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HIGHLIGHTS  
 Fermentation activities improved proximate composition as well as the release bond mineral elements in the fermented 

cereal substrates.  

 The integration of clove and cinnamon enhanced the total antioxidant activity, a feature crucial for preventing cell damage. 

 Formulated fermented grains (ogi) can provide the recommended dietary allowance of the desired mineral elements. 
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 ABSTRACT 

Background: Ogi is a popularly consumed fermented cereal in Nigeria. Concerns have 

arisen regarding the loss of essential nutrients during processing as pomace. Therefore, 

this study was designed to produce cereal gruels by taking the advantages of fermentation 

and formulations with cloves and cinnamon with the aim of enhancing its proximate, 

minerals, and total antioxidant potentials.  

Methods: Four different cereal grains were collected between May-June, 2022. Cereal 

grains, cloves, and cinnamon were formulated following established protocols. The 

fermenting organisms were isolated from the spontaneously formulated fermented blends 

using standard microbiological methods. Physicochemical parameters, such as 

temperature, pH, and Titratable Acidity, as well as proximate and mineral compositions, 

were assessed using standard procedures. The Total Antioxidant Activity was determined 

via the Trolox Equivalent Antioxidant Capacity method, and the obtained data were 

analyzed using Analysis of Variance (ANOVA) at p0.05. 

Results: The temperature of the formulated fermented cereal ranged from 21.4 to 27.8 
o
C. The highest pH of 5.81 was recorded in formulated fermented white sorghum, while 

fermented red sorghum exhibited the lowest value of 3.53. The formulated cereal blends 

demonstrated reduced Titratable Acidity relative to controls. The isolated Lactic Acid 

Bacteria and yeasts genera were Lactococcus, Lactobacillus, Candida, Cryptococcus, and 

Trichosporon. The highest percentage of protein, crude fiber, and carbohydrate was 

recorded in formulated fermented white sorghum and formulated fermented millet with 

the corresponding values of 9.33, 3.6, and 81.57%, respectively. In addition, a significant 

increase in calcium (Ca), potassium (K), and zinc (Zn) was documented in formulated 

fermented millet and formulated fermented red sorghum with corresponding values of 

33960, 2870, and 210 mg/L, respectively. Formulated fermented white sorghum showed 

the highest total antioxidant activity of 724.65 µg/g among fermented samples.  

Conclusion: This study suggests that usage of cloves and cinnamon with cereal grains 

during fermentation improved proximate, mineral elements, and total antioxidant activity. 

© 2025, Shahid Sadoughi University of Medical Sciences. This is an open access 

article under the Creative Commons Attribution 4.0 International License. 
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Introduction 

   Cereals have been considered one of the most important 

food products for humans, and a major constituent of 

animal feeds globally (Los et al., 2018). The study of 

Koehler and Wieser (2013), documented that cereal grains 

are grown on approximately 60% of the cultivated land in 

the world with the aim of meeting the requirement of the 

ever-growing world population (Gabaza et al., 2019). 

According to the FAO (2017), cereal grains production has 

increased tremendously in the last 50 years. More so, the 

most commonly cultivated cereal grains in Africa includes: 

maize, sorghum, millet, wheat, rice, oats, rye, and barley. 

   The earlier study of Khoddami et al. (2023), reported that 

sorghum (Sorghum bicolor) is the fifth most cultivated 

cereal grain in the world, as they are mostly cultivated in 

hot arid lands that can tolerate hot temperature variations 

and drought as opposed to other cereal grains. 

Furthermore, Hussain et al. (2019) documented that millet 

(Pennisetum glaucum) is one of the major cereals 

consumed globally, most especially in the arid and semi-

arid parts of Asia and Africa. The works of Zhu et al. 

(2018) documented that there are seven major types of 

millet, ranging from different sizes, colors, cultivation 

areas, and shapes, all of which belongs to the Poaceae 

family. However, maize on the other hand have also been 

reported as one of the mostly consumed staple foods in 

many homes all over the world, as Shah et al. (2016) 

referred to it as “the queen of cereals”. 

   The study of Yang et al. (2022) referred to fermented 

foods as foods or beverages that are produced under a 

spontaneous or controlled fermentation process in order to 

transform the raw substrates into new healthy food 

products. Traditional fermented cereal foods are widely 

consumed all around the world due to their highly 

perceived improved nutritional attributes. Among such 

traditional fermented food is the Nigerian “ogi” which is 

consumed by people of all ages and backgrounds in Africa 

as well as other continents of the world (Adelekan et al., 

2021).  

   It has been well reported in literatures that these 

fermented cereal-based foods have functional health 

benefits and improved shelf-life (Banwo et al., 2021). 

Moving forward, a wide variety of cereal substrates, such 

as maize, sorghum, wheat, and millet can be used for the 

production of ogi. Based on the reports of Yepez et al. 

(2019), cereal substrates are sources of essential micro and 

macro nutrients associated with human functional health 

benefits (Ijarotimi et al., 2022), and apart from being 

fermented into gruels and flours, they can also be used for 

the production of non-alcoholic, alcoholic, and malted 

beverages (Ramashia et al., 2018). Furthermore, Noah and 

Alagamba (2020) documented that some of these grains 

have been bioengineered to be drought-resistant, enabling 

them to be cultivated year-round.  

   In recent times, scientists have paid much attention 

towards the integration of beneficial spices into fermented 

food products to enhance the food’s overall health benefits. 

The concept of integrating antioxidant-rich spices such as 

cloves and cinnamon helps to provide more nutrients than 

consuming the bland cereals (Paul et al., 2023). Therefore, 

in this study, cloves (Syzygium aromaticum) and cinnamon 

(Cinnamomum verum), which belong to the Myrtaceae and 

Lauraceae families, respectively, were integrated into four 

different cereal grains (millet, maize, white and red 

sorghum) for the production of ogi. These two spices were 

selected from among many others based on available 

literature indicating that they are rich in antioxidants and 

numerous phenolic compounds, which may have the 

potentials to mitigate and/or prevent cell damage (Hassan 

et al., 2021). Therefore, fermentation presents a medium 

for combining the blends of cloves, cinnamon, and cereal 

grains through the actions of the fermenting organisms 

(mostly lactic acid bacteria and yeasts) for the 

amplification of the potential health benefits (Houngbedji 

et al., 2018). Hence, this study was designed to produce 

cereal gruels with the advantages of fermentation and 

formulation with spices towards enhancing its antioxidant 

potentials.  

 

Materials and methods 

Collection of samples 

   Four different cereal grains namely: white and red 

sorghum (S. bicolor), maize (Zea mays), and millet (P. 

glaucum) were collected alongside cloves and cinnamon 

from Olu-ode market in Osogbo, Osun State, Nigeria 

between May-June, 2022. These samples were packaged 

inside low-density polythene bags and immediately 

transported to the Microbiology laboratory of Osun State 

University for further processing. 

Preparations of cloves-cinnamon ogi  

   The cereal grains were cleaned to remove defective seeds 

and dirt, then portioned by weight into three groups labeled 

A-C (160:20:20; 180:10:10, and 200:00:00) for cereal 

grains, cloves, and cinnamon, respectively, while each raw 

grain served as a control (200 g). 

   The portioned grains were thoroughly washed with 

portable water, and steeped together with the spices (cloves 

and cinnamon) in 1,000 ml of distilled water. The mixture 

was covered, securely taped at the edges, and allowed to 

ferment spontaneously for 48 h at room temperature. 

Following the initials fermentation, formulated steeped 

grains were blended and allowed to spontaneously  

ferment again at room temperature for 72 h on the 
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laboratory bench. To determine microbial qualities and 

physicochemical properties, a sample of the fermentate 

was collected after the 72 h fermentation process. Excess 

water was drained from the slurries, which then dried in a 

hot air oven at 60 
o
C for 2-3 h. The dried ogi flours were 

stored in clean, airtight zip-lock bags for further analysis, 

as described by (Ozabor et al., 2022). 

Assessment of physicochemical parameters in clove-

cinnamon formulated and un-formulated fermented cereal 

slurries 

The method described by the AOAC (2012) was used to 

determine the temperature, pH, and Titratable Acidity (TA) 

of the fermentate. Ten ml of the fermented cereal slurries 

was taken aseptically with a pipetted into a beaker. 

Temperature was measured using a digital probe 

thermometer (Model DS18B20, China), while pH was 

determined using a glass electrode Orion pH meter (Model 

330, Orion Research Inc, Beverly, MA). TA was 

determined by titrating 10 ml of the thoroughly 

homogenized fermented samples against 0.1 m sodium 

hydroxide (NaOH; AkzolNoble, Amsterdam), using 

phenolphthalein as an indicator. All analyses were 

performed in triplicate, and results were expressed as 

percentage of lactic acid. 

Microbiological qualities of the clove-cinnamon 

formulated and un-formulated fermented cereal blends 

   The microbiological characteristics of the raw (control) 

and formulated ogi samples were determined using 

DeMan, Rogosa, and Sharpe agar (MRS; TM media, 

Rajasthan, India) for the isolations of Lactic Acid Bacteria 

(LAB), and Yeast Extract Agar (YEA; Berkshire RG, UK) 

for yeast isolation. One g of the fermented slurries was 

homogenized in nine ml of sterile 0.1% Buffered Peptone 

Water (BPW), followed by spread plating of appropriate 

dilutions (1/10
5
 and 1/10

7
) on sterile agar plates. The MRS 

plates used for the isolation of LAB were incubated 

anaerobically at 37 
o
C for 24-48 h, while the YEA used for 

the isolations of yeasts were incubated aerobically at 302 
o
C for 2-5 days. Representative, distinct colonies were 

randomly picked from the plates of the highest dilution 

factor for both MRS and YEA plates to determine the 

dominant LAB and yeasts involved in the fermentation 

process. The selected colonies were purified by repeated 

sub-culturing on MRS for LAB and YEA for yeast. 

Phenotypic and morphological characterizations, including 

shape, color, size, elevation, and Gram staining for LAB 

isolates, were performed on the distinct colonies. 

Biochemical tests such as catalase, oxidase, and sugar 

fermentations were also conducted. For yeast 

identification, the fungi compendium (Alexopoulos) was 

used (Banwo et al., 2021; Onipede et al., 2021). 

Determination of proximate and mineral compositions of 

formulated fermented cereal blends 

   The proximate composition, including carbohydrate, 

crude protein, moisture, crude fibre, ash, and fat contents, 

was analyzed using the oven-dried formulated fermented 

ogi flours as described by AOAC (2012). The total 

carbohydrate content was calculated by subtracting the sum 

of the percentage of moisture, crude protein, fat, crude 

fiber, and ash from 100%. For mineral analysis, five g of 

the ogi flours were heated in a muffle furnace until it 

turned into a white-greyish ash powder. The ash was left to 

cool on the laboratory bench at room temperature for 

approximately 3-5 h. This was followed by adding 20 ml of 

distilled water and 10 ml of diluted hydrochloric acid (HCl; 

AkzolNoble, Amsterdam) into the ash powder. The ogi 

flour samples were analyzed for calcium (Ca), manganese 

(Mn), iron (Fe), zinc (Zn), sodium (Na), and potassium (K) 

using an Atomic Absorption Spectrophotometer (AAS; 

model VGB 210 system, Buck Scientific Instruments, 

USA) (Banwo et al., 2022). 

Determination of Total Antioxidant Activity (TAA) using 

the Trolox Equivalent Antioxidant Capacity (TEAC) 

   The TAA was determined using the TEAC method, with 

slight modifications, as described by AOAC (2012). An 

aliquot (0.3 ml) of ogi flour samples were homogenized 

with 2.7 ml of reagent solution (0.6 m H2SO4, 2.8 mm 

sodium phosphate, and 4 mm ammonium molybdate). The 

mixtures were capped and incubated in a boiling water bath 

at 95 
o
C for 90 min. After incubation, the ogi flour extracts 

were cooled to room temperature, and absorbance was 

measured at 695 nm. A blank solution containing 2.7 ml of 

the reagent solution and 6 ml of ethanol was incubated as a 

control. Stock solutions of α-tocopherol were prepared in 

methanol (range 0-10 µmol/ml) and treated identically to 

the samples. The TAA of the ogi flour extracts was 

expressed as equivalents of α-tocopherol using an 

extinction coefficient of 4×10
3 
1/m on a Jenway 6,000 UV-

visible spectrophotometer (Caliber Scientific Company, 

UK). The TAA was calculated as:  

TAA (µg/g)=Absorbance of sample×Gradient 

factor×Dilution factor (10
3
, 10

5
, and 10

7
) (Li et al., 2012). 

Statistical analysis 

   Values are presented as meansStandard Error (SE) of 

triplicate determinations and interpreted using Analysis of 

Variance (ANOVA) with MINITAB statistical software 

(Minitabe Release 14.13, Minitab Inc, USA). Significant 

differences between means were separated using the lease 

significant difference (LSD) at p0.05. 

 

Results and discussion 

Physicochemical properties of clove-cinnamon formulated 
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and un-formulated ogi  

There was no significant difference (p0.05) in the 

temperature among ogi samples made from millet, maize, 

and red sorghum; however, the temperature of fermented 

white sorghum ogi differed, although all fermented grains 

maintained a temperature within the room temperature 

range of 25.02.0 
o
C. Moreover, the pH of all formulated 

fermented ogi slurries was statistically significant at 

(p0.05) and higher than that of the fermented control 

samples (without cloves and cinnamon). The pH of all the 

formulated fermented ogi slurries fell within the acidic pH 

range (4.0-5.7). In addition, TA increased as the pH 

decreased. The TA of formulated fermented cereals was 

also recorded to be statistically different from those of the 

control samples (without the addition of cloves and 

cinnamon). The lowest TA was observed in the formulated 

fermented ogi slurries (Table 1). 

 

Table 1: Physicochemical properties of clove-cinnamon formulated and un-formulated ogi  

Sample codes FFML FML FFMZ FMZ FFWS FWS FFRS FRS 

Temperature (0C) 27.8±0.01 a 27.5±0.01 a 27.7±0.01 a 27.5±0.00 a 27.4±0.01 a 21.4±0.01 b 27.9±0.01 a 27.8±0.00 a 
pH 4.12±0.01 a 3.92±0.03 b 4.46±0.01 a 4.01±0.01 a 5.81±0.04 4.3±0.03 a 5.15±0.01c 3.53±0.01 b 

TA (%) 0.02±0.01 a 0.04±0.02 b 0.01±0.01 0.03±0.00 d 0.01±0.02 0.03±0.03 d 0.01±0.01c 0.03±0.01 d 

Values are MeanStandard Error (SE). Mean values with the same letters in each row are not statistically different at 95% confidence level (p0.05). 

FFML=Formulated Fermented Millet; FML=Fermented Millet only; FFMZ=Formulated Fermented Maize; FMZ=Fermented Maize only; 
FFWS=Formulated Fermented White Sorghum; FWS=Fermented White Sorghum only; FFRS=Formulated Fermented Red Sorghum; 

FRS=Fermented Red Sorghum only; FFOF=Formulated Fermented Ogi Blends; TA=Titratable Acidity. 

 

 

   The acidic pH recorded in the fermented cereal blends in 

this study confers enhanced shelf-life and microbial 

stability as some of the organic acids produced during the 

fermentation process may have antimicrobial inhibitory 

properties against unwanted pathogenic microorganisms 

(Itaman and Nwachukwu, 2021). TA, a measure of the 

total acids produced by fermenting organisms, further 

contributes to these benefits. Similar pH and TA values 

were documented in studies by Banwo et al. (2022), 

Mohammed et al. (2017), and Ozabor et al. (2022) which 

analyzed fermented cereal grains enriched with Parkia 

biglobosa (African locust beans), fermented sorghum-

cowpea flour blends, fermented Cyperus esculentus (tiger 

nuts) synergized cereal grains, and co-fermented Ipomoea 

batatas (sweet potato) with sprouted Glycine max 

(soybeans), respectively. In this study, it was recorded that 

the addition of cloves and cinnamon enhanced the 

acidification process, potentially due to the release of 

bioactive microbial compounds embedded in the spices. 

This observation is in line with the earlier study of Liu et 

al. (2023), who stated that integrating spices into food 

matrixes during fermentation improves microbial dynamics 

by enhancing the growth of beneficial microbes (mostly 

LAB and yeasts) over spoilage and/or pathogenic 

organisms, thus improving the physicochemical 

parameters.  

Characterization and identification of LAB and yeasts 

isolated from spontaneously fermented clove-cinnamon 

formulated and un-formulated ogi 

The genera of the isolated and characterized LAB and 

yeasts were: Lactococcus (30%) and Lactobacillus (70%) 

for LAB, and Candida (40%), Cryptococcus (45%), and 

Trichosporon (15%) for yeasts.  

   The isolation and characterization of Lactococcus, 

Lactobacillus, Candida, Cryptococcus, and Saccharomyces 

genera were documented in the studies by Adebo et al. 

(2022) and Fadahunsi et al. (2020) during cereal grains 

fermentation for the production of weaning and functional 

foods. Literatures have also documented that LAB 

enhances substrate acidification (Terefe et al., 2021) and 

produce flavor and volatile compounds in the fermenting 

medium such as diacetyl, lactic, formic, acetic, and formic 

acids (Omemu et al., 2007). Concurrently, yeasts have 

been reported to enhance saccharification of the fermenting 

medium due to their ability to tolerate high sugar 

concentrations (Turker et al., 2014), and producing 

inhibitory peptides such as hydrogen peroxide and 

enzymes such as laccase, amylase, cellulase, lipase, etc. 

(Fadahunsi and Olubodun, 2021). 

Proximate and mineral compositions of clove-cinnamon 

formulated and un-formulated fermented ogi  

   Samples in group B (180:10:10) were analyzed for 

proximate composition (Table 2), minerals and TAA. This 

was done to determine the effect of the lowest ratio of 

cloves and cinnamon on the fermented cereal grains. 

Cloves and cinnamon are spices; hence they are only 

required in small quantities.  
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Table 2: Proximate compositions of clove-cinnamon formulated and un-formulated fermented ogi  

Sample groups Moisture content (%) Ash content (%) Crude protein (%) Fat content (%) Crude fiber (%) CHO (%) 

FFML 10.420±0.00 d 2.300±0.00 a 7.560±0.00 c 0.660±0.01 a 3.600±0.00 a 81.570±0.02 a 

FML 12.600±0.01 b 1.650±0.05 b 6.170±0.01 d 0.550±0.01 b 3.200±0.01 a 75.830±0.00 c 
FFMZ 12.060±0.02 b 1.300±0.00 c 7.940±0.05 c 0.300±0.00 d 2.600±0.02 b 75.800±0.00 c 

FMZ 10.090±0.00 d 1.810±0.04 b 4.060±0.01 e 0.100±0.03 e 3.110±0.00 a 80.630±0.02 a 

FFWS 12.640±0.00 b 1.840±0.01 b 9.330±0.00 a 0.500±0.02 b 1.850±0.00 c 73.840±0.01 d 
FWS 14.240±0.01 a 2.620±0.00 a 4.890±0.01 e 0.600±0.00 a 2.500±0.02 b 75.150±0.00 c 

FFRS 11.140±0.02 c 0.720±0.00 d 8.160±0.02 b 0.400±0.02 c 2.040±0.00 b 77.540±0.00 b 

FRS  12.220±0.01 b 1.560±0.00 c 4.010±0.01 e 0.500±0.00 b 2.750±0.02 b 78.960±0.00 b 

Values are MeanStandard Error (SE). Mean values with the same letters in each column are not statistically different at 95% confidence level 

(p0.05). 

FFML=Formulated Fermented Millet; FML=Fermented Millet only; FFMZ=Formulated Fermented Maize; FMZ=Fermented Maize only; 
FFWS=Formulated Fermented White Sorghum; FWS=Fermented White Sorghum only; FFRS=Formulated Fermented Red Sorghum; 

FRS=Fermented Red Sorghum only; FFOF=Formulated Fermented ogi blends 

 

   Moisture contents ranging from 0.83 to 42.65% in 

fermented sorghum-cowpea flour blends were documented 

by Ojokoh et al. (2020). The study of Ogodo et al. (2017) 

also reported moisture contents of 10.82 to 14.2% in 

fermented maize flours. Moisture content is a key factor in 

determining microbial stability and shelf-life. In this study, 

the moisture content of formulated fermented samples and 

their controls varied. These variations may be attributed to 

factors such as, the nature of the substrates and the 

microbial metabolic activity of the fermenting 

microorganisms. Notably, lower moisture contents help to 

improve the shelf-life of the fermented product. 

   The % ash content of the formulated fermented ogi 

blends was significantly lower than that of the control 

samples, except for the formulated fermented millet. The 

presence of ash in food is an indicator of how absorbable 

the food is in the body system, as fermenting 

microorganisms break down macromolecules into simpler 

and more absorbable forms. Hence, processed food 

products are expected to have lower ash contents than the 

unprocessed ones (Banik et al., 2020; Ozabor et al., 

2022). The ash content obtained in this study aligns with 

the Recommended ash Dietary Allowance (RDA) of ≤5.0 

mg/100 g according to the study of Okafor et al. (2018). 

Moreover, the % ash contents ranging from 2.12 to 3.73% 

in fermented maize flours were previously documented 

by Terefe et al. (2021). 

   The formulated fermented white sorghum demonstrated 

highest % protein content (9.33%) while the fermented 

red sorghum demonstrated the least (4.01%). Ozabor et 

al. (2022) stated that fermenting LAB and yeasts 

produces proteolytic enzymes that hydrolyze protein into 

simpler forms during fermentation processes. Anaemene 

and Fadupin (2020) and Banik et al. (2020) also reported 

protein contents of 18.4 and 13.68% from fermented 

cereal flour blends, respectively. In addition, Banwo et al. 

(2022) documented similar % protein contents of 3.92 to 

735% in fermented tiger nuts synergized cereal grains. 

The high protein content recorded in this study may be 

attributed to the addition of cloves and cinnamon, as Wei 

et al. (2022) previously reported that these spices can 

help to stimulate microbial activity during the 

fermentation process. 

   The decrease in fat content suggests that fermenting 

microbes are able to utilize oxidized lipids for energy 

generation and cell metabolism (Ogodo et al., 2017). 

Olawale and Ojokoh. (2019) and Terefe et al. (2021) also 

documented % fat contents of 2.0 to 22.0% and 2.12 to 

2.82% in extruded-fermented sweet potato beni seed 

flours and fermented maize flours, respectively. 

   Crude fibre improves digestion and stimulates the gut 

microbial organisms (Minnaar et al., 2017). The observed 

decrease in fibre contents could be the result of 

fermenting microbes releasing extracellular enzymes into 

the fermenting medium for hydrolyzing and metabolizing 

insoluble polysaccharides (Adegunloye and Oparinde, 

2017). The study of Ozabor et al. (2022) reported crude 

fibre of 1.75 to 2.32% and 2.70 to 3.60% in unfermented 

and fermented sweet potato-soybeans flour blends, which 

aligns with the findings of this study. The % carbohydrate 

in this study ranged from 73.84 to 81.57% in formulated 

fermented ogi blends and 75.15 to 80.63% for the control 

samples. Carbohydrates are sugars required only in 

calculated amounts. According to Terefe et al. (2021), a 

lower % carbohydrate content of 65.59 to 67.11% was 

recorded in fermented maize flours, consistent with the 

results of this study. The fermenting microbes activate 

hydrolytic enzymes, such as -maltase and -amylase, 

which help to breakdown the starch present in cereals into 

simple sugars (Nkhata et al., 2018).  
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Figure 1: Mineral element compositions of fermented clove-cinnamon formulated and un-formulated ogi  

FFML=Formulated Fermented Millet; FML=Fermented Millet only; FFMZ=Formulated Fermented Maize; FMZ=Fermented Maize only; 

FFWS=Formulated Fermented White Sorghum; FWS=Fermented White Sorghum only; FFRS=Formulated Fermented Red Sorghum; 

FRS=Fermented Red Sorghum only; FFOF=Formulated Fermented ogi blends. Values are meanstandard error (SE) at (p0.05) 

 

   The mineral contents (Ca, Mn, Fe, Zn, Na, and K) of the 

formulated fermented ogi blends are documented in Figure 

1. The Ca content (mg/g) recorded in this study ranged 

from 2,106 to 3,695 mg/g for the formulated fermented ogi 

blends while that of control samples ranged from 2,675 to 

4,037 mg/g. Ca enhances the proper formation and 

development of bones most especially in infants and 

children, while manganese helps to form clotting factors, 

bones, and connective tissues (Olojede et al., 2020). The 

Mn content ranged from 1,881 to 2,840 mg/g in the 

formulated fermented ogi blends, while the controls ranged 

from 1,732 to 3,003. The formulated fermented ogi blends 

demonstrated Fe contents in the range of 2,000 to 2,724 

mg/g and 1,832 to 3,112 mg/g for the control samples. Zn 

content for the formulated fermented ogi blends ranged 

from 49 to 210 mg/g, while the control samples ranged 

from 38 to 188 mg/g. The formulated fermented ogi blends 

demonstrated Na content in the range of 1,013 to 1,948 

mg/g, while the control samples ranged from 12,150 to 

2,059 mg/g. Lastly, the K content for the formulated 

fermented ogi blends ranged from 2,067 to 2,870 mg/g, 

whereas the control samples ranged from 2,203 to 2,752 

mg/g. Zn and Na are necessary for maintaining proper 

bodily functions (Gabaza et al., 2017). According to 

Banwo et al. (2021), the Ca, Fe, Zn, Na, and k contents 

(mg/100 g) were reported as 3.80-7.31, 5.27-38.47, 0.36-

16.84, 2.82-5.86, and 86.10-212.13, respectively, in both 

spontaneously and starter culture fermented malted and 

unmalted cereal grains. Olaniran and Abiose (2019b) also 

reported Na and Zn contents of 4.69-6.55 and 1.37-1.78 

mg/100 g, respectively, in fermented maize ogi fortified 

with garlic and ginger. They also documented Na, Zn, Fe, 

and Mn contents in the range of 12.51-16.15, 7.01-8.50, 

0.68-1.77, and 0.45-0.85 mg/100 g, respectively, in 

fermented sorghum ogi fortified with garlic and ginger 

(Olaniran and Abiose, 2019a). In addition, Marcel et al. 

(2022) reported Na, Fe, Ca, and Zn contents of 3.0-30.30, 

0.60-16.40, 24.40-300.36, and 0.30-4.80 mg/100 g, 

respectively, in a fermented weaning porridge made of 

orange-fleshed sweet potato, amaranth grains, pumpkin 

seeds, and soybeans flour blends. However, Hejazi and 

Orsat (2016) reported that LAB and yeasts enhance the 

bioavailability of mineral compounds during fermentation. 
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Figure 2: Total Antioxidant Activity (TAA) of fermented clove-cinnamon formulated and un-formulated ogi  

FFML=Formulated Fermented Millet; FML=Fermented Millet only; FFMZ=Formulated Fermented Maize; FMZ=Fermented Maize only; 

FFWS=Formulated Fermented White Sorghum; FWS=Fermented White Sorghum only; FFRS=Formulated Fermented Red Sorghum; 

FRS=Fermented Red Sorghum only; FFOF=Formulated Fermented ogi blends. Values are meanStandard Error (SE) at (p0.05) 

 

Antioxidant activity 

   The TAAs of the formulated fermented ogi blends are 

documented in Figure 2. The results indicate that the 

formulated fermented ogi blends had significantly higher 

TAA than the controls samples. The highest and lowest 

TAA (µg/g) were recorded as 724.65 for formulated 

fermented white sorghum and 105.23 for fermented millet.  

According to the reports by Hejazi and Orsat (2016), 

Okafor et al. (2018), and Olojede et al. (2020), 

fermentation enhances the synthesis of bound phenolic 

compounds and mineral elements imbedded in the 

fermenting substrates by activating endogenous enzymes 

produced by the metabolic activities of LAB and yeasts. 

Previous studies by Lee and Kang (2018) documented 

antioxidant activities of 13.10-70.48 µg/g, whereas Banwo 

et al. (2021) documented 2,2-Diphenyl-1-picrylhydrazyl 

(DPPH) antioxidant activity values of 98.2, 72.3, 92.5, and 

60.3% for malted starter culture fermented millet, malted 

spontaneously fermented millet, malted starter culture 

fermented sorghum, and unmalted spontaneously 

fermented sorghum slurries. Thus, the antioxidant activity 

of fermented products is usually higher than those found in 

the raw samples. 

 

Conclusion 

   Fermentation of maize, sorghum, and millet integrated 

with cloves and cinnamon enhanced the physicochemical, 

proximate, mineral elements, and TAA relative to un-

formulated samples (without cloves and cinnamon). Thus, 

the formulated gruels may be recommended as high-quality 

fermented cereal-based foods with enhanced TAA, offering 

protective benefits against cellular oxidative damage. 

Future research may focus on animal studies (in-vivo) to 

investigate the effects of the formulated fermented cereal 

gruels on antioxidant activity in experimental rats.  
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