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ABSTRACT

This study investigated the effect of the addition of Moringa leaf powder on the nutrient
composition, antinutrient content, functional and pasting properties of the plantain flours, and
sensory evaluation of their corresponding stiff dough (“Amala”). The stiff plantain doughs were
produced using plantain flour substituted with different levels of Moringa leaf powder, ranging from
0-15 % at the interval of 2.5 %. The proximate composition (moisture, protein, fat, crude fiber, and
carbohydrate) and antinutrient content (tannin, oxalate, and saponin) were determined according to
the methods described by Association of Official Analytical Chemist. The mineral content was
analysed using flame photometer and atomic absorption spectrophotometer. The result showed
that addition of Moringa leaf powder increased the moisture, fat, ash, crude fiber and protein,
contents, but reduced the carbohydrate content of the plantain flours. The inclusion of Moringa
caused the reduction in Na, K and P contents and increased the quantities of Ca, Mg, and Fe in
the fortified samples. Similarly, water absorption capacity, oil absorption capacity and the least
gelation concentration of the supplemented flours increased, and their bulk density, swelling
power, and solubility decreased with increase in Moringa substitution. The antinutrient content of
the flour also increased (oxalate, 0.54-0.74 %; phytate, 0.60-0.83 %; saponin, 1.549-1.62 %;
tannin, 0.43-0.60 %) after compositing. Fortification reduced the pasting (peak, breakdown, final
and setback) viscosity and increased the time and temperature of attaining peak viscosity. The
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result of sensory evaluation for the fortified “Amala” revealed that 2.5 % to 5 % Moringa leaf
powder supplementation for plantain flour was equally rated, and are sufficient to improve the
proximate and mineral composition of plantain flour “Amala” without having a significant negative
impact on the sensory properties.

Keywords: Chemical; physicochemical composition; sensory; stiff dough (“Amala”); plantain flour;
Moringa leaf powder.

1. INTRODUCTION

Studies have shown that sensory properties of
foods have direct bearing on their consumption,
and that many processed foods have failed
simply because of their sensory properties.
Indeed, many nutrient-rich or functional foods
have been used to fortify otherwise less
nutritious but popular foods in several
communities and successes have been
recorded. Lately, Moringa has been rediscovered
as a powerful food supplement, and that WHO
has recommended their use to improve health
and well-being. However, the fact that plantain
flour is now acceptable in this study area, paves
the way for fortification of the flours with Moringa
leaf powder to enhance the nutritional quality and
consumers’ acceptability of the flours.

Plantain (Musa paradisiaca) belong to the Musa
genus of the plant kingdom and classified as
fruit-bearing herbs, grown abundantly in the
humid tropical regions of the world including
Nigeria, where it serves as an important starchy
staple food, and an economical source of energy
[1,2]. Plantains represent the world’s second
largest fruit crop with an annual production of
144 million metric tons, closely following rice,
wheat, and maize, as the fourth most important
global food commodity [3]. Mostly obtained from
the southern states, the yearly production of
plantain in Nigeria is projected to be about 3.09
million metric tons. This places Nigeria fifth after
Cameroon, Ghana, Uganda, and Colombia in the
world’s ranking of plantain production [4].
Olorunda and Adelusola reported in 2006 that
lack of storage facilities coupled with
inappropriate technologies for food processing
led to about 35-60% post-harvest losses [5].

Plantain is rich in dietary fibre (8.82%) and
resistant starch (16.2%) and possess low
glycemic index [6], thus, its consumption can
serve as dietary control for type 2-diabetes,
serum cholesterol, heart attack, colon cancer,
obesity, blood pressure, diarrhoea and many
other diseases [7,8]. Despite the health benefits
of plantain as aforementioned, plantain
possesses some antinutritional factors such as

phytate, oxalate, saponin and tannin, which has
a potential adverse impact on their chemical and
nutritional properties.

As a staple, the fruit is extremely rich in iron,
potassium, and vitamin A [9], and mostly eaten
unprocessed as fried, boiled or roasted. On the
commercial landscape, there are slowly growing
businesses that process plantain into chips,
flours, dried pulps, jam and spirits in plantain
producing countries [9]. Unripe plantain is
traditionally processed into flour in Nigeria and
other west and central African countries, that is
used to prepare a stiff dough (“Amala”), and for
making bread, biscuits, instant flour, chin-chin
and cake [10,11] Plantain food products
contribute mainly dietary carbohydrates and are
thus, unable to meet the protein requirements of
consumers, especially rural dwellers.
Consequently, studies have been carried out on
the possibilities of enriching the nutritional
content of plantain flours with legumes and other
protein-rich plant sources such as Bambara
groundnut protein concentrates, Moringa oleifera
and extruded soybeans [12,13,14]. Considering
the relationship between food, health, and
nutrition, Moringa oleifera is a promising plant
which, could compliment the flour when
incorporated and improve human diet in terms of
essential nutrients and beneficial phytochemicals
[13].

Moringa (Moringa oleifera), belongs to
Moringaceae family. Native to India, it grows in
the tropical and subtropical regions of the world,
which include the geographical zone of Nigeria. It
is drought tolerant, medium-sized and evergreen
tree that prefers warm and frost-free climates. It
has been used as a "cure-all" remedy for
thousands of years [15]. Moringa plant is highly
nutritious, and almost every part of the tree can
serve as food, consumed either fresh, or cooked,
and processed to powder [17]. The extract of the
leaves is a powerhouse of protein–rich nutrients,
minerals, vitamins and other essential
phytochemicals that are suitable for treating
malnutrition, augment breast milk in lactating
mothers and serve as a remedy for diabetes and
cancer [16]. Good health is a function of eating



Ilelaboye; AFSJ, 6(4): 1-12, 2019; Article no.AFSJ.45796

3

healthy foods, therefore, research efforts are
recently geared towards the improvement of the
nutritional quality of food products in many
developing countries. This research study
investigated the effect of the addition of Moringa
leaf powder on the nutrient composition,
antinutritional factors, functional and pasting
properties of plantain flours.

2. MATERIALS AND METHODS

2.1 Sample Procurement

Mature unripe plantain fruits used for this study
were collected from a local market at Sayedero
Yewa, South Ogun State, Nigeria, and fresh
Moringa leaf powder was obtained from Rokarich
International Company, Akure Ondo State,
Nigeria.

2.2 Preparation of Plantain Flour

Using the method described by Ilelaboye and
Ogunsina [17], 20 kg of green plantain fingers
were washed, sun-dried for 30 min, and then
hand peeled, sliced to a thickness of about 5
mm, and stored in water to avoid browning
before drying. The sliced plantain was dried in a
hot air oven (Gallenkamp OPL150.TS1.B Plus II
Oven, Georgia, United States n) for 6 h at a
temperature of 80ºC was milled with a Bentall
Superb hammer mill (Model 200 L 09, United
Kingdom), sieved through a 75 μm mesh sieve
and kept in airtight plastic containers at room
temperature for further use.

2.3 Preparation of Various Flour Blends

The plantain flour and Moringa flour were mixed
according to the proportion in Table 1, and
homogenised using a Cross-Flow blender (5 Cu
Ft PK Twin Shell Cross Flow Blender, 316 S/S,
Cleveland)  for 30 min, and stored separately in
tightly covered plastic containers for later use
[17].

2.4 Preparation of “Amala”

Fifty (50) g of the composite flour was poured
into 200 mL boiling water with continuous stirring

to obtain a smooth, thick mixture which was
allowed to simmer for about 5 min, stirred, and
wrapped with thin labelled polyethylene wraps.

2.5 Chemical Analysis

The proximate composition (moisture, protein,
fat, crude fiber, and carbohydrate) of the
composite flours was analysed using the
procedure of Association of Official Analytical
Chemist [18], and the energy value calculated
using Atwater factors. Flame photometry method
was used to analyse the potassium and sodium
content of the samples [19]. Phosphorus was
determined using the Vanado-molybdate
colourimetric method [19]. Calcium, magnesium,
and iron were determined spectrophotometrically
by using atomic absorption spectrophotometer
(Buck 210, Norwalk, United Kingdom) [20]. The
contents of the antinutritional factors (tannin,
oxalate, and saponin) of the samples were
evaluated using Jenway spectrophotometer
(model 6305, United Kingdom) according to the
standard methods of AOAC [18], while phytate
content was estimated by the solvent extraction-
gravimetric method of [21].

2.6 Functional and Pasting Properties

Bulk density was determined using the method
as described by Akpapunam and Markakis [22].
Swelling power and solubility index was
determined using the modified method described
by Takashi and Sieb [23]. Water and oil
absorption capacities were determined according
to the method described by Okezie and Bello
[24]. The least gelation concentration was
analysed as the concentration when the cooked
suspension from an inverted test tube did not slip
[25]. Pasting properties for each of the samples
were determined using Rapid Visco Analyzer
(New-port Scientific, Australia).

2.7 Sensory Evaluation

Sensory evaluation of the “Amala” samples
prepared from the plantain-Moringa flours was
performed 4 h after production using the ‘9
points’ Hedonic scale quality analysis [26].
Twenty (20) trained panelists drawn from

Table 1. Formulation Table for Plantain - Moringa leaf flour

Samples P PM1 PM2 PM3 PM4 PM5 PM6
Plantain (%) 100 97.5 95 92.5 90 87.5 85
Moringa (%) 0 2.5 5 7.5 10 12.5 15
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students and staff of the Federal Polytechnic,
Ilaro Ogun State Nigeria, evaluated the coded
“Amala” samples for colour, aroma, taste,
mouldability consistency and overall acceptability
using the 9-point hedonic scale, where one (1)
corresponded to like extremely, and nine (8)
corresponded to dislike extremely.

2.8 Statistical Analysis

All analyses were carried out in triplicates, with
statistical significance established using one-way
analysis of variance (ANOVA), Mean comparison
and separation was done using Duncan Multiple
range (DMR) test at p≤ 0.05, described by the
SPSS 16.0 statistical package [27].

3. RESULTS AND DISCUSSION

3.1 Proximate Compositions of the
Moringa Leaf Powder– Plantain
Flours

According to the proximate composition of the
flour samples (Table 2), the addition of Moringa
leaf powder to the plantain flour caused
significant (P < 0.05) decrease in moisture
content of the composite plantain flours. The
moisture content of all the flours reported in this
study was below 15% which is the recommended
maximum limit for flours, suggesting longer shelf-
life for the blends [28]. However, the moisture
content ranged from 10.22% (sample P) to
9.99% (sample PM6).

As shown in Table 2, Moringa leaf powder
possesses higher content of protein, fat, fibre,
and ash, but a lower moisture content,
carbohydrate, and energy relative to plantain

flour. This observation was similar to what had
been observed in other studies relating to
Moringa [29,30,31] and plantain [14]. Protein
values of the fortified flours as depicted in Table
2, differed significantly (P < 0.05.), and ranged
from 3.98 % to 7.68 %. The rise in protein
content of these flours with an increase in the
level of Moringa substitution in the blends could
be attributed to the additive effect of Moringa leaf
powder protein [27.14 %] on the plantain flours.
The levels of protein in 100 % plantain observed
in this study showed that the fruit is low in protein
and cannot meet adult protein diet need, which
for a healthy adult is about 0.75 g per kg per day
[32].

The addition of Moringa leaf powder to plantain
flour caused a significant increase in the fat
content of the fortified flours as the level of
Moringa powder increased, ranging from 1.42 %
(sample PM1) to 1.93 % (sample PM6).  The low
fat content of the composited flour suggest they
extended the shelf-life of the flour because fat
can promote rancidity in food leading to the
development of unpleasant and odorous
compounds [33]. However, the increase in fat
content of the composited flour, which is as a
result of the high fat content of Moringa leaf
[34,35], could improve the palatability of the
composited plantain flour products. Studies have
shown that the functions of dietary fats include
increasing food palatability resulting from the
absorption and retention of flavours [36].

Crude fibre such as lignin, cellulose, and
hemicelluloses represents the content of the non-
digestible components of foods. As shown in
Table 2, the crude fibre content increased
significantly (P < 0.05) with an increase

Table 2. The Proximate composition (%) and Energy (Kcal/100g) values of the Moringa fortified
plantain flours (%)

**Sample Moisture Protein Fat Fibre Ash Carbohydrate Energy
M 8.50±.04a* 27.14±.03h 2.85±.03e 9.44±.01a 10.39±..04h 41.68±.03a. 300.93±5.14a

P 10.22±..03e 3.68±.03a 1.37±.04a 2.45±.03b 2.88±.07.a 79.4±.04g 344.15±6.19b

PM1 10.20±.01.e 3.95±.06.b 1.42±.02ab 2.63±.02c 3.07±.07.b 78.74±..07f 343.95±4.10b

PM2 10.15±..00d 4.21±.04.c 1.55±.04.b 2.83±.07d 3.25±0.05c 78.02±.06ef 342.83±5.45b

PM3 10.10±..02c 4.65±.02.d 1.65±.02 2.98±.03e 3.38±.02d 77.26±.07e 342.06±7.12b

PM4 10.04±..03b 5.25±.04e 1.73±.04cd 3.16±.04f 3.63±.07.e 76.21±.14d 341.83±4.76b

PM5 10.02±.00b 5.83±.04f 1.85±.02d 3.35±0.05g 3.77±.00.f 75.19±.14.c 340.89±6.43b

PM6 9.99±.02b 6.68±.07.g 1.93±.04.f 3.51±.04h 3.99±.04g 73.91±.14b 339.74±3.94b

*Values are Mean± SD of triplicate determinations, and Mean values in the same column with different superscripts are
significantly different at P < 0.05.

**Sample key: P = 100 Plantain: 0 Moringa leaf powder; PM1 = 97.5 Plantain: 2.5 Moringa leaf powder; PM2 = 95 Plantain : 5
Moringa leaf powder; PM3 = [92.5 Plantain : 7.5 Moringa leaf powder; PM4 = 90 Plantain : 10 Moringa leaf powder; PM5 = 87.5

Plantain : 12.5 Moringa leaf powder; PM6 = 85 Plantain : 15 Moringa leaf powder.
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in substitution level due to the high fibre content
of Moringa leaf powder (9.44 %). This
observation indicate that the enriched flours will
digest easily hence contribute to the prevention
of colon cancer since high in crude fibre facilitate
bowel movement [37]. The ash content of
Moringa leaf powder was significantly higher
(4.25 times) than plantain flour ash content.
Hence its inclusion in the flour blends
significantly increased the ash content of the
fortified flours. This observed increase in ash
content agrees with the report of Karim et al. [38]
on yam flour fortified with 2.5, 5.0 and 7.5 %
Moringa leaf powder.

The carbohydrate content of Moringa leaf powder
(41.68 %) as shown in Table 2, is very low
compared to the carbohydrate content of sole
plantain flour (79.4 %), therefore, inclusion of
Moringa in plantain brought about significant (P <
0.05.) reduction in carbohydrate content of the
fortified flours.  This observation is similar to that
of Ilelaboye and Ogunsina [17] who observed a
reduction in carbohydrate content (75.65 to 64.33
%) of “Okara” fortified plantain-sorghum flour with
the addition of “Okara” flour. The energy values
of the Moringa fortified flours, as shown in Table
2, ranged between 344.15 kcal and 339.74kcal,
and did not vary significantly (P > 0.05). The
addition of Moringa leaf powder to plantain flour
caused a decline in the energy level of the
blends.

3.2 Mineral Compositions of the Moringa
Leaf Powder– Plantain Flours

The mineral content of the flour samples
presented in Table 3, revealed that sample P had
higher content of sodium (Na), potassium (K),

and phosphorous (P), while sample M had higher
calcium (Ca), magnesium (Mg) and iron (Fe). It
was also observed that the minerals varied
significantly (P <0.05) at different degrees in the
enriched flour blends. The calcium content of the
100% plantain flour was 234.06 mg/100 g, while
that of the Moringa fortified flours increased
significantly (P < 0.05) from 277.66 mg/100g in
PM1 to 478.49 mg/100g in PM6 as the level of
Moringa leaf powder increased in the blends.
However, consumption of about 100 g enriched
flours will provide an estimated 25.24 % to 43.50
% of the recommended daily allowance (RDA)
for adult calcium (1100 mg/day) requirements
[39], for skeleton firmness and most metabolic
processes [40].

The magnesium content of the sample P was
199.06 mg/100g, while the magnesium content of
the fortified flours ranged from 203.01 mg/100 g
to 222.77 mg/100 g, with the 15 % Moringa
substituted plantain flour having the highest
value. Addition of Moringa leaf powder to
plantain flour at intervals of 2.5% caused no
significant (P > 0.05) difference in magnesium
content of the enriched flour except in 15%
Moringa substituted plantain flour. Although the
inclusion of Moringa leaf powder to plantain flour
significantly reduced its phosphorus content, but
the increment in the level of Moringa at 2.5 %
interval did not cause any significant (P > 0.05)
difference in the phosphorus content of the
enriched flours, which ranged from 216.98±7.44
mg/100g to 209.81±4.03 mg/100 g. Based on the
RDA for phosphorus (800 mg/day) for an adult
[39], fortification of plantain flour with Moringa
leaf powder resulted in reduction of estimated
daily derivable phosphorus from consumption of
the flour.

Table 3. Mineral composition of flours from the blends of Moringa leaf powder and plantain
(mg/100 g)

**Sample Ca Mg P K Na Fe
M 1978.12±59.73h* 357.12±7,43c 135.87±4.73a 1486.12±97.3a 167.79±9.73a 34.75±2.81b

P 234.06±28.41a 199.06± 8.54a 219.06±6.41b 3856.06±84.1d 239.06±8.41b 12.56±1.34a

PM1 277.66±18.44ab 203.01±6.44ab 216.98±7.44b 3796.81±84.4cd 237.28±8.44b 13.11±1.37a

PM2 321.26±18.47bc 206.96±4.27ab 214.90±4.48b 3737.56±84.7bcd 235.498.47b 13.67±1.41a

PM3 364.86±18.51cd 210.91±5,71ab 212.82±5.51b 3678.31±85.1bcd 233.72±8.51b 14.22±1.44a

PM4 401.57±18.29de 214.86±7.54ab 213.97±3.97b 3710.19±92.34bcd 237.41±8.44b 13.96±2.63a

PM5 435.07±32.62ef 218.82±8.58ab 211.89±4.00b 3650.95±94.30bc 235.63±8.47b 14.52±2.67a

PM6 478.49±32.90 fg 222.77±8.61b 209.81±4.03b 3591.70±90.27b 233.85±8.51b 15.07±2.70a

*Values are Mean± SD of triplicate determinations, and Mean values in the same column with different superscripts are
significantly different at P < 0.05.

**Sample key: P = 100 Plantain: 0 Moringa leaf powder; PM1 = 97.5 Plantain: 2.5 Moringa leaf powder; PM2 = 95 Plantain : 5
Moringa leaf powder; PM3 = [92.5 Plantain : 7.5 Moringa leaf powder; PM4 = 90 Plantain : 10 Moringa leaf powder; PM5 = 87.5

Plantain : 12.5 Moringa leaf powder; PM6 = 85 Plantain : 15 Moringa leaf powder.
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The value of potassium of 100% plantain flours
(3856.06 mg/100 g) is higher than that of
Moringa leaf powder (1486.12 mg/100 g) and,
fortification of plantain flour resulted in significant
(P < 0.05) reduction of the enriched flours which
ranged from 3796.81 mg/100g to 3591.70
mg/100g (Table 3). Thus, consumers of the
fortified flours will potentially derive 48.55 % to
70.54 % of RDA for potassium [39]. Table 3
shows that blending of the plantain flour with
Moringa leaf powder resulted in non-significant
(P > 0.05) decrease in the sodium content of the
fortified plantain flours. Studies have shown that
excess intake of sodium can exacerbate high
blood pressure; therefore, the composited flours
will be suitable for dietary management of
hypertension due to its low sodium content [41].
The amount of iron in Moringa leaf powder is
about 2.77 times higher than its value in 100 %
plantain flour, (12.56 mg/100 g). Therefore, the
iron content of the fortified flours increased
significantly (P < 0.05) with an increase in the
level of Moringa leaf powder inclusion (Tables 3),
and the quantities are enough to provide the
RDA of iron (5 mg/day) for adult [39].

3.3 Antinutrient Content of the Moringa –
Plantain Flours

The oxalate, phytate, saponin and tannin
contents of the flour blends, as presented in
Table 4 showed that the antinutrient in sample M
was higher than those in sample P.

The 100 % plantain flour had low levels of
oxalate (0.54 %), phytate (0.60%) saponin (1.54
%) and tannin (0.43 %), but higher than the
levels of oxalate (0.51 %), phytate (0.240 %)
saponin (1.60 %) and tannin (0.30 %) as
reported by Wordu and Akusu [42] for unripe
plantain flour. The contents of oxalate, phytate,
saponin and tannin in the blended flours

increased with increase in the level of Moringa
leaf powder, and it ranged from 0.54 % to 0.74 %
for oxalate, 0.60 % to 0.83 % for phytate, 1.54 %
to 1.62 % saponin and 0.43 % to 0.60 % for
tannin. The levels of the antinutrient in the flour
samples was below the estimated threshold limit
of this antinutrient and would pose no threat to
the health of consumers [43]. Studies have
shown that high level of oxalates increases
calcium absorption in the kidney [44], because
high oxalate level in food has been implicated as
the cause of kidney stones. Therefore,
consumers of the fortified flours, should have low
risk of adverse health effect due to oxalate
toxicity.

3.4 Functional Properties of the Moringa
– Plantain Flours

In this study, it was observed that the functional
properties of the composite flours of Moringa leaf
powder and plantain flour had bulk density
values ranging from 0. 39 to 0. 55 g/cm3 (Table
5), which decreased with increase in the level of
Moringa substitution. The bulk density of sample
P agreed with the reports of previous studies on
pure plantain flour [13, 17, 45], and this is a
pointer to the porosity and the extent of
compactness of the flours [46]. Bulk density also
functions as the determinant for the packaging
requirement, material handling and application in
wet processing in the food industry [47].

Water absorption capacity (WAC) of the flours
significantly (P < 0.05) increased from 78.27%
(sample P) to 92.29 % (sample PM6).  The
addition of Moringa leaf powder to the plantain
flour caused an increase in WAC of the flour
blends due to its high content of protein. This
observation supports other studies which also
reported that the water absorption capacity of

Table 4. The antinutrient content of plantain flours fortified with Moringa leaf powder (%)

Sample Oxalates Phytate Saponin Tannin
M 1.65.04 1.95±0.05 1.87±.02 1.59±0.05
P 0.54±.03a 0.60±.08a 1.54±.09a 0.43±.01a

PM1 0.56±.01b 0.64±.04b 1.55±.13ab 0.46±.06ab

PM2 0.60±.03bc 0.67±±.09c 1.57±.02b 0.48±.02bc

PM3 0.62±.02c 0.72±.01d 1.58±.14bc 0.52±.03c

PM4 0.66±.04d 0.75±.13e 1.59±.06bc 0.53±.09cd

PM5 0.69±.02e 0.78±.10f 1.61±.11c 0.56±0.05d

PM6 0.74±05f 0.83±.11g 1.62±.13c 0.60±.04e

*Values are Mean± SD of triplicate determinations, and Mean values in the same column with different superscripts are
significantly different at P < 0.05.

**Sample key: P = 100 Plantain: 0 Moringa leaf powder; PM1 = 97.5 Plantain: 2.5 Moringa leaf powder; PM2 = 95 Plantain : 5
Moringa leaf powder; PM3 = [92.5 Plantain : 7.5 Moringa leaf powder; PM4 = 90 Plantain : 10 Moringa leaf powder; PM5 = 87.5

Plantain : 12.5 Moringa leaf powder; PM6 = 85 Plantain : 15 Moringa leaf powder.
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Table 5. The functional properties of Moringa - plantain flours

Sample ***BD(gcm-3) WAC(%) OAC (%) SP(g/100g) SOL(g/100g) LGC (%)
P .55±.03e 78.27±.10a 54.50±.09a 9.92±.09g 6.56±.14e 2.00± .00a

PM1 .50±.01d 81.89±.13b 56.35±.11b 9.59±.04f 6.26±.11e 4.00± .00 b

PM2 .48±.01cd 83.16±.06c 58.03±.14c 9.41±.04e 5.80±.07d 6.00 ±.00 c

PM3 .47±.01bcd 85.24±.08d 59.20±.21 9.10±.07d 5.17±.21c 8.00 ±.00 d

PM4 .44±.01bc 88.47±.14e 61.47±.10e 8.89±0.05c 4.92±.07c 10.00±.00 e

PM5 .43±.04ab 90.53±.14f 63.27±.21f 8.68±.11b 4.55±.14b 12.00 ±.00 f

PM6 .39±.01a 92.29±.23g 64.51±.28g 7.95±.06a 4.18±.07a 14.00 ±.00 g

*Values are Mean± SD of triplicate determinations, and Mean values in the same column with different superscripts are
significantly different at p < 00.05.

**Sample key: P = 100 Plantain: 0 Moringa leaf powder; PM1 = 97.5 Plantain: 2.5 Moringa leaf powder; PM2 = 95 Plantain : 5
Moringa leaf powder; PM3 = [92.5 Plantain : 7.5 Moringa leaf powder; PM4 = 90 Plantain : 10 Moringa leaf powder; PM5 = 87.5

Plantain : 12.5 Moringa leaf powder; PM6 = 85 Plantain : 15 Moringa leaf powder.
*** BD = Bulk density; WAC = Water absorption capacity; OAC = Oil absorption capacity; SP = Swelling power SOL = Solubility

LOC =  Least gelation concentration

food materials depend on its protein content
[13,47,48]. The oil absorption capacity (OAC)
followed a similar trend and the reasons are
similar as in water absorption capacity. The OAC
of flours is influenced by the quantity of protein in
the flour which structure consists of both
hydrophilic and hydrophobic group [49].
Therefore, sample PM6 with high OAC (64.51 %)
will be good for the production of bakery products
as it will retain flavour and increase the
mouthfeel of the product [50].

Table 6 shows the swelling power and solubility
index of the flour blends, and the swelling power
obtained in this study for sole plantain flour 9.92
g/100 g is higher than the values reported by
Abioye et al. [46], and IIelaboye and Ogunsina
[17] for 100 % plantain flour. The difference may
be attributed to the variety of plantain used for
the flour. However, the swelling power of plantain
flour decreased progressively as the proportion
of Moringa leaf powder increased in the mixture.
This observation is explained by the addition of
Moringa leaf powder which increase the protein
content of plantain flour, resulting in the reduction
in swelling ability of the starch granules in the
flour, since their accessibility to water is reduced
[51].  The solubility index of the composite flour
presented in Table 5 ranged from 4.18 % to 6.56
%. The solubility index of the flour blends
increased slightly as the amount of Moringa leaf
powder increased. Therefore, since solubility is
an index of protein functionality, the higher the
solubility index, the higher the functionalities of
the protein in food [52], and the better the
reconstitution of the flour.

The result of least gelation concentration (LGC)
of the flour blends shown in Table 5, significantly
(P < 0.05) increased from 2.00 % (sample P) to
14.00 % (sample PM6) as Moringa leaf powder

inclusion in the flour blends increased. The value
reported for sample P is lower than that of
Fagbemi [53]. Since variations in the gelling
properties of different flours are linked to the
ratios of various constituents (carbohydrate,
lipids and protein) in the flour, it is suggested that
interactions between such components may also
have a significant role in their functional
properties [54,55]. The high LGC of the fortified
flours implies that Moringa leaf powder inclusion
in the blends resulted in poor gelation, hence the
flours could not form thick gels (low dietary bulk)
at lower concentration. This observation suggest
that they may serve as good binders in breakfast
foods, and may be incorporated into food
systems to provide semisolid consistency in
beverages [16].

3.5 Pasting Properties of Moringa Leaf
Powder- Plantain Flours

The pasting properties of Moringa - plantain
flours, as presented in Table 6 are different and
are similar to the values reported for plantain-soy
flour composites [45]. The peak viscosity, which
is the maximum viscosity developed during or
soon after the heating portion, significantly (P <
0.05) varied between 3525.73 RVU for P and
2402.04 RVU for PM6. This decrease in peak
viscosity as the proportion of Moringa leaf
powder increased in the composite flour, suggest
that the interaction of components such as fats
and proteins from Moringa, with starch in the
plantain, lower the peak viscosity of the flours [5].
The relatively low peak viscosity of the enriched
flour signifies their adaptability for products
requiring low gel strength and elasticity (45). This
observation supports the findings of previous
work where plantain flour was fortified with
soybeans [46].
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Table 6. The pasting properties of Moringa - plantain flours

Sample* Peak
viscosity
(RVU)

Trough Breakdown
viscosity
(RVU)

Final Viscosity
(RVU)

Setback
viscosity
(U)

Pasting
Temp oC

Peak
Time

P 3525.73 3271.56 254.17 4407.16 1135.61 82.65 5.43
PM1 3437.12 3223.75 213.36 4296.39 1072.64 87.32 5.86
PM2 3192.55 3000.39 192.16 3990.68 990.30 87.68 5.93
PM3 2966.11 2791.62 174.49 3707.63 916.01 87.73 60.05
PM4 2799.61 2649.38 150.22 3499.51 850.12 87.88 6.12
PM5 2605.36 2476.66 128.69 3256.69 780.03 87.94 6.19
PM6 2402.04 2287.19 114.85 3002.55 715.36 87.96 6.23
**Sample key: P = 100 Plantain: 0 Moringa leaf powder; PM1 = 97.5 Plantain: 2.5 Moringa leaf powder; PM2 = 95 Plantain : 5

Moringa leaf powder; PM3 = [92.5 Plantain : 7.5 Moringa leaf powder; PM4 = 90 Plantain : 10 Moringa leaf powder; PM5 = 87.5
Plantain : 12.5 Moringa leaf powder; PM6 = 85 Plantain : 15 Moringa leaf powder

The breakdown viscosity of P was 254.17 RVU,
and the Moringa leaf powder - plantain flours had
lower values in the range of 114.85 to 213.36
RVU. Adebowale et al. [25 reported that samples
with high breakdown viscosities have less
resistance for heating and shear stress during
cooking. Hence, sample PM6 might be able to
withstand more heating and shear stress
compared to other samples because of its low
breakdown value.

The final viscosity ranged from 3002.55 to
4407.16 RVU, and the control sample P had the
highest final viscosity, while sample PM6 had the
lowest. Since final viscosity is used to indicate
the ability of starch to form stable gel after
cooling, it implies less stability of starch paste is
an indicator of high value of breakdown. Thus,
sample P will be less stable after cooling
compared to Moringa fortified plantain flour.

Studies have shown that setback viscosity is an
indicator of the tendency for the occurrence of
syneresis of starch upon cooling [25]. In the
current study however, significant decreases
(P<0.05) with increasing addition of Moringa leaf
powder was observed. It is believed that the
protein components of the Moringa leaf powder
interacted strongly with the starch component of
the plantain flour during pasting, resulting in the
slight decrease in the setback value. High
setback value has been associated with a higher
tendency for retrogradation, especially during
storage. Thus, Moringa fortified “Amala”, will be
more stable than the “Amala” of unfortified
sample, especially when the product is not
consumed immediately after preparation. The
apparent gelatinization (pasting) temperature of
P flour was 82.65ºC while those of Moringa -
plantain flours varied from 87.32 to 87.96ºC.
This increase in temperature may be due to the

buffering effect of fat from Moringa leaf powder
on starch which interferes with the gelatinization
process [56].

3.6 Sensory Properties

An increase in the level of substitution of Moringa
leaf powder for plantain flour affected the rating
of all the sensory characteristics studied (Table
7). Generally, the control sample (“Amala”) from
100% plantain flour), had the best rating for all
the parameters. There were no significant
differences (P < 0.05.) between the “Amala” from
sample P, PM1 and PM2 blend regarding colour
and mouldability. The consistency of the control
“Amala” sample P (Table 7) varied significantly
(P < 0.05.) from the consistency of other “Amala”
samples except for sample PM1. “Amala” from
flour blends PM3, PM4, PM5 and PM6 were less
preferred to “Amala” from sample P as regard
colour, aroma, taste mouldability, consistency
and overall acceptability. The PM6 blend colour
was the darkest due to the dark green colour of
Moringa leaf powder which is a reflection of the
chlorophyll content of the leaf. The observed
increase in colouration of the “Amala” products
with an increase in the level of supplementation
of Moringa leaf powder conforms with previous
reports on fortification of yam flour and plantain
flour using Moringa oliferea leaves powder
[14,38]. The result of the overall acceptability for
the fortified “Amala” revealed that samples PM1
and PM2 were equally rated and slightly different
from the control which had the best rating. In all,
2.5% to 5% Moringa leaf powder
supplementation for plantain flour was sufficient
to improve the proximate and mineral
composition of plantain flour “Amala” without
having a significant effect on the sensory
properties.
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Table 7. The mean scores for sensory evaluation

Sample Colour Aroma Taste Mouldability Consistency Overall Accep.
P 2.80±1.57a 2.90±1.20a 2.88±1.64a 3.10±1.29a 3.40±1.78a 2.97±1.29a

PM1 30.05±1.14a 3.20±1.93ab 3.12±1.32ab 3.20±1.40a 3.50±1.84a 3.10±1.84ab

PM2 3.18±2.00a 3.40±1.35ab 3.22±1.43ab 3.33±2.35a 3.65±2.13ab 3.23±2.64ab

PM3 3.90±1.66b 4.30±1.57b 3.80±1.43b 4.10±1.97b 4.00±20.05b 3.67±1.97b

PM4 4.10±2.51b 4.90±1.97b 4.42±20.05c 4.30±1.70b 4.20±2.35b 4.19±1.78c

PM5 4.40±2.07b 5.00±1.89bc 4.80±2.04c 4.90±1.79c 4.68±1.79bc 4.70±2.21c

PM6 5.33±2.23c 6.00±1.83c 4.90±1.91c 5.80±2.10d 5.30±2.21c 5.30±2.10d

*Values are Mean± SD of triplicate determinations, and Mean values in the same column with different superscripts are
significantly different at p < 00.05.

**Sample key: P = 100 Plantain: 0 Moringa leaf powder; PM1 = 97.5 Plantain: 2.5 Moringa leaf powder; PM2 = 95 Plantain : 5
Moringa leaf powder; PM3 = [92.5 Plantain : 7.5 Moringa leaf powder; PM4 = 90 Plantain : 10 Moringa leaf powder; PM5 = 87.5

Plantain : 12.5 Moringa leaf powder; PM6 = 85 Plantain : 15 Moringa leaf powder

4. CONCLUSION

This investigation has showed that the
substitution of plantain flour with Moringa leaf
powder progressively increased the nutrient
content of the samples as the level of
supplementation increased. The blends should
have a long shelf-life due to their low moisture
and fat content. Moringa fortified plantain flour
could have the potential to combat protein-
energy malnutrition and micronutrient
deficiencies. The levels of the antinutrient in the
fortified samples were relatively low and below
the threshold limit of oxalate, phytate, saponin
and tannin, hence consumption of the flours
would pose no threat to the health of the
consumers. The functional properties of the
fortified samples such as the bulk density and
water absorption capacity improved and could be
advantageous for industrial uses. Though
plantain flour supplemented with 15% of Moringa
leaf powder (PM6) had the best nutritional
quality, the result of sensory evaluation revealed
that 2.5% to 5% supplementation were
organoleptically acceptable and were sufficient to
theoretically improve the nutrient composition of
plantain flour “Amala” without having a significant
effect on the sensory properties.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Adeniyi TA, Sanni LO, Barimalaa LS, Hart
AD, Determination of micronutrients and
color variability among new plantain and
banana hybrid flour. World J. Chem.
2006;1(1):23-27.

2. Faturoti B, Madukwe M, Tenkouano A,
Agwu A, A review of policy acts and
initiatives in plantain and banana
innovation system in Nigeria. Afr. J.
Biotechnol. 2007;6(20):2297-2302.

3. FAOSTAT, FAO Production Yearbook for
2013. Data. Food and Agriculture
Organization of the United Nations, 2013.
Rome.

4. FAOSTAT, FAO Production Yearbook for
2006. Data. Food and Agriculture
Organisation of the United Nations, 2006
Rome.

5. Olorunda AO, Adelusola MA, Screening of
plantain/banana cultivars for import,
storage and processing characteristics.
International Symposium on Genetic
Improvement of bananas for resistance to
disease and pests. 7– 9th Sept., 1997.
CIRAD, Montpellier, France.

6. Ayodele OH, Erema VG Glycemic index of
processed unripe plantain meals. Afr. J.
Food Sci. 2011;4:514-521.

7. Rehinan Z, Rashid M, Shah WH. Insoluble
dietary fibre components of legumes as
affected by soaking and cooking
processes. Food Chem. 2004;85:245-249.

8. Jideani IA, Jideani VA. Development of the
cereal grains Digitariaexilis (Acha) and
Digitariaiburua (Iburu). J. Food Sci.
Technol. 2011;48:251-259.

9. Mendosa D, Revised International Table of
Glycernic Index (GI) and Glycernic Load
(GL) Values- 2008;127.
Available:http://www.mendosa.com/gilists.
htm

10. Ukhum ME, Ukpebor IE, Production of
instant plantain flour, sensory evaluation
and physico-chemical changes during
storage. Food Chem. 1991;42(3):287-299.



Ilelaboye; AFSJ, 6(4): 1-12, 2019; Article no.AFSJ.45796

10

11. Ngalani JA, Crouzet J Utilization de la farin
de plantain dans la fabrication des pain,
biscuits ets farines instantanees. Cahier
Agricultures. 1995;4:61-64.

12. Jimoh K, Olatidoye O. Evaluation of
physicochemical and rheological
characteristics of soybean fortified yam
flour. J. of Applied Biosci. 2009;13:703-
706.

13. Kiin- Kabari DB, Eke- Ejiofor J, Giami SY.
Functional and pasting properties of
wheat/plantain flour enriched with
Bambara groundnut protein concentrate.
International Journal of Food Science and
Nutrition Engineering. 2015;5(2):75-81.

14. Karim O, Kayode R, Oyeyinka S, Oyeyinka
A. Physicochemical properties of stiff
dough “““Amala””” prepared from plantain
(Musa paradisca) flour and moringa
(Moringa oleifera) leaf powder Hrana u
zdravlju i bolesti, znanstveno-stručni
časopis za nutricionizam i dijetetiku.
2015;4(1):48-58.

15. Rajangam J, Azahakia RS, Manavalan A,
Thangaraj T, Vijayakumar A, Muthukrishan
N. Status of production and utilization of
Moringa in Southern India. In:
Development potential for Moringa
products. Workshop proceedings. October
29- November 2, 2001, Dar es Salaam,
Tanzania.

16. Osundahunsi OF. Functional properties of
extruded soybean with plantain flour
blends Journal of Food, Agriculture &
Environment. 2006;4(1):57-60.

17. 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):1-10.

18. AOAC. Official methods of analysis.
Association of Official Analytical Chemists
- Official methods of Analysis, 2005 18th
edition, Arlington Virgini.

19. Bonire JJ, Jalil NSN, Lori JA. Sodium and
potassium content of two cultivars of white
yam (Dioscorea rotundata) and their
source soils. J. Sci. Food Agric.
1990;53:271-274.

20. Esien BE, Bene WA, Joyee OA.
Nutritional evaluation of some traditional
weaning foods from Akwa Ibom State,
Nigeria. Nigerian Jorunal of Biochem. And
Mol. Bio. 25(1):65-72.

21. Onwuka GI. Food and instrumentation
analysis: Theory and practice. Naphthali
Publishers Ltd, Lagos, Nigeria. 2005;54-6.

22. Akpapunam MA, Markakis P.
Physicochemical and nutritional aspects of
cowpea flour. Journal of Food Science.
1981;46:972-973.

23. Takashi S, Seib PA. Paste and gel
properties of prime corn and wheat
starches with and without native lipids.
Journal of Cereal Chemistry. 1988;65:474-
480.

24. Okezie BO, Bello AB. Physicochemical
and functional properties of winged bean
flour and isolate compared with soy isolate.
Journal of Food Science. 1988;53(2):450-
454.

25. Adebowale, YA, Adeyemi, IA and Oshodi,
AA. Functional and physicochemical
properties of flour of six Mucuna species.
African Journal of Biotechnology.
2005;4(12):1461-1468.

26. Iwe MO Handbook of sensory methods
and analysis. PROJOINT Communications
Services Ltd, Enugu. 2002;70-72.

27. SPSS 16. Statistical package for the social
science. Command syntax Reference. Inc.
Chicago III. Karuna; 2008.

28. Codex Stan 152 Standard for Wheat Flour
Codex Stan 152.1985 Adopted In 1985.
Revision 1995. Amendment; 2016.

29. Jongrungruangchok S, Bunrathep S and
Songsak T. Nutrients and minerals content
of eleven different samples of Moringa
oleifera cultivated in Thailand. J Health
Res. 2010;24(3):123-127.

30. Akubor P, Ukwuru M. Plant Foods Hum
Nutr. 2003;58:1.
DOI:https://doi.org/10.1023/B:QUAL
.0000040344.93438.df

31. Zakpaa H, Mak-Mensah E, Adubofour J.
Production and characterization of flour
produced from ripe “apem” plantain (Musa
sapientum L. var. paradisiaca; French
horn) grown in Ghana. J. Agric. Biotech.
Sustainable Develop. 2010;2(6):92-99.

32. Eleazu CO, Okafor PN, Amajor J, Awa E,
Ikpeama, AI and Eleazu KC. Chemical
Composition, antioxidant activity, functional
properties and inhibitory action of unripe
plantain (M. paradisiacae) flour African
Journal of Biotechnology. 2011;10(74):
16948-16952.

33. Uchegbu NN, Ishiwu CN. Nutritional
composition of crackers produced from



Ilelaboye; AFSJ, 6(4): 1-12, 2019; Article no.AFSJ.45796

11

blend of sprouted pigeon pea (Cajanus
cajan), Unripe Plantain (Musa parasidiaca)
and Brewers Spent Grain Flour and Blood
Glucose Level of Diabetic Rats Fed the
Biscuit International Journal of Biological,
iomolecular. Agricultural, Food and
Biotechnological Engineering. 2016;10(1).

34. Oduro I, Ellis WO, Owusu D. Nutritional
potential of two leafy vegetables: Moringa
oleifera leaves and Ipomoea batatas
leaves. Scientific Research and Essay.
2008;3(2):057-060.

35. Ogbe AO, Affiku JP. Proximate study,
mineral and anti-nutrient composition of
Moringa oleifera leaves harvested from
Lafia, Nigeria: Potential benefits in poultry
nutrition and health Journal of
Microbiology, Biotechnology and Food
Sciences. 2011;1(3):296-308.

36. Lindsay RC. Flavours. In: Fennema, RO,
Karel M, Sanderson GW, Tannenbaum,
SR,  Alstra P, Witaker JR, (eds). Food
Chemistry, Marcel Dekker Inc. New York;
1996.

37. Saldanha LG. Fibre in the diet of U. S.
children: results of national surveys.
Pediat. 1995;96:994-996.

38. Karim OR, Kayode RMO, Adeoye OS,
Oyeyinka AT. Proximate, mineral and
sensory qualities of ‘““Amala”” ’Prepared
from Yam flour fortified with Moringa leaf
powder. Food Sci. and Quality
Management. 2013;12:10-22.

39. Brink EJ, Breedveld BC, Peters JAC.
Recommendations for vitamins, minerals
and trace elements Fact sheet, 2014
Netherlands Nutrition Centre.
Available:www.voedingscentrum.nl

40. FAO/WHO  Human vitamin and mineral
requirements Report of a joint FAO/WHO
expert consultation 2001 Bangkok,
Thailand

41. Adepoju OT. Sunday BE, Folaranmi OA.
Nutrient composition and contribution of
plantain (Musa paradisiacea) products to
dietary diversity of Nigerian consumers.
African Journal of Biotechnology.
2012;11(71):13601-13605.

42. Wordu GO, Akusu MO. Chemical mineral
and antinutrient composition of plantain
(Musa paradisiacal) during ripening
process International Journal of Food
Science and Nutrition. 2018;3(1):150-153.

43. Nouman W, Basra SMA, Siddiqut, MT,
Yasmeen A, Gull T, Alcayde MAC.

Potential of Moringa oleifera L. as livestock
fodder crop: A review. Turkish Journal of
Agriculture and Forestry. 2013;37:1211-
1266

44. Chai W, Liebman M. Assessment of
oxalate absorption from almonds and black
beans with and without the use of extrinsic
label. J. Urol. 2004;172:953-957.

45. Shimoyamad M, Ikedo S, Ootsubu R,
Watanabe K. Effects of Soya beans
saponins on chmotryptic hydrolyses of
soybeans proteins. In Journal of
Agricultural and Food Chemistry. 1998;46:
4793-4797.

46. Abioye VF, Ade-Omowaye BIO, Babarinde
GO, Adesigbin MK. Chemcial,
physicochemical and sensory properties of
soyplantain flour. African Journal of Food
Science. 2011;5(4):176-180.

47. Perez E. Characterization of starch
insolate from plantain (Musa paradisiaca
normalis). Starch /Starke. 1997;9:45-49.

48. Adebowale AA, Sanni LO, Onitilo MO.
Chemical composition and pasting
properties of tapioca grits from different
cassava varieties and roasting methods.
African Journal of Food Science.
2008;2:77-82.

49. Butt MS, Batool R. Nutritional and
functional properties of some promising
legumes protein isolates. Pakistan Journal
of Nutrition. 2010;9(4):373-379.

50. Jitngarmkusol S, Hongsuwankul J,
Tananuwong K. Chemical composition,
functional properties, and microstructure of
defatted macademice flours. Food Chem.
2008;110:23-30.

51. Adegunwa MO, Adelekan EO, Adebowale
AA, Bakare HA, Alamu EO. Evaluation of
nutritional and functional properties of
plantain (Musa paradisiaca L.) and tigernut
(Cyperus esculentus L.) flour blends for
food formulations. Cogent Chemistry.
2017;3(1).1-15

52. Aprianita A, Purwandari U, Watson B,
Vasiljevic T. Physico-chemical properties
of flours and starches from selected
commercial tubers available in Australia.
International Food Research Journal.
2009;16:507-520.

53. Omueti O, Bolanle O, Olayinka J and
Olukayode A. Functional properties of
complementary diets developed from
soybean (Glycine max), groundnut
(Arachis hypogea) and crayfish (Macro



Ilelaboye; AFSJ, 6(4): 1-12, 2019; Article no.AFSJ.45796

12

brachium spp.). Elect. J. Environ. Agric.
Food Chem. 2009;8(8):563-573.

54. Fagbemi TN. Effect of blanching and
ripening on functional properties of plantain
(Musa paradisiaca) flour. Plant Foods for
Human Nutrition. 1999;54:261-269.

55. Sathe SK, Desphande SS, Salunkhe DK.
Functional properties of lupin seed
(Lupinus mutabilis) protein and protein
concentrate. Journal Food Science.
1982;47(2):491–497.

56. Dadzie BK, Orchard JE. Routine post
harvest screening of banana/plantain
hybrids: Criteria and methods. INIBAP
Technical Guidelines 2. International Plant
Genetic Resources Institute, Rome, Italy;
International Network for the Improvement
of Banana and Plantain, Montpellier,
France; ACP-EU Technical Centre for
Agricultural and Rural Cooperation,
Wageningen, The Netherlands; 1997.

© 2019 Ilelaboye; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://prh.sdiarticle3.com/review-history/28167


