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Abstract

Ogi is a widely consumed fermented food made from various cereal grains, including maize, millet, and
sorghum. However, it is known to be deficient in several essential nutrients such as protein, vitamins,
and minerals. As a result, research has focused on enriching ogi to enhance its nutritional value. This
study aimed to evaluate the proximate composition, functional properties, physicochemical properties,
and acceptability of 0gi made from sorghum, soybean, and date fruit. Six different ogi formulations were
prepared with varying ratios of sorghum, soybean, and date fruit (100%, 90:5:5, 80:10:10, 70:15:15,
60:20:20, and 50:25:25%). The results revealed that moisture, ash, protein, fat, and carbohydrate
contents ranged from 11.59-16.51%, 2.39-3.60%, 8.76-16.62%, 3.41-8.04%, and 55.23-73.87%,
respectively. Additionally, there was an increase in moisture, protein, fat, and ash content as the
soybean supplementation increased. However, bulk density (0.68-0.86 g/cm?), water absorption
capacity (5.60-8.80%), swelling capacity (35.80-45.20%), titratable acidity (4.03-6.05%), and
viscosity (105.00-160.00 mP/s) all decreased with higher soybean and date fruit supplementation. In
conclusion, adding soybeans and date fruit to ogi improves its nutritional profile and overall
acceptability.
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INTRODUCTION

Sorghum (Sorghum bicolor) is an important staple crop in most populations of Africa,
especially in dryland regions. Its significance as a source of food security to this region is due
to its nutritional quality as well as its ability to survive in harsh environmental conditions
depending on the variety (FAOSTAT, 2014). According to Macauley (2015), sorghum was
ranked fourth and second most important cereal after maize having a production volume of
25MT in africa. It has been reported that sorghum grain contains protein (6.23 - 13.81%), fat
(3.60 - 10.54%), ash (1.12 - 1.68%) and carbohydrate (65.57 - 76.28%) (Jimoh and Abdullahi,
2017). They are significant sources of vitamins and minerals and also contain antinutrients.
Sorghum is processed into various food products such as fermented products and has
promising nutritional attributes.
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Ogi is a smooth, free-flowing thin porridge obtained from wet-milled fermented cereal grains
such as maize, sorghum and millet. These cereals yield different colours, tastes and nutritional
values depending on the crop, method and time utilized in the production of ogi (Pikuda and
Ilelaboye 2013; Jjarotimi et al., 2022). Ogi is easy to process and readily available in most
developing countries and is used for weaning food for children although can also be
consumed by adults. Thus, it is a significant diet in the nutrition of infants and children. Ogi
made from cereal alone is rich in carbohydrates (68.71 - 81.74%) and low in protein (4.31 -
12.12%) and fat (3.56 - 6.70%) contents (Abioye 2015; Ezekiel et al., 2022) and can be consumed
as whole meal, with enriching ingredients (sugar, milk, honey or fruits) and/ or together with
meals such as beans, yam, moi-moi and akara. The high starch content and low protein levels
of 0gi raise concerns in the context of promoting healthy diets. Recently, several studies have
investigated supplementation methods to improve the nutritional profile of 0gi made from
cereals, incorporating ingredients such as soybean and carrot (Ukeyima et al., 2019), moringa
(Abioye, 2015), locust bean seeds (Makanjoula et al., 2017), and pigeon pea (Obeta et al., 2023).
Soybean (Glycine max) a legume, is utilized as food for humans, feed for animals and raw
materials for industries (Ali ef al., 2020). It has excellent food value and has been utilized in
various food applications due to its nutritional and functional qualities. Some cultivars of
soybean in Nigeria have been reported to contain protein (12.96 - 41.92%), fat (23.12 - 30.45%),
ash (3.34 - 5.36%) and carbohydrate (15.83 - 52.74%) (Etiosa et al., 2017) and rich in minerals.
Due to its high protein and fat contents, soybean is utilized as a good source of protein and
vegetable oil and has been processed into flour, oil, meal etc. It is widely used as a cheap
dietary protein source and it is consumed as soymilk, tofu and flour has been added to pap as
food for children.

Date fruit (Phoenix dactylifera) is a flowering plant belonging to the Aceraceae family. It contains
high carbohydrate (91.76%) content (Shaba et al., 2015) which is mostly sugar, dietary fibre,
vitamins, minerals and phytochemicals which are significant in promoting good health
(Khalid et al., 2017). Date is commonly consumed as a whole snack, with milk, yoghurt or
Arabian coffee. They are processed into paste, syrup, pickles, jams and jellies products and
used in various food applications as flavorants, sweeteners and colourants in beverages,
baked products and confections (Masmoudi et al., 2008).

The objectives of this study are to produce 0gi from sorghum, soybean and date fruit and to
evaluate the proximate composition, functional properties, physicochemical properties and
acceptability of the 0gi produced.

MATERIALS AND METHODS

Materials
Samples of sorghum, soybean and date fruit were obtained from Custom Market in
Maiduguri, Borno State, Nigeria.

Preparation of Sorghum Ogi Powder

Ogi powder was prepared using the method described by Jjarotimi et al. (2022). The grains
were cleaned and sorted by removing foreign materials. Five kilogrammes (5 kg) of the
cleaned sorghum sample were soaked in water (10 litres) and steeped for 72 hours at room
temperature. The steep grains were washed and wet-milled using a commercial grinding
machine. The milled slurry was then sieved through a fine mesh sieve to remove the over tails
which were discarded. The filtrate (slurry) was allowed to stand and further fermented for 10
hours to sediments at room temperature. The water was decanted from the sediments and the
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o0gi slurry obtained was collected into a muslin cloth, dried at 55 °C for 4 h and milled using
an electric blender, sieved, packaged and stored at room temperature prior to usage.

Preparation of Soybeans Flour

Soybean flour was processed according to the modified method described by Ameh et al.
(2023). The soybean seeds were sorted to remove foreign materials. The cleaned soybeans
were boiled in water (for 10 min), dehulled and the hulls were removed by rinsing with clean
water. The dehulled soybean seeds were oven-dried at 60 °C for 12 h and milled into fine flour.
The soybean flour was sieved using a 250 pm mesh sieve to obtain fine flour, packaged and
stored at room temperature before usage.

Preparation of Date Fruit Pulp

The date fruit pulp flour was produced as described by Peter-Ikechukwu et al. (2020). The date
fruits were washed with water to remove adhering dirt and manually deseeded. The fleshy
pulp was cut into small pieces with the aid of a knife. The pulp with pericarp was then oven-
dried at 60 °C for 8 hours and subsequently milled using an Electric blender. It was sieved
through a 250 mm mesh sieve to obtain fine flour, packaged and stored at room temperature
prior to usage.

Formulation ratios of Ogi Flour Blends

The formulation of the 0gi blends was done using the method described by Peter-Ikechukwu
et al. (2020) with slight modifications. The ratios of sorghum ogi flour: soybean flour: date fruit
pulp flour blends were; 100:0:0 (control), 90:5:5, 80:10:10, 70:15:15, 60:20:20, 50:25:25 as shown
in Table 1.

Table 1. The Flour Formulation Ratios

Sample Sorghum Soybean Fruit Pulp
100 0 0

B 90 5 5

C 80 10 10

D 70 15 15

E 60 20 20

F 50 25 25

Proximate Composition Determination

The proximate composition of the o0gi flour blend samples was carried out according to the
methods described by AOAC (2005). Each sample was analyzed for moisture, crude protein
(%N x 6.25 conversion factor), crude fats and ash contents. While the carbohydrate content
was obtained by difference. The energy value (kCal) was calculated by applying Water factors
4,9, and 4 for each gram of protein, lipid, and carbohydrate respectively as shown below:
Energy value (kCal/100g) = (4 x %Carbohydrate) + (4 x %Protein) + (9 x %Fat) 1)

Determination of Antinutrient contents

Tannins

The tannin content was determined according to the modified vanillin-HCI method described
by Price et al. (1978). About 200 mg of the sample was extracted using 10 ml of concentrated
HCl in methanol (1% ) for 20 min in capped rotating test tubes. About 5ml of Vanillin reagent
(0.5%) was added to 1 ml of the extract and the absorbance of the colour developed after 20
min at 30°C was read at 500 nm. A standard curve was prepared to express the results as
catechin equivalents, i.e. amount of catechin which gives a colour intensity equivalent to that
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given by tannins after correcting for blank. Tannin concentration was calculated using the
quadratic equation obtained from the standard calibration curve and was expressed in mg/ g.

Phytates

Determination of phytate content was carried out according to the method described by
Mohammed et al. (1986). About 1.0 g of the Sample was extracted with 3% tri-chloro acetic
acid (TCA) at 37°C for 45 min using an anion exchange column by shaking followed by
centrifugation. Distilled water (4.6 mL) was then mixed with 0.2 mL of the extracted phytate
and chromogenic solution (0.2 ml), then heated in a water bath at 95°C for 30 min, and then
allowed to cool. The developed color was read against blank (at 830 nm). A standard phytate
solution was prepared by dissolving sodium phytate in distilled water to prepare different
phytate concentrations. The amount of phytate in the tested samples was expressed as mg /g.

Functional Properties Determination

Bulk Density Determination

The bulk density of the 0gi flour blend samples was determined using the procedure described
by Onwuka (2005). For each flour blend sample, 50g was poured into a 100 cm3 measuring
cylinder gently. The bottom of the cylinder was tapped gently on the laboratory table until a
constant volume level was observed. The bulk density was calculated using the formula
below. The bulk density of each sample was repeated three times and the average was
calculated as shown in equation 2.

Bulk Density (g/cm?) = "o o L0t 2

Water Absorption Capacity Determination

The WAC of the flour samples was determined according to Ogundele and Taylor (2016)
method with slight modification. Using a weighed test tube (w1), 1g of each sample was
poured into a separate test tube and weighed (w2) then 10 mL of water was added and the
suspension was stirred for 5 min. The content was centrifuged at 3,500 rpm for 30 min. The
supernatant obtained was measured in a 10 ml measuring cylinder while the residue in the
test tube was weighed (ws). The water absorbed by the seed flour was calculated as shown in

equation 3.

0 _ W3-w2x100
o WAC = ———— 3)

pH Determination

The pH values of the ogi flour blend samples were determined by dissolving 10 g of each
sample in 100 ml of distilled water in a 250 ml beaker. The pH reading was taken after
thorough mixing and stirring (Peter-Ikechukwu et al., 2020).

Swelling Capacity Determination

The swelling capacity of the ogi flour blend samples was determined using the method of
Abioye (2015) with modifications. One gramme of each sample (w1) was suspended in 10 mL
of water and heated in a thermostatically controlled water bath at 95 °C in a tarred screw cap
tube of 15 mL. The suspension was stirred intermittently over 30 min to keep the starch
granules suspended. The cool paste (at a temperature of 27 °C) was centrifuged, at 2200 x g
for 15 min to separate the gel and the supernatant. Then, the aqueous supernatant was

removed and the weight of the swollen sediment (w2) was determined. (Euation 4)
_ w2-w1x100

Swelling Capacity (%) = ) 4)
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Titratable Acidity Determination

The titratable acidity (TTA) was determined using the method described by AOAC (2010).
Ten grammes of each sample blend was poured into a conical flask and 25ml of distilled water
was added. The mixture was titrated with 0.1N NaOH using 3 drops of phenolphthalein as
an indicator. It was titrated until a pink colouration was observed and the corresponding

burette reading was taken in the equation below (Equation 5)
_ (Tv—-Tb) x N xmeq x 100

TTA (%) v 5)
where Tv = Base used for titrating the sample (mL)

Tb = Base used for titrating blank sample (mL)

N = Normality of base used for titration

meq = mili equivalent of lactic acid (0.09)

\% = volume of sample

Viscosity Determination

The viscosity of the ogi flour blend samples was determined using a digital rotational
Brookfield viscometer as carried out by Obeta et al. (2023). The samples were poured into the
100ml beaker to reach a level that covers the immersion groove on the spindle shaft. Each
reading was taken after 1 min rotation at speed (100rpm). Spindle number #6 was used for all
the measurements.

Preparation of Ogi from formulated flour blend samples

0gi was prepared according to the method described by Ezekiel et al. (2022) with slight
modifications. Thirty (30 g) grams of each sample blend was reconstituted with 30 mL of
potable water to form a slurry. A 120 mL hot water (100 °C) was poured into the slurry to form
a thick ogi consistency. The samples were served immediately for sensory evaluation.

Sensory Evaluation

The sensory evaluation of the 0gi produced was conducted using 15-panel members. A nine-
scale hedonic score system was used. The scale ranged from extremely like (9) to extremely
dislike (1) of the ogi products. Each sample was scored for appearance, flavour, taste, aroma,
texture and overall acceptability.

Statistical Analysis

The data generated were analyzed using Analysis of Variance and means separated using the
Duncan Multiple Range Test using Statistical Package for Social Science 23 version (SPSS) at
0.05 level of significance.

RESULTS AND DISCUSSION

Proximate Composition of Ogi Flour Blend Samples Produced from Sorghum, Soybeans
and Date Fruit.

Table 2 shows the proximate composition of the 0gi samples produced from sorghum with
soybean and date fruit flour. The moisture content of the ogi flour blend samples ranged from
11.57 - 16.51% and differed significantly (p<0.05). Sample F (16.51%) had the highest value
followed by samples E (16.05%), D (14.88%), C (13.75%) and B (12.90%) while sample A
(11.57%) had the least in moisture content. The increase in the proportion of soybean and date
fruit pulp increased the moisture content of the ogi flour blend compared to the 100% ogi
sorghum flour sample. This is similar to a study reported by Oluwamukomi et al. (2004),
where the moisture content of 0gi produced from maize increased with an increase in soybean
supplementation. Also, it has been observed that the moisture content of 0gi produced from
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acha increased with an increase in soybean and carrot flour supplementation (Ukeyima et al.,
2019).

There was a significant (p<0.05) difference in the ash content of 0gi flour blend samples which
ranged from 2.39 - 3.60%. Sample F (3.60%) had the highest value followed by samples E
(3.42%), D (3.00%), C (2.83%) and B (2.61%) while sample A (2.39%) had the least in ash
content. This is similar to a previous study where lower ash contents were observed in 0gi
produced from sorghum samples (0.86 -2.22%) (Pikuda and Ilelaboye, 2013). This could be
due to the increase in the proportion of soybean and date fruit pulp flour to sorghum which
increased the ash content of the 0gi samples compared to the control sample. According to
Nwosu et al. (2019), soybeans had a high ash content (3.34 - 5.36%) as compared to that of
sorghum (1.12 - 1.68%) (Jimoh and Abdullahi, 2017). According to Akanbi et al. (2010),
supplementing 25% soybean to sorghum, maize and millet was reported to increase the ash
contents of the 0gi produced. Subsequently, there was a significant (p<0.05) difference in the
protein content of the ogi flour blend. The protein content of the samples ranged from 8.76 -
16.62%. Sample F (16.62%) had the highest value followed by samples E (15.40%), D (12.62%),
C (10.95%) and B (9.54%) while sample A (8.76%) had the least ash content. The protein
content of ogi flour blend samples in this study was close to that reported for ogi flour from
acha supplemented with soybean and carrot flour (3.94 - 16.98%) (Ukeyima et al., 2019). This
could be due to differences in the raw material of supplementation and its varying levels of
supplementation. In this study, supplemented flour blends had higher protein content
compared to the control sample. Notably, the addition of legumes to cereal flour tends to
increase the protein content of the blend. Studies on o0gi produced from 0 - 50% legume-
supplemented cereal flours showed an increase in protein content with an increase in legume
levels compared to the control sample (Makanjoula et al., 2017).

The fat content of the ogi flour blend samples ranged from 3.41 - 8.04% and differed
significantly (p<0.05). Sample F (8.04%) had the highest value followed by samples E (7.23%),
D (6.05%), C (4.90%) and B (4.12%) while sample A (3.41%) had the least in fat content. In this
study, supplementation of sorghum with soybean and date fruit increased the fat content of
the ogi flour blend. Reports have shown that soybeans contained a higher amount of fat
content (28.2%) (Etiosa et al., 2017) compared to date fruit (1.73%) (Shaba et al., 2015) and
sorghum (2.74 - 3.62%) (Mawouma et al., 2022). Hence, the increase in fat content of the ogi
blend samples could be attributed to the addition of soybeans. According to Ukeyima et al.
(2019), the addition of 35% soybean and 10% carrot to acha flour increased the fat content of
the ogi flour blend from 1.89% to 10.23%. Considering the carbohydrate content of ogi flour
blend, there was a significant (p<0.05) difference in the carbohydrate content which ranged
from 55.23 - 73.87%. Sample A (73.87%) had the highest value followed by samples B (70.83%),
C (67.57%), D (63.45%) and E (57.90%) while sample F (55.23%) had the least in carbohydrate
content. This study observed that the increase in soybean and date fruit supplementation
decreased the carbohydrate content of the 0gi flour blends as compared to o0gi flour produced
from 100% sorghum (control). Similar to this study, Akanbi et al. (2010) reported that
supplementing 25% soybean to maize, millet and sorghum separately, decreased the
carbohydrate content of 0gi produced. Similarly, the supplementation of soybean to maize,
defatted baobab seed to maize, and moringa seed to maize flour decreased the carbohydrate
content of produced ogi samples (Abioye, 2015; Oluwamukomi et al., 2004; Ezekiel et al., 2022).
The energy value of the 0gi flour blend samples ranged from 358.18 - 361.21 kCal/100g and
differed significantly (p<0.05). Sample A (361.21 kCal/100g) had the highest value followed
by sample F (359.76 kCal/100g). However, there is no significant difference (p>0.05) between
samples D (358.73 kCal/100g), B (358.56 kCal/100g), E (358.27 kCal/100g) and C (358.18
kCal/100g). In this study, the control sample (100% sorghum) had the highest energy value
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compared to the supplemented samples. This is similar to a study reported by Ezekiel et al.
(2022) where the energy value of ogi produced from maize decreased from 377.23 kCal/100g
to 367.13 kCal/100g as 50% defatted baobab seed was supplemented. According to Obeta et
al. (2023), the energy value of 0gi produced from maize decreased from 315.45 kCal/100g to

302.55 kCal/100g due to the addition of pigeon pea flour.

Table 2: The Proximate Composition of Ogi Flour Blend Samples

Samples Moisture (%) Ash (%) Protein (%) Fat (%) Carbohydrate  Energy value
(%) (kCal/100g)
Sample A 1159 £0.04f 2.39+0.01f  8.76 +0.02f 3.41 +0.02f 73.87 £0.082 361.21 £0.21a
Sample B 1290+£0.03¢  2.61 £0.02¢  9.54 +0.03¢ 412 +0.03¢ 70.83 £ 0.05b 358.56 + 0.15¢
Sample C 13.75+£0.05¢ 283 +0.01¢  10.95+0.02¢ 4.90 +0.02d 67.57 £0.10¢ 358.18 £ 0.11¢
Sample D 14.88 £0.05¢  3.00+0.02c  12.62+0.04¢ 6.05 £ 0.02¢ 63.45 £ 0.144 358.73 £ 0.25¢
Sample E 16.05+0.05> 342 +0.01> 15.40+0.03b 7.23 £0.03b 57.70 £ 0.06¢ 358.27 £ 0.18¢
Sample F 1651 £0.042  3.60 £0.022  16.62 +0.052 8.04 £ 0.052 55.23 + 0.09f 359.76 + 0.13b

Data are Mean+SD (n=3). Mean values bearing similar superscripts are not significantly different (p<0.05).

Functional and Physicochemical Properties of Ogi Produced from Sorghum, Soybeans and
Date Fruit.

The functional and physicochemical properties of the ogi flour samples are shown in Table 3.
The supplementation of sorghum with soybean and date fruit at varying levels significantly
(p<0.05) affected the bulk density, water absorption capacity, swelling capacity, viscosity, pH,
titratable acidity and brix values of the o0gi. The bulk density ranged from 0.68 - 0.86g/cm? and
sample A (control) (0.86g/cm? had the highest while sample F (0.68g/cm? had the least value.
It has been observed that the increase in soybean and date fruit flour decreased the bulk
density of ogi flour samples. This is similar to a previous study by Ukeyima et al. (2019), who
reported that the addition of soybean and carrot flour to acha decreased the bulk density of
ogi samples. Similarly, Peter-Ikechukwu et al. (2020) also reported that the bulk density of
wheat flour decreased with an increase in melon seed and date fruit flour supplementation.
There was a significant (p<0.05) difference in the water absorption capacity (WAC) of ogi flour
samples which ranged from 5.60 - 8.80%. Sample A (8.80%) had the highest value followed by
samples B (8.00%), C (7.40%), D (6.80%) and E (6.20%) while sample F (5.60%) had the least in
WAC. In this study, the increase in soybean and date fruit decreased the WAC of 0gi samples.
Hence, the control sample had the highest WAC. This agrees with a previous study reported
by Ukeyima et al. (2019), where the WAC values of 0gi flour produced from acha, soybean and
carrot flour blend (1.10 - 1.40%) decreased with an increase in the addition of soybean and
carrot flour. The swelling capacity ranged from 35.80 - 45.20% with sample A (control)
(45.20%) having the highest and sample F (35.80%) having the least value. In this study, an
increase in soybean and date fruit flour decreased the swelling capacity of ogi flour blend
samples. This could be due to the replacement of some of the starch granules in sorghum flour
in the blended samples. Similarly, supplementation of maize ogi flour with moringa seeds
decreased the swelling capacity from 33.33% to 10.00% (Abioye, 2015).
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Table 3: The Functional and Physicochemical Properties of Ogi Produced from Sorghum,
Soybeans and Date Fruit.

Sample Bulk Density (g/cm?3) Water Absorption Swelling Capacity (%)
Capacity (%)
A 0.86 +0.022 8.80 £ 0.03a 45.20 +0.052
B 0.83 +0.03ab 8.00 £0.03b 41.60 + 0.05°
C 0.79 £0.02b 7.40 £ 0.03¢ 39.50 +0.05¢
D 0.76 £0.02b 6.80 +0.03d 37.70 £0.034
E 0.70 +0.02¢ 6.20 +0.03¢ 36.50 + 0.04¢
F 0.68 +0.01¢ 5.60 + 0.04¢ 35.80 + 0.01f

Data are Mean+SD (n=3). Mean values bearing similar superscripts are not significantly different (p<0.05).

The pH of the ogi flour blend samples ranged from 4.73 - 5.80 and differed significantly
(p<0.05). Sample F (5.80) had the highest value followed by samples E (5.67), D (5.35), C (5.12)
and B (4.97) while sample A (4.73) had the least in pH value. The lowest pH value noted for
the 100% sorghum ogi flour sample could be attributed to the fermentation process for ogi
production and proliferation of microbial biomass specifically lactic acid bacteria and yeast
capable of utilizing free sugar to produce organic acids (Obeta et al., 2023). The pH values of
the ogi flour blend samples increased as the ratio of soybean and date fruit flour increased.
This is in line with the findings of Peter-lkechukwu et al. (2020) who reported an increase in
the pH values of the wheat composite flour samples as the ratio of toasted watermelon seed
and date fruit pulp flour increased. There was a significant (p<0.05) difference in the titratable
acidity (TTA) of ogi flour blend samples ranging from 4.03 - 6.05%. Sample A (6.05%) had the
highest value followed by samples B (5.81%), C (5.20%), D (4.64%) and E (4.15%) while sample
F (4.03%) had the least in TTA. The TTA range in this study indicates that the product will
have better keeping quality because the acidity can prevent or delay the growth of spoilage
microbes while low titratable acidity ensures proper absorption of mineral elements
(Kuyunya et al., 2011).

The result showed that the increase in soybean and date fruit flour supplementation decreased
the TTA value of the sorghum ogi flour. Hence, the control sample had the highest TTA value.
Similar to this study, an increase in TTA of 0gi produced from maize as a result of the addition
of pigeon peas was reported by Obeta et al. (2023). Also, Zakari et al. (2010) noted that the
titratable acidity of agidi produced from pearl millet decreased during the addition of Bambara
groundnut flour which agreed with the findings of this study.

The viscosity of the ogi flour blend samples ranged from 105.00 - 160.00mP/s and differed
significantly (p<0.05). Sample A (160.00mP/s) had the highest value followed by samples B
(145.00mP/s), C (132.00mP/s), D (120.00mP/s) and E (114.00mP/s) while sample F
(105.00mP/s) had the least viscosity. This result showed a decrease in the viscosity of 0gi due
to the addition of soybean and date fruit flour. This could be attributed to the replacement of
the sorghum starch component with the blend flour. This agreed with the observation of
Ezekiel et al. (2022) who reported a decrease in viscosity of ogi produced from maize
consequent to the inclusion of defatted baobab seed. Again, Akinwale et al. (2017) also
reported a reduction in viscosity of custard as a result of the soy protein addition. The
reduction of the viscosity of starch-based foods could be attributed to the interference of starch
swelling due to the presence of vegetable protein (Assam et al., 2018).
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Table 4. Physicochemical Properties of Ogi Produced from sorghum, Soybeans and Date
Fruits

Sample pH Titratable acidity (%) Brix (degree) Viscosity (mP/s)
A 4.83 +0.03e 6.05 +0.022 0.60 + 0.02f 160.00 + 0.052
B 4.97 +0.024 5.81 £ 0.03b 1.10 £ 0.02¢ 145.00 + 0.05>
C 5.15 £ 0.02¢ 5.20 +0.03¢ 1.50 £ 0.02d 132.00 + 0.03¢
D 5.36 £ 0.01¢ 4.64 +0.014d 210 £0.01¢ 120.00 + 0.044
E 5.74 £ 0.020 415+ 0.04¢ 3.00 £ 0.02v 114.00 £ 0.04¢
F 5.80 + 0.022 4.03 + 0.03f 3.50 £0.012 105.00 + 0.02f

Data are Mean+SD (n=3). Mean values bearing similar superscripts are not significantly different (p<0.05).

Antinutrients Contents of Ogi Produced from Sorghum, Soybeans and Date Fruit.

The antinutrient contents of the ogi flour blend samples are presented in Table 4. The tannin
and phytate contents of 0gi produced from the blend samples were significantly (p<0.05)
affected by the addition of soybean and date fruit. The tannin content of the ogi flour blend
samples ranged from 0.60 - 2.20 mg/g and differed significantly (p<0.05). Sample F
(2.20mg/g) had the highest value followed by samples E (2.00mg/g), D (1.55mg/g), C
(1.20mg/g) and B (0.80mg/g) while sample A (0.60mg/g) had the least in tannin content.
Tannins are naturally occurring plant polyphenols. Their main characteristic is to bind and
precipitate protein thereby interfering with its digestion and absorption (Cirkovic Velickovic
and Stanic-Vucinic, 2018). The addition of soybean and date fruit increased the tannin content
of the 0gi blend samples as the 100% sorghum flour (control) recorded the least. This could be
attributed to the higher tannin content in date fruit (685.00mg/100g) (Oni et al., 2015). This is
similar to some previous studies where the tannin content of Ogi flour produced from maize
increased when supplemented with pigeon pea flour (Obeta et al., 2023) likewise, that of 0gi
flour produced from maize increased when supplemented with protein isolates of soybean
and Bambara groundnut flour blends (Ameh et al., 2023). According to Rihanatu ef al. (2011),
fermented sorghum varieties contained 1.20 - 2.40mg/ g tannins which was higher compared
to the tannin content of the 0gi control sample (0.6mg/g). This could be due to the processing
method of the ogi flour after fermentation. Higher values of tannin content were reported for
maize, millet and sorghum ogi flour ranging from 2.08 - 6.08mg/ g compared to 100% sorghum
flour.

The phytate content of sorghum ogi flour samples was significantly (p<0.05) affected by the
addition of soybean and date fruit. The phytate content ranged from 0.98 - 1.31mg/g where
sample F (control) (1.40mg/ g) had the highest and sample A (0.98mg/ g) had the lowest value.
The study showed that the increase in soybean and date fruit flour increased the phytate
content of 0gi flour blend samples. The low content of phytate for 100% sorghum ogi could be
due to the fermentation process used which tends to hydrolyzed the phytates (Wakil and
Kazem, 2012). The phytate content (0.98 - 1.40mg/ g) in this study was lower than (2.16 to 2.45
mg/g) reported for complementary food products produced from malted red sorghum and
defatted soybean flour blend (Agbaje et al., 2017). The bioavailability of minerals such as iron,
zing, calcium, and magnesium is known to be reduced through forming complexes with
phytate and thus inadequate in food especially for children (Uchechukwu et al., 2017). The
phytate content of the 0gi flour blend samples in this study is within the recommended value
(<70.00 mg/ g) for phytate content in cereal and legume flours reported by NIS, (2004). Thus,
the ogi flour blends from this study are within the safe limit for consumption especially for
children.
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Table 4: The Antinutrient Contents of Ogi Flour Blend Samples

Samples Tannin (mg/g) Phytate (mg/g)
Sample A 0.60 * 0.02f 0.98 + 0.02f
Sample B 0.80 £0.01¢ 1.04 +0.02¢
Sample C 1.20 +£0.024 1.18 £0.014
Sample D 1.55 £ 0.03¢ 1.24 +0.03¢
Sample E 2.00 +£0.02v 1.31+£0.02b
Sample F 2.20 £0.032 1.40 £0.032

Data are Mean+SD (n=3). Mean values bearing similar superscripts are not significantly different (p<0.05).

Sensory Evaluation of Ogi flour blend Produced from Sorghum, Soybeans and Date Fruit.
The sensory evaluation results of 0gi flour blend samples are presented in Table 5. The colour,
taste, aroma, and texture scores of the 0gi produced from the blend samples were significantly
(p<0.05) different whereas there was no significant difference (p>0.05) in the overall
acceptability score of the samples. The colour score of 0gi flour samples ranged from 7.02 -
7.56. Sample A (7.56) had the highest value and did not differ significantly (p>0.05) from
samples B (7.45), C (7.31) and D (7.20) while sample F (7.02) had the lowest colour score. This
study observed that the addition of soybean and date fruit pulp flour to sorghum ogi
decreased its colour preference. A similar report was documented on 0gi produced from maize
supplemented with protein isolates of soybean and Bambara groundnut blends (Ameh et al.,
2023). The taste mean value ranged from 6.67 - 7.83. Sample F (7.83) had the highest value and
did not differ significantly (p>0.05) from samples E (7.67) and D (7.45) while sample A (6.67)
had the least taste score and did not differ significantly (p>0.05) from sample B (6.83). This
study observed that the addition of soybean and date fruit to sorghum improved the 0gi taste
mean value. This could be due to the sugar contents in date fruit which might have improved
the taste (Sheba et al., 2015).

The aroma mean value ranged from 6.40 - 7.80. Sample F (7.80) had the highest value and did
not differ significantly from sample E (7.40). Samples E (7.40), D (7.13), C (7.07) and B (6.87)
did not differ significantly (p>0.05) while sample A (6.40) had the lowest aroma score and did
not differ significantly (p>0.05) from sample B (6.87). The result showed that the addition of
soybean and date fruit flour to sorghum ogi improved its aroma mean value. This could be
due to the ability of date fruit to add flavour to food products as utilized in food applications
(Masmoudi et al., 2008). However, there was a decrease in the aroma score of 0gi produced
from acha supplemented with soybean and carrot flour (Ukeyima et al., 2019). The texture
score of 0gi flour blend samples ranged from 6.50 - 7.80. Sample A (7.80) had the highest value
and did not differ significantly (p>0.05) from samples B (7.53) and C (7.40). Samples C (7.40),
D (7.00) and E (6.87) did not differ significantly (p>0.05) while sample F (6.50) had the lowest
texture score and did not differ significantly (p>0.05) from sample E (6.87). This study showed
that the addition of soybean and date fruit flour decreased the texture preference. This could
be due to the decrease in the viscosity of the samples as a result of the sorghum starch
replacement with the blended flours. Similarly, studies have reported a decrease in
texture/mouthfeel score of 0gi produced from maize supplemented with moringa (Abioye,
2015), and ogi produced from maize supplemented with locust bean (Makanjoula et al., 2017).

The overall acceptability score ranged from 7.15 - 7.50 and did not differ significantly (p>0.05)
from each sample. Sample C (7.50) had the highest value followed by samples D (7.36), B
(7.34), A (7.30) and E (7.24) while sample F (7.15) had the lowest overall acceptability score.
This study observed that the addition of 10% soybean and 10% date fruit pulp flour to
sorghum ogi improved its overall preference score compared to other blends. This could be
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due to the improved taste and aroma and lesser reduction in colour and texture of the
sorghum ogi product compared to the 100% sorghum ogi. Also, adding 5% and 15% of soybean
and date fruit pulp flour each to sorghum gi, where slightly preferred more than the 100%
sorghum ogi products.

Table 5: The Sensory Evaluation Scores of Ogi Produced from Sorghum, Soybeans and Date
Fruit

Samples Colour Taste Aroma Texture Overall
Acceptability

Sample A 7.56 £0.132 6.67 £0.23¢ 6.40 + 0.32¢ 7.80+0.14a 7.30+0.28a
Sample B 7.45+0.102 6.83 £ 0.25de 6.87 £ 0.25b¢ 7.53+0.21a 7.34+0.242
Sample C 7.31+0.12ab 7.10 +0.18¢cd 7.07 £0.27b 7.40 +0.29ab 7.50 +0.24a
Sample D 7.20 +0.18ab 7.45 +0.16abe 7.13 +0.26P 7.00 +0.21b 7.36 +0.162
Sample E 7.13 +0.15b 7.67 +0.21ab 7.40 +0.21ab 6.87 +0.31b¢ 7.24+0.20a
Sample F 7.02+0.11b 7.83+0.19 7.80 £ 0.242 6.50 + 0.24¢ 7.15+0.252

Data are Mean+SD (n=3). Mean values bearing similar superscripts are not significantly different (p<0.05).

CONCLUSION

In conclusion, the addition of soybeans and date fruits to ogi produced from sorghum
improved the proximate composition of the samples making it a good source of nutrients in
the human diet. Also, the results from the sensory scores show that all 0gi samples are highly
acceptable. This may add value to the product among children fed with ogi as infant formulae
in developing nations which could help reduce the problem of malnutrition. Lastly, the
sample formulated from Sample C: 80% sorghum:10% soybean:10% date fruit; should be
adopted for its better nutritional profile
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