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   Abstract - In this study, fifty Kunun-zaki beverages 

were examined for the presence of extended spectrum 

beta lactamase (ESBL) and carbapenemase producing 

Escherichia coli. 20% of the samples were found to be 

contaminated with E. coli, whose counts ranged from 

7.00×10
2
-1.72×10

4
(cfu/ml). All isolates were subjected 

to in-vitro antibiotics susceptibility testing which 

revealed complete sensitivity of the isolates to ofloxacin 

and total resistance to the carbapenems. 8 isolates 

showed multi-drug resistance, out of which, 4 were 

confirmed to be ESBL and carbapenemase producers. 

Such contaminated beverages if not regulated, can 

serve as a means for the dissemination of multi-drug 

resistant E. coli. 
 

   Keywords - Kunun-zaki, Escherichia coli, Extended-

spectrum beta lactamase, carbapenemase, Umuahia. 
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1. Introduction 

    Kunun-zaki or Kunu (for short) is a fermented, 

non-alcoholic, non-carbonated, cereal-based 

beverage widely consumed in Nigeria, majorly in the 

Northern regions [1]. It owes its popularity to its 

distinctive sweet-and-sour taste characteristic of 

African food products fermented by Lactic Acid 

Bacteria (LAB) [1], as well as to its purported 

medicinal and nutritional qualities [2], [3], [4]. Kunu 

is relatively cheap to purchase, because the 

ingredients and cereals used in its preparation are 

readily and cheaply available [5]. The preparation 

methods differ depending on the taste and  culture of 

both its producers and consumers, nonetheless, the 

major cereals used widely for its preparation include, 

but are not limited to; Acha (Digitaria exilis), millet, 

sorghum, maize and wheat. Spices such as ginger, 

cloves, cinnamon and pepper are normally used as 

flavouring agents, whilst saccharifying agents 

typically made of malted rice and sweet potato are 

mostly employed [6], [7], [8].  

    The preparation method basically involves 

cleaning the grains of the cereals and steeping them 

in water within a range of 1-3 days (to help soften the 

kernels of the grains and stimulate the activity of the 

enzymes inside the grains, preparing the grains for 

fermentation by indigenous bacteria) depending on 

the type of cereals used, and followed by milling the 

grains, or alternatively, drying the grains and milling 

them (and afterwards sieving the grains to remove 

the grits). In both cases, the grains are milled into a 

slurry to obtain a gruel. In the wet milling case, the 

gruel is separated into two portions in a ratio of about 

1:2, one of which is gelatinized with hot water (the 

larger portion), whilst the other (the smaller portion) 
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is mixed with the spices and the saccharifying 

ingredients. Both portions are afterwards mixed in a 

1:2 ratio, and kept overnight at room temperature to 

ferment. The following day, the product is filtered, 

and sweeteners such as sugar  are added, after which 

the final product is packaged, and  ready for 

consumption. In the case of dry milling,  gruel is first 

reconstituted with cold water, and afterwards cooked 

with all the ingredients. The resulting product is then 

allowed to cool; sugars and sweeteners are added, 

and the product is afterwards packaged [2], [3].  

   Previous reports have shown that Kunu has a very 

pertinent role  in the diet of its consumers. For 

instance, Kunu has been reported to have a very high 

moisture content (84-94%), high amounts of 

carbohydrates, minerals and vitamins, but low total 

protein content [2, 4, 8], hence, its nutritional and 

health benefits are obvious.  

   However, as a locally produced nutritionally 

enriched food product with a very short shelf-life of 

about 24 hours [1], a very high moisture content, and 

no standardization and quality control in both 

processing, storage, handling and delivery to 

consumers, it is prone to food-borne microbial 

contamination, majorly from the Enterobacteriaceae, 

which are usually present in contaminated water due 

to ineffective sanitary measures [9], hence, 

predisposing the consumers to serious health risks. 

Some members of this group (Enterobacteriaceae), 

produce an enzyme called extended spectrum beta 

lactamase (ESBL), which are a group of enzymes 

conferring broad resistance to penicillin and 

penicillin-derived antibiotics, aztreonam and 

cephalosporins. These enzymes are able to hydrolyze 

third and fourth generation of cephalosporins and 

monobactams, and are an increasingly important 

cause of transferrable multidrug resistance in Gram 

negative bacteria across the globe [10]. A famous 

member of the Enterobacteriaceae is the Gram-

negative bacteria, Escherichia coli, which is a wide-

spread commensal present in the human and animal 

gut.  Very often  it is  found in the soil, water and 

foods [11]. Most strains are harmless, however, some 

strains are pathogenic and possess virulence factors 

typical of capsular polysaccharides, fimbrial 

adhesins, enterotoxins, cytotoxic necrotizing factors, 

cytolethal distending factors and haemolysins. 

Pathogenic E. coli can be categorized into 

pathotypes: two extraintestinal pathotypes, and six 

intestinal pathotypes usually associated with diarrhea 

(collectively referred to as diarrheagenic E. coli) 

[12], [13].  

   In the past, most E. coli isolated were highly 

susceptible to a broad range of antibiotics. However, 

over-time, this situation has changed [14]. Mounting 

numbers of E. coli are now becoming resistant to 

streptomycin and tetracycline because of the 

widespread existence of antibiotic resistance being 

acquired by plasmid transfer [15]. Thus, it is 

recommended that antibiograms should be conducted 

on a routine basis,  especially for epidemiological 

purposes [16]. 

   Aside methicillin and extended spectrum beta 

lactamases, another beta lactamase causing resistance 

among Gram negative organisms is the 

carbapenemase enzyme. This enzyme hydrolyses a 

group of antibiotics collectively and it is referred to 

as carbapenems [17]. Till the recent date, more 

attention has been focused on hospitals as the 

primary reservoir and place of transmission of many 

antimicrobial resistant organisms, but there is an 

urgent and pressing need to shift focus towards food 

substances as a significant reservoir of highly 

resistant strains [18].  

   Over-time, quite a huge amount of studies have 

been conducted on the microbial quality of Kunu and 

other locally produced indigenous drinks and 

beverages in a bid in order to increase public 

awareness, and draw  attention of the relevant food 

authorities to the health risks and hazards associated 

with the consumption of such contaminated food 

products [19], [20], [21].  Until now, the results 

accruing from such studies still reflect a lack of 

quality control and standardization in the processing, 

preparation, storage, packaging and delivery of such 

food products. Hence, this study is primarily aimed at 

screening for the presence of extended spectrum beta 

lactamase and carbapenemase amongst Escherichia 

coli isolated from Kunun-zaki sold within Umuahia 

metropolis, Nigeria, and their antimicrobial 

susceptibility pattern to various antibiotics. It is 

hoped that the study would inform the general mass 

on the best choice of antibiotics for the treatment of 

Escherichia coli based infections which could result 

from consumption of contaminated food products 

and drinks. 

 

2. Materials and Methods 

2.1. Study Area 

   Umuahia is the capital city of Abia State in South-

Eastern Nigeria coordinating latitude 5
o
 32’N and 

longitude 7
o
 29’E on the Northern and Eastern 

hemispheres respectively, located along the rail road 

that lies between Port-Harcourt to the South and 

Enugu city to its North. 

 

2.2. Collection of Samples 

   A total of fifty (50) Kunun-zaki samples were 

purchased randomly from hawkers within Umuahia 

metropolis. The samples were transported to the 

laboratory in an ice-box within an hour of collection, 

and they were preserved in the refrigerator at 4
o
C 
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prior to the commencement of analysis. The samples 

were analyzed within two hours of collection. 
 

2.3. Media Used 
 

    Nutrient agar (Titan Biotech Ltd. Rajasthan, 

India), Eosin methylene blue (EMB) agar (Titan 

Biotech Ltd. Rajasthan, India), Mueller Hinton agar 

(Titan Biotech Ltd. Rajasthan, India), Simmons 

citrate agar (Titan Biotech Ltd. Rajasthan, India), 

Urea broth (Titan Biotech Ltd. Rajasthan, India), 

Triple sugar iron agar (Titan Biotech Ltd. Rajasthan, 

India), Motility indole ornithine medium (Titan 

Biotech Ltd. Rajasthan, India), and Methyl red-

Voges Proskauer (MR-VP) broth (Titan Biotech Ltd. 

Rajasthan, India) were used. The media were 

prepared accordingly to the manufacturers’ 

instructions. 

 

2.4. Bacteria Isolation and Enumeration 
 

    A ten-fold serial dilution up to 10
-5

 was carried 

out. 0.1ml aliquots of the appropriate dilutions of the 

Kunu samples were spread onto EMB plates. The 

plates were inverted and incubated at 37
o
C for 24-48 

hours for total E. coli count. Distinct colonies with 

green metallic sheen were counted after incubation 

and expressed as colony forming units per milliliter 

(cfu/ml) of each Kunun-zaki sample. 

 

2.5. Purification and Maintenance of the Microbial 

Isolates 
 

    Pure cultures of the E. coli isolates were obtained 

by sub-culturing in fresh medium using the streak 

plate method (Figure 4). The final cultures containing 

discrete colonies were maintained by transferring 

onto McCartney bottles containing agar slants, and 

they were stored in the refrigerator at 4
o
C for further 

analysis.  

 

2.6. Identification of the Isolates 
 

    The bacterial isolates were identified  using 

standard microbiological, cultural, morphological 

and biochemical characteristics as described by [22] 

and [23]. 

 

2.7. Standardization of Inoculums 
 

    The isolates were cultured on prepared nutrient 

agar plates and incubated for 24 hours at 37
o
C to 

obtain confluent growth for sensitivity testing. Few 

colonies of isolates from the nutrient agar plates were 

then resuspended in sterile normal saline to match the 

turbidity of 0.5 McFarland standard for sensitivity 

testing as described by [22]. 
 

 

 

 

2.8. Antimicrobial Susceptibility Testing 
 

    The sensitivity of standard inoculums of the 

isolates was  to the following antibiotics; ceftazidime 

(30µg), cefuroxime (30µg), gentamicin (10µg), 

ciprofloxacin (5µg), ofloxacin (5µg), augumentin 

(30µg), aztreonam (30µg), ceftriazone (30µg), 

nitrofurantoin (300µg), ampicillin (10µg), imipenem 

(10µg) and meropenem (10µg) and their different 

concentrations in sensitivity discs (Rapid labs. Ltd. 

Colchester, Essex, United Kingdom) were 

determined on Mueller Hinton agar using the 

modified Kirby Bauer technique (Figure 5) as 

described by [22]. After incubation, the diameter of 

inhibition zones was measured in millimeters and 

interpreted using the CLSI Interpretative Chart [24]. 

 

2.9. Phenotypic Screening Test for ESBL 
 

    Results obtained from the antimicrobial 

susceptibility test were used in the phenotypic 

screening for ESBL production. The isolates with 

diameters of zones of inhibition of <25mm, <22mm 

and <27mm for ceftriaxone (30µg), ceftazidime 

(30µg) and aztreonam (30µg) respectively were 

regarded as potential ESBL producers according to 

CLSI Chart [25]. 
 

2.10. Phenotypic Confirmatory Test for ESBL   

Using Double Disc Synergy Test (DDST) 
 

    The isolates were confirmed for ESBL production 

by DDST (Figure 6) using two 3
rd

 generation 

cephalosporins (ceftriaxone (30µg) and ceftazidime 

(30µg)) and a monobactam (azetronam (30µg) all 

placed at 20mm distance apart, centre to centre from 

an augumentin (30µg) disc placed at the centre. 

Positive DDST result is indicated by an enhancement 

of the inhibition zone of the cephalosporins and 

monobactam towards the central augumentin disc as 

described by [26]. 
 

2.11. Detection of Carbapenemase Production  

Using the Modified Hodges Test  
 

    All isolates resistant to carbapenem antibiotics 

were tested for carbapenemase production using the 

MHT (Figure 7). 0.5 McFarland dilution of the 

Escherichia coli ATCC 25922 in 5ml of broth or 

saline was prepared. A 1:10 dilution was streaked as 

a lawn onto Mueller Hinton agar plates. A 10µg 

meropenem disc was placed in the center of the test 

area. The isolates were streaked in a straight line 

from the edge of the disc to the edge of the plate. The 

plates were afterwards incubated at 35
o
C for 24 

hours. An MHT positive test was shown by a clover 

leaf-like indentation of the Escherichia coli ATCC 

25922 along the E. coli isolate growth streak within 

the disc diffusion as described by [27]. 
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3. Results and Discussion 

     In this study, Kunun-zaki, an indigenous and 

nutritious Nigerian non-carbonated beverage, 

purchased from local producers in Umuahia, Nigeria, 

was screened for the presence of ESBL and 

Carbapenemase producing Escherichia coli, and the 

results accruing from the study reflects the 

contamination of the food products with E. coli, 

some of which were positive for the production of 

ESBL and carbapenemase. Out of the fifty (50) Kunu 

samples analyzed, 10 (20%) of the food samples 

showed the presence of E. coli, with counts ranging 

from 7.00×10
2
-1.72×10

4
 (cfu/ml) (Table 1).  

     According to the revised guidelines for the 

assessment of the microbiological quality of 

processed food [28], there should be no detectable 

Escherichia coli in any mg/ml of any processed food 

substance ready and fit for human consumption. E. 

coli is a very prominent member of the coliform 

bacteria group, and forms part of the normal gut flora 

of humans and other vertebrates. Most strains are 

non-pathogenic, however, some strains typical of E. 

coli O157:H7 can pose a serious threat to humans, 

causing gastroenteritis, diarrhea and urinary tract 

infections [29], [30]. The presence of E. coli in food 

substances or water serves as a major indicator of 

faecal contamination and the possible presence of 

enteric pathogens, which usually is associated with 

poor quality of water [31].  

     The presence of Escherichia coli in Kunu might 

result from the water and containers used for its 

preparation, from human food handlers during 

processing and sales of the product, or from the dirty 

environment where Kunu samples were either 

processed or hawked [32]. It could also result from 

the sugars and sweeteners added after the preparation 

of the Kunu samples, just prior to its packaging.   

   It has been reported that E. coli may remain viable 

in acidic foods such as Kunu for many days, which is 

as a result of the acid tolerance response they often 

tend to develop [33]. We had previously reported the 

contamination of locally produced ice cream, a 

nutritious delicacy, sold in Umuahia, Nigeria, with E. 

coli [31]. Previous studies done on Kunu prior to this 

very communication have also reported the isolation 

of E. coli [5], [19], [20], reflecting a widespread 

prevalence and a serious issue worthy of great 

concern.  

 

 

 

 

 

 

 

     The antibiogram of the E. coli isolates (Figures 1, 

2 and 3) revealed varying levels and patterns of 

susceptibility to the antibiotics tested. Strikingly, the 

highest forms of resistance obtained were against the 

beta lactam group of antibiotics. The isolates showed 

complete resistance (100%) to both imipenem and 

meropenem; and 90% resistance to ampicillin (Figure 

3). 

     Multidrug resistance (MDR), which is now 

gaining fame across the globe reflects a resistance to 

three or more classes of antimicrobial agents [34]. 

From our findings, 8(80%) of the E. coli isolates in 

our study were multidrug resistant (Table 3, Figure 

3). A major reason for this development of MDR is 

because of the indiscriminate use of antibiotics [35]. 

Alternatively, resistance can also emerge through the 

acquisition of plasmids which possess the resistant 

genes [15]. 90% of the isolates in our study showed 

intermediate zones of inhibition of ciprofloxacin 

(Figure 2); which suggests that the organisms might 

be in the intermediate phase of acquiring resistance. 

However, the E. coli isolates showed high 

susceptibility to ofloxacin (100%), ceftazidime 

(90%), gentamicin (80%) and aztreonam (80%) 

(Figure 1). The high rate of sensitivity to ofloxacin 

may be due to the fact that the drug is not frequently 

used for prophylaxis which may probably be due to 

its high cost. 

      The 10 (100%) Escherichia coli isolates 

identified were screened for ESBL production using 

the CLSI break point (Table 2), out of which 8(80%) 

were positive. Double disc synergy test method was 

used to confirm ESBL production (Table 3), wherein, 

4(50%) out of the 8(100%) ESBL break point 

isolates were confirmed ESBL producers. The 

increasing acquisition of this enzyme has overtime 

led to treatment failure. 

      All the E. coli isolates were subjected to the 

modified Hodges test (MHT) for carbapenemase 

production (Table 4), since they were resistant to the 

carbapenem antibiotics used. Only 4(40%) isolates 

were confirmed positive for carbapenemase 

production.  

      For more than two decades, carbapenems have 

been considered last resort antibiotics for the 

treatment and management of multi-drug resistant 

infections caused by the Enterobacteriaceae. 

However, with the production of carbapenemase 

from the E. coli isolates, which can lead to issues of 

treatment failure, there is the growing concern for a 

large scale of multi-drug resistance, hence, the need 

for public awareness by relevant authorities and 

studies such as this present one. 
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Table 1. The total E. coli count (cfu/ml) of the Kunun-zaki 

samples 
 

S/N Kunun-zaki 

samples 

Total E. coli count 

(cfu/ml) 

1 K18 2.70×10
3 

2 K19 8.00×10
3 

3 K20 1.72×10
4 

4 K29 7.00×10
2 

5 K39 8.70×10
2 

6 K40 7.50×10
2 

7 K43 8.60×10
2 

8 K44 1.80×10
3 

9 K47 2.10×10
3 

10 K48 1.94×10
3 

 Mean count 3.69×10
4 

K= Kunu-zaki samples 

Table 2. Phenotypic screening of E. coli isolates based on 

CLSI breakpoint 
 

S/N E. coli isolates ESBL status 

1 K18 + 

2 K19 + 

3 K20 _ 

4 K29 + 

5 K39 + 

6 K40 + 

7 K43 + 

8 K44 + 

9 K47 + 

10 K48 _ 

 Total 8(80%) 

K= Kunu-zaki samples

 

Table 3. Phenotypic screening of the E. coli isolates based on DDST 
 

S/N E. coli isolates ESBL status 

1 K18 _ 

2 K19 + 

3 K29 + 

4 K39 + 

5 K40 + 

6 K43 _ 

7 K44 _ 

8 K47 _ 

 Total 4(50%) 

K= Kunu-zaki samples 

Table 4. Prevalence of carbapenemase production based on MHT 

K= Kunu-zaki samples 

 

 

 

 

 

 

S/N E. coli isolates Carbapenemase status 

1 K18 _ 

2 K19 + 

3 K20 + 

4 K29 _ 

5 K39 _ 

6 K40 + 

7 K43 _ 

8 K44 _ 

9 K47 _ 

10 K48 + 

 Total 4(40%) 



SAR Journal. Volume 2, Issue 4, Pages 158-166, ISSN 2619-9955, DOI: 10.18421/SAR24-03, December 2019. 

SAR Journal – Volume 2 / Number 4 / 2019.                                                                                                                                 163 

 
 

Figure 1. Sensitivity pattern of the E. coli isolates to different antibiotic 

 

 
 

Figure 2. Intermediate resistance/sensitivity pattern of the E. coli isolates to different antibiotics

 
 

Figure 3. Resistance pattern of the E. coli isolates to different antibiotic 
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Figure 4. A streak of 3 of the E. coli isolates on EMB agar 

 

 
 

Figure 5. A pictorial representation of the antibiogram of 

one of the E. coli isolates 

 

 
 

Figure 6. ESBL detection by the double disc synergy test 

 

 
 

Figure 7. Carbapenemase detection through the Modified 

Hodges test 

 

4. Conclusion 

    The findings of this study clearly shows that 

Kunun-zaki sold in Umuahia, Nigeria, was 

contaminated with E. coli; and do not conform to the 

standard for cereals/cereal based products as 

stipulated by the Food and Drug Administration. 

Hence, the consumption of this product, if not 

properly controlled and regulated, may constitute a 

serious challenge to public health. The antibiogram 

of the E. coli isolates further revealed that most of 

the isolates were multi-drug resistant, and as well, 

they were positive for the production of ESBL and 

carbapenemase. Following the results of the 

sensitivity pattern of the isolates to different 

antibiotics, the study therefore suggests that 

ofloxacin is the drug of choice in the treatment of 

health complications and infections caused by E. coli 

acquired through the consumption of Kunu. It is 

therefore recommended that the general public have 

to be enlightened on the possible health hazards 

associated with unhygienic processing, handling, 

storage and consumption of Kunu and other locally 

produced food products and drinks. Kunun-zaki, no 

doubts have proven health and nutritional benefits as 

reported from previous studies till date, but then, if it 

is to serve the purpose for which it was produced, its 

production should be properly regulated by the 

appropriate agencies. The attention of regulatory 

agencies and the general public is therefore drawn to 

this communication. 
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