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                     Abstract 
 Nutrients can be made bioavailable in  foods through fermentation of such foods either spontaneously or via starter cultures 

with consequent reduction in antinutrients. The eff ect of fermentation time on the microbiological properties, anti-nutritional 

and nutritional contents of malted acha ( Digitaria exilis ) fl our fermented spontaneously and using starter culture was stud-

ied. Malted acha fl our was fermented spontaneously and using starter culture for 72 and 48 h respectively. Two screened 

lactic acid bacteria with the best probiotic potential were employed from 11 bacteria isolates after they were identifi ed using 

molecular method. Microbiological, antinutritional and nutritional analyses of the fermented products was performed using 

standard methods. There were decreases in aerobic bacteria and lactic acid bacteria counts after 72 h fermentation period 

with a converse increase in yeast count of the fermenting slurry during the same period. For spontaneously fermented acha 

fl our, increases in values at  P  < 0.05 were recorded for crude protein (9.67 ± 0.03 to 10.80 ± 0.06%), crude fat (1.07 ± 0.03 

to 1.23 ± 0.03%), moisture content (8.47 ± 0.09 to 8.53 ± 0.07%), and ash content (1.30 ± 0.06 to 1.37 ± 0.09%), within 48 h 

fermentation time and decreased by 72 h. Also, the mineral and vitamin contents increased with increase with fermentation 

time. However, decreases in values were recorded for carbohydrate content (77.30 ± 0.06 to 76.30 ± 0.11%) and crude fi bre 

(2.20 ± 0.06 to 1.73 ± 0.03%) at 48 h and 72 h fermentation time respectively. The pH and antinutritional factors decreased 

with increase in fermentation time while the titratable acidity decreased. For starter culture fermentation, sample J which 

consist of the blend fermented with single starter ( Lactobacillus plantarum),  gave the highest yield for crude fat and moisture 

content (8.77 ± 0.09%) after 48 h fermentation period. The bioavailability of nutrients in the acha fl our increased with fermen-

tation time compared to the unfermented fl our at 0 h fermentation time at  P  < 0.05. Starter fermentation of acha fl our with 

lactic acid bacteria can be used to improve the proximate composition of acha fl our which can be utilized as breakfast cereal. 

   Keywords     Fermentation    ·  Acha    ·  Nutrition profi le    ·  Proximate    ·  Lactic acid bacteria  

      Introduction 

 Despite ample global food resources, hunger is endemic in 

many developing nations. The World Health Organization 

(WHO) and the United Nations Children’s Education Fund 

(UNICEF) have expressed alarm about this trend, which 

includes Protein Energy Malnutrition (PEM) and micronu-

trient defi ciencies (hidden hunger) in newborns, children, 

and pregnant women (Khalid et al.  2014 ). Malnutrition is 

directly and indirectly linked to more than half of all child 

mortality, according to the United Nations system’s Standing 

Committee on Nutrition (SCN) and is a contributor to dis-

eases like marasmus, kwashiorkor and anemia in developing 

countries (Smith & Haddad  2015 ). Poverty, poor nutrient 

intake, particularly during pregnancy, period of rapid devel-

opment and supplemental feeding in newborns, misunder-

standing about nutrient values of foodstuff , and parasite 

illnesses have all been recognized as underlying concerns 

in Nigeria, and indeed in most developing nations (Kibr 

 2021 ). The results of the 2001–2003 food consumption and 

nutrition survey revealed a signifi cant rise in the prevalence 

of childhood malnutrition between the ages of 6 and 12, 

which is when most children receive complementary feed-

ing (Ariff  et al.  2020 ). Nutritional supplementation, forti-

fi cation of staple foods, and alteration of traditional diets    Extended author information available on the last page of the article
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to fulfi ll particular criteria are all major worldwide and 

national eff orts to address these issues (Chadare et al.  2019 ). 

In Nigeria and most developing nations, diff erent techniques 

have been taken to fi ght the problem of “hidden hunger”. 

Dietary-based treatments such as diet diversifi cation, food 

fortifi cation, and biofortifi cation are examples of immediate 

interventions (Olson et al.  2021 ). 

 Natural or spontaneous fermentation is used to prepare 

the majority of traditional cereal-based meals consumed in 

Africa (Obafemi et al.  2022 ). Natural fermentation occurs 

in a mixed colony of microorganisms, including moulds, 

bacteria, and yeasts (Venturini Copetti  2019 ). As a result, 

fermentation products in food substrates are based on the 

microbes that participate in the fermentation. Various fer-

mented cereal-based preparations are available, accounting 

for around one-third of the global diet (Tsafrakidou et al. 

 2020 ). Microbes are employed to prepare and preserve food 

products in traditional fermented food preparation, increas-

ing their nutritional content, fl avor, and other edibility attrib-

utes (Tamang et al.  2016 ). Fermentation alters the nutritional 

value of foods: vitamin and amino acid levels either increas-

ing, decreasing, or remaining constant, depending on the 

microorganism utilized and the fermented product (Nkhata 

et  al.  2018 ). Microorganisms also add flavor to foods, 

improve texture, and make them more digestible (Dimidi 

et al.  2019 ). Fermentation kills food spoilage organisms and 

allows food to be preserved. Lactic acid bacteria (LAB) is 

thought to be the largest contribution to the positive prop-

erties identifi ed in fermented foods because LAB (Lactic 

acid bacteria) is the dominating microbes in all of the foods 

and beverages studied (Jafarpour & Hashemi  2023 ). As a 

result, the focus of this research is on lactic acid bacteria. 

Malting and fermentation have been proved to be the most 

eff ective and convenient methods for improving nutritional 

value and reducing the weight and stickiness of grain diets in 

developing nations (Adebo et al.  2022 ). Based on the reduc-

tion in fl uidity and increase in nutrient density in malted 

fl our pastes or beverages, several researchers have advocated 

malting as a procedure for weaning food production (Kg 

et al.  2021 ). Malting and fermentation have the potential 

to increase protein availability and accessibility while also 

reducing anti-nutritional elements that could infl uence nutri-

ent utilization and consumer health (Samtiya et al.  2020 ). 

 Acha ( Digitaria exilis) , also known in West Africa as 

fonio , iburu, fi ndi, fundi, pom,  and  kabug , is regarded to 

be the oldest West African cereal, with cultivation dating 

back to 5000 BC or 7000 years ago. Acha is a cereal that 

grows well in Nigeria and is a staple food in some sections 

of the country as well as fi fteen other nations in North 

West Africa (Jideani & Jideani  2011 ). It’s only found in 

West Africa’s savannah regions. It belongs to the  Grami-
nae  family,  Poaceae  tribe,  Digitariinae  sub-tribe, and  Digi-
taria  genus. Its seed is high in methionine and cystine, two 

essential amino acids for human health that are lacking in 

today’s primary grains such as wheat, rice, maize, sorghum, 

barley, and rye (Babarinde et al.  2020 ). It has a carbohydrate 

content of 91%. It has a high crude protein content of about 

8.7% and up to 11.8% in some black acha samples, with high 

levels of important amino acids like leucine (19.8%) (Gan 

et al.  2016 ), methionine and cystine (about 7%) (Olsen et al. 

 2020 ), and valine (5.8%) (Ospina-Rojas et al.  2020 ). Miner-

als such as calcium, phosphorus, iron, zinc, and manganese 

are abundant. Acha is well-known for its ease in digestion. 

It is traditionally prescribed for youngsters, the elderly, and 

persons with diabetes or stomach problems (Cannas et al. 

 2020 ). Early in the season, when other crops are still matur-

ing for harvest, Acha provides food, hence the term hungry 

rice (Olayemi Raji  2021 ). Traditional dishes made from acha 

grains include thick and thin porridges, steam cooked items 

such as  couscous or kusksi , and nonalcoholic and alcoholic 

beverages (Adams & Yakubu  2020 ). 

 There have been several reports on the potentials of acha 

for use in formulation of traditional fermented beverages 

by diff erent authors as well as the eff ect of fermentation 

time on their proximate composition (Mashau et al.  2021 ). 

It has been reported that the proteins in acha grains are not 

easily extractable even though several studies have been 

conducted to harness its high water absorption capacity in 

the production of baked products (Deriu et al.  2022 ). How-

ever, a comparison of the eff ect of fermentation time on the 

microbiological properties, anti-nutritional and nutritional 

composition of acha fl our fermented using spontaneous and 

lactic acid bacteria starter culture have not been reported. 

The major aim of this study was to compare the eff ect of 

fermentation time on the microbiological properties, anti-

nutritional and nutritional composition of two diff erent acha 

fl our obtained via spontaneous and starter culture fermenta-

tion using lactic acid bacteria. 

    Materials and methods 

   Sample collection 

 The acha ( Digitaria exilis ) grains were obtained from Jos 

Market in Plateau State, Nigeria in good condition. The acha 

cereal grains were kept in sterilized polythene bags before 

being transported to the Microbiology Unit of the Interna-

tional Institute for Tropical Agriculture (IITA) in Ibadan for 

sample treatment, formulation, fermentation, and isolation. 

    Sample treatment, formulation and fermentation 

 Acha grains were cleaned, destoned  and sorted manually by 

hand-picking. On the laboratory bench, 600 g of acha grains 

were steeped in 1800 ml distilled water in a ratio of (1:3 



57Proceedings of the Indian National Science Academy (2024) 90:55–74 

1 3

w/v) for 48 h at 30 ± 2 °C and sieved using a wire mesh sieve 

(200 μm mesh size). On a sterile stainless-steel tray lined with 

sterile muslin cloth and covered with a sterile muslin cloth, 

soaked grains were malted/germinated for 48 h. For 48 h, the 

grains were moistened twice daily (mornings and evenings). 

Malted grains were oven-dried to stop germination for 20 h at 

60 °C in a conventional automated oven (Biobase, BOV-TF 

series, China). Malted samples were dry milled in a sterile 

blender and then reconstituted with distilled water at a concen-

tration of 30% (w/v) and divided into two equal portions which 

were stored in sterile conical fl asks. One of the portions was 

allowed to ferment spontaneously at 30 ± 2 °C for 72 h while 

the second portion was stored to be used for starter culture 

fermentation. At regular intervals during fermentation (0, 24, 

48, 72 h), samples were taken to determine the microbiological 

load/quality, antinutrient contents, proximate contents, min-

erals and vitamins contents after 48 h of fermentation. The 

physiochemical parameters (pH and titratable acidity) of the 

fermenting slurry were also determined. 

    Microbiological analysis 

 In a 25 ml McCartney bottle, 9 ml of distilled water was 

poured, autoclaved at 121 °C for 15 min, and left to cool. One 

mililiter of the fermenting slurry was added to the sterile dis-

tilled water in the McCartney bottle, stirred together, and seri-

ally diluted, with 0.1 ml of the higher dilution and 1 ml of the 

lower dilution pour-plated onto the appropriate media. The 

various media, such as DeMann Rogosa Sharpe (MRS) Agar 

for Lactic acid bacteria (LAB) count, Nutrient Agar (NA) for 

Aerobic bacteria count, MacConkey Agar for Enteric bacte-

ria count, Malt Extract Agar for yeast/mould count, and Plate 

Count Agar for total plate count, were prepared according to 

the manufacturer’s specifi cations and sterilized for 15 min at 

121 °C and at a pressure of 1 0.05 kg/m 2 . 

    Sub-culturing 

 The MRS agar was made according to the manufacturer’s 

instructions, then placed into sterile petri dishes and allowed to 

set. The well solidifi ed agar plate was used for sub-culturing. 

Streaking a single colony was done several times until pure 

isolate cultures were obtained. They were sub-cultured on agar 

slant in McCartney bottles and kept at 4 °C for later analysis 

and usage. 

     Microbiological characterization of lactic 
acid bacteria 

   Cultural characteristics 

 After a thorough analysis of the isolates, the cultural 

characteristics of each LAB isolate were noted, including 

appearance, shape, size, elevation, and color. 

    Gram’s staining 

 The sample was counter stained with safranin for 1–2 min, 

rinsed with water, blot dried, and inspected under the 

microscope (Becerra et al.  2016 ). 

     Biochemical characterization 

   Catalase test 

 A loopful of 18–24 h culture of the organism was used to 

emulsify a drop of freshly made 3% hydrogen peroxide on 

a slide. Synthesis of eff ervescent/oxygen bubbles indicates 

a positive reaction, indicating the production of catalase 

enzyme, which breaks down peroxide to release oxygen, 

whereas no release of oxygen bubbles indicates a negative 

reaction (Hadwan  2018 ). 

    Oxidase test 

 For this test, an oxidase strip was employed. The colony 

of the test isolates was contacted with a sterile wire loop 

before being transferred to the oxidase strip (Forte et al. 

 2016 ). 

    Indole test 

 The Indole test was used to determine the capacity of iso-

lated bacteria to metabolize the amino acid tryptophan to 

indole (Darkoh et al.  2015 ). 

    Gelatin hydrolysis 

 Test tubes were fi lled with nutrient broth containing 10% 

gelatin and sterilized by autoclaving at 121 °C for 15 min. 

The bacteria were introduced into the tubes and cultured 

at 30 ± 2 °C for 7 days (Wang & Hartel  2022 ). 
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    Starch hydrolysis 

 MRS agar containing 1% soluble starch was sterilized 

for 15 min at 121 °C. 20 ml was placed into sterile petri 

plates, which were then inverted after cooling (Wang & 

Hartel  2022 ). 

     Production of ammonia from arginine 

 Instead of triammonium citrate, a modified MRS broth 

(MRS-Arginine broth) was utilized, which was free of glu-

cose and meat extract but contained 0.3% Arginine and 0.2% 

sodium citrate instead of triammonium citrate (Xu et al. 

 2019 ). 

    Physiological characterization of the isolates 

   Growth at diff erent temperatures 

 Tubes containing l0 ml of isolated lactic acid bacteria MRS 

broth were inoculated with 24-h old cultures of test isolates 

and incubated for 48 h at temperatures of 30, 37, and 45 °C, 

with growths on plates monitored. 

    Growth at diff erent NaCl concentrations 

 Measured 10 ml of MRS broth containing 3, 4, and 6.5% 

NaCl were pipetted into test tubes and sterilized at 121 °C 

for 15 min before cooling. After that, the organism was 

injected and incubated for 48–72 h at 30 °C (Li et al.  2021 ). 

    Growth at diff erent pH 

 Twenty milliliters of MRS broth with the isolated LAB was 

distributed into screw-capped tubes, sanitized, and injected 

with the isolates (Jin & Kirk  2018 ). 

    Probiotic screening assays on isolated lactic acid 
bacteria 

 The colony, cell morphologies, and cell organization of each 

of the Lactic acid bacteria isolates were studied fi rst. The 

probiotic characteristics of only the Gram positive and cata-

lase negative isolates were tested next. 

    Antagonistic activity of LAB strains against enteric 
pathogens 

 The double layer approach was used to test the antago-

nistic activity of LAB cultures against enteric pathogens 

( Escherichia coli, Klebsiella sp., Salmonella sp., Bacillus 

sp., Staphylococcus aureus, Vibrio cholerae, Pseudomonas 
sp., and Listeria sp. ) (Campana et al.  2017 ). 

    Antibiotic susceptibility testing of lactic acid 
bacteria strains 

 Following the manufacturer’s directions, the antibiotic sus-

ceptibility profi le disc was employed. The susceptibility 

to eight antibiotics was tested, including ofl oxacin (5 μg), 

ceftriazone (30 μg), gentamicin (10 μg), erythromycin 

(5 μg), augmentin (30 μg), cloxacillin (5 μg), cefuroxime 

(30 μg), and ceftazidime (30 μg). The Clinical and Labora-

tory Standard Institute’s agar overlay diff usion procedures 

were used to determine this in a semi-quantitative manner 

(Stefańska et al.  2021 ). 

    Growth at various acidic pH levels 

 Twenty millilitres of isolated LAB MRS broth with pH 

adjusted to 2, 3, and 4 was distributed into screw-capped 

tubes, sterilized, and inoculated with isolates (Gentili et al. 

 2018 ). 

    Bile salt tolerance 

 The strains’ ability to develop in the presence of bile was 

assessed using the method of Succi et al. ( 2005 ) as modi-

fi ed by Kusada et al. ( 2021 ). Each strain was inoculated 

(2% v/v) into MRS broth with 0.3, 0.5, and 1% bile salt 

(w/v) (Sigma-Aldrich, Saint Louis, MO, USA). 

    Cell surface hydrophobicity 

 To the test tubes containing cell suspensions, one millilitre 

of hydrocarbon, such as chloroform or xylene, was added 

(3 ml). After 120 s, the cells were vortexed (Danchik & 

Casadevall  2021 ). 

   Identifi cation of bacterial isolates 

 The bacteria isolates were identifi ed using Bergey’s Man-

ual of Systematic Bacteriology and their macroscopic, 

microscopic, biochemical, and physiological tests (Syed-

Ab-Rahman et al.  2018 ). 
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      Molecular identifi cation of best two 
screened potential lactic acid bacteria 
with probiotic potential. 

   DNA extraction 

 The DNA was extracted according to the protocol outlined 

by Gupta ( 2019 ). Single colonies produced on medium 

(MRS agar petri plates) were transferred to 1.5 ml liquid 

medium (MRS broth) and cultured for 48 h at 28 ± 2 °C on 

a shaker. After this time, the cultures were centrifuged for 

5 min at 4600 × g. 

    Polymerase chain reaction 

 About 10 μl of 5 × Go Taq colourless reaction, 3 μl of 

 MgCl 2 , 1 μl of 10 mM of dNTPs mix, 1 μl of 10 pmol each 

27F (5′- AGA GTT TGA TCM TGG CTC AG-3’) and 

1525R (5′-AAG GAG GTG ATC CAGCC-3′) were used in the 

PCR reaction cocktail. Primers and 0.3 units of Taq DNA 

polymerase (Promega, USA) were used to make up to 42 μl 

of sterile distilled water using an 8 μl DNA template. In a 

Gene Amp 9700 PCR System Thermalcycler (Garibyan & 

Avashia  2013 ). 

    Integrity 

 To validate amplifi cation, a 1% Agarose gel was run to 

assess the integrity of the amplifi ed 1.5 Mb gene segment. 

This was accomplished by mixing 8 μl of amplifi ed prod-

uct with 4 μl of loading dye and running the mixture on a 

solidifi ed Agarose gel for about an hour at 110 V. The photo 

was taken with UV light. The amplifi ed product was further 

tested using a thermo scientifi c nanodrop model 2000 to 

determine the concentration of the amplifi ed product. 

    Purifi cation of amplifi ed product 

 The amplifi ed fragments were ethanol purifi ed after gel 

integrity to remove the PCR reagents. In a new sterile 1.5 μl 

tube eppendorf, 7.6 μl of sodium acetate 3 M and 240 μl of 

95% ethanol were added to each around 40 μl PCR ampli-

fi ed product, mix completely by vortexing, and refrigerate 

at − 20 °C for at least 30 min (Shvartsman et al.  2022 ). 

    Sequencing 

 The amplifi ed fragments were sequenced using an Applied 

Biosystems Genetic Analyzer 3130xl sequencer (Thermo 

Fisher 3500 Series, USA) and a Big Dye terminator v3.1 

cycle sequencing kit, according to the manufacturer’s 

instructions. For all genetic studies, Bio-Edit software and 

MEGA 6 were utilized. 

    Product and sample formulation 

  Lactobacillus plantarum  (JLAB10) and  Leuconostoc lactis  
(KLAB11) were shown to be the best two lactic acid bacte-

ria with probiotic potential in all of the probiotic screening 

tests conducted in the screening tests conducted on the 11 

LAB isolates, both were shown to have the highest probi-

otic potential. They were also utilized to fortify the malted 

acha blend as starter cultures. About 100 g of the oven-dried 

malted acha fl our stored in sterile conical fl asks were meas-

ured and poured into three sterile conical fl asks for each of 

the three treatments (sample J, K, and JK) independently, 

then mixed with 300 ml of sterile distilled water to make 

slurry. Isolate J and K cell suspensions of 10% (w/v) inocu-

lum size (Mac farland standard) was inoculated singly into 

treatments 1 and 2 and in combination into treatment 3 and 

corked with a sterilized cotton wool. This was anaerobically 

fermented at 302 °C for 48 h. After 48 h of fermentation, the 

samples were analyzed for proximate contents, antinutrient 

contents, minerals, and vitamins (Fig.  1 ).         

 Where: Sample K = Blend fermented with single starter 

( Leuconostoc lactis ); Sample J = Blend fermented with 

Acha 

Cleaning 

Washing 

Steeping (48h) 

Malting/germination (48h) 

Oven-drying (60 0C, 20h) 

Dry milling 

Reconstitution of flour (30 % w/v; Livingstone et al., 1993) 

Starter culture                Spontaneous Fermentation (48h) 

n (48h)                 Oven drying (45 0C) 

Oven-drying (45 0C)                                             Dry acha flour 

Dry acha flour 

Controlled fermentatio

  Fig. 1       Flow chart of the unit operations involved in the production of 

starter and non-starter fermented malted acha fl our  
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single starter ( Lactobacillus plantarum ); Sample JK = Blend 

fermented with combined starter ( Lactobacillus plantarum  
and  Leuconostoc lactis ). 

     Chemical analysis of fermenting acha slurry 

   Determination of pH 

 Using a sterile pipette, 10 ml of steep water and fermented 

gruel were aseptically extracted and placed in a conical 

fl ask, where the pH was evaluated using the pH meter’s glass 

electrode (Jenway 3520). 

    Determination of total titratable acidity 

 Transferring 10 ml of supernatant fl uid from a mixture of 

steep water and fermenting gruel into a clean beaker or coni-

cal fl ask and titrating against 1N NaOH to phenolphthalein 

end point confi rmed the formation of lactic acid. The % 

lactic acid v/v was used to calculate the Titratable acidity. 

About 90.08 mg of lactic acid was included in each millilitre 

of 1N NaOH (Tsegay  2020 ). 

    Determination of anti-nutritional factors 
of the fermenting malted Acha slurry 

   Phytate determination 

 Each sample was weighed into a conical fl ask with a capac-

ity of 250 ml To soak each sample in the conical fl ask for 

3 h, l00 ml of 2% Hydrochloric acid (HCI) was added (Naves 

et al.  2014 ). 

    Tannin determination 

 In a 50 m1 beaker, a known weight of the sample (0.02 g) 

was measured, 20 ml of 50% methanol was added, and the 

beaker was covered with paraffi  n and placed in a water bath 

at 77–80 °C for 1 h (Das et al.  2020 ). 

    Determination of polyphenol content 

 Measured 1 g of each sample was weighed into a 250 ml 

conical fl ask, which was then fi lled with 20 ml deionized 

water and left for four days. Each fi ltrate was measured in a 

test tube after the samples were fi ltered (Marjanovic et al. 

 2021 ). 

    Determination of oxalate content 

 In a refl ux condenser, 2 g of sample were cooked in 40 ml 

of water for 30 min. It was boiled for another 30 min after 

adding 10 ml of 20%  Na 2 CO 3 . The liquid extract was fi ltered 

and washed with hot water until there was no alkaline reac-

tion in the wash water (Zulkhairi et al.  2020 ). 

     Proximate analysis of the fermented malted 
samples 

 The proximate composition of all fermentation samples was 

determined using offi  cial analytical procedures provided by 

the Association of Offi  cial Analytical Chemists (Forsido 

et al.  2020 ). All of the tests were done in duplicate. 

    Determination of crude protein 

 The usual semi-micro Kjeldahl technique was used to deter-

mine the crude proteins in the sample. This is made up of 

three diff erent types of analysis: digestion, distillation, and 

titration. 

   Digestion 

 Half grams each fi nely ground dried sample was carefully 

weighed into the Kjeldahl digestion tubes. One Kjeldahl 

catalyst tablet and 10 ml Conc.  H 2 SO 4  were added to this. 

In a fume cupboard, these were placed in the corresponding 

hole of the Digestion Block Heaters. 

    Distillation 

 The distillation was carried out using the Markham Dis-

tillation Apparatus, which permits volatile compounds 

like ammonia to be steam distilled while the distillate is 

completely collected. For around 10 min, the device was 

steamed. The steam generator was subsequently discon-

nected from the heat source, allowing the condensed water 

to escape. After that, the steam generator was put on the heat 

source (heating mantle) and each component of the equip-

ment was properly set up. 

    Titration 

 The resulting green color solution was titrated against a 

50 ml Burette containing 0.0 I N HC1. The green color 

changes to a wine color at the conclusion of the correspond-

ing point, indicating that all of the Nitrogen held as Ammo-

nium Borate [(NH 4 ) 2 BO 3 ] has been released as Ammonium 

Chloride  (NH 4 CI). 

     Crude fat or ether extract determination 

 In a fat-free extraction thimble, 1 g of each dry sample was 

weighed and lightly plugged with cotton wool. The thim-

ble was placed in the extractor and equipped with a refl ux 
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condenser as well as a 250 ml soxhlet fl ask that had been 

dried in the oven, chilled in the desiccator, and weighed. 

Petroleum ether (b.pt. 40–60 °C) was then added to the sox-

hlet fl ask until it is 3/4 full (Thiex et al.  2003 ). 

    Dry matter and moisture determination 

 In a previously weighed crucible, 2 g of the sample were 

weighed into it. The crucible was then placed in a 100 °C 

oven overnight to dry to a consistent weight (Ahn et al. 

 2014 ). 

    Crude fi bre determination 

 In the fi bre fl ask, 2 g of the sample were weighed into it, 

and l00 ml of 0.255 N  H 2 SO 4  were added. With the heat-

ing mantle, the mixture was heated for 1 h under refl ux. A 

fi ber sieve cloth was used to fi lter the heated mixture. The 

fi ltrate was discarded, and the residue was returned to the 

fi bre fl ask, which was then fi lled with 100 ml of 0.313 N 

NaOH and heated under refl ux for another hour (A. Ibrahim 

et al.  2021a ,  b ). 

   Determination of ash content 

 Two grams of the sample was weighed into a porcelain 

crucible. This was transferred into the muffl  e furnace set at 

550 °C and left for about 4 h. About this time, it had turned 

to white ash. The crucible and its content were cooled to 

about 100 °C in air, then room temperature in a desiccator 

and weighed (Ibrahim et al.  2021a ,  b ). 

    Carbohydrate determination 

 Carbohydrate was determined using the diff erence method 

(Niaz et al.  2020 ). From 100, the sum of the values for 

crude protein, crude fat, ash content, and crude fi ber was 

subtracted.

        

    Determination of mineral content 

 In a muffl  e furnace, 5 g of the dry sample were ash for 2 h 

at 550 °C. The elements determined were calcium, magne-

sium, manganese, phosphorus, iron, and zinc. The ash was 

cooled and then washed in 2 ml of  HNO 3  (Trioxonitrate V 

acid) (Moyo et al.  2018 ). Atomic absorption spectropho-

tometer (AAS Model SP9) was used to measure the amount 

of calcium, iron and zinc. A fl ame emission photometer 

(Sherwood Flame Photometer 410) was used to measure the 

magnesium and manganese contents while the phosphorus 

% Carbohydrate = 100 − (sum of the percentage for ash, fat, protein and crude fibre)

content was measured via the Vanado-molybdate method 

(Ahn et al.  2014 ). 

      Determination of vitamin content 

   Determination of niacin (vitamin  B 3 ) 

 Catak (Çatak  2019 ) approach was employed as the method 

to determine the niacin content. About 5 g of the material 

was measured and extracted in a 50 ml extraction tube with 

a 10% potassium bromide solution, fi ltered into a 50 ml 

volumetric fl ask, and brought up to mark with extracting 

solution. 

   Determination of ascorbic acid (Vitamin C) 

 In a mortar, 1 g of sample was weighed, along with a little 

glacial acetic acid. The extract was quantitatively transferred 

into a 50 ml volumetric fl ask with distilled water. The diff er-

ence was made up with extra water and fi ltered quickly. A 

conical fl ask was fi lled up with 10 ml of the fi ltrate and one 

drop of dilute acetic acid (Pisoschi et al.  2008 ). 

    Determination of thiamine 

 One gram of the sample was weighed. The mixture was made 

up of 50 ml of 50% Methanol and 50 ml of 17% Sodium 

Carbonate (ratio 1:1). This was the process of extraction. 

Then fi ltered with Whatman No. 1 fi lter paper. Folins-Denis 

Reagent was added to the fi ltrate. It was allowed to cool until 

a bluish color appeared. The absorbance was then measured 

with a spectrophotometer (AAS Model 969, UK) at a wave-

length of 415 nm (Whitfi eld et al.  2018 ). 

    Determination of ribofl avin 

 About 30 ml dichloroethane and 30 ml of 30% HCl (ratio 

1:1) were added to half (0.5) gram of the sample. After that, 

a 50 ml solution of ammonium hydroxide was added. What-

man No1 fi lter paper was used for the fi ltration. Using a 

spectrophotometer (Spectronic 20 model), the absorbance 

at 415 nm was read (Bartzatt & Wol  2014 ). 

    Statistical analysis 

 All of the tests were carried out in triplicate. Analysis of 

variance (ANOVA) was used to evaluate the data, with 

a signifi cance level of  P  < 0.05. The data is provided as 

mean ± standard deviations. The IBM SPSS Statistic Data 

Editor Software version 20 was used for all statistical 

studies. 
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      Results and discussion 

   Microbiological analysis 

 On MRS agar, total lactic acid bacteria count fell from 

3.72 ×  10 14  to 3.5 ×  10 12  Cfu/ml, as shown in Table  1 . After 

48 h, the highest count was reported, followed by a decline 

at 72 h. The number of aerobic bacteria colonies on nutri-

tional agar decreased from 1.0 ×  10 14  to 1.0 ×  10 10  Cfu/ml, 

indicating that the number of aerobic bacteria has decreased. 

At 72 h, the yeast count has increased from 0 to 8.6 ×  10 11  

Cfu/ml. The greatest count was obtained after 48 h, with 

no growth on the Maconkey agar, and 100% mold removal 

was seen after 24 h. During the fermentation of acha slurry, 

microbiological count indicated an increase in lactic acid 

bacteria, aerobic bacteria, and yeast/mould count as fermen-

tation duration rose, with a drop at 72 h. This was similar 

to Wang et al. ( 2022a ,  b ), conclusion that microbiological 

experiments conducted during the fermentation and manu-

facturing of  mangisi  revealed an increase in total aerobic 

mesophilic and lactic acid bacteria count as fermentation 

time progressed (Liptáková et al.  2017 ). The decrease in 

pH of the medium as a result of lactic acid bacteria growth 

could be the cause of the reduction or complete elimination 

of enteric bacteria and fungi, which was also reported by 

(Abedi & Hashemi  2020 ) that lactic acid fermentation has 

antimicrobial eff ects on pathogenic microorganisms due to 

the presence of acids. Ziarno & Cichońska ( 2021 ) reported 

lactic acid bacteria as one of the major microorganisms 

involved in fermentation of fortifi ed cereal-based foods. 

Apart from the fl ora present on the surface of the grains, 

microbial fl oral may have also been established during mill-

ing thus explaining the higher initial culturable count in the 

formulated blends (Sharma et al.  2020 ).  

    Biochemical and Physiological characterization 
of isolates 

 The biochemical and physiological properties of the isolated 

lactic acid bacteria from the fermenting malted acha slurry 

are shown in Table  2 . There was a total of 11 LAB isolates. 

Indole, gelatin, and starch were all negative, while isolates 

FLAB6, GLAB7, and JLAB10 were all negative for ammo-

nia from arginine. All of the isolates thrived at temperatures 

of 30, 37, and 45 °C, as well as at pH levels of 2, 3, and 4. 

At 3, 4, and 6.5% NaCl concentrations, all of the isolates 

grew.  Lactobacillus sp., Pediococcus sp., and Leuconostoc 
sp.  are the most likely organisms, with  Lactobacillus sp.  
accounting for 36%,  Leuconostoc sp.  for 18%, and  Pediococ-
cus sp.  accounting for 46% each (Table  3 ). All of the chosen 

LAB isolates were able to survive at temperatures of 30, 37, 

and 45 °C, while growth was noted to slow at 45 °C, which 

agrees with the fi ndings of Edo et al. ( 2022a ,  b ), where it is 

found that most lactic acid bacteria perform best at tempera-

tures of 18–37 °C. Temperature is a signifi cant component 

that can have a signifi cant impact on bacterial development 

(Akpoghelie et al.  2022 ). The purpose of using this tempera-

ture range was to see if the isolated cultures could develop 

within the typical body temperature range. If the isolates 

had not been able to survive in the designated temperature 

range, they would not have been able to survive in the human 

gut, which is a requirement for probiotics to demonstrate 

their effi  cacy. The results for growth at the given temperature 

range were positive. The ability of the Pediococcus strains 

to tolerate 3.0–6.5% NaCl agrees with the fi ndings of Edo 

et al. ( 2022a ,  b ), who found that  Lactobacillus sp.  isolated 

from yoghurts can tolerate NaCl concentrations of 1–9%. 

The present experimental results were similar to the work 

done by Ojide et al. ( 2022 ). NaCl is an inhibitory substance 

which may inhibit growth of certain types of bacteria. The 

morphological and biochemical attributes of the LAB strains 

isolated is in agreement with the report of Edo ( 2022a ) who 

described LAB as gram positive, rod or cocci shaped, non-

endospore forming and lactic acid producers from sugar.   

    Probiotic screening tests on isolated lactic acid 
bacteria for potential probiotic organisms 

 Probiotics, which are live cells with diff erent benefi cial 

characteristics, have been extensively studied and explored 

commercially in many diff erent products in the world. The 

essential properties of probiotics include good sensorial 

properties, fermentative activity, proper growth and viability 

in food products, phage resistance and high stability (Aspri 

et al.  2020 ). With this background knowledge, the study was 

conducted to also identify potent lactic acid bacteria cultures 

with probiotic attributes for the fortifi cation of acha fl our 

by controlled submerged fermentation technique. Table  4  

shows the antimicrobial activity of the LAB strains against 

a variety of clinical isolates.  Escherichia coli, Klebsiella sp., 
Salmonella sp., Bacillus sp., Staphylococcus aureus, Vibrio 
cholerae, Pseudomonas sp., and Listeria sp.  were among 

the eight clinical isolates used. The inhibitory activity of 

  Table 1       Microbial load (CFU/ml) of spontaneous fermenting malted 

Acha slurry  

  NG  no growth 

  Microbial type    Fermentation time (hr)  

  0    24    48    72  

  LAB    NG    3.72 ×  10 14     6.45 ×  10 14     3.54 ×  10 12   

  Aerobic bacteria    1.0 ×  10 14     2.2 ×  10 10     1.02 ×  10 12     1.0 ×  10 10   

  Yeast    NG    3.61 ×  10 10     2.16 ×  10 12     8.6 ×  10 11   

  Moulds    2.0 ×  10 6     1.3 ×  10 7     NG    NG  

  Enteric    NG    NG    NG    NG  
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the LAB species against these pathogenic organisms was 

mild to moderate, ranging from 0.0 to 17.0 mm.  Lactoba-
cillus plantarum  produced the most antibacterial effi  cacy 

against  Escherichia coli  (17 mm) (JLAB10).  Staphylococ-
cus aureus, Pseudomonas sp., Salmonella sp., and Vibrio 
cholerae  all showed moderate inhibition. The LAB strains, 

on the other hand, showed only minor inhibition against 

 Bacillus sp., Klebsiella sp., and Listeria sp.  Growth inhibi-

tion observed on agar-spot plates indicates that the LAB 

strains developed antimicrobial products that inhibited the 

growth of food contaminants and pathogens such as  E. coli, 
Klebsiella sp., Salmonella sp., Bacillus sp., Staphylococ-
cus aureus, Vibrio cholerae, Pseudomonas sp., and Listeria 
sp.  This is in line with other studies that demonstrate lactic 

acid bacteria create chemicals that inhibit pathogenic, non-

pathogenic, and spoilage microorganisms. The ability to sup-

press Gram-positive bacteria was confi rmed by Ibrahim et al. 

( 2021a ,  b ), who found that thirty colonies of  L. plantarum  
hindered the growth of  E. faecium  HKLHS implanted in 

MRS agar. Zhang et al. ( 2013 ) isolated  Leuconostoc cit-
reum  KB2, which has antibiotic action against  B. cereus, 
and Lactobacillus brevis  KB12, which has antimicrobial 

activity against  S. aureus and B. subtilis , respectively, from 

Boza (a Turkish drink). This shows that probiotics have the 

potential to be a viable alternative to medicines, which are 

often expensive and have negative eff ects. Antibiotic suscep-

tibility profi les of the strains are shown in Table  5 . In this 

investigation, a total of eight antibiotics were utilized, each 

with a diff erent mode of action. All LAB strains were shown 

to be resistant to cloxacillin, ceftazidime, and cefuroxime 

in this study. They were, however, resistant to erythromy-

cin, Gentamicin, ofl oxacin, and Augmentin. CLSI standards 

were used to calculate breakpoints. Antibiotic resistance in 

probiotic microorganisms is an increasing problem, as anti-

biotic resistant strains are capable of passing the resistant 

gene on to dangerous bacteria (some of which are found 

in the human gut microfl ora) when ingested. Before using 

a probiotic as a functional agent, it is vital to research its 

  Table 2       Biochemical and physiological characterisation of lab isolated from malted Acha slurry  

  Isolate code    Gram stain    Shape    Colour    Edge    Surface    Catalase    Oxidase    Arginine    Starch  

  ALAB1     +     C    Milky white    Entire    Smooth    –    –    –    –  

  BLAB2     +     C    milky white    Entire    Smooth    –    –     +     –  

  CLAB3     +     C    Milky white    Entire    Smooth    –    –    –    –  

  DLAB4     +     C    Creamy    Entire    Smooth    –    –     +     –  

  ELAB5     +     R    Creamy    Entire    Smooth    –    –     +     –  

  FLAB6     +     R    Creamy    Entire    Smooth    –    –    –    –  

  GLAB7     +     R    Creamy    Entire    Smooth    –    –     +     –  

  HLAB8     +     C    Creamy    Entire    Smooth    –    –    –    –  

  ILAB9     +     C    Milky white    Entire    Smooth    –    –    –    –  

  JLAB10     +     R    Milky white    Entire    Smooth    –    –    –    –  

  KLAB11     +     C    Creamy    Entire    Smooth    –    –    –    –  

  Isolate code    Gelatin    Indole    3.0% NaCl    4.5% NaCl    6.5% Nacl    pH 2.0    pH 3.0    pH 4.0    Most probable identity  

  ALAB1    –    –     +      +      +      +      +      +      Leuconostoc  sp.  

  BLAB2    –    –     +      +      +      +      +      +      Pediococcus  sp.  

  CLAB3    –    –     +      +      +      +      +      +      Leuconostoc  sp.  

  DLAB4    –    –     +      +      +      +      +      +      Pediococcous  sp.  

  ELAB5    –    –     +      +      +      +      +      +      Lactobacillus  sp.  

  FLAB6    –    –     +      +      +      +      +      +      Lactobacillus  sp.  

  GLAB7    –    –     +      +      +      +      +      +      Lactobacillus  sp.  

  HLAB8    –    –     +      +      +      +      +      +      Leuconostoc  sp.  

  ILAB9    –    –     +      +      +      +      +      +      Pediococcus  sp.  

  JLAB10    –    –     +      +      +      +      +      +      Lactobacillus  sp  

  KLAB11    –    –     +      +      +      +      +      +      Leuconostoc  sp.  

  Table 3       Percentage of occurrence of lactic acid bacteria isolated from 

malted Acha slurry during fermentation  

  S/N    Probable identity    Number ( n )    Occurrence (%)  

  1     Lactobacillus  sp.    4    36  

  2     Leuoconostoc  sp.    2    18  

  3     Pediococcous  sp.    5    46  

    Total    11    100  
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susceptibility patterns. In this investigation, eight (8) antibi-

otics were utilized, each with its own mechanism of action. 

Gentamicin and erythromycin responses were found in all 

of the LAB strains examined.   

 Table  6  shows the survivability of the isolates in terms 

of acid sensitivity after 24 h. All of the organisms were 

alive and well. The viability ranged from 9.0 ×  10 3  Cfu/

ml to TNTC (Too numerous to count). Table  7  shows the 

growth results for the 0.3–1% mixed bile salt concentration 

approach. After 24 h, strain JLAB10 had the highest growth, 

whereas strains ELAB5 and FLAB6 had the lowest growth 

at 1%. Survival at low pH and high bile salts is a signifi cant 

property of a probiotic (Somashekaraiah et al.  2019 ). As a 

result, the LAB strains’ acid and bile-salt sensitivity tests 

were conducted. For the acid sensitivity test, pH values of 

2.0, 3.0, and 4.0 were used to determine acid resistance, 

and survival was measured at 6, 12, and 24 h to approxi-

mate stomach residence time. At various pH levels, the LAB 

strains demonstrated varying levels of tolerance. The LAB 

strains’ capacity to thrive in a variety of acidic environments 

is consistent with the fi ndings of Edo ( 2022b ). The ability to 

withstand acid and other gastrointestinal conditions is strain-

specifi c, according to Hassan et al. ( 2021 ). All LAB strains 

were able to grow in the pH range of 3.0 to 4.0. This shows 

that pH levels less than 4 may be important to consider when 

choosing possible probiotic functional meals. The presence 

of bile salts in bacteria cultures’ environments is far more 

harmful than the eff ect of low pH. The bile concentration 

  Table 4       Antagonistic activity of LAB isolates against pathogenic microorganisms  

  NA  no activity 

  Isolates     Listeria  sp     Bacillus  sp     Samonella  sp.     Escherichia coli      Klebsiella  sp.     Staphy-
lococcus 
aureus   

   Pseu-
domonas  
sp.  

   Vibrio cholerae   

   Leuconostoc  sp. (ALAB1 )    7.0    9.0    8.0    14.0    10.0    10.0    8.0    8.0  

   Pediococcus  sp. (BLAB2)     NA    8.0    10.0    15.0    12.0    13.0    7.0    9.0  

   Pediococcus  sp. (CLAB3)     10.0    11.0    13.0    16.0    10.0    10.0    9.0    7.0  

   Pediococcus  sp. (DLAB4)     8.0    7.0    9.0    10.0    NA    8.0    9.0    7.0  

   Lactobacillus  sp. (ELAB5)     9.0    NA    7.0    10.0    6.0    7.0    5.0    5.0  

   Lactobacillus  sp. (FLAB6)     NA    7.0    NA    9.0    5.0    7.0    NA    8.0  

   Lactobacillus  sp. (GLAB7)     8.0    NA    7.0    8.0    8.0    7.0    8.0    9.0  

   Pediococcus  sp. (HLAB8)     9.0    9.0    7.0    8.0    8.0    9.0    NA    9.0  

   Pediococcus  sp. (ILAB9)     7.0    NA    7.0    9.0    8.0    8.0    9.0    7.0  

   Lactobacillus  sp. (JLAB10)     8.0    10.0    9.0    17.0    9.0    13.0    8.0    13.0  

   Leuconostoc  sp. (KLAB11)     8.0    9.0    10.0    15.0    10.0    14.0    9.0    10.0  

  Table 5       Antibiotic 

susceptibility test  

 CLSI Std., 2011; R ≤ 5 mm; S ≥ 10 mm; I = 6–9 mm 

  R  resistance,  S  susceptible, I intermediate; Caz = Ceftazidime (30  μg), Crx = Cefuroxime (30  μg), 

Gen = Gentamicin (10 μg), Ctr = Ceftriaxone (30 μg), Ery = Erythromycin (5 μg), Cxc = Cloxacillin (5 μg), 

Ofl  = Ofl oxacin (5 μg) and Aug = Augmentin (30 μg) 

  Isolate    Antibiotics (μg)  

  Caz    Crx    Gen    Ctr    Ery    Cxc    Ofl     Aug  

   Leuconostoc   sp  . (ALAB1)     R    R    S    S    S    R    S    I  

   Pediococcus  sp. (BLAB2)     R    R    S    R    S    R    S    I  

   Pediococcus  sp.  ( CLAB3 )      R    R    S    R    S    R    S    I  

   Pediococcus   sp  .( DLAB4 )      R    R    S    R    S    R    S    S  

   Lactobacillus  sp.  ( ELAB5)     R    R    I    S    S    R    R    R  

   Lactobacillus  sp. (FLAB6)     R    R    S    R    S    R    I    S  

   Lactobacillus  sp   ( GLAB7 )      R    R    S    I    S    R    S    S  

   Pediococcus  sp. (HLAB8 )      R    R    I    S    S    R    R    S  

   Pediococcus  sp. (ILAB9)     R    R    S    R    S    R    S    R  

   Lactobacillus  sp. (JLAB10)     R    S    R    S    S    R    R    S  

   Leuconostoc  sp.  ( KLAB11)     R    R    I    R    S    R    R    R  
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chosen for the screening (0.3–1% mixed bile-salt solution) 

was chosen because it is physiologically comparable to the 

concentration in the duodenum or human bile juice (Nwosu 

et al.  2022 ). The LAB strains were able to survive 0.3, 0.5, 

and 1% bile salt, respectively. Increased bile salt concentra-

tion causes a decrease in viability. According to Ruiz et al. 

( 2013 ), factors like membrane features and surface prop-

erty changes may have altered strain bile tolerance. This 

could account for the diff erences found among the strains we 

investigated. Based on the results of the probiotic screening 

tests, the number of LAB strains was reduced to eleven. The 

best probiotic isolates were thought to be the nine strains. 

Following that, the strains were examined for antibiotic 

susceptibility patterns as well as their capacity to partition 

into hydrocarbons. The ability of the isolates to partition 

into hydrocarbons is shown in Table  8 . Xylene and chlo-

roform were the hydrocarbons employed in this study. The 

percentages obtained ranged from 32.4 to 45.8%. The ability 

to partition diff ered between strains and with hydrocarbon. 

The LAB strains had a higher partition to chloroform than 

to xylene, according to the results. This was shown to be 

strain dependent, with strains CLAB3, DLAB4, JLAB10, 

and KLAB11 producing the highest chloroform partition 

and CLAB3, JLAB10, and KLAB11 producing the largest 

xylene partition. Hydrophobicity to various hydrocarbons 

has been established as an in vitro biochemical diagnostic to 

evaluate the organism’s colonization capability. The hydro-

phobic property of microorganisms’ outermost surfaces 

has been linked to bacterial adhesion to host tissue. This 

characteristic may provide a competitive advantage, which 

is critical for bacterial survival in the human gastrointesti-

nal tract (Mendonça et al.  2022 ). The hydrophobicity of the 

LAB isolates was moderate to positive, ranging from 32.4 to 

43.6% (xylene) to 32.4 to 45.8% (chloroform).    

 However, there were variances in affi  nity for diff erent 

hydrocarbons. Chloroform had a larger affi  nity for the LAB 

strains than xylene.  Lactobacillus sp.  (JLAB10) (identifi ed 

as  L. plantarum)  had the highest chloroform affi  nity, while 

 Leuconostoc sp.  (KLAB11) (identifi ed as  Leuconostoc lac-
tis ) had the highest xylene binding potential. This shows that 

adhesion ability is infl uenced by stress. This is consistent 

with the fi ndings of Evanovich et al. ( 2019 ). Factors like 

non-specifi c charge reaction, non-specifi c hydrophobicity 

reaction, or the presence of protenaceous components in the 

surface layered proteins of the strains that are involved in the 

adhesion process through their binding to carbohydrate por-

tions, as reported by Han et al. ( 2021 ), could have infl uenced 

the adhesion variability observed. Two of these isolates were 

utilized as starter cultures in a 48-h fermentation of oven 

dried malted acha fl our at 30 °C.  Lactobacillus plantarum  

  Table 6       Viable count for acid sensitivity  

  TNTC  too numerous to count 

  Isolates    Growth at diff erent acidic pH (total 

viable count (Cfu/ml)  

  1    2    3  

   Leuconostoc  sp. (ALAB1)     5.0 ×  10 4     9.9 ×  10 4     2.12 ×  10 5   

   Pediococcus  sp. (BLAB2)     3.5 ×  10 4     7.0 ×  10 4     TNTC  

   Pediococcus  sp. (CLAB3)     4.0 ×  10 4     6.5 ×  10 4     TNTC  

   Pediococcus  sp. (DLAB4     2.2 ×  10 4     6.0 ×  10 3     TNTC  

   Lactobacillus  sp .  (ELAB5)     1.0 ×  10 4     2.7 ×  10 4     TNTC  

   Lactobacillus  sp. (FLAB6)     9.0 ×  10 3     2.0 ×  10 4     7.8 ×  10 4   

   Lactobacillus  sp. (GLAB7)     2.4 ×  10 4     3.9 ×  10 4     TNTC  

   Pediococcus  sp. (HLAB8)     3.0 ×  10 4     6.8 ×  10 4     TNTC  

   Pediococcus  sp. (ILAB9)     2.8 ×  10 4     4.5 ×  10 4     1.70 ×  10 5   

   Lactobacillus  sp. (JLAB10)     1.44 ×  10 5     2.93 ×  10 5     TNTC  

   Leuconostoc  sp. (KLAB11)     1.28 ×  10 5     2.28 ×  10 5     TNTC  

  Table 7       Tolerance to bile salt of isolated LAB (plate count for bile 

salt)  

  TNTC  too numerous to count 

  Isolates    Growth at  (A 560 ) Bile salt concentra-

tion/growth at 24 h (Cfu/ml)  

  0.3    0.5    1.0  

   Leuconostoc  sp. (ALAB1)     9.0 ×  10 4     4.0 ×  10 4     2.5 ×  10 4   

   Pediococcus  sp. (BLAB2)     TNTC    3.5 ×  10 4     2.4 ×  10 4   

   Pediococcus  sp. (CLAB3)     5.0 ×  10 4     2.0 ×  10 4     1.0 ×  10 4   

   Pediococcus  sp. (DLAB4)     2.3 ×  10 4     1.5 ×  10 4     9.0 ×  10 3   

   Lactobacillus  sp .  (ELAB5)     7.0 ×  10 3     5.0 ×  10 3     3.0 ×  10 3   

   Lactobacillus  sp. (FLAB6)     7.0 ×  10 3     4.0 ×  10 3     2.0 ×  10 3   

   Lactobacillus  sp. (GLAB7)     4.5 ×  10 4     3.3 ×  10 4     2.0 ×  10 4   

   Pediococcus  sp. (HLAB8)     1.5 ×  10 4     1.1 ×  10 4     9.0 ×  10 3   

   Pediococcus  sp. (ILAB9)     TNTC    7.5 ×  10 4     5.5 ×  10 4   

   Lactobacillus  sp. (JLAB10)     TNTC    1.25 ×  10 5     8.0 ×  10 4   

   Leuconostoc  sp. (KLAB11)     TNTC    9.8 ×  10 4     7.8 ×  10 4   

  Table 8       Cell surface hydrophobicity test of isolated LAB  

  Isolates    Adherence (%)  

  Xylene    Chloroform  

   Leuconostoc  sp. (ALAB1)     32.4    35.4  

   Pediococcus  sp. (BLAB2)     33.6    32.5  

   Leuconostoc  sp. (CLAB3)     43.5    40.2  

   Pediococcus  sp. (DLAB4)     39.3    42.1  

   Lactobacillus  sp. (ELAB5)     39.5    37.8  

   Lactobacillus  sp. (FLAB6)     38.7    36.8  

   Lactobacillus  sp. (GLAB7)     39.9    38.6  

   Leuconostoc  sp. (HLAB8)     36.5    34.8  

   Pediococcus  sp. (ILAB9)     38.7    37.9  

   Lactobacillus  sp. (JLAB10)     42.0    45.8  

   Leuconostoc  sp. (KLAB11)     43.6    41.7  
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JLAB10 strain DF and  Leuconostoc lactis  KLAB11 strain 

LMG 22650 were the isolates used in this experiment. 

    Molecular identifi cation of the best two selected 
LAB isolates to be used as starter cultures 

 The various microorganisms isolated from the fermented 

malted acha slurry were identifi ed phenotypically based on 

their morphological, physiological and biochemical char-

acteristics. The isolates on MRS agar were thus identifi ed 

as  Lactobacillus  sp. , Leuconostoc  sp. and  Pediococcus  sp. 

Also, the molecular identifi cation of the best two isolates 

screened for probiotic potentials as starter cultures for the 

fortifi cation of the malted acha fl our were observed to be 

99% similar to  Lactobacillus plantarum  strain DF ( Lactoba-
cillu s sp. JLAB10) and 99% identical to  Leuconostoc lactis  
16S rRNA gene, strain LMG 22650 ND ( Leuconostoc  sp. 

KLAB11) (Fig.  2 ). Phylogenetic relationship of isolate J was 

observed to have a 99% similar to  Lactobacillus plantarum  
strain DF and isolate K was observed to have a 99% iden-

tical to  Leuconostoc lactis  16 s rRNA gene, strain LMG 

22650 (as shown by arrows) with related species based on 

partial 16S rDNA gene sequence analysis (Fig.  3 ). The phy-

logenetic tree was constructed using the neighbour joining 

method. The numbers at the nodes are bootstrap confi dence 

levels (%) from 1000 replicates. Reference sequences were 

obtained from the GenBank nucleotide sequence database. 

The various microorganisms isolated from the fermented 

acha slurry were identifi ed phenotypically based on their 

morphological, physiological and biochemical characteris-

tics. The isolates on MRS agar were thus identifi ed as  Lacto-
bacillus  sp. , Leuconostoc  sp. and  Pediococcus  sp. Also, the 

molecular identifi cation of the best two isolates screened for 

probiotic potentials as starter cultures for the fortifi cation of 

the acha fl our were observed to be 99% similar to  Lactoba-
cillus plantarum  strain DF ( Lactobacillu s sp. JLAB10) and 

99% identical to  Leuconostoc lactis  16S rRNA gene, strain 

LMG 22650 ND ( Leuconostoc  sp. KLAB11).  Lactobacillus 
plantarum ,  Leuconostoc lactis  and  Pediococcus  sp. were the 

predominant lactic acid bacteria, which was in agreement 

with the fi ndings of Pereira et al. ( 2021 ), who reported that 

KM J 

  Fig. 2       Electrograph for Isolate J and K (electrograph was taken under 

UV light)  

KT748637.1 Alcaligenes faecalis
AJ970316.1 Leuoconostoc lactis

Isolate K 
362628.1 Lactobacillus fermentum

EU147302.1 Lactobacillus brevis
KT962237.1 Lactobacillus plantarum

Isolate J 

  Fig. 3       Phylogenetic relationship tree of isolate J and K  
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 L .  plantarum  as the predominant organism in the fermenta-

tion responsible for lactic acid production.                 

    Chemical analysis 

 The result of the chemical analysis in Table  9  shows that 

the pH of the fermented malted acha slurry decreased 

drastically within the first 24 h and gradually till the 

end of fermentation time (72 h). The least pH of the fer-

menting acha slurry was observed at 72 h with a pH of 

3.5. The titratable acidity (TTA) increased with increase 

in fermentation time. The TTA values ranged from 0.3 

to 1.2 mg/ml with the highest total titratable acidity of 

1.2 mg/ml at 72 h. The reduction in pH as fermentation 

time increased could be due to the lactic acid bacteria’s 

rapid growth rate, which is consistent with the submis-

sion of Sharma et al. ( 2020 ). The Titratable acidity of 

the fermenting acha slurry increased as the fermentation 

time increased. The generation of acid by lactic acid bac-

teria during fermentation induced a continuous increase 

in titratable acidity, which could be related to the produc-

tion of acid by the bacteria. Similarly, Wang et al. ( 2021 ) 

reported that the decrease in pH and increase in titratable 

acidity may be due to microbial activity that resulted in 

the dominance of lactic acid bacteria which degrade car-

bohydrate resulting in acidification of the product. Sev-

eral cereal-based foods have been shown to increase in 

acidity during fermentation (Verni et al.  2019 ).  

    Eff ect of spontaneous fermentation 
on the antinutrients content of malted acha fl our 

 Table  10  shows the results of the analysis of the eff ect of 

spontaneous fermentation on the antinutrient contents 

of malted acha flour. The results showed that phytate, 

polyphenol, tannin and oxalate contents decreased with 

increase in fermentation time. Phytate content ranges from 

63.33 mg/100 g at 0 h to 41.67 mg/100 g in 72 h. Tannin con-

tent ranges from 131.67 mg/100 g at 0 h to 105.0 mg/100 g 

in 48  h. The least tannin content 105.0  mg/100  g was 

recorded at 48 h. Polyphenol content ranges from (15.47 

GAE/g) at 0 h to 13.47 GAE/g in 72 h. The least polyphenol 

content (13.50 GAE/g) was recorded at 48 h and the high-

est value (15.47 GAE/g) was observed at 0 h. oxalate con-

tent range from 343.33 mg/100 g at 0 h to 245.50 mg/100 g 

in 72 h respectively except for Oxalate, all the 48 h and 

72 h of all other antinutrient contents were not signifi cantly 

( P  > 0.05) diff erent from each other. The decrease in anti-

nutrients as fermentation time increased could be attributed 

to the breakdown or hydrolysis of these antinutrients during 

fermentation by hydrolytic enzymes (Yakubu et al.  2022 ). 

Also, the decrease could help make minerals available and 

also lead to the breakdown of carbohydrates and proteins for 

easy accessibility (Babarinde et al.  2020 ). This decrease in 

antinutrients as fermentation time increased is supported by 

Adejuyitan et al. ( 2009 ).  

    Eff ect of starter culture fermentation 
on the antinutrient contents of the malted acha 
fl our 

 Table  S1  showed the analysis of result of the eff ect starter 

fermentation on the antinutrient contents of the malted 

acha flour. The least phytate content was recorded at 

36.67 mg/100 g for sample JK fermented with combined 

strain of  Leuconostoc lactis  and  Lactoabacillus plan-
tarum  for 48 h respectively. The least polyphenol con-

tent 12.57GAE/g was recorded in sample JK. The least 

oxalate content 246.0 mg/100 g was recorded in sample J 

at 48 h of fermentation. The statistical analysis revealed 

that the phytate, tannins, polyphenol and oxalate contents 

  Table 9       Eff ect of fermentation time on the pH and total titratable 

acidity of the fermented malted Acha slurry  

 Values in the same column followed by the same letter are not sig-

nifi cantly diff erent ( P  > 0.05) from each other, but diff er signifi cantly 

( P  < 0.05) with values that do not share a similar letter 

  Parameter    Fermentation Time (Hrs)  

  0    24    48    72  

  pH    6.4 ± 0.18 a     4.8 ± 0.14 b     3.7 ± 0.10 c     3.5 ± 0.13 c   

  TTA (mg/ml)    0.3 ± 0.04 d     0.5 ± 0.02 d     0.9 ± 0.07 e     1.2 ± 0.08 e   

  Table 10       Eff ect of fermentation 

time on the antinutritional 

content of spontaneously 

fermented malted Acha fl our  

 Values in the same column followed by the same letter are not signifi cantly diff erent ( P  > 0.05) from each 

other, but diff er signifi cantly ( P  < 0.05) with values that do not share a similar letter 

  Fermentation 

time (hr)  

  Antinutritional content  

  Phytate (mg/100 g)    Tannins (mg/100 g)    Polyphenol (GAE/g)    Oxalate (mg/100 g)  

  0    63.33 ± 1.67 c     131.67 ± 1.67 c     15.47 ± 0.09 c     343.33 ± 1.167 d   

  24    55.0 ± 2.89 b     120.0 ± 2.89 b     14.37 ± 0.09 b     290.0 ± 2.89 c   

  48    46.67 ± 1.67 a     105.0 ± 2.89 a     13.50 ± 0.11 a     253.33 ± 1.67 b   

  72    41.67 ± 1.67 a     106.67 ± 1.67 a     13.47 ± 0.14 a     245.50 ± 2.89 a   
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were not signifi cantly diff erent ( P  > 0.05) from each other. 

The lower values for phytate and polyphenol for sample 

JK compared to the other samples could be attributed to 

the acclimatization of the combination of bacteria to the 

fermentation condition which was better compared to the 

others. The same can also be said for the lower values 

for tannin recorded for sample K and oxalate recorded 

for sample J. This trend in reduction of antinutrients with 

increase in fermentation time using starter culture is sup-

ported by Wang et al. ( 2022a ,  b ). 

 The fact that starter culture fermented malted acha fl our 

had lower antinutrient levels with increase in fermentation 

time than spontaneous fermented malted acha fl our is sup-

ported by Verni et al. ( 2022 ). 

    Eff ect of spontaneous fermentation on proximate 
contents of the malted acha fl our 

 Analysis on the eff ect of fermentation time on proximate 

contents of the spontaneously fermented malted acha 

fl our is as shown on Table S2. The crude protein, crude 

fat and ash contents increased with increase in fermenta-

tion time within 48 h of fermentation and decreased by 

72 h. The highest crude protein content (11.17%) recorded 

at 48 h was signifi cantly diff erent ( P  < 0.05) from other 

fermented samples while the highest crude fat (1.43%) 

and ash (1.70%) contents observed at 48 h fermentation 

time were not signifi cantly diff erent ( P  > 0.05) from 24 h 

fermented samples. The carbohydrate content decreased 

with increase in fermentation time with the least (75.27%) 

recorded at 48 h was signifi cantly diff erent ( P  < 0.05) from 

0, 24 to 72 h fermented samples. The crude fi bre con-

tent decreased with increase in fermentation time with 

the least (1.73%) recorded at 72 h was signifi cantly dif-

ferent ( P  < 0.05) from 0 to 24 h fermented samples. The 

moisture content increased with increase in fermentation 

time with the highest (8.80%) recorded at 24 h was not 

signifi cantly diff erent ( P  < 0.05) from 24 h fermented sam-

ples. The increase in crude protein content as fermentation 

time increased could be due to the activities of proteolytic 

enzymes which caused the liberation of free amino acids 

into the medium (Sharma et al.  2020 ). This submission 

conforms to the fi ndings of Jideani & Jideani ( 2011 ) who 

recorded increase in protein content with increase in fer-

mentation time. The increase in crude fat with increase 

in fermentation time could be as a result of the forma-

tion of esters due to the reaction of fatty acids with some 

active radicals present in the fermenting medium which 

is responsible for the development of fl avours in foods 

(Dereje et  al.  2020 ). However, the decrease in values 

recorded at 72 h fermentation time indicated that there are 

optimum periods at which proximate contents increased 

during fermentation of foods. 

    Eff ect of starter culture fermentation on proximate 
contents of the malted Acha fl our 

 The result of the eff ect of starter fermentation on proximate 

contents of the oven dried malted acha fl our is as shown in 

Table S3. The result shows that  Lactobacillus plantarum  
and  Leuconostoc lactis  used singly and in combination as 

starter culture (probiotics) yielded better results than fer-

mentation of the substrate with a single starter culture. This 

is in alignment with reports from literatures that most pro-

biotics do well in synergistic relationship as starter cultures 

when employed in fermentation processes. The crude protein 

and ash content was highest in combined fermentation of 

both starter cultures compared to  Leuconostoc lactis  and 

 Lactobacillus plantarum  inoculated singly. However, for 

crude fi bre,  Leuconostoc lactis  had higher value compared 

to the others. Statistical analysis revealed that crude protein, 

crude fi bre, ash content and carbohydrate were signifi cantly 

diff erent ( P  < 0.05) from each other in the spontaneously 

fermented acha fl our while the results from the starter fer-

mented acha fl our were not signifi cantly diff erent ( P  > 0.05) 

from each other respectively. The increase in carbohydrate 

content in both spontaneously and starter fermented acha 

fl our was in contrast to the fi nding of Ogodo et al. ( 2019 ) 

who observed that the decrease in carbohydrate content of 

germinated blend might be due to increase in alpha-amylase 

activity which breaks down complex carbohydrate to simpler 

and more absorbable sugars which are utilized by growing 

seedlings during the early stage of germination. Acha is also 

one of the most nutrient-dense cereals available. Its seed is 

high in methionine and cystine, two amino acids that are 

essential for human health but are lacking in today’s pri-

mary grains such as wheat, rice, maize, sorghum, barley, 

and rye (Olagunju et al.  2022 ). The highest crude protein 

content recorded at 48 h of fermentation is in an agreement 

with the observation recorded by Nwaoha ( 2015 ) that the 

characteristics of acha protein, carbohydrate, and ash con-

tents which increases with increase in fermentation time. 

This could potentially produce weaning foods with desirable 

properties. The increase in moisture content as fermentation 

times increases further confi rms the reports form a perusal 

of literatures that acha have a high-water absorption capac-

ity, which could be attributed to a signifi cant amount of pen-

tosan. Weaning meals could benefi t from acha’s high water 

absorption ability. Pentason has been discovered to be a 

critical regulator of dough water absorption and distribution. 

The lower fi bre content may be due to sugar utilization in the 

seed for metabolic sprouting activity leaving fi brous seeds 

and enzymatic degradation of the fi bre during fermentation. 

Increased in ash content as fermentation time increases was 
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due to germination/malting of acha grains which is agree-

ment with the fi ndings of Abiola Oso and Omotayo Ashafa 

( 2021 ). The increase in proximate composition and minerals 

at 48 h, and lower antinutritional composition of the sample 

at a higher fermentation time of 72 h, is in agreement with 

the fi ndings of Yakubu et al. ( 2022 ) who reported that fer-

mentation increased bioavailability of minerals in cereals 

and legumes via hydrolysis of phytase. 

    Eff ect of spontaneous fermentation on the mineral 
content of the malted acha fl our 

 Analysis of the mineral content of the spontaneously fer-

mented malted acha fl our as shown in (Table S4) showed 

that Ca, Mg, Fe, Zn, Mn and P increased with increase 

in fermentation time. Calcium (Ca) content range from 

61.67 mg/100 g at 24 h to 73.33 mg/100 g at 72 h. There 

was a signifi cant diff erence at ( P  < 0.05) for 0 h and 48 h 

and no signifi cant diff erence at 24 h and 72 h respectively. 

Magnesium (Mg) content range from 16.67 mg/100 g at 24 h 

to 23.33 mg/100 g at 72 h. The results from the spontane-

ously fermented acha fl our were not signifi cantly diff erent 

( P  > 0.05) from each other respectively. Iron (Fe) content 

range from 4.17 mg/100 g at 24 h to 4.60 at 72 h respec-

tively. The results were not signifi cantly diff erent ( P  > 0.05) 

from each other at (0 h and 24 h) and (48 h and 72 h) respec-

tively. Zinc (Zn) content range from 0.30 mg/100 g at 0 h to 

0.47 mg/100 g for 72 h. The results were not signifi cantly 

diff erent ( P  > 0.05) from each other at (24 h and 48 h). The 

results were signifi cantly diff erent ( P  < 0.05) for 0 h and 72 h 

from each other respectively. Manganese (Mn) content range 

from 0.01 mg/100 g at 0 h to 0.02 mg/100 g at 72 h. The 

results were not signifi cantly diff erent ( P  > 0.05) from each 

other. Phosphorus (P) content range from 80.0 mg/100 g at 

0 h to 90 mg/100 g at 48 h. The results were not signifi cantly 

diff erent ( P  > 0.05) from each other. The increase in mineral 

contents with increase in fermentation time may be due to 

their release from chelated complex compounds through 

the activities of the fermentative microorganisms (Onuoha 

et al.  2014 ). Also, the reduction in antinutrients could have 

played its own part in helping to raise the amount of miner-

als during fermentation. The increase in mineral contents 

with increase in fermentation time is in consonance with the 

fi ndings of Ojide et al. ( 2022 ). 

    Eff ect of starter culture fermentation on the mineral 
content of the malted acha fl our 

 Analysis of the mineral content of the starter fermented 

malted acha fl our is shown in Table S5. Calcium (Ca) and 

iron (Fe) contents for sample JK fermented in combina-

tion with  Leuconostoc lactis  and  Lactoabacillus plantarum  
was higher than in sample J fermented with  Lactobacillus 

plantarum  and sample K fermented with  Leuconostoc 
lactis  for 48 h respectively. Magnesium (Mg) content for 

sample K was higher than in sample J and sample JK for 

48 h respectively. Zinc (Zn) and Phosphorus (P) contents 

for for sample J was higher than in sample K and sample 

JK at 48 h respectively. Manganese (Mn) content for sam-

ple K was 0.02 mg/100 g, 0.01 mg/100 g for sample J and 

0.01 mg/100 g for sample JK at 48 h of fermentation time 

respectively. The statistical analysis revealed that the Ca, 

Mg, Fe, Zn, Mn and P contents were not signifi cantly dif-

ferent ( P  < 0.05) from each other for starter fermented acha 

fl our but were signifi cantly diff erent ( P  < 0.05) from the 

spontaneously fermented acha fl our. The increase in phos-

phorus and iron was in accordance with the observation of 

Bazine and Arslanoğlu ( 2020 ), who recorded that malting 

improves the extractability of Ca, Fe, Mg, P, ascorbic acid, 

niacin, thiamine and ribofl avin to varying extent. This was 

also in agreement with the fi nding of (Yakubu et al.  2022 ), 

who recorded that sprouting/malting improves the extract-

ability of Ca, Fe, and P signifi cantly to a varying extent. 

    Eff ect of spontaneous fermentation on the vitamin 
contents of the malted acha fl our 

 Analysis of the vitamin content of the spontaneously fer-

mented malted acha fl our as shown in Table S6 showed that 

ascorbic acid, niacin, thiamine and ribofl avin increased with 

increase in fermentation time. The least ascorbic acid content 

of 6.87 mg/100 g was observed at 24 h and the highest ascor-

bic acid content 8.03 mg/100 g was recorded at 72 h. The 

least niacin content of 0.73 mg/100 g was recorded at 24 h 

and the highest content 1.30 mg/100 g was observed at72 h. 

The least thiamine content of 0.15 mg/100 g was recorded at 

24 h and the highest content 0f 0.20 mg/100 g was recorded 

at 48 h. The least ribofl avin content 0.04 mg/100 g was 

observed at 24 h and the highest content of 0.80 mg/100 g 

was observed at 48 h respectively. The statistical analysis 

of the result on vitamin content showed no signifi cant dif-

ferent ( P  > 0.05) from each other. The increase in vitamin 

content could be a result of the ability of the microorgan-

isms to generate vitamins on their part during fermentation 

(Revuelta et al.  2016 ). This increase in vitamin content with 

increase in fermentation time is similar to the fi ndings of 

Averianova et al. ( 2020 ) in production of vitamin B2 using 

microorganisms. 

    Eff ect of starter culture fermentation on the vitamin 
contents of the malted acha fl our 

 Analysis of the vitamin content of the spontaneously fer-

mented malted acha fl our is shown in Table S7. The ascor-

bic acid, niacin and thiamine contents for sample JK was 

higher than that recorded for sample J and sample K at 
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48 h of fermentation. The ribofl avin content for sample 

K was 0.07 mg/100 g, 0.08 mg/100 g for sample J and 

0.20  mg/100  g for sample JK for 48  h of fermentation 

respectively. The statistical analysis of the result on vitamin 

content of the starter fermented acha fl our showed signifi -

cant diff erent ( P  < 0.05) from the spontaneously fermented 

acha fl our. This increase in vitamin content with increase in 

fermentation time using starter culture could be due to the 

movement and redistribution of the vitamins and partly due 

to production of these vitamins by the starter cultures as 

previously mentioned (Handa et al.  2017 ). 

     Conclusion 

 The fi ndings of the study revealed that starting fermentation 

of acha fl our can be utilized to improve the microbiologi-

cal properties, reduce antinutrient content, increase mineral 

and vitamin content, and as well improve the general nutri-

tional qualities of fermented acha fl our. Thus, fermentation 

(with selected probiotic strains in synergistic relationship) of 

plant-based complementary foods and the use of steeped and 

malted acha grains can be used to produce weaning food of 

improved nutritional quality which can be an eff ective food 

for alleviating infant malnutrition and conferring additional 

health benefi ts such as child growth, gut microbiota bal-

ance, and brain development. As a result of this research, 

it has been determined that by fermenting the blends with 

mixed starters, a more nutritious formulation blend of wean-

ing food from malted acha fl our can be developed ( Lacto-
bacillus plantarum  and  Leuconostoc lactis ) which gave a 

proximate of higher crude protein, ash, minerals, vitamins 

contents with lower antinutrient factors, carbohydrate, crude 

fi bre and moisture contents respectively. Further research 

should focus on the areas of in-vivo animal experiments to 

assess the diverse eff ects of the selected probiotic strains 

utilized in the malted acha mix fermentation. 
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