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Sorghum, sesame seeds and baobab fruit are commercially viable, underutilized crops in sub-Saharan
Africa with potential for use in development of high-quality value-added products for food and
nutritional security. This study evaluated effects of processing methods on the nutritional and sensory
attributes of a ready to eat snack bar developed from sorghum supplemented with sesame and baobab
fruit pulp powder. The moisture content ranged between 6.38 and 10.28%, total fiber content ranged
between 5.59 and 10.455 g/100 g while protein and fat content ranged between 11.28 and 16.74 g/100 g
and 9.65 g/100 g and 18.58 g/100 g, respectively. The carbohydrates content in the snack bars ranged
between 46.37 and 60.31 g/100 g, while energy content averaged 426.33 kcal/100 g for raw materials and
414.38 kcal/100 g for formulated snack bars. Concentrations of iron, calcium and zinc ranged between
5.46 and 14.611 mg/100 g, 82 and 246 mg/100 g, and 1.377 and 4.98 mg/100 g, respectively. Sensory
evaluation of the bars formulations was based on a 5-point hedonic scale and revealed significant
differences (p<0.05) in color, taste and overall acceptability. The aroma and crunchiness of the snacks
were not significant. The study found underutilized crops have the versatility to improve the range of
products and spur innovation in new product development.
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INTRODUCTION

Sorghum is an important underutilized cereal in Africa
due to its drought resistance (Chikuta et al., 2014).
Ranked the fifth most important cereal, sorghum provides
protein and energy through gruels to many people in sub-
Saharan Africa (Pelembe et al., 2002). The biochemical
composition in sorghum structure generally compares
with other cereals with some minor compositions (Taylor
and Kruger, 2019). Sorghum is high in fiber content,
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protein though deficient in lysine content, starch and
good distribution of micronutrients albeit in low levels
(Serna-saldivar et al., 2019). In addition, sorghum has
limiting levels of sulphur containing amino acids such as
cysteine and methionine (Pelembe et al., 2002). Hence,
there is the need to complement the biochemical
composition of sorghum with an oil seed such as sesame
for protein and polyunsaturated fatty acids (Hegde, 2012)
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and baobab fruit which is noted for its ascorbic acid and
mineral content (Aluko et al., 2016).

Sesame (Sesamum indicum L.) is an important oil seed
that is widely grown in some parts of Africa and Asia
(Asghar et al., 2014). Sesame seed is noted for its high
protein content at ranges of 17 to 32% and abundant
guantities of oil at 40 to 50% and laden with tocopherols
(Gharby et al., 2015). In addition, sesame is rich in
calcium, phosphorous and iron (Onsaard, 2012). Thus,
sesame seeds have found a multitude of uses across the
food industry such as processing of margarines, oil,
sauces (Hiremath et al., 2010) but not limited to
production of soaps and lubricants in the non-food niche
(Nyongesa et al., 2013). However, despite the nutritional
and industrial importance of sesame, its cultivation and
yield remains low in Kenya averaging 400 kg ha™
(Nyongesa et al., 2013), with its range of applications
limited to roasted seeds and sesame oil (Koitilio et al.,
2018).

Further, it has been shown that Baobab (Adansonia
digitata L., Malvaceae) is localized in lower Eastern and
coastal parts of Kenya where it remains as a wild
undomesticated tree (Muthai et al, 2017). The
importance of baobab is underpinned as the tree is
composed of edible leaves, seeds and fruit pulp (Muthai
et al., 2017). The baobab fruit pulp is particularly noted
for its high ascorbic acid content reported at 337 mg/100
g pulp (Momanyi et al., 2020). The pulp has significant
levels of micronutrients particularly calcium, zinc and
potassium (Aluko et al., 2016), however, it has low levels
of protein and fat content (Momanyi et al., 2020).

These orphan crops have been underutilized in
production of value-added products for
commercialization. In sub-Saharan Africa, a significant
portion of sorghum is utilized in form of thin and thick
gruels (Kilambya, 2013), for sesame, it has been used
widely as roasted snack balls and as toppings in baked
goods (Amoo et al.,, 2017) while baobab fruit remains
largely unexploited. Therefore, there is need for
diversifying these crops for end products that are
nutritious, convenient aligned to increased consumer
awareness. Popkin (1999) noted increased nutrition shift
towards consumption of superior grains of rice, wheat
and maize while indigenous cereals such as sorghum
have been neglected and christened a poor man’s crop
(Hadebe et al., 2017; Orr, 2017). Snacks are ready-to-eat
products which have been characterized by high calorie,
low nutritional density and has contributed to increased
incidences of lifestyle diseases such as diabetes and
cardiovascular diseases (Popkin, 2015; Bhurosy and
Jeewon, 2016). Development of sorghum-based snacks
has yet to be fully exploited, and which has the potential
to improve its utilization.

In particular is sorghum, which is laden with anti-
nutrients that can chelate available micronutrients (Singh
et al., 2016). As a result, sorghum is reported to have a
poor starch and protein digestibility (Taylor and Taylor,

2017). Traditional processing methods of malting and
fermentation have a profound effect on the digestibility of
sorghum. Prior studies have revealed that fermentation
and malting processes lead to a surge in the endogenous
activity of sorghum via de novo activation of inherent
phytases (Onyango et al., 2013). Roasting has the effect
of imparting desirable sensory qualities whilst also
denaturing anti-nutrient factors such as trypsin inhibitors
(Adedeiji et al., 2015; Msheliza et al., 2018).

The potential of incorporating these components in
developing a nutritious ready-to-eat snhack bar will
improve their utilization, whilst alleviating consumer
health concerns regarding snacks. This study was aimed
at formulating and analyzing the effect of sorghum
treatment methods and incorporation of sesame and
baobab on the nutritional and biochemical composition of
the developed snack bar.

MATERIALS AND METHODS
Sample preparation

Sorghum (Sorghum bicolor L. Moench) and sesame (S. indicum L.)
seeds were sourced from Kangemi market, Nairobi while dried
baobab fruits were sourced from Makueni County, Kenya.
Preliminary steps of cleaning, grading, removal of broken kernels
and foreign matter were done at the Department of Food Science,
Nutrition and Technology, College of Agriculture and Veterinary
Sciences, University of Nairobi.

Sorghum grains were prepared in three batches through malting,
fermentation and roasting processes. The sorghum grains were
steeped in water (2:1, w/v) for 18 h, the malted batch was placed in
damp muslin cloths and allowed to germinate for 72 h. For the
roasted batch, the steep grains were air-oven dried at 105°C for 3
h, and thereafter roasted at 180°C for 15 min in an open pan. For
the fermented batch, the steeped cereals were oven dried at 105°C
for 3 h and milled into 1 mm particle size. The flour was added to
potable water followed by spontaneous fermentation by lactic acid
fermentation under anaerobic conditions for 48 h. The fermented
flour was oven dried at 105°C for 3 h and milled back into 1 mm
flour.

Sesame seeds were cleaned, and steeped in water for 18 h.
Sesame seeds were dehulled by method described by Inyang and
Ekanem (1996) with some maodifications. The steeped seeds were
soaked in 10% NaCl solution for 12 h. The seeds were thereafter
consecutively washed thoroughly with water and rubbed by hands
so as to decorticate them. The water was drained off and the seeds
air oven-dried at 65°C for 3 h. The dried seeds were separated from
the hulls by winnowing thereafter pan roasted at 110°C for 15 min
in a pan to impart desirable sensory qualities.

The baobab fruits were cleaned and the dried pulp scrapped out
with a knife on clean containers. The seeds were separated from
the scraped-out pulp. The pulp was crushed in a blender (Krups,
Model Type KB703, Mayenne - France) which reduced the pulp to
fine particles of 1 mm.

Formulation(s) of ready-to-eat snack bars

The formulations consisted of fermented, malted and roasted
sorghum, roasted sesame and baobab fruit modeled in a 3 x 4 full
factorial experiment by Nutrisurvey 2007 version (Erhardt, 2007)
and Momanyi et al. (2020). Baobab fruit pulp powder substitution
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Table 1. Experimental design of the various formulations

. Factors
Formulation
Roasted Malted Fermented
Formulation 1 RSF1 MSF1 FSF1
Formulation 2 RSF2 MSF2 FSF2
Formulation 3 RSF3 MSF3 FSF3
Formulation 4 RSF4 MSF4 FSF4
RS = Roasted sorghum, MS = Malted sorghum, FS = Fermented sorghum.
Table 2. Basic formulation of a sorghum lunch bar.
. Samples
Ingredients F1 F2 3 Fa
Sorghum (%) 60 70 80 100
Sesame (%) 25 20 15 0
Baobab fruit pulp powder (%) 15 10 5 0
Sugar (g) 70 70 70 70
Margarine (g) 70 70 70 70
Xanthan gum (%) 1 1 1 1
Egg (ml) 10 10 10 10

levels were determined by Momanyi et al. (2020) owing to their
astringency nature in levels above 20%. Table 1 shows the factors
and formulations developed.

The sorghum flour variations were added at different proportions
with dry ingredients of sugar, hydrogenated margarine, egg white
and xanthan gum, and were stirred vigorously. The ingredients
were standardized for all factors of roasting, malting and
fermentation. Xanthan gum was added as a binding agent at 1%
level of total flour weight (Shittu et al., 2009; Preichardt et al.,
2011). The liquid egg white functioned as an emulsifying agent,
while the margarine was added to improve the texture of the dough,
due to the rough texture of sorghum attributed to the coarse grits
formed during milling which causes a sandy mouthfeel (Onyango et
al., 2011) while also replacing the use of water. To this mixture,
sesame paste was incorporated and it was stirred well. The sesame
paste was prepared by taking the previously dehulled roasted
sesame seeds and grinding them into a fine paste in a blender
(Krups, Model Type KB703, Mayenne - France). The dough was
placed in pre-molds and baked at 130°C for 30 min. Baobab fruit
pulp was sprinkled on the formulations, then remolded and
packaged. Table 2 indicates the ingredient formulation for the
snack.

Nutritional analysis

The nutritional content of the snack bars was determined as per
AOAC (2005) methods in terms of moisture content (method
930.15), crude protein (N 6.25) by the Kjeldahl method (method
978.04), crude fibre (method 978.10) and crude fat (method
930.09). Carbohydrate content of the snack was by difference
method as described in AOAC (2000). Total energy of the snacks
was determined as per the formula described by Momanyi et al.
(2020):

Total energy (kcal/100 g) = [(%Carbohydrates x 4) + (%Protein x 4)
+ (Fat x 9)]

Mineral analysis

Iron, calcium, and zinc were determined by wet digestion method
as described by Palma et al. (2015). 0.5 g of sample(s) was
digested by HNO3;:HCIO, (2:1) at 260°C for 3 h. Thereafter, the
samples were topped up with 50 ml distilled water. The specific
minerals of Fe, Zn and Ca were determined by AAS
spectrophotometry (Model 210 VGP). Standards solutions of Fe,
Zn, and Ca were prepared and used to prepare a calibration curve.
Fe was measured at 248 nm, Zn at 213.9 nm and Ca at 422.7 nm.
Concentration was calculated as:

((Absorbance - Blank) / 10 x Sample weight) x V = mg/100 g

Where V = is the volume of distilled water topped up to the mark.

Sensory analysis

The sorghum snack bar was assessed by a semi-trained panel
consisting of undergraduate, postgraduate students and staff from
the Department of Food Science and Technology at the University
of Nairobi. A 5-point hedonic scale (1= dislike extremely to 5= like
extremely) was used to assess color, taste, crunchiness, aroma and
overall acceptability. Clean water was provided to the panelists for
rinsing their mouths after evaluating each sample so as to minimize
errors during the process.

Statistical analysis

The analysis was done in duplicates. Collected data was
statistically analyzed by GenStat software version 15.0 at P<0.05
significance level. Data was subjected to a one-way ANOVA to
determine the least significant difference at p < 0.05 and post hoc
mean separation and comparisons performed by Tukey’s multiple
range test.



84 Afr. J. Food Sci.

Table 3. Nutritional composition of the roasted, malted and fermented blends in dry matter basis

Parameter
Factor Sample Moisture (%) Protein (%) Fiber (%) Fat (%) Carbog/);)drates (kcE;ﬂ/elrggg)
Sorghum  4.83%0.13" 10.3740.12°  6.4620.39°  3.38+0.11° 74.96+0.76° 371.7+1.53%
E:nﬁ’pfgsrocessed Sesame 6.60+0.10° 19.98+0.09"  5.61+0.03% 37.65+1.41"  30.1621.39°  539.4+6.77°
Baobab 3.09+0.09% 4.89+0.10°  5.60+0.24°  0.53%0.16° 85.90+0.20" 367.9+0.20%
RSF1 8.31+0.38™ 16.74+0.34"  8.18+0.08" 18.58+0.39  48.20+0.25" 426.9+3.14°
Roasted sorghum  RSF2 6.84+0.17%  15.2040.63%"  6.26+0.04* 15.69+0.27°°  55.82+0.83"  425.3+1.59"
formulations RSF3 6.39°+0.34%  13.65:0.29%"  559+0.20° 14.52+0.19° 57.75+0.65' 424.7+3.11°
RSF4 8.78+0.22¢ 13.2740.70%®  7.65:0.39° 12.55+0.21°  59.85+0.06°" 397+1.71°
MSF1 9.21+0.14°  14.90+0.61°®  7.90+0.03" 19.45+0.53°  48.54+0.03" 428.8+2.21°
Malted sorghum MSF2 9.67+0.31°  13.67+0.39%"  6.51+0.05° 17.42+0.39°  52.73+0.36° 422.4+3.38°
formulations MSF3 10.29+0.43"  12.12+0.36""  6.44+0.06*° 17.53+0.07*  53.63+0.06°  420.7+1.82¢
MSF4 9.94+0.30°  11.28+0.57%"°  7.62+0.33° 11.46+0.46°  59.71+1.66°  387.1+0.22"
FSF1 9.90£0.002°  15.51+0.29%"  8.49+0.20° 19.73+0.15°  46.37+0.64° 425.1+0.08°
Egrrg;]irr‘;ed FSF2 7.72+0.35"  14.45+0.22°%  8.10+0.07° 16.65:+0.04%  53.08+0.01% 420+1.30°
formulations FSF3 6.79+0.26%  13.37+0.33"  8.46+0.58° 15.67+0.52°  55.71+0.65%°  417.3%+5.95°
FSF4 7.28+0.07%°  12.31+0.37°"  9.46+0.46°  9.65+0.31% 60.31+0.33"  377.3+0.02%

Mean values of duplicate with different superscript in a column are significant at p<0.05. Means separated and compared with Tukey’s test.

RESULTS
Moisture content

The moisture content of the formulations is shown in
Table 3. There were significant differences in all
formulations (p<0.05) with values ranging from 6.39 to
10.29% DM. The raw unprocessed samples were 4.83,
6.60, and 3.09% for sorghum, sesame and baobab,
respectively. The roasted sorghum formulations had
moisture content values ranging from 6.39 to 8.78% DM.
Malted sorghum formulation moisture levels ranged
between 10.29 and 9.21% DM while fermented sorghum
formulations ranged between 6.79 and 9.90% DM. The
moisture values in malted sorghum had slightly elevated
moisture levels as compared to roasted and fermented
sorghum formulations.

Protein

There were significant differences (p<0.05) in the protein
content in the formulations. Roasted sorghum
formulations had protein content levels ranging between
13.27 and 16.74%, malted sorghum formulations ranged
between 11.28 and 14.90%, whereas fermented sorghum
formulations ranged between 12.31 and 15.51%/100 g
DM (Table 3). The unprocessed sesame had high overall
protein content (19.98%) compared to sorghum (10.37%)
and baobab fruit pulp (4.89%). The trend in all

formulations showed a decrease in protein content with
low sesame supplementation. Thus, the trend indicated
higher sesame substitution levels at 25% have a positive
net improvement in overall protein content. Formulations
RSF4, MSF4, and FSF4 had least protein levels as they
had no sesame in them. In addition, roasted and
fermented sorghum formulations had improved protein
content as compared to malted sorghum formulations
which were slightly lower compared to the two.

Fiber

The fiber content of the samples is presented in Table 3.
The formulations had improved fibre content as
compared to the raw unprocessed samples. The fiber
levels were not significant (p>0.05) for the raw
unprocessed samples at 6.46, 5.61 and 5.60% for
sorghum, sesame and baobab fruit pulp respectively.
Significant differences (p<0.05) among the roasted
formulation of RSF1, malted formulation of MSF1 and
MSF4 and fermented formulation FSF4, respectively.
Crude fibre content ranged between 5.59 and 8.18% for
roasted sorghum formulations, 6.44 and 7.90% for malted
sorghum formulations and 8.10 and 9.46% for fermented
sorghum formulations, respectively. The trend expresses
the fermented sorghum formulations to have improved
fiber content as compared to roasted and malted
sorghum formulations. In addition, sesame seeds
substitution had no marked impact on overall fiber levels.



Fat

The fat content in the snack bar formulations is as
presented in Table 3 was significant at p<0.05. The raw
unprocessed sesame seeds had the highest fat content
(37.65%) compared to raw sorghum (3.38%) and baobab
fruit pulp (0.53%) which had the least content. Roasted
sorghum formulations fat content levels ranged between
12.55 and 18.58%, malted sorghum formulations ranged
between 11.46 and 19.45%, while fermented sorghum
formulations fat levels were between 9.65 and 19.73%
(Table 3).

Carbohydrates and energy content

The carbohydrate content of the formulations is shown in
Table 3. There was significant differences (p<0.05) in the
carbohydrate content across the various formulations
with roasted sorghum formulations had carbohydrate
content ranging between 48.20 and 59.85%/100 g DM,
malted sorghum formulations ranged between 48.54 and
59.71%/100 g DM and fermented sorghum formulations
at 46.37 and 60.31%/100 g DM.

Table 3 presents the energy content expressed in
kcal/100 g of the formulations. The roasted sorghum
formulations energy content was between 397 and 426.9
kcal/100 g, malted sorghum formulations were between
387.1 and 428 kcal/l00 g and fermented sorghum
formulations were between 377.3 and 425.1 kcal/100 g.

Mineral content

Iron content was high in raw sesame (157.76 mg/100 @)
as compared to sorghum and baobab fruit pulp powder.
Iron content in all formulations were significantly different
at p<0.05 with RSF1 recording highest content at 14.61
mg/100 g. The roasted sorghum formulations iron content
ranged between 6.39 to 14.61 mg/100 g, malted sorghum
formulations at 5.46 to 11.44 mg/100 g, and fermented
sorghum formulations were at 6.48 to 11.45 mg/100 g.

The calcium content varied significantly (p<0.05)
among the snacks. The trend shows improved calcium
levels in the formulations. Roasted sorghum formulations
had calcium content between 82 to 227.2 mg/100 g,
malted sorghum formulations were between 131.5 and
246.7 mg/100 g, whilst fermented sorghum ranged
between 122.1 and 171.5 mg/100 g. The formulation(s)
MSF1 recorded the highest concentration (246.7 mg/100
g) while RSF4 recorded the least amount at 82 mg/100 g.
High calcium content was realized at 15% baobab
supplementation level in RSF1, MSF1 and FSF1.

The zinc content varied significantly (p<0.05) among
the formulations with roasted formulations ranging
between 1.38 and 4.82 mg/100 g, malted sorghum
formulations ranged between 2.30 and 4.98 mg/100 g
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and fermented sorghum zinc content ranged between
1.73 and 2.95 mg/100 g (Table 4). The processing effect
on zinc content was not significant (p>0.05) across the
formulations, but higher zinc contents were observed with
increase in sesame seeds and baobab fruit pulp
concentrations.

Sensory analysis results

Table 5 presents the sensory scores of the sorghum-
based snack bars. The results show that the sensory
perception of color, aroma, taste crunchiness and the
overall acceptability of the snack bars were not
significantly different (p>0.05) across the treatments of
roasted-, malted-, and fermented sorghum-based snack
bars.

DISCUSSION
Moisture content

Cereal snack products are normally associated with low
moisture levels primarily attributed to processing
techniques involving heat treatment. Moisture content
ranges as outlined in Table 3 are in agreement with
Momanyi et al. (2020) who reported moisture levels
between 9.43 and 9.5%. The slight increase in water
content could be attributed to sesame which in its
composition has elevated moisture levels. The malted
sorghum formulations had slightly elevated moisture
levels which could be attributed to release of metabolic
water during malting and resultant drying regimes (Asuk
et al., 2020). Low moisture content in cereal baked goods
is essential in maintaining the microbiological integrity
thus extending their shelf life (Kince et al., 2017). Yeast
and molds are common spoilage microorganisms in low
moisture cereal products and thus water activity below
0.65 is preferable in retarding their growth.

Protein content

High supplementation of sesame seeds at 25% in the
formulations resulted in protein quality enhancement in
the snack bars (Table 3). The trend in crude protein
content in the roasted, malted and fermented sorghum
snack bars decreased with decreased supplementation of
roasted sesame (Figure 1). Sesame seeds have been
profiled to contain up to 18 to 25% protein (Tenyang et
al., 2017) and rich in essential amino acids tryptophan
and methionine (Lawal et al., 2019). In addition, dehulling
roasting sesame seeds had no effect on protein quantity
which agrees with studies by Lawal et al. (2019). Thus,
by supplementing sesame seeds, there is overall
improvement in overall protein quality which is essential
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Table 4. Mineral composition of the roasted, malted and fermented blends in dry matter basis.

E lati S | Parameter
ormulation ample Iron (mg/100 g DM) Calcium (mg/100 g DM) Zinc (mg/100 g DM)
Sorghum 72.52+1.38° 179.5+0.95% 25.35+1.91"
E:r‘r’]"p‘ljgspmcessed Sesame 157.76+3.16' 124.49+28.16' 119.60+2.97°
Baobab 138.55+4.47° 155.96+28.90¢ 52.47+2.08°
RSF1 14.61+0.17° 227.2+2.45% 4.82+0.54°
Roasted sorghum RSF2 8.47+0.01%° 161.1+3.02° 4.24+0.99%
formulations RSF3 8.38+0.23% 101.8+2.07% 2.56:0.88%
RSF4 6.39+0.30% 82+3.18° 1.38+0.08%
MSF1 11.44+0.03* 246.7+23.96° 4.98+0.20°
Malted sorghum MSF2 6.49+0.51% 153.6+15.16" 2.95+1.32%
formulations MSF3 6.79+0.03% 149.1+15.37° 2.93+0.55°
MSF4 5.460.63% 131.5+11.25%° 2.30+1.02%
FSF1 11.45+0.32"° 171.5+11.32% 2.95+0.24%
Fermented sorghum FSF2 11.45+0.01% 166.8+5.10° 2.17+1.14°
formulations b be a
FSF3 8.18+0.12 145.446.21 1.83+0.11
FSF4 6.480.55% 122.1+13.12%° 1.73+0.88°

Mean values of duplicate with different superscript in a column are significant at p<0.05. Means separated and compared with Tukey’s test.

Table 5. Sensory evaluation of the prepared lunch bar snacks.

Sample Parameter
P Color Aroma Taste Crunchiness Overall acceptability

RSF1 3.62+0.99% 3.21+1.122 3.24+1.10% 3.12+1.34% 3.35+1.07%°
RSF2 3.41+0.82% 2.94+1.13% 3.47+1.16% 3.15+1.33% 3.27+0.09%°
RSF3 3.59+1.10% 2.85+1.162 3.24+1.10% 3.20+1.14% 3.12+0.91%°
RSF4 3.59+1.13% 3.32+1.09% 3.65+0.98° 3.29+1.32° 3.85+0.99°

MSF1 3.50+0.96% 2.77+1.23% 2.56+1.13% 2.77+1.10% 2.77+1.05%

MSF2 2.91+1.222 2.82+1.09% 3.00+1.28% 3.56+1.21% 2.97+1.17%
MSF3 3.41+1.21% 2.91+1.26° 2.62+1.18% 2.88+1.09% 3.09+1.08%°
MSF4 3.47+1.11% 3.21+1.07% 3.71+0.80° 3.59+1.162 3.53+0.99%°
FSF1 3.82+0.72° 2.88+1.152 3.03+1.47® 3.21+1.25% 3.38+1.21%°
FSF2 3.91+0.79° 3.09+1.08% 2.97+1.17% 3.24+1.16° 3.15+0.99%°
FSF3 3.18+1.03% 3.00+1.10? 2.94+1.35% 3.41+1.16% 3.24+1.33%°
FSF4 3.47+1.19% 3.27+1.05° 3.35+1.35% 2.94+1.21° 3.68+1.34™

Mean values of duplicate (n = 17) with different superscript in a column are significant at p<0.05. Post hoc mean separation and

comparison by Tukey’s test.

in combating protein energy malnutrition.

There was observed effects of processing on crude
protein among the formulations. The protein content has
been reported to range between 11.5 and 12.3% (Serna-
saldivar et al., 2019), thus processing techniques are
essential in improving the overall protein content.
Roasted sorghum formulations snacks had higher crude
protein content when compared with fermented

formulations (12.31 15.51% @/100 g) and malted
formulations (11.28 to 14.90% @/100 g) as per Table 3.
These observations agree with Tamilselvan and
Kushwaha (2020) who recorded increase in crude protein
during fermentation and net reduction during malting of
sorghum. Malted sorghum formulations had lower crude
protein content which could be due to degradation of
proteases present which are synthesized during the
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Figure 1. Flow diagram for the product formulation.

germination period (Nkhata et al.,, 2018). Roasting of
sorghum disrupts the encapsulated protein in the
endosperm complex thus releasing the stored protein
(Ratnavathi, 2016). These could be attributed to the high
crude protein content in roasted sorghum formulations as
compared to the malted and fermented snack bars.
Sorghum proteins are localized in the endosperm, germ
and pericarp and fermentation has been attributed to
breakdown these complexes by action of microorganisms
(Tamilselvan and Kushwaha, 2020). Improved crude
protein during fermentation may be attributed to
breakdown of complex sorghum Kkafirins thus releasing
peptides and amino acids particularly lysine and
improving their digestibility (Nkhata et al., 2018).

Thus, the combined effects of sesame supplementation
and processing methods had a net effect in overall crude
protein content in the snack bars.

Fiber content

Sorghum is a rich source of dietary fiber that is

associated with its pericarp and endosperm walls, usually
ranging from 6 to 9.3% (Stefoska-needham et al., 2015;
Serna-saldivar et al., 2019). The fiber in sorghum is
largely the insoluble type which has been associated with
decrease in gastrointestinal problems, glycemic control
and slow release of glucose into the bloodstream
(Stefoska-Needham et al., 2015).

The effect of substitution across the processing
methods of roasting, malting and fermentation with
sesame and baobab fruit pulp did not yield an increase in
crude fiber. Sesame seeds have fiber in the range of 6 to
8% concentrated in their hull layers (Hegde, 2012), while
baobab fruit has been reported in the 6 to 8 g/100 g
(Muthai et al., 2017). Dehulling is done on sesame seeds
to remove the hull which contains significant oxalic acid
that have a bitter taste and as a consequence, most
crude fiber is lost in the process. That could be a possible
reason for sesame seeds not improving the overall crude
fiber content in the snack bars. Nevertheless, the crude
fiber content in fermented snack bars was comparatively
higher when compared with roasted and malted snack
bar formulations. The findings agree with Mohapatra et
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al. (2019) who observed increase in fiber content from
2.76 to 3.41% in fermenting sorghum grain. However, the
findings from malted sorghum snack bars indicate lower
crude fiber content relative to fermented snack bars.
These are contrary to findings by Ogbonna et al. (2012)
who reported increase in crude fiber by 72.5% by malting
sorghum grist. Sprouting of sorghum could have reduced
the crude fiber due to degradation of cell walls during
sprouting (Taylor and Kruger, 2019). In addition, by
subjecting sorghum to roasting temperatures ruptures the
endosperm complex, thus degrading the starch and fiber
content (Taylor and Kruger, 2019).

Thus, the result findings suggest fermentation has
positive effect on the crude fiber content as compared to
roasting and malting. In addition, dehulling of sesame has
net negative on crude fiber; however, the process is
necessary for reduction in the bitter oxalates.

Fat content

Sesame seeds have significant levels of oil content in the
upward ranges of 48 to 55% (Hegde, 2012). Baobab fruit
pulp is usually low in fat content, with some studies
reporting contents in the average of 0.5 to 2% (Zahrau et
al., 2014; Aluko et al., 2016). High fat content in the
formulations was attributed to the roasted sesame seeds.
The trend indicated increased fat content with improved
sesame supplementation among formulations RSF1,
MSF1 and FSF1 with 25% sesame supplementation
recording high fat content. Thus, as the level of sesame
seeds were increased in the formulations, there was a
net positive improvement in the fat content. Snacks have
a reputation for saturated fats content which renders
dietary fears among potential consumers due to
associated health risks such as heart diseases,
hypertension and diabetes. However, sesame oil is rich in
unsaturated fats of oleic and linoleic fatty acids that have
beneficial health benefits of lowering of blood cholesterol
levels and reducing the risk of heart related ailments
(Anilakumar et al., 2010).

Carbohydrates and energy content

Previous studies have reported the contribution of
available carbohydrates by sorghum to contribute to 72%
of its total weight (Stefoska-Needham et al., 2015), raw
sesame seeds have 20 to 25% (Onsaard, 2012) and
baobab fruit pulp at 74% (Oyeleke et al.,, 2012).
Processing of sorghum by fermentation reduced available
carbohydrate attributed to decrease in dry matter by
Lactobacillus plantarum (Mugula and Lyimo, 2000). The
corresponding benefit contributes to carbohydrates
bioavailability encapsulated in the sorghum’s endosperm
(Taylor and Kruger, 2019). The malted snack bar
samples had reduced total carbohydrates which could be
attributed to metabolism during steeping and sprouting

periods (Ogbonna et al., 2012). Similar observations by
Folasade and Makanjuola (2012) observed a significant
decrease in carbohydrate for a sorghum based kunun-
zaki supplemented with sesame seeds from 80.67 to
63.59%. Thus, while the snack bars had reduced
carbohydrates, the corresponding benefit is improved fat
and protein content which have important roles in cell
metabolism.

Snack bars are preferred due to their nutritional
density, convenience and source of energy. There is
improved energy intake with increase sesame and
baobab fruit supplementation. This could be attributed to
high oil content in sesame which once metabolized by
body cells, releases energy.

Energy requirements are dependent on factors such as
the person’s age, sex, height, weight and level of physical
activity. Fermented snack bars exhibited slightly higher
energy content which could be attributed to the role of
microorganisms in improving the starch and protein
digestibility. For malted snack bars, there is the possibility
of respiration during the germination period that depletes
some of the stored starches, which ultimately has an
effect on the overall energy content.

Two servings of the formulated snack bars will meet the
total RDI for men and women >19 years old who have a
moderate active lifestyle and who need minimum of 1600
kJ in women and 2000 kJ in men (USDA and HHS,
2015). The snack bar FSF4, with least energy content
(Table 3) which recorded 1578.62 kJ will meet 98% of
total RDI for children < 8 years old (USDA and HHS,
2015). For teenagers with moderate active and active
lifestyles, the snack bars will adequately their total energy
RDA (USDA and HHS, 2015). It should be noted that
while estimates are provided, the differences in basal
metabolic rates among men and women will ultimately
determine needed energy content.

Mineral content

Iron is an important micro-nutrient in diets which is
important in formation of hemoglobin in the body. The
processing steps thus had the effect on mineral content
in final formulations.

Fermentation has the positive impact of breaking down
tannins and phytates in the sorghum and this is indicated
by positive iron concentration in FSF1, FSF2, and FSF3.
This suggests that while sesame was dehulled,
fermentation of sorghum is efficient in releasing
complexed iron content. In contrast, the malted sorghum
bars recorded lower iron content which is contrary to past
observations that sprouting has a positive effect on
mineral content. It is postulated by sprouting, the process
reduces antinutrients present thus improving their
bioaccessibility (Taylor and Kruger, 2019). It can be
deduced that leaching of iron during steeping and
dehulling of sesame reduced iron contribution, however,



contrary observations by Folasade and Makanjuola
(2012) found improved mineral content for sorghum
based kunun-zaki supplemented drink supplemented with
sesame prepared by washing, steeping, wet milling and
sieving.

Calcium is essential for bone development, cardiac and
muscular contractions, transmission of nerve impulses
and coagulation of the blood (WHO, 2001). The
formulation(s) MSF1 recording the highest concentration
(246.7 mg/100 g) and RSF4 recording the least amount
at 82 mg/100 g. High calcium content was realized at
15% baobab supplementation level in RSF1, MSF1 and
FSF1. Sesame seeds hulls have predominant calcium
fractions, which once dehulled, lowers its content (Hegde,
2012). Thus, predominant calcium in the formulations
was provided by baobab fruit pulp. Various authors have
evaluated the baobab fruit pulp and found high calcium
levels at 430 mg/100 g (Muthai et al., 2017) and 128
mg/100 g (Amarteifio and Mosase, 2009). The trend
shows improved calcium levels in the formulations.
However, snack bars RSF4, MSF4, and FSF4 had no
supplementation. The malted bar, MSF4 compared better
to FSF4 and RSF4 which can be attributed to processing
parameters during malting such as type of water used,
steeping and deculming steps. In particular, the
breakdown of anti-nutrients present especially phytates
contents, makes calcium more bioavailable in sorghum
(Taylor and Kruger, 2019). The Ileast calcium
concentration in formulation RSF4 (82 mg/100 g) could
be attributed to roasting temperatures not able to
breakdown the anti-nutrient elements so as to release
complexed calcium content.

The processing effect on zinc content was not
significant (p>0.05) across the formulations, but a
difference with increase in sesame seeds and baobab
fruit pulp. Zinc is essential for gene expression, metabolic
breakdown of proteins, carbohydrates and fats and forms
part of the enzyme structure and proteins (WHO, 2001).

Sensory analysis

There were no significant differences in the aroma and
crunchiness of the snack bars (p>0.05) with average
sensory scores of 3 indicative of the perception of neither
liking nor dislike. These results are in agreement with
Momanyi et al. (2020), the effect of beany flavor in
cowpeas lowered the scores. Sesame seeds have
significant oil content which is utilized in frying operations
(Hwang, 2005), and roasting their seeds enhances the
aroma. Furthermore, malting of sorghum involves
activation of endogenous enzymes, release of starch
content, which, during baking, improves the overall flavor
of the snacks. For the fermented snacks, the prevalence
of residue lactic acid that could have added an acidic
taste was minimal. Snack bars are appealing to
consumers due to their crunchy nature. Furthermore, the
fiber content in sorghum maintains its rough texture if
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milling or sifting is inadequate. The prepared snacks were
not significant with sensory scores <3.5. Sorghum has
characteristic rough nature which processing operations
of malting and fermentation have a great impact in
reducing its fiber content to soluble form.

The trio of roasted, malted and fermented sorghum
treatments had a dark color (sensory score >3). The
prevalence of dark color was attributed to higher sesame
seed supplementation which caramelizes during roasting
process, and lower baobab levels. These observations
agree with Momanyi et al. (2020), where the color of
lunch bars were comparatively darker with increase in
cowpea and low baobab supplementation. In addition,
roasting sorghum improved the appearance due to
maillard reactions of its stored starch levels (Taylor and
Kruger, 2019). The palatability of the snack bars was
significant (p<0.05) among the panelists. Samples MSF4
and RSF4 with 0% sesame and baobab were most
preferred with MSF1 and MSF3 least preferred. Baobab
has characteristic astringency taste due to high vitamin C
content. Momanyi et al. (2020) points that
supplementation of baobab above 25% levels will
consequently have a characteristic bitter taste in the final
product which is not acceptable amongst most
consumers. Sesame which is sweet can be overwhelmed
by the astringency in the baobab fruit, and generally,
snacks with lower baobab were preferred.

In general, the snack bars had an acceptability score of
between 2.76 and 3.67, p<0.05. The mark of good quality
is a rating score of 24 on a 5-point hedonic scale. The
skepticism among consumers regarding new product
could be a factor for the low overall acceptability scores.

Conclusion

A nutritional viable ready-to-eat snhack bar at
supplementation level of sorghum, sesame and baobab
fruit was due to high protein, fat and mineral content as
compared to subsequent supplementation levels. This
level of supplementation will address issues of protein
energy malnutrition and low nutrient density associated
with highly processed snacks. The sensory attributes of
the snack bars were not affected by processing modes of
roasting, malting and fermentation and influence of
sesame seeds and baobab fruit. Nevertheless, this study
demonstrates the potential of underutilized crops in food
product innovation.
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