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Abstract 

The rise of functional foods has expanded food production, offering not just essential 

nutrition but also potential health and longevity benefits. This study aimed to identify 

probiotics from common Nigerian fermented foods as potential starter cultures for yogurt 
production. Ten local fermented food were screened for suitable starter 

culture(probiotics) for yogurt production, including fresh milk from cow (CM), sheep 
(SM), and goat (GM), as well as pap made from maize, millet, sorghum, cassava products 

(garri, fufu, and lafun), and Kunuzaki. Probiotic isolates with desired characteristics 

underwent tests for tolerance to acidic pH and bile conditions; antioxidative properties. 
Test yogurt was produced using Lactobacillus (LAB) isolates and physicochemical and 

organoleptic scores were determined for the yogurt samples. LAB species from CM, SM, 
and Lafun samples showed tolerance to both acidic pH (pH 3.0) and 0.5 percent bile. CM 

isolates exhibited strong antioxidant effects comparable to vitamin C. Yogurt samples 
had pH ranging from 4.77 to 5.45 and titratable acidity from 5.56 to 8.06. Sensory 

characteristics of the test yogurt did not significantly differ from commercial yogurt (p ≤ 

0.05). Thus, probiotics (LAB) from common Nigerian fermented foods like CM, SM, and 
lafun could serve as cost-effective, nutrient-rich alternatives for yogurt starter cultures. 
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Introduction 

Fermented foods are a significant part of the 

traditional African staple food. Fermentation 
processes not only improves the shelf-life, 

nutrient content, aroma, taste, and texture of 

the end-products; it also improves their anti-
pathogenic status and serves as a possible 

source of safe fermenting bacteria (Guan et al. 
2017; Mulaw et al. 2019; Okeke et al. 2021;). 

Fermented foods have active microorganisms 

that degrade food components into more 
useful or health-promoting metabolites. In 

hosts, certain microbes that line the intestinal 
tracts act as biological barriers, inhibit 

pathogenic bacteria, and regulate gut 

microbiota mediated mechanisms, also 
ferment ingested food substances (Guan et al. 
2017; Mulaw et al. 2019). According to Food 
and Agricultural Organization/World Health 

Organization (FAO/WHO) (2006), 
microorganisms that can affect host’s health 
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include those that can tolerate the severe 
gastrointestinal tract (GIT) conditions, such as 

adhering to epithelial tissues and withstanding 
bile salt and the acidic pH of gastric juice. 

These probiotics microbes possess high 

antioxidative capabilities (Egwim et al. 2013; 
Fijan, 2014; Somashekaraiah et al. 2019); 

however, the mode of pre-fermentation 
processes and raw materials/products 

influence the survival and type of microbes 
inherent in the end-product.  

Lactic acid bacteria (LAB) are the prevalent 

bacteria type that make up the majority of 
probiotics. LAB have been used as food 

supplements due to their favourable properties 
and are quite helpful (Chen et al. 2014). 

Although numerous probiotic strains are 

already known and utilized in the production 
of commercially available prebiotic fermented 

milk products all over the world, there is 
increased market demand for varied functional 

dairy products in general and prebiotic dairy 
products in particular (Tamime et al. 2005; 

Edith et al. 2018). Also, there is an urgent 

need to find new sources of diversity of LAB 
strains, particularly from some under-utilized 

traditionally fermented foods in Nigeria. 
Traditionally fermented foods have numerous 

microbes that are potential starter cultures; 

screening and sourcing for capable starter 
cultures from the large array of locally 

available traditionally fermented foods will 
expand the database sources for food and 

fermentation industries.  

There are numerous successful instances were 
isolates from indigenous fermented foods are 

utilized to upscale the production of other 
fermented foods (Mulaw et al. 2019). In order 

to make soy yoghurt, Opara et al. (2018) used 
starter culture extracted from fermented 

African oil bean (Ugba). The technological 

potential of LAB isolated from fermented Nunu 
was assessed by Akabanda et al. (2014) for 

their potential starter culture capability for 
Nunu production. In addition, Osuntoki and 

Korie (2010) reported high antioxidant 

properties in whey from LAB fermented milk. 
Cassava (Manihot esculenta) tubers are a very 

important crop that can be processed 
(fermented) differently to produce end-

products like garri, fufu, and lafun. These 
different end-products contain a lot of carbs. 

Garri is a creamy-white, granular flour made 

from raw cassava tubers that have been 
fermented and gelatinized. It has a mildly sour 

taste and is a well-known and popular 
foodstuff in Nigeria and other West African 

nations. Another Cassava fermentation by-
product is fufu, a white popular gel/paste 

indigenous of the Southern part of Nigeria. It 
is made by reducing the potentially hazardous 

cyanogenic chemical by steeping whole or 

sliced peeled cassava roots in water for up to 
three days. Fermentation during steeping 

reduces pH, softens roots, and helps to reduce 
the amount of cyanogenic compounds, which 

may be poisonous (Agbor-Egbe and 
LapeMbome 2006). Similar to fufu is a fibrous 

lafun, a powdery form of cassava. Lafun is 

fresh cassava roots sliced into chucks and are 
steeped for three to four days, or until mushy. 

They are sun dried after being peeled on mats 
or flat rocks, split up into small pieces, and 

peeled again. The dried particles are then 

used to make flour (Egwim et al. 2013).  
Pap (gruel) consumers enjoy the fermentation 

product made from either maize (Zea mays), 
millet (Peninselum americarum), or sorghum 

(Sorghum bicolor). Additionally, some 
consumers also add spices just as ginger, 

cloves, and pepper to garnish their pap- like 

the Kunuzaki drink made from milled and 
fermented millet. This nutrient-rich drink is 

well consumed both in northern and southern 
Nigeria (Egwim et al. 2013). All the 

aforementioned fermented foods are well 

consumed staples in Nigeria. Therefore, this 
study aimed to screen, isolate, and use 

probiotics (Lactobacillus sp) from some 
nutritionally rich Nigerian fermented foods, 

evaluate their potentials as starter cultures for 

yoghurt production, and suggest these foods 
as cheap and safe sources of LAB strains or 

probiotics. 
 

Materials and Methods 
 

Materials 
The De Mann Rogosa Sharpe (MRS) media 
and MRS broth were quality grade and 

purchased from Merck (Darmstadt, Germany). 
2,2-diphenyl-1-picryhydrazyl (DPPH) and 

peptone water were procured from Sigma 

Chemical Co. in St. Louis, Missouri, and Difco 
Laboratories in Sparks, Maryland, respectively. 

Other reagents utilized in this research were 
all of analytical grade. 

 
Sample collection and preparation 
Suitable starter cultures for yoghurt production 

were screened from ten (10) local fermented 
food items. Fresh milk (from cow, sheep and 

goat); pap made from maize, millet sorghum; 
cassava products (garri, fufu, and lafun) and 
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Kunuzaki were purchased from a rural market 
in Minna, Niger State of Nigeria. These 

fermented foods are usually processed 
differently as reported by Egwim et al. (2013). 

The fresh milk samples were kept at room 

temperature (25 ºC) and allowed to ferment 
for 24 hours to improve on the fermenting 

organism.  
 
Isolation and identification of lactic acid 
bacteria  
2.3.1  Preparation of food homogenate  
Food homogenate was made using the Food 
Safety and Standard Authority of India (FSSAI, 

2012) technique. Five (5) grams of each 
sample were aseptically transferred into 50 ml 

of sterilized buffered peptone water (BPW). 

Each mixture was thoroughly stirred with a 
sterile spatula. With the aid of a sterile needle 

and syringe, 2 ml was withdrawn from the 
food homogenate (1:10) and transferred 

aseptically into 18 ml of buffered peptone 
water contained in sterile McCartney bottles. A 

serial dilution was done by taking 2 ml from 

the first bottle (1:10) into 18 ml of buffered 
peptone water to obtain a dilution of 1:100 

while a dilution of 1:1000 was obtained from 
1:100 following the same procedure.  

 

Enumeration of total anaerobic bacteria 
The enumeration of total anaerobic bacteria 

was done using pour plate method as 
described by FSSAI (2012). One millilitre (1 

ml) from a well-stirred food homogenate was 

delivered into already labelled sterile petri 
dishes. This was followed by the addition of 10 

ml of pre-cooled (45oC) sterilized De  Man-
Rogosa-Sharpe (MRS) agar. The plates were 

allowed to set after both the sample and the 
MRS were mixed thoroughly and then 

incubated in an inverted position at 37oC in 

anaerobic jars.  The analyses were done in 
triplicates. At the end of the incubation period, 

distinct and discrete colonies were counted 
and sub-cultured on slants for microscopic 

view of the purified isolates (Aarti et al., 2012; 

Cheesbrough, 2010). Further analyses were 
carried out only in fermented foods that 

produced LAB species including cow milk, 
sheep milk and lafun.  

   
Tolerance to acidic pH values.  
With a few minor alterations, the acid 

tolerance test was conducted as Bin et al. 
(2018) stated. At 37°C for 24 hours, all 

bacterial strains were cultured in MRS broth. 
Active cultures were divided into precisely 0.1 

ml aliquots, adjusted to pH 3.0 with 5 N HCl, 
and incubated for 3 hours each at 37°C. Every 

hour, three samples were collected, and the 
vitality of the bacteria was assessed by pour 

plate counts with 10-fold serial dilutions made 

in peptone water with a 0.1 percent 
concentration. 

 
Tolerance to bile condition 
A few minor alterations were made to Bin et 
al. (2018) method for the bile tolerance test. A 

saturated bile solution was made separately by 

dissolving powdered bile extract after strains 
were cultured in MRS broth at 37 °C for 24 

hours (Oxoid). The bacterial cells were then 
cultured in 0.5 percent w/v bile salt for 3 

hours after bile solution had been sterilized 

and filtered through a 4-micron filter. By 
employing 10-fold serial dilutions of all 

samples made in 0.1 percent peptone water, 
pour plate counts were used to estimate the 

bacterial viability. 
 
Determination of antioxidant property of 
lactic acid bacteria 
Only fermented foods that produced LAB 

species, such as cow milk, sheep milk, and 
lafun, were used to determine antioxidant 

properties using the Ferric Reducing 

Antioxidant Power assay (FRAP), scavenging 
activity against the 1,1-Diphenyl-2-Picryl 

Hydrazyl (DPPH) radical, and inhibition of lipid 
peroxidation. 

 
Ferric reducing antioxidant power assay 
(FRAP) 
The ferric reducing potentials of bacterial 
strains were ascertained using the 

ferricyanide-ferric chloride technique (Tundis 
et al. 2013). One millilitre of the dilute 

samples was added to three millilitres of the 

phosphate buffer (0.2 M, pH 6.6) in separate 
test tubes and thoroughly mixed. The test 

tube was filled with precisely 2.1 ml of 
potassium ferric cyanide (1%) (K3Fe(CN)6), 

and it was gently shook before being 

incubated for 20 minutes at 50°C. Exactly 2.5 
ml of 10 % trichloroacetic acid (TCA) was 

added after incubation, and the resulting 
mixture was centrifuged for 10 minutes at 300 

rpm. Exactly 2.5 ml of the solution was placed 
into a new test tube, along with 2.5 ml of 

distilled water and 0.5 ml of ferric chloride that 

was 0.1 percent (FeCl3). Ascorbic acid 
(Vitamin C) was employed as the standard as 

the absorbance was measured at 700 nm 
against the blank. Absorbance value and 
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sample reducing power were associated. 
Equation 1 was used to calculate percentage 

inhibition (E1).       
% inhibition 

=
  𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒−𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘

𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
×

100   (E1)   

Scavenging activity against 1,1-diphenyl-2-
picryl hydrazyl radical (DPPH) 
In this work, the DPPH radical scavenging 
activity of samples was assessed using the 

method proposed by Sopheak and Betty 
(2002). In 95 percent ethanol, a stock solution 

of the DPPH radical (0.004 percent, w/v) was 

made. Each sample was given 2 ml of DPPH, 
which was then added, mixed, and allowed to 

sit for 30 mins at room temperature (25 °C) in 
a darkened space. A UV-visible 

spectrophotometer was used to assess each 

sample's absorbance at 517 nm (Varian Carry 
50 Conc.). A control was ascorbic acid (Sigma, 

Germany; concentration of 0.02 mg/ml). 
According to equation 2, the antioxidant 

activity was determined as a percentage of 
DPPH activity (E2). 

        % inhibition = 
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘−𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
× 100

    (E2) 
Inhibition of lipid peroxidation 
The method of Lin and Chang (2000) was 
used to perform the inhibition of the lipid 

peroxidation experiment. Precisely 0.1 ml of 

each sample was pipetted into a test tube, 
which was then filled to the top with distilled 

water and treated with 0.05 ml of ferrous 
sulphate (FeSO4) (0.07 M). The combination 

was then incubated for 30 mins. The liquid 

was vortexed, heated to 95°C for 60 minutes, 
and 1.5 ml of 0.8 percent (w/v) thiobarbituric 

acid, 1.1% sodium dodecyl sulfate, and 20% 
trichloroacetic acid were added to it. After 

cooling, 5 ml of butan-1-ol was added, and 10 

minutes were spent centrifuging at 3000 rpm. 
At 532 nm, the absorbance was measured. As 

shown in Equation 3, the percentage inhibition 
of lipid peroxidation was computed (E3).                    

% inhibition of lipid peroxide 

formed by the sample = 1 −
𝐸

𝐶
× 100

   (E3) 

Where: 
C= absorbance of fully oxidized control 

E= absorbance in the presence of extract 
 

The physicochemical parameters of 
laboratory-produced yoghurts 

At prevent scorches, a specific amount of milk 
was heated to a temperature between 76 – 82 

°C and frequently stirred. The milk was 
allowed to cool to room temperature (29°C) 

after reaching the predetermined 

temperature. After cooling, probiotic bacteria 
were added to plain yoghurt or starter. To 

achieve a uniform spread, the solution was 
carefully mixed. After that, the cultured milk 

was placed into containers and kept in a 
refrigerator with hot water pitchers. 

Throughout the procedure, the heat from the 

containers was maintained consistently. After 
a 6–8 hour fermentation period, the samples 

of yoghurt were examined to see how solid 
they were. Confirmed samples were 

refrigerated- ready for consumption. 

 
pH and titratable acidity 
Using a digital pH meter (Martini, Italy), the 
pH of each yoghurt sample was tested. The 

method outlined by Tomovska et al. (2016) 
was used to measure the titratable acidity. An 

Erlenmeyer flask was filled with 20 milliliters of 

the yogurt sample before 1 milliliter of a 2 
percent w/v solution of phenolphthalein was 

added. After that, the substance was titrated 
with 0.1 M NaOH solution to produce a faint 

but permanent pink appearance. Triplicate 

analyses were carried out. Using equation 4, 
the titratable acidity percentage was obtained 

(E4). 
Titrat

able acidity 

(%) 

=
 𝑚𝑙×𝑁×90×100

𝑉×1000

 
   (E4) 

Where; ml= ml of NaOH used, N= Normality 
of 0.1 N NaOH and V= volume of milk solution 

used. 
Organoleptic score 
Ten (10) panelists—six men and four 

women—evaluated how well the generated 
yoghurts were received by consumers. Each 

panelist received three test samples with 
random labels. A 9-point hedonic scale was 

used to grade the yoghurt products' 

appearance, color, sourness, aroma, taste, 
and general acceptability (9- extremely like, 8- 

very much like, 7- moderately like, 6- slightly 
like, 5- neither like nor dislike, 4- slightly 

dislike, 3- moderately dislike, 2- very much 
dislike, and 1- extremely dislike). 

 
 Statistical analysis 
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Data were collected in triplicate and the mean 
and standard deviation were calculated. One-

way analysis of variance (ANOVA) was used to 
analyse the significant difference, and p ≤ 

0.05 was used to determine its significance. 

  
Results  

Isolation and characterization of 
probiotics from selected Nigerian 
fermented foods. 

Total anaerobic bacterial count from 
fermented food samples is presented in Table 

1. Sorghum and non-refrigerated goat milk 
samples had the highest bacterial counts (9.7 

and 9.1 x104cfu/ml respectively) while 

fermented cassava (fufu) recorded the lowest 
counts (7.0 x103cfu/ml).  

 

 

Table 1: Bacterial count for locally sourced fermented samples (x103) colony-forming unit 
per millilitres (cfu/ml) 

Samples/Counts 1 2 3 Average 

RCM 47 45 47 4.6 x104+ 1.15 
NRCM 79 82 77 7.9 x104+ 2.52 

RGM 70 75 72 7.2 x104+ 2.52 
NRGM 95 90 89 9.1 x104+ 3.21 

RSM 70 61 68 6.6 x104+ 4.72 

NRSM 86 84 83 8.3 x104+ 1.53 
Fufu 8 10 7 7.0 x103+ 1.53 

Lafun 7 12 11 1.0 x104+ 2.65 
Pap (Millet) 65 60 62 6.2 x104+ 2.52 

Pap (Maize) 50 50 51 5.0 x104+ 0.58 

Garri Water 90 92 89 9.0 x104+ 1.53 
Kunnu 70 65 68 6.7 x104+ 2.52 

Pap (Sorghum) 100 95 98 9.7 x104+ 2.52 

 
Key: RCM-refrigerated cow milk, NRCM- non-refrigerated cow milk, RGM- refrigerated goat milk, 
NRGM- non-refrigerated goat milk, RSM- refrigerated sheep milk, and NRSM- non-refrigerated sheep 
milk 
 
Figure 1 shows the microscopic view of the 

purified bacterial strains. This includes: 

Streptococcus thermophilus, LAB, 
Streptococcus faecalis and Yeast cells obtained 

from four (4) food samples including 

fermented cow milk, fermented sheep milk, 

lafun and garri water.  However, only lafun, 

fermented cow milk and sheep milk produced 
LAB species.  

 

 

C B A 

F 
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 Fig 1: Microscopic view of purified bacterial and yeast strains. 
 

Key:  
(A) Yeast cells and Streptococcus thermophiles  
(B) Streptococcus thermophiles  
(C) Lactobacillus species and Streptococcus thermophiles  
(D) Streptococcus thermophiles and Streptococcus feacalis  
(E) Streptococcus thermophiles 
(F) Streptococcus thermophiles and Streptococcus feacalis  
(G) Lactobacillus species and Yeast cells  
(H) Streptococcus thermophillus  
(I) Lactobacillus species and Yeast cells. 
 
Acid and bile tolerance test for probiotics 
isolated from a Nigerian fermented food.
  
Figures 2 and 3 show results from acid and 

bile tolerance tests. Data from Figure 2 
demonstrate that at a pH of 3.0, CM probiotics 

had the highest percentage of survival, 

followed by lafun and fermented sheep milk. 
Similar to Figure 2, isolates survived the most 

in fermented cow milk under 0.5 % bile salt 
conditions, followed by fermented sheep milk 

and lafun (Figure 3). However, there were no 

differences in survival rates across the 
samples that were significant (p ≤ 0.05). 

 
 
Fig 2: Probiotics survival acidic pH condition of 3. Values are expressed as the mean ± SD. Value 
with letter a is significantly different (sig. diff.) at p ≤ 0.05.  
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Fig 3: Probiotics survival under 0.5% bile salt conditions. Values are expressed as the mean ± SD. 
Value with letter a is significantly different (sig. diff.) at p ≤ 0.05. 
 
In vitro antioxidant activity of probiotics 
isolated from selected foods. 
Table 2 shows the antioxidant activity of 

isolated probiotics from the selected foods. In 
varied degrees, the samples elicited strong 

antioxidant potentials. The ability of the three 
samples to scavenge DPPH radicals was not 

statistically different (p < 0.05); while vitamin 
C, the control sample had much stronger 

antioxidant activity than the samples of 

fermented cow milk, lafun, and fermented 
sheep milk. Comparing the reference (vitamin 

C), fermented cow milk, and Lafun samples to 
the isolates from the fermented sheep milk 

sample, it was found that they had a 

considerably higher (p < 0.05) ferric reducing 
potential. Compared to fermented sheep milk 

and lafun, isolated fermented cow milk 
effectively decreased lipid peroxidation. 

However, compared to other samples, the 
control sample (vitamin C) exhibited 

considerably higher (p < 0.05) inhibitory 

potentials. 

 
Table 2: Antioxidant activity of probiotics isolated from selected Nigerian fermented 

foods. 

Sample DPPH (%) FRAP (abs) Inhibition of Lipid  
Peroxide (%) 

Vitamin C  92.97 ± 0.12a 44.96 ± 0.32 71.17  ± 0.03a 

Cow milk  40.36 ± 0.32  43.86 ± 0.23 49.41 ± 0.06b 
Lafun  37.23 ± 0.06 47.70 ± 0.22   31.76 ± 0.09 

Sheep milk  37.76 ± 0.50 52.70 ± 0.02a  27.49 ± 0.12 

Values are expressed as the mean ± SD. Values with different letters (a, b, c, d) in the same column 
are significantly different at p ≤ 0.05 
 
Laboratory yoghurt’s pH, titratable acidity and 
organoleptic scores. 
The pH and titratable acidity fluctuations of 

prepared yoghurt samples are depicted in 

Figure 4. The pH of fermented sheep milk was 
highest, followed by Lafun, then fermented 

cow milk, and finally the control. The pH range 

for all yoghurt samples was 4.77 to 5.45. The 
pH of prepared yogurt samples was 

considerably higher (p ≤ 0.05) than the 

control (D) sample (commercial yoghurt).  
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Fig 4: Changes in pH and titratable acidity of yoghurt samples produced with probiotics isolated from 
different fermented foods. Values are expressed as mean ± SD. Values with different letters (a, b, c, 
) are significantly different (sig. diff.) at p ≤ 0.05. Blue: a = sig. diff from CM, SM and Lafun, b= sig. 
diff. from SM.    Red: c = sig. diff. from CM, Lafun and control. 
 
Table 3: Sensory characteristics of yoghurt samples produced from different fermented 

food samples. 

 

Sensory 

characteristics 

Cow milk Sheep milk Lafun Commercial yoghurt  

Appearance 3.85±0.88 3.80±1.06 3.95±1.15 3.85±1.18 
Colour 4.15±0.88 3.70±1.22 4.25±0.64 4.10±0.85 

Aroma 3.95±0.89 4.05±0.95 4.15±0.75 3.60±1.19 
Taste 3.45±1.15 4.20±0.95 3.95±0.83 3.80±1.20 

Smoothness 4.35±0.88 4.20±0.95 4.00±1.26 4.15±0.99 

Sourness 3.05±1.05 3.55±0.89 3.80±1.09 3.85±1.20 
General acceptance 3.85±1.09 4.05±0.83 4.00±0.80 3.80 ± 0.89 

Values are expressed as the mean ± SD. Values with different letters (a,b,c,d,e,f,g) are significantly 
different at p ≤ 0.05 

 
Titratable acidity from the samples ranged from 5.56 - 8.06 %. All the yoghurt samples had 

significantly lower (p ≤ 0.05) titratable acidity than the control (D) sample.  Titratable acidity 

decreased in the order of control > Lafun > fermented cow milk > fermented sheep milk. 
 

 
 

Discussion 
In this study, we screened and isolated 

probiotics (Lactobacillus sp) from some 

nutritionally rich Nigerian fermented foods; 
evaluated their potentials as starter cultures 

for yoghurt production; and suggested these 
foods as cheap and safe sources of LAB strains 

or probiotics. 

Total anaerobic bacterial counts from food 
samples are presented in Table 1. Sorghum 

and non-refrigerated goat milk samples had 
the highest two bacterial counts (9.7 and 9.1 

x104cfu/ml respectively) while fermented 
cassava (fufu) recorded the lowest counts 

(7.0x103cfu/ml). The variable bacterial counts 

indicate the type of processing the samples 
were subjected to; however, persistent 

microorganisms survived. Several studies have 
isolated LAB species and applied the same for 

fermented food products like yoghurts 

(Lorenzo et al. 2018, Opara et al. 2014; 
Lorenzo et al. 2018). 

Figure 1 showed that only lafun, fermented 
cow milk and sheep milk produced LAB 
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species- the species of interest in this study. 
These LAB isolates were confirmed through 

their morphological and biochemical 
characteristics after inoculation on MRS agar 

plates: Gram-positive rods, catalase, indole 

and oxidase-negative fermentative bacteria. 
Karami et al. (2017) also isolated LAB species 

from dairy samples with similar characteristics.  
This study underscores that fermented foods 

harbour functionally diverse and active 
microorganisms whose bio-transformative 

actions have industrial capabilities. During 

fermentation, microbes elicit anti-pathogenic 
abilities and improve raw food’s nutritional, 

organoleptic and health-promoting statuses 
(Okeke et al. 2021). Local Nigerian fermented 

foods are very rich in essential and non-

essential nutrients with which they support a 
host of self-perpetuating microbes. Companies 

or families that produce fermented food items 
could source these active mercenaries locally, 

multiply and apply them to work.  
 

The ability of strains to survive in low pH 

stomach settings was investigated by acid and 
bile tolerance testing. It is an in vitro 

assessment of the isolates' small intestine 
colonization and metabolic activity. Figure 2 

demonstrates that at a pH of 3.0, isolates 

from CM had the highest survival rate, 
followed by lafun, and fermented sheep milk. 

Several LAB species retain their viability after 
exposure to a pH range of 2.5 - 4.0; however, 

Samuel et al. (2019) recorded reduced LAB 

viability at lower pH values. The survival 
patterns for isolates over 3 hours indicate that 

isolates survived well at low acidic conditions. 
Our findings support those of Berebon et al. 
(2019), who found that LAB species rapidly 
increased between pH values of 1.5 and 3.5. 

The study of Succi et al. (2017) also supports 

this finding. The survival of LAB species in 
reported pH conditions could be due to their 

possessing enzymes such as glutamate 
decarboxylase, arginine deaminase and H-

ATPase proton pump- these enzymes control 

homeostasis (De Angelis and Gobbetti 2011). 
Isolating and identifying probiotics capable of 

withstanding gastrointestinal conditions can be 
applied to manage gastrointestinal tract (GIT) 

infections, e.g., salmonellosis, ulcer, 
diarrhoea, etc. (Sahadeva et al. 2011; 

Vantsawa et al. 2017). The apparent acidic 

resistance and potential anti-pathogenic 
functions make using LAB species in yoghurt 

production desirable (Schubert and Kaunitz, 
2021; Vincent, 2023). 

Additionally, on the MRS agar, all test species 
were bile resistant. The maximum level of 

tolerance was found in LAB species gotten 
from fermented cow milk, whereas the lowest 

level was found in LAB species isolated from 

fermented sheep milk (Figure 3). The 
survivability of probiotic species in the gut is 

essential for them to be effective. The 
intestinal bile contains deleterious salts 

capable of negatively affecting non-resistant 
species (Samuel et al. 2019; Lorena et al. 
2013). According to our findings, as shown in 

Figure 3, a bile salt concentration of 0.5 
percent was unable to stop lactic acid bacteria 

from growing. LAB species possess proteins 
that help pump out bile salts or protons -

preventing misfolding (Lorena et al. 2013). 

 
The antioxidative potentials of the isolates 

were evaluated with the DPPH, FRAP, and 
inhibition of lipid peroxidation tests. In varied 

degrees, the samples elicited strong 
antioxidant potentials. In ethanol, DPPH 

absorbance was steady at 517 nm, but when it 

came into contact with an antioxidant, the 
radical was neutralized, and the absorbance 

was decreased (Abubakar et al. 2012). 
According to a literature (Ayyash et al. 2017), 

LAB's proteolytic activity during fermentation 

may have an impact on the peptides that are 
released from milk protein and, as a result, 

may have an impact on the FRAP values of 
fermented milk. Peptides in fermented foods 

have potent antioxidants and can inhibit DPPH 

radicals, peroxides; ultimately resulting in 
increased antioxidant capacity. Their free 

radical scavenging activities suggest that they 
could be used as natural antioxidant 

supplements for improving human health. 
Therefore, isolates from these fermented food 

samples are suitable for yoghurt production 

due to their antioxidant qualities. Results from 
this study correlate with that of Osuntoki and 

Korie (2010), who reported a high DPPH 
scavenging activity from LAB species isolated 

from two fermented Nigerian foods (Wara and 

Ugba) inoculated in whey fractions. 
Additionally, Al-Dhabi et al. (2020) noted that 

LAB species obtained from pineapple puree 
displayed, DPPH, superoxide, ferric reducing 

power acid and bile tolerance, hydroxyl radical 
scavenging potentials and anti-pathogenic 

activity. 

 
Two methods were adopted in quantifying the 

acid content of yoghurt- pH and titratable 
acidity (Bamise and Bamise, 2008). The pH 
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and titratable acidity fluctuations of the 
yoghurt samples are depicted in Figure 4. The 

pH of yogurt samples decreased in this order; 
fermented sheep milk > Lafun, > fermented 

cow milk > control, with yoghurt samples 

having a pH range of 4.77 to 5.45. All yogurt 
samples, including the control (commercial 

yoghurt), were higher than the FDA standard 
of 4.6 (The U.S. Food and Drug Administration 

2021). Titratable acidity from yogurt samples 
ranged from 5.56 - 8.06 % and were within 

the FDA standard of ≥ 0.7 % (U.S. Food and 

Drug Administration 2021). This may be due 
to process variables, fermentation time, as 

well as raw materials sourcing; however, it is 
worthy to note that they are all within their 

safe limits. 

In food analysis, pH and titratable acidity are 
interlinked because they give insights into the 

quality of foods. Microbes strive in different 
environments at a certain pH range and the 

quality of a food can be predicted by its 
flavour and organic acid contents- which are 

reflected in their titratable acidity 

measurements (Tyl and Saddler 2017; Bamise 
and Bamise, 2008). The isolates' acidity is a 

result of LAB metabolism; factors that may 
have affected it include: how long the samples 

naturally fermented, how many organic acids 

there were, and how much protein was broken 
down (Papadimitriou et al. 2007: Al-Sheraji, 

2013). Additionally, no connection between 
the pH levels and titratable acidity was seen 

(Olugbuyiro, 2011). Isolates were adjudged 

appropriate as starting cultures. 
There were no significant variation amongst 

the yogurt samples in their organoleptic score 
means (p > 0.05), demonstrating 

homogeneity between parameters (Table 3). 
Hence, prepared yoghurt samples could pass 

for commercial yoghurts in quality. 

5.0 Conclusion 
This study shows that fermented foods 

harbour active microbes that can also be used 
effectively as starter cultures for similar 

fermented products.  Probiotics from our 

fermented food samples (fermented sheep 
milk, fermented cow milk, and lafun) survived 

low pH, withstood bile salt conditions, and 
elicited significant antioxidant activities. 

Interestingly, the prepared yogurts had good 
sensory and quality characteristics. Therefore, 

using isolated probiotics from fermented foods 

to produce similar healthy foods is safe and 
beneficial. Food processing influence the 

survival of inherent microbial species; whether 
or not these surviving species can affect food 

transformation, depends on the species. 
Isolates from fermented cow milk samples 

survived pH and bile acid tests more and 
fewer from sheep milk; however, there was no 

appreciable differences in organoleptic 

characteristics between the three fermented 
food (CM, Lafun, and SM) samples.  

Results for antioxidative and lipid peroxidation 
suggests that our prepared yogurts and their 

inherent microbes are beneficial for treatment 
and prevention of inflammation-induced 

aliments as experts believe that inflammation 

is foundational to many aliments- results from 
cell stress and the production and 

accumulation of reactive species. The 
titratable acidity values of the products were 

all within the USFDA recommended standards 

(≥ 0.7 % - the U.S. Food and Drug 
Administration, 2021). These combined results 

suggests that certain Nigerian fermented 
foods could serve as a cheap, safe, efficient, 

and healthy source of starter culture for the 
production of similar fermented food products.  

Further studies should explore the molecular 

characterization of the probiotics to enable 
their molecular manipulations for commercial 

scale-up productions- seeing that these 
prebiotics contain good source of antioxidants 

which are anti-aging and chronic diseases 

inhibitor. 
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