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Abstract 

Consumption of low glycaemic foods could contribute to the reduction of incidence 

and prevalence of heart disease, cardiovascular disease, diabetes and obesity. Hence, 

there is need to develop food formulation with properties to manage these diseases and 

without side effects. Studies have shown that unripe plantain, moringa seed and pigeon 

pea possessed these potentials. This study aimed to develop a flour blend from them 

with such potentials. They were processed into flour and then mixed in ratios to form 

six (6) functional blends. The blends were analysed to determine their proximate, 

mineral and functional properties. The results showed that the moisture, protein, fat, 

crude fibre, ash and carbohydrate contents of the blends ranged from 6.15 to 7.72%, 

4.29 to 15.40%, 3.49 to 7.58%, 1.43 to 2.24%, 2.23 to 2.47% and 68.01 to 76.85% 

respectively. There was a significant improvement in their protein, minerals and 

functional properties and also a significant increase in the bulk density, swelling 

capacity and least gelation concentration with supplementation. These blends could be 

of good use in the development of food products requiring high gelling properties. Their 

Sodium/Potassium ratio of less than one shows that these blends will serve well in 

ameliorating problems associated with high blood pressure and hypertension. However, 

the low values of Ca/P ratio of less than one shows that any products to be developed 

from the blends has to be supplemented with calcium rich sources.  
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1.0 INTRODUCTION 

Glycaemic properties of food are being a 

major interest of research, and their 

possible contribution to nutrition and 

health (Howlett and Ashwell, 2008). The 

glycaemic index measures the speed at 

which a food breaks down in the 

digestive system to form glucose. Also, it 

is the ranking of foods based on the 

postprandial blood glucose response 

compared with reference food (Foster-

Powell and Brand-Miller, 1995). Low 

glycaemic foods are digested and 

metabolized slower than high glycaemic 

foods. According to World Health 

Organisation, low glycaemic food is 

recommended to help in preventing 

diabetes and gain better control over 

blood sugar balance. Consumption of low 

glycaemic foods could contribute to 

reduce incidence and prevalence of heart 

disease, cardiovascular disease, diabetes 

and obesity (Rizkalla et al., 2002; Jenkins, 

2007). 

Plantain (Musa AAB) is a rhizomatous 

perennial crop eaten as a staple food by 

many people in Nigeria (Adeniji et al., 

2006). Matured green plantain pulp is 

rich in iron, potassium, vitamin A and C 

but low in protein (Adegboyega, 2006). It 

was reported that unripe plantain 

contains high content of resistant starch 

and dietary fibre with slowly digestible 

total starch of low glycaemic index 

(Oboh and Erema, 2010; Okafor and 

Ugwu, 2013). 

Unripe plantain can be fried, roasted, 

baked, steamed, and made into flour or 

chips (Nwokocha and Williams, 2009). 

Unripe plantain can be processed into 

flour and eaten as dough meal. Unripe 

plantain dough meal is usually consumed 

by diabetic patients in Nigeria to reduce 

postprandial glucose level (Ojewole and 

Adewunmi, 2003; Oboh and Erema, 

2010; Agama-Acevedo et al., 2012). 

The use of drug for the treatment of 

diabetes has been reported to have 

several side effect and diet therapy is 

gaining much attention in the 

management of diabetes (Adefegha et al., 

2014). Hence, there is need for diabetic 

food formulation that could reduce blood 

glucose (hyperglycaemia) level with 

antioxidant property, and without 6side 

effects. Studies have shown that unripe 

plantain, moringa seed and pigeon pea 

possessed these potentials (Oboh et al., 

2018; Gbenga- Fabusiwa et al., 2018). 

Therefore, this study seeks to develop 

functional blend from unripe plantain, 

moringa seed and pigeon pea that will be 

useful in the management of diabetes and 

be useful for other food purposes. 

 

2.0 MATERIALS AND 

METHODS 

Fresh unripe plantain and moringa seed 

were obtained from farm around Federal 

University of Technology, Akure while 

pigeon pea was purchased from Oba 

Market, Akure. Authentication of the 

samples was carried out in the 

Department of Crop, Soil and Pest 

Management (CSP), Federal University 

of Technology, Akure., Nigeria. All other 

reagents used were of analytical grade. 

Fresh matured, unripe plantain pulp was 

processed into flour by using the method 

of Oluwalana et al (2011). The unripe 

plantain pulp was washed, peeled and 

sliced to about 2 mm diameter using 

knife. The sliced plantain pulp was 

blanched in a boiled water for 15 min and 

oven dried at 70oC for 24 h. It was then 

milled into flour using attrition mill and 

then sieve through 60 µm sieve. It was 

packaged into polyethylene bag and 

stored in a plastic under room 

temperature and stored for further use. 

Pigeon peas were processed into flour by 

the method described by Fasoyiro et al. 

(2010). The pigeon pea was cleaned, 

sorted and boiled for 20 min. Then, 

cooled, dehulled manually, washed and 

oven dried at 60oC for 48 h. It was cooled, 

milled in the locally fabricated attrition 

mill and sieved with 60 µm sieve. It was 

then packaged into polyethylene bag and 

inside plastic stored under room 
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temperature for further use. Moringa seed 

was processed to flour by using the 

method of Bichi et al (2012). The 

moringa seed was cleaned, sorted and 

dehulled manually. It was then oven 

dried at 60oC for 24 h, cooled and milled 

by using Kenwood blender. It was sieved 

through 60 µm and packaged in 

polyethylene bag and plastic stored under 

room temperature for further use. The 

three samples were mixed together to 

form a functional blend as shown in 

Table 1. 

 
Table 1 Formulation of flour blends from unripe 
plantain, pigeon pea and moringa seed flour (%) 

Sample

s 

Unripe 

plantai

n 

Moring

a seed 

Pigeo

n pea  

A 100 - - 

B 98 2 - 

C 96 4 - 

D 50 - 50 

E 49 2 49 

F 48 4 48 
(Oboh et al., 2018) with little modification 
Keys: 

A- 100 % plantain flour 
B- 98 % plantain flour + 2 % moringa seed 

flour 
C- 96 % plantain flour + 4 % moringa seed 

flour 
D- 50 % plantain flour + 50 % pigeon pea 

flour  
E- 49 % plantain flour + 49 % pigeon pea 

flour + 2 % moringa seed flour 
F- 48 % plantain flour + 48 % pigeon pea 

flour + 4 % moringa seed flour 

 

2.1 Methods 

2.2.1 Preparation of unripe plantain 

flour 

Fresh matured, unripe plantain pulp was 

processed into flour by using the method 

of Oluwalana et al (2011). The unripe 

plantain pulp was washed, peeled and 

sliced to about 2 mm diameter using 

knife. The sliced plantain pulp was 

blanched in a boiled water for 15 min and 

oven dried at 70oC for 24 h. It was then 

milled into flour using attrition mill and 

then sieve through 60 µm sieve. It was 

 

 

packaged into polyethylene bag and 

stored in a plastic under room 

temperature and stored for further use. 

The flow chart is shown in Fig 1.
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2.2.2. Preparation of pigeon pea flour 

Pigeon peas were processed into flour by 

the method described by Fasoyiro et al. 

(2010). The pigeon pea was cleaned, 

sorted and boiled for 20 min. Then, 

cooled, dehulled manually, washed and 

oven dried at 60oC for 48 h. It was cooled, 

milled in the locally fabricated attrition 

mill and sieved with 60 µm sieve. It was 

then packaged into polyethylene bag and 

Figure  1 Production of  unripe plantain flour
Source:  Oluwalana  et al (2011) with little 
modification

inside plastic stored under room 

temperature for further use.  

 

2.2.3 Preparation of moringa seed 

flour 

Moringa seed was processed to flour by 

using the method of Bichi et al (2012). 

The moringa seed was cleaned, sorted 

and dehulled manually. It was then oven 

dried at 60oC for 24 h, cooled and milled 

by using Kenwood blender. It was sieved 
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through 60 µm and packaged in 

polyethylene bag and plastic stored under 

room temperature for further use.  

 
 

 

 

   

    

    

    

    

    

    

 

 

  

 
 

 
 

 
 

 

 

 

 

 

 

 

 

3.0 ANALYSES

 

 

3.1  Determination of proximate 

composition of flour blends of unripe 

plantain, pigeon pea and moringa seed 

The proximate composition of composite 

flour was determined using AOAC (2012) 

methods. Carbohydrate was calculated 

by difference by subtracting the sum of 

percentages of moisture, ash, fat, crude 

fibre and protein from 100%

 

3.2 Determination of mineral 

composition of the flour blends of 

unripe plantain, pigeon pea and 

moringa seed

 

 

 

 

 

 

 

 

The mineral elements were determined 

by the method described by AOAC 

(2012).  Calcium, potassium, copper, 

zinc, iron, lead and cadmium were 

determined by using Atomic Absorption 

Spectroscopy (AAS Model SP9). The 

phosphorus was determined by using 

Vanodo-molybdate method. 

 

 

3.3 Determination of functional 

properties of flour blends  of unripe 

plantain, pigeon pea and moringa seed 

The bulk density was determined 

according to the method described by 

Asoegwu  et al (2006). Water absorption 

capacity was determined by using the 

method described by Adebowale  et al 

(2005). The oil absorption capacity 

(OAC) was determined by the method 

described by Adebowale  et al (2005). 

The swelling capacity was determined by 

the method described by Shad  et al 

(2011). The least gelation concentration 

was determined by the method described 

by Adebowale  et al (2005). The 

dispersibility was determined by the 

method described by Sodipo and 

Fashakin (2011). 

 

 

 

 

 

 

4.0 RESULSTS AND 
DISCUSSION 
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4.1 Proximate composition of flour 

blends of unripe plantain, pigeon pea 

and moringa seed 

The proximate composition of flour 

blends produced from unripe plantain 

pulp, pigeon pea and moringa seed are 

presented in Table  2 . The moisture 

content ranged from 6.19 to 7.72 %. It 

was observed that all the samples 

generally had low  moisture content. This 

could be good for keeping quality of a 

flour (Ezeama, 2007). This value agreed 

with Iwanegbe  et al (2019) in unripe 

plantain, soybean and ginger flour blends.  

Also, the low moisture content could 

prevent growth of microorganism and 

delay biochemical reactions. Although, 

sample D (50 % unripe plantain + 50 % 
pigeon pea) had the highest value while 

sample A (100 % unripe plantain) had the 

lowest value of moisture content. The 

values obtained agreed with the safe 

permissible level for the flour of 10 % 

(FAO, 2004).  The low moisture content 

obtained could be because of drying 

method and equipment used. The low 

moisture content obtained agreed with the 

report of Famakin  et al (2016) and 

Oluwajuyitan and Ijarotimi (2019) in 

plantain-based functional dough meal and 

plantain- based dough meal enriched with 

tigernut and defatted soybean 

respectively.

The protein content ranged from 4.57 to 

16.47 %. There were significant 

differences in all the samples at P < 0.05. 

It was observed that the sample D to F had 

higher protein content and may be due to 

addition of pigeon pea flour. The value 

obtained for 100 % plantain (PLA) agreed 

with the report of Abioye e t al (2011) and 

Badejo  et al (2017) in plantain flour. 

Protein is essential for growth and 

development of the body, needed for 

repair of worn-out tissues. 



  

 

 

   

 
Mean (±SD) with different superscript in the same row are significantly different at P ˂ 0.05 

Table  3: Mineral composition of flour blends (mg/100g) from unripe plantain, pigeon pea 

Table 2: P roximate composition (%) of flour blends from unripe plantain, pigeon pea and moringa seed (dry 
weight basis)

and moringa seed

Key: 
A- 100 % plantain flour 
B- 98 % plantain flour + 2 % moringa seed flour 
C- 96 % plantain flour + 4 % moringa seed flour 
D- 50 % plantain flour + 50 % pigeon pea flour  
E- 49 % plantain flour + 49 % pigeon pea flour + 2 % moringa seed flour 
F- 48 % plantain flour + 48 % pigeon pea flour + 4 % moringa seed flour 
ND- not detected

Samp

les 

Moisture  Protein  Crude fat  Crude 

fibre  

Total ash Carbohydrat

e  

Energy 

(kcal/g) 

A 6.19±0.08
c 

4.57±0.15f 6.22±0.05b 1.53±0.05
e 

2.56±0.20
a 

85.12±0.24a 414.71±

1.21b 

B 7.66±0.02
a 

9.93±0.07e 6.26. 

±2.32b 

1.81±0.02
d 

2.42±0.15
a 

79.58±0.31b 414.36±

0.42b 

C 7.59±0.15
a 

11.60±0.09
d 

8.20±1.02a 1.92±0.03
c 

2.67±0.15
a 

75.61±0.90c 422.66±

5.84a 

D 7.72±0.15
a 

15.43±0.11
c 

5.93±1.14b 2.26±0.04
b 

2.68±0.15
a 

73.70±1.38d 409.89±

5.21b 

E 6.52±0.15
b 

16.22±0.04
b 

5.39±1.47b 2.32±0.02
b 

2.42±0.25
a 

73.65±1.63d 407.99±

7.02b 

F 6.51±0.15
b 

16.47±0.06
a 

5.51±0.54b 2.40±0.04
a 

2.50±0.05
a 

73.12±0.64d 407.97±

2.55b 

Mean (±SD) with different superscript in the same column are significantly different at P ˂ .05 
Key: 
A- 100 % plantain flour 
B- 98 % plantain flour + 2 % moringa seed flour 
C- 96 % plantain flour + 4 % moringa seed flour 
D- 50 % plantain flour + 50 % pigeon pea flour  
E- 49 % plantain flour + 49 % pigeon pea flour + 2 % moringa seed flour 
F- 48 % plantain flour + 48 % pigeon pea flour + 4 % moringa seed flour 
 

Sample  A B C D E F Standard  

Sodium  1.93±0.02c 1.99±0.02b 2.98±0.03a 1.52±0.02d 1.42±0.02e 1.94±0.02c  

Potassium 6.23±0.03e 5.38±0.03f 6.43±0.03d 7.22±0.02c 7.59±0.03a 7.33±0.02b  

Phosphorus  15.35±0.04f 17.43±0.03e 18.94±0.03d 19.15±0.03c 19.22±0.04b 21.72±0.03a  

Calcium  2.86±0.02d 2.35±0.03f 2.47±0.03e 5.83±0.03c 6.04±0.03b 6.37±0.03a  

Iron  0.93±0.02a 0.53±0.03d 0.56±0.03d 0.84±0.03b 0.65±0.03c 0.66±0.03c  

Zinc  0.46±0.02a 0.24±0.03d 0.28±0.03cd 0.31±0.03bc 0.34±0.04b 0.50±0.03a  

Manganese  0.05±0.03ab 0.02±0.01b 0.04±0.01ab 0.06±0.02a 0.06±0.02a 0.07±0.01a  

Copper  0.18±0.02a 0.14±0.02ab 0.09±0.02c 0.12±0.02bc 0.15±0.02ab 0.17±0.02a  

Cadmium  ND ND ND ND ND ND  

Lead  ND ND ND ND ND ND  

Na/K 0.31 0.37 0.46 0.21 0.19 0.26 <1 

Ca/P 0.19 0.14 0.13 0.44 0.31 0.29 >1 
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Potassium is required for proper heart 

functioning and play a role in skeletal and 

muscle contraction for normal digestion 

and muscular function. High potassium in 

food may help to reduce blood pressure, 

protect against stroke and prevent 

osteoporosis. The sodium/ potassium 

molar ratio ranged from 0.31 to 0.79 

mg/100g. It was observed that these 

values were generally low and meet up 

with the recommended value of less than 

1. WHO/FAO (2004) encouraged diets 

with low level of sodium and high 

potassium, which  may be suitable for 

people with high blood pressure. Calcium 

is needed for maintenance of teeth and 

bones; it prevents rickets in children and 

osteoporosis in adults. The 

calcium/phosphorus ratio ranged from 

0.13 to 0.44, these values were low 

compared with FAO recommended value 

of more than 1. This revealed that there 

The fat content ranged from 5.39 to 

8.20 %.  There were no significant 

differences in the samples except for 

sample C, though sample D  - F had the 

lowest value may be because of the 

addition of pigeon pea flour. Crude fibre 

content ranged from 1.53 to 2.40 %, the 

high fibre content in food may aid in the 

digestion of the flour in the colon and 

reduce constipation (Jideani and 

Onwubali, 2009). It was observed that as 

pigeon pea was added the crude fibre 

increased.  The ash content ranged from 

2.42 to 2.68 %, but there was no 

significant difference in the ash content. 

The ash content of a food may be used as 

an index of mineral constituents of the 

food (Sanni  et al., 2008). The 

carbohydrate content ranged from 73.12 

to 85.12 %. The energy content ranged 

from 407.97 to 422.66 kcal/g. This 

implies that this flour blends may be 

useful as sources of energy. 

4.2 Mineral composition of flour blends 

from unripe plantain, pigeon pea and 

moringa seed

The mineral composition of the flour 

blends produced from the unripe plantain 

pulp, pigeon pea and moringa seed are 

presented in Table 3. The sodium content 

ranged from 1.42 to 2.98 mg /100g. There 

were significant differences in the 

samples, and it was observed that the 

sample D-F had the lowest values may be 

due to addition of pigeon pea. High intake 

of sodium can lead to hypertension. The 

potassium, phosphorus, and calcium 

contents ranged from 5.38 to 7.59 

mg/100g, 15.35 to 21.72 mg/100g, and 

2.35 to 6.37 mg/100g respectively. It was 

observed in potassium, phosphorus and 

calcium increased significantly in the 

samples with pigeon pea (D-F), though, 

there was significant difference in all the 

samples. The most abundant mineral was 

phosphorus. Phosphorus plays an 

important role in maintenance and repair 

of cells and tissues. Also, needed for teeth 

and bones formation.  

will be need to fortify this sample with 

calcium and phosphorus in order to 

prevent adverse health effect such as bone 

loss, arterial calcification and death 

(Adatorwovor e t al., 2015). 

The iron, zinc, manganese and copper 

content ranged from 0.53 to 0.93 

mg/100g, 0.24 to 0.50 mg/100g, 0.20 to 

0.70 mg/100g and 0.09 to 0.18 mg/100g 

respectively. It was shown from the 

results that there were significant 

differences in all the samples.  Iron plays 

a role in metabolism as a component of 

enzymes and some protein. It helps the 

red blood cells transport oxygen to all 

parts of the body. Zinc serves as body 

immune system and metabolism function, 

helps in wound healing. Manganese plays 

a role in bone formation, blood clotting 

and reduce inflammation. Copper aids in 

maintaining healthy bones, blood vessels, 

nerves and immune function and prevent 

cardiovascular diseases. It was observed 

that cadmium and lead was not detected 

in all the samples. 
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 The water absorption capacity 

(WAC) is very essential in the 

development of ready to eat food because 

high WAC may give product 

cohesiveness while low WAC will be 

easily digestible (Housson and Ayenor, 

2002). The swelling capacity ranged from 

4.46 to 5.20%  relation to its initial 

volume. Swelling capacity is an 

indication of the presence of amylase 

which influences the quantity of amylose 

and amylopectin present in foods. The 

amylopectin is responsible for granule 

swelling, the higher the amylopectin 

content in composite flour the increase in 

the swelling power (Tester and Morrison, 

1990). High swelling capacity results in 

higher associate forces (Ruales  et al., 

1993). The least gelation concentration 

signifies the point at which the starch 

present in food starts to gel and this 

depends on the carbohydrate that is 

present in the food. The least gelation 

ranged from 1.06 to 2.06%. The increase 

in protein concentration improve 

4.3 Functional properties of flour 

blends from unripe plantain, pigeon 

pea and moringa seed

Functional properties of flour blends 

produced from unripe plantain pulp, 

pigeon pea and moringa seed are shown 

in Table  4. The essence of functional

 properties determination in food is to

 identify the usage of the flour in food

 application or product development. The

 bulk density ranged from 0.51 to 0.70

 g/ml, this agreed with the report of

 Iwanegbe et al (2019) in unripe plantain,

 soybean and ginger flour blends.  The

 bulk density is very important because it

 is used to determine packaging

 requirement for the food (Adebowale  et

 al., 2008). The high bulk density has been

 attributed to high carbohydrate content

 (Chinma  et al., 2011). But low bulk

 density is desirable and advantageous

 considering the nutrition aspects of the

 quantity to be consumed (Bala  et al.,

 2015). The bulk density is influenced by

 the structure of starch polymers (loose or

 tightly packed, low bulk density can be as

 a result of loose structure of starch

 polymers (Plaami, 1997) The results

 obtained agreed with Fadimu e t al (2018

) who obtained 0.68-0.70 g/ml in 

dried plantain flours. The oil 

absorption capacity ranged from 1.73 to 2

.26%.  The oil absorption capacity is

 necessary because oil serve as flavour 
retainer and increases the mouth feel 

of the food (Aremu  et al., 2009). The 

oil absorption capacity is an indication 

of the rate at which protein binds to

 fat in food formulation. The 

water absorption capacity ranged 

from 2.00 to 2.26 %. Water absorption

  capacity (WAC) gives indication of 

the amount of water that could be 

absorbed for gelatinization. High water 

absorption can be attributed to 

lose structure of starch polymer while low 

water absorption value indicates the 

compactness of the structure (Adebowale

 et al., 2012; Oladipo and Nwokocha,

 2011). 

interaction among the binding forces thus

increase the ability of gel of the flour 

(Lawal, 2004). The lower the least 

gelation concentration the better the 

gelling ability of the flour. Also, the 

higher the least gelation concentration the 

higher the quantity to be used to form gel. 

It was observed that all the samples had 

low values that may be suitable to form 

good gel. The dispensability ranged from 

68.00 to 61.33 %.  Dispersibility is an 

index to measure proper way of 

rehydration or reconstitution of flour or 

flour blends with water (Kulkani  et al., 

1991).



  

 

Mean (±SD) with different superscript in the 
same column are significantly different at P ˂ 
0.05 

Table  4:  Functional properties of flour blends
 from unripe plantain, pigeon pea and moringa
 seed

Key: 
A- 100 % plantain flour 
B- 98 % plantain flour + 2 % moringa seed 

flour 
C- 96 % plantain flour + 4 % moringa seed 

flour 
D- 50 % plantain flour + 50 % pigeon pea 

flour  
E- 49 % plantain flour + 49 % pigeon pea 

flour + 2 % moringa seed flour 
F- 48 % plantain flour + 48 % pigeon pea flour + 
4 % moringa seed flour 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.0 CONCLUSION 

This study revealed that flour blends 

produced from plantain pulp, pigeon pea 

and moringa seed possessed significant 

improvement in their protein, minerals 

and functional properties.  There was a 

significant increase in the bulk density, 

swelling capacity and least gelation 

concentration. This means this blend 

could be of good use in the development 

of food product requiring high gelling 

properties. The Sodium/Potassium ratio 

of less than one in the blends shows that 

this blend will serve in ameliorating 
problems associated with high blood 

pressure hence will help in the 

management of people suffering from 

hypertension. 
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Sample  Bulk 

density 

(g/ml) 

Water 

absorption 

capacity 

(%) 

Oil 

absorption 

capacity 

(%) 

Swelling 

capacity 

(%) 

Least 

gelation 

concentration 

(%) 

Dispensability 

 

     (%) 

 

  

A 0.52±0.11c 2.20±0.00b 1.73±0.11b 4.46±0.25c 1.13±0.11d 68.00±0.51a 

B 0.51±0.01c 2.00±0.00c 1.80±0.20b 5.00±0.20ab 1.80±0.00b 67.60±1.21b 

C 0.52±0.01c 2.00±0.00c 2.06±0.11a 5.13±0.05a 2.06±0.11a 65.33±0.58c 

D 0.67±0.00b 2.40±0.00a 1.86±0.11ab 4.76±0.11b 1.20±0.00d 63.61±0.58d 

E 0.70±0.01a 2.26±0.11b 1.40±0.00c 5.16±0.05a 1.06±0.11d 62.67±0.58e 

F 0.70±0.01a 2.00±0.00c 1.93±0.11ab 5.20±0.00a 1.53±0.11c 61.33±1.14f 

Funct Food J 2024, 5(1):31-43

Oluwamukomi et al., 2024 39



  

Adebowale, A. A., Adegoke, M. T., Sanni, 

S. A., Adegunwa, M. O. & Fetuga, G. O. 

(2012). Functional properties & biscuit 

making potentials of sorghum-wheat 

flour composite. American Journal of 

Food Technology, 7(6): 372-379. 

Adebowale, A. A., Sanni, L. O & Onitilo, 

M. O. (2008). Chemical composition & 

pasting properties of tapioca grits from 

different cassava varieties & roasting 

methods. African Journal of Food 

Science, 2(7), 077-082. 

Adebowale, K. O., Olu-Owolabi, B. I., 

Kehinde Olawumi, E & Lawal, O. S. 

(2005). Functional properties of native, 

physically & chemically modified 

breadfruit (Artocarpus artilis) 

starch. Industrial Crops & 

Products, 21(3), 343-351. 

Adebowale, Y. A., Adeyemi, I. A & 

Oshodi, A. A. (2005). Functional & 

physicochemical properties of flours of 

six Mucuna species. African Journal of 

Biotechnology, 4 (12) 

Adefegha, S. A., Oboh, G., Adefegha, O. 

M., Boligon, A. A & Athayde, M. L. 

(2014). Antihyperglycemic, 

hypolipidemic, hepatoprotective & 

antioxidative effects of dietary clove 

(Szyzgium aromaticum) bud powder in a 

high‐fat diet/streptozotocin‐induced 

diabetes rat model. Journal of the Science 

of Food & Agriculture, 94(13), 2726-

2737. 

Adegboyega, O. K. (2006). The 

proximate chemical composition, the 

carbohydrate constituents & the amino 

acid make-up of green & ripe 

plantain. Africa Journal of Food 

Agriculture, Nutrition & 

Development, 24: 703-707.  

Adeniji, T. A., Sanni, L. O., Barimalaa, I. 

S. & Hart, A. D. (2006). Determination of 

micronutrients & colour variability 

among new plantain & banana hybrids 

flour. World Journal of Chemistry, 1(1): 

23-27. 

Agama-Acevedo, E., Islas-Hernández, J. 

J., Pacheco-Vargas, G., Osorio-Díaz, P. 

& Bello-Pérez, L. A. (2012). Starch 

digestibility & glycemic index of cookies 

partially substituted with unripe banana 

flour. LWT-Food Science & 

Technology, 46(1): 177-182. 

AOAC (2012) Official Methods of 

Analysis Association of Official 

Analytical Chemists. 19th Edition, 

Washington DC, 121-130  

Aremu, M. O., Basu, S. K., Gyar, S. D., 

Goyal, A., Bhowmik, P. K. & Banik, S. D. 

(2009). Proximate Composition & 

Functional Properties of Mushroom 

Flours from Ganoderma spp., 

Omphalotus olearius (DC.) Sing. & 

Hebeloma mesophaeum (Pers.) Quél. sed 

in Nasarawa State, Nigeria. Malaysian 

Journal of Nutrition, 15(2). 

Asoegwu, S. N., Ohanyere, S. O., Kanu, 

O. P. & Iwueke, C. N. (2006). Physical 

properties of African oil bean seed 

(Pentaclethra macrophylla). Agricultural 

Engineering International: CIGR 

Journal. 44:6 

Badejo, A. A., Osunlakin, A. P., 

Famakinwa, A., Idowu, A. O & Fagbemi, 

T. N. (2017). Analyses of dietary fibre 

contents, antioxidant composition, 

functional & pasting properties of 

plantain & Moringa oleifera composite 

flour blends. Cogent Food & 

Agriculture, 3(1), 1278871. 

Bala, M., Pratap, K., Verma, P. K., Singh, 

B & Padwad, Y. (2015). Validation of 

ethnomedicinal potential of Tinospora 

cordifolia for anticancer & 

immunomodulatory activities & 

quantification of bioactive molecules by 

HPTLC. Journal of 

Ethnopharmacology, 175: 131-137. 

Funct Food J 2024, 5(1):31-43

Oluwamukomi et al., 2024 40



  

Bichi, M. H., Agunwamba, J. C., Muyibi, 

S. A & Abdulkarim, M. I. (2012). Effect 

of extraction method on the antimicrobial 

activity of Moringa oleifera seeds 

extract. Journal of American 

Science, 8(9): 450-458. 

Chinma, C. E., James, S., Imam, H., 

Ocheme, O. B., Anuonye, J. C. & Yakubu, 

C. M. (2011). Physicochemical & sensory 

properties, & In-vitro digestibility of 

biscuits made from blends of tigernut 

(Cyperus esculentus) & pigeon pea 

(Cajanus cajan). Nigerian Journal of 

Nutritional Sciences, 32(1): 55-62. 

Ezeama, C. F. (2007). Food 

Microbiology Fundamentals & 

Applications. Natural Prints Limited. 

Fadimu, G. J., Sanni, L. O., Adebowale, 

A. R., Kareem, S., Sobukola, O. P., 

Kajihausa, O., Saghir, A., Siwoku, B., 

Akinsanya, A. & Adenekan, M. K. (2018). 

Effect of drying methods on the chemical 

composition, colour, functional & pasting 

properties of plantain (Musa parasidiaca) 

flour. Hrvatski časopis za prehrambenu 

Tehnologiju, Biotehnologiju i 

Nutricionizam, 13(1-2): 38-43. 

Famakin, O., Fatoyinbo, A., Ijarotimi, S. 

O., Badejo, A.A & Fagbemi, T.N (2016). 

Assessment of nutritional quality, 

glycaemic index, antidiabetic & sensory 

properties of plantain (Musa paradisiaca)-

based functional dough meal. Journal of 

Food Science & Technology, 53(11): 

3865-3875 

FAO (2009). Food & Agriculture 

Organization of the United Nations: 

Rome. 

Fasoyiro, S. B., Ak&e, S. R., Arowora, K. 

A., Sodeko, O. O., Sulaiman, P. O., 

Olapade, C. O & Odiri, C. E (2010). 

Physicochemical & sensory properties of 

pigeon pea (Cajanus cajan) flour. African 

Journal of Food Science, 4 (3): 120-126   

Foster-Powell, K., & Br&-Miller, J. B. 

(1995). International tables of glycemic 

index. The American Journal of Clinical 

Nutrition, 62(4): 871S-890S. 

Gbenga‐Fabusiwa, F. J., Oladele, E. P., 

Oboh, G., Adefegha, S. A. & Oshodi, A. 

A. (2018). Nutritional properties, sensory 

qualities & glycemic response of biscuits 

produced from pigeon pea‐wheat 

composite flour. Journal of Food 

Biochemistry, 42(4): e12505. 

Housson, P & Ayenor., G. S (2002). 

Appropriate Processing & Food 

Functional Properties of Maize 

Flour. African. Journal of Science & 

Technolology, 3(1): 126-121. 

Howlett, J & Ashwell, M. (2008). 

Glycemic response & health: summary of 

a workshop. The American Journal of 

Clinical Nutrition, 87(1): 212S-216S. 

Iwanegbe, I., Jimah, A & Suleiman, M. 

(2019). Evaluation of the Nutritional, 

Phytochemicals & Functional Properties 

of Flour Blends Produced from Unripe 

Plantain, Soybean & Ginger. Asian Food 

Science Journal, 1-8. 

Jenkins, A. L. (2007). The glycemic 

index: Looking back 25 years. Cereal 

Foods World, 52(2): 50-53. 

Jideani, V. A. & Onwubali, F. C. (2009). 

Optimisation of wheat-sprouted soybean 

flour bread  

Kulkarni, R. R., Patki, P. S., Jog, V. P., 

G&age, S. G. & Patwardhan, B. (1991). 

Treatment of osteoarthritis with a 

herbomineral formulation: a double-blind, 

placebo-controlled, cross-over 

study. Journal of 

Ethnopharmacology, 33(1-2): 91-95. 

Lawal, O. S. (2004). Functionality of 

African locust bean (Parkia biglobossa) 

protein isolate: effects of pH, ionic 

strength & various protein 

Funct Food J 2024, 5(1):31-43

Oluwamukomi et al., 2024 41



  

concentrations. Food Chemistry, 86(3): 

345-355. 

Nwokocha, L. M. & Williams, P. A. 

(2009). Some properties of white & 

yellow plantain (Musa paradisiaca, 

Normalis) starches. Carbohydrate 

Polymers, 76(1): 133-138. 

Oboh, A. H & Erema G. V. (2010). 

Glycemic indices of processed unripe 

plantain (Musa paradisiaca) 

meals. African Journal of Food 

Science, 4(8):514-521. 

Oboh, G., Oyeleye, S. I., Akintemi, O. A 

& Olasehinde, T. A. (2018). Moringa 

oleifera supplemented diet modulates 

nootropic-related biomolecules in the 

brain of STZ-induced diabetic rats treated 

with acarbose. Metabolic Brain 

Disease, 33(2): 457-466. 

Ojewole, J. A. O. & Adewunmi, C. O. 

(2003). Hypoglycemic effect of 

methanolic extract of Musa paradisiaca 

(Musaceae) green fruits in normal & 

diabetic mice. Methods & Findings in 

Experimental & Clinical 

Pharmacology, 25(6): 453-456. 

Okafor, C. C. & Ugwu, E. E. (2013). 

Comparative study of pasting properties 

of High fibre plantain-based flour 

intended for Diabetic food (fufu). Work 

Academy of Science, Engineering & 

Technology, 79: 193-197. 

Oladipo, F. Y & Nwokocha, L. M. (2011). 

Effect of Sida acuta & Corchorus 

olitorius mucilages on the 

physicochemical properties of maize & 

sorghum starches. Asian Journal of 

Applied Science, 4: 514-525. 

Oluwajuyitan, T. D & Ijarotimi, O. S 

(2019). Nutritional, antioxidant, 

glycaemic index & antihyperglycaemic 

properties of improved traditional 

plantain based (Musa AAB) dough meal 

enriched with tigernut (Cyperus 

esculentus) & defatted soybean (Glycine 

max) flour for diabetic patients. Heliyon: 

1-28 

Oluwalana, I. B., Oluwamukomi, M. O., 

Fagbemi, T. N & Oluwafemi, G. I. (2011). 

Effects of temperature & period of 

blanching on the pasting & functional 

properties of plantain (Musa paradisiaca) 

flour. Journal of Stored Products & 

Postharvest Research, 2 (8): 164-169. 

Plaami, S. (1997). Myoinositol 

phosphates: analysis, content in foods & 

effects in nutrition. LWT-Food Science & 

Technology, 30(7): 633-647. 

Rizkalla, S. W., Bellisle, F & Slama, G. 

(2002). Health benefits of low glycaemic 

index foods, such as pulses, in diabetic 

patients & healthy individuals. British 

Journal of Nutrition, 88(S3): 255-262. 

Ruales, J., Valencia, S & Nair, B. (1993). 

Effect of processing on the physico‐

chemical characteristics of quinoa flour 

(Chenopodium quinoa, Willd). Starch‐

Stärke, 45(1): 13-19. 

Sanni, S. A., Adebowale, A. A., 

Olayiwola, I. O. & Maziya-Dixon, B. 

(2008). Chemical composition & pasting 

properties of iron fortified maize 

flour. Journal of Food Agriculture & 

Environment, 6(3-4): 172-175. 

Shad, M. A., Nawaz, H., Hussain, M. & 

Yousuf, B. (2011). Proximate 

composition & functional properties of 

rhizomes of lotus (Nelumbo nucifera) 

from Punjab, Pakistan. Pakistan Journal 

of Botany, 43(2): 895-904. 

Sodipo, M. A. & Fashakin, J. B. (2011). 

Physicochemical properties of a 

complementary diet prepared from 

germinated maize, cowpea & pigeon 

pea. Journal of Food, Agriculture & 

Environment, 9(3-4): 23-25. 

Funct Food J 2024, 5(1):31-43

Oluwamukomi et al., 2024 42



  

Tester, R. F. & Morrison, W. R. (1990). 

Swelling & gelatinization of cereal 

starches. I. Effects of amylopectin, 

amylose, & lipids. Cereal 

Chemistry, 67(6): 551-557. 

WHO/FAO. (2004). Vitamin & mineral 

requirements in human nutrition. World 

Health Organization & Food & 

Agriculture Organization of the United 

Nations: Geneva. 

 

 

 
 
 
 
 
 
 
 
 
 

Funct Food J 2024, 5(1):31-43

Oluwamukomi et al., 2024 43

Cite as: Oluwamukomi M. O., Oboh G., Agbede J. O., Oyeleye I. S. & Sodipo M. .A. (2024).Chemical 
and functional properties of flour blends of unripe plantain, pigeon pea and moringa seed in the 

development of an antidiabetic food product. Funct Food  J 5(1):31-43
.

Published by Functional Foods and  Nutraceuticals Association of Nigeria. This is  an open access 
article under  the CC BY license (http://creativecommons.org /licenses/by/4.0/)


