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Probiotics are live bacteria that can be found in fermented local foods and 

confer health benefits on the host when administered in adequate amounts. 

However, there is little awareness of local fermented, lactose-free foods as 

good and cheap sources of probiotics that could be employed in the dietary 

management of diarrhoea instead of the expensive antibiotic drugs. The local 

food materials were fermented and prepared into their respective meals using 

traditional methods. The probiotic population, nutrient quality, and energy 

value of the fermented foods, and the prepared meals were investigated.  

Probiotics were isolated and enumerated from the meals using standard pour-

plating techniques, while the proximate composition of the samples was 

evaluated using standard methods. The used food samples include; Sorghum 

‘ogí’ (SP), Soya flour, ‘Garri’, and formulated meals from Sorghum ‘ogí’ (SP) 

and Soya four as 90% ‘ogí’+10% soya (TS), 80% ‘ogí’+20% soya (PS), and 

70% ‘ogí’+30% soya (ST). The probiotic (LAB) population identified in the 

meals includes Bifidobacterium lactis at concentration ranges of (3.41x102–

7.77x106 CFU/g), Lactobacillus acidophilus (1.48x103–3.69x106 CFU/g) and 

Lactobacillus bulgaricus (1.01x102–7.39x104 CFU/g). Bifidobacterium lactis 

had the highest population (7.77×10⁶ CFU/g) in PS, while Lactobacillus 

acidophilus (3.69×10⁶ CFU/g) and Lactobacillus bulgaricus (7.39×10⁴ CFU/g) 

were highest in ST. However, only the PS meal met the RDA standards for 

both Bifidobacterium lactis (≥106 CFU/g) and Lactobacillus bulgaricus (103 

CFU/g) implying a good source of probiotics, and exhibited good nutrient 

quality; (69.48%) moisture, (7.10%) protein, (3.34%) ash, (6.70%) crude fat, 

(2.76%) fibre and (10.60%) carbohydrates. Thus, the formulated PS meal with 

an adequate concentration of probiotics of acclaimed health benefits possesses 

the potential for a therapeutic diet that could help in ameliorating the effect of 

gastrointestinal disorder and diarrhoea. Also, the good nutrient quality and 

energy value of the meal indicates its capability for faster recuperation after a 

health disorder like diarrhoea. 
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Introduction 

 

Mostly, a condition known as diarrhoea or gastroenteritis 

in infants and young adults is often brought about by 

eating food or drinking water that has been contaminated 
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by pathogens.  It is T conventionally usually treated with 

expensive antibiotic drugs (Jay et al., 2005; DuPont, 

2014; Bruzzese et al., 2018). Some of these drugs have 

dangerous, and sometimes fatal side effects, which 

should never even be administered to children below five 
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(5) years of age (Bevan et al., 2008; Baù et al., 2020). 

Moreover, some anti-diarrhoea and anti-emetic drugs 

have no practical benefits for children with acute or 

persistent diarrhoea as they do not prevent dehydration 

or improve nutritional status, which should be the main 

objective of a treatment (Bevan et al., 2008; Florez et al., 

2020). However, eating nutritive food that is rich in 

probiotics can have therapeutic effect, but this 

knowledge is majorly obscured to the general public and 

limited in scientific backings. 

Probiotics are live microorganisms that are intended to 

have health benefits. The concept behind probiotics was 

introduced in the early 20th century, when Nobel laureate 

Elie Metchnikoff, known as the “father of probiotics” 

proposed that consuming beneficial microorganisms 

could improve people’s health. Researchers continued to 

investigate this idea, and the term “probiotic” – meaning 

“for life” eventually came into use (Richard, 2017). 

These organisms contribute to the nutritional status of the 

host, regulation of intestinal angiogenesis, and the 

development of immunity in infants and older children, 

as well as to the protection from a diarrhoea-causing 

pathogen (Johnson and Versalovic, 2012). Pathogens 

which include Salmonella choleraesuis CECT4155, 

CECT409 and CECT443, Escherichia coli CECT439 

and E. coli O157:H7 serovar CECT4076, Staphylococus 

aureus CECT4013 and CECT976, and Listeria 

monocytogenes Scott A, the spoilage strain Clostridium 

tyrobutyricum CECT4011 that attack primarily the GI 

tract were previously examined. It was discovered that 

probiotics provided prevention and relief against these 

pathogenic bacteria and the associated symptoms 

(Olivaries et al., 2006). The two main groups of interest 

and the most frequently used probiotics are Lactobacillus 

and Bifidobacterium (Bergogne, 2017). There were 

studies conducted to determine the efficacy of the 

administration of Lactobacillus acidophilus and 

Lactobacillus bulgaricus as probiotics on various 

subjects in the prevention of antibiotic-associated 

diarrhoea (AAD) and Clostridium-difficile-associated 

diarrhoea (CDAD) in comparison with the conventional 

antibiotic drugs. The results of these studies have shown 

that probiotics were effective in the prevention of AAD 

(Gotz et al., 1979; Buts et al., 1986; McFarland, 2006; 

Surawicz et al., 2013).  

Additionally, in the last few years, much interest has 

accumulated for probiotic bacteria due to their potential 

benefits in the field of normal intestinal microflora, 

stimulation of immune systems, relief in diarrhoea, and 

other GI afflictions (Borges et al., 2006). Especially, the 

stimulation of immune systems by the activities of 

probiotics is of tremendous importance for natural body 

defence against infectious diseases such as in the current 

situation of Coronavirus (Covid-19) pandemic. There are 

several mechanisms through which probiotics aid the 

body in fighting off pathogens ranging from fighting for 

adhesion on the tract itself to displaying some sort of 

antibacterial properties (Bouzaine et al., 2005). The 

gastrointestinal (GI) tract is home to thousands of 

microorganisms, among which beneficial species are 

referred to as probiotics which include Bifidobacterium 

and Lactobacillus. Many of the microorganisms in 

probiotic products are the same as or similar to 

microorganisms that naturally live in human bodies 

(WHO, 2013). 

Food products sold as probiotics include yoghurt (a 

fermented dairy product). Nevertheless, it has been 

recommended that a nutritious diet that does not cause 

diarrhoea to worsen should be a kind of lactose-free-diet 

(PDCU, 2016). Additionally, most of the non-dairy 

processed fermented foods such as pickles, meat, and 

wine (Wang et al., 2019) are expensive and out of reach 

of the general populace. This class of people also has 

little or no knowledge about the presence of probiotic and 

the embedded anti-diarrhoea potential in some local 

foods that are cheap and available in their locality.  Thus, 

proper documentation of research findings on locally 

available lacto-free food sources that could meet the 

standard concentration of anti-diarrheoa probiotics and 

also of good nutritive value is necessary. It will take a lot 

of time to improve the knowledge of the people about the 

use of local foods as a simple dietary therapy in treating 

diarrhoea. Concentration is one major and basic 

parameter used in the evaluation of the health effect of 

probiotics. Therefore, the aim of this study is to 

determine the probiotic potential of some locally 

fermented lacto-free foods with respect to the 

recommended allowance claim of health benefits. 

 

Materials and methods 
 

Materials 

 

Raw materials used for this study include cassava 

(Manihot esculenta), sorghum (Sorghum bicolor) 

grains, and soya bean (Glycine max) seeds; all were 

purchased from “Oja-Oba” market in Ado-Ekiti, 

Ekiti State, Nigeria. All used reagents were of 

analytical grade. 

 

Methodology 

 

Processing of the fermented food materials 

 

The processing of all the fermented food materials and 

their preparation into meals were carried out at the 

Microbiology Department of Afe Babalola University, 

Ado-Ekiti using local methods. 

 

 



Dupe Temilade Otolowo et al. / Isolation of probiotics … / Croat. J. Food Sci. Technol. / (2021) 13 (2) 

142 

Processing of ‘garri’  

 

Cassava tubers were peeled and washed with cleaned 

water, then cut into medium sizes for grinding. After 

grinding, they were packed in a sack bag, drilled on a 

jack for 3 days for ultimate dewatering and to allow 

fermentation to take place. Then, the dewatered mass 

was sieved and fried; cooled at room temperature, and 

packaged in polyethylene bag prior to usage. The 

described method of Airaodion et al. (2019) was adopted 

for garri processing. 

 

Processing of Sorghum ‘ogi’ 

  

Sorghum grains were sorted, thoroughly washed, and 

soaked for 3 days for fermentation to take place. The 

fermented grains were washed and wet milled; potable 

water was added and sieved with fine muslin cloth; then 

allowed to sediment for 8 hours and decanted. The 

sediment (‘ogi’) was tightly retained in the muslin cloth 

for 6 h for dewatering before drying in an air-

draughtoven (60 °C), then cooled and pulverised as 

Sorghum ‘ogi’ flour/powder. The method of Akingbala 

et al. (1978) as adopted by Osundahunsi and Aworh 

(2002) was used with the modification of using Sorghum 

in place of maize. 

 

Processing of soya bean flour  

 

The method described by Igbua et al. (2019) with 

certain modifications was employed in the 

processing of soya bean flour. The soya bean seeds 

were sorted and washed with clean water, then 

soaked for 72 hours while the water was changed at 

intervals of 12 hours. After 72 hours, the fermented 

seeds were dehulled and thoroughly washed to 

remove the coat and lessen the fermentation odour. 

The dehulled seeds were boiled over a gas cooker 

for 30 min and washed again with clean water, 

drained and sun-dried; then, locally roasted and 

milled to obtain soya flour with the aid of 

Hammermill.  

 

Preparation of meals from the process food 

materials  

 

Preparation of sorghum (‘ogi’) meal  

 

The sorghum ‘ogi’ powder was made into a thin 

gruel by rehydration; boiling ‘ogi’ liquor as water 

was poured into the gruel and cooked with 

continuous stirring until a thick gel was obtained as 

the meal. The method described by Igbua et al. 

(2019) was used; with the modification of thinner 

gruel. The decanted water from the processed raw 

‘ogi’ was used as ‘ogi’ liquor. 

 

Preparation of soy-pap (soy-‘ogi’) meal  

 

The same procedure used in the preparation of 

Sorghum ‘ogi’ meal was also adopted in preparing 

meals with the formulated ‘soy-ogi’ samples. The 

sorghum ‘ogi’ flour was formulated with soya bean 

flour at ratios of 90% sorghum ‘ogi’+10% soya flour; 

80% sorghum ‘ogi’ flour+20% soya flour; 70% 

sorghum ‘ogi’+30% soya flour; rehydrated with little 

water (at room temperature) to form thin gruel in each 

case. Boiling ‘ogi’ liquor was then added to form 

gelatinised gruel and cooked with constant stirring 

until the wanted thickness for a ready-to-eat-meal was 

obtained.  

 

Preparation of ‘Garri’ meal  

 

Processed ‘garri’ was simply soaked in table water (at 

room temperature) and left for few minutes until soft. 

Part of the water-soak was decanted and used as ‘garri’ 

liquor. 

 

Isolation of probiotics 

 

Two strains of lactic acid bacteria (LAB); 

Bifidobacterium lactis and Lactobacillus sp. 

(Lactobacillus acidophilus and Lactobacillus 

bulgaricus) are the most frequently used probiotics 

(Bergogne, 2017). These were isolated from the meal 

samples; the isolation was done using 

Transgalactosylated oligosaccharides-mupirocin 

lithium salt (TOS-MUP) media for Bifidobacterium 

lactis and De Man Rogosa Sharpe (MRS) agar media 

(Oxoid, Italy) for selective isolation of Lactobacillus 

bulgaricus and Lactobacillus acidophilus species in 

accordance with the method described by Wang et al. 

(2019). An aliquot of the meal samples was serially 

diluted (10-3) in saline water before it was pour plated 

and then, anaerobically incubated at 37 °C for 48 h. 

 

Characterisation and identification of probiotics 

 

Bacterial colonies isolated from the meal samples 

were characterised and identified according to the 

method described by Orban and Patterson (2000).  

 

Enumeration of bacteria (probiotics)  

 

The total bacterial load in the samples was 

determined by the serial dilution-pour plate method 

as described by Wang et al. (2019). Fresh meal 

samples were serially diluted (10-1-10-3) and 
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aliquots of the samples were placed on the fresh 

plate count agar media (TOS-MUP; MRS) and 

incubated at 37 °C for 24 hours. After the incubation 

period, the total bacterial load was counted using a 

digital colony counter (Gallenkamp, England) and 

expressed in colony-forming unit per gramme 

(CFU/g). 

 

Determination of proximate composition and energy 

values 

 

Proximate composition (%) of the processed and 

prepared meal samples was done according to 

standard procedures of AOAC (2005) for the 

determination of moisture, protein, fat, ash, and 

fibre contents (method numbers: 925.10, 960.52, 

2003.05, 923.03, and 2009.01, respectively), while 

carbohydrates were calculated by the difference i.e. 

(100 – (%moisture + %protein + %ash + %crude fat 

+ %crude fibre)). The total energy value (kcal/100 

g) of the meal samples was calculated using Atwater 

factors. 

 

Results 
 

Probiotic potential of the prepared meals from the 

local fermented foods 

 

The isolated probiotics from the selected local foods 

with their concentrations are depicted in Table 1. The 

generally regarded as safe (GRAS) LAB organisms as 

probiotics; Bifidobacterium lactis, Lactobacillus 

acidophilus and Lactobacillus bulgaricus were 

present in all meal samples, which is in accordance 

with the report of Liu et al. (2009). These LAB strains 

were the most frequently used probiotics that provide 

relief in diarrhoea and gastrointestinal afflictions 

(Borges et al., 2006; Bergogne, 2017).  

 

 

Table 1. Identification and concentration (CFU/g) of the isolated probiotics from the prepared meals 

 Bifidobacterium lactis Lactobacillus acidophilus Lactobacillus bulgaricus 

Meal samples Identification Concentration Identification Concentration Identification Concentration 

90% ‘Ogi’+10% 

soya (TS) 

+ 5.28 x 104e + 5.01 x 104c + 3.49 x104d 

80% ‘Ogi’+20% 

soya (PS) 

+ 7.77 x106a + 5.16 x 104c + 6.57 x103e 

70% ‘Ogi’+30% 

soya (ST) 

+ 5.79 x106b + 3.69 x 106a + 7.39 x104a 

Sorghum ‘Ogi’ only 

(SP) 

+ 2.19 x106d + 6.17 x 104c + 1.40 x104d 

‘Ogi’ liquor (E) + 4.70 x106c + 2.48 x 106b + 2.59 x104c 

‘Garri’ liquor (F) + 3.41 x102ef + 1.48 x 103d + 1.91 x102f 

Soaked ‘garri’ (G) + 1.78× 103f + 4.19 x 103d + 1.01 x102f 

RDA  106  108 – 1010  103 
Values represent the mean ± SD of three determinations. Values with different superscripts in the same column are significantly different (p≤0.05). Key: TS = Meal 

made from 90% sorghum ‘ogi’ flour+10%soya flour; PS = Meal made from 80% sorghum ‘ogi’ flour +20% soya flour; ST = Meal made from 70% sorghum ‘ogi’ 

flour+30% soya flour; SP = Meal made from sorghum ‘ogi’ flour only; E = ‘Ogi’ liquor, F = ‘Garri’ liquor, G = Soaked ‘garri’; RDA = Recommended daily allowance 
(Andrade et al., 2009); + = Present 

Table 2. Proximate composition of the processed fermented local foods 

Sample Moisture  Protein Ash Fat Crude fibre Carbohydrates 

Sorghum-‘ogi’ flour 9.21a 6.13ᶜ 4.67b 3.86b 11.38a 64.43c 

Soya-bean 

flour (soya) 

8.07c 37.79a 4.29c 28.23a 5.44c 16.3d 

80% ‘ogi’+20% soya flours 8.69b 6.44b 5.81a 4.02b 10.29b 65.59b 

‘Garri’ 7.30d 2.58b 1.98d 0.00c 1.95d 86.28a 

Values represent the mean ± SD of three determinations. Values with different superscripts in the same column are significantly different 
(p≤0.05) 

 

Table 3. Proximate composition (%) and energy value of meals prepared from the formulated fermented foods 

 Meal samples Moisture Protein Ash Fat Crude fibre Carbohydrates Energy value 

(kcal/100 g) 

Sorghum ‘ogi’ flour (SP) 72.09b 1.96c  1.80c 2.29b 1.11c  20.76a 111.49 

80% ‘ogi’+20% soya (PS) 69.48d 7.10b  3.34a 6.70a
  2.76b 10.60c 131.1 

70% ‘ogi’+30 % soya (ST)  71.10c 8.26a 2.50b 6.79a 3.05a 8.30d 127.35 

Soaked ‘Garri’ (G) 80.65a 0.88d 2.24b 1.68c 1.09c 13.46b 72.48 
Values represent the mean ± SD of three determinations. Values with different superscripts in same column are significantly different (p ≤ 0.05).SP = Meal 
prepared from sorghum ‘ogi’ flour only; PS = Meal prepared from 80% sorghum ‘ogi’ flour+20% soya flour; ST = Meal prepared from 70% sorghum ‘ogi’ 

flour+30% soya flour; G = Soaked ‘garri’ 
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The results of probiotic enumeration (Table 1) showed 

that the highest concentration of Bifidobacterium 

lactis (7.77×10⁶ CFU/g) in PS (80% ‘ogi’+20% soya) 

was within the recommended dietary allowance 

(RDA) range (106 CFU/g), which could confer health 

benefits on the host, especially as anti-diarrhea 

(Andrade et al., 2009). Also, meals from ST (70% 

‘ogi’+30% soya), SP (Sorghum ‘ogi’ only) and E 

(‘ogi’ liquor), had 5.79×10⁶, 2.19×10⁶, and 4.70×10⁶ 

CFU/g Bifidobacterium lactis, respectively, that falls 

within the standard range. On the other hand, TS (90% 

‘ogi’+10% soya), F (‘garri’ liquor), and G (Soaked 

’garri’) had 5.28×10⁴, 3.41×10², and 1.7×10³ CFU/g, 

respectively of Bifidobacterium lactis that were 

negatively below the acceptable RDA claims. None of 

the samples produced enough concentration of 

Lactobacillus acidophilus that matched the standard 

RDA (10⁸-1010 CFU/g) which could benefit health, as 

stated by Andrade et al. (2009).  Only the formulated 

PS meal (80% ‘ogi’+20% soya) also had Lactobacillus 

bulgaricus concentration (6.57×10³ CFU/g) close to 

the standard range, while all other samples were found 

to be negative either below or above the recommended 

values that provide health benefits. The excessive 

higher values above the RDA (10³ CFU/g) of 

Lactobacillus bulgaricus are indicative of a highly 

acidic meal (Andrade et al., 2009). 

The PS meal (80% ‘ogi’+20% soya) met the RDA 

standard of Bifidobactarium lactis and Lactobacillus 

bulgaricus, which is in agreement with the reports of 

Hong et al. (2005) and Andrade et al. (2009), and was 

also the most preferred among the samples from the 

conducted mini-preliminary sensory evaluation 

(results not presented). Thus, the formulated PS (80% 

‘ogi’+ 20% soya) is suggested as the best and most 

potent probiotic meal source that could be employed 

in the dietary treatment of diarrhoea among the local 

fermented foods studied. This corroborates the report 

of Akatsu et al. (2013). Among other factors used for 

evaluating health effects of probiotics, concentration 

remains the basic and preliminary prerequisite. 

 

Nutritional composition of the processed foods and 

meal samples 

 

In order to assess the nutritive quality of the food 

samples, the proximate composition of the processed 

and the prepared meal samples was determined. The 

90% ’ogi’+10% soya (TS), based on the probiotic 

evaluation results was excluded in the nutritional 

evaluation of the processed foods, while ‘Ogi’ liquor 

(E) and ‘Garri’ liquor (F) were excluded among the 

meal samples based on the fact that they were 

considered majorly as water except for their probiotic 

contents, which is in consonance with the study of 

Okowa et al. (2016) on the quality of ogi water from 

maize fermentation. 

 

Proximate composition of the processed fermented 

local foods 

 

The proximate composition (moisture, protein, ash, 

fat, crude fibre, and carbohydrates) of the processed 

fermented local foods is presented in Table 2. The 

moisture content of all the samples ranges from 7.30-

9.21% and is generally below 10%, which is an 

indication of good keep-ability of the products for ease 

of handling and a prolonged shelf-life, which 

concurred with the report of Awolu and Olabiran 

(2019). The lowest moisture value (7.30%) was found 

in ‘Garri’, which could be the result of roasting. The 

protein content was highest (37.79%) in ‘soya flour 

only, followed by formulated meal of 80% ‘ogi’ 

flour+20% soya (6.44%), then, sorghum “ogi” flour, 

only 6.13%, while “garri” had the lowest protein 

content (2.58%). Soya flour is legume-based with high 

protein content (Adesokan et al., 2011), while ‘garri’ 

is starchy root-based. The ash content was highest 

(5.81%) in 80% sorghum ‘ogi’ flour+20% soya, 

followed by sorghum ‘ogi’ flour, only (4.67%) and 

lowest (1.98%) in “garri”. The ash content observed in 

the soya bean and sorghum ‘ogi’ flours of the present 

study was higher than those reported by Igbua et al. 

(2019) and Awolu and Olabiran (2019). Ash content is 

an indicator of mineral composition in food material 

(Igbua et al., 2019) implying that the samples in the 

present study will be good sources of minerals. 

The fat content was highest (28.23%) only in ‘soya 

flour, as shown in Table 2 but the formulation of 80% 

sorghum ‘ogi’+20% soya flour reduced the fat content 

to 4.02%, although this reduced value was still higher 

than that observed in sorghum ‘ogi’, only 3.86%. Fat 

in ‘garri’ was below a significant detectable value 

relative to other samples. The fat content is an 

indicator of energy boosting and when combined with 

meals could add to weight so as to neutralise the 

weight lost during a case of diarrhoea (Ikya et al., 

2013). Crude fibre is a measure of the quality of 

indigestible cellulose, pentose, lignin, and other 

components; it provides the bulk necessary for the 

proper peristaltic action in the intestinal tract (Johnson 

and Southgate, 2013). Processed sorghum ‘ogi’ flour 

had the highest crude fibre content of 11.38%, 

followed by (80% sorghum‘ogi’+20% soya) with 

10.29%, then, soya flour (5.44%); ‘garri’ had the 

lowest value of 1.95%. This indicated that sorghum 

contributed to the bulk of the fibre content of the 

formulated meals, which is at variance with the report 

of Oluwamukomi et al. (2005). However, 

carbohydrates were higher in ‘garri’ (86.28%) 
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followed by 80% sorghum ‘ogi’+20% soya (65.59%), 

then sorghum ‘ogi’, only 64.43%, while soya flour had 

the lowest value (16.31%), which is expected for 

legumes and is in consonance with the previous 

literature (Ikya et al., 2013; Igbua et al., 2019). 

 

Nutritional composition of the prepared meals 

 

The proximate composition of the prepared meals 

from the processed fermented food samples is 

presented in Table 3. Generally, the results show a 

decrease in the nutritional characteristics of the meal 

samples with a significant decrease in the contents; 

protein (0.88-8.26%), ash (1.80-3.34%), fat (1.68-

6.79%), crude fibre (1.09-3.05%), and carbohydrates 

(8.30-20.76%) in comparison with the processed 

fermented foods. The moisture content significantly 

increased with a range of 69.48% in 80% ’ogi’+ 20% 

soya (PS) to 80.656% in soaked ‘garri’ (G). However, 

there are significant differences among the proximate 

composition of the meal samples, which is in 

agreement with the report of Monti et al. (2008); 

except the fat contents of the ST (6.79%) and PS 

(6.70%) meals which were not significantly different 

from each other. This could be the result of the soya 

flour inclusion in the two samples. 

The range of values for fat content was comparable to 

that of stiff porridge meals (4.16-5.82%) in the study 

of Igbua et al. (2019), while the obtained range for 

crude fibre contents was higher than those found in 

literature (Ikya et al., 2013; Igbua et al., 2019). Also, 

the obtained values for carbohydrates were 

considerably lower than the range (59.43-78.28%) 

reported by Igbua et al. (2019). This may be the result 

of the differences in the nature of the meals. Igbua et 

al. (2019) worked with stiff porridges, which involved 

less quantity of water in preparation of the meal than 

required in the preparation of thin-gelatinised gruels in 

the present work.  

Consequently, the reduction in nutrient contents in the 

prepared meals (Table 3) with reference to the 

processed fermented foods (Table 2) was a result of 

the preparation process that has to do with a high 

dilution rate with water in the meals. This is 

advantageous for rehydration in cases of diarrhoea and 

emetics that involve the loss of body fluids, while the 

ash contents of the meals contributed to the total mass 

of the product to influence rehydration in such cases 

(Osungbaro, 2009). Notwithstanding, the result 

showed that meals of 70% ‘ogi’+30%soya (ST) and 

80% ‘ogi’+20%soya (PS) were of better nutritional 

quality and comparable to that of Oluwamukomi et al. 

(2005). However, PS was the most acceptable from the 

preliminary mini sensory evaluation carried out, 

implying that soybean improved the nutritional quality 

without adverse effects on the acceptability, which is 

in agreement with the report of Adesokan et al. (2011). 

Thus, the processing and preparation methods used in 

the present study did not impair the nutrient content of 

the meals. Moreover, good nutritional quality of PS 

(80% ’ogi’ +20% soya) could enhance the fast 

recuperation of a convalescent of diarrhoea and 

gastroenteritis. Therefore, the meal prepared from 

80% ‘ogi’+20% soya in addition to its standard 

concentration of the determined probiotics, has a 

potential to support the treatment of diarrhoea. 

 

Conclusions 

 

Three species of LAB (Bifidobacterium lactis, 

Lactobacillus acidophilus, Lactobacillus bulgaricus) 

were isolated from the meals. The meal prepared from 

80% sorghum ‘ogi’ flour+20% soya flour (PS) 

contains standard loads of Bifidobacterium lactis and 

Lactobacillus bulgaricus, which is in accordance with 

the RDA claims of health benefits and it is of good 

nutritional quality. Therefore, the consumption of PS 

meal in an appropriate proportion could serve the dual 

purposes of having the potential to treat and recover 

from diarrhoea. Consequently, regular intake of 

locally available fermented lacto-free foods could 

serve as a preventive measure for reducing the risk of 

diarrhoea and gastroenteritis. This, along with the 

literature records of probiotic potent in the stimulation 

of the immune system, will cumulate into building a 

strong natural body defence against infection and 

diseases, especially in the era of Covid-19. Hence, 

hygienically fermented, prepared, and served meals as 

PS should be advocated in the practical dietary therapy 

by dietitians in the management of diarrhoea or any 

gastroenteritis. Nevertheless, a clinical dietetic study 

on the suggested meal will be required to confirm their 

effectiveness. 

 

Author Contributions: Dupe Temilade Otolowo, 

Stephen Abiola Akinola, and Elizabeth Damilola 

Ajejomoniyi initiated the research, participated in the 

design, implementation of the experiments, and 

analysis of the results, as well as manuscript writing. 

Monsura Bello proof read the article for final 

corrections while Janet Oluwatoyin Alaba took part in 

the research initiation. 

Funding: This research received no external funding. 

Conflicts of Interest: The authors declare no conflict 

of interest. 

 

References 

 
Adesokan I.A., Fawole, A.O., Ekanola, Y.A., Odejayi, D.O. 

and Olanipekun, O.K. (2011): Nutritional and sensory 



Dupe Temilade Otolowo et al. / Isolation of probiotics … / Croat. J. Food Sci. Technol. / (2021) 13 (2) 

146 

properties of soybean fortified composite ogi – A 

Nigerian fermented cereal gruel. Afr. J. Microbiol. 

Res. 5 (20), 3144-3149. 

https://doi.org/10.5897/AJMR10.907 

Airaodion, A.I., Airaodion, E.O., Ewa, O., Ogbuagu, E.O., 

Ogbuagu, U. (2019): Nutritional and Anti–Nutritional 

Evaluation of Garri Processed by Traditional and 

Instant Mechanical Methods. Asian Food Sci. J.  9 (4), 

1-13. https://doi.org/10.9734/afsj/2019/v9i430021 

Akatsu, H., Iwabuchi, N., Xiao, J.Z., Matsuyama, Z., 

Kurihara, R., Okuda, K., Maruyama, M. (2013): 

Clinical effects of probiotic Bifidobacterium longum 

BB536 on immune function and intestinal microbiota 

in elderly patients receiving enteral tube feeding. J. 

Parenteral Enteral. Nutr. 37 (5), 631-640. 

https://doi.org/10.1177/0148607112467819  

Akingbala J.O., Onochie E.U., Adeyemi I.A., Oguntimein 

G.B. (1987): Steeping of whole and dry millsed maize 

kernels in Ogi preparation. J. Food Proc. Pres. 11, 1–

11. https://doi.org/10.1111/j.1745-

4549.1987.tb00031.x  

Andrade, M.J., Rodríguez, M., Casado, E.M., Bermúdez, 

E., Córdoba, J.J. (2009): Differentiation of yeasts 

growing on dry-cured Iberian ham by mitochondrial 

DNA restriction analysis, RAPD-PCR and their 

volatile compounds production. Food Microbiol. 26 

(6), 578-586. 

https://doi.org/10.1016/j.fm.2009.03.014  

AOAC (2005): Official methods of analysis of Association 

of Official Analytical Chemist International, 18th ed. 

Gaithersburg, MD, USA. 

Awolu, O.O., Olabiran, T.E. (2019): Supplementation of 

rice flour with carrot, date palm and defatted soybean 

flours for enhanced nutritional, antioxidants and 

physicochemical properties. Agric. Food Sci. Res. 6 

(1), 134-144. 

https://doi.org/10.20448/journal.512.2019.61.134.144 
Baù, M., Moretti, A., Bertoni, E., Vazzoler, V., Luini, C., 

Agosti, M., Salvatore, S. (2020): Risk and Protective 

Factors for Gastrointestinal Symptoms associated with 

Antibiotic Treatment in Children: A Population Study. 

Pediatr. Gastroenterol. Hepatol. Nutr. 23(1), 35-48. 

https://doi.org/10.5223/pghn.2020.23.1.35  

Bergogne, B. (2017): Infectious disease conference. Theme: 

Novel Treatment Methods for infectious Diseases: 

Prevention, control and cure. San Francisco, 

California, USA. 

Bevan, M., Seil, E., Bell, R., Robertson, J. (2008): Proposal 

for the inclusion of anti-emetic medications (for 

children) in WHO Model list of essential medicines. 

University of Newcastle, Clinical Pharmacology 

School of Medicine and Public Health, Australia. 

Borges, A.A., Campos, G.M., Moreli, M.L., Souza, R.L., 

Aquino, V.H., Saggioro, F.P., Figueiredo, L.T. (2006): 

Hantavirus cardiopulmonary syndrome: immune 

response and pathogenesis. Microbes Infection. 8 (8), 

2324-2330. 

https://doi.org/10.1016/j.micinf.2006.04.019  

Bouzaine, T.R.D., Dauphin, P.H., Thonart, M.C. (2005): 

Urdaci and M. Hamdi. Adherence and colonization 

properties of Lactobacillus rhamnosus TBI, a broiler 

chicken isolate. Lett.  Appl. Microbiol. 40, 391-396. 

https://doi.org/10.1111/j.1472-765x.2005.01684.x  

Bruzzese, E., Giannattasio, A., Guarino, A. (2018). 

Antibiotic treatment of acute gastroenteritis in 

children. F1000Res. 7, 193. 

https://doi.org/10.12688/f1000research.12328.1  

Buts, J.P., Bernasconi, P., Van Craynest, M.P., Maldague, 

P., De Meyer, R. (1986): Response of human and rat 

small intestinal mucosa to oral administration of 

Saccharomyces boulardii. Pediatric Res. 20 (2), 192-

196. https://doi.org/10.1203/00006450-198602000-

00020  

DuPont, H.L. (2014): Acute infectious diarrhea in 

immunocompetent adults. New Engl. J. Med. 370 

(16), 1532-1540. 

https://doi.org/10.1056/nejmra1301069  

Florez, I. D., Niño-Serna, L. F., Beltrán-Arroyave, C. P. 

(2020): Acute infectious diarrhea and gastroenteritis in 

children. Curr. Infect. Dis. Rep. 22 (2), 4. 

https://doi.org/10.1007/s11908-020-0713-6  

Gotz, V., Romankiewicz, J.A., Moss, J., Murray, H.W. 

(1979): Prophylaxis against ampicillin-associated 

diarrhea with a lactobacillus preparation, Am. J. 

Hospital Pharm. 36 (6), 754-757. 

https://doi.org/10.1093/ajhp/36.6.754  

Hong, H.A., Duc, L.H., Cutting, S.M. (2005): The use of 

bacterial spore formers as probiotics, FEMS 

Microbiol. Reviews. 29 (4), 813-835. 

https://doi.org/10.1016/j.femsre.2004.12.001  

Igbua, F.Z, Adejo, S.O., Igoli, N.P., Daagema, A.A.  (2019): 

Production and Quality Evaluation of Maize, Cassava 

and Soybeans Composite Flour. Int. J. Sci. Res.   8 

(10), 798-803. 

Ikya, J.K., Gernah, D.I., Sengev, I.A. (2013): Proximate 

composition, nutritive and sensory properties of 

fermented maize, and full fat soy flour blends for 

“agidi” production. Afr. J. Food Sci. 7 (12), 446-450. 

https://doi.org/10.5897/ajfs09.224   

Jay, J.M., Martin, J., Loessner, D.A.G. (2005): Modern 

Food Microbiology, New York, USA: Springer 

Science+Business Media New York, pp. 3-9. 
https://doi.org/10.1007/b100840  

Johnson, C.L., Versalovic, J. (2012): The human 

microbiome and its potential importance to pediatrics, 

Pediatrics. 129 (5), 950-960. 

https://doi.org/10.1542/peds.2011-2736  

Johnson, I.T., Southgate, D.A. (2013): Dietary fibre and 

related substances, Springer US. 

https://doi.org/10.1007/978-1-4899-3308-9 

Liu, C., Zhang, Z., Dong, K., Yuan, J., Guop, X. (2009): 

Antibiotic Resistance of Probiotic Strains of Lactic 

Acid Bacteria Isolated from Marketed Foods and 

Drugs. Biomed. Environ. Sci. 22, 401-412. 

https://doi.org/10.1016/s0895-3988(10)60018-9  

McFarland, L.V. (2006): Meta-analysis of probiotics for the 

prevention of antibiotic associated diarrhea and the 

treatment of Clostridium difficile disease. Am. J. 

Gastroenterol. 101 (4), 812-822. 

https://doi.org/10.1111/j.1572-0241.2006.00465.x  

https://doi.org/10.9734/afsj/2019/v9i430021
https://doi.org/10.1177/0148607112467819
https://doi.org/10.1111/j.1745-4549.1987.tb00031.x
https://doi.org/10.1111/j.1745-4549.1987.tb00031.x
https://doi.org/10.1016/j.fm.2009.03.014
https://doi.org/10.20448/journal.512.2019.61.134.144
https://doi.org/10.5223/pghn.2020.23.1.35
https://doi.org/10.1016/j.micinf.2006.04.019 
https://doi.org/10.1111/j.1472-765x.2005.01684.x
https://doi.org/10.12688/f1000research.12328.1
https://doi.org/10.1203/00006450-198602000-00020
https://doi.org/10.1203/00006450-198602000-00020
https://doi.org/10.1056/nejmra1301069
https://doi.org/10.1007/s11908-020-0713-6
https://doi.org/10.1093/ajhp/36.6.754
https://doi.org/10.1016/j.femsre.2004.12.001
https://doi.org/10.5897/ajfs09.224
https://doi.org/10.1542/peds.2011-2736
https://doi.org/10.1016/s0895-3988(10)60018-9
https://doi.org/10.1111/j.1572-0241.2006.00465.x


Dupe Temilade Otolowo et al. / Isolation of probiotics … / Croat. J. Food Sci. Technol. / (2021) 13 (2) 

147 

Monti, A., Di Virgilio, N., Venturi, G. (2008): Mineral 

composition and ash content of six major energy 

crops. Biomass Bioenerg. 32 (3), 216-223. 

https://doi.org/10.1016/j.biombioe.2007.09.012  

Okowa, I. P., Kigigha, L. T., Izah, S. C. (2016): Variation 

in physicochemical water quality parameters during 

fermentation of maize for Ogi production. Biotechnol. 

Res. 2 (3), 125-131. 

Olivaries, M., Diaz-Ropero, M.P. Martin, R. Roderiguez, 

J.M., Xaus, J. (2006): Antimicrobial potential of four 

Lactobacillus strains isolated from breast milk. J. 

Appl. Microbiol. 101, 72-79. 

https://doi.org/10.1111/j.1365-2672.2006.02981.x  

Oluwamukomi, M.O., Eleyinmi, A.F., Enujiugha, V.N. 

(2005): Effect of soy supplementation and its stage of 

inclusion on the quality of ogi – a fermented maize 

meal, Food Chem. 91, 651–657. 

https://doi.org/10.1016/j.foodchem.2004.06.036  

Osundahunsi, O. F., Aworh, A. C. (2002): A preliminary 

study on the use of tempe-based formula as a weaning 

diet in Nigeria. Plant Foods Human Nutr. 57 (3-4), 

365-376. https://doi.org/10.1023/a:1021805117084  

Osungbaro, T.O. (2009): Physical and nutritive properties 

of fermented cereal foods. Afri. J.  Food Sci. 3 (2), 

023-027. 

Orban, J.I., Patterson, J.A. (2000): Modification of the 

phosphoketolase assay for rapid identification of 

bifidobacteria, J. Microbiol. Methods. 40 (3), 221-

224. https://doi.org/10.1016/s0167-7012(00)00133-0  

PDCU (Persistent Diarrhoea Clinical Update) (2016): 

RehydrationProject. DDonline Persistent Diarrhoea: A 

supplement to Issue No. 48, pp 1-4. Available online 

at rehydrate.org/dd/su48.htm Accessed June 1, 2020. 

Richard, L. (2017): The candida diet – The history of 

probiotics. https://www.thecandidadiet.com/the-

history-of-probiotics/. Accessed June 1, 2020. 

Surawicz, C.M., Brandt, L.J., Binion, D.G., 

Ananthakrishnan, A.N., Curry, S.R., Gilligan, P.H., 

Zuckerbraun, B.S. (2013): Guidelines for diagnosis, 

treatment, and prevention of Clostridium difficile 

infections. Am. J. Gastroenterol. 108 (4), 478-498. 

https://doi.org/10.1038/ajg.2013.4  

Wang, K., Zhang, H., Feng, J., Ma, L., Fuente-Nú~nez, C., 

Wang, S., Lu, X. (2019): Antibiotic resistance of lactic 

acid bacteria isolated from dairy products in Tianjin, 

China, J. Agric. Food Res. 1 100006.  

https://doi.org/10.1016/j.jafr.2019.100006  

WHO (World Health Organization) (2013): Diarrhoea 

disease fact sheet No. 330. Archived from the original 

on 17 July 2014. Accesed July 9, 2014.

https://doi.org/10.1016/j.biombioe.2007.09.012
https://doi.org/10.1111/j.1365-2672.2006.02981.x
https://doi.org/10.1023/a:1021805117084
https://doi.org/10.1016/s0167-7012(00)00133-0
https://doi.org/10.1038/ajg.2013.4
https://doi.org/10.1016/j.jafr.2019.100006 

