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Abstract - “Otika” is a fermented grain beverage made in the Southwestern region of Nigeria using locally developed
fermentation methods. On the third day of fermentation, it has a nice flavor that is sweet, somewhat sour, and has an
opaque brown color. This work aims to assess the nutritional properties of this beverage by using a few chosen
predominant microorganisms, both in a mixed and single form. An analysis of this fermented beverage’s proximate,
antinutrient and mineral content was done. After 72 hours of fermentation, the pH dropped from 7.2 to 4.9, and the
total titratable acid increased from 0.04% to 0.1%. When compared to other isolates, L. plantarum had the greatest
protein content (1.33 + 0.05%). Wesiella cibaria had the lowest carbohydrate amount (8.24 +0.6%), whereas S. cerevisiae
had the greatest carbohydrate content (11.02 + 0.02%). The W. cibaria culture yielded the lowest levels of tannin and
total phenol content (1.9+ 0.0 mg/100g and 2.5+ 0.00 mg/100g, respectively). The values of potassium, magnesium, iron,
and zinc with the Otika bought from a local producer were the highest at 18.26 + 0.02, 2.03 +0.11, 0.42 +0.14, and 2.02 +
0.01 mg/100g, respectively. Overall, the use of the W.cibaria strain as a single starter culture in the fermentation process
of “Otika” helped to raise the nutritive value among other microorganisms that served as starter cultures.
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1. Introduction

Otika’ is a popular Indigenous beverage with a vinegar-like flavour consumed in the southwestern region of
Nigeria [1]. It is mainly produced from the grains of guinea corn (Sorghum vulgare and Sorghum bicolor). The
traditional process of preparing ‘Otika’ involves steeping sorghum grains in water overnight, malting, mashing,
fermentation and maturation [2-4]. It has a good flavour; it is sweet, slightly sour with a brownish-opaque colour
and has a pleasant taste during the third day of fermentation [3, 5]. Microorganisms are used for the production of
specific metabolites such as acids, alcohols, enzymes, antibiotics, and carbohydrates in food fermentation. Major
fermentation microorganisms include Lactic Acid Bacteria (LAB), moulds, and yeasts, which sometimes form
complex populations that act in concert [6]. All of the traditional fermented beverages are originally fermented by
natural microorganisms, which have been transferred from generation to generation. Hence, preparation
procedures for these beverages are still traditional arts, and the fermentation is, by and large, uncontrolled and
unpredictable [7]. The natural microflora of the raw material is inefficient, uncontrollable, and unexpected or is
eradicated by the heat treatments given to the food. This poses problems for the end product of the fermented food
because of the inconsistency in nutrient and organoleptic quality.
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A starter culture is a microbial preparation made up of a significant percentage of cells from at least one microbe
that is introduced to a raw material to increase the activity of fermentation and produce a fermented food [8]. The
use of starter cultures is a good approach for the control and optimization of the fermentation process to alleviate
the problems of variations in organoleptic quality and microbiological stability. Few or no investigations have been
carried out on the use of starter cultures for fermenting “Otika”. The predominant microorganisms isolated from
this traditionally fermented “Otika” could be developed into starter cultures that could be used to produce a
fermented improved nutritional beverage with consistent quality. Thus, it should be possible to modify the
nutritional composition of “Otika” through the use of starter cultures. The objective of this study is, therefore,
designed to examine the influence of the predominant microorganisms on the proximate, antinutrient, and mineral
contents of this fermented beverage.

2. Material and Methods
2.1. “Otika” Preparation

In a ratio of 1:3 (w/v), Sorghum grains and water were mixed and left for two days at room temperature to
steep. It was spread on a moistened fresh banana and left for 3 days with regular wetting. After the germinated
grains were dried for 2 days and milled using the grinding instrument, the wort was removed from the milled
malted sorghum grains by cooking (100°C) for 7 hours. It was cooled at room temperature and poured into a bowl.
It was left to ferment for 3 days naturally. This was done in the laboratory using the indigenous method.

Sorghum Grains
! (Addition of Water at 1:3 v/w)
Steeping (48 hr)
l  (Spread on the Tray at Room Temperature)
Germinating (24-48 hr.)
}  (Remove Rootlet after Drying)
Milling
|  (Filter)
Cooking the Wort (100°C) 7 hrs

!
Left to Ferment for 72 hrs

Fig. 1 Flow chart in the production of ““Otika”

2.2, pH Determination

A volume of twenty milliliters of the sample was poured into a beaker. The pH of the solution was ascertained
using a pH meter (Hannah Model 3051 UK). Prior to measuring the pH, the pH meter was standardized with buffer
solutions of pH 7 and 4.

2.3. Total Titratable Acidity (ITTA) Determination

Fifty milliliters of the solution was filtered using Whatman filter paper, specifically Grade 1, which is a
qualitative filter paper of standard grade with a diameter of 25 mm. After filtration, twenty-five milliliters of the
resulting filtrate were subjected to titration. This titration was performed using 0.1 M NaOH (sodium hydroxide)
and phenolphthalein as an indicator. The purpose of this titration was to determine the amount of acid present in
the sample, which was expressed as a percentage of lactic acid.

To obtain accurate results, triplicate determinations were conducted, and the mean of the Titratable Acidity
(TTA) was calculated using the values obtained from these three determinations:
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TTA (%) = Average Titre Value x 0.1IM x 0.009008 x100
Weight of Sample

2.4. Starter Cultures Preparation

The cultures of Weisellia cibaria, Lactobacillus plantarum and yeast (Saccharomyces cerevisiae), which were
isolated from the otika, were used due to their exhibition of antimicrobial substances against pathogenic and
spoilage microbes and predominancy. The lactic acid bacteria were cultivated by growing them on MRS agar and
incubating them at 37°C for 24 hr. A colony was transferred into MRS broth at 37°C for 24 hr. Ten milliltres of this
grown culture was centrifuged for 15 min at 5000 rpm. The cell pellets were washed with sterile distilled water and
recentrifuged. It was diluted to have a culture containing 109cfu/mL. The culture of Saccharomyces cerevisiae was
cultivated by streaking on Malt Extract agar, incubated at 28°C for 48 hr. A colony was then inoculated into 10 mL
of Malt extract broth and incubated at 28°C for 24 hr. The culture was prepared as described previously. It was
diluted to a concentration of 107cfu/mL. Ten mL portions of the respective suspensions of each culture, as well as
a combination of both starter cultures, were used as inocula for 250 mL of the prepared beverages. The traditional
production of beverages without any starter culture served as the control [9].

2.5. Determination of Proximate Composition
Proximate analysis was determined for the fermented beverage using the starter cultures as both a single and
a mixture. These are discussed below, according to A.O.A.C. [10].

2.5.1. Moisture Content Determination

First, 10 milliliters of each sample were poured into a new pre-weighed petri dish and placed in an oven at a
temperature of 105°C for a period of 3 hours to dry the samples. After this, the petri dish and its contents are placed
in a desiccator to cool down. Once cooled, they are weighed again. The sample is then subjected to further drying,
cooling, and weighing at 30-minute intervals until a constant weight is achieved. This indicates that the sample has
reached a state of constant dryness. The moisture content of the sample is calculated using a specific formula and
expressed on a dry-weight basis:

% MC = P1—P»

P1-T

Where,

Po = Weight of empty Petri dish

P1 = Weight of Petri dish + sample before drying
P2 = Weight of Petri dish + sample after drying

2.5.2. Crude Fat Determination

A 10 mL sample is placed in a pre-weighed flat bottom flask with an extractor attached to it. The thimble is
positioned halfway into the extractor, and the sample is carefully transferred into the thimble. Extraction is
performed using petroleum ether with a boiling point range of 40-60°C. The thimble is sealed with cotton wool
fully inserted into the extractor, and the extraction process is carried out continuously for 8 hours. After extraction,
the solvent is removed by evaporation in a water bath. The remaining part of the flask is then dried at 80°C for 30
minutes in a hot air oven to eliminate any excess solvent. Once cooled in a desiccator, the flask is reweighed to
determine the weight of the extracted fat. The percentage of fat in the sample is calculated by,

Percentage= Weight of Extracted Fat x100
Sample Weight
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2.5.3. Total Ash Determination

The weight of the crucible dish is measured. Then, a 20 mL sample is added to the crucible and placed in a
mulffle furnace rack that has also been weighed. The temperature of the furnace is set to 500°C, and the sample is
left to ash for a duration of 16 hours. Once the ashing process is complete, the ash in the crucible dish is removed
and placed in a desiccator to cool. After cooling, the ash is weighed, and the percentage of ash is calculated using a
specific formula. Overall, the procedure involves weighing the crucible dish, adding and ashing a sample, and
calculating the percentage of ash:

Percentage ash = Total Weight of Ash ~ x 100
Sample Weight

2.5.4. Crude Protein Determination

A sample was weighed into a 500 mL Kjeldahl flask, and two tablets of the catalyst mixture and 20 mL of
concentrated sulphuric acid (H2SOs) were added. The flask was heated in a fume cupboard until clear. The mixture
was cooled, and distilled water was added. 25 mL of 1% boric acid was added to a 250 mL conical flask, and the
distillation apparatus was placed under the collection spigot. Ten mL of the digest was pipetted into the stopper
portion of the condenser, and 20 mL of 40% sodium hydroxide solution was added. The solution was allowed to
distil for 15 minutes, and the purple solution turned green. The distillate was titrated against 1.0 M Hydrochloric
Acid (HCI) to a pink color point. A blank titration was performed using 20 mL of 1% boric acid. The percentage of
crude protein was calculated as,

Gram Nitrogen (% g N) content = 0.014 x (X-Y) x molarity of HCLxdilution = x100
Sample Weight

Percentage crude protein = % g N x6.25
Where, X = volume of titre for the test sample, and Y= volume of titre for blank.

2.5.5. Crude Fibre Determination

A sample of 200 mL is measured and placed in a 500 mL beaker. It is then boiled in 200 mL of 10% (v/v) H2S04
for a duration of 30 minutes. After boiling, the suspension is filtered, and the remaining residue is washed with
boiling water until it is no longer acidic. Next, the residue is boiled in 200 mL of 0.313M NaOH for another 30
minutes. It is then filtered and washed with ethanol and diethyl ether. The resulting residue is transferred into a
pre-weighed crucible and placed in a hot air oven for 30 minutes to dry. Once dried, the residue is cooled in a
desiccator and reweighed. To analyze the sample further, it is ashed in a furnace at 550°C, cooled, and weighed
again. Finally, the amount of crude fiber in the sample is calculated as the acid-insoluble ash percentage.

Fibre content (%) = Weight of Crucible + Fibre -Weight of Crucible with Ash x 100
Sample Weight

2.5.6. Total Carbohydrate Determination
The carbohydrate content was measured by subtracting the sum of fibre, fat, ash, protein and fibre from 100.

Carbohydrate =100 - (Protein + Ash + Fibre + Fat)

2.6. Quantification of Mineral Elements

This method determines the contents of various elements in a sample using an Atomic Absorption
Spectrophotometer. The elements analyzed include sodium, potassium, phosphorus, magnesium, calcium, iron,
and zinc. To analyze the elements, the samples are first digested with a mixture of perchloric acid and nitric acid.
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This digestion process involves measuring 10ml of each sample into a flask and adding perchloric acid,
concentrated HNO3 and concentrated H2504. The mixture is then gently heated on a hot plate until dense white
fumes appear. After cooling, distilled water is added to the solution, which is then filtered and transferred to a
volumetric flask. The absorbance of the solution is measured using a triplicate atomic absorption spectroscopy.

The concentrations of potassium, calcium, iron, zinc, sodium, lead, and cadmium are determined using this
instrument. The phosphorus content, on the other hand, is determined using the Vanado molybdate method with
a spectrophotometer. In summary, the text outlines a procedure for analyzing the contents of potassium, calcium,
iron, zinc, sodium, lead, cadmium, and phosphorus in a sample using an Atomic Absorption Spectrophotometer
and the Vanado molybdate method. The samples are digested with a mixture of acids before analysis, and the
absorbance of the solution is measured to determine the concentrations of the elements.

2.7. Antinutrients Quantification
2.7.1. Phytate Content Determination

The filtrate was diluted with 0.03% NH4 SCN solution and 50 mL of distilled water to achieve the desired
acidity. It was then titrated against a ferric chloride solution, which contained 0.005 mg of Fe2+ per FeCl3, to obtain
the equivalent. The phytate content in mg/100 g was calculated.

Iron Equivalent = Titre Value x 1.95
;. Phytic Acid = Titre Value x 1.95 x 1.19 x 3.55 mg/phytic Acid = 8.24

:. % Phytic Acid =y x 8.24 x 100
1000 Weight of Sample

Where, y = Titre Value.

2.7.2. Tannin Content Determination

A sample (50mL) was poured into a bottle containing ten millilitres of each sample. The bottles were shaken
for 2 hours at 30°C, then centrifuged and stored on ice. The supernatant was pipetted into a test tube, and standard
tannic acid solutions were prepared from a stock of 0.5 mg/ml. Folin reagents were added to the test sample and
standards, followed by 2.5 mL of 20% (w/v) Na2CO3. The solutions were vortexed and incubated for 40 minutes at
room temperature. The absorbance was read at 725nm against the sample’s reagent blank concentration. The optical
density of the tannic acid was plotted, and the tannin content of the samples was obtained from the standard curve.

2.7.3. Oxalate Content Determination

To conduct the experiment, 10 millilitres of each sample were measured and placed in a 100 mL conical flask.
Then, 75 mL of 3 M H2SO4 was added, and the solution was stirred intermittently with a magnetic stirrer for
approximately one hour. Afterwards, the solution was filtered using Watman NO.1 filter paper and a 25 mL sample
filtrate was collected. The filtrate was titrated hot (at a temperature of 80-90°C) against 0.1M KMnO4 solution until
a faint color appeared that persisted for at least 30 seconds.

Oxalate (mg/g) = Wr x 0.904
Where, Wr = Titre value

2.7.4. Total Phenolic Content Determination
The process involves adding 10 mL of a diluted sample to 2.5 mL of a 10% (v/v) Folin-Ciocalteu reagent. Then,
2 mL of a 7.5% (w/v) Na2CO3 solution is added to the mixture. The resulting solution is mixed well on a vortex
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vibrator for 5 minutes and incubated in the dark at ambient temperature (29°C) for 1 hour. After incubation, the
absorbance of the solution is measured at a wavelength of 765 nm. The concentration of the substance in the sample
is determined using a calibration curve with gallic acid as the standard. The results are expressed as milligrams of

gallic acid equivalents per 100 mL of the sample.

2.8. Statistical Analysis

The study used ANOVA to analyze numerical data, separated the means by using New Duncan’s Multiple

Range Tests in SPSS 16.0, and errors were calculated as standard errors.

3. Results
3.1. Physicochemical Characteristics of the Laboratory Prepared “Otika”

There was a gradual decrease in pH from steeping (0 hr) at 7.20 to 6.52 after milling. Then, there was a
continuous decrease as the fermentation time progressed to 4.90 after 72 hr of fermentation (Figure 2). On the
contrary, TTA increased along the production process. There was an increase in the TTA from steeping (0 hr) at

the value of 0.04% to 0.1% after 72hr of fermentation.
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The proximate composition of laboratory-prepared ““Otika’” with bacteria and yeast is shown in Table 1. The
highest value with ash and moisture content of 1.15 + 0.12%, 89.4 + 0.66% having significant differences (P>0.05)
was found with the sample containing W. cibaria while the least ash, moisture, and protein was found with the
isolate S. cerevisiae. The highest protein content is found with L. plantarum with other isolates at 1.33 + 0.05%. The
carbohydrate content was found to be the highest with S. cerevisiae, 11.02 + 0.02%, while the lowest was found with

Fig. 2 pH and TTA during the production of “Otika”

W. cibaria (8.24 +0.6%). Fat and fibre contents were not detected in this study.




Oriola, Olasunkanmi Bukola et al. /| DSM, 1(3), 1-11, 2024

Table 1. Proximate composition of “Otika” produced from the laboratory with various isolates

Sample Proximate Composition (%)
Ash Moisture Fat Fibre Crude Protein | Carbohydrates Content
A 0.67+0.122> | 88.72+0.242> | 0.00+0.00 | 0.00+0.00 1.02+0.112 9.59+0.36¢
B 1.1540.12¢ | 89.46+0.66> | 0.00£0.00 | 0.00+0.00 1.15+0.05 8.24+0.61°
C 0.98+0.01bc | 88.28+0.06* | 0.00+0.00 | 0.00+0.00 1.06+0.342 9.68+0.28¢
D 0.83£0.01bc | 88.19+0.07= | 0.00+0.00 | 0.00+0.00 1.33+0.05 9.65+0.02¢
E 0.32+0.24» | 88.03+0.01= | 0.00+0.00 | 0.00+0.00 0.88+0.007 11.0240.02¢
F 0.36£0.08* | 93.99+0.08< | 0.00+£0.00 | 0.00+0.00 1.1940.032 4.45+0.70a

Legend: A=Natural fermentation, B= W.cibaria, C= W.cibaria + L. plantarum+ S. cerevisiae, D= L. plantarum, E= S.cerevisiae, F= Control
(“Otika” purchased from local manufacturer)

Values with the same superscript letter(s) along the same column are not significantly different (P<0.05).

The antinutrient composition of ‘Otika’ produced in the laboratory with specific bacteria and yeast is displayed
in Figure 3, the lowest values of tannin and total phenol content (1.9+ 0.0 mg/100g and 2.5 + 0.00 mg/100g) were
found with the culture of W. cibaria The phytate had its lowest value (3.2 + 0.05 mg/100g) with the spontaneous
fermentation of ‘Otika’. In comparison, the least oxalate content (0.25 +0.15 mg/100g) was found with the mixed
isolate of W. cibaria, L. plantarum and S. cerevisiae. The highest values of all the antinutrients were found with the
“Otika” containing S. cerevisiae except for phytate, the highest value (10.5 = 0.11 mg/100g) was found with the
mixed isolate of W. cibaria, L. plantarum and S. cerevisiae.

Antinutrient Composition (mg/100g)
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Fig. 3 Antinutrient composition of “Otika” produced in the laboratory with various isolates

A=Natural fermentation, B= W.cibaria, C= W.cibaria + L. plantarum+ S. cerevisiae, D= L. plantarum, E=
S.cerevisiae, F= Control (“Otika” purchase from local manufacturer)
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The mineral composition of “Otika” produced in the laboratory is shown in Figure 4 with various
microorganisms. Potassium, magnesium, iron and zinc had their highest value with the value of 18.26 + 0.02, 2.03
+0.11, 0.42 +0.14 and 2.02 + 0.01 mg/100g, respectively, with control (the “Otika bought from a local producer) while
the spontaneous fermentation, i.e. without isolates had the highest value (10.7 + 0.03 mg/100g) with phosphorus
alone. The highest value of calcium sodium and magnesium was found with “Otika” produced with W.cibaria at a
value of 2.5+ 0.0, 7.9 0.0, 2.03 +0.11 mg/100g, respectively.
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Fig. 4 Mineral composition of “Otika” produced in the laboratory with various isolates

A=Natural fermentation, B= W.cibaria, C= W.cibaria + L. plantarum+ S. cerevisiae, D= L. plantarum, E=
S.cerevisiae F=Control (“Otika” purchase from local manufacturer)

4. Discussion

In this study, the pH of the steeped sorghum, which dropped a little on the second day, could be a result of the
acid-producing microorganisms; the same was also found with the sorghum as fermentation progressed. The cause
of the increase in acidity and reduction in pH during the fermentation of this cereal was likely due to the utilization
of free sugars to organic acids by yeast and Lactobacillus bacteria. This research relates to the Akinleye [11] research,
whose pearl millet fermentation pH was between 4.5 and 3.9. The low pH obtained during fermentation is
important since bacteria, including pathogenic and spoilage microorganisms, do not survive in low pH
environments, as this increases the shelf-life of the final products.

It was also observed that the total titratable acid had a slight increase with the period of fermentation. This
could be attributed to the presence of lactic acid arising from the LAB during fermentation, and this result is similar
to the report obtained by Adeshokan et al. [12], who said natural sorghum fermentation is mainly lactic acid
produced by Lactobacillus sp. This could explain the apparent increase in lactic acid towards the end of
fermentation.

The analysis of the proximate composition of beverages revealed the basic chemical and nutritional
composition, including moisture, ash, crude fat, protein, crude fibre, and carbohydrate, which are crucial for
assessing the food’s nutritive quality. Moisture content is crucial for food maintenance and is a widely used
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measurement for processing and shelf life. Ash composition is crucial for assessing mineral content in food samples,
while protein is essential for body growth, repairs, and maintenance, making functional foods and nutraceuticals
essential for supplementation. The addition of Lactobacillus plantarum in “Otika” increased protein content. This
increase may be attributed to microbial growth during the fermentation process and the action of extracellular
enzymes such as protease produced by the fermenting microorganism. The increase in microbial biomass may have
also contributed to the increase in protein content. In comparison, the “Otika” without any addition of
microorganisms did not show an increase in protein content. Some microbial strains have been found useful for
protein enrichment of foods since no source of nitrogen was applied in this research; this could be due to the
conversion of plant proteins or other nitrogenous compounds into microbial protein. Adebawo et al. [13] had earlier
reported the increase in lysine content in the ‘Ogi” produced by genetically engineered Lactobacillus plantarum.
Mbata et al. [14] also reported that fermented cereal gruels have higher lysine, arginine, and methionine contents
under laboratory-adapted conditions. The reduction carbohydrate content of “Otika” inoculated with starter
cultures relative to the uninoculated beverage is probably due to the breakdown of some starch and sugar
components by increased activity of alpha-amylase, which hydrolyses starch to simple sugar. It is a known fact that
LAB increases food palatability and improves the quality of food by increasing the availability of proteins and
vitamins [15, 16].

The antinutrients (total phenols, tannins, and phytic acid) are known to precipitate nutrients, and they are
reduced during germination [17]. Germination (sprouting of the seeds) induces hydrolytic enzymes which might
have indirectly resulted in contributing to the reduction in the antinutritional components. From this study, lower
values of antinutrients were observed in ‘Otika’ produced with the use of W.cibaria compared to “Otika” produced
with mixed starter cultures.

The findings from this study reveal that “Otika” brought from the local producer and W. cibaria had most of
the higher mineral contents compared with the single starters. Mineral elements are important because they are
essential for regulating and building up living cells and fighting depression. Calcium is essential for building the
bones that make the human body balanced; it promotes a healthier cardiovascular system that helps maintain the
volume of water necessary for life processes [18]. Magnesium helps keep the muscles relaxed and helps the
formation of strong bones and teeth. Zinc is involved in the normal functioning of the immune system and is
associated with protein metabolism [19]. It helps control blood pressure and the nerve transmitter. Iron is an
important element that is necessary for the heamoglobin of the red blood cell and myoglobin in the muscle [20].
The increase in the mineral values of ‘Otika’ produced by the local vendor could be a result of the co-metabolism
that existed between the microbes because a portion from the previous fermented brew, which serves as a starter,
is usually initiated into the new batch. (Guessan et al. [21] stated that the coexistence between the microorganisms
in gowe production from sorghum increases the nutritional properties. Also, according to the work of Lacaze et al.
[22] The Strains of Weissella cibaria utilized as starter cultures for the production of wheat and sorghum
sourdoughs synthesized EPS (0.08 to 0.8%). They increased the quality, shelf life, nutritional value and
machinability of rye, wheat, and gluten-free breads.

5. Conclusion

The use of the W.cibaria strain as a single starter culture in the fermentation process of “Otika” helped to raise
the nutritive value among other microorganisms that served as starter cultures. Summarily, the data obtained in
this work will be useful for the producer of this beverage in the formulation of starters.

Conflicts of Interest
The writer affirms that she is impartial.



Oriola, Olasunkanmi Bukola et al. /| DSM, 1(3), 1-11, 2024

Authors’ Contributions

OB conceptualized and planned the study and carried out the research. The draught, review and editing were

written by OB. The article was read and approved by this same author.

Acknowledgement

I hereby appreciate Prof. Boboye of the Federal University of Technology Akure for her guidance towards the

success of this work.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(%]

(10]

(11]

(12]

(13]

(14]

[15]

Kolawole O.M., Kayode R.M.O., and Akinduyo B., “Proximate and Microbial Analyses of “Burukutu” and “Pito” Produced
in llorin, Nigeria,” African Journal of Biotechnology, vol. 6, no. 5, pp. 587-590, 2007. [Google Scholar] [Publisher Link]

Achi O.K.,, “Microbiology of “Obiolar”: A Nigerian Fermented Non-Alcoholic Beverage,” Journal of Applied Bacteriology, vol.
69, no. 3, pp. 321-325, 1990. [CrossRef] [Google Scholar] [Publisher Link]

Ogunbanwo Samuel Temitope, and Ogunsanya Bashirat Taiyese, “Quality Assessment of “Otika” like Beverage Produced
from Pearl Millet,” Journal of Applied Bioscience, vol. 51, pp. 3608-3617, 2012. [Google Scholar] [Publisher Link]
AK.A.Solange et al., “Review on African Traditional Cereal Beverages,” American Journal of Research Communication, vol. 2,
no. 5, pp. 103-153, 2014. [Google Scholar] [Publisher Link]

Julius Maina Mathara et al., “Isolation, Identification and Characterization of the Dominant Microorganisms of “Kule
Naoto”: The Maasai Traditional Fermented Milk in Kenya,” International Journal of Food Microbiology, vol. 94, no. 3, pp. 269-
278, 2004. [CrossRef] [Google Scholar] [Publisher Link]

Stephen Abiola Akinola, and Oluwatooyin Faramade Osundahunsi, “Lactic Acid Bacteria and Yeast Diversities in
Spontaneously Fermented Millet Sourdoughs,” Journal of Microbiology, Biotechnology and Food Science, vol. 6 no.4, pp. 1030-
1035, 2017. [CrossRef] [Google Scholar] [Publisher Link]

Getachew Tafere, “A Review on Traditional Fermented Beverages of Ethiopian,” Journal of Natural Sciences Research, vol. 5,
no. 15, pp. 94-102, 2015. [Google Scholar] [Publisher Link]

Md. Rezaul Hai Rakib, Md. Ahsanul Kabir, and Sardar Mohammad Amanullah, “Starter Cultures Used in the Production
of Probiotic Dairy Products and their Potential Applications: A Review,” Chemical and Biomolecular Engineering, vol. 2, no. 2,
pp- 83-89, 2017. [Google Scholar] [Publisher Link]

Asmahan A. Ali, and Muna M. Mustaf, “Use of Starter Cultures of Lactic Acid Bacteria and Yeasts in the Preparation of
Kisra, A Sudanese Fermented Food,” Pakistan Journal of Nutrition, vol. 8, no. 9, pp. 1349-1353, 2009. [CrossRef] [Google
Scholar] [Publisher Link]

Kenneth Helrich, Official Methods of Analysis of the Association of Official Analytical Chemists, Association of Official Analytical
Chemists Inc, USA, 1990. [Google Scholar] [Publisher Link]

O.M. Akinleye et al.,, “Evaluation of Microorganisms at Different Stages of Production of ‘Ogi” in “Alimosho” Community,
Area Southwest, Lagos, Nigeria,” American Journal of Research Communication, vol. 2, no. 10, pp. 215-230, 2014. [Google
Scholar] [Publisher Link]

Adesokan LA. et al., “Analysis of Quality Attributes of Hibiscus Sabdariffa (Zobo) Drinks Blended with Aqueous Extract
of Ginger and Garlic,” African Journal of Food Science, vol. 7, no. 7, pp. 174-177, 2013. [Google Scholar] [Publisher Link]

0O.0. Adebawo et al., “Utilization of High-Lysine Producing Strains of L. Plantarum as Starter Culture for Nutritional
Improvement of “Ogi”,” World Journal of Microbiology Biotechnology, vol. 16, pp. 451-455, 2000. [CrossRef] [Google Scholar]
[Publisher Link]

L.T. Mbata, M.]. Ikenebomeh, and I. Ahonkhai, “Improving the Quality and Nutritional Status of Maize Fermented Meal
Fortification with Bambara Nut,” The Internet Journal Microbiology, vol. 2, no. 2, pp. 1-7, 2005. [Google Scholar] [Publisher
Link]

P.K. Chelule et al.,, “Lactic Acid Fermentation Improves the Quality of “Amahewu”, A Traditional South African Maize-
Based Porridge,” Food Chemistry, vol. 122, no. 3, pp. 656-661, 2010. [CrossRef] [Google Scholar] [Publisher Link]

10


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Proximate+and+microbial+analyses+of+%E2%80%9CBurukutu%E2%80%9D+and+%E2%80%9CPito%E2%80%9D+produced+in+Ilorin%2C+Nigeria&btnG=
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=d29523d79ffd0b6b47cb137ed480d2096d0f0e13
https://doi.org/10.1111/j.1365-2672.1990.tb01522.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbiology+of+%E2%80%9CObiolar%E2%80%9D.+A+Nigerian+fermented+non-alcoholic+beverage&btnG=
https://academic.oup.com/jambio/article-abstract/69/3/321/6725422
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Quality+assessment+of+%E2%80%9COtika%E2%80%9D+like+beverage+produced+from+pearl+millet&btnG=
https://d1wqtxts1xzle7.cloudfront.net/95623584/7-libre.pdf?1670840205=&response-content-disposition=inline%3B+filename%3DQuality_assessment_of_oti_oka_like_bever.pdf&Expires=1726124766&Signature=Y7rwB2~TffTzDfEbsctWcFuc8ZdMPW7Szmr5AVIP38K-UPY8b8LTItZTKW3GvNLablYNhqgCUrcbNAUR9IZ~X0cIvHNvRsn6pJ1z8Mon7vkbPeHq1VawFFV08t7eLnVBvPxLy2469To3vj718lKuXiP1~2bGlcTT~8ZwlYfiyJVZ5ekCQhpl8h2oYZuiqis52i8VM8Q70MuOuh5irdS0fbFjvissaLzK0FDDAI16Zi0I0Ym3Ovs~5uaD7iywTRze6rlos8ug4np5kjpom7YA23mWXgyzD~ibwQ6jGMyq-ua~vl76SrJOBpOav~wThJBTBG0oqOZdlcy97zCOPCAlzg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Review+on+African+traditional+cereal+beverages&btnG=
http://www.usa-journals.com/wp-content/uploads/2014/04/Solange_Vol25.pdf
https://doi.org/10.1016/j.ijfoodmicro.2004.01.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Isolation%2C+identification+and+characterization+of+the+dominant+microorganisms+of+%E2%80%9CKule+naoto%E2%80%9D%3A+the+Maasai+traditional+fermented+milk+in+Kenya&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0168160504000716
https://doi.org/10.15414/jmbfs.2017.6.4.1030-1035
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lactic+acid+bacteria+and+yeast+diversities+in+spontaneously+fermented+millet+Sourdoughs&btnG=
https://office2.jmbfs.org/index.php/JMBFS/article/view/8570
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+on+traditional+fermented+beverages+of+Ethiopian&btnG=
https://www.iiste.org/Journals/index.php/JNSR/article/view/25319
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Starter+Cultures+Used+in+the+Production+of+Probiotic+Dairy+Products+and+Their+Potential+Applications%3A+A++Review&btnG=
https://www.sciencepublishinggroup.com/article/10.11648/j.cbe.20170202.12
https://doi.org/10.3923/pjn.2009.1349.1353
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Use+of+starter+cultures+of+lactic+acid+bacteria+and+yeasts+in+the+preparation+of+Kisra%2C+a+Sudanese+fermented+food&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Use+of+starter+cultures+of+lactic+acid+bacteria+and+yeasts+in+the+preparation+of+Kisra%2C+a+Sudanese+fermented+food&btnG=
https://scialert.net/abstract/?doi=pjn.2009.1349.1353
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kenneth+Helrich%2C+Official+Methods+of+Analysis+of+the+Association+of+Official+Analytical+Chemists%2C+&btnG=
https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+microorganisms+at+different+stages+of+production+of+%E2%80%98Ogi%E2%80%99+in+%E2%80%98Alimosho%E2%80%99+community%2C+Area+Southwest%2C+Lagos%2C+Nigeria&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+microorganisms+at+different+stages+of+production+of+%E2%80%98Ogi%E2%80%99+in+%E2%80%98Alimosho%E2%80%99+community%2C+Area+Southwest%2C+Lagos%2C+Nigeria&btnG=
http://www.usa-journals.com/wp-content/uploads/2014/09/Akinleye_Vol210.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Analysis+of+quality+attributes+of+Hibiscus+Sabdariffa+(Zobo)+drink+blended+with+aqueous+extracts+of+ginger+and+garlic
https://d1wqtxts1xzle7.cloudfront.net/32678970/Adesokan_et_al-libre.pdf?1391162109=&response-content-disposition=inline%3B+filename%3DAdesokan_et_al.pdf&Expires=1726126574&Signature=Yks08~0wHF0r87qvJhrWSO9yYWd-ipYOQJ0m8gTVsDl3VJhO6qa2r0DAXzqyCFzi8P5~P9lhS7PpIibYlriqUmMmtfjIDInEWlJ6xkdEUxSHsKe1bqbmDol8GLQfNES5YmzJiDOFcoX1DE3-WAAssbh-W6FzSaKIOSXAuCjCA0pUik8L1QLT0Ptlry0iX9At4dpvy9Etyg4EwYilTWtYz5m5kNhIXNl56HwRfr2Aejp4hqyrlyJcK8AyX8FIFxp8nEHS0KdL6rqO0IXcWeX9vQjf~UJkyqse12Eo8YBXqlz4QRjfF36-ejHNhnd-7Dt-8YmGAgW-XfamWmgMx5IceQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1023/A:1008967625335
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Utilization+of+high-lysine+producing+strains+of+L.+plantarum+as+starter+culture+for+nutritional+improvement+of+%E2%80%9COgi%E2%80%9D&btnG=
https://link.springer.com/article/10.1023/A:1008967625335
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Improving+the+quality+and+nutritional+status+of+maize+fermented+meal+fortification+with+bambara+nut&btnG=
https://ispub.com/IJMB/2/2/8339
https://ispub.com/IJMB/2/2/8339
https://doi.org/10.1016/j.foodchem.2010.03.026
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lactic+acid+fermentation+improves+the+quality+of+%E2%80%9CAmahewu%E2%80%9D%2C+a+traditional+South+African+maize-based+porridge&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0308814610002864

(16]

(17]

(18]

(19]

[20]
[21]

[22]

Oriola, Olasunkanmi Bukola et al. /| DSM, 1(3), 1-11, 2024

Sook Jong Rhee, Jang-Eun Lee, and Cherl-Ho Lee, “Importance of Lactic Acid Bacteria in Asian Fermented Foods,” Microbial
Cell Factories, vol. 10, 2011. [CrossRef] [Google Scholar] [Publisher Link]

T. Traore et al., “Changes in Nutrient Composition, Phytate and Cyanide Contents and a-Amylase Activity during Cereal
Malting in Small Production Units in Ouagadougou (Burkina Faso),” Food Chemistry, vol. 88, no. 1, pp. 105-114, 2004.
[CrossRef] [Google Scholar] [Publisher Link]

Bart Clarke, “Normal Bone Anatomy and Physiology,” Clinical Journal of the American Society of Nephrology, vol. 3, pp. 131-
139, 2008. [CrossRef] [Google Scholar] [Publisher Link]

Hambidge K. Michael, and Krebs Nancy F., “Zinc Deficiency: A Special Challenge,” The Journal of Nutrition, vol. 137, no. 4,
pp. 1101-11205, 2007. [CrossRef] [Google Scholar] [Publisher Link]

Thomas M. Devlin, Textbook of Biochemistry with Clinical Correlations, 5% ed., John Wiley and Sons, Inc., 2002. [Google Scholar]
G.Vieira-Dalode et al., “Lactic Acid Bacteria and Yeasts Associated with Gowé Production from Sorghum in Benin,” Journal
of Applied Microbiology, vol. 103, no. 2, pp. 342-349, 2007. [CrossRef] [Google Scholar] [Publisher Link]

G. Lacaze, M. Wick, and S. Cappelle, “Emerging Fermentation Technologies: Development of Novel Sourdoughs,” Food
Microbiology, vol. 24, no. 2, pp. 155-160, 2007. [CrossRef] [Google Scholar] [Publisher Link]

11


https://doi.org/10.1186/1475-2859-10-S1-S5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Importance+of+lactic+acid+bacteria+in+Asian+fermented+foods&btnG=
https://link.springer.com/article/10.1186/1475-2859-10-S1-S5
https://doi.org/10.1016/j.foodchem.2004.01.032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Changes+in+nutrient+composition%2C+phytate+and+cyanide+contents+and+%CE%B1-amylase+activity+during+cereal+malting+in+small+production+units+in+Ouagadougou+%28Burkina+Faso%29&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0308814604000743
https://doi.org/10.2215/CJN.04151206
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Normal+bone+anatomy+and+physiology&btnG=
https://journals.lww.com/cjasn/fulltext/2008/11003/normal_bone_anatomy_and_physiology.2.aspx
https://doi.org/10.1093/jn/137.4.1101
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zinc+deficiency%3A+A+special+challenge&btnG=
https://www.sciencedirect.com/science/article/pii/S0022316622091908
%5bCrossRef%5d
https://doi.org/10.1111/j.1365-2672.2006.03252.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lactic+acid+bacteria+and+yeasts+associated+with+gow%C3%A9+production+from+sorghum+in+Benin&btnG=
https://academic.oup.com/jambio/article-abstract/103/2/342/6718299
https://doi.org/10.1016/j.fm.2006.07.015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Emerging+fermentation+technologies%3A+Development+of+novel+sourdoughs&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0740002006001596

