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Abstract 
Groundnut cake is a delicious, de-oiled snack originated in northern Nigeria, commonly called 
‘kulikuli’. It could be grinded into edible powdered form and remain as a rich source of protein especially 
for vegetarians and used as a protein supplement in cattle feeding. Samples were collected from two 
sellers at random fortnightly within a period of two months from selected markets: Central, Muda 
Lawal, Yelwa and Wunti for bacteriological (cultural, microscopical and biochemical) and proximate 
(AOAC) analyses. The mean TBC obtained was highest in samples from Yelwa market (2.68 ×105 

CFU/g) which was highly significant (p>0.05) than that of Muda Lawal market (9.01 ×104 CFU/g) but 
not significantly higher than those obtained from the other markets. The highest mean TCC (5.31 ×105 

CFU/g) obtained from the Central market was significantly higher (p>0.05) than those from other 
markets. The most occurring bacteria isolated were Staphylococcus aureus, E. coli and Pseudomonas 
spp while the others included Klebsiella, Enterobacter and Bacillus species. Proximate composition 
(Mean±SD) showed Moisture content: 2.77±0.40%, Ash content: 6.11±0.41%, Crude lipid: 
2.48±0.96%, Crude fibre: 0.20±0.09%, Protein content: 2.93±0.46%, Carbohydrate: 85.51±1.48% and 
Total energy: 376.09±5.48kcal. Presence of coliforms and E. coli in particular is an indication that those 
samples are of public health concern. Isolation of S. aureus might be associated with poor handling. 
High level of moisture content and protein could enhance spoilage and contamination hence, good 
manufacturing practices should be encouraged at all stages of production. 
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INTRODUCTION 
Groundnut (Arachis hypogea) belonging to the family Fabaceae is an herbaceous legume grown 
annually in both temperate and tropical areas worldwide including Nigeria, China and the 
United States on about 33 million hectares globally with annual production of approximately 
54 million tons (Syed et al., 2021, You et al., 2024). It is one of the world’s top five oil seed crops 
known for precious source of proteins with functional components (Ayoola and Adeyeye, 
2010, Janila et al., 2013).  
 
Groundnut cake commonly known as “kulikuli” in Nigeria is a by-product of preparation of 
strong fragrant oil by pressing the seeds of groundnut pre-roasted at 100-1800C (Kline, 2016, 
Smithson et al., 2018, Tu and Wu, 2020). It is a delicious de-oiled cake which originated from 
the Northern part of Nigeria and serves as an excellent source of plant-based protein (47-55%), 
carbohydrate (relatively low i.e <30%), vitamins, high crude fibre, antioxidant (bioactive 
compounds including polyphenols, arginine, flavonoids, resveratrol) and minerals (Uzor-
Peters et al., 2008). The groundnut cake is incorporated as functional ingredients in processed 
foods such as in making of soup, sauces, confectioneries, puddings and bakery products (Zhao 
et al., 2017).   It is directly consumed as edible protein powder after being crushed and used in 
food and feed formulations for vegetarians and livestock respectively (Oko et al., 2015, 
Timbadya et al., 2017) The defatted cake flour has functional properties including 
emulsification, bulk density, viscosity, and water/oil absorption essential which are essential 
in food processing and formulation of its products (Yu et al., 2007).  
 
 Investigations have shown that the rich protein content of groundnut cake and its products 
could permit deterioration, spoilage, easy access and proliferation of both normal flora and 
pathogenic microorganisms (e.g Escherichia coli, Staphylococcus, Streptococcus, Salmonella, 
Pseudomonas, Aspergillus, Fusarium) during the processing which might include handling, 
utensils and water used, storage conditions, packaging and hawking. (Nduko et al., 2017, Yao 
et al., 2024). Certain fungi such as Aspergillus spp are contaminants associated with storage 
conditions, producing aflatoxins known to have acute and chronic toxic, carcinogenic and 
mutagenic effects on both humans and animals. These might in turn constitute adverse effects 
on the immune system of such consumers (Yao et al., 2024). Therefore, high level and or 
continuous consumption of this food could be of public health concern hence, the relevance 
and indispensability of this research work. The study aimed to determine the bacteriological 
and proximate composition of grinded groundnut cake samples collected from selected 
markets in Bauchi metropolis.  
 
MATERIALS AND METHODS 
Area of study 
Bauchi is a city in northeast Nigeria and emerged as a capital to Bauchi state created in the 
year 1976. A home of the famous Abubakar Tafawa Balewa University (ATBU) with 
geographical coordinates: 0.30600N, 9.84040E. 
 
Collection of samples 
About 10g of each sample was collected at random in a well labelled sterile polythene bag 
from two (2) vendors in each of the markets namely Central, Muda Lawal, Yelwa and Wunti. 
This was done fortnightly for a period of 2 months (September and October) eight samples 
were collected at each visit, making a total of 32 samples collected within the period of study. 
They were conveyed to Microbiology laboratory in the Department of Biological Sciences, 
Abubakar Tafawa Balewa University (ATBU) Yelwa campus, Bauchi metropolitan for 
analyses. 
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Laboratory procedures 
Determination of bacterial loads 
Each of the samples was serially diluted by placing a gram of the sample into 9ml of peptone 
water and was vigorously mixed after which this was repeated up to six dilution factors. One 
(1ml) each of the fourth and fifth dilution factors were inoculated on nutrient and MacConkey 
agar plates using pour plate method. The same method was used for other samples collected. 
All plates were incubated at 37oC for 24hrs after which the colonies were enumerated as total 
bacterial count (TBC) and total coliform count (TCC) expressed in colony forming unit 
(CFU/g) (Cheesebrough, 2010) 
 
Isolation of bacteria 
Bacteria present in the samples were isolated by inoculating the diluted sample on Eosin 
methylene blue (EMB), MacConkey (MAC), Mannitol salt (MSA and incubated for 37oC for 
24hrs. the colonies were identified based on their appearances (size, colour, texture, elevation 
and margin). Each colony was Gram’s stained to determine their microscopical identification 
i.e whether positive or negative and their respective shapes. Basic biochemical tests were 
carried out on each of the isolates including indole, methyl red, Voges Proskauer, citrate, 
coagulase and catalase.  
 
Proximate composition analysis 
This analysis was done using the standard analytical methods (AOAC, 2011; 2014) including 
moisture, protein, fat, ash, crude fiber and carbohydrate. The total energy of the samples was 
also determined as shown in Table 3. Procedures for each of the contents are as follow: 
 
Moisture determination 
This was done by placing 2g of the sample into a dried silica dish and weighed. It was then 
dried in an oven at 650C for 36hrs, cooled in a desiccator and weighed. The drying and 
weighing continued until a constant measurement was achieved. The percentage moisture 
content was calculated as follows: 

% moisture = 
𝑙𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔 
 × 100 

  =       
𝑊2−𝑊3

𝑊2− 𝑊1
 × 100 

Where W1 = initial weight of empty crucible 
 W2 = weight of crucible + sample before drying 
 W3 = weight of crucible + sample after drying. 
 
Crude fibre 
About 2g of the sample was mixed with 200ml of 2.5g NaOH and heated to boiling after which 
it was filtered. The filtrate was washed and dried in an oven at 100 0C and weighed. It was 
then burnt to ashes at 500 0C in a muffled furnace, cooled and reweighed. The weight loss was 
calculated in percentage and presented as fibre content. This is shown in the following 
equation: 

% Crude fibre   = 
𝑊𝑒𝑖𝑔ℎ𝑡 (𝐹𝑖𝑙𝑡𝑒𝑟𝑎𝑡𝑒 −𝐴𝑠ℎ) 

Weight of original sampl𝑒
    × 100        

 

Crude protein 
This was determined using kjeldahl method, measuring the nitrogen content of the sample 
and multiplying by a factor of 6.25. the method involved digestion, distillation and titration. 
In digestion method, 2g of the sample was placed into kjeldahl flask and 25mls conc. H2SO4, 
0.5g Cu2SO4,, 5g Na2SO4 and a speck of selenium tablet were added heat was slowly applied 
in a fume cupboard to prevent frothing and continue to digest for 45mins. After cooling, 
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100mls of distilled water was added, rinsed thrice. In distillation method, the Markham 
apparatus was steamed up and about 10mls of the digest was added and boiled. Ten (10) mls 
of NaOH was distilled into 50mls of 2% boric acid containing screened methyl red indicator. 
In titration method, the alkaline ammonium borate formed from the method above is titrated 
with 0.1N HCl. The titre value is recorded as volume of acid which fitted into below formula: 
The nitrogen standards were treated the same way with the sample. 

%N =
𝐼𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑥 𝑆𝑙𝑜𝑝𝑒 𝑅𝑒𝑐𝑖𝑝𝑟𝑜𝑐𝑎𝑙 𝑥 𝐶𝑜𝑙𝑜𝑟 𝑉𝑜𝑙.𝑥 𝐷𝑖𝑔𝑒𝑠𝑡 𝑉𝑜𝑙.

Weight of Sample x Aliquot Taken x 10000
  

   
%Crude Protein = %Nitrogen × 6.25 
 
 
Ash content 
About 2g of the sample was placed into a pre-heated crucible and placed in muffle furnace at 
400-6000C for 4hrs after which it was placed in a desiccator and weighed. The ash content was 
calculated thus:  

% Ash    = 
𝑊2−𝑊1

Weight of sampl𝑒
    × 100        

Where  W2 = weight of crucible + ash 
W1=weight of empty crucible. 
 

Determination of Crude Fat 
Petroleum ether was used as the extraction solvent in a soxhlet device that was set at 680C to 
determine the fat content. 2 g of powdered Persea americana seeds were placed in the soxhlet 
apparatus after being wrapped in filter paper that had been previously weighed for 30 mins, 
the flask containing the fat was heated to 11000C using hot air. After chilling, the weight of fat 
was determined (AOAC, 2014). The flask was heated and then allowed to cool in a desiccator. 
Three replications were made. The percentage fat was determined using the following 
equation: 

% Fat = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑎𝑡 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100  

 
Carbohydrate  
This was determined by differential method. The sum of the %moisture, ash, crude fibre, 
protein was subtracted from 100 (Mueller and Tobin, 1980). 
% Total carbohydrate= 100 - (% Moisture + % Ash + % Fat + % Protein + % Fibre) 
 
RESULTS 
Bacterial loads of the samples were determined in two folds including Mean Total Bacterial 
Count (MTBC) and Mean Total Coliform Count (MTCC) as shown in Table 1. The mean TBC 
obtained was highest in samples from Yelwa market (2.68 ×105 CFU/g) which was highly 
significant (p>0.05) than that of Muda Lawal market (9.01 ×104 CFU/g) but not significantly 
higher than those obtained from the other markets. The least mean count (9.01 ×104 CFU/g) 
was obtained in Muda Lawal market which was significantly lower (p>0.05) than the mean 
TBC (2.61 ×105 CFU/g) from Central market and other markets. The mean bacterial count from 
Wunti market (2.65 x105 CFU/g) had no significant difference (p>0.05) with those obtained 
from Yelwa market (2.68 ×105 CFU/g) and the Central market (2.61 ×105 CFU/g).  
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Table 1: Bacterial Loads of the Grinded Groundnut Cake Samples based on Location (CFU/g) 
Location Total bacteria count  Total coliform count  

Central 2.61 x105 b 5.31 x105 a 
Muda Lawal 9.01 x104 a 3.20 x105 ab 

Yelwa 2.68 x105 b 3.80 x105 ab 
Wunti 2.65 x105 b 1.62 x105 b 
SE (±) 0.55 0.58 

Means with the same letter (s) are not significantly different at p˃0.05 using Least Significant Different (LSD). SE 
= standard error. CFU = colony forming unit 
Experimental Design: Randomized Completely Block Design (RCBD). 

The highest mean TCC (5.31 ×105 CFU/g) obtained from the Central market was significantly 
higher (p>0.05) than those from other markets. The lowest mean TCC (1.62 ×105 CFU/g) was 
obtained from Wunti market which was significantly lower (p>0.05) than those from other 
markets. The mean TCC obtained from Yelwa (3.80 x105 CFU/g) and Muda Lawal market 
(3.20 x105 CFU/g) had no significant difference (p>0.05) but significantly different from those 
obtained from the Central and Wunti markets.  

 The cultural, microscopical and biochemical characteristics of the isolated bacteria were used 
to identify the isolated bacteria obtained from this study. Gram’s reaction and biochemical 
tests include catalase, coagulase, indole, Voges Proskaeur, methyl red and citrate as described 
by Cheesebrough (2010). The results revealed the presence of some bacteria including Bacillus 
spp, Staphylococcus aureus, Pseudomonas spp, Escherichia coli and others as shown in Table 2. 
The frequency occurrence (Fig 1) showed that E. coli and Bacillus spp 32 (100%) had the highest 
frequency followed by Pseudomonas spp 24 (75%), S. aureus 24 (75%) and the others. The least 
occurrence was Klebsiella spp 8 (25%) and then Staphylococcus spp 8 (25%) 
 
Table 2: Identification and Characterization of the Isolated Bacteria from the Grinded 
Groundnut cake Samples 

Isolate  GR shape Cat Coag Indole MR VP Cit Presumptive identification 

1 + Rod  - - - - - - Bacillus spp 

2 - Rod  + - - - - + Pseudomonas spp 

3 + Cocci + - - + + + Staphylococcus aureus 

4 + Cocci + + - + + + Staphylococcus spp 

5 - Rod  +  + + - - Escherichia coli 

6 - Rod  +  - - + + Enterobacter spp 

7 - Rod  +  - - + + Klebsiella spp 

GR: Gram’s reaction, Cat: Catalase, Coag: Coagulase, MR: Methyl red, VP: Voges Proskaeur, Cit: Citrate 
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The results obtained from proximate analyses of the samples (Table 3) showed that moisture 
content ranged between 2.32-3.30% as the highest and lowest moisture content in samples 
from CM and YL respectively. The ash content obtained ranged from 5.50 to 6.52 % with mean 
percentage 6.11±0.41. the highest ash content was obtained from YL (6.52%) market while the 
lowest from samples in CM (5.50%). The percentage of crude lipid, fiber and protein contents 
obtained in the samples collected were highest in samples from ML market 4.04%, 0.35% and 
3. 59% respectively with means of 0.20±0.09%, 0.20±0.09 and 2.93±0.46% respectively whereas, 
the lowest were obtained CM (1.42%), CM (0.10%) and YL market (2.32%) respectively. The 
carbohydrate content was highest (87.02%) in samples from YL market and lowest (83.06%) 
in ML market. Total energy of the samples was highest (382.96 Kcal) in ML samples and lowest 
(367.66 Kcal) in CM samples with mean of 376.09±5.48 Kcal. 
 
Table 3: Composition of the Proximate Contents of Groundnut Cake Powder Samples (%) 

Composition CM ML WT YL MEAN±SD 

Moisture  3.30 2.44 3.00 2.32 2.77±0.40 

Ash  6.46 6.52 5.50 5.96 6.11±0.41 

Lipid  1.42 4.04 2.24 2.22 2.48±0.96 

Fibre  0.10 0.35 0.20 0.16 0.20±0.09 

Protein 2.76 3.59 3.06 2.32 2.93±0.46 

Carbohydrate  85.96 83.06 86.01 87.02 85.51±1.48 

Energy (Kcal) 367.66 382.96 376.40 377.34 376.09±5.48 

CM: Central market, ML: Muda Lawal market, WT: Wunti market, YL: Yelwa market 

 

DISCUSSION 
Most bacterial loads obtained in this study were found to be higher than those obtained in 
similar studies by Oko et al. (2015) in Zaria, Kaduna state. For instance, the highest count 
obtained in this study (2.65 × 105 CFU/g) was higher than that obtained (2.37 x 105 CFU/g) by 
Oko et al. (2015) whereas, the lowest count (9.01 ×104 CFU/g) from this study was lower (1.01 
x 105 CFU/g) than that obtained by Oko et al. (2015).  The high bacterial loads were below the 
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Figure 1: Frequency of occurrence of the isolated bacteria
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recommended standard of FDA (1.0 ×105) as allowable microbial contamination for food. This 
is in agreement with high levels of contamination in previous researches (Betcha and Akoma, 
1988, Jaccquelyn, 2012,) who  reported improper processing and storage conditions of 
groundnut and its products. Nevertheless, our results might be associated with poor hygienic 
practice during and after processing, packaging and or sales in the public. The presence of 
coliform/enteric bacteria such as E. coli, klebsiella spp, pseudomonas, S. aureus (Table 2) is 
unacceptable because it is an indication of contamination probably either by faecal and or via 
other means of contamination such as unhygienic environmental conditions, poor personal 
hygiene during production, waters and utensils used during processing and after, packaging 
in polythene bags, hawking and so on (Adesakin and Obiekezie, 2020).  Continuous 
consumption especially much quantity could lead to foodborne illnesses such as diarrhoea, 
enteric fever, salmonellosis, and others (Anyanwu et al., 2016). The presence of Staphylococcus 
spp might be due to frequent use of bare hands involved during processing. 
 
These are similar to bacteria isolated by some researchers (Abalaka and Elegbeda, 1981, Oko 
et al., 2015; Mustapha et al., 2015, Theophilus et al., 2024). They could exist as microflora but 
becomes pathogenic especially when consumed by the immunocompromised such as the 
elderly, infants, those with underlining health issues etc. Foodborne illnesses include 
diarrhoea, gastroenteritis, enteric fever (Oko et al., 2014) to mention but a few. 
 
Results on moisture content of the grinded groundnut cakes in question were all lower than 
3.896% of fried groundnut seed obtained by Sanni et al. (2024) in Ondo state probably due to 
larger surface area obtained from grinding of the seed. This might have giving room for more 
exposure to the air hence, further drying is ensured. Drying time is well known to affect 
moisture content and as a result, increase in drying time, decreases moisture content of any 
food sample. Frying is also known to induce moisture content (Idah et al., 2010; Shalimi et al., 
2017). However, the moisture contents of the powder collected from the various markets 
including the MEAN±SD were below the requirements of dried food with ≤ 25% (Afolabi, 
2014). However, high moisture content could facilitate microbial growth and their activities, 
enhancing hydrolysis and transformation of carbohydrate with the influence of microbial and 
enzymatic reactions which tend to weaken the structural components into moisture, 
enhancing synthesis of toxins by the inherent pathogens and also might result in spoilage 
(Sanni et al., 2000, Yang et al., 2017, Remi et al., 2023).  
 
The ash content is the inorganic residue left after complete oxidation of organic matter (Liu, 
2019). The ash content obtained ranging between 5.50-6.52% were higher than 2.81% of fried 
groundnut by Sanni et al., 2024. Based on previous researches, it is well known that ash content 
is a measure of  total mineral content of food ingredients and that both temperature and 
drying time had no effect on it, hence less volatile in nature (Manthey and Hall, 2017, Isik et 
al., 2019, Liu, 2019, Bikila et al., 2020) 
 
The lowest total mean protein content obtained in this study is far lower than the lowest 
obtained by Maser and Singa (2021) in Indonesia and far lower (3.59% in ML) than the 12.60 
% of Oko et al. (2015). Crude protein content could decrease or even lost with increase in 
drying air and temperature by denaturation probably due to release of amino acids (Miranda 
et al., 2010, Aksoy et al., 2019, Isik et al., 2019). Microbial growth could be facilitated by the 
presence of large amino acids, proteins and minerals in foods (Mohammed et al., 2020) It has 
been reported that heat processing denatures nitrogen solubility for protein and reduce its 
foaming capacity, inactivates the anti-nutrient factors and step up the antioxidant activity of 
groundnut seed flour (Jeong et al., 2004, Thangadurai, 2005, Esenwah et al., 2008).  
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The low content of crude lipid (4.04%) obtained in this study compared to that of fried 
groundnut (48.012%), could be as a result of de-oiling nature of the sample and drying due to 
presence of volatile compounds which easily evaporate (Adak et al., 2018, Choudhary and 
Grover, 2019). However, increase in fat content is normally associated with increase in heating 
temperature which might lead to cleavage in carbohydrate, lipid or protein-lipid linkages 
enabling easy absorption of fat. The lipid content is important in diets because it contains 
monounsaturated fatty acids and known to be beneficial to human health as it promotes fat 
soluble vitamin absorption and high in energy nutrient but does not add to the bulk of the 
diet (Atasie et al., 2009). Due to its high-energy nutrients, it can be utilized to partially 
substitute for protein in aquaculture feeds (Craig and Helfrich, 2002). Fats have many roles, 
including energy supply, structure formation and precursors to many reactive substances 
(Bureau and Cho, 2003) 

The crude fibre content consists of non-digestible components of food including cellulose, 
lignin and hemicellulose (Remi et al., 2023). The 0.35% obtained in this research is far less than 
7.692% of fried groundnut of Sanni et al. (2024) and less than 0.25% of powdered cake of Oko 
et al. (2015) in Zaria. This decrease might be linked to microbial bioconversion of carbohydrate 
into protein especially during fermentation which might have start occurring in the powder, 
probably due to poor preservation and handling. High fibre content of the flour could be an 
advantage of its use as food supplement and loss of volatile and organic matter (Ayoola and 
Adeyeye, 2010). The presence of crude fibre in a diet, indicates its ability to maintain internal 
distention for a normal peristaltic movement of the intestinal tract; a physiological role which 
crude fibre plays. However, the low content of crude fibre obtained in this study is 
undesirable as it could cause constipation and that such diets have been associated with 
diseases of colon like piles, appendicitis and cancer (Atasie et al., 2009). 

 The results on carbohydrate content is higher compared to those of   Sanni et al., 2024 (22.005% 
in raw, 30.316% boiled, and 14.044%), Udo et al., 2021 in boiled groundnut and Ayoola and 
Adeyeye et al., 2010 in roasted probably due to variety of groundnut used and processing. 
This implies high energy-giving source to the consumers. This is also reflected in the Total 
energy of the samples which was highest (382.96 Kcal) in ML samples and lowest (367.66 Kcal) 
in CM samples. However, the high calorie content obtained is associated with high level of fat 
which might be incurred during preparation including frying process. For instance, 
continuous frying in the same thermally altered oil could affect the quality by increase in oil 
absorption and formation of toxic products, increasing the symptoms of dyspeptic patients 
and could also be carcinogenic (Smith et al., 1994, Knekt et al., 1996) 

 
CONCLUSION  
Based on this research, it has been established that the grinded groundnut cake still maintains 
its nutritive values except for high levels of carbohydrate and calorific values. However, the 
bacterial loads and contents are not too satisfactory. This calls for a public health concern 
especially as it affects the immunocompromised. Since contamination might be more realistic 
during processing, prevention strategies including various physical, chemical and biological 
should be ensured at all stages of production, processing and sales. 
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