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ABSTRACT

This study investigated the use of local root and tuber crops to partially replace corn as the sole
carbohydrate source in the production of a ready-to-eat (RTE) breakfast food. Extreme vertices
mixture design was used to formulate composites from Cassava, Orange-fleshed Sweetpotato
(OFSP) and Bambara groundnut flours to replace 55% of maize. The nine formulations obtained
were processed into RTE by drum drying. Protein, fat and ash content increased with the increase in
Bambara groundnut content, while carbohydrate and fiber content increased with increasing
cassava and Orange-fleshed Sweetpotato flour content. Beta-carotene content increased with
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increasing OFSP substitution. Protein and starch digestibility was affected by drum drying. Low
values (40.49 to 47.39) for the glycemic index were observed for various formulations. Sensory
evaluation of the products showed significant differences (p <.05) in terms of color, sweetness and
overall acceptability of the breakfast product. The products were highly acceptable to consumers.

1. Introduction

In the recent years there has been an increasing interest in
promoting the use of roots and tuber crops in the produc-
tion of ready-to-eat (instant) and ready-to-cook foods, such
as breakfast cereals, bread, snacks, pastas, etc. The common-
est raw materials employed in the manufacture of these
foods are cereals (Ding et al., 2006). Typically, ready to eat
(RTE) breakfast foods are carbohydrate dense low-fat foods
that are usually fortified with vitamins and minerals and may
be consumed with milk, which is a significant source of
protein, minerals and vitamins (Kanu et al, 2009). Roots
and tuber crop due to their high moisture content are either
processed into flour or complemented with cereals. They are
important sources of carbohydrates (starches and fiber) and
generally have relatively low and poor protein quality. The
formulation of root and tuber composite flours significantly
improves the content of crude proteins, fat, fibre and ash
(Shahzadi et al., 2005). On the other hand, legumes, are rich
in proteins, minerals and vitamins. Legume proteins have
been established to be suitable for complementing the pro-
tein in cereal grains (since cereals lack both lysine and
threonine which are abundant in legumes). By supplement-
ing cereals with legumes, a complete protein (balanced and
adequate amount of essential amino acids) would be
obtained (Dhingra & Jood, 2002). Amagloh et al. (2012)
observed a significant nutritional benefit in sweet potato-
based composite flour than the maize-based composite flour
to be used for complementary feeding. Sweet potato con-
tains B-carotene which is converted to vitamin A in the body
and plays a crucial role in the prevention of chronic diseases
during adult life due to their antioxidant abilities (Usha et al.,
2010).

Nonetheless, in the selection of raw materials, factors such as
availability and cost of crop, compatibility as well as the nutri-
tional aspect of the crop must be taken into consideration.
Formulation of ready-to-eat (RTE) breakfast food products
using local food resources will not only reduce the market cost,
but also promote their cultivation and diversify their utilization.
Thus, this study explored the use of orange-fleshed Sweetpotato
(OFSP), cassava and Bambara groundnut flour in an RTE breakfast
food formulation to partially replace maize and improve the
protein as the general nutrient profile. The characteristics of the
formulated product including nutritional composition, microbial
quality and sensory acceptability, were also studied.

2. Materials and methods
2.1. Source of raw materials

Cassava, Bambara groundnut and Maize were procured from
a local market in Accra. The orange-fleshed sweet potatoes
were procured from E. Darkey and Associates Limited, Accra,
Ghana.

2.2. Preparation of flour from raw materials

Orange-fleshed sweet potatoes (lpomoea batatas) and fresh
cassava roots were sorted, pre-washed, peeled and washed
again with clean water. The cleaned sweet potatoes were cut
into slices of about 5mm thickness. They were then
immersed in 0.075% sodium metabisulfite solution for 5
min (to prevent enzymatic browning of the sweet potatoes)
and dried at 60°C in an air oven for 8 h. The dehydrated
samples were milled and passed through a 250 um sieve to
obtain the flour (Kure et al., 2021). For cassava flour, re-
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washed cassava was grated into a smooth pulp, pressed to
dewater using a manual screw press. The pressed pulp was
sifted to obtain fine grains and then dried in an air oven at
65°C for 10h to obtain free-flowing dry cassava flour
(Lagnika et al, 2019). Maize grits were milled using
a hammer mill and passed through a 250 pm sieve in the
same way as the roots and tubers (sweetpotatoes and cas-
sava) to obtain maize flour. Bambara groundnuts were
sorted, soaked in water for 12 h, dehulled, dried for 6 hours
at 60°C. °C in an air oven and then roasted for 30 minutes at
120°C. The roasted seeds were then milled into flour
(Ogunmuyiwa et al., 2017). All the flour samples were col-
lected in airtight containers and stored for later use and
analysis.

2.3. Composite flour preparation

Flour blends were prepared from orange sweet potato
(OFSP), cassava (CF), Bambara groundnut (BF) and maize
(MF). A three-component constrained extreme vertices
design was used to develop different composites for the
ready-to-eat (RTE) breakfast formulations. Each formulation
contained 45% maize flour and the remainder consisted of
varying proportions of cassava flour (between 10 and 30%),
orange fleshed sweet potato (OFSP) (between 10 and 40%)
and Bambara groundnut flour (between 5 and 15%).

2.4. Processing of the ready-to-eat (RTE) breakfast
food

The individual formulations (51-59) (Table 1) were reconsti-
tuted with distilled water in a ratio of 1:2 [formulation (g):
water (ml)] to prepare a slurry. Drum drying of the slurry was
done (using a laboratory atmospheric double GOUDA drum
dryer Andritz Douda Coenecoop 88 2741 PD Waddinxveen-
Holland). The drum dryer was set to a temperature of 175°C
and at a speed of 35 rpm. The slurry prepared was fed into
the drum dryer and the thin pre-cooked flakes obtained
were collected and milled into powder. The product was
packaged in a clean polyethylene bag and stored in
a refrigerator (4°C) for further analyses.

2.5. Compositional analysis

2.5.1. Proximate composition

Triplicate samples of each formulation were taken to mea-
sure moisture (AOAC, 2000), fat (AOAC, 2005), protein con-
tent (AOAC, 2000), ash content (AACC, 2000), and crude fiber
(AACC, 2000). Protein content was calculated using conver-
sion factors 6.25. Carbohydrate was calculated by difference
method.

Table 1. Design matrix for ingredient combination.

2.5.2. Determination of B-carotene content
Beta-carotene content was determined using the procedure
described by Rodriguez-Amaya and Kimura (2004). The dried
sample residue was reconstituted with mobile phase (1 mL
hexane) and vortexed. A standard solution of B-carotene was
prepared by dissolving 10 mg in 100 ml of n-hexane. The
HPLC system (Agilent System, Santa Clara, CA, US.A.) was
calibrated using the blank (mobile phase) and was thor-
oughly washed with a 1:9 mixture of hexane and methanol
at a flow rate of 1 mL/min. The total run time was 35 min
and the filtrate injection volume was 10 pl. The UV detector
used was set to a wavelength of 450 nm. Duplicate measure-
ments were taken and the average was calculated for each
sample.

2.5.3. In Vitro protein digestibility

Pepsin (1.5 mg) was dissolved with 0.1N HCI. The stock solu-
tion was added to 0.2g of sample in a 50 ml tube. After
mixing, the samples were incubated at 37°C for 3 h. About
33mL of 0.5M NaOH was added to the suspension to
neutralize it, then 4 mg of pancreatin was added. The mix-
ture was mixed gently and incubated for 24 h at 37°C. To
access nitrogen in the sample supernatant, the sample was
centrifuged at 2000 x g for 20 min after treatment of the
supernatant with 10 ml of 10% trichloroacetic acid (Saunders
et al,, 1973). Protein digestibility was determined using the
formula as follows:

Nitrogen in supernatant

- - x100
Nitrogen in sample

Protein Digestibility(%) =

2.5.4. In Vitro starch digestibility

Ten milliliters (10 mL) of distilled water was added to 0.7 g of
sample and boiled. The boiled sample was mixed with 10 ml
of enzyme solution. The enzyme solution was prepared
according to the protocol of Englyst et al. (1992). The mix-
ture was incubated at 37°C, followed by pipetting 0.1 mL of
the hydrolyzed sample and adding it to 0.9 mL of 80%
ethanol at 20 min intervals for 2h to stop the hydrolysis.
Starch digestibility of the product was classified based on
the following: rapidly digestible starch (RDS) (glucose
detected after 20 minutes x 0.9), slowly digestible starch
(SDS) (glucose detected after 120 minutes - glucose
detected after 20 minutes) x 0.9). A glucose standard curve
was prepared and the extent of hydrolysis was calculated as
the proportion of starch converted to glucose.

2.6. Microbial enumeration

A microbial count test (total platelet count, coliform bacteria,
yeast and mold) was performed prior to sensory testing.

Formulations Cassava Flour OFSP Flour Bambara groundnut Flour Maize Flour
S1 30 10 15 45
S2 14 34 7 45
S3 9 34 12 45
S4 24 24 7 45
S5 10 40 5 45
S6 0 40 15 45
S7 17 28 10 45
S8 30 20 5 45
S9 24 19 12 45




Plate culture agar, violet bile agar and malt extract agar were
used to determine the total bacterial count, coliform bac-
teria, yeast and mould. Media were prepared using methods
specified by the manufacturer and peptone water was used
as diluent. The pouring plate method as described by
Morello et al. (2003) was used for the microbial analysis.
Samples were incubated at temperatures of 37°C for 24 h,
37°C for 24 h, 25°C for 48 to 96 h for total bacterial count,
coliform, and yeast and mould, respectively.

2.7. Sensory evaluation

2.7.1. Quantitative descriptive analysis (QDA)

Nine (9) trained panelists were used for sensory descriptive
evaluation. The test was conducted at the Sensory
Laboratory of the Department of Nutrition and Food
Science, University of Ghana. Approval for the sensory
study (ECBAS 048/15-16) was obtained from the Ethics
Committee of the College of Basic and Applied Sciences,
University of Ghana. Panelists were asked to rate the appear-
ance, aroma, mouthfeel and taste of the samples. The pane-
lists were asked to generate lexicons that best describe each
product. After several sessions, the descriptive panelists, led
by the panel leader, developed and produced the final list of
lexicons. The samples were then scored by panelists based
on the lexicons using a 10cm line scale. The ready-to-eat
breakfast meal was prepared by adding 10 g of sample to 75
ml of warm water and presented in containers (cups) of the
same size to the panelists for evaluation. The products were
evaluated in three sessions. Panelists were to evaluate 5
samples per session to avoid sensory fatigue. Water was
used as a palate cleanser.

2.7.2. Consumer acceptance test

A consumer acceptance test was conducted using 75
untrained panelists. Approval for the sensory study (ECBAS
048/15-16) was obtained from the Ethics Committee of the
College of Basic and Applied Sciences, University of Ghana.
Using a 9-point hedonic scale (1 - extremely dislike, 5 -
neither like nor 9 - extremely like), panelists were asked to
rate the products according to how much they liked the
following attributes: color, sweetness, aroma, feel in mouth-
feel, aftertaste and overall acceptability).The ready-to-eat
breakfast meal was prepared by adding 10g of sample to
75 ml of warm water. Each panelist was presented with the
reconstituted ready-to-eat breakfast food for evaluation.
Water was used as a palate cleanser. Bias was reduced by
using same sized containers (cups) and the same volume of
reconstituted ready-to-eat breakfast food.

Table 2. Proximate composition of RTE breakfast food.
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2.8. Statistical analysis

The results for the proximate composition and in vitro digest-
ibility (protein and starch) were reported as meanzstandard
deviation of triplicate determinations. Microbial analysis
results were reported as mean log CFU/g +standard deviation.
Sensory evaluation data was presented as meanzstandard
deviation of scores for the product attributes assessed by
the panelists. One way analyses of variance (ANOVA) was
used compare the means and the least significance difference
(LSD) test (LSD) was used to determine differences between
the formulations at p <.05.

3. Results and discussion

3.1. Proximate composition of ready-to-eat (RTE)
breakfast food

The nutritional composition (moisture, protein, fat, ash,
crude fiber, carbohydrates and energy) of ready-to-eat
(RTE) products were determined. From Table 2, it was
observed that there was significant difference (p <.05)
between the samples. This shows that mixing cereals (such
as maize) and legumes (such as groundnuts) with the orange
flesh of sweet potatoes and cassava had a significant effect
on the chemical composition of the resulting products.

The moisture content of the formulated products ran-
ged from 3.48 to 4.54% (Table 2). This relatively low value
was comparable to the moisture content of dry food
systems, which is generally between 6% and 10%. It fol-
lows that the formulated products will have good storage
stability provided they are well packaged to prevent
moisture absorption from the environment during storage
(Afoakwa et al., 2007). The protein and fat content of the
formulated products ranged from 7.29 to 9.40% and 1.50
to 2.87%, respectively (Table 2). Both protein and fat
content of the samples increased significantly with the
increase in Bambara groundnut flour (BF) substitution.
This was expected as legumes contain significant amounts
of protein and fat. This phenomenon was evident from
the values recorded for the formulated product S6, which
contained the highest amount of Bambara groundnut
flour (Table 2). The observed values (Table 2) were slightly
lower than the protein standard of FAO (1990) and the
standard of Codex Alimentarius Commission (CAC, 2011).
However, since the product would be consumed with
additional milk, the protein and other micronutrient con-
tent may be improved. On the other hand, the recorded
values were also lower than the 10 to 20% recommenda-
tion for fat in supplementary food formulations. However,
the observed results indicate that the formulated products

Formulation

CF: SP:BF Energy (Kcal) Moisture (%) Protein (%) Fat (%) CHO (%) Ash (%) Fibre (%)
51(30:10:15) 379.00 +0.03¢ 4.46 0.02° 8.01+0.29° 2.82 +0.03? 80.41+0.20% 2.34+0.07° 1.96 +0.04°
S2 (14:347) 379.13 +0.0.69¢ 454 + 0.07° 7.56 + 0.0 1.62+0.1° 83.57 +0.06 1.43 +0.07¢ 1.28 +0.04
53 (9:34:12) 383.76 +0.33° 4.13+0.20° 8.13 +0.00" 2,67 +0.03% 81.80+0.16° 1.80 £ 0.11¢ 148 + 0.04¢
S4 (24:24:7) 381.53 + 0.05 3.99 +0.00?° 6.98 +0.00¢ 1.77 £0.03¢ 84.42 +0.06° 1.44 +0.03¢ 1.40 +0.00°
S5 (10:40:5) 385.82+0.11° 3.54+0.07° 8.09 + 0.00° 1.60 + 0.00° 84.76 +0.03° 1.00+0.3° 1.00 +0.009
6 (0:40:15) 382.66 + 1.52°¢ 3.99 +0.712° 9.40 +0.03? 2.87+03° 79.80 + 1.25° 2,09 +0.10° 1.84+0.05°
$7(17:28:10) 382.30+.0.03" 3.48 +0.04° 8.14+0.7° 1.57 £0.03¢ 83.89+0.79> 1.49 +0.03¢ 1.42 +0.04%
S8 (30:20:5) 385.12+0.31° 3.52+0.04° 7.29 +0.02¢ 1.50 + 0.00° 85.62 + 0.06° 1.05+0.03¢ 1.06 +.0.019
59(24:19:12) 380.75 + 0.14 3.99 +0.00%° 8.54+0.01° 2.37+0.03° 81.31+0.12¢ 2,03 +0.07° 1.76 £0.01°

Meanzstandard deviation values in a column with different superscripts are significantly different (p <.05). CF: SP:BF (Cassava flour: Sweet Potato flour:

Bambara groundnut flour)
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Table 3. In vitro protein digestibility of the RTE breakfast food.

Formulations

CF: SP:BF Raw (%) Drum Dried (%)
S1 (30:10:15) 65.88 + 0.23° 80.40 + 0.45%°
S2 (14:34:7) 5437 +0.139 71.00 +0.72¢
3 (9:34:12) 6147 +1.5° 76.81 +0.58°
S4 (24:24:7) 53.28 + 0.80° 70.34 +0.38<
S5 (10:40:5) 4826 +0.38" 72.30 +0.80°
S6 (0:40:15) 67.32+1.0° 88.60 + 2.32°
S7 (17:28:10) 63.89 % 0.05°' 72.98 +0.89¢
S8 (30:20:5) 4632 + 56" 68.34 +0.54%
S9 (24:19:12) 63.14 + 1.57% 74.88 +1.67°

Meanzstandard deviation values in a column with different superscripts are
significantly different (p <.05). CF: SP:BF (Cassava flour: Sweet Potato flour:
Bambara groundnut flour)

were unlikely to undergo substantial oxidative rancidity
when stored at room temperature. Carbohydrate content
in the samples ranged from 79.80 to 85.62% (Table 2). The
higher values recorded due to the fact that the samples
were mainly composed of carbohydrate-rich materials. The
crude fiber content of the formulated products showed
significant difference (p <.05) and ranged from 1.00 to
2.34% (Table 2). However, these values were within the
permissible levels established by the Codex Alimentarius
Commission (2011), which states that the fiber content
should be less than 5%. The ash content of a food sample
gives an idea of the level of inorganic elements (minerals)
present in the food (Kavitha & Parimalavalli, 2014). The
ash content of the formulated products ranged from 1 to
2.34%. FAO (1990) states that the ash content of supple-
mentary food should be less than 5%.

3.2. B-carotene content of the RTE breakfast food

The results for the B-carotene content of the raw and drum-
dried formulations are shown in Figure 1. The B-carotene
content of the raw mixtures ranged from 3.99 to 16.08 mg/
100 g and of the drum-dried samples from 1.53 up to 7.10
mg/100g (Figure 1). It was observed that there was
a significant decrease in B-carotene content after drum dry-
ing. For example, sample S6, which initially contained 16.08
mg/100g of [-carotene, decreased to 7.10mg/100g
(Figure 1). Burgos et al. (2001) reported that the B-carotene
content of orange sweet potato flour (OFSP) ranged from

20 -
18 -
16 -
14 -
12 -
10 -

f-carotene content (mg/100g)

(= A e )
1

sl S2 S3 S4

4.29mg/100g to 18.55mg/100g. The range from 3.99 to
16.08 mg/100 g obtained from this study was similar to the
range reported by Burgos et al. (2001). As expected, the [3-
carotene content of the formulations were significantly
affected by the proportion of orange-fleshed sweet potatoes
(OFSP) in the formulation. As substitution of orange-fleshed
sweet potato increased and Bambara groundnut flour
decreased, B-carotene content increased. Sample S1, which
had the lowest substitution of orange-fleshed sweet potato
(10%) and the highest substitution of Bambara groundnut
flour (15%), recorded the lowest [-carotene content. B-
carotene plays a vital role in the growth and development
of infants and young children and contributes other health
benefits such as reducing cardiovascular disorders (Njoku
et al, 2011).

3.3. In vitro protein digestibility of the RTE breakfast
food

Protein quality in raw mixtures and their products was
determined from the protein digestibility factor (Chinma
et al, 2011). In vitro protein digestibility provides information
on how certain specific proteins are digested and their
corresponding quality (Day & Swanson, 2013). In vitro pro-
tein digestibility (IVPD) is related to actual digestibility and is
commonly used as a quick and convenient alternative
(Adam et al., 2013). IVPD ranged from 48-65% for the raw
mixtures and 68.34-88.6% for drum dried samples (Table 3).
Studies have shown that heat treatment such as drum dry-
ing improves digestibility (Abdel-Aal & Hucl, 2002; Giami
et al., 2001). The alteration of the protein structure in the
presence of heat increases structural changes of proteins
such as globulin, and this gives access to proteases and
consequently increases protein digestibility (Occena et al,,
1997; Swaisgood & Catignani, 1991). In addition, the applica-
tion of heat to food can also reduce the levels of heat-labile
antinutrients such as enzyme inhibitors, oligosaccharides,
and improve protein digestibility of legumes such as pea-
nuts. Increasing the amount of OFSP substitution was
observed to increase protein digestibility. The digestible
protein content was higher for samples with higher substitu-
tion of BG and OFSP compared to the formulations

m Raw

® Drum Dried

S5 S6 S7 S8 S9

Formulations

Figure 1. B-carotene content of the formulations.

S1(30:10:15), S2(14:34:7), S3 (9:34:12), S4 (24:24:7), S5 (10:40:5), S6 (0:40:15), S7 (17:28:10), S8 (30:20:5), S9(24:19:12). CF: SP:BF (Cassava flour: Sweet Potato flour: Bambara groundnut

flour)



containing higher Bambara groundnut and cassava flour.
Therefore, the inclusion of OFSP in instant breakfast food
may increase its in vitro protein digestibility.

3.4. In Vitro starch digestibility of the RTE breakfast
food

Based on the rate of digestion, starches are categorised as
rapidly digestible starch (RDS), slowly digestible starch (SDS)
and resistant starch (RDS) (Englyst et al, 1992). The rate of
digestion of starch with its resulting glycemic effect is greatly
influenced by the composition of the food, processing condi-
tions and source of starch (Niba, 2003). From Table 4, signifi-
cant differences in total starch content was observed for all
the formulations. The values ranged from 66.96 to 77.00
(Table 4). Starch granules break down during heating, allow-
ing pancreatic a-amylase to facilitate starch hydrolysis. The
RDS content of the samples ranged from 19.06 to 23.90, while
the SDS content ranged from 29.16 to 40.51 (Table 4). In
general, values for rapidly digestible starch (RDS) and slowly
digestible starch (SDS) were statistically similar (p <.05).
However, for formulation S7, the RDS was significantly lower
than that of formulations S8 and S6. SDS was lower for S1, S2
and S9 (Table 4). It was observed that increasing Bambara
groundnut content increased starch digestibility. A study by
Mahmood (2006) and Rooney and Pflugfelder (1986) reported
that proteins form a film around starch granules and thus
prevent starch-hydrolyzing enzymes from accessing the
starch granules, thereby prolonging digestion. The SDS values
recorded were higher than RDS. Foods containing high
amounts of slowly digestible starch (SDS) are considered
suitable for people with metabolic disorders such as diabetes
or glycogen storage disease because the release of glucose is
gradual and prolonged (Zhang & Hamaker, 2009). Also, foods
with higher SDS prolong the feeling of satiety (Miao et al.,
2015).

In terms of glycemic index (Gl), foods can be divided into
three classes: low GI; < 55, medium Gl =55-69 and high GI;
> 70 (Odenigbo et al., 2012), equivalent to good, better and
best in terms of nutrition. The calculated values for the
formulations ranged from 40.49 to 47.39. Since the Gl values

Table 4. Starch digestibility of the RTE breakfast food.
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obtained were below <55, all the formulated products can
be considered as low-glycemic food. Consuming foods con-
taining slow-digesting carbohydrates and a low glycemic
index can improve glucose tolerance in both healthy and
diabetic patients.

3.5. Microbiological quality of the RTE breakfast food

Microbiological assessment of the formulations were per-
formed prior to sensory evaluation. This was, to find out
whether the products were safe for human consumption.
The microbial load of the formulated products are pre-
sented in Table 5. The results obtained were in accor-
dance with the standards set by the Ghana Standards
Authority (GS 955: 2013). This shows that the cooking
process (drum drying) inactivated all enzymes and also
killed heat sensitive and pathogenic microorganisms. The
products were also prepared under hygienic conditions
and environment. The results showed that there was no
significant difference (p <.05) in the microbial counts of
the different products. The products were found to be
free from yeast and mould and coliform bacteria. With
the low moisture content of the samples ranging from
3.48 to 4.54% (Table 1), the samples are expected to have
longer shelf life, as the population of aerobic mesophiles
was found to be between 0 and 2.15 log CFU/g (Table 5).
Also, provided that the products are well packaged to
prevent the absorption of moisture from the environment
during storage, they will keep longer.

3.6. Sensory evaluation of RTE breakfast food

3.6.1. Qualitative descriptive analysis (QDA) of RTE
breakfast food

Nine (9) trained panelists were used for the descriptive
analysis. Panelists generated attributes which best described
each of the reformulated ready-to-eat product. The formula-
tion products were described as having cream color ranging
from yellowish to cream to a granular or particulate nature
when compared to Cerelac (an infant cereal manufactured
by Nestlé Ghana). The products were also been described as

Formulations Total Starch RDS SDS Gl
$1(30:10:15) 74.12 £ 0.037° 23.12+1.12%® 29.16 +2.10° 42.80 +2.29°
52(14:34:7) 72.60 +0.01° 23.90 + 2.44%° 28.43 +3.99° 4327 +2.82°
53 (9:34:12) 70.193 +0.03"¢ 23.00 +2.29%° 32.11+4.87% 4411 +3.97°
S4 (24:24:7) 66.96 + 0.130%° 20.55 +3.28%° 32.78 £2.53% 41.64 +4.67°°
S5 (10:40:5) 70.59 + 0.09° 20.55 +3.20°° 34.88 + 8.45%° 4223 +432°
6 (0:40:15) 69.01+0.32% 20.51+1.75% 4051+ 635 42.79 + 5.08°¢
S7 (17:28:10) 70.18 £0.177°¢ 19.06 + 2.48° 34.62 +5.13% 4739+ 1.92°
S8 (30:20:5) 76.60 + 0.59° 2496 +3.7° 31.72 +3.44% 45.60 + 5.87%°
59(24:19:12) 77.00 +0.15° 21.05 +2.38% 29.19+237° 4049 + 1.82°

RDS: rapidly digestible starch; SDS: slowly digestible starch, GI: expected glycemic index. Mean + standard deviation
values in a column with different superscripts are significantly different (p <.05). CF: SP:BF (Cassava flour: Sweet

Potato flour: Bambara groundnut flour)

Table 5. Microbial load of the RTE breakfast food.

Microbial load (Log CFU/qg)

Microorganisms S1 S2 S3 54 S5 S6 S7 S8 59
Total Plate count 0.86 +1.43 2.15+£0.21 0.60+0.33 0.16 £ 0.05 ND 2.05+0.21 1.00 +0.30 2.10+0.57 2.00+0.21
Total Coliform ND ND ND ND ND ND ND ND ND
Yeast and Mold ND ND ND ND ND ND ND ND ND

CFU- colony forming units and ND=Not Detected. S1(30:10:15), S2(14:34:7), S3 (9:34:12), S4 (24:24:7), S5 (10:40:5), S6 (0:40:15), S7 (17:28:10), S8 (30:20:5), S9
(24:19:12). CF: SP:BF (Cassava flour: Sweet Potato flour: Bambara groundnut flour
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being sticky, viscous, and having the smell and taste of
boiled corn. Again, it was described as sweet, with a gritty
and viscous mouthfeel and an astringent aftertaste. Panelists
were generally unable to detect differences in aroma, sticki-
ness, taste, astringency and gritty mouthfeel. However, there
were significant differences (p <.05) in terms of color, visc-
osity as well as sweetness of the formulations as shown in
Figures 2 and 3. Attributes with (*) indicate that there was no
significant difference between the formulations.

Using a 10cm line scale where 10cm represents the
highest intensity, formulations S6, S5, S2 and S3 recorded
higher color intensity scores, which was due to the increase
in OFSP substitution as it contributed to the increased color
intensity. A similar trend was observed for sweetness and
the opposite trend was observed for viscosity. Sweetness
ratings were generally low. Values ranged from 0.12 to
0.89. It should be noted that the samples were served with-
out added sugar or sweetener. However, this confirms that
the use of OFSP in RTE breakfast foods would require less
added sugar or sweetener. Increasing OFSP substitution

—S1 S2 S3

caused a decrease in the viscosity of the various formula-
tions, which was also confirmed by the findings of Amagloh
et al. (2012).

3.6.2. Consumer acceptance test of RTE breakfast food
Sensory response to the color, taste, smell and texture of
food helps to determine food preferences and eating habits
(Fellows, 2000). Differences in ingredients have a substantial
effect on acceptability, which may be due to the effect of
ingredient mixtures on sensorial properties. Table 6 shows
the mean taste scores for the sensory attributes for the
ready-to-eat breakfast formulations. A total of 75 untrained
panelists were used in this study. Average consumer accept-
ability scores for aroma, sweetness, viscosity, color, and over-
all acceptability ranged from 6 (like slightly) to 8 (like very
much) on a 9-point hedonic scale.

Product appearance is often a critical attribute by which
consumers base their decision to purchase or consume
a product. One such attribute is color. The color usually
expresses the freshness of the product. Statistically

S4 =—§85 —=——S6 =——8§7 =—88 —S9

Ar= Corn note(*)
10

9
8

Ap= Sticky(¥)

Ap= Viscous

Ap= Cream colour

Ap= Particles(*)

Figure 2. Qualitative descriptive analysis of formulations for appearance (Ap) and aroma (Ar)attributes with (*) means that there was no significant difference
between formulations. S1(30:10:15), $2(14:34:7), S3 (9:34:12), S4 (24:24:7), S5(10:40:5), S6(0:40:15), S7(17:28:10), S8(30:20:5), S9(24:19:12). CF: SP:BF (Cassava

flour: Sweet potato flour: Bambara groundnut flour.

—351 S2 S3

S4 =S5

S6 =87 =S8 =359

Mf= Gritty (*¥)

F1= Cooked corn(*)

Fl= Sweet

Af= Cooked corn(*)

Mf= Viscous

Af= Residue(*)

Af= Astringent(*)

Figure 3. Qualitative descriptive analysis of formulations for mouth feel (mf), flavour (fl) and aftertaste (af). Attributes with (*) means that there was no
significant difference between formulations. S1(30:10:15), S2(14:34:7), S3 (9:34:12), S4 (24:24:7), S5 (10:40:5), S6 (0:40:15), S7 (17:28:10), S8 (30:20:5), S9
(24:19:12). CF: SP:BF (Cassava flour: Sweet potato flour: Bambara groundnut flour.



Table 6. Consumer acceptance of the RTE breakfast food.
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FormulationCF:SP:BF Colour Aroma Sweetness Mouthfeel Aftertaste Overall Acceptability
$1(30:10:15) 6.70 + 0.89° 787 +131° 6.45+1.31° 6.67 +1.03% 7.50 + 1.76° 6.98 +1.32°
$2(14:34:7) 8.35+1.23° 8.00 + 1.412 7.70 £ 1.05° 767 +£1.75%° 771 £1.79° 7.55 +0.82%°

S3 (9:34:12) 823+ 1.76° 7.82+1.31° 7.60+1.23° 7.33+1.37%° 7.50 +2.74° 7.70 +1.52¢

S4 (24:24:7) 7.30 + 1.94¢ 7.83+1.47° 7.15+1.79¢ 7.00 + 1.67%° 733+1.97° 7.00+1.21¢

S5 (10:40:5) 8.35 +0.52° 7.640 £ 1.05° 8.40 + 1.54° 8.16 + 0.412 7.83 +147° 790+ 0.84°

6 (0:40:15) 840+ 1.47° 7.95+1.23% 8.55 +2.04° 8.67 +0.52° 7.33+0.82° 8.50 + 1.47°
$7(17:28:10) 7.25 +0.55¢ 7.80 +2.042 7.30 + 1.05° 7.83 +1.94 7.67 +1.03° 7.90 + 0.822°
58(30:20:5) 7.15 +0.82¢ 8.16 +0.412 7.00 + 1.47¢ 6.67 +1.03% 767 +£1.03° 7.20 + 1.79%°
59(24:19:12) 7.25 +0.52¢ 77342242 7.15+1.03¢ 717 +£1.17%° 7.83 +2.99° 7.26 +0.75>

Mean + standard deviation values in a column with different superscripts are significantly different (p <.05). Interpretation of scores: 1 = dislike extremely; 2 =
dislike very much; 3 = dislike moderately; 4 = dislike slightly; 5 = indifferent; 6 = like slightly; 7 = like moderately; 8 = like very much; 9 = like extremely. CF: SP:

BF (Cassava flour: Sweet Potato flour: Bambara groundnut flour)

significant differences (p <.05) were observed with respect
to color (Table 6). With the increasing proportion of OFSP,
the color intensity of the products decreased from yellowish
to cream. The most preferred sample in terms of color was
formulation S6 (with a score of 8.4), while the least preferred
was formulation S1 (with a score of 6.7).

Taste is also another important parameter in the sen-
sory evaluation of food products. The appearance of the
product may attract the consumer to its first purchase, but
to ensure the continuation of the purchase, the taste,
sweetness and aroma must be considered. No significant
differences were found for the smell. This can be attribu-
ted to the taste of the cooked corn as perceived by the
trained panelists. The same amount of corn flour (45%)
used in all products masked the aroma of the other ingre-
dients present. It was observed that the sweetness
increased with increasing proportion of OFSP in the dif-
ferent formulations.

Significant differences (p <.05) were observed for mouth-
feel in terms of how viscous or how thick the product felt in
the mouth. High scores were observed for samples with high
proportion of OFSP (Table 6). It was found that samples with
high OFSP had lower viscosity, indicating that consumers
preferred samples with lower viscosity. After swallowing
the sample, no significant differences were found in terms
of the aftertaste for the different formulations. Consumers
generally liked the mouthfeel after swallowing the product.

Overall acceptability has to do with the approval of the
product when all attributes have been considered. The
overall acceptability of the formulations ranged from
6.98 to 8.50. This suggests that all the formulations were
generally liked by the consumers. However, formulation S6
was the most acceptable to consumers with a mean pre-
ference value of 8.50, which was significantly (p <.05)
different from the others, and formulation S1 was the
least preferred (Table 6). The results revealed that the
addition of OFSP to the RTE breakfast formulations signif-
icantly improved their overall acceptability.

For a new product to succeed on the market, consumer
acceptability is very important. Thus, based on the
responses from the panelists, about 78% of them said
that they are more likely to buy the product if it is avail-
able on the market. Correspondingly, the average scores
obtained for the overall acceptability of the product was
a good indicator that the product would be patronized.
A high overall acceptability score is often an guide that
the product stands a good chance of success because
consumers are likely to purchase the product if available
on the market.

4. Conclusion

This study recommends that use of cassava and orange-
fleshed sweet potato flour together with Bambara ground-
nut and maize for the formulation of RTE breakfast products
with improved nutritional properties. Bambara groundnut
influenced the protein and ash content of the products.
However, the increase in cassava and orange-fleshed sweet
potato (OFSP) flour content resulted in increased fiber con-
tent. The protein and starch digestibility of all formulations
was improved by the drum drying process. B-carotene con-
tent was observed to increase with higher OFSP flour sub-
stitution. The inclusion of orange-fleshed sweet potatoes
served as a source of B-carotene and this will be beneficial
managing vitamin A deficiency. The most favorable formula-
tion among the products with based on the sensory evalua-
tion were samples containing 28 to 40% orange-fleshed
sweet potato flour (S5, S6 and S7). Also, the substitution or
addition of cassava flour up to about 20% in the formulation
was also highly acceptable. Based on the consumer accep-
tance test, the inclusion of cassava and orange-fleshed sweet
potato (OFSP) in RTE breakfast foods would be successful as
indicated by the high overall consumer acceptability scores.
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