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Abstract
Alibo is a traditional fermented cereal-based food whose quality and safety are largely dependent on spontaneous fermentation. This study evaluated the use of selected lactic acid bacteria with antifungal activity as starter cultures to improve the nutritional quality, safety, sensory acceptability, and shelf life of alibo. Alibo samples were produced using Lactobacillus plantarum, Lactobacillus brevis, a consortium of both strains, and a traditionally prepared control without starter culture. Proximate composition, anti-nutrient content, mineral composition, organoleptic properties, and shelf-life stability at 25 °C were determined using standard analytical methods. Starter culture–fermented alibo showed significantly reduced moisture content, hydrogen cyanide, and phytate levels compared with the control. Protein, ash, carbohydrate content, and mineral availability were generally improved, particularly in the consortium-fermented product. Sensory evaluation indicated higher consumer acceptability for alibo produced with the mixed starter culture, while shelf-life studies demonstrated delayed microbial proliferation compared with the control. The results suggest that controlled fermentation using antifungal LAB starter cultures can enhance the nutritional quality, safety, sensory attributes, and storage stability of alibo, supporting their application in traditional food processing.
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1.0	Introduction
Traditional fermented foods play an important role in food security, nutrition, and cultural heritage in many developing countries, particularly in Africa and Asia (Steinkraus, 1996; Nout, 2009). Alibo is a cereal-based fermented food commonly consumed in parts of Africa, where it serves as a source of dietary energy and complementary nutrients. However, traditional alibo production relies largely on spontaneous fermentation driven by naturally occurring microflora, which often results in variable product quality, short shelf life, and potential safety concerns due to contamination by spoilage and pathogenic microorganisms (Holzapfel, 2002).	Comment by S.A.: This reference is too old
Lactic acid bacteria (LAB) are widely employed as starter cultures in food fermentation because of their ability to acidify substrates, enhance sensory attributes, improve nutritional quality, and inhibit undesirable microorganisms (Caplice & Fitzgerald, 1999). Several LAB species, including Lactiplantibacillus plantarum and Lactobacillus brevis, are known to exhibit antifungal activity through the production of organic acids, bacteriocins, phenolic compounds, and other antimicrobial metabolites (Crowley et al., 2013). The application of LAB starter cultures in cereal fermentation has been reported to reduce anti-nutritional factors such as phytates and cyanogenic compounds, thereby improving mineral bioavailability and food safety (Nout, 2009; Oyewole & Odunfa, 1990).
Despite these documented benefits, there is limited scientific information on the controlled use of defined LAB starter cultures in the production of alibo. Most existing studies on fermented cereal foods have focused on products such as ogi, fufu, and kenkey, with relatively little attention given to alibo. Therefore, this study investigated the effects of antifungal LAB starter cultures (L. plantarum LM8 and L. brevis LM26), used singly and in combination, on the proximate composition, anti-nutrient content, mineral profile, sensory properties, and shelf-life stability of alibo. The findings aim to provide scientific evidence to support the improvement of traditional alibo production through controlled fermentation.
2.0	Materials and Methods
2.1	Laboratory Preparation of Alibo
2.1.1	Traditional Production of Alibo
The chart below summarizes the traditional production process of alibo in the laboratory. Cassava roots were peeled and cut into cylinders, washed with tap water and then steeped for 72h in a sterile jar. The fermented cassava was dried in hot air oven. The dry fermented cassava was dry milled and sieved to get the cassava flour. 	Comment by S.A.: At what Temp?	Comment by S.A.: Mesh number?
The maize grains were washed properly in sterile water and steeped for 72h. It was then wet milled and sieved. The fermented maize slurry was allowed to further ferment in jar containing sterile water. The excess water was decanted leaving the fermented maize paste.	Comment by S.A.: Mesh number?
Water was boiled to 100oC°C and the fermented maize paste was added and properly stirred to thickness. The fermented cassava flour is gradually added in bits. As the cassava flour is added, the mixture is properly stirred till desired thickness is achieved.	Comment by S.A.: There is needs for standardized measurement of proportions for repeatability and/or reproducibility 
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Figure 1: Traditional Production of Alibo
Source?

2.1.2	Controlled production of Alibo using Starter Culture
Preparation of Starter Culture
The pure cultures of LAB (Lactobacillus plantarum and Lactobacillus brevis obtained from this study were inoculated onto fresh MRS agar slants and incubated anaerobically at 30˚C for 48 h. After incubation, the culture was transferred into 9 ml of sterile distilled water and shaken to disperse the cells. Serial dilutions were carried out to determine the number of cells in one milliliter of the inoculum suspension by the method of Rodriguez-Tudela et al (2003). A 106 cfu/ml was achieved when checked as viable count on MRS agar. Inoculums size ranging between 6.0 × 106 cfu/ml of Lactobacillus plantarum and Lactobacillus brevis as viable count was used for the production of starter fermented blends.
Cassava roots were peeled, washed properly and soaked in 5 litres of distilled water containing 5% disodium bisulphate solution for 24h (for decontamination). It was then re-washed with sterile distilled water. Cassava was then inoculated with antifungal LAB at 6.0 x 106 cfu/ml. Fermentation was allowed for 72h at room temperature. The fermented sample was sieved using clean sieve and allowed to settle. The semi-solid was packed in jute bag to enable the water to drain off.	Comment by S.A.: Variety?
Maize was washed with water containing 5% disodium bisulphate for 12 hours. It was properly washed with sterile water. The antifungal LAB starter culture was inoculated at 6.0 x 106 cfu/ml. Fermentation was allowed for 72h at room temperature. The paste was used in the production of alibo as earlier described.
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Figure.2: Controlled Production of Alibo
Source?
2.2	Shelf life study of alibo
The shelf life study of alibo (at room temperature 25°C) over a storage period of 10 days was carried out using the method of Safdar et al. (2010)	.
Alibo produced by spontaneous fermentation and the one produced using starter culture was used in the shelf life study. The alibo was produced and put in pre-sterilized containers. The traditionally produced alibo served as the control. The total plate plate count was monitored by pour plate method.	Comment by S.A.: Describe 
2.3	Quality Assessment of the Alibo
2.3.1 Proximate Analysis	
·  Estimation of Moisture content
This was done according to the method of A.O.A.C (1990). Two grams of each sample was weighed in triplicates into a pre-weighed porcelain crucible. The weight of the sample with the crucible was recorded. The crucible containing the samples were placed in a pre-heated oven dryer at 100oC for 24 h, after which they were removed and cooled to room temperature in desiccators. The final constant weight gave the moisture content, which was expressed in percentage terms.
Calculation:  
Moisture content= Initial weight-Final weight  x 100
                                                Initial weight

· Estimation of Ash content
Two gram of the sample was quantitatively transferred into pre-weighted porcelain crucibles. The weight of the samples with the crucibles was recorded. The crucibles containing the samples were placed in a pre-heated furnace at 600oC for 6 h after which they were removed and cooled to the temperatures in desiccators and weighed. The difference between the final weight and the porcelain dish gave the ash content, which was expressed as a percentage of the initial weight (A.O.A.C., 1996)
%Percentage Ash=         W2 - W1  X 100
Weight of Sample




· Estimation of Crude Fat content
The Soxhlet’s extraction method (AOAC, 2005) was used. Clean and dried thimble was weighed (W1) and 5g of oven dried sample was added and re-weighed (W2).Round bottom flask was filled with petroleum ether (40-60)0C up to three-quarter¾ of the flask. Soxhlet extractor was fixed with a reflux condenser to adjust the heat sources so that the solvent boils gently. The samples were put inside the thimble and inserted into the soxhlet apparatus and extraction under reflux was carried out with petroleum ether for 6 hours. At the end of extraction (after the barrel of the extractor is empty), the thimble was dried in the oven for about 30 minutes at 100oC to evaporate off the solvent and thimble was cooled in a desiccator and later weighed (W3).
The fat extracted from a given quantity of sample was then calculated:
               % Fat (w/w) = Loss in Weight of sample (extracted fat) X 100
Original Weight of Sample
                 =    W2 –W3 X 100
		W2 – W1

· Estimation of Protein content
The crude protein content was determined using micro Kjeldahl method as described in AOAC (1996). Two grams of each the dried sample was weighed in triplicates into digestion tubes. About 12 mL of 95-97% sulphuric acid was added into each of the tubes. Two tablets of special Kj 1 tabs 5,2.5 which acts as catalyst were also added into each digestion tubes. The samples were digested at 420oC °C using the digestion system for 30-45 min or until they became clear. After cooling, 75 mL of distilled water was added into each of the tubes followed by dispensing 50 mL ml of 40% sodium hydroxide solution. The tube content was distilled for 3-5 minutes into receiving flasks containing 25 mL ml each of mixed indicator (14% boric acid with bromocresol green/methyl red indicator solution) using the 10002 distilling system. Then each of the samples in the flasks was titrated against 0.1N NaOH solution until a neutral grey colour was obtained. About 25ml of mixed indicator was transferred into another receiver flask and a blank (no sample, only chemicals) was distillate from the blank was also titrated with 0.1N NaOH solution until a neutral grey colour was obtained.	Comment by S.A.: NaOH? Check your method very well
Percentage protein was given by the formula = (A-B) X 0.1 x14.007x6.38x 100								Mass of the sample (mg)
(Where A = ml of alkali used to titrate the sample; B=ml of alkali used to titrate the blank)

· Determination of Crude Fibre
Two hundred (200 ml) freshly prepared 1.25% H2SO4 was added to 2 g of the sample (in a fibre glass) and this was brought to quick boil.  Boiling was continued for 30 minutes.  The mixture was filtered and residue washed until it was free from acid.  The residue was transferred quantitatively into a digestion flask, 1.25% NaOH was added and brought to boiling point quickly.  Boiling was continued for 30 minutes.  The mixture was filtered and residue washed free of alkali.  The residue was then washed with methylated spirit, thrice with petroleum ether using small quantities.  It was allowed to properly drain and the residue was transferred to a silica dish (previously ignited at 600oC and cooled).  The dish and its content were dried to constant weight at 105oC. The organic matter of the residue was burnt by igniting for 30 minutes in a muffle furnace at 600oC.  The residue was cooled and weighed.  The loss on ignition was reported as crude fibre (AOAC, 1996).

· Determination of Carbohydrate content
The carbohydrate content was calculated by difference.
%Carbohydrate= 100-(%Moisture content+%Protein+%Crude fibre+%Fat+%Ash)
2.3.2 	Mineral Composition
Analysis of potassium (K) content of the sample was carried out using flame photometry (AOAC, 1990). The other elemental contents calcium and magnesium (Ca and Mg) were determined, after wet digestion of sample ash with an Atomic Absorption Spectrophotometer (Perkin-Elmeyer Corporation) as described by AOAC (2005). All the determinations were carried out in triplicates.
· Potassium
Flame photometric method of A.O.A.C (1990) was used. 0.5g of each sample was ashed in a furnace of 500°C for 24 h. The residual was cooled in dessicators and weighed. About 10ml of conc. HNO3, 5ml of HCIO4 and 10 mls of 6N HCl were mixed until it dissolved. The solution was placed in a water bath and evaporated to almost dryness. De-ionised water was added and transferred to 250ml volumetric flask quantitatively and made up the mark with de-ionized water. The resulting mixture was read at 766.5nm. The concentration of the element was read from the standard curve.
· Calcium
Each of the samples was placed in separate volumetric flasks. Calcium standards of varying concentrations were prepared in 200ml volumetric flask containing 80ml of H2SO4and 20ml Lathanum stock solution (A.O.A.C. 1990). The samples and their standards were taken through determining their calcium content by using Atomic Absorption Spectrophotometer (Perkin-Elmeyer Corporation).
· Magnesium
The digest of ash of each sample was washed into 100ml volumetric flask with deionised water and made up to mark. This diluent was aspirated into the buck 200 Atomic Absorption Spectrophotometer (AAS) through the suction tube. Each of the trace mineral elements was read at their wavelength with their respective hollow cathode lamps using appropriate fuel and oxidant combination. 
2.3.3 	Anti-nutrient Analysis
Determination of Cyanogenic glycoside
The alkaline pictrate method of Oke (1969) was adopted. 5.0 g of sample was weighed each and dissolved in 50 ml of distilled water in corked flasks. The mixture were allowed to stay overnight and then filtered. The filtrates were collected and labeled A and B followed by the preparation of different concentration of Hydrogen Cyanic Acid HCN containing 0.02 to 0.10 mg/mL cyanide. The absorbance of each was taken in a spectrophotometer at 490nm and the cyanide standard curve was plotted. 1mL of each sample filtrate and standard cyanide solution was measured into 3 test tubes respectively and 4mL of alkaline filtrate solution was added to each and incubated in a water bath for 15min. After colour development (reddish brown), the absorbance of each content in the test tube was taken in a spectrophotometer at 490nm against a blank containing only 1mL distilled water and 4mL alkaline pictrate solution (1 g pictrate and 5 g of sodium carbonate (Na2CO3), were dissolved in a warm water in 200ml flasks and made up to 200 mL with distilled water). The cyanide content for each sample was extrapolated from the cyanide curve.

Determination of Phytate
Two gram (2.0 g) of each sample (A and B) were weighed into 250 ml conical flask. 100ml of 2% concentrated HCL acid was used to soak each sample in the conical flask for 3hrs and then filtered through a double layer of hardened filter papers. 50ml of each filterate was placed into 250 ml beaker and 100ml of distilled water was added to each to give proper acidity. 10ml of 0.3% ammonium thiocyanate solution was added to each solution as indicator. Each solution was titrated with standard iron chloride solution, which contained 0.00195 g iron per mL. The end point colour was slightly brownish-yellow which persisted for 5 min. The percentage phytic acid was calculated (AOAC, 2005).
2.3.4 	Organoleptic Evaluation
The organoleptic evaluation of the alibo samples was carried out to determine the acceptability of the products. The products were subjected to organoleptic assessment by a 8 member panel (post-graduate students who are familiar with the foods in the Igbo culture). Disposable plates were provided for each of the sample; each panelist was requested to assess the samples one after the other (under fluorescence light) and to indicate their degree of likeness or preference for the samples based on the questionnaires provided. The samples were evaluated based on texture, aroma, colour, mouth feel and general acceptability (Larmond, 1977). 
2.3.5 	Statistical Analysis
The experimental data obtained from this study was analyzed using Analysis of Variance (ANOVA) to establish significant differences among the treatments. The differences were expressed using Duncan’s Multiple Range Test and accepted at P < 0.05. The data was analyzed using SPSS version 18.0.















3.0	Results and Discussion
Preparation of Alibo Using Lactic Acid Bacteria with Antifungal Activity as Starter Cultures

Table 1: Proximate CompositionAnalysis of the Alibo (%)
	Products
	Moisture
	Crude Protein
	Crude
Fat
	Crude Fibre
	Ash
	CHOCOH

	A-Ct
	67.40 ±0.01d 
	2.0 ±0.01b
	0.11 ±0.01a 
	0.21 ±0.01a 
	0.36 ±0.01a 
	30.05 ±0.0a 

	A-LM8
	47.48 ±1.7b 
	2.30±0.05C

	0.11±0.01b 
	0.74 ±0.01c
	0.63 ±0.04b 
	48.55 ±0.01b

	A-LM26
	49.61 ±0.01c
	2.01±0.10b
	0.11±0.01b 
	0.70 ±0.01b 
	0.60 ±0.01b 
	46.00 ±1.0b 

	A-LM8+LM26
	46.68 ±0.01b 
	2.31±0.01C
	0.10±0.01c
	0.72 ±0.01bc
	0.60 ±0.37b 
	50.35 ±0.01b 



· Values are in means ± standard deviation; Means with different superscripts along the same column are significantly different at P≤0.05.
· A-Ct (Control) was traditionally prepared without starter culture.
· A-LM8: Alibo prepared with L. plantarum.
· A-LM26: Alibo prepared with L. brevis.
· A-LM8+LM26: Alibo prepared with a consortium of L. plantarum and L. brevis.













Table 2: Anti-nutrient ContentAnalysis of the Alibo (mg/100g)
	Products
	HCN
	Phytate

	A-Ct
	0.40 ±0.10b
	1.60 ±0.10a

	A-LM8
	0.04 ±0.01a
	1.40 ±0.10a

	A-LM26
	0.04 ±0.01a
	1.40 ±0.10a

	A-LM8+LM26
	0.02 ±0.01a
	0.80 ±0.10a



· Values are in means ± standard deviation; Means with different superscripts along the same column are significantly different at P≤0.05.
· A-Ct (Control) was traditionally prepared without starter culture.
· A-LM8: Alibo prepared with L. plantarum.
· A-LM26: Alibo prepared with L. brevis.
· A-LM8+LM26: Alibo prepared with a consortium of L. plantarum and L. brevis.



















Table 3: Mineral ContentAnalysis of the Alibo (mg/100g)
	Products
	Calcium
 (Ca)
	Magnesium (Mg)
	Potassium
 (K)

	A-Ct
	0.91±0.01c

	0.2±0.01 b

	1.13±0.01 a


	A-LM8
	0.84±0.01b
	0.07±0.02 a

	0.14±0.01 a

	A-LM26
	0.88±0.01 c

	0.07±0.02 a

	0.14±0.01 a


	A-LM8+LM26
	0.88±0.01 c

	0.14±0.01 a

	0.15±0.01 a




· Values are in means ± standard deviation; Means with different superscripts along the same column are significantly different at P≤0.05.
· A-Ct (Control) was traditionally prepared without starter culture.
· A-LM8: Alibo prepared with L. plantarum.
· A-LM26: Alibo prepared with L. brevis.
· A-LM8+LM26: Alibo prepared with a consortium of L. plantarum and L. brevis.


















Table 4: Organoleptic Attributesssessment of the Alibo
	Products
	Texture 
	Aroma 
	Colour 
	Mouth feel 
	Acceptability 

	A-Ct
	3.8±0.63a
	3.1±0.32a
	3.5±0.53a
	3.4±0.51a
	3.3±0.48a

	A-LM8
	3.9±0.32a
	3.8±0.42b
	4.0±0.00b
	3.4±0.51 b
	3.6±0.52a

	A-LM26
	3.8±0.42a
	3.8±0.42b
	3.7±0.48ab
	3.7±0.48 b
	3.7±0.48a

	A-LM8+LM26
	4.2±0.42a
	4.7±0.48c
	3.7±0.48ab
	4.7±0.58c
	4.6±0.52c



· Values are in means ± standard deviation; Means with different superscripts along the same column are significantly different at P≤0.05.
· A-Ct (Control) was traditionally prepared without starter culture.
· A-LM8: Alibo prepared with L. plantarum.
· A-LM26: Alibo prepared with L. brevis.
· A-LM8+LM26: Alibo prepared with a consortium of L. plantarum and L. brevis.
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Table 5: Shelf Life Study (Microbial load) of the Alibo at 25°C
	
Products
  
	
	  
	  
	
Days
	  
	  
	  
	  
	  

	
	1-2
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 

	A-Ct
	- 
	1.7x10 5
	2.2 x 10 5
	3.7x105
	4.0x10 5
	5.5x10 5
	6.1x106
	7.1x106
	8.4x10 5

	A-LM8
	- 
	- 
	- 
	2.0x10 5
	2.9x10 5
	4.1x10 5
	5.0x10 5
	5.9x10 5
	6.8x106

	A-LM26
	- 
	- 
	- 
	1.9x106
	2.8x106
	3.7x0x10 5
	4.80x10 5
	5.7x0x10 5
	6.5x0x10 5

	A-LM8+LM26
	 - 
	 - 
	 - 
	 - 
	2.00x10 5
	3.10x10 5
	3.90x10 5
	4.50x10 5
	6.00x10 5




Proximate Composition
Starter culture fermentation significantly influenced the proximate composition of alibo (Table 1). The moisture content of the traditionally prepared control sample (67.40 ± 0.01%) was significantly higher than those of the starter culture–fermented products, with the consortium-fermented alibo exhibiting the lowest moisture content (46.68 ± 0.01%). Similar reductions in moisture content have been reported for LAB-fermented cereal foods such as ogi and kenkey, where microbial metabolism and acidification reduce water-holding capacity and enhance product stability (Nout, 2009; Steinkraus, 1996).
Protein content was slightly but significantly higher in the starter culture–fermented samples, particularly in the consortium product (2.31 ± 0.01%), compared with the control. This agrees with previous studies on LAB-fermented cereal gruels, which reported improved protein availability due to microbial proteolysis and the contribution of microbial biomass during fermentation (Caplice & Fitzgerald, 1999; Oyewole & Odunfa, 1990). The observed increases in ash and carbohydrate contents in inoculated samples are also consistent with reports on fermented cereal foods, where fermentation concentrates nutrients as a result of dry matter losses and biochemical transformations (Holzapfel, 2002).
Anti-Nutrient Content
The use of LAB starter cultures resulted in a marked reduction in anti-nutritional factors (Table 2). Hydrogen cyanide content decreased significantly from 0.40 ± 0.10 mg/100 g in the control to 0.04 ± 0.01 mg/100 g in singly inoculated samples and further to 0.02 ± 0.01 mg/100 g in the consortium-fermented alibo. Comparable reductions in cyanogenic compounds have been reported in fermented cassava- and cereal-based foods, where controlled fermentation enhances enzymatic detoxification and improves food safety (Oyewole & Odunfa, 1990; Steinkraus, 1996).
Phytate content followed a similar trend, with the consortium-fermented product showing the lowest value (0.80 ± 0.10 mg/100 g). This finding aligns with previous studies on LAB-fermented cereals, which attributed phytate reduction to phytase activity and organic acid production by LAB, leading to improved mineral solubility and bioavailability (Nout, 2009; Holzapfel, 2002).
Mineral Composition
Mineral analysis revealed variations in calcium, magnesium, and potassium contents among the alibo samples (Table 3). Starter culture–fermented products generally exhibited more balanced mineral profiles compared with the control. Similar observations have been reported in fermented cereal foods, where reductions in phytate and other chelating compounds during fermentation enhance mineral release and utilization (Nout, 2009; Steinkraus, 1996). The relatively stable calcium and magnesium contents observed in the consortium-fermented alibo suggest that mixed starter cultures may be advantageous in preserving mineral integrity during fermentation.
Sensory Properties
Sensory evaluation showed that alibo produced with the LAB consortium achieved significantly higher scores for aroma, mouth feel, and overall acceptability compared with the control and singly inoculated samples (Table 4). These results are consistent with reports on LAB-fermented cereal foods, where controlled fermentation improves flavor complexity, texture, and consumer acceptance due to the production of organic acids and flavor-active metabolites (Caplice & Fitzgerald, 1999; Holzapfel, 2002). The superior sensory performance of the consortium product suggests synergistic interactions between L. plantarum and L. brevis during fermentation.
Shelf-Life Stability
Shelf-life assessment at 25 °C demonstrated delayed microbial growth in starter culture–fermented alibo compared with the traditionally prepared control (Table 5). The consortium-fermented product exhibited the longest delay before detectable microbial proliferation, indicating enhanced antimicrobial effectiveness. Similar shelf-life extensions have been reported in LAB-fermented cereal foods, where organic acids and antifungal metabolites produced during fermentation suppress spoilage organisms and extend storage stability under ambient conditions (Holzapfel, 2002; Crowley et al., 2013).


Conclusion
The present study demonstrates the clear advantages of applying defined lactic acid bacteria starter cultures in the production of alibo, a traditionally fermented cereal-based food. Compared with spontaneous fermentation, controlled fermentation using Lactobacillus plantarum LM8 and Lactobacillus brevis LM26, particularly as a mixed consortium, resulted in improved nutritional quality, enhanced sensory attributes, reduced anti-nutritional factors, and extended shelf life under ambient storage conditions.
A key novel contribution of this work is the use of antifungal LAB starter cultures to simultaneously address food safety, quality consistency, and storage stability in alibo. The marked reduction in hydrogen cyanide and phytate contents highlights the safety benefits of controlled fermentation, while improved protein content, mineral balance, and consumer acceptability demonstrate nutritional and functional enhancement. The extended shelf life observed in the consortium-fermented product underscores the synergistic antimicrobial potential of mixed LAB cultures, which is particularly relevant for traditional foods produced and stored without refrigeration.
Overall, this study provides practical scientific evidence supporting the adoption of defined LAB starter cultures for upgrading traditional alibo production. The findings have implications for small-scale processors, public health nutrition, and the development of safer, higher-quality fermented foods in resource-limited settings.
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