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Camu-camu fruits have high functional importance and great potential as food. Knowing and
determining the nutrients present in its fruitsis crucial, in order to understand the relationship between
consumption and human health. For this reason, the objective of this work was to evaluate qualitative
attributes, such as organic acids content, antioxidant capacity and functional potential of different parts
of camu-camu fruit. The fruit used in the present study were collected in the state of Amazonas, Brazil,
and analyzed at the University of Florida, Gainesville, U.S.A. Seed, peel, pulp, pulp+peel, and whole fruit
were evaluated regarding pH, soluble solids, titratable acidity, and levels of ascorbic acid, phenolic
compounds, anthocyanins, and flavonoids. Antioxidant activity was evaluated by the Ferric Reducing
Antioxidant Power (FRAP) and Diphenyl-1-picrylhydrazyl (DPPH) methods. Based on the results, camu-
camu fruit proved to be a good source of acids, and the pulp is the part that is most concentrated in
organic acids. Also, the pulp presents the highest amount of phenolic compounds and highest
antioxidant activity. The peel had relatively higher amount of pigments, anthocyanins and flavonoids,
and higher concentration of ascorbic acid, proving that it can also be used as a source of bioactive
compounds.

Key words: Functional food, antioxidant activity, Ferric Reducing Antioxidant Power (FRAP), Diphenyl-1-
picrylhydrazyl (DPPH), pigments, Cacari.

INTRODUCTION

Camu-camu (Myrciaria dubia (H.B.K.) McVaugh), also fruit species with great nutraceutical and technological

known as ‘cacari’, ‘aracad'agua’, or ‘sardo’, belongs to potential, the interest of the scientific community on this
the family Myrtaceae, and is native to the Amazonian species has increased in recent years.
floodplains and lake (Maeda et al., 2007). For being a Fruits are important nutritional sources, since they are
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rich in vitamins, minerals and carbohydrates. Some
species have higher content of a specific nutrient when
compared with others. The increasing interest in camu-
camu fruit is due to its remarkable ascorbic acid (vitamin
C) content, and it is known as "King of Vitamin C" or
"Super Fruit". In the state of Roraima, Brazil, the fruit is
known as ‘cacari’, presenting mean values of 3,571 to
7,355 mg ascorbic acid 100 g™ pulp (Aguiar and Souza,
2016; Chagas et al., 2015; Grigio et al., 2015; Grigio et
al., 2016).

In addition to vitamin C, these fruits contain other anti-
oxidant compounds, such as carotenoids, anthocyanins
and other phenolic compounds which are valuable in
human nutrition (Silva, 2012). These compounds help in
the fight against and prevention of free radicals,
increasing immune resistance and delaying the early or
natural aging of cells (Santos et al., 2009).

However, the in natura consumption of camu-camu
fruits is low due to the high content of acids (Azevedo et
al.,, 2014), limiting its current consumption to the
producing regions. The rest of the production is exported
in the form of pulp, mainly to the United States, Europe
and Japan (Akter et al., 2011), for the development of
products that are considered natural sources of
biocompounds or antioxidants.

Several studies have been carried out with the by-
products obtained from fruit pulping, and they denote that
the peel has great potential as promising sources of
bioactive compounds, even though it is underutilized.
These compounds can be used as functional food, not
only in the Amazon region, but also in other parts of the
world (Fracassetti et al., 2013; Azevedo et al.,, 2014,
Azevedo et al., 2015). Moreover, other by-products that
are considered waste could have great economic,
nutritional, and functional potential. The seed, for
instance, has also proved to be excellent source of
minerals, with potential to be used in biotechnological
development (Sousa et al., 2015).

Vitamin C has vital effect on the brain, since
neurodegenerative diseases usually involve high levels of
oxidative stress. Moreover, ascorbic acid has positive
therapeutic implications against Alzheimer's disease,
Parkinson's disease, Huntington's disease and stroke
(Harrison and May, 2009). Thus, the potential of camu-
camu to minimize the risks of these diseases is extremely
significant.

Camu-camu has great functional and bioactive
potential. Besides being rich in vitamin C, it has high
levels of phenolic compounds, such as flavonoids. Some
of these phenolic compounds also have antioxidant and
anti-inflammatory properties, with potential to combat
chronic diseases induced by the stress, when the fruits
are consumed as part of the diet (Fujita et al., 2015).
Antioxidants are chemical compounds that can prevent or
reduce the oxidative damage of lipids, proteins and
nucleic acids caused by reactive oxygen. Antioxidants
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have the ability to react with free radicals and thus restrict
their effects on the organism (Couto and Canniatti-
Brazaca, 2010).

Several studies have reported camu-camu as a food
that helps spermatogenesis. The species also present
antimutagenic potential, and helps treat diseases such as
Alzheimer's and Parkinson's, diabetes, hypertension and
obesity (Schwertz et al., 2012; Gonzales et al., 2013;
Borges et al., 2014; Carvalho-Silva et al.,, 2014;
Gongalves et al., 2014; Azevedo et al., 2015; Fujita et al.,
2015; Langrey et al., 2015).For this reason camu-camu
has attracted great interest in the scientific environment,
in order to exploit all its functional potential, nutraceutical
and nutritional, which are still unknown and under-
exploited.

Due to the high functional importance and to the great
potential of camu-camu fruit, the knowledge and
determination of its nutrients is imperative in order to
understand the relationship between consumption and
human health. And mainly phytochemical concentration
differences between different parts of the camu-camu
fruit are not known. For this reason, the objective of this
work was to evaluate qualitative attributes, antioxidant
capacity and functional potential, of different parts of
camu-camu fruit.

MATERIAL AND METHODS

The camu-camu fruit used in the experiment were collected froma
private property,in planted area, in Amazonas, located on Highway
AM 010, km 98, Rio Preto da Eva-Brazil.

The fruit were collected at a mature stage, which was established
in previous studies (Grigio et al., 2015). After harvest, fruit were
taken to the Post-Harvest Laboratory of Embrapa Roraima, where
they were cleaned and selected for the absence of damages,
washed in running water, and sanitized with 0.02% sodium
hypochlorite (NaClO) for 30 min, following Brazilian National Health
Surveillance Agency (ANVISA) recommendations. After the
hygienization, fruits were processed according to the treatments.
Some fruits were properly pulped in an industrial pulper, with no
water, by separating the pulp from the peel and the seeds; other
fruit were kept intact; and some other fruit had only the seeds
removed, keeping the pulp+peel for the treatments.

The treatments consisted of: peel+pulp, pulp, peel, whole fruit
and seed. Totaling five treatments composed of four replicates
each, where each replicate was from a sample of 30 fruits.

After the separation of the material according to the treatments,

samples were lyophilized, stored in aluminized bags, and
transported to the University of Florida, Gainesville, FL, U.S.A. for
analysis.
The material was rehydrated according to the previously calculated
moisture content equivalent to each treatment, until obtaining 10 g
of fresh sample. The material was centrifuged in a refrigerated
centrifuge at 4°C, 12,000 rpm, for 20 min, and the supernatant was
removed for the following analyses:

pH

This was determined by reading 5 mL aliquot of the sample, using
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an 814 USB sample processor.

Soluble solids (SS)

Soluble solids were estimated by the reading, using a portable
refractometer (SOLOESTE, model RT-30ATC), with automatic
temperature compensation (10 to 30°C). Results were expressed in
°Brix (Institute Adolf Lutz, 2008).

Titratable acidity (TA)

This was determined by titration, following the methodology
described by the Institute Adolf Lutz (2008). Results were expressed
in mg of citric acid 100 g sample.

Ratio (SS/TA)

This was calculated by the solid soluble:titratable acidity ratio.

Ascorbic acid

The samples were extracted using 0.5% oxalic acid and titrated
with 2,6-dichlorophenolindophenol (Ranganna, 1986). Results were
expressed in mg of ascorbic acid 100 g™ sample.

Total flavonoid content

This was determined by the aluminum chloride colorimetric assay
(Zhishen et al.,, 1999), using quercetin as standard. For the
extraction, methanol solution and 5% aluminum chloride were
added. After 30 min, spectrophotometer readings were performed
at 441 nm. For each sample, a blank containing only sample and
methanol was made. Results were expressed in ug of quercetin
equivalent g™* sample.

Total anthocyanins content

This was determined according to the method described by Lee
and Francis (1972), using cyanidin as standard. An acidified
solution of methanol (methanol:HCI, 85:15, v:v) was added to the
samples. Once being homogenized, samples were stored in the
dark. After 24 h, samples were read in a spectrophotometer at 520
nm. Results were expressed in pg of cyanidin equivalent g*
sample.

Phenolic compounds

This was determined according to the Folin-Ciocateau spectro-
photometric method described by Singleton et al. (1999). A 20 ul
aliquot of the sample was diluted in 1.58 mL water. Afterwards, 100
pL of the Folin-Ciocalteu reagent was added and wellmixed. After
30 s to 8 min, 300 pl of the sodium carbonate solution was added
and stirred. Solutions were allowed to stand at 20°C for 2 h, and the
absorbance of each solution was determined at 765 nm. Results
were expressed in mg of gallic acid g™ sample.

Antioxidant activity (DPPH)

Total antioxidant activity was determined by the oxidation inhibition

potential, using the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) as
reference (Brand-Williams et al., 1995). One gram of the sample
was weighed, 10 mL of ethyl alcohol was added and homogenized,
and the mixture was taken to centrifuge at 6000 rpm for 50 min.
Subsequently, the supernatant was separated using a pipette, and
the solution was stored in a dark bottle in an ice-bath, added to 3
mL ethanol. The standard curve was made with ascorbic acid.
Absorbance was read using a spectrophotometer at 517 nm, in 500
ML of the sample extract, added to 300 pL of the DPPH stock
solution. Results were expressed in mg of ascorbic acid equivalent
gsample.

Antioxidant activity (FRAP)

Total antioxidant activity was also estimated by the iron reduction
method (FRAP), following the procedure adapted by Rufino et al.
(2006). One gram of sample was added to 40 mL 50% methanol,
which was homogenized and allowed to stand for 60 min at room
temperature. Afterwards, samples were centrifuged (15,000 rpm)
for 15 min, and the supernatant was transferred to 100 mL
volumetric flask. Forty millimeter 70% acetone was added to the
residue of the first extraction, which were then homogenized and
allowed to stand for 60 min at room temperature.

One hour later, samples were centrifuged again (15,000 rpm) for
15 min, and the supernatant was transferred to the volumetric flask
containing the first supernatant, and the volume was completed
with distilled water. The extract and the FRAP reagent (Acetate
buffer, 0.3 mol/L, 2,4,6-Triz(2-pyridil)-s-triazine (TPTZ) solution, 8.0
mmol/L and ferric Chloride solution, 20 mmol/L) were brought to a
water bath at 37°C.The standard curve was made with ascorbic
acid. Absorbance reading was performed at 595 nm. Results were
expressed in mg of ferrous sulfate g™ fruit.

Data were subjected to analysis of variance, and the means were
tested by the Tukey test at 5% probability using the SISVAR
software (Ferreira, 2011).

RESULTS AND DISCUSSION

Results show statistically significant difference for all the
treatments tested. When comparing the pH, only the
seed was different from the others, with mean value
higher than that of the other treatments (Table 1). Thus,
the seed presented lower acidity when compared with the
other parts of the fruit. Values lower than those observed
in the present study have been reported in the literature
(Akter et al., 2011; Barreto et al., 2013; Rufino et al.,
2009).

The seed had the highest content of soluble solids,
followed by whole fruit, peel, and peel+pulp, which did not
show statistically significant difference between them.
Finally, the pulp had the lowest soluble solids, with mean
value of 5.53 °Brix, similar to the reports found in the
literature regarding the pulp (Barreto et al., 2013; Fujita et
al., 2013; Grigio et al., 2016) and the fruit (Rufino et al.,
2009). Thus, it can be inferred that camu-camu seeds
likely have the highest sugar content. Similar behavior
was observed by Daiuto et al. (2014), who detected
higher sugar contents when evaluating avocado seed.
This greater amount of sugar is possibly the necessary
source for seed germination.
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Table 1. pH, soluble solids (SS), titratable acidity (TA), ratio (SS/TA) in different parts of camu-camu fruit.

Parameter pH Soluble solids (°Brix) Titratable acidity (mg citric acid 100 g'1 sample) Ratio (SS/TA)
Peel+Pulp  3.12+0° 6.93+0.2° 4.05+0° 10.79+0.2°%¢
Pulp 3.09+0.1° 5.53+0° 4.86+0" 10.39+0°¢
Peel 3.16+0° 7.00+0.2° 2.96+0.1° 9.93+0°
Whole fruit ~ 3.09+0° 7.26+0° 4.69+0.1" 11.79+0.1°
Seed 3.93:0" 13.86+1.3" 4.33+0.1° 19.19+1.3%

*Meanststandard deviation followed by the same letter in the column do not differ by the Tukey test at 5% probability.

Table 2. Anthocyanins, flavonoids, phenolic compounds, antioxidant activity (FRAP and DPPH) and ascorbic acid in different parts of camu-

camu fruits.
. . Phenolic Antioxidant Antioxidant Ascorbic acid
Anthocyanins Flavonoids(
Sample ( .1ng le) 1gam Iel)j compunds(mg activit}/ (FRAP) activit}/ (DPPH) (mg 100 g':L
H9 g P 99 P g'l sample) (mg g~ sample) (mg g~ sample) sample)
Peel + Pulp 50.7+1.5° 440.9+4.9° 130.6+2.9° 11.7+0.2 8.53+0"® 4,426+90"
Pulp 13.6+1.3° 91.5+6.5° 141.2+3.9* 11.7+0.3* 8.46+0° 2,919+55°
Peel 107.2+2.6" 550.8+12.3" 98.1+0.6° 11.7+0% 8.53+0"® 3,068+1355%¢
Whole fruit 29.9+0.6° 517.6+21.0° 117.7+5.9° 11.5+0.4" 8.59+0" 3,204+61°
Seed n. 49.6+2.8E n.? 8.4+0.2° 2.45+0° 551+31°

*Meanszstandard deviation followed by the same letter in the column do not differ by the Tukey test at 5% probability. ** n.d = not detected.

The highest titratable acidity index was observed in the
pulp, according to the method of the Instituto Adolf Lutz,
and it did not statistically differ from the whole fruit,
followed by the seed and the peel + pulp, which also did
not have statistically significant difference between them.
The peel had the lowest acidity index. These results are
consistent with those found in the literature (Rufino et al.,
2009; Akter et al., 2011; Barreto et al., 2013; Fuijita et al.,
2013).

The pulp and the whole fruit had higher values of acid.
Results indicated that a large number of acids are
present in the pulp of camu-camu fruits, corroborating the
literature that reports camu-camu fruit to be an extremely
acidic one (Rufino et al.,2009; Grigio et al., 2015; Maeda
et al., 2006). On the other hand, the lowest values were
observed in the peel. This fact is consistent with the fact
that camu-camu pulp is the part of the fruit that contains
the highest contents of acids, since in the treatments with
pulp these values were always higher than in the
treatments with peel or seed.

Regarding the acceptability index, or ratio, higher
values were observed for the seed, since it contained a
greater quantity of Brix, a proxy for soluble sugars,
consequently denoting more expressive values to this
ratio, followed by the whole fruit, peel+pulp, and pulp,
which did not differ statistically between treatments. The
lowest soluble solids/titratable acidity ratio was observed
peel+pulp and pulp.

When analyzing the total anthocyanins content,
statistically significant difference was observed among all
the treatments. As expected, the content was higher in
the peel of camu-camu fruits, due to the greater purplish
pigment, with mean value of 107.19 ug g'lsample (Table
2), followed by peel + pulp, and whole fruit, with mean
values of 50.70 and 29.90 ug g'sample, respectively.
Lower incidence of this pigment was observed in the
pulp, and no traces of anthocyanins were detected in the
seed. Similar behavior was observed by Solis et al.
(2009), when evaluating the pulp, peel and seed of camu-
camu fruits. The more mature the fruits, the higher was
the anthocyanin content (Pinto et al., 2013).

In relation to the total flavonoids content, statistically
significant difference was observed among all treatments.
The highest values were: Peel (550.80), whole fruit
(517.65), peel+pulp (440.92), pulp (91.54), and seed
(49.56 pg g'sample). The peel presented the highest
concentration of these pigments, such as anthocyanins
and flavonoids, which have antioxidant potential.
Anthocyanins were responsible for the color of the peel,
corroborating with other studies that evaluated the pulp,
the peel and seed of camu-camu fruits (Solis et al.,
2009).

Currently, camu-camu has been considered one of the
richest foods, mainly due to its great amount of phenolic
compounds, and consequently to its great antioxidant
potential. The highest amount of phenolic compounds
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was observed in the pulp, followed by pulp+peel, whole
fruit, and peel, with mean values of 141.18, 130.57,
117.66 and 98.15 mg of gallic acid g'l sample. Phenolic
compounds were not observed in the seed. Similar
results have reported the pulp with the greatest amount
of phenolic compounds (Solis et al., 2009). In particular
this fruit is known for its content of ellagic acid derivatives
(Francassetti et al.,, 2013), which we assume are
preserved in our dried powdered samples.

Several studies have been carried out in order to
evaluate the amount of phenolic compounds present in
the fruits, and a great difference on the mean values had
been observed between different studies. This difference
may be due to genetic diversity or even to conservation
methods and maturation stage of the fruit, resulting in
the divergent data found in the literature (Bataglion et al.,
2015; Fracassetti et al., 2013; Fujita et al., 2013; Neves
et al., 2015; Solis et al., 2009; Rufino et al., 2010;
Villanueva et al., 2010).

The FRAP method detected greater antioxidant activity
than the DPPH method, and thus, the former is
considered one of the most indicated to evaluate camu-
camu fruits (Rufino et al.,, 2010). Higher antioxidant
activity was observed in both methods when both pulp
and peel were evaluated. However, antioxidant activity is
very low in the seed. Much information is found regarding
the antioxidant activity of camu-camu fruits, and several
methods are being tested. However, all of them lead to
the same result, proving that camu-camu is one of the
fruits with the highest antioxidant activity, and with great
potential for application and development as a functional
food (Baldeon et al., 2015; Barreto et al., 2013; Bataglion
et al., 2015; Fracassetti et al., 2013; Fujita et al., 2013;
Neves et al., 2015; Rufino et al., 2010; Solis et al., 2009;
Villanueva et al., 2010).

The highest concentration of ascorbic acid was
observed for the peel+pulp, with mean value of 4.426 mg
acid 100 g™ sample, followed by the whole fruit and the
peel, which did not present statistical difference between
them. On the other hand, the lowest values were also
observed for the seed. The highest values were always
observed in the treatments that contained the peel, which
is in agreement with other results found in the literature
(Zamudio, 2007; Iman-Correa et al., 2011). According to
Fujita et al. (2013), the lyophilization process can
generate losses of ascorbic acid and of other
polyphenols. However, our study shows that the products
can still retain considerable amounts of vitamin C,
phenols, anthocyanins and antioxidants, even after being
dried.

Conclusion

Results show that camu-camu fruit has good qualitative
attributes. The pulp had the greatest amount of phenolic

compounds and antioxidant activity. Higher amounts of
pigments (such as anthocyanins and flavonoids), and
higher concentration of ascorbic acid were found in the
peel, making it useful as a source of bioactive
compounds as a food colorant with antioxidant qualities.
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Oil was extracted from Parkia filicoidea seed, an African locust bean seed locally known as Mkundi and
its quality was determined in order to unravel its potential as source of edible oils in Malawi. The quality
of the oil was determined by analysis of the iodine value, peroxide, saponification value, acid value,
impurity percentage, colour and cloud point. The result showed that Mkundi seeds contain about 12.06
+ 0.26% crude oil with an impurity of 4.2%. The colour of the oil was deep red. The iodine (mg 1,/g),
saponification (mg KOH/g), peroxide (mEq/g) and acid (mg KOH/g) values ranged from 20.13 to 21.23,
176.72 to 185.13, 1.92 to 2.20 and 3.36 to 4.60, respectively. These values fall within the ranges of edible
oils found in the market and, therefore, Mkundi seeds are potentially a source of edible oil in Malawi.

Key words: Parkia filicoidea, edible oils, quality, Malawi, African locust bean seed.

INTRODUCTION

Natural vegetable oils and fats are increasingly becoming
important in nutrition as well as the manufacturing
industry worldwide. Nutritionally, vegetable oils are
important sources of dietary energy and antioxidants. In
the manufacturing industry, they are used as raw
materials for the manufacture of various food, cosmetic,
pharmaceutical and chemical products. Vegetable oils
account for 80% of the world’s natural oils and fat supply
(Okullo et al., 2010).

Vegetable oils are sourced from diverse varieties of
leguminous plants. With an ever increasing demand for
vegetable oils for food and industrial applications, there is
need for considerable expansion of oilseed crop
production (Camas et al., 2007). This expansion can be

achieved by exploring other sources of vegetable oils,
especially underutilized oilseeds (Popoola et al., 2016).
Africa is one of the continents endowed with richest
biodiversity in the world with an avalanche of many food
plants used as herbs, health foods and for therapeutic
purposes (Farombi, 2003), one of which is the African
locust bean. The African locust bean tree is a perennial
tree which belongs to sub-family, Mimosodee and family
Leguminosae (now Fabaceae) (Akande et al., 2010).
Locust bean tree is a leguminous crop peculiar to the
tropics. The tree is not normally cultivated but can be
seen in population of two or more in the savannah region
of West Africa (Hopkins, 1983). The various types of
African locust bean tree are Parkia clappertoniana,
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Table 1. Physicochemical properties of P. filicoidea seed oil extracted.

Property

Value

Colour (Lovibond)

lodine value, Wij's (g of 1/100 g oil)
Saponification Value, mg KOH/g

Acid value, mg KOH/g
Cloud point

Peroxide value, mg O2/g
Fresh

After 2 weeks

9.3R, 4.0B, 35.0Y: Deep red
20.72 £ 0.55
148.46 + 4.28
4.04 £0.63
4°C

1.95+0.30
2.17+0.31

Parkia bicolor, Parkia filicoidea and Parkia biglobosa. In
Malawi, locust bean (P. filicoidea) is found in abundance
as the wild uncultivated type. It grows well in Zomba,
Nkhatabay and Ntchisi districts where the climate is
temperate (Forestry Research Institute of Malawi, 1998).

The locust bean seed is widely used for its remarkable
nutritional and dietary value. The seeds are rich in
protein, lipids and vitamin B2 and when fermented are
rich in lysine. The fat in the beans is nutritionally useful
(approximately 60% unsaturated). The fermented locust
bean seeds are commonly used in soups and stews
(Owolarafe et al., 2011). The locust bean seed is also
rich in carbohydrate, soluble sugars and ascorbic acid
and the cotyledon is very nutritious, has less fibre and
ash contents (Alabi et al., 2005). Its oil is suitable for
consumption since it contains very low acid and iodine
contents; it has essential acids and vitamins and serves
as a protein supplement in the diet of poor families and
has been reported to be non-toxic. The oil also has very
high saponification value and hence would be useful in
the soap industry (Aiyelaagbe et al., 1996).

Currently in Malawi, the focus is on sunflower,
groundnuts, soybeans and cotton as the main four oil
seeds (Ministry of Trade and Industry, 2014). These
conventional sources of vegetable oil have little impact on
meeting the increasing demand of vegetable oil for both
human and industrial use. Hence, there is need to
supplement the supplies with other sources, especially
underutilized oilseeds (Popoola et al., 2016). With the
current research trend towards the use of unconventional
oil seeds for commercial vegetable oil production, it is
worthwhile  to  examine  the physico-chemical
characteristics of oils from some of these less common
seeds that, at present, exist as uncultivated types in order
to explore their wider exploitation. Hence, this study was
carried out to extract oil from P. filicoidea (Mkundi) seeds
and evaluate its quality as a natural source of edible oils
in Malawi

MATERIALS AND METHODS

Mature seeds were collected from Zomba and Nkhatabay districts
of Malawi in the months of January and February. The seeds were

sun-dried to facilitate handling during removal of husks and for easy
crushing. The husks were carefully removed using a scalpel blade
to avoid damaging the seed inside. The seeds were then ground
using a mortar and a pestle.

Qil extraction

Oil was extracted from the samples using Soxhlet apparatus with
diethyl ether as the extracting solvent. After extraction, the solvent
was removed from the extract through evaporation on rotatory
evaporator followed by in an oven set at 40 to 60°C. The extracted
oil was subsequently used for analysis (Caltest Standard Operating
Procedure, 2009). The oil obtained was stored under refrigeration
(4°C), until used for further analysis.

Analysis of the oil
Physical and chemical parameters of Mkundi oil

The extracted Mkundi oil was analyzed for some important physical
and chemical properties. Qil yield, color, cloud point, acid, iodine,
saponification and peroxide values of the oil were determined using
standard American Oil Chemists’ Society methods (AOCS 1997).
The percentage impurity of the oil was determined using standard
Official Methods of Analysis of the Association of Analytical
Chemists (AOAC, 1990).

Statistical analysis

The statistical analysis was performed using Statistix 8 for Windows
(Analytical Software, Tallahassee, USA). All analyses were
performed in triplicate. Data were expressed as mean * standard
deviation (SD) and statistical significance was assigned at P < 0.05
level.

RESULTS AND DISCUSSION
Physicochemical properties

The knowledge of physical and chemical properties of
edible oils is important, having a role in processing
functionality, storage stability and nutritional behaviour.
Physicochemical properties of the extracted Mkundi seed
oil are presented in Table 1.

The major characteristics usually included in national
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Table 2. Requirements for edible oils from the four main oil seeds in Malawi.

Physicochemical property Cotton Groundnut Sunflower Soybean
Acid value, mg KOH/g 0.6 4 0.6 4
Colour Dependent on gossypol content 35Y, 4R 25Y, 3R Not specified
Free Fatty Acids (% by mass, maximum) <0.15 as oleic acid <0.15 as oleic acid <0.15 as oleic acid <0.15 as oleic acid
lodine value, Wij's 100-115 80-106 126-135 120-143
Moisture and volatile matter (% by mass, maximum) 0.1 0.1 0.1 0.1
Peroxide value, mg O/kg (maximum) 2 2 2 2
Refractive index 1.4580 - 1.4660 at 40°C 1.4680-1.4720at2°C  1.4670-1.4690at4°C  1.4660-1.4700 at 4 °C
Saponification Value, mgKOH/g 189-198 188-196 188-194 189-195
Unsaponified matter, (% by mass, maximum) 15 10 15 15

and international standards and trading of oil and suitability for industrial use (Augustine et fluids (Aremu et al., 2015; Adelaja, 2006;

specifications and used for quality control for
crude oils in laboratories include the free fatty
acids, iodine value, saponification value, refractive
index, specific gravity, unsaponifiable matter,
moisture and impurities. These are intended to
give a quick impression of the authenticity of the
oil and the likely losses in refining (Gunstone,
2002). However, vegetable oils generally exhibit
considerable deviations in their composition, thus
it is difficult to define single values for chemical
and physical properties of edible oils (Shatta et
al., 2016). The characteristic requirements for
edible oils in Malawi as set by the Malawi Bureau
of Standards, a national quality regulatory body
(MBS, 2011) are shown in Table 2.

The average oil content of P. filicoidea seeds
was found to be 12.06 + 0.26% with an impurity of
4.2%. Its colour was deep red. The results
indicate low oil content as compared to oil yield
reported by Talabi and Enujiugha (2014) for
African locust bean (P. filicoidea) as 20.68+0.71%.
The cloud point was found to be 4°C, indicating
that the oil can be stored at lower temperatures
(Roiaini et al., 2015).

Acid value is often used an indicator for edibility

al., 2013). Oils with high acid value are not
suitable for cooking but can be utilised in the soap
making and paint industries. Low acid values
indicate stability over long periods of storage and
suitability for consumption (Aiyelaagbe et al.,
1996). The acid value obtained in this study (4.04
+ 0.63 mg KOHY/qg) is comparable to those of other
vegetable oils most common in Malawi (Table 2).
However, the acid value of the oil is lower than the
ones reported for P. biglobosa seed oil and Shea
nut (Vitellaria paradoxa) oil of 9.48 and 11.79 mg
KOH/g, respectively (Augustine et al., 2013).
Thus, the Mkundi seed oil could be utilised as
edible oil as well as raw material for soap making
and paint industries.

The iodine value is also an
characteristic of seed oils that guides its
application in a processing industry and its
classification. Oils with iodine value of less than
100 g 12/100 g are classified as non-drying oils
(lgunbor et al., 2013). Non-drying oils are not
suitable for ink and paint production due to their
non-drying characteristics but may be useful in the
manufacturing of soaps, leather and dressings,
and as candle lubricants and hydraulic break

important

Kochhar, 1998). The iodine value obtained in this
study (20.72 + 0.55) clearly indicates that the
Mkundi seed oil is a non-drying oil and could
therefore be utilised as a raw material in the
manufacture of leather, dressings, as candle
lubricants and hydraulic break fluids (Aremu et al.,
2015).

The iodine value also indicates the degree of
unsaturation of a fat or oil which reflects the
susceptibility of the oil to oxidation (Gunstone,
2002). Aremu et al. (2006) reported that the lower
the iodine value, the lesser the number of
unsaturated bonds; thus, the lower the
susceptibility of such oil to oxidative rancidity. The
low iodine values in this study indicate that the oll
contains low level of polysaturated fatty acid and
hence reduce the susceptibility to oxidative
rancidity. This is also supportedby the peroxide
value obtained which is also an indicator of
deterioration of oil (rancidity); peroxide values
(meq Oy/kg) less than 10 signify fresh oils and
values between 20 and 40 leads to rancid taste
(Adelaja, 2006). The peroxide value (mg O./g) for
the fresh Mkundi seed oil was 1.95 + 0.30 which
rose to 2.17 + 0.31 after two weeks of storage at



room temperature. This falls within the required peroxide
values for conventional oils and confirms the low
susceptibility of the Mkundi oil to rancidity (Augustine et
al., 2013; MBS, 2011).

The saponification value gives a measure of the
average molecular weight of the fatty acids present in the
oil which also govern the utilisation of the oil (Talabi and
Enujiugha, 2014; Alabi et al., 2005; Akanni et al., 2005).
Talabi and Enujiugha (2014) reported that Locust bean
seed (P. filicoidea Welw) oil with high saponification value
(358.69 mg/g) contained low molecular weight fatty acids
and may not be useful in soap making. Aalbi et al. (2005)
reported saponification value of 160.60 + 1.21 mg/g for oil
derived from the cotyledon of P.biglobosa seed oil and
suggested that the oil could be used in soap making
industry. Akanni et al. (2005) reported saponification
values ranging between 169.98 + 4.25 and 239.830 +
1.155 mg/g for some non-conventional seed oils and
suggested that the oils contain high molecular weight
fatty acids, and could be used in soap making industry.
The saponification value obtained in this study (148.46 £
4.28 mg/g) indicates the presence of lower molecular
weight fatty acids in the Mkundi seed oil and thus not
suitable for soap making.

Conclusion

The results of this study show that the Mkundi seed is
potentially a good source of edible oil with low iodine and
acid values; however, the vyield of the oil is low.
Physicochemical properties of Mkundi seed oil indicate
that it is non-drying oil, has low levels of polyunsaturated
fatty acids and has low susceptibility to deterioration by
oxidation. However, there is need for further research on
toxicity levels of the oil before its exploitation as edible oil
in Malawi.
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The effect of aging on the physicochemical and functional properties of maize (Zea mays L) flour
produced in Maroua (Far North-Cameroon) during storage, were investigated using standard analytical
methods. The samples underwent natural (37°C) and accelerated (50°C) aging and packed in aluminum
sachets. The results show that dry matter, starch and protein varied significantly (p<0.05) with the
storage time and temperature. The variation of lipids content was minimal and statistically insignificant
for 3 months for the flour storage at 37°C and decreased significantly (p<0.05) at 50°C. The functional
characteristics shows that water absorption capacity, solubility index, water retention capacity and gel
length varied (p<0.05) with the storage period and temperature. This study revealed that flours packed
in aluminum bags at ambient temperature may be stored for three months without altering their
physicochemical and functional characteristics, whereas two months is the maximum storage time at
50°C.

Key words: Maize flour, aging, physicochemical properties, functional properties, Maroua.

INTRODUCTION

Maize (Zea mays L.) was the main staple of people to FAO (2016a), 885.3 million tons were produced in
worldwide for many centuries (Galinat, 1977). According 2011. The main producer was the United States with
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313.9 million tons, accounting for 35.5% of world
production (Hamel and Dorff, 2016). Maize is the main
staple of people in developing countries, especially
African populations (Grah et al., 2014). This food product
is consumed by not less 50% of the sub-Saharan
populations and therefore represents the most important
cereal crop in this part of world (Grah et al., 2014).
However, maize production remains very low in
Cameroon, with about 700,000 family, artisanal and
modern farms producing about 1.1 tons per farmer and a
national consumption of 700,000 tons ; maize is therefore
the third foodstuff produced in Cameroon after cassava
and plantain. It also contributes more than 150 billion
FCFA to the gross domestic product (GDP)
(http://www.camerpost.com/cameroun, 2015).

Most of the world's people affected by hunger and
extreme poverty live in rural areas. According to FAO
(2016b), achieving the Sustainable Development Goals
(SDGs) requires moving to more productive and
sustainable agriculture where everyone have a place,
which strengthens rural livelihoods and ensures security
for all while drawing less on natural resources and
improving resilience to climate change. According to the
New Partnership for Africa's Development (2015), maize
is thus a potential source for improving food security and
raising incomes for producers. Concerning the
consumption and use of maize, the Conference of
Ministers of Agriculture of West and Central Africa (2015)
states that most of the produced corn is used for animal
feed. It also shows that total maize uses are estimated at
583 million tons divided between human consumption
(20%), animal consumption (67%) and other uses (13%).

Several products are carried and preserved as flours,
because they are susceptible to attack by pests of
cereals. Their role in the feed and in food industry is very
important (Nip, 1997). Flours generally have low water
and in this way, a means for the preservation of cereals.
Its consumption became more important in urban areas
in most African countries like Cameroon (Bricas et al.,
1997).

Several factors influence the stability of food during
storage, both among farmers and the food industry.
These factors are generally related to the food or its
environment (water activity, water content, food
composition, pH and temperature) (Aboubakar et al.,
2010). Therefore, this is why maintaining the quality of a
food is a major industrial concern. Indeed, the
acceptance of food by the consumer depends, among
other things, on its quality, both organoleptic and
nutritional.

The shelf life of food flours in general depends on their
lipid content, the moisture content of the grain, the
presence of contaminants and storage conditions
(packaging material, ambient temperature and humidity).
The storage time and conditions have an influence on the
technological quality of cereal and result in modifications
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of the flour parameters (Goudoum et al., 2012). The
evolution of maize flour during its storage is the result
between chemical, physical and enzymatic phenomena.
These results in a depreciation, mainly sensory, of the
product. Indeed, the acceptance of a food by the
consumer depends, among other things, on its
organoleptic quality. However, this quality decreases with
time of storage due to complex phenomena of alteration
(Mertens, 2009). Loss of some nutritional and
organoleptic properties such as flavor and taste of dried
maize flour during storage is a crucial problem (Grah et
al., 2014). In Far North region of Cameroon, the months
of March and April are the hottest, with the monthly
average of 40°C in the shade. Thus, a good mastery of
these phenomena is an essential element to ensure an
optimal conservation of food in this part of Cameroon.
The objective of this study was to estimate the changes,
the physicochemical and rheological modifications of
maize flours produced in Maroua (Far North Region of
Cameroon) during storage.

MATERIALS AND METHODS

The flour sample was obtained from milling corn (CMS 8504) in a
processing company in Maroua. The products were kept in
aluminum bags. The same amount of flour (+ 500 g) was introduced
into each bag. They were sealed with an adhesive tape. Each bag
of flour was provided for a pair (time, temperature) to which
corresponds a sample. On each bag is indicated the temperature
(37 and 50°C) and the aging period (first day, one, two and three
months).

Collection of samples and observation

The samples were allowed to age by natural and accelerated
methods. For natural aging, the sachets were just placed on a
laboratory shelf (at 37°C). For accelerated aging, one temperature
was retained (50°C) and the remaining sachets are therefore
introduced in ovens set at the chosen temperature.

Products were analyzed monthly. After opening, bags were
sealed with an adhesive tape and stored in a refrigerator at 4°C
until all analyzes are carried out (between 2 and 4 days).

Chemical and functional analysis before and after storage

The chemical characteristics and functional properties analysis
were conducted before and after 1, 2 and 3 months of storage.
Proportioning of starch

The proportioning of starch was carried out using the method
described by Ewers modified (BIPEA, 1978).

Proteins

The protein content was determined according to the Kjeldahl
method for the total nitrogen determination (AOAC, 1990).



136 Afr. J. Food Sci.

Table 1. Changes of water activity and dry matter of maize flour
during three months storage at 37 and 50°C.

Period 3r°c 50°C

WA DM (%) WA DM (%)
First day 0.155®  96.670°
1 month 0.160%*  97.070° 0.150*  97.400°
2 months 0.165%  96.895° 0.140*°  97.785°
3 months 0.170°  96.880° 0.115°  98.030%

WA: Water activity ; DM: dry matter. Averages followed by the same
letter in the same column are not different significantly with P < 0.05
(Test of Duncan).

Evaluation of oxidation state

The evaluation of oxidation state was made according to the AOAC
method (2000).

Sugars

Sugars were extracted and analyzed by Fischer and Stein (1961)
method.

Water absorption capacity

The determination of the water absorption capacity was performed
by the method of Adebowale et al. (2005).

Solubility index

The solubility index (IS) in water is calculated using the Anderson et
al. (1969) method.

Gel length

The gel length was determined by the method developed by
Cagampang et al. (1973).

Ash content

Ash content was determined by AOAC method (2000).

Moisture

The hot air oven method, AOAC (2000) was used for moisture
determination. The samples were dried in a hot air oven (Memmert)
at 130°C for 1 h to constant weights.

Statistical analysis

The results obtained from the evaluation of chemical characteristics
and functional properties of maize flour during storage were
analyzed with analysis of variance (ANOVA) using the software
Xlstat 2014. The average values were classified using Duncan
multiple test with the same software.

RESULTS AND DISCUSSION

Evolution of water activity and dry matter of maize
flour during storage

The results of the water activity and dry matter of maize
flours stored at 37 and 50°C for three months are shown
in Table 1. The water activity range from 0.155 to 0.170
when the flours were stored at 37°C and 0.155 to 0.115
at 50°C, respectively at the first day of flours production
and 3 months after. The values were significantly
different (p< 0.05). The result of dry matter varied with the
storage period and temperature. The dry matter
increased significantly (p < 0.05) during the storage of
flours from 96.670 (first day) to 96.880 (3 months) and
from 96.670 (first day) to 98.030 (3 months), respectively
at 37 and 50°C storage temperature. This increase in the
dry matter at 50°C would be due to the drying which
continued under the experimental conditions. This
evolution has been compared with the water activity
(Wa). Indeed, during long-term storage, the Wa of a
product is in equilibrium with the HR of the storage
atmosphere (Aboubakar et al., 2010). Hruskova and
Machova (2002) showed that the changes in moisture
contents depends on the short time storage conditions.

Evolution of proximate composition of maize flour
during accelerated aging

The results of proximate chemical composition of flour
storage during 3 months at differents temperatures are
shown in Table 2. The result shows that starch and
protein varied with the storage period and temperatures
(p < 0.05). The starch content decreased from 85.940 at
the first day to 83.300 after 3 months at 37°C and shows
minimal changes at 50°C during the storage. The protein
content also decreased significantly (p < 0.05) during
storage at both temperatures. There was non significant
variation in the lipid content during three months storage
at 37°C, but at 50°C the variation between average of
different months are significant (p < 0.05). Changes were
minimal and statistically non-significant for the flours
storage 3 months at both temperature for ash and
carbohydrate.

During storage of cereals, many physicochemical
properties were subject to changes (Singh et al., 2006 ;
Keawpeng and Venkatachalam, 2015). These changes
are mainly dependent on their variety, storage conditions
(light, temperature) and amylose content (Keawpeng and
Venkatachalam, 2015). In this study, the variation in the
protein and starch contents of maize flour was a function
of storage time and temperature. These changes have
been attributed to proteins, the interaction between
proteins, the breakdown products of lipid oxidation and
starch-protein interactions (Sodhi et al., 2003). A high
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Table 2. Changes of proximate chemical composition of maize flour during the three months storage at 37 and 50°C.

Constituents (%) —; 37°C 20 °C Pr>F
Firstday 1 month 2months 3 months 1 month 2 months 3 months
Starch 85.03% 84.82®  84.15" 83.82° 85.05%° 8552° 8435 0.032
protein 9.85% 9.87° 9.48° 9.45°  10.04®  9.72%® 9.66°  0.041
Crude Fat 3.51° 3.62° 3.65° 3.77° 3.820° 3.22° 3.35°  0.013
Ash 0.86° 0.87° 0.88° 0.81° 0.72° 0.74° 0.89° 0.728
Free sugar 0.71% 0.75° 0.73% 0.78% 0.71% 0.72° 0.78*  0.486
Averages followed by the same letter in the same line are not different significantly with P < 0.05 (Test of Duncan).
Table 3. Changes of some functional properties of maize flour during three months storage at 37 and 50°C.
37°C 50°C br s E
Firstday 1month 2 months 3 months 1 month 2 months 3 months
WAC (%) 131.900% 134.250° 136.250° 136.960° 136.730° 136.260° 138.045° 0.000
Sl (%) 209752 20.195% 19.700% 19.645° 18.100° 16.885° 15.830° 0.000
WRC (%) 197.690% 197.175% 193.700 ® 189.915° 186.885° 182.760 * 179.365° 0.000
GL (mm) 90.110% 88.775% 86.915° 84.100° 82.810° 80.535% 78.410° 0.0001

WAC: Water absoption capacity, Sl: solubility index, WRC: water retention capacity, GL: gel lenght. Averages followed
by the same letter in the same line are not different significantly with P < 0.05 (test of Duncan).

temperature and shelf life could contribute to the
acceleration of these phenomena. Teo et al. (2000) and
Zhou et al. (2003) reported that the storage conditions
are important in the aging process and impact on the
number of changes in rice physical properties such as
textural properties, pasting, color, flavor, composition and
eating quality.

Protein content is an important criterion for assessing
quality. It represents a technological and nutritional
interest in the cereals process (Gate, 2015). These
results corroborate with those of Khaly (1998) and
Maloumba Kamba et al. (2008), who worked respectively
on the techno-functional properties of maize and on the
quality control of cereal meal placed on the market in
Senegal. However, the small decrease in lipid content
during storage time could result from the oxidation, which
would be due to the presence of pro-oxidants such as
metal ions and enzymes. Another hypothesis is that of
cereal grinding, which puts lipolytic enzymes in contact
with fat in flour, thus promoting lipid degradation (Khaly,
1998). As for proteins, their small decrease over time is
due to proteolysis reactions by proteases. Indeed, during
storage, proteases naturally present in certain foods or
secreted by the microorganisms that contaminate these
foods, can hydrolyze proteins. The decrease in proteins
during storage could also be due to the result of Maillard
reactions also called non enzymatic browning reactions.

The decrease in ash rate during storage time, however
slight, is likely to be related to the intensity of dehulling-

degerming and sieving operations (Khaly, 1998). These
results are similar to those of Benhania (2013) on the
flour processing and control of its quality.

Like other nutrients in corn flour, starch and free sugars
degrade over time. After three months storage of maize
flour, non significant difference was observed during tree
months storage at both temperatures for starch and free
sugars decreased. These results are similar to those of
Lin (1997), who worked on the physicochemical
properties of corn flour and starch.

Evolution of functional composition of maize flour
during accelaration aging

The results of functional properties of maize flours stored
during 3 months at different temperatures are shown in
Table 3. The result shows that water absorption capacity,
solubility index (Sl), water retention capacity and gel
length (GL) varied with the storage period and
temperature. The WAC increased from 131.900 to
136.960 at 37°C and from 131.900 to 138.045 at 50°C
during 3 months storage. The SI did not show any
significant variation at 37°C, but at 50°C the variation was
significant (p < 0.05) during the storage period. The WRC
decreased significantly (p < 0.05) from 197.690 to
189.915 and from 193.690 to 179.365 during the storage
respectively, at 37 and 50°C. The GL decreased
significantly (p < 0.05) from 90.110 to 84.100 at 37°C and
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90.110 to 78.410 at 50°C during the 3 months storage.
The water solubility index of maize flour also decreased
significantly (p < 0.05) after 2 months at 37°C and after
one months at 50°C.

It can be seen from the results that the storage time of
the corn flour increases the affinity of the latter to water.
According to Anderson (1982), the WAC of food meal
increases as the storage temperature increases. Several
studies on the distribution of water among wheat flour
constituents have shown that starch is the main
component involved in the hydration properties of flour
due to its presence in large quantities (Feillet, 2000;
Goesaert et al., 2005). The increase in the WAC is due to
the particle size because the finer the flour, the greater is
its capacity of absorption of water (Feillet, 2000). The
results show the variation of different rheological
properties at different storage times and temperature.
The WRC, Sl and the GL decrease with the storage time
and temperature. Sefa-dedeh and Afoakwa (2001)
reported that the WRC increases with increase in the
amount of proteins and that hydration of starchy
polysaccharides is usually followed by the proteins. Grah
et al. (2014) showed that the WRC of maize flour
increased with the fermentation time, because of the
rearrangement of water holding fiber and hydrophilic
polysaccharide components. Goudoum et al. (2012)
showed that the change of the GL, WAC and Sl found,
was due to the modification of the grains parameters
such as pH and certain minerals such as calcium, by
weevils droppings, and even by the presence of eggs in
the middle.

Conclusions

The results obtained showed some differences in the
physico-chemical and functional properties of maize flour
during storage. The study revealed that during the three
months of storage, variations in water content of flours
were recorded. Water absorption capacity and water
solubility index increased during the first three months for
the two temperatures. This result showed that the date
line of storing maize flour in Maroua can not exceed three
months in allimium bags at ambient temperature.
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Kokoro, a local maize snack was made from white maize (W) flour and supplemented with Moringa
oliefera leaf (M) and defatted soybean (S). WMS, (100:0:0%), WMS; (90:10:0%), WMS, (90:0:10%), WMS;
(90:5:5%), WMS, (90:7.5:2.5%), and WMS;s (90:2.5:7.5%) were carried out in triplicates. Kokoro was
produced by deep frying in hot refined vegetable oil. The proximate composition, vitamin content and
phytochemicals composition were determined. Kokoro formulated with 90% maize flour and 10%
deffated soybean (WMS,) had the highest moisture, crude protein, fat, oxalate, phytic acid and alkaloid,
while Kokoro formulated with 90% maize flour and 10% moringa (WMS;) had the highest crude fibre,
vitamin A, B; (niacin), C and flavonoid. On the other hand, Kokoro formulated with only 100% maize
flour (WMSy) had the least phytochemical composition and vitamins A, B3, C contents. Although, the
addition of soybean had the highest positive effect on the protein and crude fibre contents of Kokoro, it
was the addition of moringa that had the highest positive effect on the vitamins contents. On the other
hand, moringa also raised the phytochemical contents significantly (p<0.05). Overall, sample WMS,
(90% Maize + 7.5% Moringa + 2.5% Soybean) had substantial proximate and minerals composition in
addition to having the least phytochemical could be considered the best formulation for Kokoro
formulation.

Key words: Moringa, phytochemicals, proximate composition, soybean, Kokoro.

INTRODUCTION

The traditional maize (Zea mays L. Poaceae) snhack
(Kokoro) is a popular local snack in Southwestern Nigeria
and is made solely from maize flour that contains
primarily carbohydrates (Awolu et al., 2016a). Snack
containing 100% maize do not meet nutritional
requirements of the body, hence the need to fortify with

crops rich in protein, fibre, minerals and antioxidants
(Awolu et al., 2016a, 2015; Omueti and Morton, 1996).
Specifically, toasted had been produced by optimum
blends using response surface methodology (Awolu et
al., 2016b).

Maize, the primary material for making Kokoro snack is

*Corresponding author. E-mail: ooawolu@futa.edu.ng.

Author(s) agree that this arficle remains permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

a cereal and is deficient in the essential amino acids such
as lysine and tryptophan (Omueti et al., 1992) that are
essential for human nutrition (Lasztity, 1984). Research
effort has been concentrated on supplementing cereal
food with legumes and has successfully enhanced the
nutritional value and/or functionality of staple foods
(Awolu et al., 2016a).

Moringa oleifera is a highly valuable plant, distributed in
many tropical and subtropical countries. It has an
impressive range of medicinal uses with high nutritional
value. Different parts of this plant contain a profile of
important minerals, and are a good source for protein,
vitamins, B-carotene, amino acids and various phenolics.
Moringa plant provides a rich and rare combination of
zeatin, qurcetin, kaempferol and many other
phytochemicals. It is also very important plant for its
medicinal value. Various parts of the plant such as
leaves, roots, seeds, bark, fruit, flowers and immature
pods, etc., as cardiac and circulatory stimulants, possess
antitumour, antipyretic, antitiepileptic, anti-inflammatory,
antiulcer, antispasmodic, antihypertensive, cholesterol
lowering, antioxidant, antidiabetic, antibacterial and
antifungal (Bukar et al., 2010). M. oleifera leaves are
highly nutritious. In 100 g dry matter, they contain 2946 g
of protein, 28+6 mg of iron, 1,924+288 mg of calcium,
15,620+6,475 IU of vitamin A and 77391 mg of vitamin
C. This is at least twice the protein in milk and half the
protein in egg, and has more iron than in beef, more
calcium than in milk, equal vitamin A to carrot and more
vitamin C than in orange (Wangcharoen and
Gomolmanee, 2013). In addition, the leaves of this plant
are reported to have various biological activities such as
diuretic, immune boosting and hypotensive, anti-
inflammatory, antiulcer, antihepatotoxic, antitumour,
thyroid hormone status regulating, hypocholesterolaemic,
radioprotective,  hypolipidaemic,  antiatherosclerotic,
antidiabetic, and antioxidant (Jaiswal et al., 2009;
Chumark et al., 2008; Singh et al., 2009; Sreelatha and
Padma, 2008; Verma et al., 2009).

This study was to evaluate the addition of soybean and
moringa into maize for the production of Kokoro with high
nutritional and phytochemical properties.

MATERIALS AND METHODS
Sample collection and preparation

Maize (Zea mays L., Poaceae) was sourced from the Teaching and
Research Farm of the Federal University of Technology, Akure,
Nigeria. It was shelled, winnowed and sorted to remove damaged
grains before milling. Soybean (Glycine max (L.) Merrill) was
sourced from Ondo State Agricultural Development Project (ADP),
Akure. The seeds were cracked with hammer mill and seed coat
winnowed. It was toasted, cooled and milled into flour. The flour
was defatted with n-hexane in a Soxhlet apparatus. Moringa leaf
was plucked from the branch of the tree raised in Akure, Nigeria.
The leaves were cleaned, air dried under shade, dry milled and
kept in airtight container. Considerable amount of chlorophyll in the
leaves were removed by soaking in ethanol overnight, followed by
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draining and air-drying.

Composite flour formulation

White maize (W), moringa (M) and soybean (S) were mixed to
make 180 g at different ratios and replicated three times in the
following percentage: WMS, (100:0:0%), WMS; (90:10:0%), WMS,
(90:0:10%), WMS; (90:5:5%), WMS, (90:7.5:2.5%), and WMSs
(90:2.5:7.5%). Each of the mixture was replicated three times.

Formulation of Kokoro

Salt was added to 180 g composite flour to taste and was gently
stirred into 0.5 L boiling water in a stainless steel pot. The mixture
was cooked with continuous stirring until stiff dough was formed.
The dough was cooled to a temperature (40°C) at which it could be
kneaded by hand for 5 min. The kneaded dough was cut into
pieces, rolled into cylindrical shapes and deep fried at 150°C in 1 L
of hot refined vegetable oil for 3 min. The fried Kokoro was then
cooled and packed in sealed polyethylene bags. The frying was
carried out in triplicates.

Proximate analysis of Kokoro

Moisture and protein content were determined using the procedure
described by AOAC (1990). The ash content was determined using
the procedure described by Pearson (1976).

The fat content determination was carried out by soxhlet
extraction method (AOAC, 2005). Oil in 5 g sample was extracted
using hexane in Soxhlet extraction equipment for 2.5 h under reflux.
The crude fibre content was determined using the procedure
described by Kirk and Sawyer (1991). Total carbohydrate was
estimated using the formula (Ouzouni et al., 2009):

Total carbohydrates (% f) = [100 - moisture (%) - protein content
(%) - crude fat (%) - ash (%)].

Determination of vitamin A

Method of AOAC (2005) was used. Exactly 1 ml of the hydrophilic
extracts from the sample was measured to the test-tube |
(centrifugal) with a tight stopper and 1 ml of the KOH solution was
added, the tube was plugged and shake vigorously for 1 min. The
tube was heated in a water bath (60°C, 20 min), and was then
cooled down in cold water. About 1 ml of xylene was added, the
tube was plugged and shake vigorously again for 1 min. The tube
was centrifuged (1500xg, 10 min), the whole of the separated
extract (upper layer) was collected and transferred into the test tube
Il made of “soft” (sodium) glass. The absorbance A; of the obtained
extract was measured at 335 nm against xylene. The extract in the
test tube Il was irradiated to the UV light for 30 min, then the
absorbance A, was measured. The concentration (Cx) of vitamin A
(MM) in the analyzed liquid was calculated using the equation:

Cx = [A1] - [AJ]. 22.23

where 22.23 is the multiplier received on basis of the absorption
coefficient of 1% solution of vitamin A (as the retinol form) in xylene
at 335 nm in a measuring cuvette, 1 cm thickness.

Determination of vitamin Bz (Niacin)

Five grams of the sample was treated with 50 ml 1IN H,SO, and
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Figure 1. Proximate composition of formulated Kokoro. WMS, (100% Maize flour),
WMS; (90% Maize + 10% Moringa + 0% Soybean), WMS, (90% Maize + 0%
Moringa + 10% Soybean), WMS; (90% Maize + 5% Moringa + 5% Soybean),
WMS, (90% Maize + 7.5% Moringa + 2.5% Soybean) and WMSs (90% Maize +

2.5% Moringa + 7.5% Soybean).

shaken for 30 min. About 3 drops of ammonia solution was added
to the samples and filtered. The filtrate was pipette into a 50 ml
volumetric flask and 5 ml potassium cyanide was added. This was
acidified with 5 ml of 0.02 N H,SO, and absorbance was measure
using spectrophotometer at 470 nm (Okwu and Josiah, 2006)

Determination of vitamin C

The modified method of the method adopted by Awolu et al. (2013)
was used. The vitamin C content of the hydrophilic extracts from the
sample was determined by the spectrophotometric method using
ascorbic acid as a reference compound. Exactly 10 ml of the juice
sample was weighed into 10 ml of water and mixed together. 200
ul, that is, 0.2 ml of the extract was pipetted and mixed with 300 pl
(0.3 ml) of 13.3% of trichloro-acetic acid (TCA) and 75 pl (0.075 ml)
of dinitrophenylhydrazyl (DNPH). The mixture was incubated in
water bath at 37°C for 3 h. After 3 h, 500 pl (0.5 ml) of 65%
sulphuric acid was added and the absorbance was read with the
spectrophotometer at 520 nm. The concentration of vitamin C was
calculated as follows:

Absorbance of standard Absorption of sample

Concentration of standard ~ Concentration of sample

Determination of phytochemicals

Flavonoid was determined using the procedure of Boham and
Kocipai (1994). From oxalate through Day and Underwood (1986)

procedure, phytin-phosphorus was determined by the method of
Wheeler and Ferrell (1971) as modified by Reddy et al. (1978).
Phytic acid was calculated by multiplying Phytin-P by the factor of
3.55 (Enujiugha and Olagundoye, 2001). The tannin content was
determined by the quantitative method of Makker and Goodchild
(1996). Alkaloid was determined using the procedure of Harborne
(1973).

Statistical analysis

All analyses were carried out in triplicates. The results obtained
were subjected to analysis of variance (ANOVA) using the statistical
package for social sciences (SPSS) version 17.0 (SPSS Inc.,
Chicago, IL, USA). Means were separated using the Duncan
multiple range test (DMRT) at 95% confidence level (p<0.05).

RESULTS AND DISCUSSION
Proximate composition and vitamin content of
formulated Kokoro

The results of proximate composition and vitamin contents
of the formulated Kokoro are shown in Figure 1. Kokoro
made from WMS, formulation had the highest CHO
(65.35%) and least crude protein (5.03%) and crude fibre
(2.08%) content. The significantly (p<0.05) high crude



Table 1. Phytochemical composition of formulated Kokoro.
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Formulated Oxalate Phytic acid Phytic phosphate Tannin Alkaloid Flavonoid
Kokoro (mg/g) (mg/g) (mg/g) (mg/g) (%) (%)
WMS, 0.22¢ 19.86° 5.67° 0.014° 1.57° 1.92¢
WMS; 0.27% 24.72° 6.96° 0.025° 2.00° 3.23°
WMS; 0.59° 30.49% 8.57% 0.025° 2.40° 2.63
WMS; 0.36° 30.32% 7.31° 0.029% 2.00° 1.95%
WMS, 0.32" 20.60"° 5.80¢ 0.027° 2.00" 1.99°
WMSs 0.36° 25.98" 7.31° 0.017¢ 2.40° 1.94%

Values not followed by the same letter in the same column are significantly different (P<0.05). WMS, (100% Maize flour), WMS; (90%
Maize + 10% Moringa + 0% Soybean), WMS, (90% Maize + 0% Moringa + 10% Soybean), WMS; (90% Maize + 5% Moringa + 5%
Soybean), WMS, (90% Maize + 7.5% Moringa + 2.5% Soybean), and WMSs (90% Maize + 2.5% Moringa + 7.5% Soybean).

carbohydrate and least crude protein found in Kokoro
from WMS, is consistent with the study of Omueti et al.
(1992) and Miracle (1997). This study showed cereal
based product to contain primarily carbohydrate and to
be low in crude protein. Increased substitution of soybean
and moringa flour for maize flour in the formulated
Kokoro increased crude protein content and decreased
carbohydrate content.

Kokoro (WMS,) had the highest moisture (11.20%) and
crude protein (10.17%). Kokoro (WMS;) showed no
significant (P>0.05) difference with WMS, with regards to
moisture content. The highest moisture and crude protein
content observed in Kokoro (WMS,) was due to defatting
effect on soybean flour. Defatting has been reported to
increase flour water absorption capacity (Gonzalez-
Agramon and Serna-Saldivar, 1988; Ogunsina et al.,
2010) and crude protein (Alobo et al., 2009; Uzor-Peters
et al., 2008). Serna-Saldivar et al. (1988) reported 35%
more crude protein in wheat flour fortified with 11.1%
defatted soybean meal (SBM).

The highest crude fibre (7.71%) content was recorded
in WMS;. The highest crude fibre recorded in Kokoro
(WMS,) is consistent with the study of Sanford (2000)
and Oduro et al. (2008) that showed dried moringa leaf to
contain high crude fibre concentration. Increase in
substitution with dried moringa leaf powder from 0 to 15%
has been reported to result in increase in dietary fibre
(Dachana et al., 2010). Potential health benefits of dietary
fibre have been documented in relation to the prevention
of cardiovascular disease (Bazzano et al., 2003).

The highest fat content (24.67%) was obtained in
WMSs. The fat content in WMS; did not show significant
difference (p<0.05) from those obtained in WMS, and
WMSs. Substituting white maize flour with defatted
soybean flour in the formulation of Kokoro at WMS;,
WMSs and 10% level of defatted soybean flour
substitution (WMS,) significantly (p<0.05) increased
Kokoro fat content. This is consistent with the study of
Ogunsina et al. (2010) revealing the ability of defatting of
soybean in increasing fat absorption capacity of flour.

The highest value of vitamin A, B and C recorded in

formulated Kokoro (WMS,) showed the ability of moringa
leaf in improving vitamin composition of Kokoro when
substituted for maize in its formulation. This is in
agreement with earlier study on moringa leaf that showed
it to be substantially rich in vitamin A, B and C (ascorbic
acid) (Ramachandran et al., 1980; Sanford, 2000; Anwar
et al., 2007). The ascorbic acid acts as antioxidant and
hence enhance the shelf life of fat containing food (Dillard
and German, 2000; Siddhuraju and Becker, 2003).

Though vitamin Bz (niacin and niacinamide) has been
reported to possess antioxidant properties (Gliszczynska-
Swiglo, 2006), and is therefore able to protect the body
against free radical induced degenerative diseases due
to its antioxidant properties. Dried moringa leaf has been
reported to contain seven times more of the vitamin C
found in orange and four times more the vitamin A
obtained in carrot (Balbir, 2005; Fahey, 2005). Kokoro
(WMSp)-had the least value of vitamin A, B3 (niacin) and
C. The highest value of vitamin A, Bs (niacin) and C were
recorded in Kokoro (WMS,).

Substitution of soybean or moringa for maize in the
formulated flour significantly (p<0.05) improved Kokoro
vitamin A, B (niacin), and C. Likewise, the increase in
the levels of substituting moringa for soybean in the
formulated flour.

Phytochemical composition of formulated Kokoro

The results of the phytochemical composition of
formulated Kokoro are presented in Table 1. The highest
value for oxalate (0.59 mg/g) and phytic acid (30.49
mg/g) were recorded in Kokoro made from 10% level of
defatted soybean flour substitution (WMS,). The
presence of phytate has been established in Soybean
(Ronald, 2000). Phytates are organic acid, present in the
bran or hulls of seeds, which blocks the uptake of
essential minerals, calcium, magnesium, iron and
especially zinc in the intestinal tract (Ronald, 2000) due
to its ability to chelate divalent cations (Nelson et al.,
1968).
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Phytate content is higher in the raw white variety of the
maize than the raw yellow variety (Oboh et al., 2010). It is
only a long period of fermentation that can significantly
reduce the phytate content. The concentration of high
level of oxalate, a salt or ester of oxalic acid in Kokoro
formulated with 10% level of defatted soybean flour
substitution (WMS,) was due to its presence in soybean
seed. The high concentration of oxalate in Kokoro
produced at all levels of moringa flour formulation may be
as a result of large amounts oxalate found in the stems
and leaves of M. oleifera (Dachana et al., 2010; Olson
and Carlquist, 2001).

There were no significant differences (p<0.05) between
100% white maize flour (WMS,) formulation and WMS,
with regards to phytic acid and phytic phosphate. Kokoro
(WMS,) had the least value for all anti-nutritional factors
considered. The highest value for phytic phosphate and
tannin occurred in WMS;. The low tannin in 100% white
maize flour formulated Kokoro (WMSy) is consistent with
the finding of Oboh et al. (2010) that reported low tannin
content in white maize. Tannin has also been found
negligible in all fractions of moringa plant (Reyes-
Sanchez et al., 2006). Tannin is known to affect nutritive
value of food products by forming complex with protein
(both substrate and enzyme) thereby inhibiting digestion
and absorption (Osuntogun et al., 1987). They also bind
Fe making it unavailable (Aletor and Adeogun, 1995).

The highest values for alkaloids were recorded in
WMS;5, WMS, and WMS; formulated Kokoro. There were
no significant differences (p<0.05) between the three
formulations. The highest value for flavonoid (3.23%) was
in Kokoro (WMS;). The least value (1.92%) was revealed
in (WMSy). Flavonoid content in formulated Kokoro
increases with increase in moringa flour substitution in
the flour mixture. The observed rise in flavonoid content
of formulated Kokoro with attendant rise in moringa flour
substitution is consistent with earlier study that showed
moringa leaf as a good source of natural antioxidants
(Dillard and German, 2000; Siddhuraju and Becker, 2003;
Anwar et al.,, 2005). Antioxidants are known for free
radical scavenging ability (Scherer and Godoy, 2009) and
therefore, neutralize free radicals that have the ability of
stimulating reaction that make the cells more vulnerable
to cancer causing chemicals, called carcinogen. Reddy
et al. (2005) reported that the use of M. oleifera as source
of natural antioxidant and it was found effective in
controlling lipid oxidation during storage of biscuits.

Conclusions

The addition of defatted soybean and M. oleifera leaf
flours to maize flour in the production enhanced the
protein, crude fibre and vitamins contents of the snack
(Kokoro). In addition, the flavonoid and alkanoids
(antioxidants) contents were improved by the
incorporation of deffated soybean and M. oleifera leaf
flours. Soybean had a negative effect on the anti-

nutrients at 5% and above incorporation. Therefore,
sample WMS; (90% maize + 7.5% moringa + 2.5%
soybean) was the best formulation which guaranteed
enough protein, crude fibre, vitamins and antioxidants,
with considerably low anti-nutrients.
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