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ABSTRACT: Microorganisms grow and form biofilms on 

surfaces of equipment employed in food processing. These 

biofilms are considered as the major sources of contamination in 

the food industry. The study determined the bacterial load and 

composition on surfaces of equipment and utensils employed in 

tigernut drink production, from a vendor with a production unit 

located in an open market in Yenagoa, Nigeria.  Swabs were 

taken from different sampling points made of varying materials—

the grinding machine (metal), the collection bowls, water storage 

containers (thick plastic) and retail bottles (light plastic). These 

were analysed for total heterotrophic bacterial counts (THBC) 

and bacterial diversity using standard procedures. The THBC of 

water used in the drink production was also determined. The 

THBC of the sampling points ranged from log 3.28±0.06 cfu/cm2 

to log 5.18±0.05 cfu/cm2, and log 5.13±0.07 cfu/ml for the water 

sample. The grinder and water recorded higher bacterial load 

with a statistically significant difference (P<0.05). The retail 

bottles had the least bacterial count. Shigella spp. were the most 

isolated (27.451%), then Salmonella spp. (21.568%) and E. coli 

(15.686%). Streptococcus spp., Staphylococcus spp. and Vibrio 

spp. were the least isolated (11.765% each). Shigella and 

Salmonella species occurred at all sampling points but not on the 

retail bottles. E. coli was present in the water collection bowls 

and retail bottles while Streptococcus, Staphylococcus and Vibrio 

were found only in the retail bottles. On diversity, four bacterial 

genera (39.216%) were isolated from the retail bottles, three 

(25.490%) from the water storage containers and two (17.647%) 

from the grinder and collection bowls. The microorganisms 

possibly had preference for attachment to the surfaces based on 

the material makeup and nutrient availability. Their occurrence 

and high numbers reflect the low level of hygiene employed prior 

to drink production. This could be of public health concern. 
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INTRODUCTION 

The surfaces of equipment used in the production of food and beverages are usually 

contaminated by microorganisms during their processing and handling, despite the fact that 

cleaning and disinfection protocols are observed (Marouani-Gadri et al., 2010). These surface 

contaminating microorganisms—called biofilms—occur in food processing plants and storage 

tanks. Biofilms are complex systems made up of prokaryotic and/or eukaryotic microorganisms 

embedded in a three-dimensional extracellular matrix (made up of extracellular polymeric 

substances, EPS), attached to surfaces. Biofilms protect bacterial cells against environmental, 

chemical and mechanical stress such as desiccation, resistance to antibiotics and disinfectants, 

and the immune response in a host as well as in seasons of nutritional scarcity (Van Houdt & 

Michiels, 2010; Karunakaran et al., 2011; Vert et al., 2012; Flemming et al., 2016; Shakibaie, 

2018).  

Biofilm formation is of enormous importance (both positive and negative) in a range of 

disciplines and applications in biotechnology, in the environment and in medicine.  A lot of 

reviews exist on the detailed formation and components of biofilms (Karunakaran et al., 2011; 

Marchand et al., 2012; Satpathy et al., 2016; Shakibaie, 2018). Microorganisms develop 

biofilms on various materials or utensils utilized in the food industry, which include stainless 

steel, polyethylene, wood, glass, polypropylene, rubber, etc. (Abdallah et al., 2014; Colagiorgi 

et al., 2017). The presence of these biofilms on surfaces of food processing plants places them 

as high-risk reservoirs of infectious and spoilage agents in the food industry. The result is an 

increase in post processing contamination leading to public health concerns (Van Houdt and 

Michiels, 2010; Galie et al., 2018). Moreover, biofilms in equipment and structures of food 

processing may cause corrosion, blockage of fluid systems and less heat transfer, resulting in 

economic losses (Chmielewski and Frank, 2003; Brooks and Flint, 2008; Tilahun et al., 2016).  

Tigernut (Cyperus esculentus L.) is a perennial grass-like plant, having spheroid, pale yellow 

tubers with a cream kernel surrounded by a fibrous sheath. It occurs wild or cultivated in 

Europe, West Africa, South America, and Asia. Tigernuts are sweet and can be eaten raw, 

roasted, dried or processed as a drink. The flavoured tubers contain protein, minerals, vitamins, 

carbohydrate, sugars, oil and fiber (Balewu and Balewu, 2007; Suleiman et al., 2018). 

In local tigernut drink production, the procedure involves simple processes of sorting and 

washing of the nuts before grinding and extraction of the juice (milk), and then bottling. The 

absence of an effective antimicrobial treatment, from obtaining the raw tubers to processing 

and consumption of the final product, means that pathogens could be introduced at any point 

(Sagoo et al., 2001). Microorganisms such as Escherichia coli, Bacillus subtilis, 

Staphylococcus aureus, Aspergillus flavus, Aspergillus niger, Fusarium solani, Saccharomyces 

cerevisiae, Saccharomyces fibuligera, Candida pseudotropicalis, Enterobacter cloacae, 

Enterococcus spp., Pseudomonas aeruginosa and Streptococcus spp. have been found to be 

associated with tigernuts (Onovo and Ogaraku, 2007; Hubert et al., 2011; Gambo and Da’u, 

2014). Fresh and dry nuts were seen to harbour Aspergillus niger, Aspergillus flavus, 

Aspergillus terreus and Penicillium italicum, and in dry nuts, Penicillium citrinum and 

Aspergillus fumigatus were isolated (Chukwu et al., 2013; Gambo and Da’u, 2014; Agbaje et 

al., 2015; Roselló-Soto, 2019). Several parasites, particularly Cryptosporidium parvum, were 

found in raw tubers (Ayeh-Kumi et al., 2014; Roselló-Soto, 2019). 
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Like in other West African countries, tigernut is grossly underutilized and underexploited in 

Nigeria. The awareness of its potentials is gradually propping up. Unlike in the European 

countries where tigernut drink or milk is produced at an industrial scale, its production in 

Nigeria is mostly at the local level where individuals produce the drink in their homes. 

Sometimes, one sights vendors producing in open markets where hygienic practices are not 

observed. One of such is the case with this study at Yenagoa, Nigeria. Each stage of the drink 

production has a high probability of containing a large number of microorganisms due to the 

low level of sanitary precautions employed. 

With the growing need to increase the production and utilization of locally available food 

resources, tigernut drink will aid in solving major nutritional and dietary issues by exploiting 

its nutritional and economic potentials. The study is therefore aimed at determining the 

bacteriological composition of biofilms of the equipment and utensils used in producing 

tigernut drink. The results obtained will not only provide a baseline data on the composition of 

the microbial biofilms but also point out sanitary measures required in the production of the 

drink.  

 

MATERIALS AND METHODS  

Study Area 

The study was carried out in an open market area located at Arietallin in Swali-Yenagoa, 

Bayelsa State, Nigeria; latitude 4.9186oN and longitude 6.2673oE. A singular vendor who had 

her tigernut drink processing unit and selling point was in this open market. The processing 

unit included a metal grinding machine, plastic collection bowls, sieve, water storage bowls 

and retail bottles also made of plastic. 

Biofilm and Water Sampling  

Sampling was done at various points in the process line: the grinding machine (top and middle), 

collection bowl 1, collection bowl 2, water storage containers (two in number) and retail bottles 

(two in number), making a total of 8 (eight) points in the process line (designated Xa, Xb, Ya, 

Yb, Za, Zb, Pa and Pb respectively). Triplicate biofilm samples were collected by rubbing 

gently on surfaces (2–3cm) of different areas at each sampling point, using moist and sterile 

swab sticks (Flach et al., 2014; Cherif-Antar et al., 2016; Weber et al. 2019), to give a total of 

24 samples (Xa1,2,3, Xb1,2,3, Ya1,2,3, Yb1,2,3, Za1,2,3, Zb1,2,3, Pa1,2,3 and Pb1,2,3). Water samples 

(control) used during processing were collected in triplicate into 30ml sterile bottles.  The 

samples were transported to the laboratory in ice packs and then stored in the refrigerator at 

4oC before analysis. All analyses were performed within 48 hours of obtaining the samples. 

Bacterial Isolation and Enumeration 

Standard procedures were followed in the isolation and enumeration of bacteria. Moist swabs 

of biofilms from the different sampling points were suspended in 5ml of sterile normal saline 

to give stock cultures for each sampling point. A loopful of each stock culture was inoculated 

in triplicates on growth media: Salmonella-Shigella Agar, MacConkey Agar and Nutrient Agar 

to check for bacterial growth, which was recorded as "growth" or "no growth". All media were 

prepared according to the manufacturer’s instructions.  
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For total heterotrophic bacterial counts, 0.5ml of stock culture from each sampling point was 

diluted serially in 4.5ml sterile normal saline. 0.5 ml of dilution 10-3 was then inoculated onto 

nutrient agar plates using the pour plate method. For water, serial dilutions of 1ml samples 

were performed in 9ml normal saline. 0.1ml of dilution 10-3 was then inoculated onto nutrient 

agar. All plates were incubated at 30oC for 24 to 48 hours. Resulting colonies were further 

subcultured and purified on growth medium before identification. 

Bacterial Identification and Characterization 

Resulting colonies from the growth media were identified and characterized based on their 

cultural characteristics, microscopy on Gram’s stain and biochemical reactions (catalase, 

oxidase, citrate, etc.) before grouping into various genera. Standard protocols were employed. 

Statistical analyses 

Statistical computations and illustrations were done with Microsoft Excel (version 2013) and 

SPSS (version 20.0) for Analysis of Variance (ANOVA) and Duncan’s Multiple Range (DMR) 

tests employed in post-hoc analysis of sources of variations.  

 

RESULTS AND DISCUSSION 

Results of the preliminary growth of swab stock cultures at different areas of the sampling 

points are given in Table 1. All samples indicated growth on nutrient agar but not on 

Salmonella-Shigella agar and MacConkey agar, because of the selective/differential nature of 

the latter two. Sampling point Xa, which is the grinder top, harboured no Enterobacteriaceae 

since no growth occurred on MacConkey agar, while sampling points Pa and Pb (retail bottles) 

showed no growth of Salmonella or Shigella species. Every other sampling point harboured 

these groups of bacteria. 

The total heterotrophic bacterial counts of the sampling points ranged from log 3.28 ± 0.06 

cfu/cm2 to log 5.18 ± 0.05 cfu/cm2, and log 5.13 ± 0.07 cfu/ml for the water sample (Table 2).  

Sampling point Xb—the grinders—recorded the highest level of contamination with a 

statistically significant difference (P<0.05).  The surfaces of food processing equipment and 

utensils have for long been established as sources of food products contamination by 

microorganisms.   The grinder middle, which had the highest bacterial load, suggests more 

formation of biofilms and the least level of cleaning/hygiene would have occurred here 

probably due to its hidden position with restricted accessibility.  Sampling point Xa—the 

grinder top—had the second largest bacterial load. This may be because of it being the entry 

point of the raw materials (tiger nuts, other additives and water) used for the drink production.   

The collection bowls (Ya; Yb) and water storage bowls (Za; Zb) had close values of bacterial 

contamination which could have resulted from their exposure to the environment. The retail 

bottles (Pa; Pb) were the least contaminated. This may be because they are usually the most 

well cleaned and well covered, but the high bacterial load may suggest that they were recycled 

without proper washing or washed with contaminated water. 

The water used for tiger nut drink production had high bacterial load (statistically significant, 

P<0.05). This may be because it was not well treated; it is therefore unfit for consumption as 

the case is usually with surface and groundwater in Bayelsa State, Nigeria. Reports of high 
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heterotrophic bacterial contamination of between 102–106 cfu/ml in portable water (both treated 

and untreated) are not uncommon in this zone (Angaye et al., 2015; Izah and Ineyougha, 2015; 

Mbah, et al., 2017; Seiyaboh et al., 2017). This bacterial density in the portable water used for 

the drink production surpassed the World Health Organization/Food and Agricultural 

Organization permissible limit of 1.0 x 102 cfu/ml total heterotrophic bacteria. 

Bacteria isolated from the surfaces of the processing unit were Streptococcus spp., 

Staphylococcus spp., Vibrio spp., Escherichia coli, Shigella spp. and Salmonella spp. Shigella 

spp. were the most isolated (27.451%), followed closely by Salmonella spp. (21.568%) and 

then E. coli (15.686%). Streptococcus spp., Staphylococcus spp. and Vibrio spp. were the least 

isolated with the same frequency of occurrence (11.765%) (Table 3). Characterization of the 

microorganisms is shown in Table 4. Several authors have isolated these microorganisms on 

surfaces of food utensils in Nigeria (Maori and De, 2010; Nwakanma and Chidobi, 2016; Igwe 

et al., 2020). 

Shigella and Salmonella species occurred at all sampling points but were absent on the surfaces 

of the retail bottles. E coli was present in the water collection bowls and retail bottles while 

Streptococcus, Staphylococcus and Vibrio were found only in the retail bottles. This suggests 

that each microorganism could have a preference for a material surface as they differed. 

Moreso, some surface materials are more likely to form biofilms than others (Garrett et al., 

2008). Sampling point X was metal, Y and Z were a thicker form of plastic and P, a lighter 

form of plastic. Four genera of the microorganisms were the most isolated from the retail bottles 

(39.216%): Streptococcus spp., Staphylococcus spp., Vibrio spp. and fewer E. coli. Less genera 

(25.490%) occurred on the water storage containers (Shigella, Salmonella and mostly E. coli) 

while lesser still (17.647%) were on the grinder and collection bowls (Shigella and Salmonella 

only). This further suggests that the genera of microbes on the retail bottles were able to attach 

easily, probably due to the presence of limited but available nutrients, since the bottles are 

recycled and may not have been properly washed. E. coli was more on the water storage 

containers as it is a waterborne pathogen as well as an indicator of water pollution. Shigella 

and Salmonella species were mainly on the mechanical grinders and collection bowls, and 

would have formed greater amounts of biofilms due to the availability of additional nutrients.  

The high microbial load on surfaces of the grinder and the containers reflects the level of 

hygiene employed in the cleaning of the materials prior to drink production. Flach et al. (2014) 

reported counts of up to 106 cfu/cm2 on metal surfaces of a dairy production plant as indicative 

of poor cleaning of equipment and strong evidence of the presence of microbial biofilms. 

Microbial counts of log10 cfu/cm2 to log 106 have long been documented as contamination of 

equipment in dairy processing plants (Gibson et al., 1999; Weber et al., 2019). Counts of log 

103–105 cfu/cm2 were obtained in this study. The main sources of milk and milk-related 

products contamination are attributed to improper cleaning and disinfection of equipment 

(Cherif-Antar et al., 2016).  Tiger nut extract is milky and can be referred to as a milky drink.   

Diverse microbial genera isolated from the surfaces of dairy processing equipment include: 

Enterococcus, Bacillus, Staphylococcus, Escherichia, Klebsiella, Acinetobacter, Serratia, 

Enterobacter, Pseudomonas, Proteus, Lactobacillus, Listeria, Micrococcus and Streptococcus. 

The occurrence of Vibrio, Shigella and Salmonella species in this study further indicates the 

very poor sanitary condition of the process line. Sources of food contamination are usually 

water, raw materials, equipment, insects, rodents and food handlers themselves.  Biofilms are 
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considered now as the major source of food contamination as they can persist on the process 

line and cause reinfection, even after cleaning and disinfection. 

Removing surface-attached cells and established biofilms pose a great challenge to the dairy 

industry. To avoid surface contamination, adhesion and subsequent biofilm formation, 

adequate prevention and control strategies must be employed. Proper and strict hygienic 

measures must be followed, and the environment for drink production must be conducive and 

enclosed, as the reverse was the case in this study. Sanitation enforcement and regulation 

agencies must ensure proper compliance to standards. The equipment used in processing should 

be designed in such a way that crevices, dead ends, corners, etc. which are areas for biofilm 

accumulation would be easily accessible in terms of cleaning. The material used for equipment 

manufacture should be cleaned with ease using biocides or detergents. Although the aim of this 

research was not to ascertain the microbial load of the tigernut drink, information gathered 

revealed that the drink is usually sold immediately after preparation without pasteurization. 

This further places consumers at risk of infection as the water utilized has high bacterial load. 

Drink pasteurization is therefore recommended. 

 

CONCLUSION 

Tiger nut drink is a well-loved drink gaining great acceptability in Nigeria because it is natural, 

cheap and highly nutritious. Due to its gaining popularity, attention should be given to its 

production process. This research has uncovered the low level of hygiene employed during the 

drink production from a singular producer and vendor of the drink located in an open market. 

There are many other vendors of this drink who carry out the production process in their homes, 

where they cannot be monitored so as to ascertain the level of hygiene practiced. A well-

equipped, organised and modern production plant/industry where standard practices are 

followed from harvesting, transportation and processing to bottling of tigernut drink, with 

compliance of clean-in-place (CIP) methods would be a welcome idea in Nigeria. 
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APPENDIX 

 

Table 1: Preliminary culture of swab suspensions on growth media  

Sampling 

Point 

Growth Medium 

SSA MA NA 

1 2 3 1 2 3 1 2 3 

Xa + ⁻ + ⁻ ⁻ ⁻ + + + 

Xb + + + + + ⁻ + + + 

Ya + ⁻ + + ⁻ ⁻ + + + 

Yb + + + + ⁻ + + + + 

Za + - ⁻ + - + + + + 

Zb + + + + + + + + + 

Pa ⁻ ⁻ ⁻ + ⁻ ⁻ + + + 

Pb ⁻ ⁻ ⁻ + ⁻ ⁻ + + + 

Key: SSA: Salmonella-Shigella Agar; MA: MacConkey Agar; NA: Nutrient Agar; Xa: 

Grinder top; Xb: Grinder middle; Ya: Collection bowl 1; Yb: Collection bowl 2; Za: Water 

storage container 1; Zb: Water storage container 2; Pa: Retail bottle 1; Pb: Retail bottle 2. 

+: growth; -: no growth. 

 

Table 2: Total heterotrophic bacterial counts of the sampling points and water 

Sample THBC 

Sampling point Xa 4.98 ± 0.05d 

Sampling point Xb 5.18 ± 0.05d 

Sampling point Ya 3.60 ± 0.12c 

Sampling point Yb 3.51 ± 0.20bc 

Sampling point Za 3.43 ± 0.24abc 

Sampling point Zb 3.60 ± 0.05c 

Sampling point Pa 3.37 ± 0.01ab 

Sampling point Pb 3.28 ± 0.06a 

Water 5.13 ± 0.07d 

Each result is the mean of triplicate values. Values with different alphabets are significantly 

different at P<0.05 with post hoc analysis using Duncan’s Multiple Range. 

Key: Xa: Grinder top; Xb: Grinder middle; Ya: Collection bowl 1; Yb: Collection 

bowl 2; Za: Water storage container 1; Zb: Water storage container 2; Pa: Retail bottle 

1; Pb: Retail bottle 2 

THB: Total Heterotrophic Bacteria Count
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Table 3: Occurrence (%) of bacterial isolates at the various sampling points 

Bacteria Isolate Sampling Points Total (%) 

Xa Xb Ya Yb Za Zb Pa Pb 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Streptococcus spp. - - - - - - - - - - - - - - - - - - + + + + + + 6 (11.765) 

Staphylococcus spp. - - - - - - - - - - - - - - - - - - + + + + + + 6 (11.765) 

Vibrio spp. - - - - - - - - - - - - - - - - - - + + + + + + 6 (11.765) 

Escherichia coli - - - - - - - - - - - - + + + + + + - + - - - + 8 (15.686) 

Shigella spp.  + + - + + + + + - + + + - - + + + + - - - - - - 14 (27.451) 

Salmonella spp. - + + + - + + + + - + - - - - + + + - - - - - - 11 (21.568) 

Total (%) 9 (17.647) 9 (17.647) 13 (25.490) 20 (39.216) 51 (100) 
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Table 4: Identification and characterization of bacterial isolates 

Bacterial Isolate Morphology and Cultural Characteristics Biochemical Reactions 

Catalase Oxidase Citrate Coagulase Sucrose Glucose 

Streptococcus 

spp. 

Gram positive diplococci. Tiny cream-coloured colonies 

on nutrient agar. 

- - + - + + 

Staphylococcus 

spp. 

Gram positive cocci in clumps, grape-like clusters. 

Cream, smooth, opaque colonies on nutrient agar. 

+ - + - + + 

Vibrio spp. Gram negative short rods, grey colonies on nutrient agar, 

colourless and tiny colonies on MacConkey agar (non-

lactose fermenter). 

+ + + - + + 

Escherichia coli Gram negative rods, large, greyish white, smooth and 

opaque colonies on nutrient agar. Pink and large colonies 

on MacConkey agar (lactose fermenter). 

+ - - - + + 

Shigella spp. Short, gram negative rods. Smooth, greyish white colonies 

on nutrient agar, pale colonies on MacConkey agar (non-

lactose fermenter). Transparent colonies on Salmonella-

Shigella agar. 

+ - - - - + 

Salmonella spp. Gram negative rods. Smooth, greyish white colonies on 

nutrient agar, pale colonies on MacConkey agar (non-

lactose fermenter), transparent colonies with black centres 

on Salmonella-Shigella agar. 

+ - + - - + 

 

 

 


