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Abstract: The study aimed at determining the possibility of offering an alternative to the common maize meal porridge
with a porridge formulated from a mixture of fruits, legumes and cereals. It was underpinned by a positivist research
paradigm which followed an experimental research design. The conveniently selected panellists for product testing
consisted of 30 primary school pupils who were conveniently selected in Grade 7 from one school and were willing to
participate. Composite flours consisting of fruits, cereals and legumes were used to produce a porridge which was
compared with unrefined maize meal porridge for acceptability. This was followed by the evaluation of nutrient
composition for both dokoro and maize meal. The mean acceptance score for dokoro porridge (Mean= 7.6, SD = 0.26)
was significantly higher (p<001) than the acceptance score for maize porridge (Mean =5.8,SD =0.14),t(58) =-3.75,p
= 0.000. Moreover, dokoro composite powder had a significantly higher content values for moisture (p <0.001), ash
(p<0.003), protein (p<0.014), crude fibre (p<0.001), vitamin C, energy, zinc and iron (p<0.001) than maize powder. The
study concludes that Dokoro porridge is a healthier food productthat is more acceptable and contains significantly higher
nutrient values than the common maize meal porridge. It is recommended to replicate the study using a larger sample of
participants of different age groups fromvarious locationsin the country to determine the potential of using the dokora
product nationwide.
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i reduced by intake of locally available, traditional, cheap,
1.1 ntrOdUCtl on nutrient dense foods. The commonly grown traditional
foods are seasonal and hence perishable. Perishable food
commodities including fruits, vegetables, roots and
tubers, and grains may be unavailable whenthey are out
of season. Moreover, ineffective, or inappropriate food
processing technologies contribute to major nutrient
lossesin cerealsand legumeswhichare major energyand
protein sources in less developed nations. Unlike some
of the modern processing methods, traditional food
processing methods contribute to a vital body of
indigenous knowledge that should be handed down from
parent to child over several generations. However,

Provisionofadequate and good nutrition is dependenton
food availability, affordability and people’s traditions,
beliefsand values. Developed nations have a wide range
and huge quantities of foods available all the year round
andinall geographical locations (Kontis etal. (2017). In
contrast, food security is a challenge in developing
countriesin Africaincluding Zimbabwe due to persistent
draughts, low harvests, harvest losses, poverty and
cultural beliefs. Micronutrient deficiency is widespread
mostly in less developed nations (Ronto et al., 2018).
Nutrient deficiencies in less developed nations may be
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indigenous knowledge on some traditional food products
and their processing technologies have been either
undervalued or neglected (Ceasar et al., 2023). This is
mainly due to the shift from the consumption of
traditional foods to processed modified modern foods
that are predominant in modern society. Recent
technology has commercially resulted in the production
of fortified nutritious foods that are beyond the reach of
many in developing nations. This has prompted the need
to develop blending technologies and knowledge to
enhance the nutritive values of local food sources
inclusive of small grains, fruits and vegetables.

The blending of processed locally available fruits,
legumes, and cereals may play a significant role in
improving the nutrient density in food commodities on
the market (Ajifolokunetal.2019)). Anumber of cereals
and legumes that are readily available have been found
to have nutrient potentials that could complement one
another if properly processed and blended (Spiker et al.,,
2020; Rashwan et al., 2021; Javed et al., 2022).

The formulation and development of nutritious foods
from locally and readily available raw materials have
received much attention from many authors (Spiker et
al., 2020; Javed et al., 2022). Formulations using local
foods are becoming familiarand at the household level,
optimal utilization of locally accessible nutrient-dense
food is demonstrated to be effective in dietary
management.

The objective of this study was to offer an alternative to
the common maize meal porridge with a porridge
formulated from a mixture of fruits, legumes and cereals
(dokoro). The study formulated dokoro product and
established through experimenting its nutritional
compositionas well as that of maize porridge to enable
comparison. The acceptability of the product was
assessed. The uniqueness of this paper lies in the
porridge that uses traditional and local fruits, legumes
and cereals in making a porridge that is nutrient dense
and more acceptable than the common maize porridge.
Low-costlocal foods and technology are used to produce
dokoro thus making the product affordable and more
accessible to low-income families. The dokoro product
has the potential to reduce micronutrient deficiency in
low-income families.

2. Literature Review

The dokora product was formulated and developed using
nutritious cereals (millet and sorghum), fruit (baobab)
and legumes (cow peas and groundnuts) that are
traditional, locally and readily available in Zimbabwe
and other countries South of the Sahara. The cereals,
legumes and fruits are available in most, if not all
geographical locations in Zimbabwe and have nutrient
potentials that could complement one another if properly
processed and blended (Spiker et al., 2020; Javed et al.,
2022). Low-costindigenous knowledge andtechnologies
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were used in dokora material processing, product
formulation and development.

Thebaobab fruitis fromatree commonly found growing
in tropical Asia, Africaand Southern America (George
& Pamplona-Roger 2013; Assogbadjo et al., 2021).
Mostly available nutrients in the fruit include proteins,
calcium, iron, vitamin C (24mg/100g), provitamin A and
vitamin E. The fruitis also richin fibre (1.7%) (Asogwa
etal., 2021; Evangetal.,2021). The juice from the fruit
is called Baobab milk that can be used as infant food
(George & Pamplona-Roger 2013; Asogwa et al., 2021;
Evangetal., 2021).

Plums are laxative, diuretic, depurantand hypolipidemic
(George & Pamplona-Roger 2013; Gupta et al., 2021;
Rahman et al., 2021; Biswas et al., 2022). The main
nutrientsin plumsper 100gare 11.5g carbohydrates, 1.59
fibre, 9.50mg vitamin C, 10 mg phosphorous, 4 mg
calcium and potassium 172 mg. Proteins and fats are
scarce in plums. They contain a balanced proportion of
all minerals and vitamins with the exception of B12. They
also contain oxyphenisatin essential for stimulation of
peristaltic action of the intestines thereby preventing
constipation (Guptaet al., 2021; Rahman et al., 2021,
Biswas et al., 2022).

Sorghum is cultivated throughout Africa and Asia. Its
flour is used to make infant food, flat cakes and bakery
products. Its main nutrient composition per 100g
includes carbohydrates 16.3g, protein>3,22¢, fibre 2.7
g and fat 1.18g. (Keyata et al., 2021; Rashwan et al.,
2021)). It also contains vitamin B complex, vitamin C,
potassium, phosphorous, magnesium, calciumand iron.
Compared to maize, sorghum is richer in protein lysine
and tryptophan and provitamin A (Thompson et al.,
2013; Keyata et al., 2021; Rashwan et al., 2021).

Millet is a small edible grass grown worldwide. It has
excellent tolerance to drought conditions, medium
rainfall, temperature range 11°Cto 27°C and soil pH of
5.0 to 8.2 (Ceasar et al., 2023). Millet chemical
composition differs with genotype, geographical
growing environment storage and processing/treatment.
Most millet types have72% to 79.5% carbohydrates
(71.6% starch, 3.7 dietary fibre, 1.2%to 1.8% reducing
sugars and 0.03% non-reducing sugars), 6.7g/100g to
12.39/100gprotein,1.3%to 1,8% crude fat, phosphorous
320mg/100g, calcium 350¢/100g, iron 3.6mg/100g and
magnesium137mg/100g (Lansakaraetal., 2016; Ceasar
et al., 2023). The proteins contain approximately 44%
amino acids (lysine, tryptophan, threonine, leucine and
phenylalanineg). The vitamins in milletinclude thiamine,
riboflavin, niacin and vitamin A (Athwale et al., 2015;
Lansakara etal., 2016; Ceasar etal., 2023). The millet
seed has varied uses in Zimbabwe such as bird feed,
porridge, thick porridge (sadza), fermented beverages
(maheu) and malt for beer making.



Groundnuts are highly nutritious and a source of energy.
The proportion of some groundnut nutrients per 100g are
carbohydrates 7.64g, fats 49.2g, protein 25.8¢, vitamin E
13mg, calcium 92mg, iron 4.58mg and fibre 8.5g. (Khan
et al., 2021; Oguntuase et al., 2022). Due to their low
carbohydrates, nuts are well tolerated by diabetics. Other
beneficial substances present in groundnuts include
vitamins (B1, Bz, Bs, E, pantothenic acid and folates) and
phytochemicals (ellagic acid, flavonoids and phenolic
compounds) (George & Pamplona-Roger 2013; Khan et
al., 2021; Oguntuase et al., 2022).

Cowpeas is a legume. The combination of legumes and
grains provides biologically high-quality protein that
contains all essential amino acids in required proportions
(Khrisanapantetal., 2021). Cowpeas arerich in proteins
whose quality is equal or superior to that of meat in
quality and quantity. The nutrient composition of
cowpeas per 100g are protein 23.4g, carbohydrates
4519, fat 0.85g, sodium 16.0mg, calcium 240g,
phosphorous 301mg, iron 10.4mg. Most vitamins are
present in cowpeas except vitamin A. Other essential
substances found in cowpeas include flavonoids,
phenolic compounds and antioxidants that can inhibit
tumor growth, reduce blood sugar levels and neutralize
harmful free radicals in the body thereby reducing
oxidative stress and inflammation linked to cancer
(George & Pamplona-Roger 2013; Khrisanapant et al.,
2021; Yildirim, 2021).

Indigenous knowledge and traditional low-cost
technologies were employed in processing legumes,
fruits and cereals that were used in dokoro product
formulation and development. Baobab fruit’s hard shell
was hand cracked, seed removed, the pulp then sundried
and finally ground and sieved obtain a fine powder.
Plumsare sundriedintoprunesthatare then pounded into
powder. The processing of cereals involves roasting,
dehulling and milling. Dehulling removes protein
inhibitors, roasting treatment improves cereal
digestibility, reduces anti-nutritional inhibitors and

Adonsonia
digitata

(baobab) firuit

Cracking

improves mineral bioavailability (Athwale et al., 2015;
Khrisanapantet al., 2021; Yildirim, 2021 Ceasar etal.,
2023). Groundnutsprocessinginvolves shelling, roasting
the pounding into a paste.

3. Methodology

The study was conducted accordingto the guidelineslaid
down in the Declaration of Helsinki and all procedures
involving research participants were approved by
Midlands State University Ethics Committee. Written
informed consent was obtained from all parents of
participant pupils, Midlands District Education Officer
and school principals. Informed written consent was also
obtained from each participant.

Preparation of flours from ingredients

Cereals (millet and sorghum), legumes (cowpeas and
groundnuts) and fruits (baobab and plums) obtained from
the local market, were traditionally processed into
powder/paste using low-cost indigenous knowledge and
technologies of  drying, roasting, soaking,
pounding/milling and dehulling. The overall production
processes are illustrated in flow charts. One formulation
was produced which was a mixture of Panicum
milicaeuem, Sorghum bicolor, Arachis hypogea, Vigna
unguniculata, Ziziphus mauritania and Adonsonia
digitata at various percentages as shown in Table 1.

The Adonsonia digitate (baobab) powder was produced
as summarised in Figure 1. Mature ripen fresh fruits
harvested from baobab tree were sourced from the local
market. The hard shell of the fruitwas cracked by panga
(large knife) to enable separation of seeds frompulp. The
desired pulp was sun dried, pounded using mortar and
pistil (duri and mutswi) into a mixture of fibre and
powder. Sieving was used to separate fibre from powder.
The powder was then used in the production of dokoro
product.

Remowval of Sieving

contents

Baobab powder

Figure 1: Flow chart showing the production of Adonsonia digitate (baobab) powder

Ziziphus mauritana powder was prepared as shown in
Figure 2. The ripen fruits harvested from the fruit tree
were sourced from local market. The fruits were graded
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to remove those that were rotten, the graded fruits were
water cleaned then sundried for 3 to 5 days on clean
surfaces. The sun-dried fruit was pounded into a coarse



flour using mortarand pistil. Sieving was not necessary
to preserve fruit fibre.

Ziziphus
Mauritana fruit | eege Grading R Cleaning Drylng
'

Figure .2: Flowchart showing the production of Ziziphus mauritana coarse powder

Ziziphus mauritana
powder

Millet (Panicum milicaeuem) grain processing into flour further reduce nutritional inhibitors, increase amino
included dehulling, roasting, fermentation, drying and nitrogen, lysine and tryptophan content. (Athwale et al.,
milling/grinding (Figure 3). The millet grains were 2015). The fermented milletwas sun-dried, dehulledand
graded and cleaned by winnowing. The cleaned grains finally milled into fine flour. Milling was carried out to
were roasted to improve millet digestibility, reduce anti- preserve nutrients and improve minerals’ (calcium, iron,
nutritional inhibitors (phytates, tannis and cyanide). The phosphorous, zinc and potassium) bioavailability
roasted millet was soaked in water for fermentation to (Lansakara et al., 2016; Ceasar et al., 2023).

Peamicion milicaenem

(millet) grains Gfad“"ﬂ —ll'-[ Cleaning '—r| roasting

soaking

..._l Milling ]‘7[ Dehulling J.,{ Drying |

Panicum milicaeuem
powder

Figure 3: Flowchart showing the production of millet powder

Sorghum bicolor grains were processed into flour roasted, fermented, dried and milled into flour as shown
following the procedure used in millet processing in Figure 4.
described above. The grain was cleaned, dehulled,
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Sorginim bicolor
graim (Sorghum)

Sorghum bicolor

powder

— | Cleaning '—r roasting

- : : :::‘ :Dr ‘rin -

soaking

Figure.4: Flow chart showing the Production of sorghum bicolor powder

The Arachis hypogea was produced as illustrated in
Figure 5. The nuts were unshelled from the pods
mechanically by hand. Hand powered machines could
also be used when large quantities of the nuts are

Arachis mpogea. L
(groundnut) legume

s o

Arachis hypogea L

peanut butter

required. The shelled nuts were graded to remove rotten
ones thenroasted to improve nutrient bioavailability and
remove aflatoxins. The nuts were then dehulled and

pounded into a peanut butter.

— —

—(ror o [

Figure 5: Flowchart showing the production of groundnut (peanut) butter

Processing of Vigna unguniculata (cowpeas) seeds into
powder included pre-treated of the seed (grading,
cleaninganddrying), heat treatment / roasting, dehulling
and milling (Figure. 6). roasting was done to produce a
homogenous product with low levels of nutrient
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inhibitors, improve bioavailabilty of amino acids (lysine,
methionine and cysteine), improve palatability,
digestibility, flavour and to increase the flour’s storage
shelf life (Yildirim, 2021).



Vigna unguniculata
(cowpea)

Vigna unguniculata

(cow pea) powder

o)~ =)

A
e el

Figure.6: Flowchart showing the production of cowpea powder

Preliminary formulations of dokoro

Compositefloursconsisting of baobab fruit, Indianplum,
finger millet, sorghum, cowpeas and groundnuts in the

ratios of A 2:2:5:6:3:2; B 1:3:4:7:2:3; C 3:1:7:4:3:2
respectively were prepared by weighing the ingredients
using the analytical balance and mixing in separate glass
jars. The preliminary formulations for the dokoro
samples are presented in Table 1.

Table 1: Preliminary formulations of ‘Dokoro’ porridge.

Ingredient Composition variation of porridge formulation

Porridge Ingredients (9)
A
Baobab fruit 10
Indian plum 10
Millet 25
Sorghum 30
Cow peas 15
Groundnuts 10
Total quantities 100

B C

5 15
15 5
20 35
35 20
10 15
15 10
100 100

Porridge preparation

Clean tap water (500 ml) was boiled in an electric kettle
and 250 g of the composite flour ‘A’ was added to the
saucepan followed by 20ml of cold water poured while
stirring to produce a paste. The boiled water was then
added to the sauce pan as stirring continued to avoid
lumps. A pinch of salt was added and the mixture was
allowed to boil for 10 minutes. The procedure was
repeated for samples B and C. The porridge was served
in a flat plate and allowed to cool down before serving
and performing sensory evaluations.
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The panellists for testing the products consisted of
conveniently sampled 30 primary school children in
grade 7 with 15 girls and 15 boys. The children were
from one school and their parental and self-consent to
participate was sought through signed consent forms.
The participants were assigned numbers from 1 up to 30.
The numberswere corresponding to the numbers on the
score sheet where the participants had to indicate the
product acceptance scores of the 3 samples labelled A, B
and C. Each sample was ranked by each of the 30
participants on a 10-point acceptance scale where 1
represents the lowest acceptance score and 10 the highest
acceptance score. The participant had to put an x in the



appropriate column for the acceptance scores. The
formulation with the highest mean acceptance score was
compared with the common maize meal porridge for the
mean acceptance score and nutrient composition.

Nutrient profiling of dokoro (A) and Maize
meal

Nutritional profiling was done in order to measure the
amount of nutrient content presentin Dokoropowderand
maize meal powder. Nutrients were evaluated by
different methods. Specific nutrients analysed included
proteins, fats, energy content, vitamin C, fibre, zinc, iron,
ash and moisture.

Determination of carbohydrates

The titration method described by International Official
Method of Analysis AOAC (2023) was used in
determining the concentration of reducing sugars in the
samples. A 10 grams mass of the powdered sample was
dissolved in dilute hydrochloric in a burette and then
titrated into a flask containing boiling copper sulphate

solution and a methylene blue indicator. The reducing
sugars in the carbohydrate solution reacted with the
copper sulphate present in the flask. Once all the copper
sulphate in the solution reacted, further addition of
reducing sugars caused the indicator to change colour
from blue to white. The volume of sugar solution
required to reach the end point was recorded. A
calibration curve was prepared by carrying out the
experiment with a series of standard solutions of known
carbohydrate concentration. The method was repeated
three times at each concentration and an average value
was calculated.

Determination of energy value

The energy content was measured using the bomb
calorimeter. A 5g sample of the powder was placed in a
calorimeter. The resultant temperature risewas measured
and recorded. The amount of heat produced was
determined by multiplying the observed temperature rise
by the energy equivalence of the calorimeter to obtain the
calorific value (heat of combustion). The procedure was
repeated three timesand anaverage value was calculated.

temperature rise x energy equivalence

Dokoro caloric value (Hg) =

The determination of moisture content

Oven drying method described by International Official
Method of Analysis AOAC (2016) was used to
determine moisture content in the powder sample. The
method involves heatinga sample until allwater has been
removed. Ten grams (10g) of samples were measured

weight of sample

Equation 1

using Sartorius analytical balance. The samples were
placed in ovendried crucibles and were heated for three
hours (3hours) at 105°C. The samples were cooled in
desiccator to room temperature. Re-drying and
reweighing were repeated until constant masses were
attained. The samples moisture contents were calculated
as the weight loss during heating. Calculation of
percentage moisture contents were carried out using
Equation 2 shown below.

loss in weight of sample

Dokoro moisture content (%) =

weight of original sample

x 100 Equation 2

An average value was obtained since the samples were in triplicate.

The determination of ash content

The ash contents of powdered samples were determined
using the International Official Method of Analysis
AOAC (2016) method. The method involves heating a
dry solid sample in a micro-furnace until in turns into

powder. One gram powder samples were placed in
weighed, clean and oven dried crucibles. The crucibles
were placed in micro-furnace that was set at 550°C for
six hours. The crucibles were then cooled to room
temperature in a desiccator prior to reweighing. The
samples’ ash contents were calculated using Equation 3
below.

weight of ash

Dokoro ash content (%) =

weight of original sample (1g)

x 100 Equation 3

The same procedure was followed for maize meal powder.

The determination of crude fat content

The Soxhlet method and diethyl-ether organic solvent
were used to extract fat from powder samples. The
method ensures intimate contact between sample and the
extraction solvent. A volume of 150ml of diethyl-ether



was placed in each of 250ml round bottom flasks. The
flasks were then fitted to the Soxhlet extraction units.
Extractor thimbles were dried and weighed before
addition of 3g powder samples. The thimbles were
connected to Soxhlet units and cooling water was
allowed to circulate. Heating mantles were used to boil
the organic solvent for six hours. After fat extraction, the

thimbleswere disconnected, oven driedat 70°C, cooled
to room temperature in a desiccator and then weighed.
Equation 4 below was used to calculate the samples’
percent crude fat. The procedure was first done using a
sample of known fat content to ensure the reliability of
the instrument in measuring the fat content.

weight of extracted fat

Dokoro crude fat (%) =

Determination of crude fibre content

The powdered samples’ crude fibre contents were
determined by the digestion method described in
International Official Method of Analysis (AOAC)
(2016). One gram powder samples were placed in each
ofthree round bottom flasks. Avolume of 50mlof0.25M
sulphuric acid were added to the samples and the
mixtures were boiled for 30 minutes. The hot solutions

weight of original sample

_ weight of residue —weight of ash

x 100 Equation 4

were filtered. The filtration residues were boiled in
0.13M sodium hydroxide for 10 minutes. The solutions
were filtered and the residues were washed first with
distilled water, followed with 1.0% hydrochloric acid
and finally twice with ethanol. The residues were oven
dried at 105°C for 12 hours. Drying of ashed samples
were conducted in muffle furnace at 550°C for 3 hours.
The ashed samples were cooled in desiccator to room
temperature and were reweighed. The loss in weight
during ashing was used to calculate samples’ crude fibre
contents using Equation 5 below.

x 100

Dokoro crude fibre content (%)

The determination of crude protein

The Kjeldahl method was used to determine powder
samples crude protein content (International Official
Method of Analysis AOAC, 2016). The method
determinesthepercentage nitrogen inasample. Nitrogen
is amajor component in the protein molecular structure.
The method involves digestion of proteinin a sample
using sulphuric acid, neutralization with a base, steam
distillation to release ammoniawhich isabsorbed in 40%
boric acidto form ammonia-boric compound and finally
titrating the compound using 0.125M of hydrochloric
acid. The volumesof titrating acid are used to calculate
percentage nitrogen in a sample using Equation 5.

One gram of powder samples was measured using
analytical balanceand was placed in eachofthree 100 ml
Kjeldahl flasks. A volume of 25 ml of concentrated
sulphuricacid was added to each sample. A mixture of

Mx(V1-V0)

Nitroten (%) = 1000 x mg

weight of original sample (1g)

14

x—x100

M

Equation 5

0.5 g of sodium sulphate and 0.5 g of copper sulphate
was added to elevate the boiling point of sulphuric acid
and speed up the digestion reaction. The samples’
digestionwas carried at 298 °Cuntil clear solutions were
formed. The digested solutions were cooled, transferred
into 100 ml volumetric flasks and diluted with distilled
water. Ten millilitres of diluted samples were pipetted
into a conical flask and neutralised by addition of 10 ml
of40% sodiumhydroxide. The neutralised samples were
steam distilled and the released ammonia was collected
in 10ml of 40 % boricacid towhich fewdrops of methyl
red indicator were prior added. The distillation was
terminated when methyl red indicator turned green. The
ammonia- boric compound and a blank were titrated
using0.125 M of hydrochloricacid and the volumes of
titrating acid were recorded. The Equation 5 below was
used to calculate percent nitrogen (N %) released from
each sample. The conversion factor of 6.25 was used to
convert samples’ percent nitrogen (N %) into samples’
percentage crude protein.

Equation 5

M = Molarity of Hydrochloric acid

V1 = Volume of hydrochloric acid for sample titration
Vo = Volume of hydrochloric acid for blank titration
mg = mass of sample

14 = atomic weight of nitrogen

154



Determination of iron and zinc

The iron and zinc contents in powder food samples were
determined by flame atomic absorbance method using
Flame Atomic Spectrometer (FAAS). The powder
samples were prepared for mineral analysis by wet
digestion using 3.0M nitric acid and 30.0 % hydrogen
peroxide. The digested samples were filtered using
Whatman No. 1 filter paper. The filtrates were analysed
forironand zincusing FAAS (AOAC, 2016). The FAAS
was first calibrated with prepared iron and zinc standard
solutions. The food powder sample to be analysed was
then dissolved in an aqueous solution. The solution was
placed in the instrument where it was heated to vaporize
and atomize the minerals. A beam of radiation was
passed through the atomised sample and the absorption
of radiation was measured at specific wavelengths
corresponding to the mineral of interest.

Determination of vitamin C content

Vitamin C was analysed by High performance liquid
chromatography. The sample mixtureto be separatedand
analyzed was introduced, in a discrete small volume
(typically microliters), into the stream of mobile phase
percolating through the column. The components of the
sample movedthrough the column atdifferent velocities,
which were functions of specific physical interactions
with the sorbent (also called stationary phase). The time
at which a specific analyte elutes (emerges from the
column) is called its retention time. The retention time

measured under particular conditions was considered as
an identifying characteristic of a given analyte (AOAC,
2016).

Nutrients composition data were analysed using
Statistical Package for the Social Sciences (SPSS)
version 26 to determine the mean scores, standard
deviations and possible differences in nutrient
composition between maize and dokoro samples by
independent sample t-test. All tests and p values were
two- sided and considered statistically significant at o =
0.05.

Sensory analysis of dokoro product and
maize meal porridge

Sensory tests were conducted in order to measure the
consumer acceptance of theproduct. Dokoro productand
maize porridge were coded S215 and S010 respectively
forsensoryevaluation. Duringthe evaluation procedure,
samples from maize meal porridge and Dokoro porridge
were taken, coded, and placed into two different
containers. Distilled water was placed in another
container and the other leftempty for spitting. Sufficient
amounts of each sample were provided for the
evaluations. Instructions were given to panellists on how
to conduct sensory evaluations. A two-sample test
statistical treatment was done to show the difference
between the two products.

4. Results and Discussion

Table 2: Mean Nutrient composition for dokoro and maize meal (mean + standard deviation for the triplicate
samples for each nutrient)

Nutrient Dokoro powder maize meal powder p-values
Moisture 10.8+0.21 % 8.7+0.15% p<0.001
Ash 25+0.15 % 1.3+0.10% p<0.003
Protein 10.5£0.15 % 9.4+0.11% p<0.014
Crude fibre 497 +0.17 % 16+0,10% p<0.001
Carbohydrates 68.7 £0.20 % 72.8+£0,20 % p=<0.003
Fat 25+0.20% 3.6 +0.06 % p<0.002
Vitamin C 40.1 £0.07 mg/100 ¢ 6.8 £ 0.06 mg/100g p<001

Energy 1519.5 £ 0.29 KJ/100g 1485.8 +0.36 KJ/100g p<001

Zinc 2.7+£0.01 mg/100g 1.35 +£0.06 mg/100g p<0.001
Iron 4.2 +£0.01 mg/100 g 2.7 £0.06 mg/100g p<0.001

(Independent sample t-test at 5% significance level indicate very small (<0.003) p-values for most nutrients.

Table 2 shows significantly higher nutrient values for
dokoro than maize except carbohydrates and fats. The
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small p-values (p < 0.05) show that the differences in the
nutrient values are significant. Dokoro composite



powder had a significantly higher content values for
moisture (p<0.001), ash (p<0.003), protein (p<0.014),
crude fibre (p<0.001), vitamin C, energy, zinc and iron
(p<0.001) than maize. Contrary, maize meal powder had
a significantly higher values of carbohydrates (p<0.003)
and fats (p<0.002) which were 72.8% and 3.6%
respectively compared to corresponding amounts of
68.6% and 2.5% in dokoro composite powder.

Texture and aroma differences

The type of porridge has an effect on textural attributes
(Figure 7). Dokoro porrridge had a lower texture value
thanmaize porridge. Consistency of maize porrridge was
better than that of dokoro porridge. Aroma was better in
dokoro porrridge. Both samples managed to have the
same mouth fill.

Constitency
8

(<3
a

Texture and Aroma differences

Aroma

Mouthfeel

S 010 (maize meal porridge)

S 215 (dokoro porridge)

Figure 7: Texture and Aroma differences

Taste differences

The graph below shows the taste changes of the different
type of porridge. The porridges tasted differently (Figure

8). Taste of dokoro porrridge was more preffered
compared to maize meal porridge. The t-test at 5%
significance level showed that dokoro porridge tasted
better than maize meal porridge.
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Figure 8: Taste differences

Colour differences

The porridges preferences to colour with respondents
varied (Figure 9). Maize meal porridge was more
preferred.



=15 010 (maize meal porridge)

1 215 (dokoro porridge)

Colour Differences
10 -
9_
8_
7_
v ©
g
‘q__
3,
2_
1_
o++—r—+—+—++ T+ 77T T T T T T T T T T T T T T T T T T
1 3 5 ¥ 9 11 13 15 17 19 21 23 25 27 29
Respondants

Figure 9: Porridge colour difference preferences

Dokoro had a significantly higher score of acceptance
Mean=7.6,SD = 0.26,p<001) (thanmaize (Mean =5.8,
SD =0.14),t(58) = -3.75, p = 0.000) due to the presence
of different fruits, cereals and legumes. Each of the
ingredientsof dokoro influencedthe overall acceptability
of dokoro. As participants become more familiar to the
product, Torrico etal., (2019) observed that the product
acceptability increases. The acceptance of dokoro
product in the study shows that the product could be an
alternative to commonly used maize meal porridge and
this could significantly mitigate the nutrient deficiencies
among children who form the majority of people who
take porridge in the morning according to the African
society tradition. The roastingtreatments subjected to the
grains and ground nuts during processing could have
imparted special characteristics and improve
organoleptic that resulted ina higher acceptance score of
dokoro over maize,

As illustrated in Table 2, Dokoro composite powder had
significantly higher values for moisture (p<0.001) and
ash (p<0.003) than the common maize meal powder.
Dokoro could have ashorter storage life than maize meal
porridge due to the high moisture content. The higher
ash content in dokoro composite flour is due to the
presence of significant amounts of minerals. The
increase in ash in composite flours was also observed in
Ajifolokunetal. s’ study of composite maize porridge in
2019, wheat-cassava flour blends study by Masamba and
Jinazali in 2014 and in Oladunmoye et al.’s study of
wheat, cassava, maize and cowpea composite flours in
2010. Furthermore, dokoro composite porridge had
significantly higher content values for protein (p<0.014),
crude fibre (p<0.001), vitamin C, energy, zinc and iron
(p<0.001). The high amount of protein, energy, zinc and
iron are significant qualities in the dokoro porridge as
they aid in averting protein-energy malnutrition. The
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results are in line with observations in studies by
Ajifolokun et al. 2019) which revealed that compositing
various food products increase the overall intake of
nutrients. The blending of fruits, legumesand cereals to
produce dokoro also increased the intake of nutrients
(dietary fiber, folate, iron, vitamins and magnesium)
(Bruins et al., 2018 Spiker et al., 2020; Javed et al.,
2022).

Legumes (groundnuts and cowpeas) in the dokoro
composite porridge supply zinc and vitamin B12,
protein, iron, thiamine, niacin, fat, phosphorous and
riboflavin (Khanetal., 2021; Khrisanapant et al., 2021;
Yildirim,2021; Oguntuaseetal.,2022). The study by Ee,
et al. (2018) revealed that roasting cereals and legumes
increased the bioavailability of protein, fat, carbohydrate
and ash contents, whereas the moisture and crude fiber
contents decreased due to roasting. The decrease in
moisture increases the shelf life of the product, hence,
roasting that was done to the raw materials during
preparation of the productwas critical. The roasting also
improved dokoro product’s digestibility and reduced
anti-nutritional inhibitors (Ceasar et al., 2023).

Higher quantities of zinc and iron in dokoro porridge
(Table 2) is due to baobab, sorghum and millet blending.
The higher quantity of vitamin C in dokora is mainly due
to the baobab fruit as well as the Indian plum powders
that were added (Asogwa et al., 2021; Evang et al.,
2021). The abundance of vitamin C (Table 2) makes
dokoroa good source of the antioxidant which prevents
detrimental reactionsin the red blood cells and the lungs
where oxygen levels are high (Rahman et al., 2021;
Biswas et al., 2022). The high energy content in dokora
is mainly due to carbohydrates in cereal-millet and
sorghum (Keyata et al., 2021; Rashwan et al., 2021;
Lansakaraetal.,2016; Ceasaret al.,2023) and the fatin


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bruins%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=29304025

groundnuts (Khan et al., 2021; Oguntuase et al., 2022).
According to United States Department of Agriculture
(USDA) (2015), whole grain cerealsare a major source
of energy in the diet and they also contain thiamine and
cellulose which provides dietary fibre that prevents
constipation.

Dokoro product appears to be a very important product
that is suitable school going children mostly in low-
income families. The high energy content (Table 2)
enables it to meet the energy demands for most learners
who have to walk long distances on their way to school
and back home. Another importantattribute of dokoro is
its high protein content (Table 2) which makes it suitable
for children who are growing as proteins play a
significantrole ingrowth. The iron content offers dokoro
an important property in cognitive development, thereby
making dokoro a vital product for the developing
children.

5. Conclusion and Recommendations

5.1 Conclusion

The mean acceptance score for dokoro porridge (Mean =
7.6, SD = 0.26) wassignificantly higher (p<001) than the
acceptance score for maize porridge (Mean =5.8, SD =
0.14), t(58) = -3.75, p = 0.000. Moreover, dokoro
composite powder had significantly higher content
values for moisture (p<0.001), ash (p<0.003), protein
(p<0.014), crude fibre (p<0.001), vitamin C, energy, zinc
andiron (p<0.001) than maize (Table 2). Contrary, maize
meal powder had a significantly higher values of
carbohydrates (p<0.003) and fats (p<0.002). The study
showed thatthe blendingof cereals (milletand sorghum),
legumes (cowpeas and groundnuts), and fruits (baobab
and plums) produced a nutrient dokora product in which
nutrients of source materials complemented each other.
This study has been able to contribute to the knowledge
in the area of food science by proving empirically the
higher acceptability and higher nutrient content of
dokoro porridge over the common maize meal porridge.

The study concludes that Dokoro porridge is a healthier
food product that is more acceptable and contains
significantly higher nutrient values than the common
maize meal porridge. The dokora product has the

potential to be an alternative to the maize meal porridge.

5.2 Recommendation

It is recommended to replicate the study using a larger
sample of participants of different age groups from
various locations in the country to determine the
potential of using the dokora product nationwide.
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