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Abstract

Doughmeal is a widely consumed staple food in West Africa, typically produced by
reconstituting flour in hot water. However, conventional doughmeal is largely starch-
based and often lacks sufficient biochemical diversity required for balanced nutrition.
This study evaluated the effect of supplementing unripe plantain flour with African
locust bean (ALB) flour on the nutritional composition, amino acid profile, pasting
properties, and sensory acceptability of the resulting doughmeal. Composite flours were
prepared as follows: ONS (100% plantain flour, control), NIAS (95% plantain flour:
5% ALB), KEL10 (90%: 10%), TIV15 (85%: 15%), and DAL20 (80%: 20%).
Proximate composition, mineral content, amino acid profile, and pasting properties
were determined using standard analytical procedures, while sensory evaluation was
conducted to assess product acceptability. Results showed that supplementation with
ALB improved the nutritional quality of the blends. Moisture content ranged from
61.58-67.18%, protein from 5.4-8.7%, fibre from 1.01-1.94%, ash from 1.23-2.27%,
fat from 0.86-2.06%, and carbohydrate from 19.29-26.75%. Amino acid composition
increased with increasing ALB inclusion, indicating improved protein quality of the

composite doughmeal. The pasting characteristics of the blends were also modified,



suggesting changes in starch behaviour due to the presence of ALB components.
Sensory evaluation revealed that moderate substitution improved consumer acceptance,
with the KEL10 sample receiving the highest overall acceptability score. Conclusively,
the results demonstrate that incorporation of African locust bean flour into plantain
flour enhances the nutritional value, functional properties, and sensory quality of
doughmeal. Moderate inclusion levels appear most suitable for product development.
Keywords: Plantain flour; African locust bean; Composite flour; doughmeal;
nutritional composition.

1. Introduction

Plantain (Musa paradisiaca) is widely cultivated and consumed across tropical regions,
particularly in West Africa where it serves as an important dietary staple. In Nigeria
and many other African countries, plantain is processed into various food products,
including chips, porridges, and flour used in the preparation of dough-based meals [1—
3]. Nutritionally, plantain provides carbohydrates, dietary fibre, vitamins, and essential
minerals, making it a valuable energy source for many populations. Plantain flour is
commonly produced by drying unripe plantain slices and milling them into powder.
The flour is widely used for preparing doughmeal and other traditional foods because
of its functional properties and ease of storage. Despite these advantages, plantain flour
is relatively low in protein, which limits its nutritional adequacy when consumed as a
major dietary component. Consequently, recent research has focused on improving its
nutritional quality through supplementation with protein-rich plant sources [4].

One promising fortification ingredient is African locust bean (Parkia biglobosa), a
leguminous tree crop widely distributed in the savannah regions of West Africa. The
seeds are traditionally fermented and used as condiments in many indigenous dishes.

African locust beans are known to contain appreciable amounts of protein, essential



amino acids, dietary fibre, and important minerals such as iron, calcium, and
magnesium [5]. Studies have also reported the presence of bioactive compounds with
antioxidant potential, suggesting additional nutritional and health benefits [6].
Furthermore, the amino acid composition of African locust beans contributes
significantly to dietary protein quality, making it a suitable ingredient for enriching
cereal- or starch-based foods [7].

In addition to its macronutrient composition, plantain flour contains resistant starch, a
component that has been associated with improved glycaemic control, reduced risk of
metabolic disorders, and enhanced gut health [8]. Combining plantain flour with
protein-rich legumes such as African locust beans therefore presents a promising
strategy for developing nutritionally improved food products. Previous studies have
shown that incorporation of legume flours into starchy food matrices can enhance
protein content, mineral availability, and overall dietary value [9].

Doughmeal remains one of the most widely consumed staple foods in many West
African households [10-14]. However, its nutritional profile is often dominated by
carbohydrates, with limited protein and micronutrient content. Improving the
composition of doughmeal through ingredient diversification has therefore attracted
considerable attention among food scientists and nutrition researchers [15]. Beyond
nutritional composition, the functional performance of flour blends during cooking is
critical to product quality. Pasting properties describe the changes in viscosity and
texture that occur when starch-based foods are heated in the presence of water. These
characteristics influence cooking behaviour, product consistency, and consumer
acceptability [16]. Understanding the pasting behaviour of composite flours is therefore

essential for predicting their suitability in traditional dough-based foods.



Consumer acceptance is another key determinant of the success of newly developed
food formulations. Sensory attributes such as colour, aroma, taste, and texture strongly
influence the overall preference for doughmeal products [17]. Previous investigations
have indicated that the inclusion of African locust beans in flour blends can enhance
flavour complexity and improve the nutritional profile of the resulting food products
[4]. Despite these reported benefits, limited information is available on the combined
effects of African locust bean supplementation on the nutritional composition, pasting
behaviour, and sensory quality of plantain-based doughmeal. Therefore, this study
evaluated the proximate composition, mineral content, amino acid profile, pasting
properties, and sensory acceptability of doughmeal produced from plantain flour
supplemented with varying proportions of African locust bean flour.

2. Materials and Methods

2.1 Source of Raw Materials

Freshly harvested matured unripe plantain (Musa paradisiaca) were purchased from
Oja Ale Market at Idanre. Unfermented Africa locust bean seed were purchased from a
supplier at Southgate, Federal University of Technology, Akure (FUTA). The
equipment used was made available from the Department of Biochemistry, FUTA. All
chemicals used were of analytical grade.

2.2 Preparation of Plantain Flour

The plantains were detached from the bunch and washed with clean water to eliminate
dirt and other foreign particles. Peeling and slicing of the plantains were done manually
with a knife. The sliced plantains briefly blanched in water at 70 °C for 5 min to prevent
browning. The blanched plantains were washed on a sieve to get rid of excess water

and thereafter sun dried for 3 days. The dried plantain fruit was further milled into flour



in a milling machine. Flour passed through a 250-um mesh size was then packed in a
plastic bag (Ziploc bag), sealed, and stored at room temperature of 25°C+£2 until use.
2.3 Preparation of African Locust Beans Flour

African locust bean (Parkia biglobosa) seeds were sorted to remove stones, damaged
seeds, and other extraneous materials, and subsequently washed with clean water. The
cleaned seeds were pressure-cooked for approximately 3 h to soften the seed coat and
facilitate dehulling. After cooking, the seeds were allowed to cool to room temperature
and manually dehulled by rubbing between the palms to loosen the seed coats. The
loosened hulls were removed by washing with clean water and decantation. The
dehulled seeds were then sun-dried for four consecutive days until adequately dried.
The dried seeds were milled into full-fat flour using a laboratory milling machine and
passed through a 250 um mesh sieve to obtain uniform particle size. The resulting flour
was packaged in airtight Ziploc bags and stored at room temperature (25 £ 2 °C) until
further use.

2.4 Doughmeal Sample Formulation

The Plantain and African Locust Bean flour blends ratios used were: 100:0, 95:5, 90:10,
85:15 and 80:20 respectively.

2.4.1 Preparation of Doughmeal

200 g of the composite flour was added to a boiling water (500 mL) and it was stirred
consistently until the dough was formed. Small quality of water (about 50 mL) was
further added to the dough and allowed to cook for 2 min. Thereafter, it was properly,
allowed to cool and packaged.

2.5 Determination of Proximate Composition

The following proximate compositions were determined following official methods
[18]



2.5.1 Determination of moisture content (MC)

Moisture content was determined using the standard oven-drying method. Clean Petri
dishes were labeled, dried in a hot-air oven at 105 °C for 15 min, cooled in a desiccator,
and weighed to obtain the initial weight (W:). Approximately 5.0 g of each sample was
weighed into the pre-weighed dishes, and the combined weight was recorded (W-). The
dishes containing the samples were then placed in an oven maintained at 105 °C and
dried for 4 h. After drying, the dishes were removed, transferred immediately into a
desiccator to cool to room temperature, and weighed again to obtain the final weight
(Ws). Drying, cooling, and weighing were repeated until a constant weight was

achieved. All determinations were conducted in triplicate.

Moisture content was calculated as:

MC (%) = % x 100

where:

Wi = weight of empty dish (g)

W2 = weight of dish + sample before drying (g)

Ws = weight of dish + dried sample (g)
2.5.2 Determination of crude fat content
Crude fat content was determined using a Soxhlet extraction apparatus. Approximately
5.0 g of the doughmeal sample was weighed into a filter paper, securely tied, and placed
in the Soxhlet extractor. n-Hexane was used as the extraction solvent and was poured
into a pre-weighed round-bottom flask. The apparatus was assembled and heated on a

heating mantle to allow continuous extraction for 3.5 h. After extraction, the round-

bottom flask containing the solvent and extracted fat was allowed to cool and then



disconnected from the apparatus. The solvent was evaporated, leaving the extracted fat
in the flask. The flask was dried in an oven to remove residual solvent, cooled in a
desiccator, and weighed.
The crude fat content was calculated as:

W, —

W x 100
W

Crude Fat(%) =

where:
1 = weight of empty extraction flask (g)

W2 = weight of flask + extracted fat (g)
W, = weight of sample (g)
2.5.3 Determination of crude protein content
Digestion stage:
Approximately 0.5 g of each sample was weighed into a Kjeldahl flask. A suitable
catalyst and 10 mL of concentrated sulfuric acid (H2SO4) were added. The flask was
clamped and heated in a fume hood until the digest became clear. After cooling, the
digest was diluted to 100 mL with distilled water and transferred to the distillation unit.
Distillation stage:
A 5 mL aliquot of the digest was mixed with 5 mL of boric acid and 2 drops of mixed
indicator in a 100 mL conical flask. Steam distillation was carried out with 100 mL of
40% NaOH, and the distillate was collected until the solution changed from purple to
green.
Titration stage:
The distillate (5 mL) was titrated against 0.01 M HCI until the endpoint was reached,

indicated by a colour change from green to pink. The volume of HCI used (titre value)

was recorded. Crude protein was calculated using the formula:



Titre (mL) X Molarity of HCl X 0.014 X Dilution factor X
Weight of sample (g)

%Nitrogen =

x 100

%Protein =%Protein = %N X 6.25
2.5.4 Determination of total ash content
Clean crucibles were dried in a hot-air oven, cooled in a desiccator, and weighed to
obtain the initial weight (W:). Approximately 2.0 g of each doughmeal sample was
weighed into the crucibles and the combined weight was recorded (W2). The crucibles
containing the samples were then placed in a muffle furnace at 550 °C and incinerated
for 3 h. After ashing, the crucibles were removed from the furnace, cooled in a
desiccator to room temperature, and weighed again to obtain the final weight (Ws). All
determinations were carried out in triplicate.

Ash content was calculated as:

%Ash =

where:
Wi = weight of empty crucible (g)

» = weight of crucible + sample before ashing (g)

3 = weight of crucible + ash after ashing (g)
2.5.6 Determination of crude fibre
Approximately 5.0 g of each doughmeal sample was weighed (W1) and transferred into
a 500 mL conical flask, after which 200 mL of 1.25% H>SO4 was added. The mixture
was gently boiled for 30 min. After boiling, the mixture was filtered through a muslin
cloth and rinsed thoroughly with distilled water. The residue was scraped back into the
flask using a spatula. Subsequently, 200 mL of 1.25% NaOH was added and the mixture

was boiled again for 30 min. The mixture was then filtered and washed sequentially



with 1% HCI, distilled water (four times), and finally with ethanol. The resulting
residue was transferred into a clean, dry crucible and dried in an oven. The dried sample
was cooled in a desiccator and weighed (W2). The crucible containing the sample was
then incinerated in a muffle furnace at 550 °C for 30 min, cooled in a desiccator, and
reweighed (Ws).

Crude fibre was calculated as:

WZ_W

%Crude fibre = W 2 % 100
1

where:
Wi = weight of sample (g)

» = weight of dried residue + crucible (g)

3 = weight of ash + crucible (g)
2.5.7 Determination of carbohydrate content (by difference)
The total carbohydrate content was calculated as the difference between 100 and the
total sum of moisture, crude fat, crude protein, crude fibre and total ash. The percentage
carbohydrate is computed using the following equation:
% Carbohydrate = 100% - (%Moisture + %Ash + %Protein + %Fat + %Fibre)
2.6 Determination of Mineral Content
Mineral analysis was carried out using the ash obtained from the samples. The ash
residue was dissolved in 0.1 N HNOs and filtered using Whatman filter paper. The
filtrate obtained was used for mineral determination. The concentrations of calcium
(Ca), iron (Fe), phosphorus (P), magnesium (Mg), zinc (Zn), sodium (Na), and
potassium (K) were determined using an Atomic Absorption Spectrophotometer
(AAS). Standard solutions with known concentrations (0, 0.5, 1, 2, 4, 5, 10, 20, and 40
ppm) were prepared for each mineral element. The absorbance of both standards and

samples was measured, and calibration curves of absorbance versus concentration were



constructed. The concentration of each mineral in the sample was obtained from the

standard calibration curve and calculated using:

. CXV XD
Mineral (mg/100 g) = —y % 100

where:

C = concentration obtained from calibration curve (mg/L)

V = volume of extract (L)

D = dilution factor

W = weight of sample (g)

2.7 Determination of Amino Acid Profile

The amino acid composition of the plantain—African locust bean doughmeal samples
was determined wusing high-performance liquid chromatography (HPLC).
Approximately 10 mg of each sample was weighed into a screw-capped glass
hydrolysis tube and placed in ice. 0.2 mL of cold performic acid was added and the
mixture was placed in an ultrasonic bath for 10 min to ensure proper mixing. The tubes
were then capped and kept in a refrigerator at 4 °C overnight for oxidation. After
oxidation, 50 mg of sodium metabisulphite was added to each tube and mixed using a
vortex mixer. Subsequently, 0.8 mL of 7.5 N hydrochloric acid (HCl) was added and
the mixture was sonicated for 15 min. The tubes were placed unsealed on a hot plate
preheated to 110 °C. After 1 h, the tubes were sealed and hydrolysed for an additional
24 h. Following hydrolysis, the tubes were removed from the hot plate and cooled to
room temperature. The hydrolysate was transferred into a 5 mL volumetric flask,
diluted to volume with distilled water, and filtered through filter paper. The filtrate was
partially dried under vacuum at 40 °C using a rotary evaporator (Buchi,
LaboratoriumsTechnik AG, Switzerland). The residue obtained after evaporation was

dissolved in 0.8 mL of 0.2 M sodium carbonate buffer (pH 9.7) and stored frozen prior



to derivatization. For derivatization, 0.2 mL of 0.2 M sodium carbonate buffer (pH 9.7),
20 uL of internal standard, and 20 puL of sample were added into a 1.5 mL screw-capped
reaction vial. Subsequently, 0.2 mL of dansyl chloride solution (5 mg/mL in acetone)
was added. The mixture was vortexed and incubated overnight in the dark at room
temperature. After incubation, the contents of the reaction vial were transferred into a
1 mL volumetric tube and diluted to volume with distilled water. 1 mL of the dansylated
solution was injected into the HPLC system for analysis. Amino acid concentrations
were determined from calibration curves prepared using standard amino acid solutions
and expressed as g/100 g protein

2.8 Determination of Pasting Properties

The pasting properties of the composite flours were determined using a Rapid Visco
Analyser (RVA) (Model RVA 4500, Perten Instruments, Australia) equipped with a
1000 cmg sensitivity cartridge. 3.5 g of plantain—African locust bean flour blend was
weighed into a clean, dry RVA canister and 25 mL of distilled water was added. The
mixture was thoroughly stirred to obtain a uniform slurry before placing the canister
into the RVA unit. The slurry was initially equilibrated at 50 °C, heated to 95 °C at a
rate of 1.5 °C/min, and held at 95 °C for 15 min. Thereafter, the paste was cooled to 50
°C. During this heating and cooling cycle, viscosity changes were continuously
monitored. The pasting parameters recorded from the pasting profile included peak
viscosity, trough viscosity, breakdown viscosity, final viscosity, setback viscosity, peak
time, and pasting temperature. These parameters were obtained using Thermocline for
Windows software connected to the RVA system[1].

2.9 Sensory Evaluation

Thirty untrained panelists consisting of students and members of Food Science and

Technology Department of Federal University of Technology, Akure, Nigeria was



selected for the evaluation doughmeal samples prepared from each flour blend which
will be presented in coded white plastic plates. The order of presentation of samples to
the panel will be randomized. Portable water was provided for the panelists to rinse
their mouths between evaluations. The panelists were instructed to evaluate the coded
samples for aroma, taste, colour, texture and overall acceptability. Each sensory
attribute will be rated on a 9-point Hedonic scale (1= dislike extremely while 9 = like
extremely).

2.10 Statistical Analysis

All chemical analyses, except amino acid profile and pasting properties were conducted
in duplicates and the values reported as means + standard deviation (SD). Mean
comparison was done by analysis of variance (ANOVA) and least significant difference
(LSD) p< 0.05 using (SPSS version 27).

3 Results and Discussion

3.1 Proximate Composition of Plantain-African Locust Bean Doughmeal
Samples’

Table 1 shows the proximate composition of various blends of plantain doughmeal and
African locust bean (ALB). The moisture content of samples ranged from 61.58% to
67.18%. The control sample (ONS) had the lowest moisture content (63.76%), while
the DAL20 sample had the highest moisture content (67.18%). The amount of moisture
content in the doughmeal samples determine the growth and activities of
microorganisms, and hence the storage stability of the doughmeal. Scientific findings
have established that high moisture content of doughmeal samples above 10% facilitate
the growth of microorganisms and food spoilage, whereas low moisture content inhibits
food spoilage and retain the nutritional quality of the food products [19]. The relatively

high moisture values observed in this study are expected [10]because the analysis was



conducted on the prepared doughmeal rather than the dry flour blends, which naturally
contain much lower moisture levels. This doughmeal is expected to have a shorter shelf
life when compared to its composite flour blend.

The protein content of samples ranged from 5.40% to 8.70%. The DAL20 sample had
the highest protein content (8.70%), followed by the KEL10 sample (7.09%). This is
due to the higher protein content of African locust bean compared to plantain flour.
This increase was expected because legume crops contain more protein than starchy
foods hence the attendant synergistic effects of protein complementation [20]. The
progressive increase in protein content with increasing ALB substitution further
confirms the nutritional contribution of the legume component in the composite
formulation. This expected increase was the basis for formulating the blends such that
the final product will have higher protein content. The study conducted by [21] showed
that the protein content of yam flour is 1.16%, this is very low compared to the ALB
formulated doughmeal samples which has between 6.9-8.7%. This is due to high
protein content of ALB when compared to yam. The fiber content of the samples ranged
from 1.01% to 1.94%. The TIV15 sample had the highest fiber content (1.94%),
followed by the DAL20 sample (1.78%). This is likely due to the higher fiber content
of African locust bean compared to plantain flour. The level of crude fibre which is
considered advantageous since fiber are desirable in meal, as they aid digestion easily,
and known to be most effective in maintaining human health such as reduction in body
weight, reduction in stroke incidence and good heart health, it is also a source of dietary
fiber which is essential for good bowel movement and helps in preventing obesity,
diabetes, cancer of the colon and other ailments of the gastro-intestinal tract of man
[22]. This trend suggests that moderate inclusion of ALB can enhance the functional

dietary fibre content of plantain-based doughmeal products.



The ash content of all samples ranged from 1.23% to 2.27%. The TIV15 sample had
the highest ash content (2.27%), followed by the ONS sample (2.26%). This is likely
due to the higher mineral content of African locust bean compared to plantain flour.
The ash content of a food sample gives an idea of the mineral elements present in the
food. It indicates the composition of inorganic constituents after organic materials (fats,
proteins and carbohydrates) and moisture have been removed by incineration. It is
essentially the mineral content of a food sample. Minerals are a group of essential
nutrients which serve a variety of important metabolic functions and are parts of
molecules such as haemoglobin, adenosine triphosphate (ATP) and deoxyribonucleic
acid (DNA) [23]. The ash content of this formulated doughmeal samples (1.23-2.27%)
are higher than that of wheat doughmeal (0.74%) formulated by [21]. This is due to the
high mineral content of ALB. The observed increase further supports the role of
legumes in improving the micronutrient density of cereal- or tuber-based foods. The fat
content of all samples ranged from 0.86% to 2.06%. The KEL10 sample had the highest
fat content (2.06%), followed by the ONS sample (1.30%). This may be due to the fact
that cereals, legumes and tubers store energy in the form of starch rather than lipids.
The low-fat levels are beneficial as it ensures longer shelf life for the products [24]
because all fats and fat containing foods contain some unsaturated fatty acids and hence
are potentially susceptible to oxidative rancidity. Therefore, the relatively low-fat
content of the blends may contribute to improved storage stability of the flour
component prior to preparation into doughmeal.

The carbohydrate content of all samples ranged from 19.29% to 26.75%. The KEL10
sample had the highest CHO content (26.75%), followed by the ONS sample (25.94%).
This is likely due to the higher carbohydrate content of plantain flour compared to

African locust bean. This observation agreed with the reports that plantain is a good



source of calories, however, it is deficient in protein [25], hence, there is a need to
complement plantain flour with inexpensive staples, such as legumes, to further
improve the nutritional quality of the plantain-based products [26]. The CHO content
of the supplemented doughmeal samples is way lower when compared to wheat and
yam doughmeal formulated by [21] which are 86.02% and 92.33% respectively. This
can be attributed to the low CHO content of ALB. The reduction in carbohydrate with
increasing ALB substitution is nutritionally relevant because it reflects a shift toward a
more balanced macronutrient profile in the composite doughmeal.

3.2 Mineral Composition of Plantain-African Locust Bean Doughmeal Samples’
The mineral composition of the doughmeal samples is presented in Table 2. In general,
the calcium content decreased with increasing inclusion of ALB. The DAL20 sample
had the lowest calcium concentration (11.55 mg/100 g), while the control sample
(ONS) had the highest (18.04 mg/100 g). This decline is expected as plantain flour
naturally contains more calcium than African locust bean flour. The phosphorus content
of the samples remained largely stable, with minor variations observed among the
different blends. The magnesium content showed a slight decrease after ALB addition,
with the ONS sample recording the highest magnesium level (42.8 mg/100 g) and the
KEL10 sample the lowest (31.50 mg/100 g). Potassium levels also decreased
progressively with ALB inclusion, highest in ONS (613 mg/100 g) and lowest in
DAL20 (507.5 mg/100 g). Sodium content declined markedly with increasing ALB
substitution, with the DAL20 sample containing the least (11.55 mg/100 g) and ONS
the highest (21.65 mg/100 g). Iron content followed a similar pattern, with the lowest
value observed in KEL10 (0.61 mg/100 g) and the highest in ONS (0.82 mg/100 g).

Zinc content showed no clear trend, with minor fluctuations across the blends.



The mineral composition of doughmeal is critical for its nutritional quality and health
benefits. Calcium (Ca) is crucial for bone health, muscle contraction, nerve
transmission, and blood clotting; phosphorus (P) supports bone integrity, energy
metabolism, and DNA synthesis; magnesium (Mg) is vital for enzyme function and
neuromuscular activity; potassium (K) helps maintain fluid balance, nerve
transmission, and muscle function; sodium (Na) is involved in fluid balance, blood
pressure regulation, and nerve impulse transmission; iron (Fe) is essential for oxygen
transport and metabolic processes; and zinc (Zn) plays a key role in growth, immune
function, and wound healing [10]. The observed variations and lack of a uniform trend
in some mineral levels among the samples may be partly attributed to the moisture
absorbed during doughmeal preparation, which can affect mineral concentration on a
wet weight basis. Most of the doughmeal blends exhibited higher contents of Ca, Mg,
K, and Na compared to plantain, soycake, rice-bran, and oat-bran flour blends reported
by [19]. This enhancement in mineral content underscores the contribution of African
locust bean as a functional ingredient in improving the micronutrient density of
plantain-based doughmeal.

3.3 Pasting Properties of Plantain-African Locust Bean Flour Samples’

The pasting characteristics of the composite flours (Table 3) provide important insight
into the functional changes that occurred following the inclusion of African locust bean
(ALB). These parameters reflect the swelling behaviour of starch granules, the stability
of the paste during heating, and the ability of the starch matrix to reorganize during
cooling, all of which determine the processing performance of flour-based foods. Peak
viscosity increased substantially with increasing ALB inclusion, with DAL20 showing
the highest value. This suggests greater water absorption and swelling of starch granules

within the composite system. The increase is likely linked to interactions between



plantain starch and proteins from African locust bean, which can reinforce the paste
matrix and enhance viscosity development during heating. Similar behaviour has been
reported in legume—cereal composite flours where protein—starch interactions modify
hydration and swelling properties [9,27]. Trough viscosity also increased with
supplementation, indicating that the composite pastes were more stable under
continuous heating and mechanical shear. Legume components such as proteins and
fibre can stabilize swollen starch granules and reduce structural collapse during holding
at high temperatures [28]. This suggests that the supplemented blends may maintain
consistency better during cooking compared with the control sample.

The higher breakdown values observed in ALB-containing samples reflect the greater
swelling that occurred before structural disruption. When starch granules swell
extensively, they become more susceptible to shear-induced rupture, which explains
the larger breakdown values recorded in the blends with higher ALB levels. Final
viscosity and setback values increased in the supplemented samples, indicating stronger
gel formation and greater molecular reassociation during cooling. Setback viscosity is
commonly associated with amylose retrogradation. The presence of legume proteins
can promote network formation that supports starch reassociation, thereby increasing
the rigidity of the cooled paste [29]. This suggests that the enriched doughmeal may
produce firmer dough structures after cooking. The slightly shorter peak time observed
in some of the blends indicates faster gelatinization, which may result from improved
water penetration within the composite flour system. In addition, the lower pasting
temperature recorded in the highest ALB formulation suggests that less thermal energy
was required to initiate starch gelatinization. Such reductions are often associated with
partial disruption of starch crystalline regions due to interactions with non-starch

components in legumes.



In summary, incorporation of African locust bean modified the pasting profile of
plantain flour by increasing viscosity development, improving paste stability, and
enhancing gel strength. These functional changes indicate that the composite flours may
perform better in traditional dough-based foods where viscosity, consistency, and
structural integrity are critical quality attributes.

3.4 Amino Acid Composition of Plantain-African Locust Bean Doughmeal
Samples’

The amino acid profile of the composite doughmeal (Table 4) demonstrates a clear
nutritional improvement following supplementation with African locust bean (ALB).
The progressive rise observed across most amino acids with increasing substitution
indicates that ALB substantially enhanced the protein quality of the plantain-based
formulation. Plantain flour is predominantly carbohydrate-based and typically limited
in essential amino acids, particularly lysine and sulfur-containing amino acids. The
marked increase in lysine, leucine, valine, methionine, and threonine in the
supplemented samples therefore reflects the complementary effect of incorporating a
legume protein source. Legumes are widely recognized for supplying amino acids that
are often limiting in starchy staples, thereby improving overall protein balance in
composite foods [30-32]. This complementary interaction between plantain starch and
ALB protein suggests that the formulated doughmeal could provide a more nutritionally
balanced amino acid pattern than plantain flour alone.

The consistent increase in branched-chain amino acids such as leucine, isoleucine, and
valine is particularly important from a nutritional standpoint. These amino acids are
involved in muscle protein synthesis and metabolic regulation. Their higher levels in
the ALB-enriched blends indicate that the product may have improved physiological

value, especially in populations relying heavily on plant-based diets. Similar



improvements in amino acid quality have been reported when legumes are incorporated
into cereal or tuber-based foods [33]. Another notable feature of the results is the
substantial rise in arginine, glutamic acid, and aspartic acid as ALB inclusion increased.
These amino acids are typically abundant in leguminous seeds and play key roles in
metabolic processes, including nitrogen metabolism and flavour development in
protein-rich foods. The elevated glutamic and aspartic acid levels may also contribute
to enhanced savoury taste characteristics in the composite doughmeal, which could
improve consumer acceptability.

The sharp increase observed in cystine further highlights the nutritional contribution of
ALB. Sulfur-containing amino acids are often limiting in plant-based diets, and their
improvement suggests enhanced protein functionality and nutritional adequacy. This
increase may improve the biological value of the composite protein since sulfur amino
acids are important for enzyme function, antioxidant systems, and structural proteins.
From a broader nutritional perspective, the overall improvement in both essential and
non-essential amino acids indicates that supplementation with African locust bean
effectively corrected the inherent amino acid limitations of plantain flour. Such
enhancement supports the potential use of these blends in nutritionally targeted foods,
particularly in regions where plantain-based meals constitute a major dietary
component. The results therefore reinforce the role of legume fortification as a practical
strategy for improving protein quality in staple-based food systems.

3.5 Quality Acceptability of Plantain-African Locust Bean Doughmeal Samples
The sensory evaluation results (Table 5) indicate that moderate incorporation of African
locust bean (ALB) improved several quality attributes of the plantain doughmeal. The
enhanced scores recorded for the composite samples, particularly NIAS5, KEL10, and

TIV1S, suggest that partial substitution with ALB positively influenced consumer



perception of the product. The improvement in appearance observed in these blends
may be associated with the characteristic colour and physical consistency contributed
by ALB during processing. Fermented African locust bean products typically possess
pigments and structural components that can modify the visual characteristics of
composite foods, thereby making them more appealing to panelists. However, the slight
decline observed at the highest inclusion level (DAL20) suggests that excessive
supplementation may produce colour changes or visual attributes that are less preferred.
Taste and flavour scores followed a similar trend, where moderate ALB incorporation
resulted in better sensory ratings. This outcome is consistent with the known flavour-
enhancing properties of fermented locust bean products and lower ratings for new
products that consumers are less familiar [34,35]. African locust bean is widely
recognized for its strong umami-like flavour compounds generated during
fermentation, which can enrich the sensory profile of foods. At moderate levels, these
compounds likely improved palatability, whereas higher inclusion levels may have
produced a more intense flavour that some panelists found less acceptable. Comparable
observations have been reported in foods fortified with African locust bean where
moderate substitution improved taste and overall product perception [36].

Texture evaluation further supports the functional contribution of ALB in the composite
doughmeal. The relatively higher texture scores for KEL10 and other supplemented
samples suggest that the inclusion of legume components may have improved the
structural properties of the doughmeal during cooking. Proteins and soluble
components from ALB can interact with starch in plantain flour, potentially modifying
gel strength and mouthfeel, which may explain the improved texture ratings at moderate
inclusion levels. Excess inclusion, however, may disrupt the starch matrix, which could

explain the comparatively lower sensory preference for DAL20. Overall acceptability



reflects the combined influence of all sensory attributes and provides a general
indication of consumer preference. The highest rating observed for KEL10 suggests
that a moderate level of ALB supplementation provides an optimal balance between
nutritional enhancement and sensory quality. While the control sample maintained
reasonable acceptability, the improvement seen in the composite blends demonstrates
the potential of African locust bean as a functional ingredient in plantain-based foods.
Similar trends have been reported in composite formulations where legumes enhance
both nutritional value and sensory characteristics of staple-based products [36]. These
findings indicate that limited inclusion levels may be most suitable for product
development, ensuring improved nutrient composition without compromising
consumer acceptance.

Conclusion

The results of this study showed that supplementation of plantain flour with African
locust bean improved the nutritional and functional quality of the doughmeal.
Incorporation of ALB increased protein content, essential amino acids, and mineral
composition while also modifying the pasting characteristics of the blends. Sensory
evaluation indicated that moderate substitution levels enhanced consumer acceptability,
with the 10% ALB blend (KEL10) showing the highest overall acceptability. These
findings demonstrated that African locust bean can serve as a valuable ingredient for
improving the nutritional quality and processing characteristics of plantain-based
doughmeal. The formulation identified in this study therefore provided useful guidance
for the development of nutritionally improved doughmeal products.

Contflict of Interest

The authors declare that there are no conflict of interest

Funding



No funding was received for this study

Authors Contribution

Conceptualization: TA; Formal analysis: PO; Methodology: T.A., P.O; Project
administration; Supervision: TA; Writing - original draft: PO; and Writing - review &
editing: TA.

Data Availability

Data is available from corresponding author on request

Ethics Approval and Consent to Participate

The protocol for this study was reviewed and approved by the Research Ethics
Committee of the Federal University of Technology, Akure, Nigeria, in accordance
with the principles of the Declaration of Helsinki and relevant institutional and national
regulations. All participants provided informed consent prior to participation and were
informed of their right to withdraw from the study at any stage without any
consequence.

Clinical Trial Number

Not applicable.

Consent for Publication

Not applicable

REFERENCES

[1]  Aderinola TA, Mayomi PT. Functional, nutritional and in-vitro antidiabetic
properties of plantain-African walnut composite flour. Food Nutrition
2025;1:100001. https://doi.org/10.1016/J.FNUTR.2025.100001.

[2] Ilelaboye NO, Ogunsina TI. Proximate Composition, Functional Properties and
Sensory Evaluation of Stiff Dough (Amala) Prepared from Okara Fortified
Plantain-Sorghum Flours. Asian Food Science Journal 2018;5:1-10.
https://doi.org/10.9734/afsj/2018/44093.



[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Oluwajuyitan TD, [jarotimi OS. Nutritional, antioxidant, glycaemic index and
Antihyperglycaemic properties of improved traditional plantain-based (Musa
AAB) dough meal enriched with tigernut (Cyperus esculentus) and defatted
soybean (Glycine max) flour for diabetic patients. Heliyon 2019;5:¢01504—
e01504. https://doi.org/10.1016/j.heliyon.2019.e01504.

Jacob S, Matilda L, Christiana N-A. Higher amounts of proximate and minerals
in composite biscuit made from African locust beans pulp. African Journal of
Food Science 2023;17:102—10. https://doi.org/10.5897/ajfs2023.2247.

Adepoju. AL, Falua. KJ, Badmus. AO, Bolarinwa. MO. Influence of Sun and
Oven Drying Methods on the Proximate, Phytochemical and Vitamin C
Composition of Fermented African Locust Beans (Parkia biglobosa) Powder.

Uniosun Journal of Engineering and Environmental Sciences 2022;4.
https://doi.org/10.36108/ujees/2202.40.0181.

Sodimu Al, Usman MB, Olorukooba MM, Oladele NO, Suleiman R, Lapkat
GL, et al. Empirical Studies of Indigenous and Medicinal Utilization of African
Locust Beans (Parkia biglobosa. Jacq Benth) in Zaria Local Government Area
of Kaduna State, Nigeria. Asian Plant Research Journal 2020:1-8.
https://doi.org/10.9734/aprj/2020/v41430090.

Karamba KI, Abdullahi MM. Optimization of traditional starter culture and
African locust beans for daddawa production using Response Surface
Methodology (RSM). Gadau Journal of Pure and Allied Sciences 2022;1:166—
73. https://doi.org/10.54117/gjpas.v1i2.28.

Ogunlade AO. Determination of Nutritional Composition and organoleptic
Properties of African Locust Beans Wrapped with Different Packaging
Materials. FULafia Journal of Science and Technology 2024:7-10.
https://doi.org/10.62050/jst2024.v8n1.286.

Lawal RA, Musa H, Haruna US. Quality characteristics of Biscuits Produced
from wheat-African-Locust Beans Pulp Flour Blends. 28th SMART-iISTEAMS
Interteriary Multidisciplinary Conference, 2021, p. 127-32.
https://doi.org/10.22624/AIMS/iISTEAMS-2021/V28N2P9.

Mayomi PT, Aderinola TA. Proximate, Mineral, Amino Acid Composition,
and Bioactive Properties of Dough Meals Supplemented with African Walnut
Flour. Food Science and Engineering 2024:404-17.
https://doi.org/10.37256/fse.5220245157.

Steve O, Olufemi O. Optimization and Evaluation of Some Physico- Chemical
and Nutritional Properties of Cereal-Based Soya-Fortified Flours for Dough
Meal. Journal of Advances in Food Science & Technology 2019;6:40-59.

Badejo AA, Oduola T, Falarunu JA, Olugbuyi AO. Physicochemical
Composition and Invitro Antioxidative Properties of Flour Blends from Pro-
Vitamin A Cassava, Quality Protein Maize and Soybean Cake for Dough Meal.
Journal of Culinary Science & Technology 2023;21:777-94.
https://doi.org/10.1080/15428052.2021.2016529.



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Akinyede Al, Ayibiowu EO, Fakologbon T, Awolu OO, Fagbemi TN.
Nutritional assessment, glycemic indices and anti-diabetic potentials of dough
meal generated from optimized blends of matured plantain, soya cake and
wheat bran flours. Journal of Future Foods 2023;3:374-82.
https://doi.org/10.1016/].jfutfo.2023.03.008.

Olugbuyi AO, Malomo SA, Ijarotimi OS, Fagbemi TN. Amino Acids
Profile,Glyceamic Index/load, In-vitro Antioxidant and Sensory Attributes of
Optimized Dough Meal from the Blends of Plantain, Soycake and Rice-bran
Flours. Journal of Culinary Science & Technology 2023;21:795-817.
https://doi.org/10.1080/15428052.2021.2016530.

Akintayo SO, Neumann B, Fischer M, Henkel M, Lilge L, Hausmann R.
Lysinibacillus irui sp. nov., isolated from Iru, fermented African locust beans.
Int J Syst Evol Microbiol 2023;73:006167.
https://doi.org/10.1099/ijsem.0.006167.

Muala WCB, Charnelle TK, Fabrice TD, Bernard T, Ghislain MN, Eric Serge
N. Formulation of weaning food from yellow maize (Zea mays L.) and red
millet (Eleusine coracana L.), enriched with pretreated African locust beans
(Parkia biglobosa Jacq.) flour. J Agric Food Res 2024;16:101080.
https://doi.org/10.1016/j.jafr.2024.101080.

Agblemanyo EF, Abrokwah KF. Effect of Traditional Fermentation Process on
the Nutrient and Anti-nutrient Content of Maize and African Locust Beans. J
Food Sci Nutr Res 2019;02:065—75. https://doi.org/10.26502/jfsnr.2642-
11000010.

AOAC. Official methods of analysis of AOAC International. 19th ed.
Gaithersburg, MD, USA: AOAC INTERNATIONAL; 2012.

Oluwajuyitan TD, Ijarotimi OS, Fagbemi TN. Plantain based dough meal:
nutritional property, antioxidant activity and dyslipidemia ameliorating
potential in high-fat induced rats. Clinical Phytoscience 2021;7:92.
https://doi.org/10.1186/s40816-021-00327-8.

Alozie YE, Udofia US, Lawal O, Ani IF. Nutrient composition and sensory
properties of cakes made from wheat and African yam bean flour blends.
Journal of Food Technology 2009;7:115-8.

Bolade MK. Comparative Evaluation of Quality Characteristics and
Acceptabilityof Doughmeals from Yam (Dioscorea rotundata), Plantain
(MusaAAB) and Whole Wheat Grains (Triticum spp.). Centre for Research and
Development (CERAD) 2017;8:93—106.

Olalude C, Adegboyega A, Bamigboye A, Abiona D, Anifowose O, Babatunde
S. Proximate Analysis and Mineral Content Determination of Traditionally
Processed Locust Bean (Parkia biglobosa) Fruit Pulp for Possible Industrial

Application. Edelweiss Journal of Biomedical Research and Review 2021:10—
3. https://doi.org/10.33805/2641-7383.124.



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Ofoedu CE, Iwouno JO, Ofoedu EO, Ogueke CC, Igwe VS, Agunwah IM, et
al. Revisiting food-sourced vitamins for consumer diet and health needs: a
perspective review, from vitamin classification, metabolic functions,

absorption, utilization, to balancing nutritional requirements. PeerJ
2021;9:€11940. https://doi.org/10.7717/peerj.11940.

Iwe MO, Onyeukwu U, Agiriga AN. Proximate, functional and pasting
properties of FARO 44 rice, African yam bean and brown cowpea seeds
composite flour. Cogent Food &amp; Agriculture 2016;2.
https://doi.org/10.1080/23311932.2016.1142409.

Ibeanu V, Onyechi U, Ani P, Ohia C. Composition and sensory properties of
plantain cake. African Journal of Food Science 2016;10:25-32.
https://doi.org/10.5897/ajfs2015.1292.

Famakin O, Fatoyinbo A, Ijarotimi OS, Badejo AA, Fagbemi TN. Assessment
of nutritional quality, glycaemic index, antidiabetic and sensory properties of
plantain (Musa paradisiaca)-based functional dough meals. J Food Sci Technol
2016;53:3865-75. https://doi.org/10.1007/s13197-016-2357-y.

Drovou S, Kassegne KA, Kadja K, Koutsawa Y, Sanda K. Effect of
granulometry and binder rate on the physical, thermal and mechanical
properties of Africa antiaris (Antiaris africana) sawdust particleboard made
with the tannic powder of African locust been pod husk (Parkia biglobosa) and
the India tamarind (Pithecellobium dulce) peel. Journal of the Indian Academy
of Wood Science 2019;16:94—102. https://doi.org/10.1007/s13196-019-00241-
0.

Olarewaju MO, Nzelibe HC. Statistical optimization of Lglutaminase
production by Trichoderma species under solid state fermentation using
African locust beans as substrate. African Journal of Biochemistry Research
2019;13:73-81. https://doi.org/10.5897/ajbr2019.1024.

Scott G, Awika JM. Effect of protein—starch interactions on starch
retrogradation and implications for food product quality. Compr Rev Food Sci
Food Saf 2023;22:2081-111. https://doi.org/10.1111/1541-4337.13141.

Awofadeju OFJ, Awe AB, Adewumi OJ, Amadi BJ, Oluwatoke FJ.
Nutritionally improved cookies from composite flour: African walnut
(Tetracarpidium conophorum) with wheat. Nigeria Agricultural Journal
2021;52:236—40.

Aderinola TA, Adeoye D. Proximate, Amino Acid Compositions and
Functional Properties of Maize-Beans Composite Flours. Food Science and
Engineering 2022;4:9—-19. https://doi.org/10.37256/fse.4120231874.

Anyaiwe U, Oluwamukomi M, Aderinola TA, Fagbemi T. Effects of
Enrichment on Amino Acid Profile, Mineral Composition and Anti-Nutritional
Factors of Lafun Powder. Turkish Journal of Agriculture - Food Science and
Technology 2022;10:1515-23. https://doi.org/10.24925/turjaf.v10i8.1515-
1523.5133.



[33] Olugbuyi AO, Oladipo GO, Malomo SA, Ijarotimi SO, Fagbemi TN.
Endogenous modulation of oxidative stress and inflammation in rats fed with
optimized plantain based flour and dough blends. Journal of Food
Measurement and Characterization 2023;17:5929-47.
https://doi.org/10.1007/s11694-023-02071-8.

[34] Adeyemi AP, Aderinola TA, Ademilua IE. Production of Kokoro with
Enhanced Antioxidant and In-vitro Antidiabetic Properties from Maize-Beans
composite Flours. Applied Tropical Agriculture 2023;28:357—-67.

[35] Gbolagade OH, Oluwajuyitan TD, Aderinola TA, Oyeleye IS, Oboh G,
Arogundade TJ, et al. Quality assessment and in-vivo glycemic indices of
snack bar from blends of plantain flour, soy meal and oat bran. Discover Food
2024 4:1 2024;4:162-. https://doi.org/10.1007/s44187-024-00200-w.

[36] Adeloye JB, Agboola OR. Bioactive Properties, Chemical Composition, and
Sensory Acceptance of Juice Blends from Orange and African Locust Bean
(Parkia Biglobosa). Journal of Culinary Science and Technology 2022;20:33—
50. https://doi.org/10.1080/15428052.2020.1808135.

Table 1: Proximate Composition of the Doughmeal Samples (%)

Parameters ONS NIAS KEL10 TIV15 DAL20

Moisture 63.76 £0.01¢  65.91£0.02° 61.58+0.02° 66.83+0.01° 67.18+0.01?
Protein 5.40+0.15°  6.90+0.05¢  7.09+£0.04°  6.93£0.08°  8.70+0.05°
Fibre 1.34£0.02°  1.01£0.00°  1.22+0.00¢  1.94+£0.06*°  1.78+0.00"
Ash 2.26+0.01°  1.23+0.01°  1.31£0.00¢  2.27+0.00°  2.19+0.01°
Fat 1.3£0.01° 1.00£0.00¢  2.06£0.01*  1.11£0.01°  0.86+0.01°

Carbohydrate 25.94+0.15°  23.94+0.08° 26.75£0.05* 20.94+0.21¢ 19.29+0.14°

Values are mean + SD. Means with the different superscript within the same column
are significantly (p< 0.05) different.

ONS: 100% Plantain Flour

NIAS: 95% Plantain Flour, 5% African Locust Beans

KEL10: 90% Plantain Flour, 10% African Locust Beans

TIV15: 85% Plantain Flour, 15% African Locust Beans



DAL20: 80% Plantain Flour, 20% African Locust Beans



Table 2: Mineral Composition of the Doughmeal Samples (mg/kg)

Parameters ONS NIA5 KEL10 TIV15 DAL20
Calcium 18.04+0.03°  15.08+0.04° 10.20£0.01° 28.95+0.15* 11.55+0.43¢
Phosphorus ~ 4.97+0.04*  4.67+0.01°  4.44+0.01¢  4.68+0.01®  0.43+0.01°
Magnesium ~ 42.8+0.30*°  38.35+0.05® 31.50+0.10° 29.65+0.55° 29.7+0.1¢
Potassium  613£2.00°  536+3.00®  522.5£0.50° 512.+1.00¢  507.5+1.50°
Sodium 21.65+0.05* 18.80+0.10° 14.55+0.05°¢ 13.05+0.159 11.55+0.25°
Iron 0.82+0.02*  0.73+0.02®  0.61+0.01Y  0.64+0.01°  0.60+0.01¢
Zinc 0.15£0.01¢  0.18+0.01*°  0.13+£0.019  0.11£0.01°  0.17+0.01"

Values are mean + SD. Means with the different superscript within the same column

are significantly (p< 0.05) different.

ONS: 100% Plantain Flour

NIAS: 95% Plantain Flour, 5% Locust Beans

KEL10: 90% Plantain Flour, 10% Locust Beans



Table 3: Pasting Properties of the Composite Flours

Parameters ONS NIAS KEL10 TIV1S
Peak (RVU) 181 2735 2394 2163
Trough (RVU) 171 2092 1819 1735
Breakdown (RVU) 10 643 575 428
Final (RVU) 259 3778 3489 2937
Set back (RVU) 88 1686 1670 1202
Peak Time (Min) 6.93 5.13 5.20 5.40
Pasting Temp (°C) 85.20 84.75 83.95 84.80

ONS: 100% Plantain Flour

NIAS: 95% Plantain Flour, 5% African Locust Beans
KEL10: 90% Plantain Flour, 10% African Locust Beans
TIV15: 85% Plantain Flour, 15% African Locust Beans

DAL20: 80% Plantain Flour, 20% African Locust Beans

DAL20

4169

3198

971

5287

2089

5.20

50.20



Table 4: Amino Acid Composition of the Doughmeal Samples (g/100 g protein)

Parameters ONS NIAS KEL10 TIV15 DAL20
Leucine 4.61 5.66 7.00 7.38 7.99
Lysine 2.94 2.79 3.68 3.95 4.14
Isoleucine 2.55 2.52 4.12 3.86 3.96
Phenyalanine 3.19 4.35 5.67 5.85 6.21
Tryptophan 0.42 0.45 0.63 0.74 0.87
Valine 3.42 4.09 5.35 5.55 6.22
Methionine 0.85 0.83 1.23 1.36 1.47
Proline 1.52 1.42 2.33 2.23 2.54
Arginine 4.04 4.65 6.28 6.71 7.31
Tyrosine 3.27 3.10 3.96 4.30 4.64
Hidstidine 1.44 1.31 1.85 1.95 2.46
Cystine 0.48 1.94 3.03 3.33 3.75
Alanine 2.39 2.24 3.60 3.07 3.90
Glutamic Acid  5.75 6.21 8.48 8.85 1041.19
Glycine 1.62 1.45 2.37 2.52 2.75
Threonine 2.25 2.67 3.22 3.61 4.11
Serine 2.38 2.57 3.51 3.73 3.81
Aspartic Acid ~ 4.47 3.13 6.11 5.89 7.16

ONS: 100% Plantain Flour

NIAS: 95% Plantain Flour, 5% African Locust Beans
KEL10: 90% Plantain Flour, 10% African Locust Beans
TIV15: 85% Plantain Flour, 15% African Locust Beans

DAL20: 80% Plantain Flour, 20% African Locust Beans



Table 5:

Quality Acceptability of

Supplemented Plantain Doughmeal

African Locust Bean

Parameters  ONS NIAS KEL10 TIV15 DAL20
Appearance  5.17+1.90°  5.83+1.77*° 5.83+1.75°  5.66+1.54°  5.00+1.44¢
Taste 5.03£1.83°  5.5241.98* 5.48+1.64>  5.03+1.80°  5.03+1.74°
Flavour 5.47+1.85°  6.00£1.75° 5.93+1.62°  538+1.80%9  5.17+1.79°
Texture 4.60£1.98°  5.28+1.87° 5.14+£1.87° 538+1.88*  5.10+1.57¢
Overall Acc  5.60+1.71°  5.93+1.79® 6.03£1.59°  5.62+1.70°  5.03+1.52¢
eptability

Values are mean + SD. Means with the different superscript within the same column

are significantly (p< 0.05) different.

ONS: 100% Plantain Flour

NIAS: 95% Plantain Flour, 5% African Locust Beans
KEL10: 90% Plantain Flour, 10% African Locust Beans
TIV15: 85% Plantain Flour, 15% African Locust Beans

DAL20: 80% Plantain Flour, 20% African Locust Beans



