


[bookmark: _Hlk171544163]EVALUATION OF ANTIBACTERIAL EFFECT OF BACTERIOCIN PRODUCING LACTIC ACID BACTERIA ISOLATED FROM YOGHURT AND ‘AKAMU’ ON SELECTED PATHOGENIC BACTERIA




ABSTRACT
[bookmark: _Hlk196165006][bookmark: _Hlk196166164][bookmark: _Hlk196165150]As resistance to standard antibiotics become more prevalent, the need to discover new sources of effective antimicrobial becomes inevitable. Bacteriocin-producing lactic acid bacteria (LAB) are considered ‘Generally Recognized as Safe’ (GRAS) and useful to control the fast development of pathogens. In this study, a total of 30 “akamu” samples comprising of maize, millet and guinea corn (separately) and 10 brands of yoghurt were analysed using standard microbiological methods. Lactobacillus fermentum and Lactococcus lactis were identified as major isolates from the samples. Antibacterial effect of these isolates was confirmed by agar well diffusion method on selected pathogenic bacteria: Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Enterococcus faecalis and Salmonella spp. Presence of zones of inhibition in mm, shows the production of bacteriocins by LAB. The largest zone of inhibition measuring 54 ± 2.82 mm was observed with Lactobacillus fermentum against Pseudomonas aeruginosa while the least zone of inhibition 11±0.707 mm was observed with Lactococcus lactis against Escherichia coli using ciprofloxacin as control. Minimum inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) tests were also done to provide a more detailed quantitative and qualitative information on the potency and therapeutic potentials of Lactobacillus fermentum and Lactococcus lactis. Isolation of bacteriocin producing lactic acid bacteria from ‘akamu’ and yoghurt is a good strategy to curb antibiotic resistance and its effect. Thus, consumption of ‘akamu’ and yoghurt should be encouraged as they are of rich health benefit.
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INTRODUCTION
The rise of antibiotic resistance poses a significant threat to both human and animal health (WHO, 2020; Ahmed et al., 2024). This is mostly due to the widespread and inappropriate use of antibiotics, particularly in developing nations, where regulatory measures and pharmaceutical policies are inadequately enforced. Bacteriocins are antimicrobial peptides (AMPs) synthesized by bacteria, produced by both Gram-positive and Gram-negative bacteria, exhibiting antagonistic properties towards other bacterial strains (Alvarez-Sieiro, Montalban-Lopez & Kuipers, 2016; O’Connor, Kuniyoshi, Olivera, Hill, Ross & Cotter, 2020).  These AMPs may serve as viable options for alternate treatment agents against emerging multidrug-resistant illnesses, particularly urinary tract infections (Ghazvini, Kokou, Guimaraes, Esmaeilzadeh & Khaneghah, 2022). 	Comment by Chinwendu Njideka: More than 2 autho should be et al., mention only the first author’s Surname then et al.,	Comment by Chinwendu Njideka: 	Comment by Chinwendu Njideka: More than 2 authors  et al.,	Comment by Chinwendu Njideka: 
Bacteriocins produced by Gram-positive bacteria are categorized into four classes. Although there is still no full consensus, some authors (Arnison et al., 2013; Cotter, Ross & Hill 2013; Alvarez-Sieiro et al., 2016) proposed a classification based on size, biolakamucal activities and mechanisms of biosynthesis: Class 1 bacteriocins, known as lantibiotics, comprise thermostable peptides with a molecular weight under 5 kDa. Class 2 groups comprise tiny (<10 kDa), heat-stable, non-lantibiotic bacteriocins devoid of lantionine. Class 3 bacteriocins comprise thermolabile bacteriocins with a large molecular weight (>30 kDa). Class 4 bacteriocins comprise glycoproteins (lactocin 27) or lipoproteins (lacstrepcins) that necessitate a non-protein component for their functionality. 
Bacteriocins synthesized by Gram-negative bacteria can be categorized into two primary types, colicins and microcins, based on their size (Ghazvini et al., 2022). The predominant category of bacteriocins produced by Gram-negative bacteria is Colicin, with a molecular weight ranging from 25 to 80 kDa. They are mostly synthesized by Escherichia coli strains, as well as by Yersinia pestis, Serratia marcescens, Shigella sp, Klebsiella sp, and Pseudomonas sp. Microcins, a category of bacteriocins synthesized by Gram-negative bacteria, are distinguished by their tiny molecular weight (<10kDa), thermostability, and hydrophobicity. 
Lactic acid bacteria (LAB) are a heterogeneous group of non-spores forming, Gram-positive, catalase-negative, without cytochromes, anaerobic or aerotolerant, fastidious, acid tolerant, and strictly fermentative bacteria with lactic acid as the major product during sugar fermentation. LAB have long been revered for their crucial role in the fermentation of dairy products, contributing not only to flavor and texture but also to the preservation of these foods (Favaro, Basaglia & Casella, 2015). The latter characteristic primarily stems from LAB’s production of antimicrobial compounds, predominantly including organic acids, hydrogen peroxide, diacetyl, acetoin, ethanol, antifungal peptides, and bacteriocins. Among these, bacteriocins stand out as potent antimicrobial peptides with diverse applications in food preservation. LAB is known to constitute the highest percentage of bacteria that display probiotic properties. Among compounds produced by LAB during lactic acid fermentations are organic acids, diacetyl, hydrogen peroxide, and bacteriocins or bactericidal proteins (Yusuf, 2013). These microorganisms are ubiquitous in nature; they were first discovered in milk. They are also found in meat, fermented products, fermented vegetables, and beverages (Gomez-Gallego, Garcia-Mantrana, Salminen & Collado, 2016; Bello, Bankole & Babalola, 2016). They are also readily available in local food condiments such as ‘fufu’, ‘garri’, ‘kunu’, ‘nono’, and ‘akamu’ commonly consumed in Nigeria and some African countries (Nwaiwu, Aduba, Igbokwe, Sam & Ukwuru, 2020). Humans and some other animals also harbor LAB in the gastrointestinal tract and mouth (Amarantini, Satwika, Budiarso, Yunita & Laheba, 2019) without causing disease in them	Comment by Chinwendu Njideka: Use et al., more than 2 authors	Comment by Chinwendu Njideka: More than two authors,  ref only the first author with et al.,	Comment by Chinwendu Njideka: More than 2 authors	Comment by Chinwendu Njideka: Use et al.,
Bacteriocins, synthesized by lactic acid bacteria, positively impact host health (Bermudez-Humaran et al., 2019) by enhancing the immune system and activating macrophages and lymphocytes. Bacteriocins produced by lactic acid bacteria (LAB), which are generally recognized as safe (GRAS), have garnered significant attention as a novel method for controlling infections in food products (Ismael, Huang & Zhong, 2024). The isolation and screening of microorganisms from natural processes have consistently been the most effective methods for acquiring valuable cultures for scientific and commercial applications. The antibacterial properties of lactic acid bacteria have been recognized by humans for over 10,000 years. The study aimed to evaluate the antibacterial effect of bacteriocin-producing lactic acid bacteria isolated from yoghurt and ‘akamu’ on selected pathogenic bacteria.	Comment by Chinwendu Njideka: Use et al.,
[bookmark: _Hlk195961464]MATERIALS AND METHODS
A total of thirty (30) ‘Akamu’ samples (24-72 h fermented maize, millet and guinea corn separately) were randomly purchased from vendors in Ekeonunwa market and different conventional yoghurt (n=10) from supermarkets all in Owerri Municipal, Imo State. The samples were adequately labeled in sterile polyethylene bags and transported to the laboratory for immediate analysis. All the culture media used were prepared according  the methods described by Cheesbrough (2010). 
Isolation of Lactic acid bacteria from ‘akamu’ and yoghurt
[bookmark: _Hlk196791020]To isolate lactic acid bacteria, a 10-fold serial dilution of samples were made by adding 1 ml of yoghurt to 9 mls of sterile water and 10 g of akamu to 90 mls of sterile water. These were further serially diluted (10⁻1 up to 10⁻7) respectively decanting 1 ml from the last dilution. Thereafter, 0.1 ml aliquot of the samples from dilutions 10⁻5 and 10⁻6 for yoghurt and 10⁻4 and 10⁻5 for akamu were plated by spreading on to the surface of De Man-Rogosa-Sharpe (MRS) agar. Inoculations were carried out on the prepared media around bunsen flame. After inoculation, the plates were incubated under anaerobic conditions using anaerobic candle jar at 37 0C for 24-48 hrs. (Mulaw, Sisay Tessema, Muleta, & Tesfaye, 2019). After successful growth of LAB on MRS agar, visible colonies were counted and expressed as colony forming units per milliliter (CFU/ml). Morphologically distinct colonies were sub cultured by streaking on a new MRS agar using sterile wireloop and incubated at 37 0C for 24 - 48 hrs.	Comment by Chinwendu Njideka: More than two authors
 Identification and confirmation of the LAB isolate	Comment by Chinwendu Njideka: Capitalize first letters
Gram staining and Biochemical tests were carried out on the isolates according to Cheesbrough (2010). The Biochemical tests carried out include: Catalase test, Citrate utilization test, Methyl Red Test, Voges Proskauer Test, Sulfur, Indole Motility test (SIM) and Sugar fermentation test.	Comment by Chinwendu Njideka: Cheesbrough, (20210).
Screening of isolates for antimicrobial activity using agar well diffusion method 	Comment by Chinwendu Njideka: Capitalize first letters
[bookmark: _Hlk205665566]Antibacterial activity of bacteriocin producing lactic acid bacteria was determined using agar well diffusion method as described according to Balouiri, Sadiki & Ibnsouda 2016. First, the Muller Hinton agar plate surface was inoculated by spreading a volume (0.1 ml) of the microbial inoculum (test organism); Staphylococcus aureus, Escherichia coli, Enterococcus faecalis, Salmonella sp, and Pseudomonas aeruginosa over the agar surface using a sterile swab stick. Then a hole with diameter 6 mm was punched aseptically with a sterile cork borer and a volume of 100 microlitres aliquot of prepared Lactobacillus fermentum and Lactococcus lactis at desired concentration was introduced into their designated wells on the agar plates using Ciprofloxacin as control disc. All inoculated plates were incubated in an upward position at 37 0C for 24 hours. The antimicrobial activity was identified by measuring the diameter of the inhibition zone around the wells using a ruler in mm in duplicate and compared with the control. The average was taken to represent the antibacterial activity.	Comment by Chinwendu Njideka: Balouiri et al., (2016) correct to this
Antibiotics Susceptibility test of pathogenic organisms to commercial antibiotics	Comment by Chinwendu Njideka: Capitalize first letters
Thirty-eight grams (38.0g) of Mueller-Hinton agar was suspended in 1000 ml distilled water. It was gently heated to boiling while shaking slowly in order to dissolve the medium completely. After which it was sterilized by autoclaving at 15psi (121°C) for 15 minutes and allowed to cool to 45°C. It was then mixed very well and poured into sterile plates.
Susceptibility test of the isolates to antibiotics was carried out by the Kirby-Bauer’s disc diffusion method (Bauer, Kirby, Sherris & Truck, 1966). The antibiotics used for this study included: Amoxicillin (30 μg), Clavulanic (30 μg), Erythromycin (15 μg), Streptomycin (10 μg), Cephalexin (30 μg), Pefloxacin (5 μg) and Amikacin (30 μg). All antibiotic discs were obtained from Oxoid (England). The cells were collected from agar slant and thereafter sub cultured into a nutrient broth which was incubated for 24 hours. This was done so as to obtain fresh 24 hr cultures necessary for the antibiotic susceptibility test.	Comment by Chinwendu Njideka: More than2 authors	Comment by Chinwendu Njideka: Chose either hr or hours and be consistent	Comment by Chinwendu Njideka: 
The cultures were standardized using 0.5 MacFarland’s standards so as to obtain cells equivalent to 1.5x108 CFU/ml. Thereafter 0.1ml (1.5x108 CFU/ml) of the standardized inoculum (pathogenic test organism) was inoculated into the already prepared Mueller Hinton agar using the spread plate method. The antibiotics impregnated discs were placed gently and aseptically on the Mueller Hinton agar some millimeters apart. The plates were incubated at 37 0C for 24 hours. The diameter of the zone of inhibition was measured using a meter rule and compared to the standards on the Clinical and Laboratory Standard Institute (CLSI, 2020).
[bookmark: _Hlk191056722]Determination of minimum inhibitory concentration 	Comment by Chinwendu Njideka: Capitalize first letters
 The Minimum Inhibitory Concentration (MIC) Assay is a technique used to determine the lowest concentration of a particular antibiotic needed to inhibit an organism. Minimum inhibitory concentration (MIC) was carried out for the LAB isolates on the different pathogenic test organisms. The MIC values were determined by broth dilution assay as described by Atlas et al. (1995). Serial dilutions of the LAB (representing different concentrations of 500 mg/ml, 250 mg/ml, 125 mg/ml and 62.5 mg/ml) were added to a growth medium (nutrient broth) in separate test tubes. These tubes were then inoculated with 0.1ml of the standardized pathogenic test isolates. A tube containing nutrient broth only seeded with the pathogenic test organism served as a control. All the tubes were incubated at 37°C for 24hrs. Broth tubes that appeared turbid are indicative of bacterial growth while tubes that remain clear indicate no growth. This was confirmed using the Spectrophotometer at 420 nm. The MIC of the bacteriocin producing lactic acid bacteria was determined for each of the pathogenic test organism in duplicates. 	Comment by Chinwendu Njideka: et al.,
Determination of minimum bactericidal concentration 
Minimum Bactericidal Concentration is the lowest number of bacteria recorded on the plate after 24 hrs incubation on nutrient agar. This was done according to the method of Mann, Cox and Markham, (2008). For each of the test tubes in the MIC determination which did not show any visible growth, a loopful of the different concentrations (after Spectrophotometric reading) were aseptically streaked on a freshly prepared surface dried nutrient agar and incubated overnight. The lowest concentration of the bacteriocin producing LAB that did not yield any colony growth on the solid medium after the incubation period was regarded as the MBC.	Comment by Chinwendu Njideka: More than 2 authors
RESULTS 
Bacteria isolated from fermented akamu and yoghurt samples were identified as Lactobacillus fermentum and Lactococcus lactis by observing their colonial, physiological and as well some biochemical characteristics. All isolates showed dull, rough, flat colonies and small, moist, shiny, creamy circular colonies. Microscopically all isolates were found to be Gram positive, slender rods and cocci in chains, with few in pairs. The bacterial counts obtained for Akamu (24-72 h fermented maize, millet and guinea corn separately) and yoghurt products cultivated on MRS media are shown in Tables 1 and 2. 
Results of biochemical characteristics are shown in Table 3. All the isolates fermented the sugars with gas production. Other biochemical parameters were negative for all the isolates.






















Table 1: Total Bacteria Counts of the Yoghurt Samples.
	Sample Code
	Dilution Factor
	CFU/ML

	FENZY
	105
	1.21   ×   108

	
	106
	6.5    ×   108

	HENZY
	105
	5.6   ×   107

	
	106
	2.5   ×   108

	NENZY
	105
	7.2    ×   107

	
	106
	2.8   ×   108

	CENZY
	105
	8.0   ×    106

	
	106
	5.0   ×   107

	FANZY
	105
	1.5   ×   107

	
	106
	4.0   ×   107

	HANZY
	105
	1.3   ×   107

	
	106
	1.0   ×   108

	DANZY
	105
	4.1   ×   107

	
	106
	1.7   ×   108

	QUENZY
	105
	1.7   ×   107

	
	106
	1.0   ×   108

	BENZY
	105
	4.7   × 107

	
	106
	1.5    ×   108

	TENZY
	105
	1.5   ×   107

	
	106
	1.0   ×   108











Table 2: Total Bacteria Counts of the akamu Samples

	Sample Code
	Dilution Factor
	CFU/G

	GNEX
	104
	9.4   ×   106

	
	105
	5.2   ×   107

	GTEN
	104
	6.1   ×   106

	
	105
	3.9   ×   107

	GSEN
	104
	4.0    ×   106

	
	105
	2.5   ×   107

	MNEX
	104
	8.2   ×   106

	
	105
	6.0   ×   107

	MTEN
	104
	4.1   ×   106

	
	105
	3.0   ×   107

	MSEN
	104
	7.0   ×   106

	
	105
	3.5    ×   107

	CNEX
	104
	2.28   ×   107

	
	105
	1.0   ×   108

	CTEN
	104
	2.08   ×   107

	
	105
	9.1   ×    107

	CSEN
	104
	1.31   ×   107

	
	105
	7.1     ×    107










Table 3: Result of Biochemical identification of the isolates

	TEST 
	Y
	H
	G
	M
	C

	SIMMON CITRATE
	-
	-
	-
	-
	-

	SIM
	-
	-
	-
	-
	-

	CATALASE
	-
	-
	-
	-
	-

	METHYL RED
	-
	-
	-
	-
	-

	VOGES PROSKAUER
	-
	-
	-
	-
	-

	UREASE
	-
	-
	-
	-
	-

	GLUCOSE
	+
	+
	+
	+
	+

	SUCROSE
	+
	+
	+
	+
	+

	FRUCTOSE
	+
	+
	+
	+
	+

	LACTOSE
	+
	+
	+
	+
	+

	MALTOSE
	+
	+
	+
	+
	+


KEY:
Y&H= isolates from yoghurt samples
G= isolates from Guinea corn Akamu
M= isolates from millet Akamu
C= isolates from maize Akamu
 

Antimicrobial Activity of Lactobacillus Species Against Test Organisms.
The antibacterial activity of lactic acid bacteria (LAB) isolates, assessed using agar well diffusion. The results show varying degrees of inhibition against the target organisms, with the highest observed inhibition zone measuring 54 ± 2.82 mm and 19 ± 0.707 mm for Lactobacillus fermentum and Lactococcus lactis respectively. These are shown in the Figures 1 and 2   respectively.
Sensitivity Profile of Commercial Antibiotics against test organisms. 
The sensitivity profile of commercial antibiotics against test organisms shows that Escherichia coli was sensitive to a wide range of antibiotics used whereas Pseudomonas aeruginosa were least sensitive to the antibiotics used. The results of the assay are shown in Table 4.
















Figure 1: Antimicrobial activity of Lactobacillus fermentum on test organisms using Ciprofloxacin (10 ug) as control n=2










[bookmark: _Hlk196469806]Figure 2: Antimicrobial activity of Lactococcus lactis on test organisms using Ciprofloxacin (10 ug) n=2


















TABLE 4: Sensitivity Profile of Commercial Antibiotics against Test organisms
	Bacterial Isolates
	PEF
(5µg)
	S
(10µg)
	AK
(30µg)
	CL
(30µg)
	AMC
(30µg)
	E
(15µg)

	Escherichia coli 
	S
	S
	S
	R
	R
	S

	Pseudomonas aeruginosa
	S
	R
	S
	R
	R
	R



	Staphylococcus aureus
	S
	S
	S
	R
	R
	R



	Enterococcus faecalis
	S
	S
	S
	R
	R
	R

	Salmonella sp
	S
	S
	S
	R
	R
	R



 KEY: AMC, Amoxicillin Clavulanic Acid; E, Erythromycin; S, Streptomycin; CL, Cephalexin; PEF, Pefloxacin; AK, Amikacin. CLSI Standard (2020)
S = Susceptible/Sensitive                                    
R= Resistant


[bookmark: _Hlk196369291]Minimum Inhibitory Concentration: The minimum inhibitory concentration (MIC) is the lowest concentration of Lactobacillus fermentum and Lactococcus lactis respectively that can inhibit the growth of the test organisms at ƛ=420 using a spectrophotometer. The MIC values for the different test organism is in BOLD. The lowest MIC value of Lactobacillus fermentum is 0.115 ± 0.004 at 500 mg/ml for Enterococcus faecalis and the lowest MIC value of Lactococcus lactis is 0.282 ± 0.002 at 500 mg/ml for Escherichia coli.  See Tables 5 and 6.
Minimum Bactericidal Concentration (MBC)
The MBC analysis shows the lowest concentrations of LAB that can kill the test bacterial isolates. As seen in table 7. Lactobacillus fermentum exhibits minimum bactericidal effects on the bacterial isolates as follows: Escherichia coli, Pseudomonas aeruginosa and Enterococcus faecalis at 500 mg/ml respectively; Staphylococcus aureus at 250 mg/ml and Salmonella sp at 125 mg/ml. The following MBC effects were recorded by Lactococcus lactis from table 8. on the test bacterial isolates; Escherichia coli, Enterococcus faecalis and Salmonella sp at 500 mg/ml respectively, Pseudomonas aeruginosa and Staphylococcus aureus at 250 mg/ml















 TABLE 5: Minimum Inhibitory Concentration of Lactobacillus fermentum on test Bacterial Isolates. n=2
	Test isolates
	500 mg/ml
	250 mg/ml
	125 mg/ml
	62.5 mg/ml

	Staphylococcus aureus                                
	0.339 ± 0.004
	0.290 ± 0.001
	0.368 ± 0.009
	0.689 ± 0.293

	Pseudomonas aeruginosa
	0.730 ± 0.002
	0.986 ± 0.033
	1.006 ± 0.006
	0.511 ± 0.708

	Escherichia coli
	0.143 ± 0.002
	0.164 ± 0.005
	0.143 ± 0.004
	0.199 ± 0.004

	Salmonella sp
	0.478 ± 0.008
	0.465 ± 0.006
	0.331 ± 0.004
	0.508 ± 0.013

	Enterococcus faecalis
	0.115 ± 0.004
	0.134 ± 0.000
	0.169 ± 0.001
	0.347 ± 0.005



KEY:
ƛ=420nm




Table 6. Minimum Inhibitory Concentration of Lactococcus lactis on test Bacterial Isolates n=2
	Test isolates
	500 mg/ml
	250 mg/ml
	125 mg/ml
	62.5 mg/ml

	Staphylococcus aureus                                
	0.129 ± 0.001
	0.170 ± 0.07
	0.134 ± 0.001
	0.141 ± 0.004

	Pseudomonas aeruginosa
	0.390 ± 0.003
	0.316 ± 0.008
	0.426 ± 0.003
	0.815 ± 0.006

	Escherichia coli
	0.282 ± 0.002
	0.395 ± 0.006 
	0.400 ± 0.003
	0.416 ± 0.006

	Salmonella sp
	0.730 ± 0.003
	0.940 ± 0.070
	0.912 ± 0.003
	1.006 ± 0.009

	Enterococcus faecalis
	0.372 ± 0.030
	0.490 ± 0.006
	0.725 ± 0.006
	0.777 ± 0.000




KEY:
ƛ=420nm



  













 Table 7: Minimum Bactericidal Concentration (MBC) of Lactobacillus fermentum on test Bacterial Isolates 

	Bacterial Isolates
	Concentration (mg/ml)

	Escherichia coli
	500

	Pseudomonas aeruginosa
	500

	Staphylococcus aureus
	250

	Enterococcus faecalis
	500

	Salmonella sp
	125



                                           
          


                                         
Table 8: Minimum Bactericidal Concentration (MBC) of Lactococcus lactis on test Bacterial Isolates 
	Bacterial Isolates
	Concentration (mg/ml)

	Escherichia coli
	500

	Pseudomonas aeruginosa
	250

	Staphylococcus aureus
	250

	Enterococcus faecalis
	500

	Salmonella sp
	500















DISCUSSION
The total bacterial count from yoghurt samples are critical indicators of microbial quality, fermentation efficiency, and potential shelf life. The results obtained from the analysis of various yoghurt samples (FENZY, HENZY, NENZY, CENZY, FANZY, HANZY, DANZY, QUENZY, BENZY, and TENZY) revealed significant variations in colony-forming units per milliliter (CFU/mL) across different dilution factors (10⁵ and 10⁶).
The highest bacterial counts were observed in FENZY (1.21 × 10⁸ cfu/ml at 10⁵ dilution and 6.5 × 10⁸ cfu/ml at 10⁶ dilution), followed by DANZY (1.7 × 10⁸ cfu/ml at 10⁶ dilution) and BENZY (1.5 × 10⁸ cfu/ml at 10⁶ dilution). In contrast, CENZY exhibited the lowest counts (8.0 × 10⁶ cfu/ml at 10⁵ dilutions and 5.0 × 10⁷ cfu/ml at 10⁶ dilutions). These variations may be attributed to differences in fermentation conditions, starter culture viability, post-fermentation handling, and storage conditions (Tamime & Robinson, 2017). The bacterial counts obtained in this study align with previous research on commercial yoghurts, which typically reported microbial loads ranging from 10⁶ to 10⁹ cfu/ml (Lourens-Hattingh & Viljoen, 2021). For instance, a study by Goncu et al. (2011) found that yoghurt samples had bacterial counts between 1.2 × 10⁸ and 3.5 × 10⁸ cfu/ml, similar to our findings for FENZY, HENZY, and NENZY. However, lower counts in CENZY and FANZY suggest possible suboptimal fermentation or lower starter culture activity, which could affect probiotic efficacy (Swami & Shah, 2017).
The higher counts at 10⁶ dilutions for most samples suggest that some yoghurt had dense bacterial populations requiring higher dilutions for accurate quantification. This is consistent with findings by Vinderola & Reinheimer (2013), who noted that active lactic acid bacteria (LAB) cultures in yoghurt often exceed 10⁸ cfu/ml. The lower counts in CENZY may indicate thermal abuse during processing or extended storage, leading to bacterial decline.
Yoghurt with bacterial counts ≥ 10⁷ cfu/ml is generally considered beneficial for gut health due to adequate probiotic presence (FAO/WHO, 2022). Most samples in this study met this threshold, except CENZY, which may offer limited probiotic benefits. The high counts in FENZY and DANZY suggest strong fermentation activity, potentially enhancing shelf life and lactic acid production, which inhibits pathogens (Sfakianakis & Tassou, 2014).
The microbiological quality of ‘Akamu’, a traditional fermented cereal gruel, is crucial for its safety and functional properties. The total bacteria count (TBC) obtained from different akamu samples (GNEX, GTEN, GSEN, MNEX, MTEN, MSEN, CNEX, CTEN, CSEN) showed significant variations, with counts ranging from 10⁶ to 10⁸ cfu/g, depending on the dilution factor (10⁴ and 10⁵). These results suggest varying levels of microbial activity, likely influenced by fermentation conditions, raw material quality, and the presence of bacteriocin-producing lactic acid bacteria (LAB).
The highest bacterial counts were observed in CNEX (1.0 × 10⁸ cfu/g at 10⁵ dilution) and CTEN (9.1 × 10⁷ cfu/g at 10⁵ dilution), indicating robust fermentation in ‘akamu’. In contrast, GSEN and MTEN had the lowest counts (2.5 × 10⁷ cfu/g and 3.0 × 10⁷ cfu/g, respectively), suggesting possible suboptimal fermentation or lower LAB proliferation. These findings align with previous studies reporting LAB populations in ‘Akamu’ between 10⁷ and 10⁹ cfu/ml (Odunfa & Adeyele, 2015).
Bacteriocins are antimicrobial peptides produced by LAB, which inhibit pathogenic bacteria such as Escherichia coli, Salmonella spp., and Staphylococcus aureus (De Vuyst & Leroy, 2017). The high LAB counts in CNEX and CTEN suggest strong potential for bacteriocin production, which could enhance akamu’s safety by suppressing pathogens. Previous research has demonstrated that Lactobacillus plantarum and Lactobacillus fermentum, commonly found in akamu, produce bacteriocins effective against foodborne pathogens (Oguntoyinbo & Narbad, 2012).
In my study on yoghurt (Table 1), samples like FENZY (6.5 × 10⁸ cfu/ml) and DANZY (1.7 × 10⁸ cfu/ml) exhibited high LAB counts, similar to CNEX (1.0 × 10⁸ cfu/g) in akamu. This suggests that both fermented foods harbor potent LAB strains capable of bacteriocin-mediated pathogen suppression. Studies by Todorov et al. (2011) confirm that LAB from yoghurt and cereal-based foods exhibit broad-spectrum antimicrobial activity, supporting our findings. The presence of high LAB counts in akamu and yoghurt highlights their potential as natural antimicrobial agents. Bacteriocin-producing LAB could serve as bio-preservatives, reducing reliance on chemical additives (Gálvez et al., 2017). However, variations in microbial loads (e.g., lower counts in GSEN and MTEN) suggest that fermentation conditions must be optimized to ensure consistent bacteriocin production.
The biochemical test results (Table 3) reveal consistent metabolic profiles among the bacterial isolates from different sources: yoghurt (Y, H), akamu (G), millet (M), and corn (C). All isolates exhibited negative reactions for Simmons citrate, SIM (Sulphur, indole and motility test), catalase, methyl red, Voges-Proskauer, and urease tests. However, they were positive for carbohydrate fermentation (glucose, sucrose, fructose, lactose, and maltose).
The negative catalase test suggests that the isolates are likely lactic acid bacteria (LAB), as most LAB are catalase-negative (Axelsson, 2024). The inability to utilize citrate (Simmons citrate test) and produce indole or H₂S (SIM test) further supports their classification as LAB, particularly species like Lactobacillus or Lactococcus, which are common in fermented foods (Holzapfel & Wood, 2014). The positive fermentation of multiple sugars (glucose, sucrose, fructose, lactose, maltose) indicates that these isolates are facultative fermenters, typical of LAB that derive energy primarily through carbohydrate metabolism (Salminen et al., 2024). The absence of mixed-acid fermentation (methyl red-negative) and acetoin production (Voges-Proskauer-negative) aligns with homofermentative LAB metabolism, which predominantly yields lactic acid (König & Fröhlich, 2017).
Since these isolates are likely LAB, their presence in yoghurt, akamu, millet, and corn suggests potential probiotic and antimicrobial properties. Many LAB strains produce bacteriocins, which inhibit pathogenic bacteria (De Vuyst & Leroy, 2017). The uniform biochemical profiles across different food sources indicate that similar LAB strains may be dominant in these fermented products, possibly contributing to their preservation and safety.
The antimicrobial evaluation of bacteriocin-producing lactic acid bacteria (LAB) isolated from yoghurt and akamu against selected pathogenic bacteria revealed significant findings with important implications for food safety and potential therapeutic applications. The results demonstrate that Lactobacillus fermentum exhibited particularly strong antimicrobial activity, while Lactococcus lactis showed more modest effects, with both strains displaying variable efficacy against different pathogens.
L. fermentum demonstrated remarkable inhibitory activity against all tested pathogens, with zones of inhibition approaching those of the ciprofloxacin control (figure 1). The strain showed exceptional activity against Pseudomonas aeruginosa (54±2.82mm) and Enterococcus faecalis (54±0.707 mm), with inhibition zones only slightly smaller than ciprofloxacin (58.5±1.06 mm and 55.5±0.35 mm respectively). This strong antimicrobial performance suggests that L. fermentum produces potent bacteriocins or other antimicrobial compounds effective against both Gram-positive and Gram-negative pathogens, consistent with findings by Todorov and Dicks (2015) who reported similar broad-spectrum activity from LAB isolates. The slightly reduced efficacy against Staphylococcus aureus (24.5±1.06 mm) and particularly Salmonella sp. (15±1.41 mm) may reflect differences in cell wall structure or pathogen defense mechanisms, as noted by Servin (2014).
In contrast, L. lactis exhibited more limited antimicrobial activity (Figure 2), with the largest inhibition zones observed against P. aeruginosa (19 ±0.707mm) and Salmonella sp. (19±0.707 mm). These results align with the work of Yang et al. (2014), who reported that different LAB species show varying antimicrobial spectra due to differences in bacteriocin production. The particularly weak activity against E. coli (11±0.707 mm) suggests that this pathogen may possess specific resistance mechanisms against L. lactis bacteriocins, possibly related to its outer membrane structure as described by Vizoso Pinto et al. (2016).
The antibiotic sensitivity profiles (Table 4) provide important context for evaluating the LAB antimicrobial results. The complete resistance of several pathogens to amoxicillin-clavulanic acid (AMC), cephalexin (CL), and erythromycin (E) highlights the growing problem of antibiotic resistance, making the search for alternative antimicrobials increasingly urgent. In this context, the strong performance of L. fermentum is particularly noteworthy, as its inhibition zones for some pathogens approached or exceeded those of certain antibiotics (e.g., 46 mm vs E. coli compared to 35 mm for amikacin). This supports the potential of LAB bacteriocins as complementary or alternative antimicrobial agents, as proposed by Cotter et al. (2013).
The superior performance of L. fermentum compared to L. lactis may be attributed to differences in bacteriocin production. L. fermentum is known to produce various bacteriocins including fermenticin, while L. lactis typically produces nisin-like compounds (Drider et al., 2016). The broader spectrum of L. fermentum's activity suggests its bacteriocins may have different mechanisms of action or greater stability against pathogen defenses, a finding consistent with the work of Alvarez-Sieiro et al. (2016).
These results have significant implications for food safety applications. The strong antimicrobial activity, particularly from L. fermentum, suggests potential for using these strains or their bacteriocins as natural preservatives in fermented foods, reducing reliance on chemical preservatives. This aligns with the growing consumer demand for "clean-label" products as discussed by Silva et al. (2018). Furthermore, the ability to inhibit antibiotic-resistant pathogens indicates potential therapeutic applications, though clinical studies would be needed to evaluate this possibility.




CONCLUSION
This study demonstrates that bacteriocin-producing LAB from traditional fermented foods, particularly L. fermentum, exhibit significant antimicrobial activity against important foodborne and opportunistic pathogens. The variation in efficacy between bacterial strains and against different pathogens underscores the importance of strain selection for specific applications. These findings contribute to the growing body of evidence supporting the use of LAB bacteriocins as natural antimicrobial agents in both food preservation and potential therapeutic contexts.
The findings from this study highlighted the potentials of isolates from Akamu and yoghurt for producing antimicrobial compounds (Bacteriocin) and exhibiting antimicrobial properties. This study underscored the potentials of lactic acid bacteria in preventing microbial infections which significantly contributes to combating antimicrobial resistance (AMR). The results from this study suggest that isolates from Akamu and yoghurt samples have potential properties essential for novel probiotics or antimicrobial agents.
The authors recommend that more research is needed to exploit the other potential of these LABS under varied conditions. Having seen the antibacterial properties of lactic acid bacteria isolated from Akamu and yoghurt, incorporation of Akamu and yoghurt in our meal plans is highly recommended as it offers a natural alternative to antibiotics. Also, this study provides support for formulation of novel probiotic agent or supplement.
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