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ABSTRACT 
 

Orange-fleshed sweet potato (OFSP) is a promising root crop due to its high β-carotene content 
which could help to reduce vitamin A deficiency (VAD). However, it is a less utilized perishable 
crop. In order to use OFSP tubers, incorporation with other flours in processing and baked 
products can be considered. The aim of this study is to determine the functional properties of the 
composite flour, development of extruded snacks using locally fabricated extruder from flour of 
different blend ratio of OFSP, YRC, Plantain fortified with moringa leaves powder and to determine 
the proximate composition of the fresh of orange fleshed sweet potato, yellow root cassava, 
plantain, the flour and the extruded baked snacks.  
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1. INTRODUCTION 
 
Carotenoids are among the most widespread 
natural pigments with yellow, orange, and red 
colors in plants. The carotenes are hydrocarbons 
soluble in nonpolar solvents such as hexane             
and petroleum ether. The oxygenated derivatives 
of carotenes, xanthophylls, dissolve better in 
polar solvents such as alcohols [1]. Vitamin A 
deficiency is common in sub-Saharan Africa. In 
Nigeria, it affects about 20% of pregnant women 
and 30% of children under five [2]. It can impair 
immune systems and vision which could cause 
blindness and, in some cases, death [3]. Yellow 
cassava contains high levels of β-carotene, 
which is a precursor to vitamin A. Cassava is 
also a major source of carbohydrates, 80% of 
which are starches [4]. The new, yellow cassava 
can provide up to 25% of daily recommended 
Vitamin A intake [5]. Since cassava is a major 
part of many people’s diets, introducing cassava 
bio-fortified with Vitamin A is an excellent 
innovation to improve health on a large scale [6]. 
It is normally risky to change the colour of a 
staple crop because colour preference can 
negatively affect consumer adoption rates. 
Although, this is not the case with yellow cassava 
[7]. Since local consumers often add palm oil to 
white cassava flour in their foods, they are 
normally accustomed to the golden colour [8]. 
Therefore, the yellow colour has been shown not 
to defer consumers [9]. Orange‐fleshed             
sweet potato are frequently consumed as a 
family meal in different countries by boiling, 
steaming, roasting, and drying [10]. Traditional 
sweet potato products are having significant role 
in income generation in small‐scale             
businesses and entrepreneurs run by women. In 
developing nations such as Uganda and other 
countries, dehydrated and minimally processed 
foodstuffs from orange‐fleshed sweet potato 
have been recognized as significant for domestic 
utilization and for small‐scale commerce in 
domestic markets [11]. Orange‐fleshed sweet 
potato and their products are highly             
promoting the different African countries such as 
Kenya, Uganda, Ethiopia, Mali by local 
governments with the help of International 
research organizations [12]. Report showed that 
semi processed products from Orange‐fleshed 
sweet potato have been extensively studied in 
some countries such as Kenya was reported. 
Complementary food in form of porridge by 
Orange�fleshed sweet potato flour was highly 

accepted by the assessors [13]. Researchers are 
concentrated on the methods to develop 
retention of the carotenes by the processing and 
are trying to develop the traditional foods by 
incorporating Orange‐fleshed sweet potato such 
as bread [14], cookies [15], juices [16], and 
porridge [17]. The Moringa oleifera leaves are 
the most commonly use and nutritious part of the 
plant, being a significant source of  vitamins like 
A beta-carotene, B, C, K, manganese, and 
protein, among other essential nutrients [18]. 
When compared with common foods particularly 
high in certain nutrients per 100 g fresh weight, 
cooked moringa leaves are considerable sources 
of these same nutrients [19]. Some of the 
calcium in moringa leaves is bound as crystals of 
calcium oxalate [20] though at levels 1/25th to 
1/45th of that found in spinach, which is a 
negligible amount. The leaves are cooked and 
used like spinach and are commonly dried and 
crushed into a powder used in soups and sauces 
[21]. Moringa leaves helps in treatment of 
asthma, heart burn, pneumonia, scurvy, 
headaches, malaria, bronchitis, skin disease, eye 
and skin infections [22]; [22]. Also reduces            
blood pressure, cholesterol and acts as an 
anticancer, antioxidant, antimicrobial and 
antidiabetic agents [23]. Therefore, production of 
extruded product will go a long way in            
reducing food scarcity, improve food security           
and produce a new product in the                    
market.  
 

2. MATERIALS AND METHODS  
 

2.1 Sample Preparation  
 
OFSP (Ipomoea batatas) and yellow root 
cassava (Manihot esculenta Crantz) variety 
TMS/07/0593  and Moringa oleifera leaves was 
collected from National Root Crop Research 
Institute Umudike and Plantain was purchased 
from Umuahia main market, processed into flour 
at the factory (NRCRI) Experiment A. Ingredients 
like mixed spices, salt and butter were purchased 
from Umuahia local market. The matured and 
sorted OFSP tubers, YRC, Plantain were 
cleaned and washed with tap water to remove 
any adhering soil, dirt and dust. The tubers were 
then peeled by with knife. YRC and OFSP were 
chipped and plantain was sliced to 2 mm 
thickness with knife to facilitate drying and 
milling. The sliced plantain and chipped YRC and 
OFSP were oven dried. The material was then 
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Table 1. Product formulation of the flour blends of Yellow Root Cassava (YRC), Orange-fleshed 
Sweet Potato (OFSP), plantain and Moringa oleifera leaves 

  

YRC% OFSP% Plantain% Moringa leaves powder% 
65 10 20 5 
70 10 15 5 
75 10 10 5 
80 5 10 5 
85 5 5 5 
95 - - 5 
- 95 - 5 
- - 95 - 
Fresh root     
100 - - - 
- 100 - - 
- - 100 - 

YRC - Yellow root cassava, OFSP – Orange-fleshed sweet potato 
 

 
 

Fig. 1. Flow chart for production of extruded blend snacks 
 

dried in solar drier (Alvant blanch, Withshier, 
England) for 24 h at 50-60°C till it reached 12% 
moisture and grounded by miller (Thomas-Wiley 
laboratory mill, ILCA 5789, Philadelphya PA, 
USA) with 500 µm screen. The flour sample was 
packed in airtight black high-density polyethylene 
plastic using impulse sealer (HM3000 Polythene 
heat sealer, hulmemartin, UK) and kept at 15-
18°C until use (these samples were not stored 
too long and the use of the samples was 
immediate after the day of preparation). 

2.2 Preparation of Extruded Snacks Made 
from a Blend of Yellow Root Cassava 
Flour, Orange Fleshed Sweet Potato 
Flour, Plantain Flour and Moringa 
oleifera Leaves Flour 

 

The method described by Yiu [24], for the 
production of puffed snacks was used with a 
modification. For the production of extruded 
baked snacks made from blends of yellow root 
cassava flour, orange fleshed sweet potato flour, 
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unripe plantain flour with moringa leaves powder 
(used as a fortificant), the dough for the extruded 
blends was first prepared by mixing 100 g of 
cassava flour, orange fleshed sweet potato flour, 
unripe plantain flour and moringa leaves powder, 
1 g of salt and 1 g of mixed spices, with 150 ml of 
water in a bowl. The composite flour was 
thoroughly mixed to the consistency to obtain 
malleable dough at temperature of 37°C. The 
dough formed into cylindrical rolls of 5cm in 
diameter, after which the cylindrical dough was 
filled in an extruder which was piped on a 
greased tray. The greased tray with the extruded 
product was baked in a hot oven (Gallenkamp 
Co. Ltd. London, England) at 100°C for 30 
minutes to the required moisture content (12%). 
The baked snacks were allowed to cool on 
kitchen paper and stored in air tight containers 
prior to various analyses. 
 

2.3 Functional Properties Analysis 
 
Determination of bulk density (BD), swelling 
index (SI). Water absorption capacity (WAC), 
foam capacity and Oil absorption capacity (OAC) 
was carried out using the method of AOAC 
(2010). 

 
2.4 Proximate Composition Analysis  
 
Determination of moisture content and crude 
protein carried out by the method of AOAC 
Association of Official Analytical Chemists, [25] 
while determination of carbohydrate, fat content, 
crude fiber, ash content, was carried out by the 
method described by Onwuka [26]. 
 

3. RESULTS AND DISCUSSION 
 
The result of the functional properties of yellow 
root cassava, orange fleshed sweet potato and 
plantain composite flour fortified with moringa 
leaves powder were presented in Table 2. 
Functionality of foods is the characteristics of 
food ingredient other than nutritional quality 
which has a great influence on its utilization [27]. 
There was no significant difference on bulk 
density of composite flour which ranged from 
(0.71 – 0.79%). The bulk density from this 
research was in agreement with the findings 
(0.87 – 0.99%) reported by Aminu et al., [28]  
and it is also in line with the results (0.25 g/ml) as 
reported by Ajatta et al., [29] on wheat-breadfruit-
cassava composite flour which ranged (0.82 g/ml 
to 0.85g/ml) which is contrary to a report made 
by Fagbemi, [30] which showed that bulk density 

increased as a result of blanching/ heat 
treatment prior to drying.  Karuna et al., [31] 
indicated that bulk density is influenced by 
particle size and starch polymers structure 
because loose structure of the starch polymers 
could result in low bulk density. Therefore, the 
reduction in bulk density of this composite flour is 
desired and advantageous as it’s contributes to 
lower dietary bulk, ease of packaging, storage 
and transportation [32]. This is usually affected 
by the particle size and density of the flour and 
very important in determining the packaging 
requirement, materials handling and application 
in wet processing in the food industry. 
 
Water absorption capacity is the ability of a 
product to associate with water under a water 
limiting condition. The higher water absorption 
capacity of the composite flour could be 
attributed to the presence of higher amount of 
carbohydrate (starch) and fiber in the flour where 
no significant difference (P>0.05) was observed 
among the samples in water absorption capacity 
which ranged from (2.31% to 2.51%) higher than 
(1.65 to 2.15%) reported by Aminu et al. [28] and 
lower than (240-275% g/g as reported by Ajatta 
et al. [29] on composite flour from wheat- African 
breadfruit. Probably, the variation might be due 
to influenced of wheat- breadfruit flour which 
contain protein where there is presence of 
hydrophobic amino acids which interferes with 
the ability of the breadfruit starch to absorb water 
[33]. A desired characteristic of composite 
starches is the absorption of water during mixing 
in dough [34]. It was observed that water 
absorption capacity increased with decrease in 
oil absorption capacity which ranged between 
(0.09 g/ml) to (0.44 g/ml) whereby no significant 
difference (P>0.05) was observed among the 
samples which was lower than (0.50 – 1.25 g/ml) 
reported by Appiah et al., 2011 [35] and (125.5 – 
158.1mg/g) on wheat- breadfruit flour as reported 
by Ajatta et al. [29]. This variation might be due 
to effect of the wheat-breadfruit flour which was 
part of the composite flour. Oil absorption 
capacity is the flavor retaining capacity of flour 
which is very important in food formulations [36].  
 

Swelling index power is an indication of the 
absorption index of the granules during heating 
(Loos et al., 1981). A significant difference exists 
among the samples which increases in swelling 
index as the proportion of cassava increases 
which ranged from (1.04 g/ml – 2.12 g/ml). 
Sample A had the lowest swelling index of (1.04 
g/ml) ie a blend 65% YRC + 10% OFSP + 20% 
Plantain + 5% Moringa leaves powder while the 
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highest was presented in sample E (2.12 g/ml) ie 
a blend 85% YRC + 5% OFSP + 5% Plantain + 
5% Moringa leaves powder. There was no 
significant difference among samples A (1.04 
g/ml), B (1.06 g/ml), C (1.12 g/ml) and G (1.90 
g/ml) also among samples D (2.10 g/ml), E (2.12 
g/ml), F (2.01 g/ml) and H (2.02 g/ml).  
 
Foam capacity of this work ranged from (8.72 
g/ml) to (15.26 g/ml). There was no significant 
difference (P>0.05) among samples A (11.89 
g/ml), B (11.67 g/ml), C (11.37 g/ml), D (11.32 
g/ml), E (11.26 g/ml) and F (11.12 g/ml). Sample 
G (15.26 g/ml) happened to show highest in 
foam capacity which was the blend of 95% 
Plantain + 5% Moringa leaves powder followed 
by sample H (8.72 g/ml), the blend of 95% OFSP 
+ 5% Moringa leaves powder. All the composite 
flours displayed stronger affinity for water than 
oil. In general, water absorption index among the 
composite flours did not differ significantly and 
has implications for viscosity. It is also essential 
in bulking and consistency of products as well as 
in baking application [37]. Oil absorption index 
was important since oil acts as flavor retainer 
and increases the mouth feel of foods, 
improvement of palatability and extension of 
shelf life particularly in bakery or meat products 
where fat absorptions are desired [38].  
 
Table 3 showed the proximate composition of 
composite flour of yellow root cassava, plantain 
and orange fleshed sweet potato and moringa 
leave powder as a fortified product The table 
revealed that significant difference (P<0.05) exist 
between the samples. The dry matter content of 

the composite flour ranged from H (90.75%) to E 
(94.89%) were sample E recorded the highest 
and H the least. Result from Wasiu et al., [39] on 
the yellow root cassava blend with wheat flour of 
(96.80 - 96.84%) was in agreement with this 
research work on dry matter content. The 
moisture composition ranged from (5.88%) for 
sample A which is 65% YRC + 10% OFSP + 
20% Plantain + 5% Moringa leaves powder to 
sample H (9.25%) which is 95% OFSP + 5% 
Moringa leaves powder. The moisture content of 
this research work was in line with work reported 
by Arisa et al. [29] on plantain composite flour of 
(5.16% - 6.27%) also agreed with work by 
Abegunde et al. [40] on biscuit blends with wheat 
and cocoyam that ranged from (8.43% to 5.86%) 
but lower than the values from Ubbor and 
Akobundu, [41] who reported higher moisture 
content of (19.51% - 21. 47%). It was observed 
that protein content ranged (6.71%) to (3.66%). A 
significant difference (P<0.05) occurred among 
the sample. Samples F (6.20%) and H (6.71%) 
had no difference which were the 95% YRC and 
95% OFSP, among samples A (5.31%) and D 
(5.34%) which were composite flour of 65% YRC 
+ 20% Plantain + 10% OFSP + 5% Moringa 
leaves powder and  80% YRC + 10% Plantain + 
5% OFSP + 5% Moringa leaves powder and 
among samples B (4.98%), C (4.82%) and E 
(4.79%)  which were of 70% YRC + 15% 
Plantain + 10% OFSP + 5% Moringa leaves 
powder, 75% YRC + 10% Plantain + 10% OFSP 
+ 5% Moringa leaves powder and  85% YRC + 
5% Plantain + 5% OFSP + 5% Moringa leaves 
powder while G (3.66%)   95%  Plantain + 5% 
Moringa leaves powder was the least. 

 
Table 2. Functional properties of the flour of yellow root cassava, orange fleshed sweet 

potatoes, plantain blend with Moringa oleifera leaves 
 

Samples Bulk 
density (g/ml) 

WAC 
(g/ml) 

OAC 
(g/ml) 

Foam 
capacity (g/ml) 

Swelling  
index (g/ml) 

A 0.75bc±0.00 2.51a±0.01 0.09c±0.00 11.89d±0.01 1.04e±0.01 

B 0.75
bc

±0.00 2.49
b
±0.01 0.09

c
±0.00 11.67

c
±0.02 1.06

e
±0.01 

C 0.76
b
±0.00 2.31

c
±0.01 0.09

c
±0.00 11.37

d
±0.01 1.12

d
±0.01 

D 0.77b±0.00 2.41b±0.01 0.18b±0.00 11.32e±0.02 2.10a±0.01 
E 0.79

a
±0.00 2.41

b
±0.01 0.44

a
±0.00 11.26

f
±0.02 2.12

a
±0.01 

F 0.79a±0.00 2.31c±0.01 0.18b±0.00 11.12g±0.01 2.01b±0.01 
G 0.75

bc
±0.00 2.51

a
±0.01 0.18

b
±0.00 15.26

a
±0.01 1.90

c
±0.01 

H 0.71c±0.00 2.51a±0.01 0.44a±0.00 8.72h±0.02 2.02b±0.02 
Mean values are of duplicate and expressed as mean  ±  SD. Values with the same superscripts in the same 

column are not significantly different (p>0.05); YRC  = Yellow Root Cassava,   OFSP = Orange Fleshed Sweet 
PotatoA=  65% YRC + 10% OFSP + 20% Plantain +  5% Moringa leaves powder,  B  =  70% YRC + 10% OFSP 

+ 15% Plantain +  5% Moringa leaves powder,  C  =  75% YRC + 10% OFSP + 10% Plantain +  5% Moringa 
leaves powder,  D =  80% YRC + 5% OFSP + 10% Plantain +  5% Moringa leaves powder,  E =  85% YRC + 5% 

OFSP + 5% Plantain +  5% Moringa leaves powder,  F =  95% YRC +  5% Moringa leaves powder,                          
G=  95% Plantain +  5% Moringa leaves powder,  H =  95% OFSP +  5% Moringa leaves powder 
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Ash content is considered among the chemical 
characteristics that defined quality of flour [42]. 
There was a significant difference (P<0.05) 
within the samples for ash content which ranged 
from (2.51 – 5.82%) except for samples C 
(2.91%), D (2.83%), E (2.77%), F (2.73%) and G 
(2.51%) respectively which was significantly the 
same. According to Maziya et al. [43], the ash 
content ranged from (0.77 - 1.43%) and (0.05 to 
2.3%) by Kent and Ever, [42] which were lower 
than the ash content gotten from this work. Thus, 
almost all the samples do not comply with the 
regulatory standard of not more than 1.5% as 
content [44]. It was observed that ash content 
increased as percentage of plantain increases 
which indicated highest in (Sample G) as showed 
in Table 3. The protein content from Arisa et al., 
[45] was similar to protein content of this 
research but higher than (1.71 – 5.53%) reported 
by Maziya et al., [43] on high quality cassava 
flour. This increment may be from moringa 
leaves powder which was added as a fortificant. 
Sample G (3.66%) was in agreement with 
(4.27%) on the protein content of plantain flour 
reported by Arisa [45]. No significant difference 
(P>0.05) was observed in fat content among the 
composite flour which ranged from sample F 
(1.05%) to G (1.58%). When compared the fat 
content as reported by Arisa et al., [45] on the 
composite flour of wheat and plantain (1.40 – 
2.75%) were lower. Crude fiber is one of the non-
digestible carbohydrates which provides the fecal 
bulkiness, less intestinal transit, role in 
cholesterol level reduction and trapping 
dangerous substances like cancer-causing 
agents and encourages the growth of natural 
microbial flora in gut [46]. The crude fiber ranged 
from (2.37 – 10.43%) which indicated sample G 
having the highest crude fiber content. As shown 
in the table, sample G is the 95% plantain flour 
which showed highest among the 95% blends, 
also as the proportion of plantain ratio increases, 
the crude fiber content of the composite flour 
increases as indicated in sample A (4.87%) and 
B (4.85%).          
 
Green plantain contains starch which is in the 
range of 21 to 26%. The starch in the unripe 
plantain is mainly amylase and amylopectin and 
this is replaced by sucrose, fructose and glucose 
during ripening due to the hydrolysis of the starch 
Marriott et al. [47]. The carbohydrate content 
reduced to between 5 to 10% when ripe. The 
sugar content is between 0.9 to 2.0% in the 
green fruit but becomes more predominant in the 
ripe state. The plantain therefore has a high 
carbohydrate content (31 g/100 g) and low-fat 

content of (0.4g/100g) [48] which happened in 
Sample G (69.35%) ie 95% plantain contain high 
content of carbohydrate with low content of fat 
(1.58%). The result of carbohydrate content is in 
line with (63.83%) obtained from Arisa et al. [45] 
on effect of plantain but low in fat content from 
this work (1.58%) lower than (7.52%). There was 
a significant difference (P<0.05) within the 
composite flour for carbohydrate content which 
ranged from (69.35 – 81.76%). Sample A 
presented highest while G was the least in 
carbohydrate content. Samples A (81.76%), B 
(81.26%) and F (81.24%) are significantly the 
same also among samples C (79.59%) and D 
(79.72%). 
 
The proximate composition of the extruded blend 
snacks produced from yellow root cassava, 
orange-fleshed sweet potato and plantain with 
Moringa oleifera leaves powder was present in 
Table 4. Significant difference among the 
samples (P<0.05) was observed.  The moisture 
content of extruded snacks ranged from O 
(1.52%) to N (1.01%). The values from this 
research were lower as compared with the (9.77 
– 11.72%) reported by Igbabu et al. [49]. The 
lower moisture content of the extruded baked 
product goes a long way in suggesting 
advantage for reduction of microbial growth and 
confers higher shelf life because higher moisture 
favours the development of contaminating 
microorganisms whose growth and activities 
causes spoilage in foods [50]. Low moisture 
content in moringa leaves powder used in the 
baked blends might have effective implications in 
extruded processed. The percentage moistures 
contents of the samples (dry basis) as observed 
in Table 4 whose moisture content does not differ 
from each other indicated low moisture content, 
which is a good attribute for storage. In addition, 
lower moisture content of sample compared 
indicated longer storage and if well packed and 
stored.   
 
The dry matter content of the baked snack 
relates to good cooking quality ranged from 
(90.39 – 94.22%) ie M – O. As indicated in the 
table, the plantain level increased in samples I 
(93.18%) and J (92.86%) while among the 95% 
blends, sample O (94.22%) had the highest dry 
matter, no significant difference (P>0.05) existed 
between samples N (93.63%) and P (93.73%). 
The result from this work is higher than (54.00 – 
67.47%) obtained from Wasiu et al., [39] on the 
blend of Yellow root cassava and wheat in the 
production of baked bread. This variation might 
be from the blend used as sample O (94.22%) 
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which is 95% plantain + 5% moringa leaves 
powder had the highest dry matter.  High dry 
matter content of all the extruded baked snacks 
analysed in Table 4 differed significantly from 
each other (P<0.05) suggesting better cooking 
qualities and extruded storage lives. Plantain 
flour analysed with other blends in this study 
showed a good quality binders and composite 
flour in food and baking industries due to low 
moisture content.  
 
As shown in the table, ash content of sample O 
(10.35%) was highest as compared with other 
samples which were higher than (0.55 to 2.53%) 
as reported by Oko et al. [51]. However, 
Shodehinde and Oboh [52] have reported 
significantly the same value in roasted and boiled 
plantain. Crude fiber consists of largely cellulose 
and lignin and some mineral matter. Values 
obtained in all the samples analyzed indicated 
significant difference in samples investigated 
(P<0.05). Sample M (9.61%) was significantly 
higher in crude fiber content (P<0.05) than other 
samples while sample I (6.82%) which did not 
differ significantly (P>0.05) from the crude fiber 
content of sample N (6.37%) and P (6.26%) 
respectively while sample O (5.78%) recorded 
the least. The total fat content of these snacks 
shows sample N (5.76%) presented highest. 
These values are lower than daily reference 
intake’s (DRI) acceptable macronutrient 
distribution range (AMDR) range from 25 – 30% 
total fats for adults [53]. Fat serves as a source 
of energy and insulation for the body. In addition, 
it is needed for growth and development as 
solvent for some vitamins including A D E and K, 
maintenance of cell membrane, provide taste 
and consistency of foods. However, caution 
should be taken in order to avoid saturated and 
trans-fats in diets considering their dangerous 
health effects. A significant difference (P<0.05) 
was observed in fat content of the extruded 
baked snacks which ranged from sample O 
(2.45%) to N (5.76%).  Samples J (2.85%), K 
(2.77%), L (2.71%), M (2.71%) and O (2.45%) 
are significantly the same and also between 
samples I (3.09%) and P (3.15%). The lower 
level of fat in samples gave a higher probability 
of a longer shelf-life in terms of onset of rancidity 
[54]. According to Oko et al. [51], fat content of 
boiled plantain ranged from (2.05 – 4.07%) which 
agreed with sample O (2.45%) (95% Plantain + 
5% Moringa leaves powder).  
 
A significant difference occurred in crude fiber on 
the snacks which range between (5.78 to 9.61%) 
from sample O (95% Plantain + 5% Moringa 

leaves powder) to sample M (85% YRC + 5% 
Plantain + 5% OFSP + 5% Moringa leaves 
powder). 
 
The protein content ranged from sample O 
(3.52%) to P (5.92%) with sample P having the 
highest value which significantly differ (P<0.05) 
in protein and O the least. Work on biscuit 
snacks had protein content of (4.27 - 6.04%) 
reported by Arisa et al., [45] which agreed with 
the protein content of this research work.  Many 
studies have reported lower protein content than 
(6.71%, 6.20%) as shown in this study. However, 
they cannot supply protein needs to human as a 
healthy adult requires about 0.75 g/kg per day 
Arisa et al., [45]. Crude protein composition of 
the snacks was within the lower limit of the 
recommended daily reference intake’s (DRI) 
acceptable macronutrient distribution range 
(AMDR) of 10 – 35% protein for adults [53]. 
Though, comparatively, these different 
agricultural produce of (Yellow root cassava, 
orange-fleshed sweet potato and plantain) are 
not good source of protein. Proteins play very 
essential roles in healthy diets and nutrition. 
Carbohydrate content ranged from (76.38 – 
80.71%) with significant difference (P<0.05) 
within the sample means. High amounts of 
carbohydrates are an alternative source of fiber 
in food and constitutes important energy source 
once included in [55]. Carbohydrate content on 
extruded snack ranged from (76.38 – 80.71%) 
except for samples I (79.29%) and J (79.09%), 
also among samples K (77.88%), L (77.14%) and 
M (77.14%) and among samples N (80.49%) and 
P (80.71%) respectively were significantly the 
same.  

 
The main nutrient supplied by roots and tubers is 
dietary energy provided by carbohydrates. 
Cassava protein is lower in total essential amino 
acid than the other root crops but recently 
Adewusi et al. [56] found that cassava flour used 
as a component in animal feeding trails was a 
more effective replacement for wheat than either 
maize or sorghum. To some extent, the protein 
content of root crops is influenced by variety, 
cultivation practice, climate growing season and 
location [57]. Addition of nitrogen fertilizer 
increases the protein content of some root and 
tuber [58]. The protein content is low (1–2%) and 
almost all root crop proteins as in legume, 
proteins, sulphur- containing amino acids. Roots 
and tubers are deficient in most other vitamins 
and minerals but contain significantly amounts of 
dietary fiber. The moisture content of the raw 
fresh sample ranged from (0.45 – 2.24%)
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Table 3. Proximate composition of the flour of yellow root cassava, orange fleshed sweet potatoes, plantain blend with moringa leaves powder 
 
Samples Dry matter (%) Moisture content (%) Crude fiber (%)      Ash (%) Fat (%)              Protein (%)     Carbohydrate (%) 
A 92.12d±0.01 5.88g ±0.01 4.87 b±0.01 3.27 gb±0.01 1.55a±0.01 5.31c±0.42 81.76a±3.73 
B 93.73

bc
±0.01 5.91

g
±0.01 4.85

b
±0.01 3.15

c
±0.01 1.51

b
±0.01 4.98

d
±0.04 81.26

ab
±0.04 

C 93.47
d
±0.01 6.11

f
±0.01 4.71

c
±0.01 2.91

d
±0.01 1.45

c
±0.01 4.82

d
±0.09 79.59

abc
±0.12 

D 94.09b±0.01 6.53d±0.01 4.62d±0.01 2.83e±0.01 1.38d±0.01 5.34d±0.07 79.72abc±0.10       

E 94.89
a
±0.01 7.27

c
±0.01 4.03

e
±0.01 2.77

f
±0.01 1.24

e
±0.01 4.79

d
±0.06 78.24

ab
±0.06         

F 93.59c±0.01 6.41e±0.01 2.37g±0.01 2.873g±0.01 1.05g±0.01 6.20b±0.02 81.24ab±0.00         
G 90.83

e
±0.01 9.17

b
±0.01 10.43

a
±0.01 5.82

a
±0.001 1.58

a
±0.01 3.66

e
±0.91 69.35

d
±0.12         

H 90.75e±0.01 9.25a±0.01 2.95f±0.01 2.51h±0.01 1.16f±0.01 6.71a±0.13 77.43c±0.16         
Mean values are of duplicate and expressed as mean  ±  SD. Values with the same superscripts in the same column are not significantly different (p>0.05); YRC  = Yellow 
Root Cassava,   OFSP= Orange Fleshed Sweet Potato A=  65% YRC + 10% OFSP + 20% Plantain +  5% Moringa leaves powder,  B  =  70% YRC + 10% OFSP + 15% 
Plantain +  5% Moringa leaves powder,  C  =  75% YRC + 10% OFSP + 10% Plantain +  5% Moringa leaves powder,  D =  80% YRC + 5% OFSP + 10% Plantain +  5% 

Moringa leaves powder,  E =  85% YRC + 5% OFSP + 5% Plantain +  5% Moringa leaves powder,  F =  95% YRC +  5% Moringa leaves powder,  G=  95% Plantain +  5% 
Moringa leaves powder,  H =  95% OFSP +  5% Moringa leaves powder 

 
Table 4. Proximate composition of snacks from blends of yellow root cassava, orange fleshed sweet potatoes, plantain blend with moringa leaves 

powder 
 

Samples Dry matter (%) Moisture content (%) Crude fiber (%)     Ash (%)                 Fat (%) Protein (%)     Carbohydrate (%) 
I 93.18

 d
±0.01 1.47

 b
±0.01 6.82

 e
±0.01 4.79

 b
±0.01 3.09

 b
 ±0.01 4.48

 b
±0.02 79.29

 b
±0.99 

J 92.86 e±0.01 1.43 c ±0.01 7.14 d±0.01 4.77 b±0.01 2.85 bc  ±0.01 4.42 b±0.99 79.09 b±0.06        
K 91.77

 f
±0.01 1.37

 d
±0.01 8.23

c
±0.01 4.63

 c
 ±0.01 2.77

 bc 
±0.01 4.41

 b
±0.78 77.88

 c
±0.49        

L 91.48 g±0.01 1.36 d ±0.01 8.52 b±0.01 4.54 d ±0.01 2.71c ±0.69 3.93 cd ±0.44 77.14 d±0.02        
M 90.39

h
 ±0.01 1.18

 e
 ±0.01 9.61

 a
 ±0.01 3.95

 e
 ±0.01 2.71

c 
±0.01 3.94

 cd
 ±0.19 77.14

 d
±0.57         

N 93.63
 c
±0.01 1.01

 g
 ±0.01 6.37

 f
±0.01 2.27

 g
 ±0.01 5.76

 a  
±0.01 4.10

 bc
 ±0.42 80.49

 a
±0.01        

O 94.22 a±0.01 1.52 a±0.01 5.78 h±0.01 10.35 a±0.01 2.45d ±0.01 3.52 d±0.02 76.38 e±0.28         
P 93.74

 b
±0.01 1.12

 f
 ±0.01 6.26

 g
 ±0.01 2.85

 f
 ±0.01 3.15

 b
±0.01 5.92

 a
±0.12 80.71

 a
±0.12       

Mean values are of duplicate and expressed as mean  ±  SD. Values with the same superscripts in the same column are not significantly different (p>0.05) 
YRC  = Yellow Root Cassava,   OFSP= Orange Fleshed Sweet Potato I=  65% YRC + 10% OFSP + 20% Plantain +  5% Moringa leaves powder,  J  =  70% YRC + 10% OFSP 
+ 15% Plantain +  5% Moringa leaves powder,  K  =  75% YRC + 10% OFSP + 10% Plantain +  5% Moringa leaves powder,  L =  80% YRC + 5% OFSP + 10% Plantain +  5% 

Moringa leaves powder,  M =  85% YRC + 5% OFSP + 5% Plantain +  5% Moringa leaves powder,  N =  95% YRC +  5% Moringa leaves powder,  O=  95% Plantain +  5% 
Moringa leaves powder,  P =  95% OFSP +  5% Moringa leaves powder 
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Table 5. Proximate composition of yellow root cassava, orange fleshed sweet potatoes and plantain on fresh basis 
 

Samples Dry matter (%) Moisture content (%) Crude fiber (%)     Ash (%)    Fat (%)  Protein (%) Carbohydrate (%) 
Q 38.09 b±0.01 2.24 a ±0.01 61.91b±0.01 2.18 b ±0.01 2.28 a±0.01 0.36 b±0.02 31.04 b ±0.02       

R 48.58
 a
±0.01    1.54

 b
±0.01 51.42

c
±0.01 2.49

 a
 ±0.01 1.38

 c 
±0.01 0.52

 a
 ±0.01 42.66

 a
 ±0.01 

S 30.85
 c
±0.01 0.45

 c
 ±0.01                    69.29

a
±0.18 0.61

 c
 ±0.01 2.07

 b
±0.01 0.16

 c 
±0.04

 
27.43

 c
 ±0.13 

 

Mean values are of duplicate and expressed as mean  ±  SD. Values with the same superscripts in the same column are not significantly different (p>0.05);                                     
YRC  = Yellow Root Cassava, OFSP = Orange Fleshed Sweet Potato, Q =  100%  YRC,  R = 100% Plantain, S = 100% OFSP 
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being that sample Q presented highest in 
moisture content which was the fresh of yellow 
root cassava (TMS/07/0593) lower than (10.78 – 
12.23%) on high quality cassava reported by 
Maziya et al. [43] while the least was seen in 
sample S which was the fresh of orange-fleshed 
sweet potato. Sample S (0.45%) presented very 
low as compared to (69.80%) for moisture 
content of fresh sweet potato variety reported by 
Adepoju and Adejumo, [59]. The dry matter of 
the fresh sample ranged from sample S (30.85%) 
to R (48.58%) were sample S was the least and 
R presented the highest content of dry matter. 
Wasiu et al. [39] reported dry matter content of 
(30.54%) which was in agreement with the dry 
matter content of (30.85%) for sample S which is 
the fresh of orange-fleshed sweet potato.  
 
Crude fiber present that portion of food not used 
up by the body but mainly made up of cellulose 
together with a little lignin and is known to 
increase bulk stool [60]. Crude fiber consists 
largely of cellulose and lignin 97% (plus some 
mineral matter). Values obtained in the sample 
analyzed in Table 5 showed significant difference 
in raw samples (P<0.05) which ranged between 
(51.42 – 69.29%) were sample S had the highest 
and sample R, the recorded the least of crude 
fiber. The crude fiber from this research on the 
fresh samples were higher than (2.26 – 2.38%) 
reported by Emetole, [61] on the vine of orange-
fleshed sweet potato. The protein content  
ranged from sample O (3.52%) to P (5.92%) with 
sample P having the highest value which 
significantly differ (P<0.05) in protein and O the 
least. 
 
The protein content of the fresh of plantain 
(sample R) had the highest of (0.52%). Though, 
no significant difference (P>0.05) occurred 
among the samples. They have the protein 
content less than 1% which agreed with the claim 
from Eleazu and Eleazu [62] that sweet potato; 
cassava and plantain contain less protein content 
less than 1%. 
 
Ash is a reflection of the inorganic mineral 
elements present in the samples. Some of the 
samples investigated contained significant 
quantities of ash than the other which ranged 
from (0.61 – 2.49%). The ash and fat content of 
(2.18%) and (2.28%) in sample Q which is the 
yellow root cassava was higher than the fresh 
cassava reported by Eleazu and Eleazu [62], 
who reported (1.54%) and (1.15%) for TMS/ 
0473.  
 

Fat are vital to the structure and biological 
functions of cells and are used as alternative 
energy source.  Sample Q (2.28%) had the 
significantly highest fat content (P<0.05) than the 
other samples investigated. Carbohydrate 
content was highest in sample R (42.66%), 
followed by sample Q (31.04%) and S (27.43%). 
Fresh plantain contained a lot of carbohydrate 
than bio fortified cassava and yellow-fleshed 
sweet potato. 

 
4. CONCLUSION 
 
All the composite flours displayed stronger 
affinity for water than oil. In general, water 
absorption index among the composite flours did 
not differ significantly and has implications for 
viscosity. A significant difference exists among 
the samples which increases in swelling index as 
the proportion of cassava increases which. To 
some extent, the protein content of root crops is 
influenced by variety, cultivation practice, climate 
growing season and location [57]. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Stahl W, Sies H. Lycopene: A biologically 

important carotenoid for humans? Archives 
of Biochemistry and Biophysics. 1996; 
336(1):1–9.  

2. Food and Agriculture organization of the 
United Nations/ World Health Organization. 
(FAO/WHO). FAO energy and protein 
requirement. Reports of Joints FAO/ WHO 
adhoc Expert Committee Room; 2002. 

3. Egesi C. New improved cassava varieties 
released in Nigeria. Integrated Breeding 
Platform. Integrated breeding. Net 
Improved Cassava Varieties in Nigeria; 
2011. 

4. Bokanga M. Cassava: Post-harvest 
operations. Information Network on Post-
Harvest Operations. FAO Cassava post-
harvest pdfArchived 2014-04-22. 2000;1-
26.  

5. Norbert M, Parkes E, Peter AK, Simone 
KF, Schweigent A. Quantification of total 
carotene content of yellow root            
cassava genotypes using the iCheckTM 
carotene in comparison with the standard 



 
 
 
 

Uzoaga et al.; JAMB, 20(2): 35-47, 2020; Article no.JAMB.54971 
 
 

 
45 

 

spectrophotometer method. IITA Ibadan; 
2012. 

6. IITA. Beta-carotene in cassava easily 
converted to retinol. Bulletin Issue No. 
2025. 2010;1-2. 

7. Tanumihardjo SA. Food-based approaches 
for ensuring adequate vitamin A nutrition. 
Comp. Rev. Food Sci. Food Saf. Web of 
Science® Times Cited: 5. 2008;7:373-381. 

8. The Bio Cassava Plus. Uganda Investment 
Authority, Ministry of Agriculture Animal 
Industry and Fisheries; 2002. 

9. Bechoff A, Dufour D, Dhuique-Mayer C. 
Effect of hot air, solar and sun drying 
treatments on provitamin A. Retension in 
orange fleshed sweet potato. Journal of 
food Engineering. 2009;92(2):164-171. 

10. Low JW, Arimond M, Osman N, Cunguara 
B, Zano F, Tschirley D. A food-based 
approach introducing orange-fleshed 
sweet potato increased Vitamin A intake 
and Serum retinol concentrations in young 
children in rural Mozambique. J. Nutr. 
2007;137:1320-1327. 

11. Sweet potato knowledge portal. Web Site; 
2018. 
Available:http://sweetpotatoknowledge.org/ 
(Accessed on March 15, 2018) 

12. Abidin SZ, Amir ET, Norziah MH, Wan 
Ahmad KM, Pablo J. Encapsulation of 
polyphenolic antioxidants obtained from 
Momordica charantia fruit within 
zein/gelatin shell core fibers via coaxial 
electrospinning, Food Bioscience; 2015. 

13. Stathers T, Lamboll R, Mvumi BM. 
Climate change and postharvest 
agriculture for development. In Kauzeni 
AS (Ed.), NRI Working Paper Series: 
Climate Change, Agriculture and Natural 
Resources; 2013. 

14. Nzamwita M, Temesgen B, Kirimi S, 
Tawanda M, Jean Claude N, Jan L. 
Investigating consumer preferences and 
willingness to pay for Orange-fleshed 
Sweet potato (OFSP) juice in Rwanda. 
Research Article. 2017;4:227–236. 

15. Kolawole F, Balogun M, Opaleke D, Amali 
H. An evalution and nitritional and sensory 
glitres of wheat Moringa cake. Agrosearch. 
2018;13:87-94. 

16. Mohammed E, Dorothea B, Olivier R, 
Souhail B, Chirstophe B, Hamadi A. 
Dietary fiber and fibre rich by products of 
food processing: Characterization, 
technological functionality and commercial 
applications: A Review, Food Chemistry. 
2012;124(2):411-421. 

17. Pillay K, Muthulisi S, John D, Frederick JV. 
Provitamin A carotenoids in biofortified 
maize and their retention during 
processing and preparation of South 
African maize foods. Journal of Food 
Science and Technology. 2018;51:634–
644. 

18. Amaglo N. Moringa and other highly 
nutritious plant resources: Strategies, 
standard andmarkets for a better impact on 
nutrition in Africa, Accra, Ghana; 2006. 

19. Yameogo CW, Bengaly MD, Savadogo A, 
Nikiema PA, Traore SA. Determination of 
chemical composition nutritional values 
Moringa oleifera leaves. Pak JNutri. 
2011;10:264-268. 

20. Kasolo JN, Bimenya GS, Ojok L, Ochieng 
J, Ogwala Okeng JW. Phytochemicals and 
uses of Moringa oleifera leave in Uganda 
rural communities. J. Med Plants Res. 
2010;4:753-757. 

21. Kumar N. Management of nutritional and 
health needs of malnourished and 
vegeterian people in India; 2004. 

22. Jung IL. Soluble extract from Moringa 
oleifera leaves with a new anticancer 
activity. PLOS ONE. 2004;9:1-10. 

23. Mbikay M. Therapentic potential of 
Moringa oleifera leaves in chronic 
hyperglycemia and Dyslipidemia: A review, 
Front. Pharma Col. 2012;3:1-12. 

24. Yiu HH. Extruded snacks. Handbook of 
food science, technology and engineering. 
CRC Press. 2006;4:168-8. 

25. Association of Official Analytical Chemists. 
Standard official methods of analysis of the 
association of analytical chemists, 
Washington DC, USA; 2010. 

26. Onwuka GI. Food analysis ang 
instrumentation. Theory and practice, 
Nephthali prints, a division of HG Support 
Nig. Ltd, Lagos. 2005;68-13. 

27. Mahajan A, Dua S. Salts and pH induced 
changes in functional properties of 
amaranth (Amaranthus tricolor l.) seed 
meal. Cereal Chemistry. 2002;79(6):834–
837.  

28. Aminu B, Badau MH, Ndanusa FH, Adamu 
MA. Proximate, functional and sensory 
properties of blends water yam and 
cowpea flour.  Food Nutri. 2018;4:136-137. 

29. Ajata L, Otutu OL, Bamgbose A. Effect of 
delayed processing on some physic-
chemical properties of cassava starch. 
American Journal of Food and Nutrition; 
2013. 
[ISSN: 2157-0167] 



 
 
 
 

Uzoaga et al.; JAMB, 20(2): 35-47, 2020; Article no.JAMB.54971 
 
 

 
46 

 

30. Fagbemi TN. Effect of blanching and 
ripening and ripening of functional 
properties of plantain (Musa aab) flour. 
Food Hum. Nutr. 1999;54:261-269. 

31. Karuna D, Noel D, Dilip K. Food and 
nutrition bulletin. United Nation. 1996; 
17(2). 

32. Aluge OO, Akinola SA, Osundahunsi OF. 
Effect of malted sorghum on quality 
characteristics of wheat-sorghum-soybean 
flour for potential use in confectionaries. 
Food and Nutrition Sciences. 2016;7:1241-
1252.  

33. Kaur M, Singh N. Studies on functional, 
thermal and pasting properties of flours 
from different chickpea (Cicer arietinum L.) 
cultivars. Food Chemistry. 2005;91(3):403-
411. 

34. Dexostakis G, Zafiriadis I, Irakil M, Marlani 
H, Tananaki C. Lupin, soya and triticale 
addition to wheat flour dough and their 
effect on rheological properties. Food 
Chemistry. 2002;77:219-227. 

35. Loos PJ, Hood LF, Graham AJ. Isolation 
and characterization of starch from 
breadfruit. Cereal Chem. 1981;58:282-286. 

36. Odoemelam SA. Chemical International 
Journal of Food Science and Technology 
composition and functional properties of 
conophor nut flour (Tetracarpidium 
conophorum) Flour. 2002;38:729734. 

37. Niba LL, Bokonga MM, Jackson EL, 
Schlimme DS, Li BW. Physiochemical 
properties and starch granular 
characteristics of flour from various 
Manihot esculenta (cassava) genotypes. J. 
Food Sci. 2001;67(5):1701-1705. 

38. Aremu MO, Olaofe O, Akintayo ET. 
Functional properties of some Nigerian 
varieties of legume seed flours and flour 
concentration effect on foaming and 
gelation properties. J. Food Technol. 
2007;5(2):109-115. 

39. Wasiu A, Adebaya BA, Maziya-Dixon B. 
Functional foods in health and disease. 
Food Technol. 2018;8(9):438-446. 

40. Abegunde TA, Bolaji OT, Adeyemo TB. 
Quality evaluation of maize chips (Kokoro) 
fortified with cowpea flour. Nigerian Food 
Journal. 2018;32(1):97-104.  
Available:https://doi.org/10.1016/S0189-
7241(15)30101-6 

41. Ubbor SC, Akobundu ENT. Quality 
characteristics of cookies from composite 
flour of watermelon seed, cassava and 
wheat. Pakistan Journal of Nutrition. 
2009;8:1097-1102. 

42. Kent NL, Evers AD. Flour quality. In Kent 
NL, Evers AD (Eds.) Kent’s Technology of 
Cereals: An Introduction for Students of 
Food Science and Agriculture. Springer. 
Netherlands. 1994;78-82:170-175. 

43. Maziya-Dixon B, Dixon AGO, Ssemakula 
G. Change in total carotenoid                    
content at different stages of traditional 
processing of yellow fleshed cassava 
genotypes. International Journal of         
Food Sceince and Tec. 2008;12(44):2330-
2357. 

44. Standard Organization of Nigeria. Hand 
book on Nutrition. Rejoint communication 
publishers Ltd; 1998. 

45. Arisa NU, Adelekan AO, Alamu AE, 
Ogunfowora EJ. Effect of pretreatment of 
plantain (Musa parasidiaca) flour on 
pasting and sensory characteristics of 
buiscuit. International of food and nutrition 
science. 2013;2(1):2165-5316. 

46. Dhingra D, Milind P, Kulkarni SK. 
Comparative Brain Cholinesterase-
Inhibiting Activity of Glycyrrhiza 
glabra, Myristica fragrans, ascorbic acid 
and metrifonate in mice. Journal of 
Medicinal Food. 2012;9:281. 

47. Marriott NG, Tracy JB, Kelly RF, Graham 
PP. Accelerated processing of boneless 
hams to dry-cured state. Journal of Food 
Protection. 1983;46:717–721. 

48. Adenjini TA, Sanni LO, Barimalaa IS, Hart 
AD. Determination of micronutrients and 
colour variability among new plantain and 
banana hybrids flours. World J. Chem. 
2006;1(1):23-27. 

49. Igbabu B, Num G, Amove J. Quality 
evaluation of composite bread from wheat-
maize and orange fleshed sweet potato 
flours. Am. J. Food Sci. Technol. 
2014;2(4):109-115. 

50. Okafor GI, Ugwu FC. Production and 
evaluation of cold extruded and baked 
ready-to eat snacks from blends of 
breadfruit (Treculia africana), cashew nut 
(Anacardium occidentale) and coconut 
(Cocos nucifera). Food Science Quality 
and Management. 2014;23:65-77. 

51. Oko AO, Famurewa AC, Nwaza JO. 
Proximate, Mineral and starch 
characteristics of eight unriped plantain 
cultivars in Nig. British Journal of Applied 
Science and Technology. 2015;6(3):285-
294.  

52. Shodehinde SA, Oboh G. Antioxidant 
properties of aqueous extract of unripe 
Musa paradisiaca on sodium 



 
 
 
 

Uzoaga et al.; JAMB, 20(2): 35-47, 2020; Article no.JAMB.54971 
 
 

 
47 

 

nitroprussideinduced lipid peroxidation in 
rat pancreas in vitro. Asian Pac. J Trop 
Biomed. 2013;3(6):449-457. 

53. USDA. Food and nutrition information 
center food guide pyramid. Steps to a 
Healthier You; 2015. 

54. Ihekoronye AI, Ngoddy PO. Integrated 
food science and technology for the 
tropics. Macmillian Publishers, London; 
1985. 

55. Luzia DM, Jorge N. Study of antioxidant 
activity of non-conventional Brazilian fruits. 
J Food Sci Technol. 2014;51(6):1167-
1172. 

56. Adewusi SR, Ojumu TV, Falade OS. The 
effect of processing on total organic acids 
content and mineral availability of 
simulated cassava-vegetable diets. Plant 
Foods for Human Nutrition. 1998;53(4): 
367-380. 

57. Woolfe JA. The potato in Human Diet 
Cambridge University Press, Cambrige 
England; 1992. 

58. Eppendorfer WH, Eggum BO, Bille SW. 
Nutritive value of potato crude protein as 
influenced by manuring and aminoacid 

composition. J. Sci. Food Agric. 
1979;(30):361-368. 

59. Adepoju AL, Adejumo BA. Some proximate 
properties of sweet potato (Ipomoea 
batatas L.) As influenced by cooking 
methods. International Journal of Scientific 
& Technology Research. 2015;4:2277-
8616. 

60. Eleazu CO, Okafor PN, Ikpeama A. Total 
antioxidant capacity, nutritional 
composition and inhibitory activity of unripe 
plantain (Musa paradisiaca) on oxidative 
stress in alloxan-induced diabetic rabbits. 
Pak. J. Nutr. 2011;9(11):1052-1057. 

61. Emetole JM. Effect of vine cutting on 
carotenoid profile and nutrient composition 
of three orange fleshed sweet potatoes. 
Food Chems; 2018. 

62. Eleazu CO, Eleazu KC. Determination of 
the proximate composition, total 
carotenoid, reducing sugars and residual 
cyanide levels of flours of 6 new yellow 
and white cassava (Manihot 
esculenta Crantz) Varieties. American 
Journal of Food Technology. 2012;7:642-
649.  

_________________________________________________________________________________ 
© 2020 Uzoaga et al.; 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://www.sdiarticle4.com/review-history/54971 


