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ABSTRACT: Akamu or ogi is a commonly relished gruel when prepared with hot water by the sick, recovering patients and infants
in Nigeria. It is nutritionally deficient due to inevitable processing losses which called for fortification with soybean (soy-akamu or soy-
ogi). Soy-akanu was prepared from steeped yellow maize, sprouted and un-sprouted soybean cotyledons using different processing
techniques. Proximate, micronutrients and functional properties were evaluated with standard analytical methods. The results showed
that proximate composition of soy-akamu produced from dried steeped maize and sprouted soybean cotyledons had higher protein
(63.20%), fibre (0.33%), ash (1.11%), energy (384.28 Kcal) and least moisture content (4.53%). The paste samples had respective
proximate values 0f0.77, 3.06%; 0.00, 0.00%; 0.71, 1.02%; 29.86, 3303%; 143.50, 145.37 mg/100g, and 64 and 36-64-76%. Dried soy-
akamu also had the highest calcium (41.18, iron (0.99), phosphorous (0.27), zinc (48.02), potassium (0.45), vitamin C (24.60) and least in
magnesium (0.07 mg/100g) content. The paste samples had respective values of 40.13, 41.14; 0.86, 0.92; 0.39, 0.41; 0.39, 0.41; 20.46,
23.65 mg/100g with respective magnesium (0.10-0.12)  and phosphorous (0.25, 2.21 mg/100g) contents. Different processing
techniques had significant (p<0.05) variations in proximate, micronutrient and functional properties of the soy-akamu. Drying technique
could be adopted for the production of nutrient dense and shelf stable soy-akamu powder for children, adults and recuperating patients.
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INTRODUCTION

Akamu or ogi is a fermented cereal gruel made from either
maize (Zea mays) or sorghum (Sorghum vulgare) also known
as guinea corn or millet (Pennisetum typoideum). When
prepared with hot water, it is characterized by smooth
textured gruel with slight sour taste and semi-liquid
consistency (Ladunni et al., 2013; Okwunodulu ez al., 2019).
The gruel is a popular common staple food in Nigeria and
most West African countries used it mainly as a special
transitional infant food and also cherished by adults and
recovering patients (Adelekan and Oyewole, 2010;
(Okwunodulu et al., 2019). Akamu is nutrient deficient
(Okwunodulu ef al., 2020a) and fortification or formulation
with soybeans as soy-akamu had been generally adopted.
Other methods of improvement have been recognized
(Adelekan and Oyewole, 2010).

Akamu is popularly prepared traditionally by 72 h steeping of
corn in tap water followed by wet milling and sieving to
remove bran, hulls and germs (Okwunodulu et al., 2019).
The starchy sediment is dewatered to obtain semisolid
akamu (Ijabadeniyi and Adebolu, 2005). This preparation
technique involves inevitable protein, vitamins and mineral
losses (WHO/FAO, 2006) that affect the nutritional quality
and in turn affects growth (Akanbi et al., 2003). Protein
deficiency results in kwashiorkor among infants exclusively
fed with akamu over time (Nnam, 2000). Several efforts have
been made to modify the preparation technique to enhance
the nutritive value, shelf life and possibly the therapeutic
properties of akamu (Ogbonna et al., 2013; Ogodo et al.,
2015). Formulation among others with animal or plant
protein sources like soybean (Okwunodulu et al., 2019;
Okwunodulu et al., 2020a) and orange-fleshed sweet potato

(OFSP) with African yam bean seed flours (Ukom et al.,
2019) had been recognize. Also, fortification with vitamins
and minerals (Jude-Ojei et a/l.,2017) and fermented cereal
have been employed to preserve, impart aroma and had
resulted in novelty foods products with improved nutrients for
complimentary feeding (Ijabadeniyi, 2004; Omemu e? al.,
2007). Formulation with sprouted soybean results in soy-
akamu with improved nutrients due to restoration of
inevitable nutrient lost during preparation to prevent hidden
hunger.

Maize (Zeamays) is a widely consumed cereal grain with high
carbohydrate content but lacks essential micronutrients such
as B-carotene. New varieties of maize like yellow maize rich
in B-carotene have been developed in Nigeria to alleviate the
problem of vitamin A deficiency (Uchendu, 2013). Maize
protein is deficient in lysine and tryptophan but has fair
amounts of sulphur-containing amino acids (Bello-Perez et
al., 2003). Maize provides many of the B vitamins and
essential minerals along with fiber, but lacks vitamin B,,
vitamin C and is poor sources of calcium, folate, tryptophan, a
niacin precursor, and iron. Maize also contains about 72%
starch, 10% protein, and 4% fat which supply an energy
density of 365 Kcal/100g.

Soybean (Glycine max) contains high quantity of protein with
amino acid composition comparable to animal proteins and
therefore often used as replacement component of meat
protein. Soybean contains considerable quantities of lysine,
but limited in methionine and cystine (Hany, 2011). Absence
of cholesterol, lactose and presence of essential amino acids
makes soybean vital for infant growth and maintenance.
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Soybean sprouting improves the nutritive value, reduces
anti-nutrients and flatulence causing oligosaccharides
(stachyose and raffinose), thereby increasing protein
digestibility, bioavailability and sensory properties (Iwe,
2003). This study therefore aimed at exploring the effects of
different processing techniques on the proximate and some
micronutrient content of soy-akamu.

MATERIALS AND METHODS
Materials

Yellow maize and soybean used in this study were purchased
from Orie Ugba market in Umuahia, Abia State, Nigeria.

Preparation of dried soy-akamu powder (DSAP) from
steeped yellow maize and sprouted soybean flours

Yellow maize seeds (YMS) were sorted, washed, drained to
remove dirt and steeped for 72 h with constant changing of
water at every 24 h. The steeped YMS was drained, washed
to remove any unwanted odour, oven-dried at 65 °C to
constant weight, milled and sieved to obtain the flour.
Soybean cotyledons were produced according to
Okwunodulu et al., (2017) by steeping (12 h) sorted
soybeans, sprouted (72 h) on jute sac spread on the flour,
hand dehulled to obtain soybean cotyledons. The cotyledons
were oven-dried at 65 °C to constant weight, milled and
sieved to obtain the powder. The DSAP was formulated by
blending both powders according to proportion (70% maize:
30% soybean), packaged in air tight container and stored for
analysis.

Preparation of soy-akamu paste from steeped yellow
maize and sprouted soybean cotyledons

Both steeped maize and soybean cotyledons were obtained
as described before, blended (70:30) and wet milled together.
Sprouting predigests the soybean for better bioavailability of
the nutrients unlike un-sprouted. The paste obtained was
sieved, allowed to sediment (24 h) and the supernatant water
was decanted. The starch sediment was dewatered with
double layered cloth to obtain the semi-solid soy-akamu
paste. The paste was stored in the refrigerator for analyses.

Preparation of soy-akamu paste from steeped yellow
maize and un-sprouted soybean cotyledons

The above process was repeated with steeped yellow maize
and soybean cotyledons to produce soy-akamu using the
same blending proportion (70:30) paste except that soybean
used was not sprouted. The paste obtained was stored in
refrigerator for analysis.

Proximate Composition

Moisture Content:

This was determined gravimetrically according to AOAC
(2010) protocol. The samples (5 g) were each weighed
separately into weighed dishes, oven dried (105 oC) to
constant weight and final wrights of the samples were taken.
The moisture content (MC) was calculated by weight

difference as expressed:
%MC= w3-w2 x 100
wi 1

Where: W1=weight of sample W2 =weight of empty can,
W3=weight of dried sample + can.

Protein

The micro-kjeldahl method described by James (1995) was
used. Two grams (2g) of each sample were separately digested
by mixing with 10 ml of concentrated tetraoxosulphate (VI)
acid in kjeldahl digestion flask and selenium catalyst added.
The mixture was heated to digest, transferred into a 100 ml
volumetric flask and made up with distilled water. Exactly 10
ml of the digest was mixed with equal volume of 45% sodium
hydroxide (NaOH) solution and distilled in the kjeldahl
apparatus. The distillate was collected into a 4% boric acid
solution containing 3 drops of zuazaga indicator (mixture of
methyl red and bromacresol green), to obtain a total of 50 ml
distillate. The distillate was titrated again 0.02N
tetraoxosulphate VIacid (H,SO,) solution to a deep red or pink
end point. Total nitrogen was calculated and multiplied with
the factor 6.25 to obtain the crude protein content.

% Crude Protein=%Nx 6,25

UN= (T

W=Weight of sample

N=Normality of the filtrate (H2SO4) = 0,02N
Vf=Total volume of the digest=100 mL

Va =Titer volume

Fibre

Fibre content was determined according to Onwuka (2018)
protocol. Two grams (2g) of each sample were separately
defatted with petroleum ether and boiled under reflux for 30
min with 200 ml of a solution (1.25g of H2SO4 per 100 ml).
The solution was filtered through linen or several layers of
cheese cloth on a fluted funnel and washed with boiling water
until it is no longer acidic. The residue was transfer to a beaker
and boil for 30 min with 200 ml of a solution containing 1.25¢g
of carbonate free NaOH per 100ml. The final residue was
filtered through a thin but close pad and weighed. The weighed
sample was incinerated, cooled and weighed. The fibre
content was calculated thus:

Loss in weight after incineration
; — - x 100
Weight before incineration

Crude fiber (%) =

Ash

The ash content of the sample was determined by gravimetric
method described by (AOAC, 2010). The incinerated samples
were each weighed into already cleaned and weighed
crucibles and dry ashed for 6 h in the muffle furnace into
greyish coloured ash. The weight of the dry as was taken and
the percent ash content of each sample was calculated as:

w3-w2 100
0 — Wo-we 10U
%Ash b

Where: W1 =weight of sampel
W2 =Weight of empty crucible
W3 =Weight of crucible + ash

Carbohydrate

The carbohydrate content of the sample was determined by the
arithmetic difference method of James (1995) as shown:
%CHO=100-% (a+b+c+d+e)

Where:

a=protein content; b= fat content; c =ash content

d =crude fibre content; e = moisture content
IFNP, Vol 19. No 1(2022)
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Energy Values

Energy values of the samples were determined by calculating
and summing the energy contents of all their individual
energy substrates (Mullan, 2006). Only 97% of carbohydrate
energy (Kcal/100g), 95% of fat energy (37 Kcal/100g), 92%
of protein energy (17 Kcal/100g) and 1.35 Kcal of fibre
energy values were calculated and summed up.

Mineral Composition

Calcium

Calcium content of the samples extract was determined using
Versanate EDTA complexometric titration of Carpenter and
Hendricks (2003). Twenty mililiter (20ml) of each sample
was dispersed into two different conical flasks and pinch
doses of the masking agents (potassium cyanide, potassium
ferrocyanide, hydroxylamine hydrochloride) were added
into them. Calcium was determinate by adjusting the pH to
12 with 10% NaOH solution and then titrated with 0.02N
EDTA using seleochrome dark blue (calcon) as an indicator
in place of Eric Rome black. A reagent blank was titrated to
serve as control. The experiment was repeated two more
times. Calcium content of the samples was calculated
separately using the formula.

% Calcium= I—\f{? x EWx Nx I—IZXT-B

Where:

W=weight of sample analyzed
EW =equivalent weight
N=normality of EDTA
Vf=total volume of extract
Va=volume of extract titrated
T =titre value of the sample

B =titre value of blank.

Pottassium

Flame photometry method described byCarpenter and
Hendricks, (2003) was used to determine the concentrations
of potassium in the samples. According to manufacturer’s
instruction, Digital Flame Photometer ME- 881 used was
switched on for 10 min thereafter, gas and air inlet were
opened. The equipment was ignited and the flame adjusted to
a non-luminous flame (blue). Appropriate potassium filter
was chosen and its standard solutions was prepared and
diluted to concentrations of 2,4,6,8 and 10 ppm separately.
The 10 ppm concentration was first aspirated and its
emission intensity adjusted to a hundred units. Similarly, the
rest were aspirated starting with the least concentration (2
ppm). Standard solutions of potassium was caused to spread
over the non-luminous butane gas flame and their emission
intensities recorded. The emission intensities of the
standards were plotted against their concentrations to obtain
a standard curve (calibration graph) for each element. The
optical density emissions recorded from each of the samples
were matched with the curve to obtain by extrapolation the
quantity of potassium ion in each sample. The experiment
was repeated two more times and their mean concentrations
were used for potassium calculation as shown:

K(mg/100g) or Na(mg/100g)= "5 x ﬁ xXx %XD
Where:
W=weight of sample used,

X=concentration (in ppm) from curve

Vf=total volume of the extract (digest) flamed

D =dilution factor where applicable.

Zinc

Zinc content was determined using atomic absorption
spectrophotometer (Buck scientific 205 atomic absorption
spectrophotometer) method of. AOAC (2010), Sample digest
from both ashes were aspirated into the atomic absorption
spectrophotometer at different wave lengths during which
they were converted into a free atom vapour. A
monochromatic zinc source was directed through the flame
and the amount of radiation of a specific energy absorbed by
the solution was recorded. A calibration graph was prepared
and used to determine the amount of zinc in each sample. Zinc
content of the sample was calculated as shown:

Zn (mg/100g)=100x & xD

Where:

W=Weight of the sample analyzed

X=Equivalent concentration (ppm) derived from the standard
curve

D= Dilution factor.

Phosphorous
Phosphorous in the sample digest was determined by the
vanadomohybdate (yellow) spectrometry method of James
(1995). Jenway electronic spectrophotometer was used at a
wavelength of 420 nm for the absorbance of the samples and
blank at zero. Percent phosphorous content (g) for the samples
were calculated:

9 _ 100 .

100g w

Au VFf
X

Ax Va

Where:

W=weight of sample analyzed
Au=absorbance of test sample
As=absorbance of standard solution
Vf=total volume of filtrate
Va=Volume of filtrate analyzed.

Iron

Method of Onwuka (2018) was adopted. One gram (1g) of the
sample was digested in a digestion flask with 20ml of acid
mixture of 650ml concentrated HNOs and 20ml H2S04, and
90ml PAC. The mixture was heated until a clear digest was
obtained and then diluted with distilled water to 500ml. An
aliquot of 20ml was subjected to AAS analysis at 248.3nm
[30]. A stock solution containing 1000mg/ml of Fe3* ion was
prepared by dissolving 1.0g of pure iron wire in 100ml
concentrated HNOs, boiled in water bath and diluted to
1000ml with distilled water. Standard solutions with
concentrations 0.0, 0.5, 1.0, 2.0 and 4.0 ppm were prepared
and used to plot a calibration graph with which to extrapolate
for iron content of the samples.

Magnesium

Magnesium contents of the sample extracts were determined
using Versanate EDTA complexiometric titration described by
Onwuka (2018). A 20 ml of each extract was dispersed into
two different conical flasks and pinch doses of the masking
agents (potassium cyanide, potassium ferocyanide,
hydroxylamine hydrochloride) where added into them
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separately. The pH of the solution was adjusted to 10 with 20
ml of ammonia buffer, a pinch of the indicator Eric Rome
black was added and the mixture was shaken very well and
titrated against 0.02N EDTA solution, until the color
changed from mauve to a permanent deep blue color.
Magnesium content was determined as shown:

% Magnesium= 19 0 o VT B

—_—X
w Va

Where:

W=weight of sample analyzed
EW =equivalent weight
N=normality of EDTA
Vf=total volume of extract
Va=volume of extract titrated
T =titre value of the sample

B =titre value of blank.

Vitamin

The method used was described by Okwu and Josiah (2006).
Ten grams (10 g) of each sample was extracted with 50 ml
EDTA/ TCA extracting solution for 1 h and filtered through
Whatman filter paper into a 50 ml volumetric flask and made
up to the mark with the extracting solution. 20 ml of the
extract was pipette into a 250 ml conical flask, 10 ml of 30%
KI and 50 ml of distilled water were added. This is followed
by 2 ml of 1% starch indicator and titrated against 0.0 ml
CuSO04 solution to a dark endpoint. The vitamin C content of
the samples was calculated as shown:

Vitamin C (mg/100g)= 0,88 x 122 x 4 x T

X X—
10 20 1

Where:
v f=Volume of extract
T=Sample tire —blank titre.

Functional Properties
Water absorption capacity and water holding capacity
The method described by Onwuka (2005) was used. One
gram (1.g) of each sample was weighed into a graduated 15
ml centrifuge tube and 10 ml distilled water was added. The
mixture was mixed thoroughly and allowed to stand for 30
min at room temperature and centrifuged at 2000-5000rpm
for 30 min. The volume of free water (supernatant) was
determined read directly from the graduated centrifuge tube
while the increase in weight of the flour gave the water
holding capacity (WHC). Water absorption capacity was
calculated thus:

Water absorption capacity = (V1-V2) m/g
Where;
V1=initial volume of water before centrifugation
V2=find volume of water after centrifugation

Bulk Density
This was determined using the method advanced by Owuka
(2018). Ten grams (10 g) of the sample was measured into
100 ml graduated measuring cylinder. The bottom of the
cylinder was tapped repeatedly on a pad placed on a
laboratory bench. Tapping was done until no further
diminution or reduction in volume was noticed. The bulk
density was calculated as the ratio of the weight of the sample
to its volume as shown:

Bulk density = w/v (g/dm3)
Where:W =weight of sample in grams
V=volume of sample (dm3)

Swelling power index

The sample swelling power was determined according to the
methods as described by (Onwuka, 2018). Two grams (2 g) of
each sample was suspended in 10 ml of water and incubated in
a thermostatically controlled water bath at 95°C in a 15 ml
tarred screw cap tube. The suspension was stirred
intermittently over 30 min to keep the flour granules
suspended. The tubes were rapidly cooled to 20°C. The cooled
paste was centrifuged to separate the jelly and the supernatant.
The jelly was weighed after decanting the supernatant.

Gelatinization Temperature and time

The method described by (Onwuka, 2018) was adopted. 10%
suspension of the flour sample was prepared in a test tube and
heated in a boiling water bath with constant stirring.
Temperature of the sample was recorded with a thermometer
30 sec after gelatinization was visually noticed as the
gelatinization temperature while the time involved was
recorded as the gelatinization time.

Viscosity

According to Onwuka (2005), 10% flour was suspended in
distilled water and mechanically stirred for 2 h at room
temperature. The viscosity was measured using Oswald type
of viscometer and the readings were taken.

Statistical analysis

Data obtained were subjected to ANOVA using Statistical
Package for Social Sciences (SPSS) Version 16.0. Duncan
Multiple Range Test was used to separate the means at a 95%
confidence level (p<0.05).

RESULT AND DISCUSSION

Proximate composition

There was significant (P< 0.05) moisture content (MC)
variations (4.53% to 64.76%) among the entire samples which
confirmed significant (p<0.05) correlation of processing
techniques with MC (Table 1). Sample B (sprouted soy-akamu
paste) had the highest value (64.76%) while sample A (dried
sprouted soy-akamu paste) had the least (4.53%). Water
imbibition during steeping and drying may have made the
difference. This implied that sample A will swell better than
the rest samples. The MC values obtained in this study were
higher than 13.03-13.77% reported by Okwunodulu et al.
(2020a) for maize-soy akamu except sample A (dried sprouted
soy-akamu) which could be attributed to drying. The variation
could be assigned to the maize variety, protein and
carbohydrate content as well as amylose and amylopectin
proportion.

The crude protein (CP) of soy-akamu samples also exhibited
significant (p<<0.05) CP variations (0.77-63.20%) with sample
A (dried sprouted soy-akamu powder) having the highest
value (63.20%) while C (un-sprouted soy-akamu paste) had
the least (0.77%). Drying may have increased the CP by
proportion as the MC decreased. Also sprouting may have
increased the CP as well. The aim of soy fortification is
justified more in the drying technique than the rest with more
loss of CP. Only sample A (dried sprouted soy-akamu powder)
had higher CP than 9.97-10.87% reported by Ijabadeniyi and
Adebolu (2005) from ogi produced from three varieties of
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maize and 16.33-38.40 by Okwunodulu et al, (2020a).
Processing techniques most especially drying and soybean
sprouting may be the major sources of the variations. Similar
higher CP (17.20-39.94%) was reported by Okwunodulu e?
al. (2019) for akamu powder from sorghum and sprouted

soybean which is also higher than 3.06% for akamu paste in
this study. As protein is responsible for growth and wellbeing,
sample A could be better for infants, elderly people and
recovery patients.

Table. 1. Effects of processing techniques on proximate composition of the soy-akamu samples (%)

SAMPLE MC CP CF ASH CHO EV (Kcal/100g)
A 4.53=0.04  63.200.04 022001 L11=0.01 86.40=0.02 384280.16
B 64.76°£0.06 3.06°:002 000°£0.00 1.02°:002 2986001 143504021
C 64 36*+0.04 077£003 0004000 0.71<:001 33.03*+001 14537°+0.18

Values are means of triplicate determination £SD. Means with the same superscripts within the column are no significantly different (P>
0.05). A = dried sprouted soy-akamu powder, B= sprouted soy-akamu paste, C= un-sprouted soy-ogi paste. MC= moisture content, CP=
crude protein, CF=fibre content, CHO= carbohydrate content and EV=energy value.

Processing techniques employed also produced significant
(p<0.05) higher crude fibre (CF) 0f 0.22% in sample A (dried
sprouted soy-akamu powder) than the rest samples that
recorded no fibre contents. The absence of fibre in samples B
(sprouted soy-akamu paste) and C (un-sprouted soy-akamu
paste) could be attributed to sieving that must have removed
all the fibre unlike sample A that was not sieved. Low fibre
content of sample A (dried sprouted soy-akamu powder)
could be due to oiling of soybean with 0.5% of sodium
bicarbonate that must have tenderized and liquefied some of
them. Also, soybean dehulling is another factor as the hulls
are the sources of fibre. However, the fibre content was lower
than 2.00% reported by Ijabadeniyi and Adebolu (2005) and
0.28-4.11% by Okwunodulu et al, (2020a). Same processing
technique adopted in this study which may likely vary from
theirs may be responsible for the variations as it varies with
locations. Sample A could be suitable for infants because of
low fibre content.

The ash content of the entire samples also varied
significantly (p<0.05) from 0.71-1.11% with processing
techniques. Sample A (dried sprouted soy-akamu powder)
had the highest value (1.11%) while C (un-sprouted soy-
akamu paste) had the least (0.71%). The discrepancy could
be attributed to drying and sprouting that may have improved
ash content. General low ash content of the entire samples
could be due to leaching of minerals into the steeping water
(Ijeh et al.,2010; Okafor et al., 2016), sieving, decanting and
dewatering processes. The ash contents obtained in this
study were lower than 1.61-3.07% reported by Beruk ef al.
(2015) from maize-soybean complementary food and within
0.72-4.94% from Okwunodulu ez al. (2020a). Processing
technique employed may be the sources of variations. Ash is
an index of mineral content which therefore projected
sample A better than the rest samples.

The carbohydrate contents of the entire samples varied
(29.86-86.40%) significantly (p<0.05) with processing
techniques. The variation could stem from inevitable
processing losses associated with each unit operation like
steeping, drying and wet-sieving which sieved off some the
coarsely milled maize endosperm thereby reducing the
carbohydrate content. Also, some finely milled maize
endosperm were loss during decanting and dewatering as

some sieved through the muslin cloth used when pressed. This
is evident in the milky exudates obtained during the press-
dewatering process. Also, increased paste MC may have
proportionally decreased the carbohydrate content. Higher
carbohydrate value (86.40%) of sample A (dried sprouted soy-
akamu paste) than the least value (29.86%) of sample B
(sprouted soy-akamu paste) could be associated to drying
without wet-sieving, decanting and dewatering losses.
Boiling of soybean with sodium bicarbonate may have
hydrolyzed more of the little carbohydrate content which is
also lost during sieving, decanting and dewatering. Only the
carbohydrate value of sample A obtained in this study was
higher than 73.32-74.10% reported by Beruk et al. (2015)
while the entire values were within 28.23-80.76% reported by
Okwunodulu ef al., (2020a) for soy-maize akamu. Soybean
and maize varieties, processing techniques as well as the
blending ratios must have been the sources of variations.
While sample A is good for baby feeding, samples Band C are
good for weight management.

The energy values (143.50-384.28 Kcal) of the entire samples
also varied significantly (p<0.05) with processing techniques.
Sample A (dried sprouted soy-akamu powder) had the highest
value may be because of drying and its higher contents of
energy substrates than the rest samples. Removal of MC by
drying which proportionally increased the major energy
substrates (protein and carbohydrate) of the dried soy-akamu,
must have caused the energy increase. Sample C (un-sprouted
soy-akamu paste) had the least value. Only the energy value of
sample A (dried sprouted soy-akamu powder) with 284.28
Kcal is higher than 300.97-369.62 Kcal/100g reported by
Okwunodulu ef al. (2020a), but lower than 386.75 to 394.83
kcal/100g reported by Beruk ez al. (2015) for maize-soybean
complementary food. Maize variety and processing technique
may be responsible. The higher energy content of sample A
points to its adequacy for infant feeding as they are more
active and require more energy.
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Micronutrient Composition
As presented in Table 2, calcium results revealed no

significant (p>0.05) calcium difference between samples A
(dried sprouted soy-akamu powder) and C (un-sprouted soy-
akamu paste) with respective values of 41.8 and 41.14
mg/100g. This implied that their processing techniques had
no significant (p>0.05) impart on calcium. Sample B
(sprouted soy-akamu paste) with calcium value of 40.13
mg/199g is significantly (p<0.05) lower than them. This

variation could be attributed to more loss of leached calcium
during steeping, decanting and dewatering processes in
sample B (sprouted soy-akamu paste) than C (un-sprouted
soy-akamu paste) unlike in A (dried sprouted soy-akamu
paste). However, the entire results are lower than 44.16 to
90.28 mg/100g reported by Elizabeth (2015) on fortified ogi.
Calcium which is good for strong bones and teeth projected
sample A slightly better than the rest samples.

Table 2. Effects of processing techniques on micronutrient compositions of the soy-akamu samples

(mg/100g)
Samples CALCIUM  IRON p Mg ZINC K Vitamin C
A 41.18%0.04 0.99%0.01 027°+001 0.0712:0.01 48.02°+0.0 045%0.01 | 24.60°+0.03
B 40132004 0.86°+023 025001 0.1222003 041°4001 04122001 23.46°+0.01
C 41144001 092003 2212001 0.102001 0.39*+0.01 0.39°+0.01 [20.65%0.02

Values are means of triplicate determination+ SD. Means with same super-scripts within in the column are no significant different (p>0.05).
A= dried sprouted soy-akamu powder, B= sprouted soy-akamu paste, C= un-sprouted soy-akamu paste., P=phosphorus, Mg=magnesium,

K=potassium

Processing techniques also differed significantly (p<0.05)
the iron content of the entire samples. Sample A (dried
sprouted soy-akamu powder) had the highest value (0.99
mg/100g) and B (sprouted soy-akamu paste) the least (0.86
mg/100g). Leached of iron during sieving, decanting and
dewatering may be the major sources of variations. Iron loss
may have been more in sample B than C probably due to
sprouting that released more iron. The iron results are lower
than 18.85 to 23.76 mg/100g reported by Elizabeth (2015)
which may stem from the processing technique adopted and
maize variety used. Also, ashing temperature may contribute
asiron if sensitive to that.

Sample C (un-sprouted soy-akamu paste) had significant
(p<0.05) higher phosphorous content (2.21 mg/100g) than
the rest samples (0.27 and 0.25 mg/100g) which had no
variation between them. This also validated variation due to
processing technique. This may therefore mean that
sprouting and drying are associated with phosphorous
improvement despite hydrolyses of anti-nutrients that
bounds minerals by sprouting.

The different processing techniques employed produced
soy-akamu with significant (p<0.05) magnesium variations.
Sample B (sprouted soy-akamu paste) had higher value (0.12
mg/ 00g) while A (dried sprouted soy-akamu powder) had
the least (0.07 mg/100g). Drying may have affected
magnesium improvement.

The zinc content of the soy-akamu was significantly
(p<0.05) improved (48.02 mg/100g) in sample A (dried
sprouted soy-akamu powder) more than the rest samples
which had insignificant (p>0.05) values (0.41 and 0.39
mg/100g). The increment may have been due to no leaching
losses while drying improved the zinc content due to
moisture reduction. Therefore, drying of soy-akamu
improves zinc content.

The different processing techniques employed in this study
varied significantly (p<0.05) the potassium content of the soy-
akamu. Sample A (dried sprouted soy-akamu powder) had the
highest value (0.45 mg/100g) while C (un-sprouted soy-
akamu paste) had the least. Leaching losses, sprouting and
drying process may be responsible for the difference.

The vitamin C content of the soy-akamu products also varied
significantly (p<0.05) with processing techniques. This could
be attributed to sprouting and inevitable vitamin C loss due to
its heat-labile and water-soluble nature. The variations may
depend majorly on sprouting among others which increases
nutrient content than heat exposure of the samples as sample A
(dried sprouted soy-akamu powder) which had extra heat
treatment (65 °C) during the drying process still had the
highest vitamin C content (24.60 mg/100g). While sample C
(un-sprouted soy-akamu paste) with only boiling heat
treatment (100 °C for 20 min} had the least (20.65 mg/100g)
vitamin C content. Besides, more vitamin C may have been
lost during sieving, decanting and dewatering in other
processes than in the dried process.

Functional properties of dried soy-akamu flour (DSAF)

Water absorption capacity (WAC) is the ability of the (DSAF)
to bind or associate with water which is summarized as the
amount of water absorbed per gram depending on particle
sizes (Boye et al., 2011) and initial moisture content of the
flour. The WAC correlates inversely with MC (Hoover, 2001).
The results presented in Table 3 showed that WAC of 0.97 g/g
obtained in this study was lower than 1.16 g/g reported for
wheat-cassava composite flour by Okwunodulu et al. (2022)
which suggests higher carbohydrates in the composite flour
than in the dried akamu flour. Steeping of maize and sprouting
of soybean with low carbohydrate content compared to
cassava with higher carbohydrate content may attest to that
(Okwunodulu et al., 2022). With lower WAC of the DSAF,
only small amount of free water may be absorbed to make the
gruel consistent with moderate viscosity and lesser bulk
density (BD) which is ideal for infants’ feeding. Conversely,
IFNP, Vol 19. No 1(2022)
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higher WAC implies watery gruel which may be better in
solubility and digestibility, but not ideal for infant feeding
due to nutrient dilution. The variation in WAC may affect

acceptability but could be improved by altering the proportion
of sprouted soybean in the formulation though it will affect the
protein content of DSAF.

Table 3. Effect of processing techniques on the functional properties of dried soy-akamu from steeped maize and sprouted soybean

Samples WAC (%) BD (g/ml) WHC (g/g)

Sl(g/g)

G-temp (°C) G-time (s) Viscosity (mpa.s)

A 0.97£0.0 0.65+0.00 0.98+0.00

8.22+0.03

65.23£0.04 5.11x0.01 148.19+0.01

Values are means of triplicate determinations + S.D. Means with the same superscripts within each column are notsignificantly different (p>0.05). A = dried

sprouted soy-akamu powder. WAC= Water absorption capacity, WHC= Waterholding capacity, SI= Swelling power index, G.temp= Gelation temperature,

Density is mass per unit volume of any substance which
reveals the porosity, and weight and in turn decides the type
of packaging materials for packaging the food material in
question (Onimawo and Akurbor, 2005). It is a physical
attribute of the DSAF that depends on the intensity of
attractive inter-particle forces, particle sizes as well as the
number of contact points (Oluwaseun et al., 2015). It
therefore, determines also the mixing quality
(Achinewhugar et al., 1998). The BD value (0.65 g/ml)
obtained in this study is higher than 0.63 g/ml and 0.53-0.61
g/ml reported respectively for orange flesh sweet potato flour
(OFSPF) and wheat-cassava composite flour respectively by
Okwunodulu ef al. (2021) and Okwunodulu ef al. (2022).
This could be attributed to variation in their amylose and
amylopectin ratios, and carbohydrate content as BD is a
function of carbohydrate content (Okwunodulu ez al., 2022).
The DSAF therefore may have contained more
carbohydrates and amylopectin than them and may likely
make a better complementary food formulation (Ugwu and
Ukpabi, 2002). Hydrolysis of soybean macromolecules
during sprouting that result in smaller particle sizes with
larger surface areas may have contributed too (Oluwaseun et
al.,2015). The DSAF may be less porous, bulkier, and with
reduced transportation and packaging cost than them.

Water absorption capacity (WAC) is an index of association
of the DSAF with water which can be referred to as the
amount of water absorbed per gram of the flour depending on
its particle sizes (Boye et al., 2011). It decreases with an
increase in initial moisture content (Hoover, 2001). The
WHC 0of 0.98 g/g obtained for the DSAF is lower than 1.13-
1.38 g/g and 2.79 g/g obtained respectively for wheat-
cassava composite flour and OFSPF by Okwunodulu ef al.
(2022) and Okwunodulu et al. (2021). The value is also
lower than 5.00-10.00 g/g reported for millet-wheat
composite flour by Adegunwa et al. (2014). The variation
could be due to their particle sizes, amylose: amylopectin
ratio and molecular structure (Adegunwa et al., 2014).
Lower WAC of the DSAF could be attributed to the
destruction of the macromolecular matrix of the flour that
entraps large amounts of water during processing (Chen and
Lin, 2002). Therefore, the low WHC of DSAF which implied
finer particle sizes may enhance gruel consistency and
stability as it will take relatively longer time for the flour to

bind the available water. Therefore the DSAF will be good for
infants, the elderly, and recovery patients.

Swelling index (SI) is an indication of how much water the
DSAF will absorb based on the carbohydrate content
(Echendu et al., 2004; Okwunodulu et al., 2022). The SI
increases with the temperature and carbohydrate increase
(Okwunodulu et al., 2022). The swelling pattern of the flour
reveals the level of crystalline packing of their starch granules
(McWattlers et al., 2003) and the extent of the association
forces within the granules. The 8.22% SI of the DSAF
obtained in this study is higher than 3.76 and 0.96-1.09%
respectively for OFSPF and wheat-cassava composite flour
reported by Okwunodulu et al. (2021) and Okwunodulu et al.
(2022). Probably, the DSAF may have been drier with more
amylopectin and lower amylose than them. High amylopectin
is primarily responsible for starch granules swelling with
better digestibility. Also, low amylose content is associated
with high swelling power due to low reinforcement in the
internal network by amylose molecules (Fagbemi, 1999).
Other sources of variations could be due to the degree of
interaction with water and their conformational
characteristics (McWattlers et al., 2003). Higher DSAF SI
value suggests higher carbohydrate content, lower moisture,
more packing of starch granules with high association force
within the flour particles. Therefore, DSAF may bind most of
the available free water thereby increasing the viscosity and
bulk density. The DSAF gruel may be suitable for infant,
elderly, sick and recovering patients.

The gelatinization temperature (GT) is the temperature at
which the DSAF particles will gelatinize or cook to form gruel
depending majorly on the type, particle size, protein and the
proportion of amylose and amylopectin content. The GT of
65.23 °C obtained in this study for DSAF is higher than 57-59
°C for soy-sorghum akamu powder by Okwunodulu et al.
(2020a), 61 °C for Cerelac and 62-64 °C for complementary
blend of soybean, breadfruit and plantain flours reported by
Okwunodulu et al. (2020b). Conversely, 100% maize flour
had higher GT (71 °C) than 65.23 °C for DSAF. The variations
could be traced to maize variety, particle size of the starch,
starch content, protein content, sprouting, steeping time and
the proportion of amylose and amylopectin content of the
starch. Sprouting and steeping increase protein and decreases
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carbohydrate which is the primary determinant of GT. The
blending ratio is another factor which could explain the
reason why 100 °C corn flour had higher GT (71 °C) than the
composite flours. This implied that DSAF will gelatinize at
higher temperature and therefore will require higher energy
to cook than them except 100% maize flour. Maize flour will
have a better gelling property than all due to higher
carbohydrate content.

Gelatinization time (GT) is the time taken to cook the DSAF
in the presence of water and heat. It increases with increase in
protein content, particle sizes, amylopectin while increase in
amylose content decreases it. The GT of DSAF (5.11 s) is
higher than 0.45 s reported for 100% maize flour and 0.40-
0.52 s for soy-maize akamu flour by Okwunodulu et al.
(2020a). It is also higher than 0.35 s for 100% sorghum, bur
lower than 36-57 s for soy-akamu flour from sprouted
soybean and sorghum flours reported by Okwunodulu et al.
(2019). Higher GT in this study could be traced to higher
protein content due to inclusion of higher proportion of
spouted soybean in the blend, relatively larger starch granule
sizes and the maize varieties used. Similar increase in GT by
protein had been reported (Okwunodulu ef al., (2019 and
2020a). Protein had been reported to embed the starch
granules within its stiff matrix and gradually reduces their
access to water and may increase the cooking time (Aprianita
etal.,2009). High GT may suggest higher amylopectin with
low amylose content which may result in high viscosity gruel
when gelatinized with hot water. Same reasons may explain
the higher GT of soy-sorghum akamu (36-57 s) than 5.11 s
obtained in this study. Lower GT implies high solubility level
and will predispose the blends for better complementary
food formulation and foods for elderly and recovering
patients.

Viscosity is an aspect of theology that deals with the study of
deformation and flow of matter when force is applied (Rao,
2003). It is resistant to shear forces during shearing (Badejo
et al., 2017) depending on the fluid particles (Rubalya and
Neelamaagan, 2008). Viscosity is expressed as stress per unit
force applied and an indication of the ability to form a
viscous gel after cooling. It increases with carbohydrate
content. The viscosity of DSAF (148.19 mPas) obtained in
this study is higher than 117.02 mPas for 100% sorghum
flour and 84.09-109.04 mPas for soy-sorghum akamu
powder reported by Okwunodulu ez al. (2019). Similarly, the
value is higher than 91.25 mPas for 100% maize flour and
83.26-90.50 mPas for maize soy-akamu reported also by
Okwunodulu ef al. (2020a). The variation could stem from
the source and amount of carbohydrates, proportion of
amylopectin and amylose, water absorption capacity and
swelling index of the starch granules of the flour. Higher
viscosity value may imply that DSAF had higher
carbohydrate content may be due to the blending proportion.
The proportion of sprouted soybean flour in the blend will
significantly affect the viscosity as sprouting thins down the
carbohydrate content. A similar decreasing viscosity trend by
sprouting had been reported for sorghum-soy akamu
(Okwunoduluetal.,2019).

acceptability but could be improved by altering the proportion
of sprouted soybean in the formulation though it will affect the
protein content of DSAF.

CONCLUSION

Different processing techniques employed varied significantly
the nutritional components of soy-akamu produced. Among
all the processing techniques, the production of soy-akamu
flour from dried steeped maize and sprouted soybean is the
best followed by wet-milling of steeped maize with sprouted
soybean and sieving in terms of nutrient retention. The drying
technique had nutrient superiority in protein, fiber, ash,
carbohydrate, energy, calcium, iron, zinc, potassium, vitamin
C and comparable functional properties than the rest. Soy-
akamu flour will be more shelf stable, convenient to handle
and readily available than soy-akamu pastes that requires
refrigeration. Though production of soy-akamu powder may
notbe easy at household level due oven and energy involved, it
should be encouraged as against the paste (nutrient deficient)
to avoid hidden hunger or mal-nourishment.
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