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Abstract 

Food borne diseases remain a growing public health problem gotten through the consumption 
of contaminated food and water. A world health organization report, 2015 estimated 
600million episodes of illness due to contaminated food worldwide. Amongst all age groups, 
Africa bore the greatest burden of diarrhoeal diseases. Gram-negative bacteria have become a 
significant challenge to the control of infection as a result of acquisition of antibiotic resistant 
genes. This is especially of concern in Nigeria where fermented condiments are important 
part of daily meals and sometimes consumed without cooking. This work thus identifies 
Gram negative bacteria from fermented condiments and evaluates the antibiotic resistance 
profile of the bacterial isolates. The fermented condiments- Iru (Parkia biglobosa) (67), 
Ogiri-igbo (Ricinus communis) (58), Ukpaka (Pentaclethra macrophylla) (22) and Okpei 
(Prosopis africana) (42), were obtained from markets in Abuja, Gboko, Lokoja, Okenne, 
Abeokuta, Ibadan, Ijebu-Ode, Ilorin, Lagos, Ondo and Ore. Coliform and faecal coliform test 
was done. Isolation of the Gram-negative bacteria was done using MacConkey agar. 
Taxonomic studies were carried out on the isolated Gram negative bacteria. Determination of 
antibiotic resistance profile of the Gram-negative bacteria was done by disc diffusion method. 
Ukpaka (Pentaclethra macrophylla) samples had the highest percentage occurrence of 
coliforms (100%). Faecal coliform were more prevalent in Ukpaka (20%) and Iru (16.67%). 
Klebsiella pneumonia was prevalent in the 3 of the fermented condiments (Iru, Ogiri and 
Ukpaka). Escherichia coli was the most frequent Gram-negative bacteria in Okpei samples. 
The relatively high recovery rates of Gram-negative bacteria shows possible contamination of 
fermented condiments by human pathogens. The isolates from Ukpaka showed the highest 
resistance (55.3%) to Cotrimoxazole. The effect of the resistance of Gram-negative bacteria 
to antibiotics could be transmission of resistant strains from farm to house, treatment failure 
and a limited choice of antibiotics used for treatment.  

Keywords: antibiotic, resistance, food condiments and Nigeria 

1. Introduction 

Fermented condiments are popular in Nigeria, for the preparation of local delicacies giving 
indigenous meals their unique flavours. These fermented condiments are concentrated mix of 
plant produce and spices, often having a pungent smell and thus are used in milligram 
quantities. Traditionally, they are prepared by spontaneous solid-state fermentation of seeds 
which results in hydrolysis of the proteins and carbohydrates constituents of the seed. 
Fermentation essentially reduces the anti-nutritional factors of the seed, increases the nutrient 
composition, and improves its digestibility and flavour (Dosumu et al., 2012).  

Fermented condiments are prepared and consumed around the globe. The four (4) most 
common fermented condiments in Nigeria are: Ukpaka, Iru, Okpei and Ogiri. Ukpaka is a 
fermented condiment made from African oil bean seed (Pentaclethra macrophyla). It is also 
known as Ugba and is popularly consumed in the south-eastern part of Nigeria. Okpei is 
prepared and consumed in south-east, Nigeria. It is made from mesquite seed (Prosopis 
africana) while Ogiri is prepared from pumpkin seeds (Achinewhu, 1986), or castor bean seeds 
(Ricinus communis), (Nwosu and Ojimelukwe, 1993) and also popular in south-east Nigeria. 
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Iru is fermented African locust beans (Parkia biglobosa) which is dark brown in colour. It is 
known as Iru by the Yorubas in south-western Nigeria. Popular synonyms are 
Dadawa/Dawadawa by the Hausas in Northern Nigeria, Nététou in the Gambia/Senegal and 
Soumbala/Soumbara in Burkina Faso, Kpalugu in Ghana, and Khinda in Sierra Leone 
(Ogunshe and Okerre, 2011). 

Pathogens in African indigenous fermented foods have been reported by several researchers 
(Gadaga, 2004; Enujiugha and Badejo, 2002; Ogunshe et al. 2006, 2008). Like most traditional 
fermented foods, fermented condiments are often prepared at home, by uncontrolled 
fermentation resulting in unpredictable diversity of microorganisms associated with the 
fermentation and varied qualities of the product. Antibiotic resistant strains have also been 
reported in bacteria of food origin (Olukoya et al., 1993; Ogunshe et al., 2008). Most studies 
however, are focused on bacteria associated with fermentation and antibiotic resistance 
among them. Resistance among food borne pathogens is a major public health risk requiring 
continuous surveillance. In Nigeria, surveillance is rarely complete and untimely (Isere et al., 
2015). According to World Health Organization Regional Office for Africa Brazzaville 
(2012), surveillance seeks to: “(i) estimate burden of disease in order to determine the 
magnitude of the problem; (ii) monitor trends and know whether the situation is improving or 
worsening; (iii) detect outbreaks to determine urgent action; (iv) assess control programmes 
to obtain information on performance; and (v) generate data to be used for risk analysis and 
ensure safety of food supplies”. This work identifies Gram negative food borne bacteria from 
fermented condiments and evaluates the antibiotic resistance profile of the bacteria isolated. 

2. Materials and Methods 

Collection of fermented condiments 

The fermented condiments-Iru, Ogiri, Ukpaka and Okpei, were obtained from various 
markets in Abuja, Gboko, Lokoja, and Okenne which are located in the middle-belt, Nigeria 
and Abeokuta, Ibadan, Ijebu-Ode, Ilorin, Lagos, Ondo and Ore, located in South-West 
Nigeria.  

Total coliform test/Faecal coliform test 

Coliform test: 2ml of Mac Conkey broth was dispensed into test tubes. To detect gas 
production, Durham tubes were placed into each tube, stoppered with cotton plugs and 
autoclaved. After sterilization, 1ml of each sample was introduced aseptically into each tube 
and incubated at 35oC for 48h. Uninoculated tube served as control. Readings were obtained 
after 48h.  

Faecal coliform test: Mac Conkey broth was prepared similarly, and 2ml of it, dispensed 
into test tubes. Durham tubes were placed into each tube and sterilized at 121oC for 15 min. 
After sterilization, 1ml of each sample was introduced aseptically into each tube and 
incubated at 45oC for 48h. Uninoculated tube served as control. Readings were obtained after 
48h.  

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Burkina+Faso
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Isolation and characterization of Gram-negative bacteria 

One millilitre (1ml) of the diluted samples of the various fermented condiments was 
inoculated into sterile Mac Conkey broth and incubated at 35oC for 24h. A 24hr-old broth 
culture was streaked on sterile Mac Conkey agar plates and incubated at 35oC for 24h. The 
characteristics of the purified isolates were observed on Mac Conkey agar, Eosin methylene 
blue (EMB) agar, Triple Sugar Iron (TSI) agar, Cystine Lactose Electrolyte Deficiency 
(CLED) agar. Cultural, morphological, biochemical and physiological characteristics of the 
pure cultures of isolated Gram negative bacteria were determined. 

Determination of antibiotic resistance of the Gram-negative bacteria 

Antibiotic resistance profile was determined using disc diffusion method (Bauer et al., 1966). 
Sterile Mueller-Hinton agar plates were streaked with 0.1ml of 24h old broth of bacterial 
isolates using sterile swab sticks and this was allowed to stand for 15min. Using sterile 
forceps, antibiotic discs (containing 25μg Amoxycillin (AMX), 25μg Cotrimoxazole (COT), 
300μg Nitrofurantoin (NIT), 10μg Gentamycin (GEN), 30μg Nalidixic acid (NAL), 30μg 
Ofloxacillin (OFL), 30μg Augmentin (AUG), 30μg Tetracycline (TET) got from ABTEK 
Biologicals Ltd. (Liverpool, UK) were aseptically placed on the Mueller-Hinton agar. It was 
then incubated at 35oC for 24h. Zones of inhibition were measured and the diameter, recorded 
in millimetre. Zones of inhibition less than 10mm were considered resistant. The percentage 
resistance were calculated by multiplying the product of resistant isolates to total number 
isolates exposed to a given antibiotics. 

3. Result 

A total of 189 fermented condiments Iru (67), Ogiri (58), Ukpaka (22) while Okpei (42)] 
were obtained from the various markets.  

Total coliform test result as shown in Fig.1 indicate that Ukpaka samples had the highest 
occurrence of total coliforms (100 %) with total coliforms occurring in all the samples. The 
percentage occurrence of coliforms in Ogiri samples was 91.67 % and 77.77 % in Okpei. The 
result of the faecal coliform test Fig.1 indicate that the faecal coliforms are more prevalent in 
Ukpaka samples (20 %) followed by Iru samples (16.67 %). The percentage occurrence of the 
faecal coliforms in Okpei and Ogiri samples were 11.11 % and 8.33 % respectively. 

The appearance of the Gram-negative bacteria recovered from the fermented condiments, on 
different agar medium, was used in the identification (Table 2). Result of the percentage 
recovery rates of the Gram-negative bacteria isolated from Iru samples shows that Klebsiella 
pneumonia was the predominant Gram-negative bacteria recovered, followed by 
Enterobacter sp. while Proteus mirabilis had the least percentage recovery rate. A similar 
observation was made in samples from Ogiri as shown in Table 1. The most recovered 
Gram-negative bacteria from Ukpaka sample were Enterobacter sp. followed by Klebsiella 
pneumonia, Citrobacter sp. and Salmonella spp. were the least recovered. Escherichia coli 
was the most abundant in Okpei samples while Citrobacter sp. and Proteus mirabilis were 
recovered the least.  
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The Gram-negative bacteria isolated from the indigenous fermented condiments in this study 
displayed varied antibiotics resistance profiles. The isolates from Ukpaka had the highest 
resistance (55.3 %) against cotrimoxazole. This was followed by 42.1 % resistance against 
tetracycline figure 2. The least resistance was recorded in nitrofurantoin with (2.56 %) 
resistance. As shown in figure 2, the Gram-negative bacteria isolated from Okpei samples, 
gave a high resistance against cotrimoxazole (54.5%) however, no resistance was observed 
against nalidixic acid and ofloxacillin. The Gram-negative bacteria from Iru also gave a high 
resistance against cotrimoxazole (45.8%) while no resistance was observed against 
nitrofurantoin and ofloxacillin. Among isolates from Ogiri samples, resistance against 
tetracycline (50%) and cotrimoxazole (45%) was high and least against ofloxacillin (5%). No 
resistance was recorded against ofloxacillin in three of the samples; Iru, Ukpaka and Okpei. 
50% of the Gram negative isolates from Ogiri were resistant to the antibiotics tetracycline 
while greater than 50% of the Gram negative isolates from Ukpaka and Okpei were resistant 
to the antibiotics cotrimoxazole.  

 

Figure 1. Percentage occurrence of coliforms and faecal coliforms in the fermented 
condimetns 
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Table 1. Percentage recovery rates of Gram-negative bacteria isolated from the fermented 
condiments 

 
Condiments (Recovery rate in %) 

Bacteria Iru Ogiri Okpei Ukpaka 

Citrobacter sp. 11.6 7.6 9.6 5.5 

E.coli 8.7 17.6 38.4 14.5 

Enterobacter sp. 20.3 21.0 6.8 3.6 

Klebsiella pneumonia 23.9 26.1 16.4 18.2 

Proteus 8.0 7.6 6.8 8.2 

Pseudomonas 

aeruginosa 10.9 10.9 11.0 10.9 

Salmonella sp 16.7 9.2 11.0 5.5 

Table 2. Colonial growth characteristics of the Gram-negative bacteria on MacConkey, EMB 
and CLED agar 

 Characteristics   Isolate    
 MCA/ EMB agar       
Lactose negative isolates       
Small colourless colonies on MCA/ EMB agar Salmonella sp.   

Lactose positive isolates       

Red colonies on MCA   
E.coli, Klebsiella pneumonia, Citrobacter, 
Enterobacter sp. 

Dark-purple colonies with green metallic sheen  
on EMB agar     
 CLED agar        
Yellow opaque colonies  E.coli    
Transluscent blue colonies   Proteus mirabilis   
Yellow/whitish/blue mucoid colonies  Klebsiella pneumonia  
Blue flat colonies    Salmonella sp.   
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Figure 2. Percentage antibiotic resistance profile of Gram negative bacteria isolated from 
fermented condiments 

4. Discussion 

The sanitary quality of foods is usually determined by evaluating the content of indicator 
organisms. Results obtained in this study shows that indicator Gram-negative bacteria species 
were highly prevalent in fermented food condiments, with the total coliform and faecal 
coliforms most prevalent in Ukpaka samples. The presence of indicator organisms in food is 
an index of possible contamination of the food by human pathogens. 

Indigenous fermented food condiments are usually prepared at home under unhygienic 
conditions and this can result in poor quality of the finished product. The Gram-negative 
bacteria obtained from this study- E. coli, Enterobacter sp., Klebsiella pneumonia, 

Citrobacter sp., Proteus mirabilis, Pseudomonas sp., and Salmonella sp. are similar to those 
of previous studies on similar fermented condiments. Enterobacter cloacae and Pseudomonas 
sp. have been isolated from fermenting Pentaclethra macrophylla seeds during the 
production of Ugba (Barber et al., 1988). Pseudomonas sp., Proteus sp. and Enterobacter 

aerogenes have also been isolated by Odunfa, (1981), Ogbadu and Okagbue, (1988) and 
Odibo et al., (1992) from fermenting castor oil seeds (Ricinus communis) during Ogiri 
production. Microorganisms isolated from Iru samples include Pseudomonas sp. (Ogbadu and 
Okagbue, 1988) as well as Proteus, Klebsiella, and E.coli (Odibo et al., 1992; Ogunshe and 
Olasugba, 2008; Enujiugha, 2009). 

Usually, the focus of the food microbiologist is on studies of microbial flora of industrial 
importance, especially in selection of starter cultures for fermented foods (Ogunshe and 
Okere, 2011). In this study, the relatively high recovery rates of Gram-negative indicator 
bacteria are of medical importance and a public health concern. The water used in the 
fermentation of these condiments is a likely source of contamination as the water sourced for 
the preparation is essentially surface water, which can be exposed to environmental 
contaminants and is therefore unhygienic. Because the condiments are mostly prepared in 
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rural areas, the water used is usually obtained from streams, rivers, ponds, shallow and deep 
wells. Food handlers also play an important role as vectors. Inadequate hygiene which 
includes improper washing of hands and cooking utensils before preparation is also an 
important source of contamination. Other likely sources of contamination include low public 
awareness of antimicrobial resistance specifically with regards to one’s health approach 
which encourages disease vectors such as cockroaches, rats and flies (King et al., 2000). 

The Gram-negative bacteria isolated from the fermented condiments in this study have all 
been involved in previous studies on aetiologic agents of gastroenteritis (Okeke and Nataro, 
2001; CDC, 2002) and food poisonings (Mead et al., 1999). Food borne disease is a serious 
public health problem especially in developing countries and WHO has estimated that food 
borne disease caused by ingestion of contaminated food and water is the third leading cause 
of death in developing countries (King et al., 2000). 

Resistance to antibiotics is another public health concern. Antibiotic resistance is the ability 
of a microorganism to resist the bacteriocidal or bacteriostatic activity of an antibiotic beyond 
the normal susceptibility of the specific bacterial species (Acar and Rostel, 2001; Mathur and 
Singh, 2005; McDonnell and Russell, 1999). In this study, Ofloxacillin was least resisted 
among the Gram-negative bacteria isolated from the fermented condiments. A similar finding 
was also made by Ogunshe et al., (2011) on Gram-negative bacteria isolated from Iru 
processing water. 

In this study also, the antibiotics, Co-trimoxazole was resisted most by the Gram-negative 
bacteria isolated from the fermented food condiments. Other researchers Ogunshe et al., 2008; 
Ogunshe et al., 2012 made similar observations. Co-trimoxazole is a mixture of the drugs, 
sulphamethoxazole and trimethoprim, used to treat some bacterial infections, like pneumonia, 
bronchitis, and 'travelers' diarrhea. It is also used to treat ear, intestinal and urinary tract 
infections. The effect of the resistance of pathogenic bacteria to antibiotics is potential 
treatment failure and limited choice of antibiotics used for treatment. Antibiotic resistance 
may also result in greater risk of increased virulence and this may arise because of a 
co-selection of resistance and virulence properties (Gooderham and Hancock, 2009; Guerra et 
al., 2004).  

Since antibiotic resistant bacteria can be found in the soil, in water and in human or animal 
faeces. The fermented condiments used in the study may have been contaminated with 
antibiotic resistant bacteria and/or antibiotic resistant genes through cross-contamination with 
antibiotic resistant bacteria during processing. Some of the fermented condiments such as Iru 
and Ukpaka which may be ingested without any prior cooking may present a high risk of 
transfer of antibiotic resistance strains, since antibiotic resistant bacteria present are not 
exposed to heat. Another problem with the presence of antibiotic resistance gene in food is that 
it increases the gene pool from which pathogenic bacteria can pick up antibiotic resistance 
genes and transfer them to other pathogenic bacteria. The resistance of the foodborne 
Gram-negative bacteria pathogens to antibiotics results in an increase in the number of hospital 
visitations and increases the risk of invasive infections and death (Verraes et al., 2013). 
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It can be concluded from the present study that Gram-negative bacteria are prevalent in the four 
most consumed Nigerian indigenous fermented condiments. The prevalence of these 
Gram-negative bacteria in the fermented condiments suggests that measures that minimize the 
risk of food-borne illnesses should be taken as well as public awareness of antibiotic resistance 
and food safety training of local producers of these condiments. Finally, Hazard Analysis and 
Critical Control Point (HACCP), Good Manufacturing Practices (GMP) and Good Hygienic 
Practices (GHP) should be encouraged during the processing of fermented condiments.  
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