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Abstract:- Traditionally fermented foods such as, ‘Corn
Pap’ (fermented corn paste), “Kum-kum” (fermented
cassava-derived powder), ‘Water fufu’ (Fermented
cassava-derived paste), and Soya beans yogurt
(processed from fermented soya beans), have an old
history in Cameroon and are staple foods largely
consumed on daily basis by majority of both young and
elderly people in the main cosmopolitan cities such as
Yaounde, Douala, Bamenda and Buea, where majority
of the ethnic groups in Cameroon reside. Lactic acid
bacteria (LAB) have been used in the production of
fermented foods and bacteriocins produced by these
bacteria are harmless and have the ability to inhibit the
growth of pathogenic bacteria. The aim of this study was
to screen and identify genotypically bacteriocin-
producing lactic acid bacteria from locally fermented
foods in Cameroon against two food born Salmonella
enterica pathogens and to assess the phylogenetic
relationship among the isolates.

A total of 112 fermented food samples were
obtained randomly from different local foods markets in
the four main cities in Cameroon. All the samples were
cultured in the De man, Rogosa, and Sharpe (MRS)
medium which supports the growth of lactic acid
bacteria. A total of 70 isolates were found to be Gram-
positive and catalase-negative and were further
identified by using polymerase chain reaction (PCR)
targeting the 16S rRNA gene. Genomic DNA of bacteria
isolates were extracted using EZ-10 spin column genomic
DNA Extraction kit and amplification of 16SrRNA gene
of bacterial isolates was done using the bacteria
universal MP096 forward and reverse primers and
sequencing was carried out at Genewiz, NJ, USA.
Selection for DNA sequencing was based on their
bacteriocin-producing  potentials which  produced
inhibition zones on culture plate. Sequence analysis was
carried out using BLAST program and comparison with
the resources at the NCBI database. Phylogenetic tree
was constructed to determine the closest bacterial species
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and strains by Neighbour Joining method using MEGA
X software, version 10.0.5.

Results showed that 70 PCR-amplified products
were obtained which revealed clear single bands of
presumed LAB isolates on 1.5% (w/v) agarose gel with
average molecular weights in the range of 800bp-1300bp.
The sequencing results identified 23 lactic acid bacteria
strains (34.9%) which had similarity over 90% with
those deposited in the NCBI GenBank. The isolates were
identified as; L. plantarum (9 strains), Uncultured L. spp
(4 strains), L. paraplantarum (3 strains), L. pentosus (2
strains), L. salvarius (2 strains), Pediococcus acidilactici
(2 strains) and 1 strain belong to Pediococcus cellicola.
There was a significant difference (P<0.05) in the
number of isolates obtained from Corn pap compared to
the other fermented food sources. The highest number of
isolates were obtained from Corn pap sample (9),
followed by 5 each from Kumkum and Soyabeans, and 4
from Water fufu samples. Results also showed genetic
relationship of isolates from Yaounde, Douala and
Bamenda to have ancestry from isolate obtained from
Buea.

Therefore, this study has shown the presence of
different LAB bacterial strains in the fermented foods
and constitute potential sources of bacteriocinogenic
LAB against Salmonella Typhimurium and S.
Enteritidis. The distribution of the strains from
Bamenda, Douala and Yaounde, were extremely likely to
originate from the strain, Lactiplantibacillus plantarum
strain 07B144, obtained from Buea.

Keywords:- Bacteriocinogenic; Isolation; Lactic Acid
Bacteria; Molecular ldentification; Phylogenetic Analysis;
Salmonella Enterica; Traditionally Fermented Foods.
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l. INTRODUCTION

The four cities in Cameroon namely; Bamenda, Buea,
Douala and Yaounde are cosmopolitant towns [1] located in
the North West, South West, Littoral and Centre regions
respectively, where majority of the ethnic groups in
Cameroon and other nationals reside. Soy beans, Corn
(maize) and cassava based products are the major sources of
energy in the diets of sub-saharan Africans [2].

Corn is an important source of carbohydrate, protein,
Vitamins B and Minerals. Corn pap is also a meal of choice
for patients that are in need of soft and easily digestible
foods. It has been reported that corn pap, produced from
maize by lactic acid bacteria fermentation especially
Lactobacillus [3] has sour taste and has become part of the
staple diets for young adults, nursing mothers and for
weaning infants between the ages of 1-2yrs [4].

Some cassava fermented food such as Water fufu
,Kumkum, bobolo, Myondo are largely spread in central and
west Africa especially in Cameroon and diverse groups of
microorganisms such as Lactobacillus, Leuconostoc,
Lactococcus, Enterococcus have been reported to play
active roles in the process [7, 8, 9]. Lactobacillus fermentum
of different strains have been isolated from cassava-derived
products such as water-fufu [10]. As a result, water fufu and
kumkum, which are Cassava fermented foods constitute a
significant proportion of the diet of the population of Africa
and it provides over 50% of the average daily caloric intake
in some countries [6].

Soy-based yogurts have emerged as a popular
alternative to traditional dairy-based yogurt due to their
reduced level of cholesterol, saturated fat and lactose,
contain higher levels of essential fatty acids, soluble fiber,
vitamins, and minerals. Thus soy based yogurts have gained
significant consideration for their many nutritional health
benefits including reducing cardiovascular disease, weight
loss, arthritis and brain function [16].

In nature, lactic acid bacteria are found in various
habitats such as fermented foods, vegetables, fruits and the
human digestive tract. It is known that lactic acid bacteria
are generally regarded as safe [5] for consumption so that it
can be used to increase human health. Lactic acid bacteria
produce antimicrobial substances such as organic acids,
diacetyl, hydrogen peroxide and bacteriocins [11, 12] which
are suspected to be associated with the preservation and
characteristic flavor of fermented food [13].

The antimicrobial activity of bacteriocins produced by
lactic acid bacteria isolated from fermented foods has been
demonstrated against some food-borne pathogens [14, 15].
The use of lactic acid bacteria as a natural preservative can
be in the form of starter cultures or metabolites produced by
lactic acid bacteria such as bacteriocins, which have a
relatively narrow spectrum of bactericidal activity [17].
Classical antibiotics which have shown resistance in food
born infections such as Salmonella Typhimurium [18, 19]
and S. Entritidis [20] and bacteriocins may be a suitable
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alternative, in being easily degraded by the digestive
enzymes without the risk of disruption of normal tract
ecology [17].

Limited studies have been done in Cameroon to isolate
and identify genotypically bacteriocin-producing LAB from
fermented foods. More studies are needed to explore other
food sources and expand the spectrum of bacteriocinogenic
LAB that can inhibit food born Salmonella pathogens. Also
data on relationship among isolates from fermented foods in
Cameroon is limited. Molecular identification using
16srRNA gene sequencing is an accurate method used to
identify LAB and has proven to be reliable because it can
identify species to strain level [21]. Extraction of DNA,
Polymerase Chain Reaction (PCR) and phylogenetic
analysis have been used successfully to identify isolates
from fermented food [22] and evaluation of relationship
among isolates from local fermented samples has been
carried out in studies out of Cameroon [23] . The aim of this
study was to isolate, and carry out molecular identification
and phylogenetic analysis using 16srRNA sequencing
method, of bacteriocin-producing LAB from fermented
foods in four main cities in Cameroon against Salmonella
Typhimurium and S. Enteritidis, and to assess the
relationship among isolates from local fermented food
samples.

1. MATERIALS AND METHODS

2.1 Collection of samples and isolation of lactic acid
bacteria

A total of 112 fermented food samples (Corn pap,
Kumkum,Water fufu, Soya bean yogurt) were bought from
different selling shops in local food markets of Bamenda,
Buea, Douala, and Yaounde-Cameroon. All the samples
were put in sterile bottles and preserved in ice packs and
stored at 4°C for a maximum of 24 h before the analysis.

Then 10g of each samples was homogenized in 90ml
sterile water for 3-4 minutes and furthermore, ten-fold serial
dilutions was done for each sample to 105 This was done
by diluting 1 ml of the sample in 9 ml of physiological
saline (0.85% NaCl). To isolate LAB, 0.1 ml of appropriate
dilution was inoculated into de Mann, Rogosa and Sharpe
(MRS) agar plates [23] and spread properly with a sterile
glass rod. The plates were incubated anaerobically at 30 °C
for 24 - 48 h. Suspected colonies with distinct morphology
were picked up with sterile wire loop and purified
successively on the MRS agar plates by restreaking on the
same medium and were also identified by the Gram staining
and catalase tests according to the assay methods of
described previously [25]. Gram positive and catalase
negative isolates were selected as presumptive LAB and
stored on the MRS agar slants at 4 °C for further
investigations [26].

2.2 Indicator Pathogens

The food-borne indicator pathogens chosen as test
strains for testing the antimicrobial activity of bacteriocins
produced by isolated LAB were, American Type Culture
Collection cultures of Salmonella enterica subsp. enterica
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serovar Typhimurium (ATCC®14028™) and Salmonella
enterica subsp. enterica serovar Enteritidis (ATCC®
13076™). They were obtained from the culture collection of
Microbiological and Biomedical Laboratories, Manassas,
Va, 20108, USA. The pathogens were subcultured in
nutrient agar [27] for 24 h before use.

2.3 Determination of Bacteriocin Production by the
Isolated LAB

Each presumed LAB isolate was inoculated from
slants at 4°C into 5ml of MRS broth and incubated at 30°C
for 24h. Cell free supernatants (CFS) were collected by
centrifugation at (6000rpm for 10min. at 4 °C) of the
overnight broth cultures. The pH of the CFS was adjusted to
pH 7.1 with 1M NaOH to eliminate the effect of organic
acids and inhibition due to hydrogen peroxide was also
removed by the addition of enzyme catalase (Sigma-Aldrich
Corporation, USA) at a final concentration of 1.0 mg/ml for
1 h. The Agar well diffusion methods [28] was modified and
used to test for the antimicrobial activity of the bacteriocin
against test organisms. The treated CFS was introduced into
wells made on nutrient agar plates containing test pathogen
appropriately diluted at 0.5 McFarland standards and
incubated for 24h at 30°C. Clear zones around the wells
indicate inhibition by bacteriocin.

To confirm that the inhibition was due to bacteriocin,
CFS was treated with 1mg/ml of proteolytic enzymes such
as proteinase k [29]. The controls consisted of distilled
water (negative control) and untreated CFS (positive
control). The samples and controls were incubated at 30°C
for 2 h and the absence of bacteriocin activity was
determined by the agar-well diffusion (AWD) assay against
the indicator strains. All experiments were done in triplicate.

2.4. Molecular Identification of Bacteria

2.4.1. Genomic DNA Extraction.

DNA Extraction Kit obtained from BIO BASIC INC.,
CANADA was used to extract DNA from lactic acid
bacteria and extraction was done according to the
manufacturer’s procedure. Genomic DNA quality was
assessed by 0.7% agarose gel electrophoresis. The DNA
samples were quantified and verified for purity using a
spectrophotometer by measuring absorbance at A260/A280
>1.8 and then stored at -20°C for PCR amplification and
sequencing.

2.4.2 PCR Amplification and Sequencing of Amplicons:
Bacteria primers for 16S rRNA gene were obtained
from CAMMA, Albany, NY, USA, and used for PCR
amplification of the LAB. Both 17 bases MP096 forward
primer (5’-ATG CAA GTC GAG CGA AC-3’) and reverse
primer (5’-TGT CTC AGT TCC AGT GTG GC-3°) for
16SrRNA were employed using a Thermocycler and the
procedure was done according to manufacturer’s protocol.

The PCR products were purified by standard method
and amplicons were separated according to molecular
weights by 1.5% agarose gel electrophoresis using 50-2,000
bp ladder as the gold standard [30].The nucleotide
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sequences of the PCR amplified 16SrRNA products were
determined by using the Sanger chain termination method
[31].

2.5 Statistical Analysis

Statistical analysis using one-way ANOVA was done
to compare significance of mean inhibition zones among the
isolates at a significance level of P<0.05.

The identity of the isolates were analysed by using
BLAST program and comparing sequences with those
deposited in the standard NCBI
GenBank(BLAST;http://blast.ncbi.nlm.nih.gov/Blast.  cgi).
Sequences were aligned using CLUSTALW. Then, a
phylogenetic tree was constructed to determine the closest
bacterial species by Neighbour Joining statistical method
using MEGA X software version 10.0.5 (Tamura et al.,
2004). Distances and clustering with the Neighbour-Joining
method was determined using bootstrap values based on
1000 replicates. The trees were rooted using Fusobacterium
ulcerans strain NCTC 12111 as the outgroup strain.

. RESULTS AND DISCUSSION

Isolation of lactic Acid Bacteria isolates

A total of 70 LAB (62.5%) were isolated from 112
food samples such as corn pap, kumkum, soyabeans yogurt
and water fufu, in the cities of Bamenda, Buea, Douala,
Yaounde-Cameroon. The isolates were gram positive,
catalase negative after isolation and purification on culture
plate using MRS agar at 30C for 24hrs, and were later tested
for bacteriocin production (table 1).

Bacteriocin test for Lactic acid bacteria

Results in table 1 showed that 23 strains (32.9%) out
of the 70 presumptive LAB isolates were good bacteriocin
producers having antimicrobial activity against two
indicator pathogenic strains (Salmonella enterica subsp.
enterica serovar Typhimurium ATCC 14028™ and
Salmonella enterica subsp. enterica serovar Enteritidis
ATCC 13076™) using the agar well diffusion method. The
strains produced significant inhibition zones of >7mm
(P<0.05) with the highest inhibition produced by WFS strain
(14.5mm and 12mm against S. Typhimurium and S.
Enteritidis respectively) as shown in table 2. This finding
corroborates with studies carried out on antimicrobial
activity of bacteriocin from LAB isolates which
demonstrated significant inhibition against food borne
pathogens including Salmonella spp [14, 15, 32].
Antimicrobial compounds from traditionally fermented
foods have shown activity against a wide range of pathogens
for several years. The development of biopreservatives
using lactic acid bacteria and their metabolites provides
protection of food against pathogens, as these bacteria
produce antimicrobial substance including bacteriocin [33,
34]. This study has also shown that strains of Lactobccilus
species, Pediococcus acidilactici and Pediococcus cellicola
isolated from corn pap, kumkm, Soyabeans yogurt and
water fufu can greatly inhibit S. Typhimurium and S.
Enteritidis which have shown antibiotic drug resistance [18,
19, 20]. Therefore these sources can be exploited for
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probiotics and for food preservation.

Table 1: The number and percentage of lactic acid bacteria (LAB) isolated from fermented foods (N=112)

Parameter Number Percentage
Positive culture of LAB on MRS agar 70 62.5%
PCR positive presumptive LAB 70 62.5%
Positive bacteriocinogenic LAB 23 32.9%

Table 2: Average diameter of inhibition zones of the inhibitory culture supernatant, on test indicator strains, using the
agar well diffusion assay.

Zone of Inhibition (mm) + SD
SN Food Type LAB lIsolates Salmonella Typhimurium Salmonella Enteritidis
1 corn pap SALS 7.8+1.15 8.5+1.32
2 corn pap FCP6 11.3+1.12 9.7+1.14
3 corn pap DLA1 7+1.16 7+ 1.33
4 corn pap N2 11.8+£0.25 8.3+ 0.28
5 corn pap K25 105+1.17 9.8 +0.38
6 corn pap M2 11.5+1.15 8.5+0.21
7 corn pap CJIL 9.8+0.14 9.5+0.12
8 corn pap MRLa 14 +£1.22 11+0.45
9 corn pap WES 14.5+0.21 12 +0.11
10 water fufu M1 7.8+0.11 7.5+0.32
11 water fufu FClas 10+ 1.15 7.3+0.14
12 water fufu W1 10.3+£0.13 8 +1.81
13 water fufu W2 8.5+ 201 6.8+0.11
14 soyabean yoghurt Yl 125+1.24 10.5+ 0.31
15 soyabean yoghurt SAL1 9.8+0.78 7.3+0.00
16 soyabean yoghurt LAB1 11.5+0.33 11+1.23
17 soyabean yoghurt NY15 12.3+1.71 9.8+0.92
18 soyabean yoghurt CJ3 10.5+0.95 7.8+0.43
19 kumkum SBY 7.3+£1.35 9.5+0.16
20 kumkum CB1 13+£2.12 11+£0.24
21 kumkum NFY3 11+1.92 6.8+ 0.25
22 kumkum K2 125+ 1.34 8+0.45
23 kumkum DLA2 12 £0.42 8+0.37

Distribution of isolated bacteriocinogenic Lactic acid
bacteria in fermented Foods

The 23 LAB isolates were found to belong to 2 genera;
the predominant genus is Lactobacillus with 20 isolates,
followed by Pediococcus (3 isolates). Nine (9) of these
isolates were from Corn pap (coded; FCP6, SAL5, DLAL,
N2, K25, M2, CJIL, MRLa, WFS), five (5) from Kumkum
(coded; NFY3, SBY, DLA2, K2, CB1), five from Soya bean
yogurt (coded; CJ3, LABL, NY15, SAL1, Y1) and four (4)
from Water fufu (coded; M1, FCJas, W1, W2). The result
also showed that the predominant LAB isolates were found
to belong to the species, L. plantarum with 9 LAB isolates
(39.1%) from three fermented foods(table 3) in all four
localities with Lactobacillus plantarum strain JCM 1149,
found to be the predominant strain (table 4) isolated from
three localities (Buea, Bamenda, Douala). This finding is in
agreement with the study carried out by Tatsandjeu and
colleagues, in Ngaoundere-Cameroon, who isolated LAB
from fermented cassava product against food born
pathogens and Lactobacillus was predominant [14]. Also,
this study is in accordance with research done by Hama and
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colleagues, who isolated LAB from fermented foods in
2019, in Burkina Faso and discovered that Lactobacillus
plantarum was the predominant species [35]. The
fermentation of Corn pap is enhanced by lactic acid bacteria
especially the Lactobacilli such as; Lactobacillus plantarum,
Lactobacillus lactis, Lactobacillus acidophilus,
lactobacillus cellobiosus, Lactobacillus delbrueckii subsp.
Bulgaricus and Lactobacillus casei [3]. Some cassava
fermented food as Water fufu, Kumkum, bobolo, Myondo
are largely spread in central and west Africa especially in
Cameroon and the involved microorganisms include;
Lactobacillus, Leuconostoc, Lactococcus, Enterococcus and
Bacillus [7]. In this study, Pediococcus species were
isolated from Corn pap, kumkum and Soyabeans yogurt
(table 4). This agrees with the finding that Pediococci are
used as probiotics, and are commonly added as beneficial
microbes in the creation of cheeses and yogurts [36]. Many
studies indicate that soya beans is a good substrate for
probiotic bacteria [37]. Several health benefits have been
reported for traditional yogurt [38, 39, 40]. Bacteriocins
apart from their advantage of having antimicrobial property
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have shown to be heat stable [41]. During fermentation,
LAB release into the medium antimicrobial substances such
lactic acid, hydrogen peroxide, baceriocins [14].

against food born infections and being easily degraded by
the digestive enzymes without the risk of disruption of
normal tract ecology [17] and improve gut function, they

Table 3: Distribution of bacteriocinogenic Lactic acid bacteria at species level in fermented food samples

Corn pap Waterfufu Kumkum Soy yogurt

Isolate Frequency%  Frequency(%bo) Frequency (%) Frequency%o Total
L. pentosus 1(11.1%) 0(0%) 0(0%) 1(20%) 2 (8.7%)
L. plantarum 5(55.6%) 2(50%) 2(40%) 0(0%) 9(39.1%)
L. salivarus 1(11.1%) 0(0%) 0(0%) 1(20%) 2 (8.7%)
L. paraplantarum 1(11.1%) 2(50%) 0(0%) 0(0%) 3(13.1%)
Uncultured L. spp 0(0%) 0(0%) 2(40%) 2(40%) 4(17.4%)
P. acidilactici 1(11.1%) 0(0%) 0(0%) 1(20%) 2 (8.7%)
P. cellicola 0(0%) 0(0%) 1(20%) 0(0%) 1 (4.3%)

Total 9 4 5 5 23

Table 4: Distribution of Bacteriocinogenic Lactic acid bacteria (LAB) strains in Fermented Foods from four localities in
Cameroon

LAB lIsolates | Identification(16SrRNA) Sample Type Sampling Location
Buea | Bamenda | Douala | Yaounde | Total
NY15 L. salivarus strain JCM 1231 Soy Yogurt 1 1
MRLa L. salivarus strain JCM 1231 Corn pap 1 1
M1 L. plantarum strain 07B144 Waterfufu 1 1
FCP6 L. plantarum subsp. | Corn pap 1 1
argentoratensis strain MMBO7
N2 L. plantarum strain JCM 1149 Corn pap 1 1
DLA2 L. plantarum strain JCM 1149 Kumkum 1 1
M2 L. plantarum strain JCM 1149 Corn pap 1 1
CJ3 Uncultured L. sp. clone 184a Soy Yogurt 1 1
SBY Uncultured L. sp. clone 184a Kumkum 1 1
SAL1 Uncultured L. sp. clone 184a Soy Yogurt 1 1
NFY3 Uncultured L. sp. clone 184a Kumkum 1 1
CJIL L. plantarum strain CXG9 Corn pap 1 1
LAB1 L. pentosus strain HBUAS56231 Soy Yogurt 1 1
SAL5 L. plantarum strain CIP 103151 Corn pap 1 1
FClas L. paraplantarum strain DSM | Waterfufu 1 1
10667
W1 L. paraplantarum strain DSM | Waterfufu 1 1
10667
WFS L. paraplantarum strain DSM | Corn pap 1 1
10667
CB1 L. plantarum strain UNIFG30 Kumkum 1 1
DLA1 L. pentosus strain MP.VNM.5 Corn pap 1 1
W2 L. plantarum subsp. | Waterfufu 1 1
argentoratensis strain ED116
K25 P. acidilactici strain OHER2 Corn pap 1 1
Y1 P. acidilactici strain MKK21 Soy Yogurt 1 1
K2 P. cellicola strain Z-8 Kumkum 1 1
Total 7 8 4 4 23

Molecular Identification and Phylogenetic Analysis isolates which had >90% sequence homology (E-

The 16SrRNA gene of the presumptive LAB isolates
were amplified by PCR and sequenced and we obtained on
average between 800bp and 1300bp sequences (figures 1a,
b, ) characteristic of LAB gene segment [42] deposited in
the GenBank. Results of the nucleotide BLAST search and
phyolgenetic analysis using MEGA X (10.0.0 version)
identification, revealed 23 bacteriocin-producing LAB
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values<0.003x107%) to those deposited in the GenBank with
accession numbers (Table 5). The PCR allows good
discrimination of isolates while the 16SrRNA gene
sequencing and phylogenetic analysis were performed for
molecular identification of isolates [43]. Molecular methods
are more accurate methods for identifying bacteria than
phenotypic methods and new molecular methods such as
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16SrRNA gene sequencing have been employed recently to
identify microbes. This method has led to an increase in
strains number [44].

The strains were placed in a cluster consisting of the
genera Lactobacillus and Pediococcus. Strains in the cluster
of the genus Lactobacillus are shown in the phylogenetic
trees (Fig. 2a and 2b) which formed well-defined clusters
with 20 type strains with over 90% homology with
Lactobacillus species recorded in the GenBank; M1 had
close similarity to Lactiplantibacillus plantarum strain
07B144; NY15 and MRLa had similarity to Lactobacillus
salivarius strain JCM 1231; FClas, W1, and WFS were
closely related to Lactobacillus paraplantarum strain DSM
10667); FCP6  (Lactobacillus  plantarum  subsp.
argentoratensis strain MMBO7); Strains N2, M2 and DLA2
had closest match to Lactobacillus plantarum strain JCM
1149; SBY, SALI1, NFY3 and CJ3 were closely linked to
Uncultured Lactobacillus sp. clone 184a; CJIL was closely
smilar to Lactiplantibacillus plantarum strain CXG9; LAB1
was similar to Lactobacillus pentosus strain HBUAS56231;
SALS5 (Lactobacillus plantarum strain CIP 103151), DLA 1
(Lactobacillus  pentosus  strain  MP.VNM.5), CBl
(Lactobacillus plantarum strain UNIFG30) and strain W2
was closely related to Lactobacillus plantarum subsp.
argentoratensis strain ED116; with bootstrap values at 1000
replicates.

Strains in the cluster of the genus Pediococcus (Figure
3) revealed 3 type strains which had over 90% similarity
with Pediococcus bacteria deposited in the GenBank; K2
was closely related to Pediococcus cellicola strain Z-8; K25
was closely similar to Pediococcus acidilactici strain
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OHER2; and Y1 had the closest match to Pediococcus
acidilactici strain MKK21, with bootstrap support values at
1000 replicates. Although the partial sequence of the 16S
rRNA gene provides sufficient phylogenetically meaningful
information, identification of the bacteria will be more
accurate if the full sequence of the 16S rRNA gene is
employed [45]. Thus, based on the identification by partial
16S rRNA gene, primers were designed to amplify the
whole 16S rRNA gene of the respective strains and the full
sequence was used for the identification of the LAB

The phylogenetic relationship among the samples were
also determined using the maximum likelihood method with
query cover above 90% of samples at 1000 replicates
(Figure 4). Results showed genetic relationship of isolates
from Yaounde, Douala and Bamenda to ancestral isolate
from Buea. Samples from Bamenda showed the closest
relation to samples from Buea, followed by samples from
Douala. Samples from Yaounde showed closer similarity to
samples from Douala and Bamenda than samples from
Buea. Therefore, closely related isolates, though isolated
from different regions, are genetically similar and may
possess similar properties than those further from each other
in the phylogenetic tree. This study is similar to the work
carried out by Saeed and colleagues to determine the
evolutionary relationship and similarity among local
samples from different regions using phylogenetic analysis
by Maximum Likelihood method and minimum evolution
method [23]. Lactic acid bacteria like any other bacteria
have the ability and capability to exchange genetic materials
from the environment through the horizontal gene transfer to
be more adapted and survive in the new environment [46].
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Samples 57 through 70
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Figures 1a, 1b, 1c: Agarose gel (1.5%0) electrophoresis showing amplified 16SrRNA gene of presumed LAB isolates; DNA
Ladder (marker); Lanes 1-70, PCR products of LAB isolates.

Table 5: Phylogenetic neighbors of bacteriocinogenic Lactic acid bacteria on the basis of similarity to the partial 16S

rDNA sequence
SAMPLE E-Value PERCENTAGE IDENTIFICATION ACCESSION NUMBER
SEQUENCE SIMILARITY (16SrDNA Sequencing)
CODE
M1 0.001 X 10°% 93% Lactiplantibacillus MW682253.1
plantarum strain 07B144
NY15 0.01 X 10-% 92% Lactobacillus salivarius NR 112759.1
MRLa 0.003 X102 91% strain JCM 1231
FCP6 0.003X10% 91% Lactobacillus plantarum MN700261.1
subsp. argentoratensis strain
MMBO07
N2 0.002X103 93% Lactobacillus plantarum NR 117813.1
M2 0.001X10% 91% strain JCM 1149
DLA2 0.003X103! 92%
CJ3 0.001X10%0 91% Uncultured Lactobacillus sp. KJ127721.1
SBY 0.0002 X101° 93% clone 184a
SAL1 0.03 X102 90%
NFY3 0.01 X10% 91%
CJIL 0.001X10% 95% Lactiplantibacillus (CP069168.1:2963169-
plantarum strain CXG9 2963345)
LAB 1 0.004X10%7 91% Lactobacillus pentosus strain MT229646.1
HBUAS56231
SAL5 0.002X10%° 90% Lactobacillus plantarum NR 104573.1
strain CIP 103151
FClas 0.01X10% 90% Lactobacillus paraplantarum NR 025447.1
w1 0.003X10%° 91% strain DSM 10667
WEFS 0.04X10% 92%
CB1 0.003X10%6 93% Lactobacillus plantarum KP899075.1
strain UNIFG30
DLA1 0.001X10* 90% Lactobacillus pentosus strain MK300040.1
MP.VNM.5
W2 0.003X10% 96% Lactobacillus plantarum KR003317.1
subsp. argentoratensis strain
ED116
K25 0.0023X10% 91% Pediococcus acidilactici MW435849.1
strain OHER?2
Y1 0.0045X10°Y 93% Pediococcus acidilactici KY494432.1
strain MKK21
K2 0.0013X10% 90% Pediococcus cellicola strain NR 043290.1
Z-8

UISRT21SEP756

WWW.ijisrt.com

825



http://www.ijisrt.com/

Volume 6, Issue 9, September — 2021 International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165

£ | Lactobacillus plantarum strain R523 (MNO49548.1)
s | 1L il strain RS23. 165 ribosomal RNA gene parfial sequence

1 NR 112890.1 Lactobacillus plantarum strain NBRC 15891 165 ribosomal RNA partial sequence

L subsp. is strain DKO 22 (NR 042254.1)

[ ar Laciobacillus plantarum strain HBUAS52015 (MH382776.1)
9 | Lactobacillus plantarum strain HBUASS56200 (MT229616.1)
L

strain 7.8.48 (KX648893.1)

° = KX601126.1 L
E MW8682253.1 Lactiplantibacillus plantarum strain 078144 16S ribosomal RNA gene partial sequence
M1

s MR 113259.1 Lactobacilus agilis strain JCM 1187 165 ribosomal RNA parfial sequence

pl strain M264 165 ribosomal RNA gene partial sequence

L NR 112759.1 Lactobacillus salivarius strain JCM 1231 16S ribosomal RNA partial sequence

a

NY15

4
.

a2  — FCJas
! MR 025447.1 Lactobacillus paraplantarum strain DSM 10667 16S ribosomal RNA partial sequence

7 FCP&
S I e A
MN700261.1 L il subsp. sis strain MMBO7 16S ribosomal RMA gene partial sequence

NR 117813.1 Lactobacillus plantarum strain JCM 1149 16S ribosomal RNA pariial sequence

2 1
. N2
15 M2

ES) SBY

= SAL1

o NFY3
KJ127721.1 U L sp. clone 184a 165 ribosomal RNA gene pariial sequence

. cJ3

o 16
4‘— CJIL

MWE82272.1 Lactiplantibacillus plantarum strain 10B4116 16S ribosomal RNA gene partial sequence

1
A LAB 1
18 MT229646.1 L: strain HBUASS56231 16S ribosomal RNA gene partial sequence

SALS
429|— NR 104573.1 Lactobacillus plantarum strain CIP 103151 16S ribosomal RNA partial sequence

NR 044820.1 Fusobacterium ulcerans strain NCTC 12111 16S ribosomal RNA partial sequence

L pl strain CXG9 genome (CPOB9166.1:2963169-2963345)

0.5

2 NR 0254471 L strain DSM 10667 165 ribosomal RNA partial sequence

DLA2
ﬂcmni\m plantarum sirain JCM 1149 165 ribosomal RNA partial sequence
El ,7 CB1
KP899075.1 L illug plantarum strain UNIFG30 165 ribosomal RNA gene partial sequence

’7 DLA1
E MK300040.1 Lactobacillus pentosus strain MP.VNM.5 165 ribesomal RNA gene partial sequence
3 MKT74540.11 pl subsp. sfrain 22Y 165 ribosomal RNA gene partial sequence
NR 0447082 L hilgardii strain DSM 20176 165 ribosomal RNA partial sequence
f Lactobacillus plantarum strain 1.8.25 (KX648787.1)
NR 109000.1L i is strain 3.1.1 165 ribosomal RNA partial sequence

w2
o4 | Lactobacillus plantarum subsp. argentoratensis strain ED116 (KR003317.1)(2)

NR 044820.1 Fuscbacterium ulcerans strain NCTC 12111 165 ribosomal RNA partial sequence

b
Figures 2a and 2b: Phylogenetic trees showing the position of isolates and related Lactobacillus strains based on 16SrRNA
gene sequences. These trees were constructed using the neighbour joining method (MEGA X 10.0.5) at 1000 replicates.
Fusobacterium ulcerans strain NCTC 12111 was used as an outgroup organism.
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MW435849 1 Pediococcus acidilactici strain OHER2 165 ribosomal RMNA gene partial sequence

KY494432 1 Pediococcus acidilactici strain MKK21 165 ribosomal RNA gene partial sequence
NR 043290.1 Pediococcus cellicola strain Z-8 16S ribosomal RNA partial sequence
K2

NR 044820.1 Fusobacterium ulcerans strain NCTC 12111 165 ribosomal RNA partial sequence

Figure 3: Phylogenetic trees showing the position of isolates and related Pediococcus strains based on 16SrRNA gene
sequences. These trees were constructed using the neighbour joining method (MEGA X 10.0.5) at 1000 replicates.
Fusobacterium ulcerans strain NCTC 12111 was used as an outgroup organism.

7 Lactobacillus plantarum strain JCM 1149 N2/Buea
;,—E Lactobacillus plantarum strain JCM 1149 DLA2/Douala
N Lactobacillus plantarum strain JCM 1149 M2/Bamenda

4 Pedi

cellicola strain Z2-8 K2/Bamenda
Lactobacillus plantarum subsp. argentoratensis strain MMBO7 FCP6/Y aounde
S
7 Lactobacillus plantarum strain UNIFG30 CB1/Yacunde

Lactobacillus plantarum strain CIP 103151 SALS/Buea
! - Lactobacilh livarius strain JCM 1231 MRLa/Bamenda
a8 Lactobacilh livarius strain JCM 1231 NY 15/ aounde

Pedi idilactici strain OHER2 K25/Buea

[
19 I Lactiplantibacillus plantarum strain CXG9 CJIL/Bamenda

25 T Pedi idilactici strain MKK21 Y1/Yaounde

I Lactobacillus pentesus strain MP.VNM.S DLA1/Douala

Lactobacillus plantarum subsp. argentoratensis strain ED116 W2/Douala

Lactobacilh strain HBUASS56231 LAB 1/Buea

Uncultured Lactebacillus sp. clone 184a SBY/Bamenda

- Uncultured Lactobacillus sp. clone 184a NFY3/Buea
?E Uncultured Lactobacillus sp. clone 184a SAL1/Bamenda
a5 Uncultured Lactobacillus sp. clone 184a CJ3/Buea
’7 Lactobacillus paraplantarum strain DSM 10667 FCJas/Bamenda
= { Lactobacillus paraplantarum strain DSM 10667 WFS/Douala
a5 Lactobacillus paraplantarum strain DSM 10667 W1/Bamenda

Lacti ibacillus plantarum strain 076144 M1/Buea

MR 044820.1 Fusobacterium ulcerans strain MCTC 12111 165 ribosomal RNA partial sequence

Figure 4: Phylogenetic tree showing the phylogenetic location of Lactic acid bacteria strains isolated from locally
fermented foods in Cameroon, based on 16SrRNA gene sequences. This tree was constructed using the neighbour joining
statistical method (MEGA X.0.5) at 1000 replicates. Fusobacterium ulcerans strain NCTC 12111 was used as an outgroup

organism
Iv. CONCLUSION preservatives and probiotics and their bacteriocins can be
used in medicine to formulate cocktail drugs against

On the basis of the present results, it can be concluded
that the fermented foods; Corn pap, Kumkum,Water fufu
and soya beans yogurt are potential sources that could be
exploited for isolation of different species and strains of
bacteriocin-producing LAB against the food born
Salmonella enterica pathogens. These isolated lactic acid
bacteria strains can be employed in food industries as

UISRT21SEP756

Salmonella enterica pathogens to combat the increasing
Salmonella antibiotic multi-drug resistance. The distribution
of samples from Bamenda, Douala, and Yaounde could be
likened to have ancestry to an isolate from Buea.

WWW.ijisrt.com 827


http://www.ijisrt.com/

Volume 6, Issue 9, September — 2021

[1].

2.

[3].

[4].

[5].

[6].

[7]1.

[8].

9.

[10].

[11].

[12].

UISRT21SEP756

REFERENCES

Antonne S. New kinds of land conflict in Urban
Cameroon: The case of the ‘landless’ indigenous
people in Yaounde. J int. African institute. 2010;
80(4): 553-572, http://www.Jstor.org/stable/40961503
FAO/WHO. Current and emerging trends in the

livestock feeding sector. The global cassava
development: Cassava for livestock feed in Sub-
saharan Africa. Food and agricultural
organization/World  Health  Organization/United

Nations, Geneva, Switzerland, 2004; chapter 5.
Akin-Osanaiye BC, Kamalu 10. Evaluation of Ogi
(Corn Caramel) from Maize and Sorghum for Isolation
and Characterisation of Lactic Acid Bacteria (LAB).
Biochemistry and Molecular Biology. 2019; Vol. 4,
No. 2, pp. 28-34.doi: 10.11648/j.bmb.20190402.12.
Adebolu TT, Olodun AO, and lhunweze BC.
Evaluation of Ogi liquor from different grains for
antibacterial  activities against some common
diarrhoeal bacteria in South West Nigeria. African J
Biotechnol. 2007, wvol. 6(9), pp. 1140-1143.
http://www.academicjournals.org/AJB.

Harsh M, Tom PB, Paul DC. Health benefits of lactic
acid bacteria Fermentates. Nutrients. 2020, 12, 1679,
doi: 10.3390/nu12061679.

Odunfa S, and Oyewole, O. African fermented foods.
Microbiol. Fermented Foods, Springer. 1998; 713-
752.

Guira F, Tankoano A, and Savadogo A. African

cassava  Traditional  Fermented Food: The
Microorganism’s Contribution to their Nutritional and
Safety Values-A Review.

Int.J.Curr.Microbiol. App.Sci. 2016; 5(10): 664-687.
Anyogu A, Awamaria B, Sutherland JP, Ouoba LII.
Molecular characterization and antimicrobial activity
of bacteria associated with submerged lactic acid
cassava fermentation. Food Control. 2014; 39:199-
127.

Avancini SRP, Faccin GL, Vieira MA, Rovaris AA,
Podesta R, Tramonte R, de Souza NMA, Amante ER.
Cassava starch fermentation wastewater:
Characterization and preliminary toxicology studies.
Food Chem Toxicol. 2007; 45:2273-2278.

Busayo DA, Clara P, Vincenza F, Patricia RM,
Adewale OO, Lateef OS and Maria MEP. Screening
and molecular identification of lactic acid bacteria
from gari and fufu and gari effluents. Ann Microbiol.
2017; 67:123-133, DOI 10.1007/513213-016-1243-1.
Ogunbanwo ST, Sanni  Al, Onilude AN.
Characterization ~ of  bacteriocin  produced by
Lactobacillus plantarum F1 and Lactbacillus brevis
OGL. African J Biotechnol. 2003; 2(8): 219-227.

Da Costa RJ, Flavia LSV, Rafael G, Mondadori EHD,
and Fiorentini A M. Preservation of meat products
with bacteriocins produced by Lactic acid bacteria
isolated from meat. J Food Quality, 2019; vol. 2019,
article ID 4726510, 12pages,
https;//doi.org/10.1155/2019/4726510.

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

Bamidele OP, Fasoghon MB, Oladiran DA, et al.
Nutritional composition of fufu analog flour produced
from Cassava root (Manihot esculenta) and Cocoyam
(Colocasia esculenta) tuber. Food science & nutrition.
2015; 3:597-603.

Tatsadjieu NL, Njintang NY, Kemgang ST, Daoudou
B, Mbofung CMF. Characterization of lactic acid
bacteria producing bacteriocins against chicken
Salmonella enteric and Escherichia Coli. African
Journal of Microbiology Research. 2009; Vol. 3(5),
pp220-227.http://www.academicjournals.org/ajmr.
Amit C, Deepak R, Akshay D, Jitendra W and Monika
B. Molecular characterization of bacteriocin-producing
Lactic acid bacteria from fermented food “Idli”. Intl J.
Food Ferment. Technol. 2016; 6(2): 415-420.

Hilal AP, Najmun N, Wagas NB. Isolation,
Identification and Characterization of Lactobacillus
bacteria from soy yoghurt. International journal of
advanced Research in science and engineering, 2018;
vol. 7, no. 04.

Caplice E. and Fitzgerald GF. Food fermentation: Role
of microorganisms in food production and
preservation. Int. J food Microbiol. 1999; 50: 131-149.
http://dx.doi.org/10.1016/s0168-16059(99)00082-3.
Nzouankeu A, Marie-Christine F, Wouafo M, Njine T,
Aidora-Kane A, Ngandjio A..  Molecular
Characterization of Multi-drug resistant Salmonella
from Chicken and human in Yaounde. Medical
research Archives. 2016; vol.4, no.8, ISSN 2375-1924.
Xuchu W, Narayan P, Xiaoliang L, Weihuan F, and
Min Y. Antibiotic Resistance in Salmonella
Typhimurium Isolates Recovered From the Food
Chain Through National Antimicrobial Resistance
Monitoring System Between 1996 and 2016.
Hangzhou Center for Disease Control and Prevention,
Hangzhou, China, CATG. Microbiology and Food
Safety Laboratory, Institute of Preventive Veterinary
Medicine China, 07 May 2019.

Marguerite W, Nzouankeu Atangana JK, Fonkoua
MC, Ejenguele G, Njine T, and Ngandjio A.
Prevalence and  Antimicrobial Resistance  of
Salmonella Serotypes in Chickens from Retail Markets
in Yaounde (Cameroon). Microbial Drug Resistance.
Abushelaibi A, Suheir A, Khaled A. Characterization
of potential probiotics lactic acid bacteria isolated
from camel milk. Food science and technology. 2017,
79, Doi: 10.1016/j.Iwt.2017.01.041.

Lawalata VN, Irawadi TT, Syamsu K, Suparto IH.
Process engineering of langsat fruit peel (Lansium
domesticum var. langsat) extraction as antibacterial
and antioxidant. IPB University Bogor Indonesia.
2012.

Saeed ZK, Abbas BA and Othman RM. Molecular
identification and phylogenetic analysis of lactic acid
bacteria isolated from goat raw milk. lragi J Vet.
Sciences. 2020; 34(2): 259-263. Available online at
http://www.vetmedmosul.com, open access article
under the cC BY 4.0 license
(http://creativecommons.org/licenses/by/4.0.

828


http://www.ijisrt.com/
http://www.jstor.org/stable/40961503
http://www.academicjournals.org/AJB
http://dx.doi.org/10.1016/s0168-16059(99)00082-3
https://www.frontiersin.org/people/u/200295
https://www.frontiersin.org/people/u/478039
https://www.liebertpub.com/doi/abs/10.1089/mdr.2009.0127
https://www.liebertpub.com/doi/abs/10.1089/mdr.2009.0127
https://www.liebertpub.com/doi/abs/10.1089/mdr.2009.0127
https://www.liebertpub.com/doi/abs/10.1089/mdr.2009.0127
https://www.liebertpub.com/doi/abs/10.1089/mdr.2009.0127
https://www.liebertpub.com/doi/full/10.1089/mdr.2009.0127
https://www.liebertpub.com/doi/full/10.1089/mdr.2009.0127
https://www.liebertpub.com/doi/full/10.1089/mdr.2009.0127
https://www.liebertpub.com/journal/mdr
http://www.vetmedmosul.com/
http://creativecommons.org/licenses/by/4.0

Volume 6, Issue 9, September — 2021
[24].

[25].

[26].

[27].
[28].

[29].
[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

UISRT21SEP756

Liofilchem Diagnostics, TE, Italy. MRS Agar, 2019.
Harrigan WF, McCance ME. Basic methods. In:
Harrigan WF, McCance ME (eds.,), Laboratory
methods in food and dairy microbiology. Academic
Press, London. 1976;pp.1-115.

Lawalata HJ, Mariana R, Utari S. Identification by 16S
Ribosomal RNA Gene Sequencing of Lactic Acid
Bacteria Producing Antibacterial Agents from Langsat
Fruit (Lansium domesticum) in North Minahasa
District, North Sulawesi. J Bacteriol. & Parasitol.
2020; 1ss.S5 N0:1000003

Oxoid, UK. Nutrient Agar, 2019.

Herreros MA, Sandoval H, Gonzalez L, Castro JM,
Fresno JM, and Tornadijo ME. Antimicrobial activity
and antibiotic resistance of lactic acid bacteria isolated
from Armada cheese (a Spanish goat’s milk cheese).
Food Microbiology. 2005, 22, 455-459.

Sigma Aldrich, USA. Proteinase K. 2019.

Bio-Rad Laboratories, CA, USA. AmpliSize molecular
Ruler. 2020.

Genewiz, NJ, USA. Sanger sequencing of 16SrRNA
gene, 2021.

Ngoc TL, Long GB, Dugchinh N, Tran HXL, Khanh
HP, Daiheri N, Thai THT. Evaluation of factors
affecting antimicrobial activity of bacteriocin from L.
plantarum microen capsulated in Alginated-Gelatin
capsules and its application on pork meat as a bio-
preservation. Int. J. of Env. Research and Public
Health. 2019; 16, 1017, doi:10.3390/jerph 16061017.
Ivanova E, Chipeva V, Ivanova J, Dousset X, Poncelet
D. Encapsulation of lactic acid bacteria in Calcium
Alginated Beads for bacteriocin production. J. Cult.
Collect. 2002; 3: 53-58.

Siedler S, Balti R, Neves AR. Bioprotective
mechanism of lactic acid bacteria against fungal
spoilage of food. Curr. Opin. Biotechnol. 2019; 56:
138-146.

Hama C, Boureima K. Molecular characterization of
Bacillus, lactic acid bacteria and yeast as potential
probiotic isolated from fermented foods. J. Scia. 2019.
http://doi.org/10.1016/j.sciaf.2019.e00175.
Florou-Paneri PC, Efterpi C, Eleftherios B. Lactic acid
bacteria as source of functional ingredients. 2013, 25:
589-614, DIO: 10.5772/47766

Scalabrini P, Rossi M, Spettoli P, Matteuzzi D.
Characterization of Bifidobacterium strains for use in
soymilk fermentation, International Journal of Food
Microbiology. 1998; 39, 213-219.

Boudraa G, Touhami M, Pochart P, Soltana R, Mary
JY and Desjeux JF. Effect of feeding yogurt versus
milk in children with persistent diarrhea, Journal
Pediatr Gastroenterol Nutr. 1990; 11, 509-512.
Marteau P, Flourie B, Pochart P, Chastang C, Desjeux
JF, and Rambaud JC. Effect of the microbial lactase
(EC 3.2.1.23) activity in yoghurt on the intestinal
absorption of lactose: an in vivo study on lactase
deficient humans. Br J Nutr. 1990; 64, 71-79.

Perdigo GA, Moreno de LBJ, Valdez and Rachid M.
Role of yoghurt in the prevention of colon cancer,
European Journal of Clinical Nutrition. 2002 ; 56(3),
S56-S68.

[41].

[42].

[43].

[44].

[45].

[46].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

Esayas A, Fekadu B, and Amutha S. Effect of
temperature and pH on the antimicrobial activity of
inhibitory substance produced by lactic acid bacteria
isolated from Ergo, an Ethiopian Traditional fermented
milk. African J Microbiol. Research. 2008, vol.(2), pp
229-234.

Lanhua Y, Ying D, Jingli Wu, Lihui Z, Xia O, Biang
FL, Xuan ZX. Purification and characterization of a
novel bacteriocin produced by Lactobacillus
crustorum MNO47 isolated from Koumiss from China.
J. Diary Sci. 2016, 99:7002-7015.

Chin ML, Chin CS, Clemente MVL, Norhani A, Yin
WH. Sequence analysis of 16S rRNA gene and 16S-
23S rRNA gene intergenic spacer region for
differentiation of probiotics Lactobacillus strains
isolated from the gastrointestinal tract of chicken.
Annals of Microbiology. 2008; 58 (1) 133-140.

Fguin IMA, Aziadi M, Arroum S, Khorchani T.
Biochemical and molecular identification of lactic acid
bacteria isolated from camel milk in Tunisia. Emir. J.
Food Agric. 2015, 27(9): 716-720,
10.9755/ejfa.2015.04.114 cross Ref view Record in
Scopus Google scholar.

Tannock GW, Tilsala-Timisjarvi A, Rodtong S, Munro
K, Alatossava T. Identification of Lactobacillus
isolates from the gastrointestinal tract, silage, and
yoghurt by 16S23S rRNA gene intergenic spacer
region sequence comparisons. Appl. Environ.
Microbiol. 1999; 65: 4264-4267.

Chen X, Song Y, Xu H, Menghe BL, Zhang HP, Sun
ZH. Genetic relationship of Enterococcus faecalis
from different sources revealed by multilocus
sequence typing. J Dairy Sci. 2015; 98(8):5183-5193.
10.3168/jds.2015-9571.

829


http://www.ijisrt.com/
http://doi.org/10.1016/j.sciaf.2019.e00175

	Table 3: Distribution of bacteriocinogenic Lactic acid bacteria at species level in fermented food samples

