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ABSTRACT: Vitamin A deficiencies is a becoming persistent among young children and a growing concern to parents in sub-Saharan Africa,
especially in crisis-affected areas. Fermented cereal paste from maize, millets, and sorghum grains are significant food for young children. Thus,
the study focuses on food fortification using orange-fleshed sweet potato (OFSP) as fortifier as studies have confirmed the presence of nutrients
that can help meet the Vitamin A dietary requirement. The cereals were soaked ambient temperature (27 = 1°C) for 72hours and were blended
with OFSP (90:10, 80:20, 70:30, 60:40, 50:50), and the formulated products were studied for Vitamin A, B-carotene, proximate composition,
physicochemical, functional properties, and storage. Application of OFSP as forticant increased the Vitamin A (4.98-6.65mg/100g), B-carotene
(0.10-0.17mg/100 g) and the calorific value (222.03-301.75kcal) of the gluten-free multi-grain cereal paste. The addition of OFSP also increased
the ash content (1.41%-3.35%), crude fiber (2.56%-4.225%), carbohydrate (39.83%-48.35%), total solid content (55.20%-60.87%), and water
absorption capacity (112.20%-137.49%) of the formulated cereal samples. The fortified fermented paste was objectively stable throughout on
the shelf from the storage studies. The study deduced that addition of orange-fleshed sweet potato to fermented mixed cereal paste as a fortifier
can help increase the nutritional quality of the complementary food.
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Introduction

Micronutrient deficiencies have become a foremost health
concern due to constrained diversity of inexpensive nutritious
food thus limiting dietary diversity among indigents.!3 The
United Nations Inter-agency Group for Child Mortality
Estimation* has revealed high risks of blindness and recurrence
of measles, diarrhea, and sometimes death of children, preg-
nant women, and vulnerable groups around the world because
of diets. Inter-communal violence is on the increase in Nigeria
and children are believed to constitute more than half (58%) of
the internally displaced population.” Nigeria ranked among the
first 10 countries that have highest prevalence of underweight,
stunting and wasting children under-5Syears as 1 in every 7
children dies before attaining school age due to malnutrition.®
With approximately 5.5 million newborns weaned each year in

Nigeria and the high expense of imported weaning foods, it is
vital to develop less expensive and more nutritious goods for
the country’s developing children.” Minor grains like pear] mil-
let and sorghum play an important role in African babies’
nutritional development as a primary and good source of pro-
tein (10%-16%), lipids (3.5%-5%), minerals, and phytochemi-
cals.® Fermented cereal paste called Ogi is a common fermented
pudding mainly produced in sub-Sahara Africa. This fer-
mented paste is usually produced mainly from maize, millet or
sorghum.” However, it is known as “Ogi-baba” when the sor-
ghum seed is milled and “Ogi-gero” when milled using millet
seed, respectively.’® The color of the fermented cereal paste
“Ogi” depends on the color of the cereal grains used; slightly
cream for white maize, cream for yellow maize, light brown for
sorghum, and greenish to gray for millet. It is a semi-finished
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food cooked into smooth, free flowing creamy or thin por-
ridge.!! Influence of fermentation duration, mix ratio, bio-
preservation of cereals during production of either fermented
paste or flour have been studied by some researchers.1213
Many studies have reported on supplementation of cereals with
different legumes, because of the absence of lysine in cereal
grains which is abundant in legumes,'? the use of roots and
tubers such as potato in supplementing cereal grains has not
gained much popularity in production of complementary
toods. Many households around the world have reported maize,
millets, and sorghum grains as essential foods, making them
part of the significant cereal recommended for promoting
responsible food production and consumption.’*!5 In the bid
to curtail hidden hunger (SDG-3) which is addressing micro-
nutrient deficiencies while encouraging responsible production
and consumption (SDG-12) among consumers especially chil-
dren there has been an ongoing advocacy campaigns for inte-
gration of orange-fleshed sweet potato (OFSP) a nutritious
foods into many national dishes.’® Orange fleshed sweet pota-
toes (OFSP) are preferred over white sweet potatoes due to
their nutritional composition, which is high in vitamin A, bio-
active compounds (flavonoids, polyphenols, stilbenes, glycolip-
ids, lignans, anthocyanins, tocopherols, saponins, alkaloids,
tannins, terpenoids etc), and beta carotene.!” In low-income
countries, vitamin A deficiency (VAD) affects 40% to 60% of
African children and 10% to 20% of the pregnant women as
these calls for an urgent need to address the issue of malnutri-
tion with a replacement of complemented rich diets that is
affordable and available.'® Orange fleshed sweet potato (OFSP)
consumption may be beneficial in combating the widespread
prevalence of vitamin A deficiency (VAD) in children, which
causes blindness and death in 250000 to 500000 African chil-
dren each year.!%0 In some countries, such as Mozambique
and Uganda, recommended orange-fleshed sweet potato
(OFSP) as a viable option for increasing serum retinol concen-
trations and vitamin A intake during childhood.?! Through
increased consumption of OFSP, young children and adults
can obtain adequate calories, vitamin C, and other micronutri-
ents in addition to carotene and provitamin A.?? Apart from
being a low-cost source of energy, the OFSP tubers are high in
starch, sugars, and minerals.?3 Due to several positive reports of
potato on the health of consumers, the incorporation of orange-
fleshed sweet potato is solicited.'®!7 Production of weaning
food from complementing OFSP with cereal grain in the pro-
duction of fermented mixed grains paste may help to supply
the adequate nutrient needed by the infants. Contemporary
review has established that food-to-food fortificant up to 50%
substitution levels is permitted.?* Child malnutrition is the sin-
gle biggest contributor to under-5 mortality due to higher sus-
ceptibility to infections and gradual recuperation from sickness.
Children with stunted growth are those who do not reach their
ideal height or who consistently lose weight as children.?® They
do not reach their full adult size, have lower IQs, are more sus-
ceptible to infection, and their mortality rates may be high.?¢
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Figure 1. Flow diagram for production of fermented mixed grains and
orange fleshed sweet potato paste (Modified Olaniran et al.28).

The OFSP also included more nutrients than unfortified
maize flour, according to reports. When compared to maize
flour, OFSP had no detectable tannins, half the amount of
phytate, and 6 times more total phenolic. The iron and zinc
content of the unfortified maize porridge increased after the
OFSP powder was added.?” Therefore, supplementing cereal
grains with common foods that are locally available, such as
orange fleshed sweet potatoes, may be a way out in combating
vitamin A deficiency prevalence among children, resulting rea-
son for this study. This study aim to explore the effect orange-
fleshed sweet potato (OFSP) as fortifier in fermented cereal to
boost the product in meeting the Vitamin A dietary
requirement.

Materials and Methods

Production blend of maize, sorghum, millet, and
orange fleshed sweet potato paste

Procured cereals (quality protein maize (yellow variety), sor-
ghum (red variety), and millet grains) from local market located
in Omu-Aran, Kwara State, Nigeria were processed as described
by Olaniran et al.?® Cereal grains were separately winnowed,
dirt picked, and weighed. Five kilogram each of quality protein
maize (QPM), millet, and sorghum were weighed (15kg)
mixed in a transparent bucket and soaked in 30L of water for
3days (72hours) at ambient temperature (27 *=1°C) and
drained as shown in Figure 1. Freshly harvested orange fleshed
sweet potato (OFSP) tubers were washed under running water
allow to drain and sliced into 4mm. Different percentage
(w/w) of peeled OFSP were weighed and added to the mixed
fermented grains as follows 10%, 20%, 30%, 40%, and 50% and
milled to smooth paste. The samples were weighed (100g) and
package in airtight containers in replicates and kept for further
analysis.

Proximate composition of fermented paste

The AOAC method was used to determine the proximate
composition of each paste (mixed fermented grains + OFSP
paste). The protein content was determined using the Kjeldahl
method (6.25N), and the total carbohydrate was calculated
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using the weight difference method. Each sample’s energy val-
ues were also calculated and recorded.??

Crude fat content determination

Fat content for all fermented samples were determined through
continuous liquid-solid extraction method using Soxhlet
extractor with a reflux condenser and a distillation flask (previ-
ously dried and weighed). Weighed (2 g) sample into an extrac-
tion thimble/filter paper was labeled and recorded (W,) while
weighed fat free 500mL round bottom was recorded as W,
The Soxhlet flask with sample was weighed and placed into the
Soxhlet apparatus. The distillation flask was filled to two-third
capacities with petroleum ether (300mL) and fitted on the
Soxhlet extractor with a reflux condenser. Adjustment of the
heat source to ensure that the solvent boils gently was done,
and it was left to siphon 6 hours. After siphoning the petro-
leum ether, the condenser was detached and the thimble or fil-
ter paper removed. Drying of the flask containing the fat
residue was performed in an air oven at 100°C for 5 minutes,
cooled in a desiccator, and then weighed (W;). The difference
in the final and initial weight of the distillation flask repre-
sented the oil extracted from the sample.?’

Moisture content determination

Moisture content of all fermented cereal paste samples were
determined by drying in a Gallenkamp forced hot air oven.
The determination was carried out in triplicate. Each sample
(5 g) was weighed into pre-weighed moisture content cans. The
samples were dried at 105°C for 3hours and the weight taken.
Drying continued until their weights were constant. The sam-
ples were cooled to room temperature in a desiccator, weighed,
and recorded. The final weight of each sample was determined
and the moisture content was calculated from the weight loss
equation below.?’

W, =W

Moisture content(%) = 2 % 100 (1)

W

where w, is weight of sample before drying (g) and w, is weight
of sample after drying (g).

Crude protein determination

Crude protein of the samples were evaluated using Kjeldahl
nitrogen determination method as described by AOAC.»
Samples (1g) was weighed into digesting tubes and a tablet of
Kjeldahl was added. Sulfuric acid (12mL) was added through
a dispenser and mixed thoroughly. Labeled samples in a rack of
8 were then placed on a digester for 1hour to digest the sam-
ples. The samples were allowed to cool, and on cooling down,
samples were then taken to the automatic distillery (Foss™
KJeltec™ 8200 Auto Distillation Machine, FOSS, Hilleroed,
Denmark) for 5minutes. The distillate was titrated against

0.01M HCI with an automatic titrator. Percentage nitrogen
was then calculated; crude protein content was estimated by

multiplying with the factor 6.25.

Crude fiber determination

Crude fiber was determined using the already weighed (W)
defatted samples. Each sample was transferred into conical
flask and 100mL boiling 1.25% H,SO, added. Each beaker
was heated for 30 minutes with periodical rotation to prevent
adherence of solids to the sides of the beakers. The solution was
filtered and rinsed with 50 mL portions boiling water; repeated
4 times then dried. Boiling 1.25% (w/v) NaOH (Sigma Aldrich
Co., St. Louis, MO, USA) solution (200mL) was added and
the mixture was boiled for 30 minutes after which the contents
of each beaker was removed and filtered through muslin cloth
and washed with 25 mL boiling 1% sulfuric acid, 3 portions of
50 mL boiling water, and 25 mL ethanol. The residue was dried
at 100°C to a constant weight followed by cooling in a desicca-
tor to room temperature and weighed (W,). The weighed resi-
due was ignited at 600°C in a Gallenkamp muftle furnace for
30 minutes, cooled in a desiccator and reweighed (W;).%

The percentage crude fiber in each sample was calculated as:

Wz_wz %

W

Crude fibre (%) = 100 )

Total ash determination

Crucibles to be used for the determination of total ash content of
the fermented samples were placed in the oven at 105°C for about
30minutes, cooled in a desiccator to room temperature and
weighed (W),). The total ash (inorganic residue from the incin-
eration of organic matter) was determined by dry ashing proce-
dure. The samples (2g) were weighed into a pre-weighed dry
porcelain crucible. The samples were incinerated in a Gallenkamp
muffle furnace at 550°C for 6hours. After ashing, the remains
were removed from the furnace, cooled to room temperature in a
desiccator, and weighed. The porcelain crucible was weighed and
the % total ash weight was obtained by using the equation below:

B weight of ash (g)

Total ash (%) x100 3)

weight of sample

Carbohydrate determination

The carbohydrate content was determined by calculating the
difference. The sum of the proximate composition of the
respective samples was subtracted from 100 to obtain percent-
age carbohydrate:

% moisture + ash content +
% carbohydrate =100 —| crude fibre + crude fat + (4)

crude protein
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Physicochemical analysis

The titration method described by Sharma et al’® was used to
determine the titratable acidity value for each sample. A pH
meter was used to determine the pH (Jenway model 6505).
Standard buffers of 7.0, 4.0, and 9.2 were used to calibrate the
pH meter. After calibration, pH readings were taken and
recorded only when the pH reached equilibrium. The total
solid of the samples was determined using the gravitational
method. Briefly, 100 mg of the sample was placed in an already
weighed evaporating dish and dried overnight at 105°C in a
hot air oven (Memmert UF75). The dried sample was weighed
and the total weight was recorded. The formula below was used
to calculate total solid:

(4-D)X1000

Total Solid, as mg TS/L = )

Where A =final weight of the dried residue + the tarred evapo-

rating dish (mg), D=Tarred evaporating dish weight (mg),
§=Sample weight (mg).

Color of paste

The color of the control sample (100% mixed fermented grains
and 100% OFSP) and mixed fermented grains-OFSP pastes
were measured in scale L* a* 4" using a bench-top spectropho-
tometer Colorflex-EZ (A60-1014-593, Hunter Associates,
Reston, VA, USA). The color of the samples was taken 3 times
and then averaged. Hue value (H*), color saturation intensity
(Chroma, C*), and total color difference (AE*) were estimated
from L*, a*, and &* values.*® The equations (2)—-(4) below were

used to calculate all the parameters:
Chroma, (C *) =+/a? +b? (6)

Hue angle (H *) =tan '(b/a) 7)

Total color difference (AE *) = \/(AL*)2 +(A2%)*(AbY)*  (8)

Differences of L* a* and &* (equations (5)-(7)) were used to
calculate the changes in different color attributes of samples.

AL*=L*- L 9)
Aa*=a*-a (10)
Ab*=b*—b (11)

Where, L, a, 4 is color component values of control. The fol-
lowing values were used to determine if the total color differ-
ence was visually obvious.3!
AE*<1=color differences are not obvious for the human eye
1 <AE*<3=color differences are not appreciative by the
human eye.

B-Carotene and Vitamin A quantification in
fermented paste

The fermented paste samples were weighed (0.5 g), homoge-
nized, and saponified in a water bath at 60°C for 30 minutes
with 2.5mL of 12% alcoholic potassium hydroxide. The
saponified extract was transferred to a separating funnel with
10 to 15mL of petroleum ether and thoroughly mixed. The
lower aqueous layer was then transferred to another separating
funnel and the upper petroleum ether layer containing the
carotenoids was collected. The extraction was repeated until
the aqueous layer became colorless. A small amount of anhy-
drous sodium sulfate was added to the petroleum ether extract
to remove excess moisture. The final volume of the petroleum
ether extract was recorded. The absorbance of the yellow color
was read in a spectrophotometer at 460 nm using petroleum
ether as blank.3? B-carotene was determined from the dried
methanolic extract. Hundred milligrams of extract was mixed
with 10 mL of acetone-hexane mixture (4:6) for 1 minute and
filtered. The absorbance was recorded at 3 different wave-
lengths (453, 505, and 663 nm). The B-carotene content was
calculated by:

Beta — Carotene (mg / IOOml) =
0.216 A(; —0.304 A s +0.452 A

505 453

(12)

e The final volume of the petroleum ether extract was
recorded. The absorbance of the yellow color was read in
a spectrophotometer at 460 nm using petroleum ether as
blank for quantification of Vitamin A in fermented
pastes samples.33

o 1pgretinol=1 RE (retinol equivalent) method used.

e 1pg B-carotene=0.167ug RE

e 1ug other pro-vitamin A carotenoid =0.084 pug RE con-

tributing factors.

Determination of water absorption capacity of
fermented pastes

Four grams of fermented paste was used for determination of
water absorption capacity. Distilled water (40mL) was mixed
with the paste for 30 seconds in previously weighed centrifuge
tube and allowed to stand for 10 minutes. Afterward, the mix-
ture was centrifuged at 1788 rpm for 20 minutes and the super-
natant was carefully decanted, drained, and re-weighed the
tube. The water absorption capacity results were expressed as
percentage of the volume of water absorbed per weight of the
sample.3*

Storage study of fermented paste

To assess the stability on the shelf of the fermented pastes;
standard procedure for pour-plating method by Da Silva et al®
for 3weeks on weekly basis was adopted. Nutrient agar (NA)
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Table 1. Effects of OFSP on proximate composition of fermented paste (Wet basis) (%).

SAMPLES MOISTURE ~ CRUDE CRUDE FAT  ASH CRUDEFIBER ~ CHO CALORIFIC

PROTEIN VALUE (KCAL)
100% FMG 4404103  715°+0.2  379°+02  141ax01  3.78¢+0.1 39.83:£0.3  222.032+1.4
100% OFSP 23562+04 220201  1.032+01  1.352x00  0.942+0.0 70.92+0.4  301.75°+1.6
90% FMG +10% OFSP  41.24°+0.5  6.55+0.3 2.96°=0.2 147202  2.47°+0.2 45.316+05  234.08°*1.8
80% FMG +20% OFSP  40.25¢+0.3  6.51v+0.2 281°+0.2  278°*0.3  2.56°=0.1 45.09°+0.2  231.69°+1.8
70% FMG +30% OFSP ~ 38.319+0.2  6.33°+0.4 256°+01  2.96°+01  2.96°+0.2 45.25b+0.3  229.36°+ 1.1
60% FMG +40% OFSP  36.43°+0.4  6.11v+0.2 243°*0.2  3.020:02  3.68+0.2 46.88°+0.4  233.83°x13
50% FMG +50% OFSP  35.69v+0.2  6.01v+0.2 2.35°=0.1  3.35¢%0.3  4.25¢+0.2 48.350+0.3  238.599+1.3

Abbreviations: FMG, fermented mixed grains paste; OFSP, orange flesh sweet potato.

Values for each dependent variable for each sample form followed by different superscripts indicate significant differences between means (P <.05). Results are

expressed as the mean = standard deviation.

for total bacterial count, MRS (De Man, Rogosa, and Sharpe)
agar for enumeration of lactic acid bacteria and PDA (potato
dextrose) agar for estimation of the fungal count the sample.

Table 2. Effects of OFSP on pH, total titratable acidity, and total solid
of the fermented paste.

SAMPLES PH TTA TS
Ten-fold serial dilutions using 1g of paste in 9.0mL of water
1141 100% FMG 3.99°+0.1 0.382x0.0 55.202+0.4
to form slurry. One milliliter of slurry was used for enumera-
tion of microbial populations over a range of 10. NA and MRS 100% OFSP 4.40°+0.2 0.51°+0.0 60.87¢=0.5

culture plates were incubated at 37°C for 20 to 24 hours before

. . 90% FMG +10% OFSP  3.942+0.1 0.352+0.0 55.762*0.6
being examined. Sabouraud Dextrose agar plates were used to
count yeasts and molds, which were then incubated for 3 days 80% FMG +20% OFSP  3.952+0.1 0.372+0.0 56.44°+0.3
at 28°C and examined.
70% FMG +30% OFSP  3.862+0.2 0.392+0.0 58.41c+04
Statistical analysis 60% FMG +40% OFSP  3.872+01 0412400 59.619+0.5
50% FMG +50% OFSP  3.842+0.1 0.432+0.0 59.88¢*+0.4

Analyses of the samples were conducted in triplicates. The
effect of the OFSP on the proximate analysis, titratable acidity,
pH, color, total solid, vitamin A content, water absorption
capacity was evaluated. Analysis of variance (ANOVA) and
Duncan’s multiple range tests (P<<.05) were conducted using

IBM SPSS Statistics 22.

Results

The proximate composition of the fermented mixed
grains-OFSP paste

The moisture content of fresh fermented paste and 100%
OFSP paste were 44.04% and 23.56% respectively, while that
of the mixture of fermented-OFSP pastes ranged 41.24% to
35.69% as shown in Table 1. The fermented paste contained
the most protein (7.15%), followed by a mixture of fermented-
OFSP paste with varying substitution ratios. The protein con-
tent of OFSP paste was the lowest (2.20%). The crude fat of
the fermented sample slight reduced with addition of OFSP.
There was no significant difference (P=.05) in the crude fat
content (1.03%) in orange flesh sweet potato (OFSP). The ash
content of the formulated sample increased with increase in the
amount of OFSP added to fermented mixed grains paste and

Abbreviations: FMG, Fermented mixed grains paste; OFSP, orange flesh sweet
potato.

Values for each dependent variable for each sorghum type and flour form
followed by different superscripts indicate significant differences between means
(P=.05). Results are expressed as the mean = standard deviation.

the highest value was recorded for sample with 50% fermented
mixed grains and 50% OFSP (3. 82%). The crude fiber of the
fermented sample slightly reduced with addition of OFSP in
which the sample with combination of 50% fermented and
50% OFSP paste showed no significant difference at P=.05.
The carbohydrate content of the samples increased with
increase in the amount of OFSP added to fermented paste.
This was shown in the calculated calorific value which increased
with increase in the percentage of OFSP added to fermented
mixed grains.

Effect of fermented mixed grains-OFSP paste total
acidity, pH and total solid

The total titratable acidity (TTA) of the fermented paste

showed a slight increase with increase in the percentage of

OFSP added (Table 2), but no significant difference (P> .05).
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Table 3. The effects of addition of OFSP to color of the fermented paste.

SAMPLE L* a*

100% FMG 63.832+0.5 6.619+£0.2
100% OFSP 71759+ 0.4 4.58°+0.3
90% FMG + 10% OFSP 64.65°+ 0.6 5.04¢+0.2
80% FMG +20% OFSP 65.85°+ 0.4 442201
70% FMG + 30% OFSP 66.33°+0.5 4152x£0.3
60% FMG +40% OFSP 68.46°+0.7 4.052+0.2
50% FMG +50% OFSP 69.23¢+0.4 3.972+0.1

Cc* H* AE*
17.042+0.3 18.282+0.3 22.22¢+0.2 66.402*+0.4
18.85¢+0.2 19.40°+0.3 13.80°*+0.3 74.33¢+0.8
17.372+0.3 18.0920.4 16.399+0.4 67.13°+0.7
17.862£0.4 18.402+0.2 14.08¢+0.2 68.37¢ 0.5
18.05°+0.3 18.982+0.3 13.16°+£0.2 68.87¢=0.3
18126+ 0.3 18.572+0.1 12.822+0.3 70.93¢+0.5
18.25+ 0.4 18.682+0.5 12.502 0.2 71.719+0.4

Abbreviations: L*, lightness; a*, redness; b*, yellowness; C*, color intensity; H*, hue angle; AE*, total color change; FMG, fermented mixed grains paste; OFSP, orange

flesh sweet potato.

Values for each dependent variable for each sorghum type and flour form followed by different superscripts indicate significant differences between means (P <.05).

Results are expressed as the mean =+ standard deviation.

Table 4. Effects of OFSP on beta-carotene, Vitamin A, and water absorption capacity of the fermented paste.

PASTE MIXING RATIOS BETA-CAROTENE (MG/100G)

100% FMG 0.102+0.0
100% OFSP 0.15¢+0.0
90% FMG + 10% OFSP 0.112+0.0
80% FMG +20% OFSP 0.12°+0.0
70% FMG + 30% OFSP 0.14¢+0.0
60% FMG +40% OFSP 0.16°+0.0
50% FMG +50% OFSP 0.17'+0.0

Abbreviations: FMG, fermented mixed grains paste; OFSP, orange flesh sweet potato.

VITAMIN A (MG/100G) WAC (%)

4.982+0.1 112.20a+1.7
6.150+0.2 142.320+1.5
5.022+0.2 113.852+1.3
5.312=0.3 115.892+ 1.4
5.74c+0.1 125426+ 1.5
6.219+0.2 131.77¢+1.7
6.579+0.2 137.49¢+ 1.6

Values for each dependent variable for each sorghum type and flour form followed by different superscripts indicate significant differences between means (P <.05).

Results are expressed as the mean =+ standard deviation.

100% OFSP has the highest TTA value (0.51) followed by
sample with 50% fermented mixed grains and 50% OFSP.
There was no significant difference (P>.05) in the pH value
of the formulated samples while there was a significant differ-
ence (P=.05) in the control samples (100% fermented mixed
grains paste and 100% OFSP).

Effect of fermented mixed grains OFSP paste’s color

The degree of lightness from black to white (Hunter L, a4, and
b value) of the control samples (100% fermented mixed grains
paste and 100% OFSP) and fermented pastes were shown in
Table 3. The L* values of the samples which indicate lightness
ranged from 48.85 to 71.75. Addition of OFSP to fermented
mixed grains increase slightly the L* of the fermented samples.
The a* value of the fermented samples decreased with increase
in the percentage of OFSP added to fermented mixed grains.
The a* which signifies the redness or greenness of the sample
decreased in the fermented samples due to the color of the

OFSP used for this study. The &* values of the formulated fer-
mented samples ranged between 17.37 and 18.25 and slight
increased with increase in the percentage of OFSP added when
compared with fermented mixed grains paste. The color inten-
sity (C*) of the fermented samples slightly increase with
increase in OFSP added, while the hug angle decreased with
increase in the percentage of OFSP added. The C* value ranged
18.09 to 18.98 (Table 3).

The effect of B-carotene, vitamin A, and water
absorption capacity

Table 4 shows the concentrations of B-carotene, vitamin A, and
water absorption capacity in supplemental foods produced from
blended fermented mixed grains and OFSP. The B-carotene
value ranges from 0.10 to 0.17 mg/100 g and there was a signifi-
cant difference (P=.05) in the B-carotene of all the samples. In
terms of 3-carotene content, a 100% OFSP sample has a higher
value than a 100% fermented mixed grains paste. The value
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Table 5. Effects of OFSP on total viable count of fermented paste during storage (cfu/ml).

STORAGE PERIOD (WEEKS)

SAMPLES
INITIAL
100% FMG 5.402 X 10°
100% OFSP 7.609 % 103
90% FMG + 10% OFSP 5.800 x 10°
80% FMG +20% OFSP 6.20° X 10°
70% FMG + 30% OFSP 6.709 % 103
60% FMG + 40% OFSP 7.10¢ X 108
50% FMG + 50% OFSP 7.401x 103

Abbreviations: FMG, fermented mixed grains paste; OFSP, orange flesh sweet potato.

5.802x 103 6.510 X 104 6.70°x 104
7.909 x 103 8.109 X 104 8.30fx 104
5.90° x 103 6.412x10* 6.492x 104
6.40°x 108 6.52°x 104 6.552x 104
6.909 % 103 7.059x 104 7.05¢x 104
7.20 X 1083 7.32¢ X 104 7.419x 104
7.60fx 103 7.72f X 104 7.80° < 104

Values for each dependent variable for each sample type formed followed by different superscripts indicate significant differences between means (P <.05). Results are

expressed as the mean = standard deviation.

Table 6. Effects of OFSP lactic acid bacteria count of fermented mixed grains-orange fleshed Sweet potato paste during storage (cfu/ml).

5.702x 103 5.90° % 104 6.90° X 104
6.40°x 108 6.409 x 104 7.419x 104
5.802x 103 5.70ax 104 6.712x 104
6.20°0 < 103 6.20°x 104 7.22°x 104
6.42°¢x 108 6.409 x 104 7.4194x 104
6.709x 108 6.60° X 104 7.60¢ X 104
6.95¢ % 108 6.90x 10* 7.911 <104

SAMPLES STORAGE PERIOD (WEEKS)
LAG PHASE

100% FMG 5.302 X 103

100% OFSP 6.109x 103

90% FMG + 10% OFSP 5.600 X 103

80% FMG +20% OFSP 5.90¢ X 103

70% FMG + 30% OFSP 6.159% 103

60% FMG +40% OFSP 6.50° X 103

50% FMG +50% OFSP 6.80fx 108

Abbreviations: FMG, fermented mixed grains paste; OFSP, orange flesh sweet potato.

Values for each dependent variable for each sample type formed followed by different superscripts indicate significant differences between means (P <.05). Results are

expressed as the mean = standard deviation.

increases as the percentage of OFSP added to the fermented
paste rises. The value of vitamin A obtained in this study ranged
between 4.98 and 6.57 mg/100g as shown in Table 4. The water
absorption capacity (WAC) of the samples ranged between
112.20% and 137.49%. 100% fermented mixed grains paste had
the least value (112.20%) and 100% OFSP had the highest
value 142.32% (Table 4). It was observed that the water absorp-
tion capacity (WAC) increases as the addition of OFSP

increases.

Storage stability of fermented mixed grains-OFSP
pasz‘e

The total viable count (TVC) of the fermented samples (fer-
mented mixed grains-OFSP paste) and the control samples
(100% fermented mixed grains paste and 100% OFSP paste)

are shown in Table 5. The orange flesh sweet potato paste has
the highest number of total viable count which increases with
increase in storage period (3weeks). Also, the TVC of 100%
fermented mixed grains paste increases with increase in storage
time. All the fermented samples also followed the same trend
with increase in TVC along the storage period. The TVC of
the fermented samples increase with increase in the percentage
of OFSP added to the fermented mixed grain.

Table 6 showed the result of lactic acid bacterial (LLAB)
count of the samples during storage. 100% OFSP paste have
the highest LAB count through the storage period and 100%
fermented paste had the least LAB count value throughout
the storage period. Table 7 revealed that the yeast and mold
growth count in the increased in all the samples during stor-
age. The 100% fermented paste had the highest count
(2.79 X 10%cfu/ml) followed by 100% OFSP paste after
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Table 7. Effects of OFSP yeast/mold count of fermented mixed grains-orange fleshed sweet potato paste during storage (cfu/ml).

SAMPLES STORAGE PERIOD (WEEKS)
LAG PHASE
100% FMG 2.10°x 101
100% OFSP 1.952 x 107
90% FMG + 10% OFSP 2.250x 10!
80% FMG +20% OFSP 2.32¢x 10!
70% FMG + 30% OFSP 2.40°x10
60% FMG +40% OFSP 2.230x 10!
50% FMG + 50% OFSP 2.38¢x 10!

Abbreviations: FMG, fermented mixed grains paste; OFSP, orange flesh sweet potato.

2.70°x 102 2.20°x 103 2.79°x 103
2.202x 10" 2.002x 102 3.012x 102
2.48°x 101 2.062x 102 2.502x 102
2.59¢x 10! 2.50¢x 102 2.482x 102
2.89°x10° 2.24bx 102 2.412ax 102
2.380x 101 2.18°x 102 2.60° x 102
2.62°x 10! 2.44°x 102 2.462x 102

Values for each dependent variable for each sample type formed followed by different superscripts indicate significant differences between means (P <.05). Results are

expressed as the mean = standard deviation.

3weeks of storage. The presence of yeast in the fortified fer-
mented paste during storage is essential due to their ecological
interactions with lactic acid bacteria. Yeasts produce vitamins
and aids the growth of LAB in cereal fermentations. The pres-
ence of yeasts throughout the storage period has a positive role
in improving the development of the distinctive flavor in the
final fermented cereal products, as well their aid nutrient avail-
ability, may also produce enzymes such as amylase, protease,

and phytase.?8

Discussion

The proximate composition of the fermented mixed
grains-OFSP paste

Moisture content and water activity are fundamental ele-
ments affecting the safety of food and shelf life.3¢ Laelago
et al’” reported that high moisture content does not favor the
growth of microorganism which in turn may increase the
shelf stability of the product. The fermented paste contained
the most protein (7.15%), followed by a mixture of fermented-
OFSP paste with varying substitution ratios. As a result of
this finding, it is possible to state that OFSP addition to fer-
mented paste slight reduced the protein content of the sam-
ple. This may be due to small amount of protein present in
the variety of OFSP used for this study. The carbohydrate
content of the samples increased with increase in the amount
of OFSP added to fermented paste. This was shown in the
calculated calorific value which increased with increase in the
percentage of OFSP added to fermented mixed grains. The
increase in the calorific value to the fermented samples make
the formulated sample a better product to supply energy
needed by infant during weaning time.3® The variation in
proximate composition of the formulated fermented samples

(mixed fermented grains-OFSP paste) may be of great

importance in this study. The reduced moisture content of the
formulated fermented samples indicates that the product may
have a longer shelf life than fermented mixed grains paste
alone. Additionally, the increased ash, crude fiber, carbohy-
drate content, and energy make the product more suitable for
providing the required nutrients to both infants and adults.
The addition of OFSP to fermented mixed grains may
account for the slight decrease in crude protein and crude fat
in the formulated samples. Rodrigues et al® found fresh
orange flesh sweet potato to have low crude protein (3.69%)
and crude fat (0.42%). The findings of this study are similar
to the findings of Fausat et al** who reported a slight decrease
in crude protein and crude fat of formulated moringa-forti-
fied complementary food.

Effect of fermented mixed grains-OFSP paste total
acidity, pH, and total solid

OFSP (100%) has the highest TTA value (0.51) followed by
sample with 50% fermented mixed grains and 50% OFSP. The
slight increase in total titratable acidity (T'TA) may be attrib-
uted to addition of OFSP and increase in acidity of the formu-
lated product by lactic acid bacterial. The difference in pH of
the control samples may be attributed to fermentation of mixed
grains and unfermented OFSP. Changes in acidity and pH of
the samples during storage is due to fermentation leads modi-
fications in the population of the fermenting microorganisms
as well as the flora which results of continuous enhancement of
the fermentation environment. This assist the viability of
microbial flora that are responsible for the production of new
enzymes that improve digestion of the food.*

The fermentation of mixed grains allowed the lactic acid
bacterial to breakdown the sugar and release acid. Addition of
OFSP to fermented mixed grains have little or no effects on
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the pH of the formulated samples. The total solid (T'S) of the
termented samples increased with increase in the percentage of
OFSP added to the fermented mixed grains. This was expected
because the total solid of OFSP was higher (60.87%) than fer-
mented mixed grains (55.20%). This was expected because
OFSP like other sweet potato have a high dry matter with high
amount of sugar (sucrose) which may be responsible for the
high T'S found in this study as the ratio of addition increases.*?
The increase in the T'S have been reported to increase the
nutrient density of the formulated complementary food.*

Effect of fermented mixed grains OFSP paste’s color

The increase in the degree of lightness may be attributed to yel-
low color of OFSP root used which supplement the yellowness
color of the mixed grains used for this study.** The increase in
the color intensity of the samples may be attributed to OFSP
added which help increased the formulated fermented samples
color compared to fermented mixed grains paste.* Although
the fermented mixed grains paste color intensity was higher
than sample with 10% OFSP. The total color change (AE¥) of
the formulated samples increase with increase in the percentage
of OFSP added to fermented mixed grains. It was observed that
OFSP retained its color after processing and upon inclusion in
sample improved the brightness of the fermented paste. The
increase in color intensity (C¥) and total color change is benefi-
cial to the complementary food because when prepared, it may
attract the infant since they are attracted to bright colors.*

The effect of B-carotene, vitamin A, and water
absorption capacity

The B-carotene value increases as the percentage of OFSP
added to the fermented paste rises. The inclusion of OFSP,
which has been known to be high in B-carotene, may be
responsible for the rise.’’ The increase could possibly be owing
to the high intensity of the OFSP color utilized in this investi-
gation, as evidenced by Table 3 total color change (AE™).

The minimum stipulated vitamin A density of cereal-based
complementary foods for 6 to 8 months-old infants and young
children is 350 to 400 pg/day.*’ The increase in the Vitamin A
may be attributed to addition of OFSP which have higher
value of Vitamin A than fermented mixed grains paste.*® The
formulated complementary foods under study met the mini-
mum requirement of vitamin A based on the result obtained in
this study. The recommended dietary allowance (RDA) of vita-
min A can be satisfied if children or infants drink a blend of
fermented mixed grains and OFSP in equal proportions, as
well as if the ratio of weaning mix under research is utilized in
the formulation of their diet. The daily retinol activity equiva-
lents (RAE) dosage recommended for children (6-11 months)
is 1000001U or 30000 pg RAE of vitamin A while double is
required for children between 1 and 5 years old*%*°

The reduction in the WAC of 100% fermented mixed grains
paste may be attributed to fermentation which limit the water
absorption capacity of the samples. It can also be due to effect
of fermentation which is an exothermic metabolic process in
which microorganisms utilized the food nutrients during stor-
age.*! Also, the reduction in water absorption capacity is
expected since the carbohydrate content of the sample is low
(Table 4). The WAC of fermented samples increases as the
percentage of OFSP added increases. This is also to be expected,
given that OFSP had the highest carbohydrate content and
had not been processed other than peeling before use. Water
absorption capacity refers to a sample’s ability to absorb water
and swell for enhanced uniformity in food. It is required for
tood systems to improve yield and consistency and to give food

to the body.>!

Storage stability of fermented mixed grains-OFSP
paste

The increase in total viable count of the control and that of the
formulated fermented samples may be attributed to fermenta-
tion of cereal grain for 72 hours which encourage the action of
beneficial micro-organism like lactic acid bacteria to grow in
the mixed grain before being blended with OFSP. Also, the
addition of OFSP to the fermented grains may improve the
growth of the organism due to availability of more substrate
(sugar) supplied by OFSP. This result is in line with the report
of Ogodo et al'3 who reported an increase in total viable count
of fermented red sorghum paste.

The LAB count increases in the fermented samples with
increase in the percentage of OFSP added to fermented mixed
grain. This was expected due to the increase in the total viable
count of the samples. The addition of OFSP to fermented
mixed grain help to produce a fermented paste with better
quality than fermented mixed grains pastes alone.

The increase in the LAB count in all the samples (both con-
trol and formulated) may be attributed to present of good and
abundant substrate which aid the growth of lactic acid bacte-
rial. This result is supported by Olaniran et al?® who reported
dominance of LAB in fermented red sorghum paste and maize.
Musyoka et al*? reported increase in yeast and mold count of
OFSP puree during storage when studying the effectiveness of
combining chemical preservatives and acidification for pre-
venting spoilage microorganisms in sweet potato puree. The
presence of lactic acid bacteria in food has been shown to aid
extension of shelf life of the product.!3

This study showed the importance of OFSP in relation to
supply of PB-carotene, Vitamin A and energy to infant when
OFSP is blended with fermented mixed grain in making com-
plementary food. The formulated complementary food
(Fermented mixed grains-OFSP) was stable for 3weeks with
increase in the total viable count, lactic acid bacterial, and yeast
and mold count.
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Conclusion

From the results of the research, addition of orange-flesh sweet
potato to fermented cereal improved the shelf stability and the
micronutrients of the product. Therefore, dietary supplementa-
tion with orange-flesh sweet potato pastes up to 50% substitu-
tion is recommended. Also, sequel to it availability of raw
materials, and flexibility to domestic production if incorpo-
rated as a supplement to fermented cereal paste will augment
the micro and macro nutrient intake toward reduction of vita-
min A deficiency.
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