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Sorghum (Sorghum bicolor (L.) Moench) re-

emergence in the world market and increased use 

as a raw material for human and animal 

consumption is quite encouraging. Due to its 

nature as a drought-tolerant crop and its ability to 

make good use of water, sorghum is an ideal 

crop that contributes to food security in regions 

that are drought-stricken (1). 

 The nutrient composition of sorghum makes it a healthy meal for human consumption. 

However, the presence of antinutritional factors hinders the bioavailability of protein and minerals in 

humans. Therefore, a processing method that will retain vital nutrients in food products is required to 

provide better health benefits to consumers. 

 The impact of fermentation on the nutritional composition and antioxidant properties of ogi 

(gruel) from two sorghum varieties was assessed 

Method: Two sorghum varieties (red and white) were purchased in Kure Market, Minna, Niger State. The 

grains were sorted, cleaned, washed, and fermented for (24, 48, 72, and 96 h) duration. Market 

samples (red and white sorghum ogi) were used as controls. The samples were evaluated for chemical 

properties and antioxidative activities. 

 Proximate composition varied significantly (p<0.05) based on sorghum type and fermentation 

duration. Moisture content, ash content, fat content, fibre content, protein content, and carbohydrate of 

red and white sorghum ranged between (9.75 and 48.00%), (1.15 and 2.67%), (1.33 and 2.83%), (0.03 

and 1.85%), (5.85 and 10.50%), and (36.90 and 78.41%), respectively. Antioxidant values obtained 

ranged as follows: DPPH (51.72 and 74.10mg/mL) and FRAP (73.08 and 81.18 mgTE/100g), 

respectively. For mineral content, zinc, calcium, and iron were significantly (p<0.05) higher in white 

sorghum compared to red sorghum. Antinutrients such as oxalate, phytate, saponin, and tannin ranged 

between (0.32 and 2.5mg/g), (0.12 and 1.19mg/g), (2.63 and 8.90mg/g), and (0.00 and 2.47mg/g). 

 Fermentation significantly reduced the levels of antinutrients in ogi, leading to improved 

mineral bioavailability, enhanced protein digestibility, and increased nutritional value. 
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Sorghum is a good source of calories, proteins, 

carbohydrates, minerals, and vitamins. It plays a 

vital function in the human diet and contributes to 

nutrient intake for millions of consumers. It also 

contains essential and non-essential amino acids, 

minerals, and vitamins, all of which constitute 

part of the essential nutrients required by humans 

to perform the functions necessary to sustain life 

(2). Sorghum contains dietary polyphenols with 

high antioxidant capacity; they have free radical 

scavenging activity, associated with anti-diabetic, 

anti-inflammatory, anti-viral, immune-modulatory, 

and anti-cancer capacities. These health benefits 

of sorghum grains could thus make it an 

important source of ingredients for use in 

functional foods and other applications. 

Despite the nutrient composition of sorghum, 

which makes it a healthy meal for human 

consumption, the presence of antinutritional 

factors such as tannin, phytic acid, saponin, and 

oxalate hinders nutrient bioavailability and 

mineral absorption and causes low protein 

digestibility in its consumption by humans (3). 

Sorghum can be consumed in different forms, 

such as bread, pudding, drinks, biscuits, etc. 

Sorghum can also be used to produce ogi – a 

Nigerian traditional fermented cereal gruel which 

serves as an important food for infants, young, 

and adults. 

Fermentation is basically achieved through the 

use of Lactic Acid Bacteria (LAB), a dominant 

microorganism that helps to impact the safety and 

nutritional value of food (4). It is an efficient food 

processing method that inhibits the activity of 

antinutritients, increases nutrient bioavailability, 

improves digestibility as well, and promotes the 

shelf life of food products (5). In order to have 

safe, nutritious, and nutrient bioavailability 

products from locally sourced raw material, there 

is a need to explore effective methods to achieve 

this. Thus, the processing of sorghum to gruel that 

would give a desirable product and ensure its 

safety can be achieved through fermentation by 

lactic acid bacteria (LAB) (4). The study evaluated 

the impact of fermentation on the antioxidant 

activities and nutritional composition of ogi (gruel) 

from two sorghum varieties. 

Two varieties of sorghum (Sorghum bicolor (L.) 

Moench) grains, i.e., red and white, were 

identified by a crop specialist and were purchased 

in Kure Market, Minna, Niger State. 

All chemicals and reagents used in the study were 

of analytical grade. 

The production of gruel from the grains was 

performed by adopting the method described by 

(5) with slight modifications. The grains were 

sorted, cleaned, and batched (750 g per batch) 

into various groups based on fermentation 

duration (24, 48, 72, and 96 h). The grains were 

steeped in clean water (approximately 2,000 mL) 

in a large plastic bowl with lids at room 

temperature (33 
o
C) for fermentation to occur. At 

the end of fermentation periods, the steep water 

was drained, fermented grains were re-washed in 

distilled water, wet milled, and sieved to obtain 

the pomace (crushed bran) and starchy slurry. The 

slurry was left to sour for 24 h; thereafter, it was 

dewatered to obtain the decanted excess water 

and a solid-like paste called ogi (gruel). Market 

samples (red and white sorghum) were used as 

controls. 

The standard method of (6) was used to 

determine the proximate composition of the 

samples. The hot air oven method was used to 

determine the moisture content; Protein was 

determined using the Kjeldahl method of protein 

analysis. Fat was determined by the Soxhlet 

method of fat extraction, while ash was obtained 

by weighing 5g of the sample into a tarred 

porcelain crucible. The crucible and its content 

were then transferred into a muffle furnace set at 

550 °C for 6 hours until the ash content was 

obtained. The crude fibre was determined using 

the weighed samples resulting from fat extraction, 

while total carbohydrate content was obtained by 

difference. 

Mineral’s determination was carried out in a 

dilute solution of the ashed samples according to 

the method outlined in (6). Zinc (Zn), magnesium 

(Mg), phosphorus (P), calcium (Ca), and iron (Fe) 

were determined by using an Atomic Absorption 

Spectrophotometer (AAS 220GF, Buck). The 

standard curve for each mineral was prepared 

from known concentrations of mineral, and the 

mineral content of the samples was estimated 

from the standard curve, while sodium (Na) and 

potassium (K) content was determined using a 

Jenway flame photometer PFP7 (Cole-Palmer, 

UK). 

 



 

The total tannin content was determined using the 

method described by (7). The sample absorbance 

was measured at 725 nm, and the concentration 

of tannin was extrapolated from a prepared 

standard graph of tannic acid (R
2
= 0.9714). 

Phytic acid was determined calorimetrically by 

absorbance at 500 nm on a spectrophotometer 

according to the method of (8) modified by (9). 

Oxalate content was assayed according to the 

method of (10) by titrating the sample filtrate after 

addition of H2SO4 against hot 0.1 mol/L KMnO4 

solution until a faint pink colour appeared, and 

the oxalate content was subsequently calculated. 

The spectrophotometric method described by (11) 

was used to determine saponin content. 

α, diphenyl-β-picrylhydrazyl (DPPH) antioxidant 

and Ferric reducing antioxidant power assay 

(FRAP) of the gruel were carried out according to 

the methods reported by (12), (13), and (14), 

respectively. Absorbance of the samples was 

measured at 517 nm using a UV-VIS 

spectrophotometer (Model SP9, PyeUnican UK) to 

record the changes, and free radical scavenging 

ability was expressed as 50% maximal radical 

inhibition concentration (DPPH IC50), while FRAP 

antioxidant activity was quantified by trolox 

standard curve and expressed as mg/100g Trolox 

equivalents (TE). 

The results were expressed as mean ± standard 

deviation, and the test for statistical significance 

was carried out using a one-way analysis of 

variance (ANOVA). The Statistical Package for 

Social Sciences (SPSS, Version 20) software 

determined significant differences. Significant 

means were separated using Duncan's New 

Multiple Range Test (DNMRT), and differences 

were considered significant at p<0.05. 

Proximate composition varied significantly 

(p<0.05) based on the type of sorghum and 

fermentation duration (Table 1). Moisture content 

remained stable across fermentation durations, 

with minor variations between fermented red 

sorghum (RS) and fermented white sorghum (WS). 

RS24 recorded 48.00 ± 0.87%, while WS24 had 

slightly higher moisture at 48.33 ± 0.29%. Fat 

content showed a slight increase during 

fermentation, i.e., RS was increased from RS24 

(1.33 ± 0.28%) to RS96 (2.17 ± 0.28%). 

Similarly, WS saw a rise, peaking at WS72 (2.83 

± 0.27%). Ash concentration, an indicator of 

mineral content, remained low across samples, 

with minimal differences between RS and WS, i.e., 

with values ranging from 2.00 ± 0.00% and 2.17 

± 0.29% for RS24 and WS24, respectively. 

Protein content increased significantly in both 

varieties, with RS96 (10.30 ± 0.27%) having the 

lowest values, while WS24 (10.50 ± 0.31%) had 

the highest value. 

The Ferric Reducing Assay Power (Table 2) for red 

and white sorghum (ogi) ranged from (73.08 to 

81.18 mg TE/100g) and (77.00 to 81.18 mg 

TE/100g), respectively. The values decreased 

steadily with fermentation time, from RS24 (81.18 

± 0.31) to RS96 (73.08 ± 0.14) at 500 mg/mL. 

WS exhibited higher FRAP activity than RS, with 

values for WS96 (81.18 ± 0.31) comparable to 

WS24. 

 

Samples Moisture  Ash  Fat  Fibre  Protein Carbohydrate 

RS 

RS24 

RS48 

RS72 

RS96 

47.00±0.00
ab

 

48.00±0.87
ab

 

46.83±0.29
ab

 

46.77±1.44
ab

 

46.00±0.00
ab

 

2.50±0.00
a
 

2.00±0.00
a
 

2.00±0.58
a
 

2.50±0.50
a
 

2.00±0.87
a
 

1.17±0.29
a
 

1.33±0.28
ab

 

1.83±0.28
abcd

 

2.17±0.28
cde

 

2.17±0.28
cde

 

0.10±0.00
a
 

0.08±0.02
a
 

0.05±0.05
a
 

0.10±0.00
a
 

0.08±0.03
a
 

8.05±0.00
bc

 

7.23±0.10
a
 

8.23±0.00
c
 

8.05±0.00
bc

 

10.3±0.27
de

 

40.25±0.39
b
 

40.87±1.00
b
 

39.07±0.37
ab

 

39.66±1.78
ab

 

38.88±1.04
ab

 

WS 

WS24 

WS48 

WS72 

WS96 

48.33±0.29
b
 

46.00 ±0.00
ab

 

45.67±0.29
a
 

47.17±2.00
ab

 

46.30±0.82
ab

 

2.17±0.29
a
 

2.50±0.50
a
 

2.67±0.29
a
 

2.33±0.29
a
 

2.67±0.29
a
 

1.83±0.29
abcd

 

1.50±0.00
abc

 

2.33±0.29
de

 

2.83±0.27
e
 

2.00±0.00
bcd

 

0.05±0.05
a
 

0.10±0.00
a
 

0.08±0.03
a
 

0.03±0.03
a
 

0.05±0.00
a
 

10.50±0.31
e
 

9.92±0.20
d
 

7.88±0.00
bc

 

7.50±0.10
ab

 

7.58±0.20
ab

 

36.90±0.29
a
 

39.32±0.28
ab

 

40.78±0.19
b
 

39.51±1.51
ab

 

40.71±1.14
b
 

Values represent the mean ± standard deviation (SD) based on three separate determinations. Means with different superscripts within the 

same column indicate significant differences (p < 0.05). RS: Red sorghum control, RS24: Red sorghum 24h steeping time, RS48: Red 

sorghum 48h steeping time, RS72: Red sorghum 72h steeping time, RS96: Red sorghum 96h steeping time, WS: White sorghum control, 

WS24: White sorghum 24h steeping time, WS48: White sorghum 48h steeping time, WS72: White sorghum 72h steeping time, WS96: 

White sorghum 96h steeping time. 



 

The DPPH radical scavenging ability (Table 3) for 

red and white sorghum (ogi) ranged from (51.72 

to 65.44 mg/mL) and (60.10 to 74.10 mg/mL), 

respectively. DPPH showed a peak activity at RS48 

(65.44 ± 0.29) for RS but subsequently declined 

by RS96 (61.19± 0.23). WS had the highest 

scavenging ability throughout the fermentation 

period, with WS48 (74.10 ± 0.23) being the 

highest. 

 

 Concentration (mg TE/100g) 

Samples             500              250             125            62.5 

 

RS 77.96±0.12
c
 40.01±0.07

bc
 20.96±0.21

b
 10.79±0.40

a
 

RS24 81.18±0.31
f
 42.96±0.33

d
 23.80±0.45

d
 13.69±0.54

c
 

RS48 79.96±0.07
d
 41.50±1.97

cd
 22.07±0.24

c
 12.74±0.62

bc
 

RS72 74.33±0.50
b
 39.04±0.21

ab
 20.05±0.10

a
 10.77±0.41

a
 

RS96 73.08±0.14
a
 37.89±1.27

a
 19.77±0.33

a
 10.59±0.59

a
 

 

WS 77.00±0.30
c
 39.98±0.03

bc
 20.96±0.25

ab
 11.72±0.52

a
 

WS24 80.25±1.06
ef
 42.88±0.17

d
 23.81±0.44

d
 13.69±0.55

c
 

WS48 79.05±0.33
d
 41.18±1.16

cd
 21.65±0.63

bc
 12.54±0.65

bc
 

WS72 80.96±0.45
ef
 42.99±0.25

d
 23.80±0.28

d
 13.60±0.57

c
 

WS96 81.18±0.31
f
 42.97±0.33

d
 23.80±0.45

d
 13.69±0.54

c
 

Values represent the mean ± standard deviation (SD) based on three separate determinations. Means with different superscripts within the 

same column indicate significant differences (p < 0.05). RS: Red sorghum control, RS24: Red sorghum 24h steeping time, RS48: Red 

sorghum 48h steeping time, RS72: Red sorghum 72h steeping time, RS96: Red sorghum 96h steeping time, WS: White sorghum control, 

WS24: White sorghum 24h steeping time, WS48: White sorghum 48h steeping time, WS72: White sorghum 72h steeping time, WS96: 

White sorghum 96h steeping time. 

 

 Concentration (mg/mL) 

Samples              500               250              125           62.5 

 

RS 63.42±0.18
e
 53.44±0.01

e
 39.03±0.30

f
 20.37±0.24

f
 

RS24 51.72±0.22
a
 41.15±0.23

a
 24.18±0.23

a
 9.97±0.34

a
 

RS48 65.44±0.29
fg
 57.51±0.21

g
 41.85±0.18

g
 23.58±0.28

g
 

RS72 57.38±0.37
b
 47.99±0.23

b
 30.57±0.12

b
 12.95±0.11

b
 

RS96 61.19±0.23
d
 52.38±0.27

d
 36.70±0.21

e
 18.12±0.27

e
 

 

WS 64.62±0.34
f
 55.59±0.22

f
 39.28±0.21

f
 20.74±0.34

f
 

WS24 65.82±0.26
g
 58.73±0.31

h
 44.00±0.18

h
 25.83±0.12

h
 

WS48 74.10±0.23
h
 65.72±0.25

i
 47.11±0.30

i
 28.41±0.17

i
 

WS72 60.10±0.23
c
 50.65±0.30

c
 31.85±0.18

c
 13.59±0.23

c
 

WS96 62.56±0.21
e
 52.16±0.25

d
 34.23±0.25

d
 17.55±0.15

d
 

Values represent the mean ± standard deviation (SD) based on three separate determinations. Means with different superscripts within the 

same column indicate significant differences (p < 0.05). RS: Red sorghum control, RS24: Red sorghum 24h steeping time, RS48: Red 

sorghum 48h steeping time, RS72: Red sorghum 72h steeping time, RS96: Red sorghum 96h steeping time, WS: White sorghum control, 

WS24: White sorghum 24h steeping time, WS48: White sorghum 48h steeping time, WS72: White sorghum 72h steeping time, WS96: 

White sorghum 96h steeping time. 

Mineral content (Table 4) such as zinc, magnesium, 

potassium, calcium, iron, sodium and phosphorous 

ranged from (1.50 to 4.98 mg/100g), (18.52 to 

26.56 mg/100g), (55.72 to 68.43 mg/100), (12.84 

to 22.67 mg/100g), (2.79 to 9.55 mg/100g), 

(3.18to 5.56 mg/100g) and (34.75 to 56.36 

mg/100g) respectively. Zinc was slightly higher in 

WS than in RS, peaking at WS48 (2.04± 0.05 

mg/100g) compared to RS48 (1.90 ± 0.06 

mg/100g). Magnesium was highest in RS24 (26.56 



 

± 0.22 mg/100g), while WS48 recorded the highest 

calcium level (68.43 ± 0.36 mg/100g). Iron levels 

varied, peaking at WS96 (7.49 ± 0.26 mg/100g) 

and RS48 (3.25 ± 0.05 mg/100g). Sodium content 

was higher in RS samples, with RS24 recording 6.54 

± 0.32 mg/100g. 

 

Samples Zinc  Magnesium  Potassium Calcium Iron Sodium Phosphorous 

RS 

RS24 

RS48 

RS72 

RS96 

4.98±0.05
g
 

1.50±0.06
ab

 

1.71±0.08
abc

 

1.90±0.06
c
 

2.51±0.10
e
 

20.69±0.0
c
 

26.56±0.22
f
 

18.52±0.07
a
 

18.61±0.07
a
 

22.87±0.07
d
 

58.92±0.03
b
 

55.72±0.08
a
 

62.29±0.04
d
 

60.38±0.04
c
 

62.86±0.05
d
 

15.97±0.06
d 

20.47±0.15
g
 

20.35±0.05
g
 

12.84±0.26
a 

15.28±0.02
c
 

3.97±0.03
e
 

3.56±0.11
c
 

3.25±0.05
b
 

9.55±0.04
i
 

7.19±0.09
h
 

 

5.56±0.06
g
 

6.54±0.32
h
 

5.38±0.02
f
 

4.85±0.04
e
 

3.39±0.01
b
 

52.52±0.42
j
 

39.27±0.64
b
 

46.47±0.00
e
 

46.90±0.10
f
 

50.25±0.05
h
 

WS 

WS24 

WS48 

WS72 

WS96 

3.56±0.01
f
 

1.44±0.08
a
 

1.60±0.10
ab

 

2.04±0.05
d
 

5.48±0.02
h
 

20.47±0.12
c
 

22.20±0.5
d
 

20.31±0.29
c 

19.27±0.29
b
 

23.15±0.29
e
 

65.08±0.02
e
 

59.03±0.10
b
 

66.48±0.00
ef
 

68.43±0.36
f
 

65.70±0.10
e
 

22.67±0.15
h
 

13.52±0.07
b
 

18.72±0.07
f
 

18.53±0.04
f
 

16.92±0.07
e
 

2.79±0.03
a
 

6.28±0.25
g
 

4.50±0.25
f
 

7.49±0.26
h
 

3.86±0.46
d
 

3.57±0.03
c
 

3.98±0.29
d
 

6.93±0.11
i
 

3.18±0.02
a
 

3.98±0.03
c
 

48.29±0.01
g
 

50.36±0.05
i
 

46.22±0.06
d
 

40.28±0.06
c
 

34.75±0.05
a
 

Values represent the mean ± standard deviation (SD) based on three separate determinations. Means with different superscripts within the 

same column indicate significant differences (p < 0.05). RS: Red sorghum control, RS24: Red sorghum 24h steeping time, RS48: Red 

sorghum 48h steeping time, RS72: Red sorghum 72h steeping time, RS96: Red sorghum 96h steeping time, WS: White sorghum control, 

WS24: White sorghum 24h steeping time, WS48: White sorghum 48h steeping time, WS72: White sorghum 72h steeping time, WS96: 

White sorghum 96h steeping time. 

Oxalate levels were significantly reduced in WS96 

(0.32 mg/g) compared to RS96 (0.36 mg/g). 

Phytate levels showed a sharper decline in WS, 

with WS96 having the lowest value (0.36 mg/g). 

Tannin content ranged from 0.00 mg/100g to 

2.47 mg/100g. Saponin content ranged from 

2.63 mg/100g to 8.90 mg/100g for raw 

sorghum samples (Table 5). 

 

Samples Oxalate Phytate Saponin Tannin 

RS 

RS24 

RS48 

RS72 

RS96 

0.45±0.00
b
 

1.29±0.05
f
 

0.50±0.05
b
 

0.93±0.05
e
 

0.36±0.00
a
 

1.07±0.12
c
 

1.07±0.00
c
 

1.31±0.00
d
 

0.12±0.07
f
 

0.83±0.00
a
 

2.63±0.03
a
 

6.06±0.05
g
 

2.82±0.02
b
 

3.01±0.02
c
 

8.04±0.06
h
 

0.00±0.00
a 

2.47±0.02
d
 

2.35±0.04
c
 

0.00±0.00
a 

0.00±0.00
a
 

     

WS 

WS24 

WS48 

WS72 

WS96 

0.66±0.05
c
 

0.32±0.05
a
 

2.04±0.05b 

2.51±0.10
d
 

1.61±0.52
a
 

1.19±0.00
cd

 

0.95±0.00
b
 

0.51±0.05
d
 

0.78±0.05
cd

 

0.36±0.00
e
 

5.27±0.03
f
 

8.90±0.02
i
 

7.99±0.01
h
 

4.30±0.10
e
 

3.42±0.01
d
 

0.00±0.00
a
 

2.10±0.10
b
 

0.00±0.00
a
 

0.00±0.00
a
 

0.00±0.00
a
 

Values represent the mean ± standard deviation (SD) based on three separate determinations. Means with different superscripts within the 

same column indicate significant differences (p < 0.05). RS: Red sorghum control, RS24: Red sorghum 24h steeping time, RS48: Red 

sorghum 48h steeping time, RS72: Red sorghum 72h steeping time, RS96: Red sorghum 96h steeping time, WS: White sorghum control, 

WS24: White sorghum 24h steeping time, WS48: White sorghum 48h steeping time, WS72: White sorghum 72h steeping time, WS96: 

White sorghum 96h steeping time. 

Sorghum gruel (ogi) is a Nigerian traditional 

fermented cereal that serves as a convenient meal 

for children and adults. Studies have suggested 

that fermentation of sorghum helps to reduce the 

activity of antinutritional factors, thereby 

improving nutrient bioavailability and mineral 

absorption in humans (3). The proximate 

composition of sorghum gruel samples shows 

significant variations based on the type (red 

sorghum [RS], white [WS]) and fermentation 

duration. The proximate analysis reveals the 

nutritional shifts in fat, fiber, protein, 

carbohydrates, and moisture content due to 



 

fermentation. Moisture content remained stable 

across fermentation durations, with minor 

variations between RS and WS. Fermentation 

creates a hydrated environment favorable for 

microbial metabolism, leading to stable moisture 

retention. The slight increase in fat content during 

fermentation is due to microbial activity breaking 

down complex lipids into simpler forms, which 

enhances extractability. This also suggests that ogi 

(gruel) made from sorghum grain would be a 

good source of energy. This finding is in contrast 

to the report of (15), where a reduction in fat 

content of fermented sorghum was observed and 

may be attributed to the process of oxidation, 

which could occur during fermentation. Low-fat 

content is advantageous for consumers requiring 

reduced fat intake, such as those managing 

cardiovascular diseases (16). Fiber levels showed 

negligible variation in red sorghum across 

fermentation periods. White sorghum followed a 

similar trend, maintaining stable values. Fiber 

plays a critical role in gastrointestinal health and 

impacts the glycemic index of foods. Fibre content 

is reduced during fermentation, and the 

negligible variation observed in fiber level may be 

attributed to the secretion of extracellular enzymes 

by microorganisms that metabolize and hydrolyze 

polysaccharides during fermentation (17). Ash 

levels, an indicator of mineral content, may 

increase due to the enzymatic activities that occur 

during the steeping of grain in water, causing the 

constituents to dissolve in water, thereby leading 

to high mineral content in sorghum (18). Protein 

content is essential for nutritional quality; the 

increase observed in this study is attributed to 

microbial proteolysis, which breaks down complex 

proteins into free amino acids and peptides, 

hence, enhancing digestibility (18). 

The antioxidant analyses in this study include the 

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 

scavenging activity, and the FRAP (ferric reducing 

antioxidant power) assay. These parameters 

reflect the capacity of the fermented sorghum 

samples to neutralize free radicals with ability of 

providing potential health-promoting properties. 

The reduction observed in FRAP values is 

attributed to the degradation of antioxidant 

compounds, such as polyphenols and flavonoids, 

due to extended microbial activity during 

fermentation (19). WS retained higher FRAP 

activity than RS, the lighter pigmentation of WS 

may result in a more stable antioxidant profile, as 

observed in previous studies (19). The rise and 

subsequent decline in DPPH radical scavenging 

ability indicates a balance between antioxidant 

extraction and degradation during fermentation 

(19). WS samples exhibited superior scavenging 

ability throughout, with WS48 being the highest. 

Mineral content revealed significant variation due 

to fermentation, with improvements in 

bioavailability for key minerals like zinc, 

magnesium, and calcium. zinc bioavailability may 

have been enhanced as a result of reduction in 

phytate content through fermentation. The 

reduction in phytate content through fermentation 

may have enhanced zinc bioavailability (20). 

Increase in magnesium and calcium level 

observed in this study align with previous research 

showing that fermentation activates phytase 

enzymes, which release bound minerals (18). Iron 

levels varied, peaking at WS96, sodium content 

was higher in RS samples, with RS24 recording 

the highest. These variations are influenced by the 

innate composition of sorghum varieties. 

Fermentation reduced antinutritional compounds, 

such as oxalates, phytates, and tannins, which 

inhibit nutrient absorption. These reductions 

improve mineral bioavailability and align with 

findings by (15). The reduction of oxalate level 

during fermentation is expected to improve the 

bioavailability of essential minerals in fermented 

sorghum. This reduction shows that oxalate 

content in these samples can positively impact 

consumers’ health and help to reduce any risk of 

kidney diseases among consumers. This 

corroborates the findings that fermentation 

reduces oxalate content in cereal grains, and the 

oxalate content of all samples is within the 

tolerance level, and consumers are not at risk of 

kidney stone formation (21, 22). The reduction of 

phytate content in all the samples may be 

attributed to the degradation of the inherent 

phytate enzymes in sorghum, which were 

activated by lactic acid bacteria during 

fermentation (23). A 76% reduction in tannin 

content was observed at 48 h fermentation for 

red sorghum, 63 % reduction was observed at 24 

h fermentation for white sorghum, while a 

reduction/elimination of tannin content in all the 

samples was observed from 48 h to 96 h 

fermentation period. The soaking, dehulling, and 

lactic acid fermentation processes that the 

sorghum samples have undergone might have 

been responsible for the significant 

reduction/elimination of tannin content in all the 

samples. This is in agreement with the finding that 

tannin content regarding the level in cereals can 

be significantly reduced or eliminated through 

processes like soaking, dehulling, germination, 

and fermentation (24). Comparatively, saponin 

content is higher in red sorghum samples 



 

compared to white sorghum samples. The 

saponin content observed in this study is lower 

than (53.82 – 177 mg/g) reported by (23) for ogi 

samples from different cereals such as maize, 

sorghum, millet, and popcorn maize. 

The nutritional content of ogi was improved with 

increased protein, fat, and mineral content. The 

comparative evaluation reveals that white 

sorghum was superior to red sorghum in 

retaining nutritional and antioxidant properties. 

White sorghum exhibited better antioxidant 

stability, higher protein and mineral content, and 

lower levels of antinutrients. The study also 

reveals that fermentation significantly reduced the 

levels of antinutrients in ogi, leading to improved 

mineral bioavailability, enhanced protein 

digestibility, and increased nutritional value. 

Optimal fermentation duration (48–72 hours) 

balances nutrient retention and antinutritional 

factor reduction. White sorghum, due to its 

superior performance, is recommended for 

producing Ogi with enhanced health benefits. 
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