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ABSTRACT

Aim: The aim of this study is to produce flour from different blend ratio of orange fleshed sweet
potato, yellow root cassava (YRC) and Plantain fortified with Moringa oleifera leaves powder and to
determine the nutritional composition (vitamin and mineral) and phytochemical content of the
composite flour.

Introduction: Orange-fleshed sweet potato (OFSP) is a promising root crop due to its high -
carotene content which could help to reduce vitamin A deficiency (VAD). However, it is a less
utilized perishable crop. Therefore, in other to improve it utilization in processing and bakery
products the incorporation with other flours should be considered. In order to use OFSP tubers,
incorporation with other flours in processing and baked products can be considered.

Study Design: The physicochemical analysis was carried out at the biochemistry laboratory of

*Corresponding author: Email: uzoagalinda@gmail.com;



Uzoaga et al.; AJAAR, 12(2): 7-19, 2020; Article no.AJAAR.54120

National Root Crop Research Institute (NRCR1) while part of the analysis was done at
International Institute of Tropical Agriculture Ibadan (IITA). Study lasted for 6 months.
Methodology: Orange-fleshed sweet potatoes (OFSP), yellow roots cassava (YRC) were all
sourced from National Root Crops Research Institute Umudike, while the plantain and Moringa
oleifera leaves were gotten from Umuahia market and Michael Okpara University of Agriculture
Umudike (NRCRI) respectively. The samples were processed into flour and used to form a blend.
The flour blend constitute of yellow root cassava, orange fleshed sweet potato and plantain which
were fortified with Moringa oleifera leaves at constant portion of 5% while the YRC, OFSP and
plantain were varied at different concentration of 65%, 70, 75, 80, 85, 95 and 5, 10, 95 and 5, 10,
15, 25 and 95% l.e. Sample A, B, C, D, E, F, G, H respectively.

Results: The result obtained indicated among the mineral content determined that sample G
which serves as the control with 95% Plantain and 5% Moringa oleifera leaves powder exhibited
highest in calcium having 13.26 mg/100 g, magnesium 88.06 mg/100 g, potassium 287.70 mg/100
g and iron 2.69 mg/100 g as compared to other composite flour. The phytochemical content of
sample F (95% YRC with 5% Moringa oleifera leaves powder) has the highest in alkaloid, tannin
and hemagglutinin content as 4.22 mg/100 g 2.26 mg/100 g and 12.43 mg/100 g respectively. The
result also indicated that increase in the YRC and decrease in the OFSP caused an appreciable
increase in the Vitamin B1, B3 C and D content.

Conclusion: The vitamins, mineral and phytochemical content of the products were enhanced and

can be of nutritional benefit to the public.

Keywords: Orange-fleshed sweet potato; yellow root cassava; plantain, moringa leave powder;

blends; vitamin; mineral.
1. INTRODUCTION

Vitamin A deficiency (VAD) is a widespread
nutritional disorder in low-income countries and
is still a public health concern worldwide. The
insufficient intake over a long period of time
causes xerophthalmia that may lead to
irreversible blindness Bokanga [1]. Furthermore,
subclinical deficiency can aggravate diseases
such as diarrhea and other infectious processes
[2]. Cassava (Manihot esculenta Cranz) has
been processed into food products worldwide for
several hundreds of years. The traditional
methods of processing cassava roots into food
have been adapted to suit the attributes of the
plant such as root yield, spoilage, cyanide
content, nutrient content, and process-ability.
With increasing population, increase demand of
consumers for better quality foods and increase
new use of cassava, indigenous methods of
cultivation and processing of cassava have been
transformed by modern scientific knowledge for
use in industrial operations. Cassava is basically
made into fermented and unfermented products.
Fermented products include cassava bread,
fermented cassava flour, fermented starch, fufu,
lafun, akyeke (or attieke), agbelima, and gari,
whereas the unfermented products include
tapioca, cassava chips and pellets, unfermented
cassava flour and starch. New food uses of
cassava include flour in gluten free or gluten-
reduced products (e.g., bread, biscuits, etc.).

This review highlights progress made in the
utilization of cassava for food; challenges,
process and raw material development issues
and improvement achieved in nutritional delivery
of cassava foods. Also, progress made in the
storage, presentation, packaging, etc., of
cassava foods. Plantain is gluten-free though
lower in protein [3] which is essential for those of
gluten intolerance. Plantain have been reported
to contain low quantities of minerals [4].

2. MATERIALS AND METHODS

Pounds of unripe (green) plantain (Musa
paradisiaca normalis) was purchased from a
local market in Umuahia, Abia State. Yellow root
cassava (Manihot esculenta Cranz) tuber variety
UMUCASS 45 and Orange-fleshed sweet
potatoes (OFSP) (Ipomoea batatas L. Lam) was
obtained from the experimental / commercial
farm of the National Root Crop Research
Institute (NRCRI) Umudike. Moringa oleifera
leaves were obtained from Michael Okpara
University of Agriculture, Umudike (MOUAU)
which was sprayed on a tray to dry under natural
air (not sundried). The dried moringa was milled
into powder, sieved and packaged in
polyethylene bag, sealed and store at room
temperature (30+1°C) until used. The flow chart
for the production of Yellow root cassava,
Orange-fleshed sweet potato and Plantain are
shown in Figs. 1 and 2 respectively.
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Picture A. Orange- fleshed sweet potato Picture B. Shredded orange fleshed sweet
potato

Picture C. Yellow root cassava Picture D. Bunch of unripe plantain

Yellow root cassava and orange-
fleshed sweet potatoes tuber

!

Washing (cold water)

peeling (Knife)
Washing (Cold water)
Chipping (Adebash manu. Coy by Addis Eng. Ltd)
Drying (Oven drying at 80-90°C for 10 h)
Milling (Niji Lukas Nig. Ltd)

Cassava and Potato flour

Packaged YRC and OFSP
Flour

Fig. 1. Flow chart for the production of food quality yellow root cassava and orange fleshed
sweet potato
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POUNDSE OF PLANTAIN

pesling

v

Washing (cold water)

Washing (Cold water)

Slicing into 1lmm cube

Drving (Oven drving 80-90°C for 12h)

Milling

Plantain flour

|

Packaged plantain Flour

Fig. 2. Flow chart for the production of quality plantain

Table 1. Flour blends of Yellow Root Cassava
(YRC) (TMS/07/0593), Orange-fleshed sweet
potato (OFSP), plantain and Moringa oleifera

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 5
YRC- Yellow root cassava, OF SP — Orange-fleshed
Sweet potato

Blending of Raw Materials (Flour): Plantain
flour, Orange-fleshed sweet potatoes, Moringa

leaves powder and Cassava flour was
blended using a Hobart mixer in the ratio shown
below. Table 1, shows the formula for blends of
raw flour into eight (8) equally spaced
combinations. It showed the impact of cassava
flour addition at equal proportions to orange-
fleshed sweet potato flour, plantain and Moringa
leaves powder. The flour blends were packaged
in polyethylene bags and stores at room
temperature.

2.1 Mineral Analysis

Determination of calcium, potassium, iron and
magnesium by Atomic Absorption Spectro-
photometer (AAS) while sodium and potassium
Flame photometry was done as described by
Onwuka [5].
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2.2 Phytochemical Content Analysis

Determination of flavonoid, Phytate, tannin,
alkaloid, hydrogen cyanide, Hemagglutinin,
Phenols content were done by method as
described by Onwuka [5].

2.3 Vitamin Content

Thiamine (vitamin B;), Riboflavin (vitamin B,),
Niacin (vitamin Bj), Ascorbic acid (vitamin C),
Tocopherol (vitamin E) were done by method
described by AOAC [6].

3. RESULTS AND DISCUSSION

Moringa oleifera leaves powder, yellow root
cassava (TMS/07/0593 or UMUCASS 45),
orange fleshed sweet potatoes and plantain flour
were chemically analyzed, and obtained results
were summarized in Table 2. Minerals serve as
prosthetic groups or cofactors to vitamins
functioning as coenzymes in enzyme catalyzed
bioreactions. Minerals are equally required for
the right composition and proportion of body
fluids, formation of blood and bones and the
creation and maintenance of healthy nerve
functions [7]. Above all, the higher potassium
than sodium levels make them ideal diuretic diet
for the prevention of the onset of certain health
conditions including hypertension. Generally,
minerals and vitamins are functional ingredients
of food which impact positively on human health
and well-being beyond mere nutrition. For all the
samples, sample G which serves as the control
(95% Plantain with 5% Moringa oleifera leaves
powder) exhibited highest in calcium (13.26
mg/100 g), magnesium (88.06 mg/100 g),
potassium (287.70 mg/100 g) and iron (2.69
mg/100 g) as compared to other composite flour.
Potassium and sodium perform important
biochemical functions as in acid-base balance,
nerve impulse mediation and cell membrane
sodium (Na) and potassium (K) channels and
pumps. However, compelling evidence has
replicated high dietary sodium intake in the

development of cardiovascular disease,
importantly hypertension and that increased
intake of dietary potassium is beneficial in

relation to blood pressure control [8]. Currently,
results are inconclusive as to whether potential
adverse effects are associated with low intake of
sodium [8]. Meanwhile sodium intake of <1.5 g or
<2.3 g per day is recommended in dietary
guidelines [9]. Potassium level ranged from
(244.62 mg/100 g to 287.70 mg/100 g) with
significant  differences within the samples
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(P<0.05). Sample G had the highest potassium
level which is similar to (264.75 mg/100 g) as
reported by Oko, et al. [10] on Nbipaul plantain
cultivar variety. It has been reported that plantain
is low in sodium and higher in potassium and
calcium as evidenced in the result. Potassium
was present in about 15 times as sodium. The
value of composite flour of 95% plantain with 5%
Moringa oleifera leaves powder (sample G) was
(9.26 mg/100 g) which is lower than (27.78
mg/100 g) as reported by Oko, et al. [10].
Therefore, consumption of plantain flour may
dispose of populace to hypernatremia or high
blood pressure respectively.

Magnesium level indicated a significant
difference (P<0.05) which ranged between
(28.10 mg/100 g to (88.06 mg/100 g) for sample
A and G respectively. Iron content investigated
showed that samples A (1.04 mg/100 g) and G
(2.69 mg/100 g) had iron content more than 1%.
While other samples had less than 1% which did
not significantly differ from each other as shown
in Table 2. The results are an indication of the
usefulness of plantain in increasing the mineral
composition of the composite flour. Plantain can
be considered a good source of -calcium,
magnesium, potassium and iron while sample H
(95% OFSP with 5% Moringa oleifera leave
powder) indicated rich in sodium. The calcium is
comparatively more abundant among samples G
(13.26 mg/100 g) while sample D (12.86 mg/100
g) did not significantly (P>0.05) differ from E
(12.87 mg/100 g) and F (12.17 mg/100 g). It was
observed that the values increased with increase
ratio of biofortified cassava (UMUCASS 45) for
calcium as observed among samples A, B, C, D
and E (10.60 mg/100 g), (10.77 mg/100 g),
(11.60 mg/100 g), (12.86 mg/100 g) and (12.87
mg/100 g). Low intake of calcium in children
may induce rickets, growth retardation and
biochemical signs of hyper parathyroidism that
normalize after calcium supplement [11].

The results of the anti-nutritional content of
composite flour produced from yellow root
cassava, orange fleshed sweet potato and
plantain fortified with Moringa oleifera leaves
powder were presented in Table 3. The anti-
nutritional factors determined were Tannin,
Phytate, Oxalate, HCN, Alkaloid, Flavonoid,
Phenol and Hemagglutinin. The result indicated
sample F had the highest amount of all the anti-
nutritional factors tested except in phytate,
flavonoid and phenol. No significant difference
(P>0.05) was observed among A (2.02 mg/100
g), B (2.16 mg/100 g), C (2.17 mg/100 g), D



(2.20 mg/100 g), E (2.23 mg/100 g) and F (2.26
mg/100 g) while samples G (1.07 mg/100 g) and
H (1.98 mg/100 g) are significantly the same.
Sample F contained the highest, blend of 95%
yellow root cassava with 5% Moringa oleifera
leaves powder. The next abundance in anti-
nutritional was sample E except in alkaloid,
flavonoid and phenol. This variation may be due
to the processing method used which required
heat. Ojo and Akande, [12] reported that different
processing methods such as  cooking,
autoclaving and soaking have an influence in
reducing the anti-nutritional factors of foods. The
oxalate and phytate levels found in the flour were
similar to (0.01 to 0.04 mg/100 g) and (0.00 to
0.01 mg/100 g) by Oluwaseun, et al. [13] but
tannin level was higher ranging from (1.07 to
2.26 mg/100 g) than the tannin level from this
work (0.02 to 0.05 mg/100 g) found in a work on
composite flour from cocoyam and cassava by
Oluwaseun, et al. [13].

Increase percentage of yellow root cassava,
increased the values of HCN, alkaloid, phytate
and tannin level while decrease in yellow root
cassava increased in phenol and flavonoid
content. Flavonoid functions to protect against
allergies, inflammation, free radicals, platelet
aggregation, microbes, ulcers, tumor etc [14].

Flavonoid occurred in higher quantities in 65%
yellow root cassava + 10% orange fleshed sweet
potato + 20% plantain with 5% Moringa oleifera
leaves powder (sample A) (5.01 mg/100 g)
followed by sample B (4.76 mg/100 g) which is
70% yellow root cassava + 10% orange fleshed
sweet potato + 15% plantain with 5% Moringa
oleifera leaves powder. This showed that
flavonoid content increased with increased
plantain and decreased in yellow root cassava
content. Looking at sample G (4.15 mg/100 g)
95% plantain with 5% Moringa oleifera leaves
powder contained more flavonoid than sample F
(95% vyellow root cassava with 5% Moringa
leaves powder) was an indication that caused the
increase in the blend of A and B.

Generally, the alkaloid, tannin and hemagglutinin
content for sample F (95% YRC with 5% Moringa
oleifera leaves powder) were (4.22 mg/100 g),
(2.26 mg/100 g) and (12.43 mg/100 g) which
recorded highest that caused the increment
among the flour blends that is from sample A to
E, while sample G, contained the least of alkaloid
(2.74 mg/100 g) and (1.07 mg/100 g) for tannin.

The phytate, oxalate, cyanogenic glucoside
content presented in Table 4 ranged from (0.04-
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0.08 mg/100 g), (0.00-0.01 mg/100 g) and (1.05-
2.72 mg/100 g) is lower than (0.36-0.69 mg/100
g), (31.60-48.05 mg/100 g) and (16.80-32.53
mg/100 g) on cassava flour as reported by
Oluwaniyi and Oladipo [15] Alkaloid and
heamagletin content existed in large proportions
in this work which ranged from (2.74-4.22
mg/100 g) and (8.41-12.43 mg/100 g). A high
amount of oxalate and phytate was observed
(163.00 mg/100 g) in sweet potato and (38.00
mg/100 g) in cassava leaves and in phytate level
of (235.00 mg/100 g) in cassava leaves and
(1.05 mg/100 g) in sweet potato leaves, (235.00
mg/100 g) on phytochemical and antinutrient
constituents of cassava and sweet potato
reported by Anbuselvi and Balamurugan, [16].
The residual cyanide levels in the flour of all
blends investigated ranged from (1.05 mg/100 g)
for sample H to (2.72 mg/100 g) for sample H
which is 95% vyellow root cassava with 5%
Moringa oleifera leaves powder. It was observed
that the flour blends increases in hydrogen
cyanide as the percentage of yellow root cassava
increases in the blends ranging between sample
A (2.55 mg/100 g) to sample E (2.63 mg/100 g),
while sample G (95% plantain and 5% Moringa
oleifera leaves powder) and H (95% orange
fleshed sweet potato) presented the least were
significantly the same (P>0.05). Comparing (2.72
mg/100 g) from UMUCASS 45 blend with 5%
Moringa leaves powder to (2.43 mg/100 g) for
UMUCASS 37 were similar but TMS 98/0505
(3.40 mg/100 g) is higher as reported by Eleazu
and Eleazu, [17]. Work by Obasi and Chukwuma,
[18] presented hydrogen cyanide content (2.07
mg/100 g) for UMUCASS 36 and (2.11 mg/100
g) for UMUCASS 38 which is similar to cyanide
content obtained from this work (2.72 mg/100 g).

Moringa oleifera leaves powder, yellow root
cassava, plantain and orange fleshed sweet
potato composite flour were chemically analyzed,
obtained results were summarized in Table 4.
Roots and tubers are not rich sources of fat-
soluble vitamins. However, provitamin A is
present as the pigment beta-carotene in the
leaves of root crops, some of which are edible
[19]. Most roots and tubers contain only
negligible amounts of beta carotenes with the
exception of selected varieties of sweet potato.
Deep coloured varieties are richer in carotenes
than white cultivars. In the orange variety
"Goldrush", the pigment is made up of about 90
percent beta carotene and in "Centennial" the
corresponding figure is 88 percent. This is one of
the nutritional advantages of sweet potato
because sufficient and regular ingestion of sweet
potato leaves, together with the tubers of high
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Table 2. Mineral composition of the flour of yellow root cassava, orange fleshed sweet potatoes, plantain blend with Moringa oleifera leave

(mg/100 g)

Samples Calcium Potassium Magnesium Sodium Iron

A 10.609+0.71 28.10%+0.01 244.62'+0.68 9.35%+0.02 1.04°+0.03
B 10.77'£0.03 36.14°°+0.04 252.11°+0.00 11.93°+0.01 0.99°+0.07
C 11.60°+0.01 38.37°+0.02 251.62°+0.00 12.15°0.14 0.97°+0.01
D 12.86°+0.04 43.30°°+0.28 275.65°+0.69 12.87°+0.03 0.91°°+0.01
E 12.87°+0.00 45.47°+14.11 273.66°0.71 13.11°+0.78 0.71°£002
F 12.17°+£0.03 35.85°°+0.05 262.16%+0.71 11.23'+0.50 0.62°+0.01
G 13.26°+0.04 88.057+0.08 287.70°+0.58 9.26%9+0.50 2.697+0.01
H 11.24°+0.10 3.16°+0.01 276.11°+0.00 15.16°+0.50 0.49'+0.01

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 3. Phytochemical analysis of the composite flour of yellow root cassava, orange fleshed sweet potatoes, plantain blend with
Moringa oleifera leave

Samples Tannin mg/100 Oxalate Phytate HCN Alkaloid Flavonoid Phenol Heamaglutin
g mg/100 g mg/100 g mg/100 g mg/100 g mg/100 g mg/100 g mg/100 g

A 2.02°+0.01 0.00°+0.00 0.04°+0.01 2.55%+0.01 3.119£0.01 5.01°+£0.01 0.61°+0.01 10.53'+0.01
B 2.16+0.01 0.00°+0.04 0.05°+0.01 2.59°+0.01 3.24'+0.01 4.76°+0.01 0.50°+0.00 10.97°+0.01
C 2.17°+0.01 0.01°£0.00 0.05°+0.00 2.61°°+0.01 3.36°+0.01 3.51°+0.01 0.53°0.01 11.32°+0.01
D 2.20°°+0.01 0.00°+0.00 0.06°+0.00 2.62°°+0.01 3.45%+0.02 3.23'+0.01 0.44°+0.00 11.79°+0.01
E 2.23%+0.01 0.00°+0.00 0.07°£0.01 2.63°+0.01 3.57°+0.02 2.85%+0.01 0.41+0.01 12.05°+0.01
F 2.26°+0.01 0.00°+0.00 0.07°+0.01 2.72°+0.01' 4.22°+0.02 2.54"+0.01 0.35%0.00 12.43%+0.01
G 1.07%+0.01 0.00°+0.00 0.08°+0.02 1.09°+0.01 2.74"+0.01 4.15°+0.01 0.83%+0.01 10.319+0.01
H 1.98+0.01" 0.01+0.00° 0.06+0.01° 1.05+0.02' 3.91+0.01° 3.78+0.01¢ 0.28+0.01" 8.41+0.01"

Mean values 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 = 76% 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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Table 4. Vitamin composition of the flour of yellow root cassava, orange fleshed sweet potatoes, plantain blend with Moringa oleifera leaves

Samples A(mg/100 g) B4(mg/100 g) B,(mg/100 g) B3;(mg/100 g) C(mg/100 g) E (mg/100 g)
A 31.72°+0.01 0.61%+0.01 0.49°+0.01 0.52°+0.01 36.22°+0.02 3.12°+0.01
B 31.42°+0.03 0.66°+0.01 0.45°+0.01 0.57°+0.01 36.42°+0.02 3.13°+0.01
C 30.87%+0.02 0.71°+0.01 0.36°+0.01 0.62°+0.02 36.36°+0.72 3.14°+0.01
D 30.28°+0.02 0.75°°+0.02 0.27°+0.01 0.68°+0.01 37.43°+0.01 3.13°+0.02
E 29.17'+0.02 0.78°+0.01 0.21°+0.01 0.73%+0.01 37.71%10.01 3.13°+0.02
F 26.47°+0.01 0.65°+0.01 0.09%+0.01 0.74°+0.01 35.42°+0.03 3.13°+0.01
G 15.64"£0.02 0.51°+0.01 0.17'+0.02 0.63°+0.002 30.74%+0.01 3.07°+0.01
H 38.96%+0.02 0.58%+0.02 0.13'+0.01 0.56°+0.01 27.87°+0.01 3.18%+0.01

Mean values 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
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beta-carotene varieties can meet the consumer's
daily requirement of vitamin A and hence prevent
the dreadful disease of xerophthalmia, which is
responsible for nutritional blindness in many
countries like Nigeria [20]. The dessert type of
sweet potato is even higher in beta-carotene and
it has been estimated that an intake of 13 g/day
will be sufficient to meet the vitamin A
requirement. Other sources of beta-carotene
include the deep orange varieties of banana. The
concentration, however, decreases from 1.04 mg
per 100 g when green (unripe) to 0.66 mg when
ripe [21]. Plantain contains very little beta-
carotene. Vitamin A is an essential nutrient
needed in small amounts by human for the
normal functioning of the visual system, growth
and development, maintenance of epithelial
cellular integrity, immune function and
reproduction. These dietary needs for vitamin A
are normally provided for as performed retinol
and provitamin A carotenoids [22]. Vitamin A
equivalency of B-carotene (VEB) is defined as
the amount of ingested B-carotene in ug that is
absorbed and converted into 1 pg retinol vitamin
A in the [23] and the VEB for a mixed vegetable
diet was estimated to be 6 ug B-carotene to 1 pg
retinol. This VEB of 6:1 for a mixed diet is
referred to as the retinol equivalents and is used
in many food compositions tables. Estimates for
the vitamin A recommended safe intakes for
male and female adults are 600 yg and 500 ug
retinol daily respectively [22]. As indicated in
Table 4, vitamin A content of the flour samples
ranged from 15.64 ug/100 g to 38.96 ug/100 g
for sample G and H respectively. No significant
difference (P>0.05) was observed among
samples A (31.72 ug/100 g), B (31.42 ug/100 g),
C (30.87 pg/100 g), and D (30.28 pg/100 g)
while sample H (38.96 ug/100 g) presented the
highest in vitamin A content which is the 95%
OFSP + 5% Moringa oleifera leaves powder.
Expectedly, the significant difference in vitamin A
contents of the sample H flour might be due to
deep colour of the potato. Consequently, the
vitamin A content of the composite flour
increased as the proportion of orange fleshed
sweet potato increased, this is due to the
minerals and vitamin A content of OFSP is higher
than that of yellow root cassava and plantain.
When compared to the daily requirements, the
blend can contribute to some extent [11].

A study with biofortified cassava porridge in
Colombia reported VEB of 2.80 ug B-carotene to
1 ug retinol [24]. Another study with biofortified
cassava porridge in the USA determined a VEB
of 4:2:1 provided with added oil and a VEB of
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4:5:1 when provided without added oil [25].
Considering a VEB of 2.80 pg B-carotene to 1ug
retinol and an intake of 600ug retinol daily, the
consumption of 380 g of p-carotene will
contribute to health.

As indicated on Table 4, all the composite flour
samples contained thiamin (vitamin B4), riboflavin
(vitamin B;) and niacin (vitamin Bj3) content less
than 1%. Vitamin B, range between (0.09
pg/100 g) for sample F which was the flour blend
of 95% yellow root cassava + 5% Moringa leave
powder to (0.49 pg/100 g) for sample A (65%
YRC + 10% OFSP + 20% Plantain + 5% Moringa
leave powder). Among the composite flour, it was
indicated that sample G (0.17 pg/100 g), the
blend from 95% plantain and 5% Moringa
oleifera leave powder presented high vitamin B,
than samples F and H (0.09 pg/100 g) and (0.13
pg/100 g) which was 95% YRC and 95% OFSP
with 5% Moringa oleifera leave powder. Vitamin
B, and Bsranged from (0.51 pug/100 g) in sample
B to (0.78 pg/100 g) in sample E and (0.52
pg/100 g) in sample A to (0.74 pg/100 g) in
sample F. It was observed that the levels of
thiamin and niacin increased as the proportion of
yellow root cassava increases. Among the 95%
blend, sample F contained the highest thiamine
and niacin contents of (0.65 ug/100 g) and (0.74
pg/100 g). A good review of simple technologies
for root crop processing provided by the United
Nations Development Fund for Women
publication, Root crop processing [26]. The first
step in processing any root crop is usually
peeling. This may remove nutrients if it is not
done carefully. Cooking losses can be reduced
by retaining the skin to minimize leaching and to
protect the nutrients. It is sometimes advisable to
peel after boiling, and to make use of the cooking
water in order to conserve water-soluble
nutrients [27]. Processing methods used during
production might be the cause of reduction in
thiamine, riboflavin and niacin content.

Most of the root crops contain small amounts of
the vitamin B group, sufficient to supplement
normal dietary sources. The B-group of vitamins
acts as a co-factor in enzyme systems involved
in the oxidation of food and the production of
energy. These vitamins are found mainly in
cereals, milk and milk products, meat and green
vegetables, including the leaves of roots and
tubers [27] For every 1000 kcal of carbohydrate
ingested about 0.4 mg of vitamin B, (thiamine) is
needed for proper digestion. Sweet potato
contains about double this required amount of
vitamin B; (0.8-1.0 mg/1000 kcals). Villareal [28]
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has estimated that a hectare of land planted with
sweet potato will provide about eight times as
much vitamin B4 (thiamin) and 11 times as much
vitamin B, (riboflavin) as a hectare planted with
rice. Similarly, it has been estimated by the
Nutrition Food Survey Committee, that in the
United Kingdom Irish potato supplied 8.7 percent
of the riboflavin, 10.6 percent of the niacin
(vitamin Bj), 12 percent of the folic acid, 28
percent of the pyridoxine (vitamin Bg) and 11
percent of the panthothenic acid [29].

Ascorbic acid, also known as vitamin C, is a
water-soluble vitamin. It naturally occurs in plant
tissues, primarily in fruits and vegetables.
Ascorbic acid occurs in considerable quantities in
several root crops. However, the level could be
reduced during cooking of roots unless skins and
cooking water are utilized. Root crops, if carefully
prepared, can make a significant contribution to
the vitamin C content of the diet. As reported by
the Nutritional Food Survey Committee [30], Irish
potatoes serve as a principal source of vitamin C
in British diets, providing 19.4% of the total
requirement. The vitamin C content of Irish
potatoes is very similar to those of sweet
potatoes and cassava. The concentration of
ascorbic acid varies with the species, location,
crop year, maturity at harvest, soil, and nitrogen
and phosphate fertilizers. Vitamin C is the most
thermolabile vitamin and is also easily leached
into cooking water or canning syrup. Elkins [31]
reported complete retention of vitamin C in
freshly canned sweet potato but the vitamin
content dropped to 60 percent of its original
value after storage for 18 months. The
concentration of the canning syrup did not affect
vitamin retention [32]. Air drying of thin slices of
sweet potato leads to only slight losses of vitamin
C. The vitamin C content as shown in Table 4
ranged from (27.87 pg/100 g) in sample H to
(37.71 pg/100 g) for sample E. No significant
difference (P>0.05) occurred among samples A
(36.22 pg/100 g), B (36.42 pg/100 g) and C
(36.36 ug/100 g) respectively.

Boiling may result in a 20 to 30 percent loss
of vitamin C from unpeeled roots and tubers. If
peeled before boiling the loss may be
much higher, up to 40 percent. Swaminathan
and Gangwar [33] estimated that 10 to 21
percent of the loss is due to leaching into the
cooking water and the rest is destroyed by heat.
Work by Ashokkumar, et al. [34] had thiamin
level of (80.0 pug/100 g), riboflavin (40.0 ug/100
g), niacin (60.0 pug/100 g) and vitamin C of (20.0
pg/100 g) on yellow root cassava which is
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higher than the result obtained from this work.
Baking losses of vitamin C in unpeeled potato
are about the same as in boiling but
roasting results in higher losses, while
making into crisps seems to be slightly better in
terms of vitamin retention. Frying results in
the loss of 50 to 56 percent compared to
20-28 percent on boiling unpeeled [35].
Streghtoff, et al. [36] reported a 28 percent loss
during baking and only a 13 percent loss
when boiled after peeling. The difference may be
that the higher temperature of baking leads to
greater destruction of the vitamin. The vitamin
C content of potato is very similar to those of
sweet potato, cassava and plantain, but the
concentration  varies with the species,
location, crop year, maturity at harvest, soil,
nitrogen and phosphate fertilizers [37]. One
hundred grams of potato boiled with the skin is
sufficient to provide about 80 percent of the
vitamin C requirement of a child and 50
percent of that for an adult. According tothe
Cook, et al. [38] potato was a principal source of
vitamin C in British diets, providing 19.4 percent
of the total requirement. McCay, et al. [7]
estimated that in the United States of America
potato provided as much vitamin C (20 percent)
as did fruits (18 percent). Study on vitamin E
(tocophenol) reported by Oki, et al. [39] ranged
(2.61-8.48 mg/100 g) on OFSP which were little
higher than (3.13 mg/100 g) on sample F which
was the 95% OFSP blend with 5% Moringa leave
powder.

4. CONCLUSION

Sweet potatoes are an essential nutritious staple
crop in Nigeria. Above all, the higher potassium
than sodium levels make them ideal diuretic diet
for the prevention of the onset of certain health
conditions including hypertension. Generally,
minerals and vitamins are functional ingredients
of food which impact positively on human health
and wellbeing beyond mere nutrition. For all the
samples tested, sample G which serves as the
control (95% Plantain with 5% Moringa oleifera
leave powder) exhibited highest in calcium
(13.26 mg/100 g), magnesium (88.06 mg/100 g),
potassium (287.70 mg/100 g) and iron (2.69
mg/100 g) as with composite flour. Potassium
and sodium perform important biochemical
functions as in acid-base balance, nerve impulse
mediation and cell membrane sodium (Na) and
potassium (K) channels and pumps. However,
compelling evidence have replicated high
dietary sodium intake in the development of
cardiovascular disease, importantly hypertension
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and that increased intake of dietary potassium is
beneficial in relation to blood pressure control [8].
Currently, results are inconclusive as to whether
potential adverse effects are associated with low
intake of sodium [8]. Meanwhile sodium intake of
<1.5 g or <2.3 g per day is recommended in
dietary guidelines [9]. Potassium level ranged
from (244.62 mg/100 g to 287.70 mg/100 g) with
significant  differences within the samples
(P<0.05). Sample G had the highest potassium
level which is similar to (264.75 mg/100 g)
reported by Oko, et al. [10] on Nbipaul plantain
cultivar variety. Plantains are reported to be low
in sodium and higher in potassium and calcium
which is confirmed in this result. Potassium was
present in about 15 times as sodium. The value
of composite flour of 95% plantain with 5%
Moringa oleifera leaves powder (sample G) was
(9.26 mg/100 g) which is lower than (27.78
mg/100 g) as reported by Oko, et al. [10].
Therefore, consumption of plantain flour may be
disposed populace to hypernatremia or high
blood pressure respectively. The calcium is
comparatively more abundant among samples G
(13.26 mg/100 g) while sample D (12.86 mg/100
g) did not significantly (P>0.05) differ from E
(12.87 mg/100 g) and F (12.17 mg/100 g).
Generally, the alkaloid, tannin and heamaglutinin
content for sample F (95% YRC with 5% Moringa
oleifera leave powder) were (4.22 mg/100 g),
(2.26 mg/100 g) and (12.43 mg/100 g) which
recorded highest that caused the increment
among the flour blends therefore, from sample A
to E, while sample G, contained the least of
alkaloid (2.74 mg/100 g) and (1.07 mg/100 g) for
tannin. Plantain contains very little beta-carotene
Consequently, the vitamin A content of the
composite flour increased as the proportion of
orange fleshed sweet potato increased, this is
due to the minerals and vitamin A content of
OFSP is higher than that of yellow root cassava
and plantain. When compared to the daily
requirements, the blend can contribute to some
extents. This study also revealed that composite
flour blends of OFSP, YRC, Plantain fortified with
Moringa oleifera leave powder are rich in
carotenoids and also assumed to be rich in -
carotene, which is a precursor of vitamin A, and
can play an important role in the alleviation of
VAD in the children of developing countries.
While the production of other sweet potato
varieties is encouraged, the study findings
suggest the consumption of OFSP to address
nutrient deficiencies. With the findings of this
research work is therefore, recommended that
the consumption of OFSP, YRC and plantain
fortified with Moringa oleifera leaves should be
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brought to the public, medical profession,
consumers and producers due to it beneficial
role.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Bokanga M. Cassava: Post-harvest

operations. Information Network on Post-
Harvest Operations. 1-26. FAO Cassava
post-harvest pdf Archived 2014-04-22 at
the EGESI; 2000.

World Health Organization.  Nutrition
Landscape Information System (NLIS)
Country Profile Indicators: Interpretation
Guide; 2010.

Alvarenga FC, Lidon E, Belga P, Motrena
S, Guerreiro MJ, Carvalho J.
Characterization of gluten-free bread
prepared from maize, rice and tapioca flour
using hydrocolloid Seawed agar-agar.
Res. Sci. Tech. 2011;3(8):64-68

Ketiku AO. Chemical composition of unripe
plantain (Musa paradisiaca). J. Sci. Food
Agric. 1973;24:703-707.

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

AOAC (Association of Official Analytical
Chemists). Official Methods of Analysis of
the Association of Official Analytical
Chemists; 2010.

Mc Cay CM, Mc Cay JB, Smith O. The
nutritive of potatoes in Talburt WF, Smith
O. eds. Potatoes processing. 3. Ed:
Westport, Com. Avi. 1985;235-273.
O’Donell M, Mente A, Rangarajan S,
McQueen MJ, Wang X, Liu L. Urinary
sodium and potassium excretion mortality,
and cardiovascular events. N Engl J Med.
2014;371:612-23.

DOI: 10.1056/NEJMoa1311889. 31
Department of Agriculture, Department of
Health and Human Services. Report of the
dietary guidelines advisory committee on
the dietary guideline for Americans, 2010,
to the secretary of agriculture and
secretary of health and human services,
Washington DC: Department of
Agriculture, Agricultural Research Service;
2010.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Uzoaga et al.; AJAAR, 12(2): 7-19, 2020; Article no.AJAAR.54120

Available:http://www.crpp.usda.gov/publica
tion/dietary guidelines/2010/dgac/report/20
10dgacreport-camera-ready-jan11-11pdf
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,

Mitcheal JR, Areas JAG. Structural
changes in biopolymers during extrusion,
In:  Food extrusion: Science and
Technology (Kokini JL, Ho CT, Karwe MV,
(Eds), Marcel Dekker, New York, United
States of America. 1992;345-360.

Ojo A, Akande EA. Quality evaluation of
‘gari’ produced from cassava and potato
tuber mixes. Afr. J. Biotechnol. 2013;12:
4920-4924.

Oluwaseun P, Bamidele F, Ogundele G,
Basirat A, Ojubanire M, Fasogbon B,
Olayide WB. Nutritional composition of
“Gari” analog produced from cassava
(Manihot  esculenta) and  cocoyam
(Colocasia esculenta) tuber. Food Sci Nutr.
2014;2(6):706-711.

Okwu DE, Nnamdi FU. Evaluation of the
chemical composition of Dacryodes edulis
and Raphia  hookeri mann  and
wendl| exudates used in herbal medicine in
South Eastern Nigeria. Afr J Trad
Complement Altern Med. 2008;5(2):194—
200.

Oluwaniyi OO, Oladipo JO. Comparative
studies on the phytochemicals, nutrients
and antinutrients content of cassava
varieties. Oluwaniyi and Oladino, JOTCSA.
2017;4(3):661-674.

Anbuselvi S, Balamurugan T. Phyto-
chemical and anti nutrient constituents of
cassava and sweet potato. World Journal
of Pharmacy and Pharm Aceutical
Sciences. 2014;33(33):1440-1449.

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.

Obasi NE, Chukwuma CS. Qoality
evaluation of cassava crackers made from
yellow root cassava (Manihot esculenta);
2015.

Blanquet-Diot S, Maha Soufi M, Rambeau
Rock E, Alric M. Digestive stability of
xanthophylls exceeds that of carotenes as

18

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

studied in a dynamic in vitro gastro-
intestinal system. Journal of Nutrition.
2009;139(5):876-883.

Tapiero H, Townsend DM, Tew DK. The
role of carotenoids in the prevention of
human  pathologies. Biomedicine  and
Pharmacotherapy. 2004;58(2):100-110.
Asenjo CF, Porrata El. The carotene
content of green and ripe plantains. J.
Agric. Univ. Puerto Rico. 1956;40(3):152-
156.

Food and Agriculture Organization/ World
Health Organization. WHO/FAO. Vitamin
and mineral requirements in human
nutrition. Joint Expert Consultation, 2nd ed.
Geneva: WHO; 2004.

Van Loo-Bouwman CA, Naber THJ,
Schaafsma G. A review of vitamin A
equivalency of B-carotene in Journal of
Environmental Science Technology and
food science Technology. 2014;9:2319-
2402. Various food matrices for human
consumption. British Journal of Nutrition
Cambridge. 2014;111(12):2153-2166.

Lin L, Cai C, Gilbert RG, Li E, Wang J, Wei
C. Relationships between amylopectin
molecular  structures and functional
properties of different-sized fractions of
normal and high-amylose maize starches.
Food Hydrosol. 2016;52(1):359—-368.

La Frano MR, Woodhouse LR, Burnett DJ,
Burri B. Biofortified cassava increases [-
carotene and vitamin A concentrations in
the TAG rich plasma layer of American
women. British Journal of Nutrition,
Cambridge. 2013;110(2):310-320.

Kusano S, Abe H. Anti-diabetic activity of
white skinned sweet potato (lpomoea
batatas L.) in Obes Zuckan fatty rats. Bio
Pharm Bull. 2000;23(1):23-26.

Patras A, Brunton NP, Tiwari BK, Butler F.
Modelling the effect of different sterilization
treatments on antioxidant activity and color
of carrot slices during storage. Food
Chemistry. 2009a;114(2):484e491

Villareal RL, Lin SK, Chang LS, Lai SL.
Use of sweet potato (lpomoea batatal) leaf
Tips as vegs part. 1-11. Exp. Agric. 1982;
15:13-127.

Finglas PM, Faulks RM. Nutritional
composition of UK retail potatoes, both raw
and cooked. J. Sci. Food Agric. 1985;35:
1347-1356.

National Academy of Science Food and
Nutrition Board Institute of Medicine
Dietary Reference. Intake for Energy,
carbohydrate, fiber, fatty acids, cholesterol,



31.

32.

33.

34.

35.

protein and Amino acids. The National
Academics Press. 2008;20022005.
(Accessed on April 14, 2008)
Available:http://www.iom.edu/ object. File/
master/ 7/300/webtablemacro. Pdf

Elkins ER. Nutrient content of raw and
canned green beans, peaches, and sweet
potatoes. Food Technol. 1979;33:66—70.
Arthur JC, Mclemore TA. Sweet potato
dehydration effect of processing conditions
and variety on properties of dehydrated
products. Journal of Agricultural Food
Chemistry. 1957;3(7): 782-787.
Swaminathan K, Gangwar BML. Cooking
losses of vitamin C in Indian potato
varieties. Indian Potato J. 1961;3:86-91.
Ashokkumar K, Adarsh MK, Geo T. Food
matrix: A new tool to enhance nutritional
quality of food. Journal of Pharmacognosy
and  Phytochemistry.  2018;7(8):1011-
1014.

Roy-Choudhuri RN. Nutritive value of poor
Indian diets based on potato. Food Sci.
1963;12:258.

Uzoaga et al.; AJAAR, 12(2): 7-19, 2020; Article no.AJAAR.54120

36.

37.

38.

39.

Streghtoff F, Munsell HE, BenDor B, Orr
ML, Caillean R, Leonard MH, Ezekiel SR,
Roch KG. Effect of large-scale methods of
preparation on vitamin content of food. I.
Potatoes J. Am. Diet Assoc. 1946;22:117-
127.

Augustin J, DeMoura J, Fereday M,
Johnson S, Teitzel C, Hogan JM, True R,
Shaw RL, Toma R, Orr P. Nutrient
composition of the Irish potato. Project
Report. Food Research Center, Univ. of
Idaho. 1975;135.

Cook T, Rutishauser IH, Seelig
M. Comparable data on food and nutrient
intake and physical measurements from
the 1983, 1985 and 1995 national nutrition
surveys. Canberra, ACT: Health and Aged
Care; 2001.

Oki T, Nagai S, Yoshinaga M, Nishiba Y,
Suda |. Contribution of B-carotene to
radical scavenging capacity varies among
orange-fleshed sweet potato cultivars.
Food Science and Technology Research.
2006;12(2):156-160.

© 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/54120

19



