIFICATION FROM BACTERIA
ISOLATES

The nucleotides sequence obtained were
compared with other nucleotides sequences using
BLASTn tools of the National Centre for
Biotechnology Information. The phylogenetic tree was
constructed using the results obtained from BLASTn.
The evolutionary history was inferred using the
Neighbor-Joining method described by Saitou N. and
Nei M. (1987). The evolutionary distances were

http://www.sciencepub.net/nature

29

computed using the Poisson correction method
described by Zuckerkand and Pauling (1965) and are
in the units of the number of amino acid substitutions
per site. Therefore, the evolutionary analyses were
conducted in MEGA X Kumar S. ef al., (2018). The
percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (100
replicates) were determined following the method
described by Felsenstein J. (1985).

3. Results
Table 1 : Microbial Loads on Suya meat sold at
different Locations of Okitipupa

Samples Stock (S) 10~ 10°
SI, *260 x 10 *17.0 *4.0
SL, 250 x 107 16.0 4.0
S2, 280 x 107 17.0 3.0
S2, 250 x 107 16.0 4.0
S2, 260 x 10 15.0 3.0
S3, 250x 10’ 18.0 4.0
S3, 230x 10’ 15.0 5.0

*Data are means of three replicate

Table 2 : Microbial Loads on Suya meat sold at
different Locations in Ore

Samples Stock (S) 10~ 10~
S4, *250 x 10’ *18.0 *6.0
S4, 230 x 10’ 16.0 3.0
S4, 240 x 10’ 15.0 3.0
S5, 230 x 10’ 20.0 3.0
S5, 230x 10’ 21.0 3.0
S6, 250x 10’ 21.0 5.0
S6, 270 x 10’ 19.0 6.0
S64 260 x 10 20.0 4.0
S7 250 x 10’ 21.0 4.0
S8 240 x 10 23.0 4.0
S9, 250x 10’ 23.0 4.0
S9, 270 x 10 19.0 4.0
S10, 240 x 10’ 24.0 5.0
S10, 280 x 10’ 22.0 4.0
S10; 280 x 107 21.0 4.0

*Data are means of three replicate
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Table 3: Results of Biochemical tests on the bacterial isolates

Isolate | Gram | Form | Cat | Cit | Ure Oxi Lac | Glu Suc | Mal Suspected

test Organism
S1, + Rod |+ + - + -/+ + + + Lysinibacillus fusiformis
S1, - Rod + + + - - - - - Proteus mirabilis
S2; - Rod + + + - - - - - Proteus mirabilis
S2, - Rod |+ - - + + + + - Alcaligenes faecalis
S2; + Rod |+ + - + -+ + + + Lysinibacillus fusiformis
S3, - Rod |+ - - + + + + - Alcaligenes faecalis
S3, + Rod |+ + - + -/+ + + + Lysinibacillus fusiformis
S4, + Rod |+ + - + -+ + + + Lysinibacillus fusiformis
S4, + Rod |+ + - + -/+ + + + Lysinibacillus fusiformis
S5, - Rod |+ - - + + + + - Alcaligenes faecalis
S5, - Rod |+ - - + + + + - Alcaligenes faecalis
S6, - Rod |+ + + - - - - - Proteus spp(mirabilis)
S6, - Rod |+ + + - - - - - Proteus spp(mirabilis)
S6, - Rod |+ + + - - - - - Proteus spp(mirabilis)
S7 + Rod |+ + - + -+ + + + Lysinibacillus fusiformis
S8 + Rod |+ + - + -/+ + + + Lysinibacillus fusiformis
S9, + Rod |+ + - + -/+ + + + Lysinibacillus fusiformis
S9, - Rod |+ - - + + + + - Alcaligenes faecalis
S10, - Rod |+ + + - - - - - Proteus spp(mirabilis)
S10, + Rod |+ + - + -+ + + + Lysinibacillus fusiformis
S10s + Rod |+ + - + -/+ + + + Lysinibacillus fusiformis

Keys: Gram test — Gram staining test, Form- shape under microscopic view, Cat — Catalase test, Cit — Citrate test,
Ure- Urease test, MR- Methyl red test, Coa- Coagulase Ind- Indole test, Oxi- Oxidase, Lac- Lactose, Glu- Glucose,
Suc- Sucrose, Mal- Maltose, + = positive, - = negative, -/+ = variable.
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45| Bacterium MCF44(2011) (HQ179089.1)

53 Lysinibacillus macroides PK4-21.2(2) (MN428220.1)

**| Bacterium BY-4 (MN148626 1)

100
Lysinibacillus macroides JSAT0LARS (MT378547.1)

100

Lysinibacillus sp.1 (MN911365.1)

Lysinibacillus pakistanensis J5BS5 (MT415985.1)

Lysinibacillus pakistanensis J2BS6 (MT415993.1)

Lysinibacillus pakistanensis J20M5LARS (MT378516.1)

100
Lysinibacillus pakistanensis J20A5LARS (MT378520.1)

39
532 (MT071723.1)

o Lysinibacillus pakistanensis SNG-4 (MT071723.1)

Lysinibacillus pakistanensis JOA13LARS (MT378560.1)

190 1| ysinibacillus macroides J20BS6 (MT415991.1)

0.20

Fig 1: Phylogenetic tree of evolutionary relationships of taxa by Neighbor-Joining
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Alcaligenes sp. (MN493802.1)

35
Alcaligenes sp. SNH-K76 (MN493925.1)

33
Alcaligenes faecalis BJD1 (MT378145.1)

&0
Alcaligenes faecalis OsEnb HZB E19 (MN889378.1)

100 | Alcaligenes sp. SNH-K19 (MN493886.1)

541 (MH793380.1)

i Alcaligenes sp. DST194 (MH793390.1)

Alcaligenes faecalis Sihong 809 2 (MN309929.1)

10 | | Alcaligenes sp. SNH-K20 (MN483887.1)
86 Alcaligenes faecalis OsEnb HZB H11 (MN889404.1)

Alcaligenes sp. (MN493920.1)

100 | Alcaligenes sp. SNH-K14 (MN493882.1)

& Alcaligenes faecalis OsEnb HZB G1 (MN889387.1)

naa

Fig 2: Phylogenetic tree of evolutionary relationships of taxa by Neighbor-Joining.
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s Proteus mirabilis P3 (MT276310.1)

A5G Proteus mirabilis P2 (MT276311.1)

- Proteus mirabilis P6 (MT276307.1)

73

Proteus mirabilis UFV-171 (MN548345.1)

Proteus mirabilis UFV-128 (MN545999.1)

Proteus mirabilis P8 (MT276305.1)

100 | proteus mirabilis P1 (MT276312.1)

Proteus mirabilis UFV-135 (MN546734.1)

100

Proteus mirabilis OG020 (MKE41335.1)

0.z0

543 (MKE41335.1)

100

Proteus mirabilis P7 (MT276306.1)

27

1go | | Proteus mirabilis P5 (MT276308.1)

190 L proteus mirabilis P4 (MT276309.1)

Fig 3: Phylogenetic tree of evolutionary relationships of taxa by Neighbor-Joining

The optimal tree with the sum of branch
length = 3.23634780, 3.49366796 and 3.54608845 in
Figl, Fig2 and Fig3 respectively was determined.
The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test
(100 replicates) are shown next to the branches. The
tree is drawn to scale, with branch lengths in the same
units as those of the evolutionary distances used to
infer the phylogenetic tree. This analysis involved 13
amino acid sequences. All ambiguous positions were
removed for each sequence pair (pairwise deletion
option). There were a total of 433 positions in the final
dataset.
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4. Discussions

Bacteria loads of suya samples from Ore and
Okitipupa communities are as shown on Tables 1 and
2. The microbial load of suya varies with locations as
shown by the different values obtained at Okitipupa
and Ore. A suya sample from S2 spot at Okitipupa
(S2)) has the highest value of 2.80 x10° CFU/ml while
the least bacteria count was recorded at point S3,
(Okitipupa) with 2.3 x10°CFU/ml. The variation in
number of bacteria across suya samples from different
locations as well as those from same spots corroborate
the earlier finding of Eke et al., (2013) who also
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reported that total viable count obtained from suya at
various points varies across locations in Ekpoma
township (South — South Nigeria). Chukwura and
Majekwu (2002) also posited that microbiological
analysis of meat samples in Awka urban of Anambra
State, indicated contamination of meat samples with
various bacterial species of intestinal origin while
some are contamination from intestine of slaughtered
animals.

The presence of Lysinibacillus pakistanensis
SN6-4 (MTO071723.1), Alcaligenes sp. DST 194
(MH793390.1), Proteus mirabilis 0G020
(MK641335.1) in the tested samples show that there
are pathogenic and opportunistic bacteria in the meat
which are of health concerns (Hema, 2010, Al-
Zahraniet.al., 2013). It is opined that the consumption
of contaminated brawn as in the case of suya meat in
many sub-Saharan communities has been identified as
the cause of many health issues (Joe, 2019, Zahra
et.al., 2020). Alcaligenes spp. are opportunistic
human pathogens causing sporadic cases of
pneumonia, septicemia, peritonitis, and urinary tract
and other infections while they are lethal against
nematode Rhabditis blumi (Hae et.al., 2011). The
presence of Alcaligenes sp. DST 194 (MH793390.1) in
the meat samples aligns with the findings of
Mahamuda (2017) who submitted that contamination
of meat samples by human and animal waste can serve
as source of pathogenic bacteria causing different
diseases and confirmed alcaligenes spp alongside
Klebsiella spp., Pseudomonas spp and Proteus app as
one of the microorganisms causing intestinal disorders
or diarrhea in developing countries. The Isolation of
Proteus mirabilis 0G020 (MK641335.1) in the suya
samples correlate with the findings on the
epidemiological investigations that indicated that meat
products, bean products, fish, and cold dishes are
commonly associated with food poisoning related to .
mirabilis Wang et al., 2010; Cao et al., 2011; Jiang et
al., 2017). Hence, P. mirabilis may pose a relatively
great threat to food safety and public health. P.
mirabilis is considered as the causative pathogen in
hospital cross-infection associated with urinary
catheter (O’Hara et al, 2000; Hola et al, 2012).
However, some novel strains have been reported to
pose risks to human health and may cause serious
disease in patients (Rozalski ef al., 1997; Wang et al.,
2010, Qiyun et.al., 2013). In recent years, more and
more food poisoning cases associated with P.
mirabilis had been reported in China. In these food
poisoning incidents, clinical symptoms of the patients
infected with P. mirabilis included abdominal pain,
diarrhea, nausea, and dizziness (Wang et al., 2010; Shi
etal., 2014, 2016, Ghadah et.al., 2013).

Our finding of Lysinibacillus pakistanensis
SN6-4 (MT071723.1) in various suya samples from
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various sites is in line with that of Rifat et.al. 2013
who isolated a strain of Lysinibacillus is from
spoiled fruits and vegetable wastes and that
bacteriocin producing Lysinibacillus sp., nov., were
isolated from food samples. However, Ahmad et al.,
2011 submitted that Lysinibacillus has emerged as an
interesting microbe in the field of bacteriocin because
of its inhibitory potentials while Varish and
Mohammed 2015 also submitted that Lysinibacillus
sp., nov., isolated from food samples shows a
significant antibacterial as well as antifungal activity
with selective and greater inhibitory effect against
gram positive as well as gram-negative pathogenic
indicators. This means the presence of Lysinibacillus
pakistanensis SN6-4 (MTO071723.1) is helpful for
making suya safe for consumption as its inhibitory to
bacterial and fungal growth. Al-Othman et.al., 2013
also reported bacteria with inhibitory advantageous
properties in food . CSF of Lysinibacillus JX416855
has also been reported to inhibit gram-positive
pathogens B. pumilus (14mm), B. subtilis (13mm), S
aureus  (16mm), B. cereus (15mm) and
L.monocytogenes (13mm) and gram negative R.
planticola and P.aeruginosa. These results confirmed
that Lysinibacillus JX416855 found very effective
against gram negative bacteria. Lysinibacillus isolate
is also reported to have been found potential fungal
antagonistic against Aspergillus niger, Aspergillus
flavus,  F.oxysporium and  Trichoderma  spp.
Biocontrolling (ahmad et al., 2014) and insecticidial
nature of Lysinibacillus has been described (Hu et al.,
2008; Melnick et al, 2011). Bacteriocins, like
acidocin have been extracted with butanol and tested
against fungi showing significant antimicrobial
activity (Abo-Amer, 2007). These findings explains
possible reasons why a good number of bacteria
usually associated with ready to eat meat such as
Staphylococcus aureus, Listeria spp, Salmonella
Enteritidis,  Escherichia coli 0157:H7, and
Campylobacter were absent in this research work as
the antibacterial bacteriocin of Lysinibacillus
pakistanensis SN6-4 (MT071723.1) has possibly
eliminated them from the suya samples.

Conclusion

Food ingestion is a major way for human
beings to obtain enough nutrient for basic living;
therefore, the quality and safety of food have recently
become a major concern. Although, food safety is a
global concern, it is more of a concern in developing
countries like Nigeria where “farm to table” food are
commonly consumed alongside improperly processed
food. Due to complexities in microbial interactions, a
number of novel microbial issues associated with food
safety and contaminations are now being
acknowledged.
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