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Fermented cassava is a staple food popularly consumed in Nigeria. It is normally sold in open
markets in basins, open sacks and wheel barrows. Contamination of this food product is a
potential source of public health hazard more especially when the product is consumed raw or
merely soaked in cold water. The aims of this study were to assess the microbial contamination
of gari sold in Samaru market, Zaria, Kaduna State, Nigeria and determine the antibiotics
susceptibility pattern of the bacteria isolated. Ten samples were collected from different sources
and serially diluted. The diluted samples were plated on nutrient agar and MacConkey agar to
determine the total viable bacteria counts and coliform counts, respectively. Antibiotics
susceptibility testing was carried out using Kirby Bauer agar diffusion method according to
Clinical Laboratory Standard International.
The average total bacterial count was 5.20 x 10 4 CFU/g while the average coliform count was
2.62 x 104 CFU/g. The following bacterial contaminants were isolated from the samples:
Staphylococcus aureus 15 (44.1%), Bacillus spp. 7 (20.6%), Escherichia coli 7 (20.6%),
Pseudomonas spp. 3 (8.8%) and Salmonella spp. 2 (5.9%). The isolates were highly susceptible
to gentamicin and ciprofloxacin, but highly resistant to beta-lactam antibiotics used in the study.
The presence of antibiotics resistant bacterial strains in gari sold in the market is a potential
source of transmission of antibiotic-resistant strains in the community which can lead to
treatment failure of infections caused by such organisms.
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Introduction
Fermented cassava also known as gari is a creamy-white,
granular flour with a slightly fermented flavor and slightly sour taste
made from fermented gelatinized fresh cassava (Manihot esculenta
Crantz) tubers. Gari is a major household food in Nigeria, most part of
West Africa and some countries in Central Africa.1,2 It can be eaten
directly either dry or soaked in cold water with sugar, roasted
groundnut, peanut, dry fish or coconut as compliment or as a paste
made with hot water called ‘eba’ which is eaten with variety of
African soups or stew. Gari is the most commonly consumed in
Nigeria among the various fermented cassava products. It accounts for
70% of the entire cassava production in Nigeria.3 It supplies about
70% of daily calorie of about 50 million people in Nigeria and about
500 million in the world.4,5 The readily availability for consumption
and low price of gari has made it a popular diet. Most gari consumers
usually purchase the product from open market.
The production of gari is highly tasking: the cassava tubers are harvested,
peeled, removing the covering and the white pulp is grated and packed into
closely woven sacks and tied. The sacks are orderly piled up on each
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other and a wooden board placed below and above the sacks. The
wooden boards are tied together with the sacks full of the grated
cassava in between. Tension is created by tightening the rope and thus
allowing water to drain out of the grated cassava being processed.
Traditionally this is left to ferment for three to seven days depending
on the type of gari being made. This step is very important as the
fermentation process helps to reduce and detoxify the high cyanide
content of cassava.6,7
After fermentation, the pulp is fried at high temperature to dry the
fermented pulp to about 10% moisture content resulting in
dextrinization of the starch, the high temperature also eliminates
cyanide gas from the gari product.8,9 After frying, the product is
allowed to cool , sieved and packed for marketing. Gari is usually sold
in open markets, packaged and displayed in open basins, bowls and
sacks. This may predispose the product to microbial contamination
from both the atmospheric air and the hands of buyers and sellers.
Microorganisms had been reportedly isolated from gari sold in open
markets and these include Salmonella spp., Klebsiella
spp.,Pseudomonas spp., Bacillus spp., Clostridium spp., Fusarium
spp., Aspergillus spp., Penicillium spp.,Rhizopus spp and
Cladosporium spp.1,10 . The presence of these organisms could
constitute public health hazards. There are only few reported studies
on the isolation of bacterial drug resistant strains from gari. This
study is therefore aimed at assessing the bacterial contamination of
gari sold in Samaru market in Zaria and to carry out antibiotics
susceptibility testing of the bacterial isolates.
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Materials and Methods
Collection of samples
Ten samples of gari were collected from Samaru market in Giwa
Local Government Area, Zaria, Kaduna State, Nigeria. The samples
were transported in sterile polythene bag to the laboratory.
Sample analysis
Ten gram (10 g) of each sample of gari were homogenized in 90 mL
sterile distilled water (10-1 dilution), further serial dilution of sample
homogenate to 10-4 was carried out also in sterile distilled water.
About 0.1 mL aliquot of each dilution was spread plated on plates of
Nutrient agar and MacConkey agar for total bacteria viable count
(TVC) and coliform count, respectively. The plates were incubated at
37oC for 24 hours. At the expiration of incubation time, colony count
was carried out using digital colony counter (Gallenkamp, England),
total microbial population was expressed as colony forming units per
gram (CFU/g) of sample.
Bacteria identification
Bacterial isolates were identified based on colony morphology, Gram
staining and biochemical tests. The following biochemical tests were
carried out: catalase, coagulase, indole, citrate utilization, sugar
fermentation, MRVP tests.11
Antibiotics susceptibility testing
Kirby Bauer agar disc diffusion method was used for the antibiotics
susceptibility testing. The test and the interpretation of the inhibition
zone diameter (millimeter) were done.12 The following commonly
prescribed antibiotics were tested: Gentamicin 10 μg, tetracycline 30
μg, ciprofloxacin 5 μg, chloramphenicol 30 μg, amoxicillin 20 μg and
ampicillin 10 μg. Bacteria isolates with non-susceptibility to at least
one agent in three or more antimicrobial categories was classified as
multidrug resistant (MDR).
Statistical analysis
The percentage antibiotics susceptibility was calculated using
Microsoft Excel, 2007 while SPSS descriptive statistics was used to
calculate arithmetic mean.

Results and Discussion
Food contamination especially gari can pose a great public health
hazard considering the huge number of people consuming it. The
results of the bacterial total viable and coliform counts of gari samples
are presented in Tables 1 and 2. The mean total viable count was 5.20
x 104 CFU/g while the mean coliform count was 2.62 x 10 4 CFU/g.
The following bacterial species were isolated from the gari samples
collected: Staphylococcus aureus (15), Bacillus spp. (7), which are
Gram positives and Escherichia coli (7), Salmonella spp. (2) and
Pseudomonas spp. (3) which are Gram negatives. Their prevalence is
as presented in Figure 1 and S. aureus was observed to have the
highest percentage prevalence.
The TVC and coliform count observed in this study were high. The
microbiological quality of the gari samples were higher than the limits
given by African Organization of Standardization which is TVC (103
CFU/g); Staphylococcal (102 CFU/g); Escherichia coli, Salmonella,
Coliforms and Bacillus cereus (0 CFU/g) and fungi (103 CFU/g)
count.13 The TVC obtained in this study is similar to that reported by
Olopade et al 14 while some reporters reported higher values.15,16 A
higher coliform count was reported by Akindele and Abimbola 17 The
high level of contamination observed in this study may be either from
the manufacturing processes especially during handling after the
drying, packaging and distribution stages. There could also be
introduction of contaminants during handling of the products either
when being displayed for selling or during selling especially if the
hands were not properly washed before handling. The fact that the gari
is usually sold in an open market displayed inside bowls, basins or
wheel barrow without covering is also a source of contamination
through the air. Generally, the level of sanitation of open markets in
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Nigeria is very poor. If this food product was displayed in a dirty
environment where fly can perch on the food, this can lead to deposit
of fecal contaminants resulting in high coliform count. The containers
for packaging and the measure used in selling are also potential
sources of contamination.
S. aureus was the most prevalent organism the reason being that it is
part of the body normal flora. About 30% of people carry S. aureus in
their noses even though it can also be pathogenic.18 The presence of
other pathogenic organisms isolated from these samples: Bacillus spp,
Escherichia coli, Salmonella spp and Pseudomonas spp are of serious
concern because of their potential health hazards. S. aureus infections
include bacteremia, endocarditis, pneumonia, osteomyelitis.19 E. coli
is a bacteria that is commonly found in the intestine of humans and
animals, likewise Salmonella spp. Some E. coli and Bacillus spp can
cause food poisoning even though E. coli are harmless. Some types of
E. coli, particularly E. coli O157:H7, can cause intestinal infection
which is normally caused by ingestion of contaminated food and
water.19
The results of the antibiotics susceptibility testing showed that
gentamicin and ciprofloxacin were the most active followed by
chloramphenicol. Both the Gram positive and Gram negative isolates
were highly resistant to amoxicillin and ampicillin (100%). The results
are presented in Tables 3 and 4. The multidrug resistant isolates
observed with the Gram positive and Gram negative isolates were 2
(9.1%) and 7 (58.3%), respectively. Considering the Gram positive
isolates, S. aureus isolates were highly susceptible to gentamicin,
ciprofloxacin and chloramphenicol compared with Bacillus spp. which
showed lower susceptibility. Both Gram positive and Gram negative
isolates were highly resistant to beta lactam antibiotics. However,
Gram negative isolates were more resistant to the antibiotics used
compared with the Gram positive isolates.

Table 1: Total viable count of gari samples
Sample
A

Viable Count (CFU/g)
4.98 x 104

B

3.26 x 104

C

3.41 x 104

D

1.09 x 105

E

1.19 x 104

F

5.54 x 104

G

4.71 x 104

H

4.42 x 104

I

4.99 x 104

J

8.57 x 104

Table 2: Total coliform count of gari samples
Sample
A

Coliform count (CFU/g)
3.48 x 104

B

2.76 x 104

D

1.80 x 103

E

7.21 x 103

F

4.44 x 104

G

3.72 x 104

H

3.76 x 104

I

3.11 x 104

J

3.90 x 104
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Table 3: Antibiotics susceptibility testing result of Gram
negative isolates
No of isolates (%)
Resistant
12 (100.0)

Antibiotics
Ampicillin

Sensitive
0

Ciprofloxacin

7 (58.3)

5 (41.7)

Amoxicillin

0

12 (100.0)

Tetracycline

7 (58.3)

5 (41.7)

Gentamicin

8 (66.7)

4 (33.3)

Chloramphenicol

6 (50.0)

6 (50.0)

The findings of this study were similar to previous study, 20 but the
Bacillus spp. in that report were resistant to gentamicin. Isolation of
antibiotics resistant bacteria in this study may pose public health
challenge. These resistant strains might have been contacted through
cross-contamination with antimicrobial resistant strain during the
processing of gari. The fact that gari can be consumed raw without
cooking poses greater danger with the risk of the resistant strain being
transferred from one person to another.

Table 4: Antibiotics susceptibility testing result of Gram-positive isolates

Ampicillin

S. aureus n = 15
No. of isolates (%)
Sensitive
0

Resistant
15 (100)

Bacillus spp. n =7
No. of isolates (%)
Sensitive
0

Resistant
7 (100)

Ciprofloxacin
Amoxicillin

15 (100)

0

6 (85.7)

1 (14.3)

0

15 (100)

0

7 (100)

Tetracycline

2 (13.3)

13 (86.7)

7 (100)

0

Gentamicin

15 (100)

0

6 (85.7)

1 (14.3)

Chloramphenicol

15 (100)

0

4 (57.1)

3 (42.9)

Antibiotics

9%
6%
44%
21%

Staphylococcus aureus
Bacillus spp
E. coli

20%

Salmonella spp
Pseudomonas spp

Figure 1: Percentage Prevalence of bacterial isolates from gari samples
Conclusion
The sampled gari sold in Samaru market were contaminated with S.
aureus, Bacillus spp., E. coli, Pseudomonas spp. and Salmonella spp.
Among these were bacterial drug resistant strains which are potential
public health risk. Gentamicin and ciprofloxacin were the most active
antibiotics against the isolates. The market women and the entire

public should be educated on the health implication of consuming
contaminated food.
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