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ABSTRACT

Background: This study was aimed at evaluating the risk of bacterial infection from fermented fura de
nunu milk product consumed in Abakaliki metropolis.

Method:Twenty five (25) samples of nunu and fura de nunu each were purchased from different vendors
at Hausa Quarters' Market in Abakaliki metropolis. Bacteria were isolated using differential and selective
media and identified using standard biochemical tests. Molecular identification was performed by
amplification of 16S rDNA. Antimicrobial susceptibility testing was performed by Kirby Bauer disk diffusion
method.

Result: A total of 90 bacterial isolates from fura de nunu (56) and nunu (34) samples were isolated.
The total bacteria count and mean bacteria colony forming units were significantly higher (P<0.05) in
fura de nunu (57£26.5), (11.4%5.3) than in nunu (24+14.1), (4.8+2.8) respectively. All the bacteria
isolates were resistant to cefotaxime, meropenem, amoxycilin—clavulanic acid and susceptible to
imipenem and gentamicin. Eighty five (94%) of the bacteria isolates were resistant to ceftriazone while
(6%) showed intermediate zone of inhibition. About 58% of the bacteria isolates were resistant to
sulphamethoxazole/trimethoprime, while 42% of the isolates showed susceptibility with multidrug
resistance observed in over 90% of the isolates. Out of 58 isolates used, 64% and 26% exhibited
hemolytic and hemmagutination properties.

Conclusion: It is evident that fura de nunu may be a source of different bacterial infections capable of
causing food-borne illnesses, food intoxication and gastroenteritis.

Keywords: Fura de nunu, antibiotic susceptibility, multidrug resistance, hemolysis, hemmaglutination.

INTRODUCTION

The processing of fura (fermented millet) involves
de-hulling and washing of the millet grains
followed by wet milling into dough which is
fermented over a period of about 12-18 h. The

into smaller balls for marketing. The mixture of
fermented milk and cooked spiced fermented
millet known as 'fura de nunu' is almost a
complete food with milk serving as a source of

fermented millet dough is molded into large balls
(about 10 cm in diameter), cooked, pounded into
a sticky cohesive mass and finally molded again

protein while the cooked spiced millet provides
energy [1]. Fura de nunu production like many
other indigenous fermented foods traditionally
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relies on spontaneous fermentation initiated by
natural microorganisms' natural starters [2].
Depending on its preservation and process-line,
microorganisms other than lactic acid bacteria
could be found in the drink [3]. Fura de nunu
however, does not appeal to majority of the
people because of the apparent unhygienic
conditions in which it is prepared, and also its
short shelf-life [4]. The sources of contamination
include disease-causing organisms (pathogens)
shedding in milk, infected udder and/or teats,
animal skin, fecal soiling of the udder,
contaminated milking and storage equipment
and water used for cleanliness. Other bacterial
sources are from air, milkers, handlers and from
water used for adulteration by unscrupulous and
unfaithful workers/sellers who may be
contaminated and may cause additional health
problems [5]. Hence, there are general skepticism
about the preparation processes of this product as
well as the proper observation of
personal/environmental hygiene [3]. Different
potential pathogenic bacteria such as
Staphylococcus sp., Escherichia coli, Salmonella
sp., Campylobacter sp.,Pseudomonas sp., etc
have been isolated from nunu and raw milk
products indicating the possibility of these product
serving as source of microbial food poisoning [4,
6,]. This work therefore aimed at evaluating the
risk of bacterial infection from consumption of
fura de nunu in Abakaliki Metropolis, Ebonyi
State, Nigeria.

2.0 METHODOLOGY

2.1 Sample collection

This study was conducted within Abakaliki
metropolis, the capital city of Ebonyi state in
Eastern part of Nigeria. Samples of nunu and fura
de nunu were purchased from Hausa quarters
with high population of Hausa and Fulani tribes.
Twenty five (25) samples each of nunu and fura de
nunu were collected from different vendors. The
samples were transported directly to the
laboratory and used within 6 hrs in a sterile large
screw capped bottles. For sterility of the collection
process, face mask, hand gloves, washed hands
and sterile capped bottles was ensured.

2.2 Bacterial isolation

The Pour Plate method adopted has been
described earlier [3]. In brief, 9 ml of distilled
water was dispensed in 10 sterile test tubes. Using
a sterile pipette, 1 ml of the nunu and fura de nunu
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samples were transferred into 9ml of distilled
water and mixed. Ten-fold serial dilution of the
inoculums from 10" to 10"°was done into sterile
distilled water solution using disposable sterile
pipettes tips. After the incubation period,
bacterial colonies on the culture plates were
counted using the electronic colony counter.
Sterile loop full of discrete colonies from the
incubated nutrient agar dishes were streaked on
different media. The well-isolated colonies were
selected and used for gram staining and further
biochemical tests.

2.3 Molecular identification of isolates
Genomic DNA was extracted using Quick-DNA™
Miniprep Kit (Zymo Research) following the
manufacturer's instructions. The DNA
concentrations were measured in ng/uL using
Nanodrop instrument (Colibri Spectrometer,
Berthhold Detection System, Germany). DNA
quality was analyzed by electrophoresis in 1%
agarose gels in TBE buffer at 100V. The universal
primers (Forward primer, 27F 5'-
AGAGTTTGATCMTGGCTCAG -3' and reverse
primer, 1525R 5'- AAGGAGGTGWTCCARCCGCA-
3') were used for the amplification of the 16S rDNA
gene fragment. Amplifications were done by initial
denaturation at 94°C for 5 minutes, followed by 36
cycles of denaturation at 94°C for 30 second,
annealing temperature of primers at 56°C for 45
second and extension at 72°C for 45 minute. The
final extension was conducted at 72°C for 7
minutes. Purified PCR amplicons were Sanger-
sequenced using a Genetic Analyser 3130 xl
sequencer from Applied Biosystems and BigDye
terminator version 3.1 cycle sequencing kit. The
amplified 16S rDNA genes sequence were used
to query National Center for Biotechnology
Information (NCBI) database followed by Basic
Local Alignment Search Tool (BLAST) analysis.

2.4 Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed
by the Disk Diffusion Method according to the
Clinical and Laboratory Standards Institute
guidelines (CLSI) [7] on Muller-Hinton (MH) agar.
The antimicrobial discs used (Oxoid Ltd, UK) and
their corresponding concentrations in brackets
were as follows; sulphamethoxazole/
trimethoprim (25 ug) gentamycin (30 pug),
ciprofloxacin (5 pug), amoxycillin/Clavulanic acid
(30 ug), nalidixic acid (30 ug), imipenem (10 ug),
ceftriaxone (30 ug), penicilin G (10 ug),



meropenem (10 ug) and cefotaxime (30 ug).

2.5 Hemagglutination and hemolytic activity
The isolates were sub-cultured in 5 mL of brain-
heart infusion broth and incubated overnight at
37°C. The cultures were centrifuged to sediment
the bacteria and the supernatant discarded. The
bacterial cells were suspended in PBS to a
concentration of 5 X 10" cells per mL. Chilled
plates were taken and 25 ml of chilled bacterial
suspension and 25 ml of 3% concentration of
chilled RBC were added to separate wells and
incubated at 4°C for one hour and
hemagglutination were observed as a complete
even sheet of agglutinated RBCs. Positive tests
were graded as 1+, 2+, 3+ or 4+ depending
upon the clumping pattern when viewed. For
hemolytic activity, 200 ul of culture were
distributed into each well of a microtire plate and
an equal volume of 1% concentration of washed
human RBC were added and the plates covered
by a cellophane tape and incubated at 37°C for 24
hours and observed for hemolysis [8].

3.0 RESULTS
Bacterial colony counts
From Table 1, the total bacteria count was higher

in fura de nunu, 1421 than in nunu, 604. The
mean bacteria count was significantly higher (P <
0.05) in fura de nunu (57%26.5) than in nunu
(24+14.1). The colony forming units (CFU)
ranged from 3.0 x 10° to 18.0 x 10° cfu/mL. In
nunu, the highest CFU was 15.6 x 10° cfu/mL
while the lowest was 3.0 x 10°cfu/ml while in fura
de nunu the highest CFU was 18.0 x 10° cfu/mL
while the lowest was 3.8 x 10° cfu/ml.

Bacterial Isolates

From Figure 1, a total of 90 bacterial isolates from
fura de nunu (56) and nunu (34) samples were
isolated. Seven genera of bacteria (Escherichia,
Staphylococcus, Klebsiella, Psuedomonas,
Salmonella, Shigella and Lactic acid bacteria)
were isolated from fura de nunu, while five genera
(Escherichia, Staphylococcus, Psuedomonas,
Shigella, Lactic acid bacteria) were isolated from
nunu which means that Klebsiella and Salmonella
were not isolated from Nunu. In fura de nunu, the
highest isolates were E. coli and Pseudomonas, 13
(23%) each followed by Lactic acid bacteria, 10
(18%). In nunu, the highest isolates were Lactic
acid bacteria, 10 (29%) followed by E. coli,
Shigella and Staphylococcus, 7 (21%).

Table 1: Bacterial colony counts (cfu x 10°/ml) for nunu and fura de nunu

Colony Nunu (n=25) Fura de nunu (n=25)
1.Total counts

Total Bacteria 604 1421

Mean bacteria count 24+14.10 57+26.50
2.Colony forming units

(cfu x 10°/mL)

Total bacteria cfu 121 284

Mean bacteria cfu 4.8+2.80 11.4+£5.30
Range 3-15.6 3.8-18

Values expressed as mean + SD
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Key: kleb: Klebsiella spp. Pseudo: Pseudomonas spp. Sal: Salmonella spp.,Shig: Shigella spp.,
taph: Staphylococcus spp., Lab: Lactic acid bacteria, E. coli: Escherichia coli.

Figure 1: Bacterial Isolates from Fura de nunu and Nunu (n =90)
Antibiogram

Table 2: Antibiogram of the bacteria isolates (n=90)

Antibiotics Resistant(R) Intermediate(l) Subsceptible(S)
(%) (%) (%)
Ceftriazone 85 (94) 5 (6) 0 (0)
Cefotaxime 90 (100) 0 (0) 0 (0)
Ciprofloxacin 28 (31) 35 (38) 28 (31)
Nalidixic acid 70 (78) 20 (22) 0 (0)
Amoxycilin—clavulanic 90 (100) 0 (0) 0 (0)
acid
Penicillin G 85 (94) 0 (0) 5 (6)
Imipenem 0 (0) 0 (0) 90 (100)
Meropenem 90 (100) 0 (0) 0 (0)
Gentamicin 0 (0) 0 (0) 90 (100)
Sulphamethoxazole/ 53 (58) 0 (0)
Trimethoxazone
Total 65.5% 6.6% 27.9%
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Table 3: Antimicrobial resistance pattern of isolates from fura de nunu (n=56)

Drugs E. coli Pseud Shig LAB Sal Staph Kleb Total
(n=13) (n=13) (n=5) (n=10) (n=5) (n=5) (n=5) (n=56)
(%) (%) (%) (%) (%) (%) (%) (%)
CRO 13 (100) 13(100) 5(100) 10(100) 5(100) 5 (100) 3 (60) 54 (96)
CN 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
STX 5(38) 8 (62) 3 (60) 3 (30) 5(100) 3 (60) 5 (100) 32 (57)

MEM  13(100) 13(100) 5(100) 10(100 5(100) 5(100) 5(100) 56 (100)
IMP 0(0) 0(0) 0 (0) 0(0) 0 (0) 0(0) 0 (0) 0 (0)

P 13(100) 13(100) 3(60) 10(100) 5(100) 5(100) 5(100 54 (96)
AML  13(100) 13(100) 5(100) 10(100) 5(100) 5(100) 5(100) 56 (100)
cip 5 (38) 0(0) 3(60) 3(30) 3(60) 0(0)  3(60)  17(30)

cTX 13(100) 13(100) 5(100) 10(100) 5(100) 5(100) 5(100) 56 (100)

NA 13(100) 13(100) 3(60) 10(100) 5(100) 5(100) 3(60) 52 (93)

Key: Ciprofloxacin: (CIP), Cefriaxone: (CRO), Sulphamethoxazole: (STX), Cefotaxime: (CTX),
Meropenem: (MEM), Penicilin G: (P), Nalidixic acid: (NA), Amoxycilin —clavulanic acid: (AML),
Gentamicin: (CN), Imipenem: (IPM).

Table 4: Antimicrobial resistance pattern of isolates from nunu (n=34)

Antibiotics E. coli Pseud Shig LAB Staph Total
(n=7) (n=3) (n=7) (n=10) (n=7) (n=34)
(%) (%) (%) (%) (%) (%)
CRO 7 (100) 3 (100) 5(71) 10 (100) 7 (100) 32 (94)
CN 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
STX 7 (100) 0 (0) 5(71) 7 (70) 2 (29) 21 (62)
MEM 7 (100) 3 (100) 7 (100) 10 (100) 7 (100) 34 (100)
IMP 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
P 7 (100) 3 (100) 7 (100) 10 (100) 7 (100) 34 (100)
AMC 7 (100) 3 (100) 7 (100) 10 (100) 7 (100) 34 (100)
CIP 2 (29) 0 (0) 5(71) 2 (20) 0 (0) 9 (26)
CTX 7 (100) 3 (100) 7 (100) 10 (100) 7 (100) 34 (100)
NA 7 (100) 3 (100) 2 (29) 5 (50) 5(71) 34 (100)

Key: Ciprofloxacin: (CIP), Cefriaxone: (CRO), Sulphamethoxazole: (STX), Cefotaxime: (CTX),
Meropenem: (MEM), Penicilin G: (P), Nalidixic acid: (NA), Amoxycilin —clavulanic acid: (AML),
Gentamicin: (CN), Imipenem: (IPM).
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Table 6: Hemagglutination and hemolytic properties of the isolates (n=58)

Isolates Hemolysis Hemagglutination

positive  negative high moderate low negative
E. coli (n=20) 13 [67%] 7 [33%] 7 [35%] 7 [35%] 0 [0%] 6 [30%]
Pseudo (n=16) 8 [50%] 8 [50%] 5 [33%] 3 [17%] 8 [50%] 0 [0%]
Shig (n=12) 8 [67%] 4 [33%] 0 [0%] 0 [0%] 4 [33%] 8 [67%]
Salm (n=5) 3 [60%] 2 [40%] 3 [60%] 0 [0%] 2 [40%] 0 [0%]
Kileb (n=5) 5 [100%] 0 [0%] 0 [0%] 0 [0%] 3 [60%] 2 [40%]
Total 37 [64%] 21 [36%] 15 [26%] 10 [17%] 17 [29%] 16 [28%]

As seen in Table 2, all the bacteria isolates were
resistant to cefotaxime, meropenem, amoxycilin —
clavulanic acid while susceptible to imipenem
and gentamicin. Eighty five (94%) of the bacteria
isolates were resistant to ceftriazone antibiotics
while five (6%) showed intermediate zone of
inhibition. With ciprofloxacin, twenty eight (31%)
of the isolated bacteria were susceptible, thirty
five (38%) were intermediate and twenty eight
(31%) showed resistance. Fifty three (58%) of the
bacteria isolates were resistant to
sulphamethoxazole/ trimethoprim, while thirty
eight (42%) of the isolates showed susceptibility.
Penicillin G (P) showed resistance to eighty five
(94%) of the isolated bacteria, while five (6%)
showed significant susceptibility to the antibiotics
drug. Seventy (78%) of the isolates were resistant
to nalidixic acid while twenty (22%) were
intermediates.

Antimicrobial resistance patterns

Table 3 shows the antimicrobial resistant pattern
of the fifty six bacteria isolates from the twenty five
fura de nunu samples. All the Salmonella isolates
showed 100% resistance to ceftriaxone,
sulphamethoxazole/trimethoprim, meropenem,
penicilin G, amoxycilin-clavluanic acid,
cefotaxime and nalidixic acid except for
ciprofloxacin with 60% resistance. All the bacteria
isolates of E. coli, Pseudomonas, Lactic
acidbacteria,and Staphylococcus showed 100%
resistance to ceftriaxone, meropenem, penicilin
G, amoxycilin- clavluanic acid, cefotaxime and
nalidixic acid. While E. coli showed 38%
resistance to sulphamethoxazole/trimethoprim
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and ciprofloxacin, Psuedomonas showed 62%
resistance to sulphamethoxazole/trimethoprim.
All the Lactic acid bacteria isolates showed both
30% resistance to
sulphamethoxazole/trimethoprim and
ciprofloxacin while Staphylococcus showed 60%
resistance to sulphamethoxazole/trimethoprim.
Shigella showed 60% resistance to
sulphamethoxazole/trimethoprim, ciprofloxacin,
penicilin G, nalidixic acid and 100% resistance to
ceftriaxone, meropenem, penicilin G, amoxycilin-
clavluanic acid and cefotaxime, while Klebsiella
showed 60% resistance to ceftriaxone,
ciprofloxaxcin, nalidixic acid and 100% resistance
to sulphamethoxazole/trimethoprim, penicilin G,
meropenem, amoxycilin- clavluanic acid and
cefotaxime.

Table 4 shows the antimicrobial resistant pattern
of fourteen thirty four bacteria isolates from
twenty five nunu samples. All the isolates showed
100% resistance to meropenem, penicilin G,
amoxycilin-clav and cefotaxime. E. coli,
Psuedomonas, Lactic acid bacteria,
Staphylococcus showed 100% resistance to
ceftriaxone , meropenem, penicilin G,
amoxycilin-clav, cefotaxime. Shigella showed
71% resistance to sulphamethoxazole/
trimethoprim, ceftriaxone and ciprofloxacin; 29%
for nalidixic acid and 100% resistance to
meropenem, penicilin G, amoxycilin and
cefotaxime. Lactic acid bacteria showed 50%
resistance for nalidixic acid, 20% for ciprofloxacin,
70% for sulphamethoxazole/trimethoprim
antibiotics and 100% resistance for ceftriaxone,



meropenem, penicilin G, amoxycilin-clav,
cefotaxime. Staphylococcus isolates showed 29%
resistance for sulphamethoxazole/ trimethoprim
and 71% resistance to nalidixic acid and 100%
resistance to the following antibiotics ceftriaxone,
meropenem, penicilin G, amoxycilin and
cefotaxime.

Hemagglutination and hemolytic properties
of the isolates

Fifty eight isolates representing typical
Enterobacteriacea were tested for their ability to
clump and lyse red blood cells (table 6).
Generally, higher numbers [64%)] of the isolates
were positive for hemolysis while 36% were
negative. Highest numbers of the isolates had the
lowest hemagglutination property [29%],
followed by those without hemagglutination
property [28%], then those with high property
[15%] and moderate hemagglutination property
[10]. Among the isolates, E. coli had the highest
number of hemolytic, 13 [67%] and
hemaglutination 7[35%] properties followed by
Pseudomonas 8 [50%] and 5 [33%)] respectively.

4.0 Discussion

TBC for both fura de nunu and nunu ranged from
3.0 x 10° to 18.0 x 10° cfu/ml which was higher
than the maximum recommended level of 2.0 x
10°cfu/ml as given by East Africa Community
(EAC) standards (EAS 67:2007), suggesting
unfitness for human consumption. Our TBC
results were in agreement with the reports from
the western part of Nigeria [9] and elsewhere,
Tanzania [10, 11, 12], Jordan [13], India [14],
Ghana [15] and Nigeria [16]. Some of the
organisms isolated from this study have been
found to be abundant at milking area hence can
predispose the milk to contamination [17]. In this
study, E. coli and Pseudomonas isolates were
higher in fura de nunu than in nunu. This is
different from the results obtained from
Nassarawa et al., (2020) and Eka (1996) where
staphylococcus sp. isolates was found to be
predominantly higher in fura de nunu than in
nunu [18, 19]. We reported a higher
Staphylococcus aureus isolates in nunu than fura
de nunu, similar to the result obtained by Eka and
Ohaba (1996) [19]. Contamination with S. aureus
might have originated via contact with hands or
other body parts [20]. The presence of Salmonella
sp. innunu as reported by Junaidu et al., (2011)
and Ukaefu, et al., (2019) disagrees with our

result, as salmonella was only isolated from fura
de nunu [21, 17]. Salmonella is one of the most
etiological agents implicated in several outbreaks
associated with the consumption of raw milk and
milk products [22, 23].

Lactobacillus sp. isolates in this study were
predominantly high in both fura de nunu and
nunu samples, similar to those obtained
elsewhere [17, 3, 9]. Some lactic acid bacteria
cause spoilage of dairy products when conditions
for their growth become unfavorable [24]. This
study showed that Pseudomonas sp isolated from
fura de nunu was predominantly higher than that
of nunu. Isolation of Pseudomonas from nunu has
also been reported by Otoikhian, (2012), which
further stated that Pseudomonas species were
most likely from soil [25]. The growth and
multiplication of microorganism in milk
conditions is further aggravated by the tropical
hot climate [26].

The possible reason for the high prevalence of
bacterial resistance seen in this study could be
due to indiscriminate use of antibiotics linked to
uncontrolled availability of antibiotics in livestock
markets [27, 28,]. Multi-antibiotic resistance [29,
30] was observed in 90% of bacteria isolates. All
the Salmonella isolates showed 100% resistance
to ceftriaxone, sulphamethoxazole/trimethoprim,
meropenem, penicilin G, amoxycilin- clavluanic
acid, cefotaxime and nalidixic acid. Similar to the
work done by Raji and Jiya (2019), Salmonella spp
recorded 100% resistance to
amoxicillin/clavulanic acid. The study further
reported that gentamicin was 100% resistance to
Salmonella sp. which disagrees with our result
where salmonella was 100% susceptible to
gentamicin [31]. Staphylococcus isolates showed
100% resistance to amoxycilin-clavulanic acid
which agrees with the work done in Sokoto,
Nigeria by Raji and lJiya (2019), where
Staphyloccocus aureus recorded 60% resistance
to amoxicillin/clavulanic acid [31]. Resistance to
amoxicillin/clavulanic acid has great health
implications as these are antibiotics of choice in
the treatment of bacterial infections [32]. All the
bacteria isolates of E. coli, Pseudomonas, Lactic acid
bacteria and Staphylococcus from fura de nunu and
nunu in this study showed 100% resistance to
ceftriaxone, meropenem, penicilin G, amoxycilin-
clavluanic acid, cefotaxime and nalidixic acid while
E. coli showed 40% resistance to
sulphamethoxazole/trimethoprim and
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ciprofloxacin. This is in contrast with the result
obtained by Talukder and Ahmed, (2016), who
reported that all the Escherichia coli isolates were
100% resistant to ciprofloxacin, nalidixic acid,
amoxycilin-clavluanic acid, gentamicin,
sulphamethoxazole/trimethoprim antibiotics [33].
Psuedomonas showed 60% resistance to
sulphamethoxazole/trimethoprim, 100%
resistance to penicillin G, similar to the research in
Nigeria [34, 35]. This study showed that Shigella
isolates were 50 - 70% resistant to
sulphamethoxazole/trimethoprim, ciprofloxacin,
penicilin G, nalidixic acid and 100% resistance to
ceftriaxone, meropenem, penicilin G, amoxycilin-
clavluanic acid and cefotaxime which agrees with
the work done in Dhaka [36].

The ability of variety of bacteria to cause
hemagglutination (HA) and hemolysis of
erythrocyte are considered virulence factors,
because these activities were associated with binding
capacity of bacterial cells to epithelial cell surfaces
[37]. Correlation between HA, adhesion and
bacterial pathogenicity for many intestinal bacterial
pathogens have been reported [38]. Our result is
similar to the studies done elsewhere where
Pseudomonas aeruginosa strains and E. coli isolates
from milk products produced hemolysis and
hemagglutination on bovine blood agar and caused
lysis of sheep erythrocytes [8]. In this study, all the
Klebsiella isolates and half of the salmonella isolates
analyzed for hemolysis were positive. This is similar to
the work done by El-Sukhon (2003) and Gundogan
etal., (2010) [39, 40].

Conclusively, this present study has shown that
fura de nunu had higher bacteria growth count
than that of nunu. This may be due to introduction
of more organisms by the presence of fura in the
milk product as a result of the poor handling of
fura during processing and storage. The presence
of pathogenic bacteria with hemaglutination and
hemolytic properties isolated raises a public
health concern about safety of milk to consumers.
Routine assessment of fura de nunu microbial
quality produced by small-scale producers and
consumed by public has to be mandatory in order
to safeguard the public from milk-borne zoonotic
infections which may radiate through
consumption of unsafe milk and milk products;
hence more food safety education should be
given to producers, handlers and consumers.
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