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Introduction 2001). It is known as drumstick tree from the

appearance of long, slender and triangular seed

Moringa oleifera plant is the most widely pods (Fahey, 2005; Mishra et al., 2012). The tree

cultivated specie of the genus Moringa (Fuglie, is slender and with drooping branches that grow
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to approximately 10 m in height. In cultivation, it
is often cutback annually to 1-2 m and can re-
grow, so the pods and leaves remain within arm’s
reach (Fuglie, 2001). The tree is rich in iron,
potassium, calcium, zinc, magnesium, and are rich
in useful vitamins approximately four times the
amount found in carrot (Fahey, 2005). Almost
every part of the Moringa oleifera is of benefit, no
part of the plant is useless as both humans and
animals have one thing or the other to gain from
the plant (Armha et al., 2019). For example, the
foliage is eaten green as salad, in vegetable
curries, as pickles and for seasoning. The seeds
yield 38-40% of non-drying oil, known as Ben oil,
and is used in arts for lubricating machines and
other delicate machinery. The oil is edible and can
be used to manufacture perfumes. The roots can
be shredded and used as a condiment but
contains a potentially fatal nerve paralyzing agent
called spirochim (Armha et al., 2019).

The storage and processing of the Irvingia
gabonensis is usually a challenge due to its short
shelf-life resulting from the high amount of
moisture present in the fresh product. Also, the
plant requires its natural habitat to thrive, and is
seasonal (Armha et al.,, 2019). This makes its
scarce especially during certain period. Thus, the
postharvest preservation of the product is
essential to ensure its availability for a later use
(Fadeyibi et al.,2020). The powder can be used to
make delicious meals as well as to preserve and
store food for an extended storage life (Armha et
al., 2019; Fuglie, 2001). As a way of preservation,
the product can be dried to remove the excess
moisture that can cause deterioration and then
ground into powder. The powdered irvingia
gabonensis can be guaranteed to last longer in
the shelf and can be available whenever needed.
There is therefore the need to transform the
product into powder to actualize this.

Application of different parts of moringa
olifera plant to the storability of most agricultural
products have been reported. For instance,
Adegbehingbe et al. (2017) studied the effect of
fermentation on the nutrient and anti-nutrient
contents of Irvingia gabonensis seed and reported
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that fermentation enhances the nutritional value
of the seed. Although, Chuku (2017) reported the
ability of powdered moringa leaf to extend the
shelf-life of Irvingia gabonensis, the effects of the
botanical concentration and storage materials on
the quality attributes of the product have not
been reported. There is therefore the need to
deficit gaps by
investigating the essential and commercial values

address these knowledge
of the product above its physiological storage
condition. This research was carried out to
determine the effects of moringa parts, botanical
concentration and storage materials on the
nutritional and microbial quality attributes of the
Irvingia gabonensis, such as the proximate values,
bacteria and fungi loads over a given storage

period above its physiological storage condition.

Materials and Methods

Materials and sample preparation

A 5 kg of freshly harvested Irvingia gabonensis
seed was purchased from lIpata market in llorin,
Kwara State. The kernels were manually cleaned
to remove impurity like chaffs and stones. The
cleaned kernels were transported to the Plant
Biology Department of the University of llorin,
llorin, Nigeria, for experimentation. The product
was dried and ground into powder; and the
moisture content maintained at 24.5% (wb). A
fresh Moringa plant part (leaf, seed and bark) was
harvested from a matured Moringa plant in the
University of llorin farm for this research. The
plant parts were washed and rinse in distilled
water; and dried at ambient temperature for 7
days to 12.8% (wb) (Chuku 2017). The powdered
samples of the moringa plant parts were
prepared by grounding the dried products using a
blender, and then sieved to obtain finer materials

of approximately 200 um particle size.

Storage procedure and experimental design

A Completely Randomized Design (CRD) was
used to investigate the degree of associated error
with
namely,

respect to the experimental variables

the moringa plant parts, storage
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materials and the concentration of the botanicals.

The powdered moringa parts were mixed
thoroughly together with the powdered Irvingia
gabonensis to give a varying concentration of the
botanicals as 10 ppm, 15 ppm and 20 ppm. These
were then stored in three different storage
mediums, namely calabash, sisal sack and jute

sack, for a period of 3 months.

Determination of nutritional and microbial quality
parameters of the seed

The moisture, crude fat, ash, protein, crude
fiber and carbohydrate contents of the samples of
the treated Irvingia gabonensis were determined,
at 1 month storage interval, using the chemical
analytical procedure reported by AOAC (2000).
The total coliform counts, total viable counts and
fungi count were also determined using the Pour
Plate method of determining microbial qualities
(Fadeyibi et al.,2017; Fadeyibi et al.,2020).

Statistical analysis

Data obtained from the experiments were
subjected to statistical analysis of variance using
SPSS ver. 20.0 for the measured parameters; and
Duncan’s New Multiple Range Test (DNMRT) was
used to find the difference in means of botanical
type, storage type, botanical concentration and
their interactions over the range of the botanical
concentration and type storage material used.

Results and Discussion

Effect of storage parameters on proximate
composition

The effect moisture content on the proximate
composition of the stored powdered Irvingia
gabonensis are shown in Figures 1 — 3. The effect
of the moisture content of the product on the
botanical concentration were not the same for all
the samples. We observed that the moisture
content of the product treated with moringa leaf
decreased with the botanical concentration
(Figure 2). However, this increases for the product
treated with the moringa seed and bark, as shown

in Figures 1 and 3. This behavior may be
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associated with the presence of cracks and holes
in the storage materials, which could serve as
points of moisture migration to the surrounding
during storage (Karim et al., 2005). This agrees
with the findings of Noorka and da Silva (2012)
who reported a significant moisture lost during
the storage of wheat using a plastic container.
The amount of moisture in the product stored
using the powdered moringa seed was higher
than those from the powdered leaf and bark of
the plant. The hygroscopic nature of the seed
might be responsible for this observed difference
(Chuku, 2017). The higher the
concentration, the better the moisture retained

botanical

by the Irvingia gabonensis in storage.

The fat content of the product in the jute sack
increases with an increase in the botanical
concentration when treated with the powdered
moringa seed, as shown in Figure 1. However, this
decreases with the botanical concentration when
treated with the powdered moringa leaf and bark,
as shown in Figures 2 and 3. A decrease in the fat
content was generally observed across other
in the

supports the

storage materials with an increase
This
findings of Onojah et al. (2018), who reported a

botanical concentration.
decrease in the fat content of Irvingia gabonensis
with an increase in the substrate concentration.
Also, the storage effects of both the calabash and
the sisal sack are quite similar on the fat content
of the stored product, while the jute sack shows a
distinct effect. The product treated with the 15-
ppm botanical concentration shows significant
decrease in the fat content compared to that of
10-ppm and 20-ppm. This corroborates the
findings of Omobowale et al. (2015) who reported
a general decrease in the oil content of stored
maize across a concrete and galvanized steel silo.
The percentage fat content of the control sample
indicates that there is an increase in the fat
content (21.1%) compare to all the treated
samples at p< 0.05 (Omobowale et al., 2015).

A decrease in crude fibre and protein contents
was observed in the samples stored in the sisal
sack and treated with the powdered moringa
seed and leaf, as shown in Figure 1. The samples



Sunmonu et al., 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 391-400

stored in jute sack and calabash however increase
with an increase in the botanical concentration.
The crude fibre and protein contents in the
samples stored in sisal, jute sack and calabash
remain constant when moringa bark was used as
the substrate, as shown in Figure 3. This supports
the findings of Ekpe et al. (2007), who reported a
decrease in crude fibre and amino acid profile of
Irvingia gabonensis seed. An increase in the crude
protein content of the stored product was

observed with an increase in the botanical
<>— Sisal O— Jute Calabash
88
87.8 <
= g7.6 7l
& A =
© 87.4 I
=
= 87.2
o
<~
= 87
L
86.8
86.6
9.8 14.8 15.8 24.8
Botanical concentration (ppm)
<— Sisal O— Jute Calabash
1.22
1.12; ﬁ O
= 1.19 =
@
é 1.18
o 1.17
=]
= 1l.16 <
o
1.15
1.14 <
1.13
9.8 14.8 19.8 24.8
Botanical concentration (ppm)
<— Sisal O— Jute Calabash
1.23 o
1.22
1.21
— [ =
= 12 <>
Z 119
1.18
1.17
1.16 =
9.8 14.8 15.8 24.8

Botanical concentration (ppm)

concentration. This contradicts the findings of
llesanmi and Gungula (2016) who reported a
decrease in the crude protein content in cowpea
with an increase in the substrate concentration.
The crude protein content of the product stored
in the sisal sack and jute sack had similar effect,
while the protein content of the products in the
calabash was the highest (6.14%). The percentage
the crude protein content in the control sample
shows a decrease in crude protein 4.2% with an
increase in the botanical concentration.

<— Sisal O— Jute Calabash
6.6
6.5
= 6.4 a
é 6.3
o
262 o
= 6.1 <>
S 6
[} O <>
5.9
(|
5.8
9.8 14.8 19.8 24.8
Botanical concentration (ppm)
<— Sisal O— Jute Calabash
1.45
N
1.4 '} <>
g 1.35 <>
Rt
1.3
- O
125 O
1.2
9.8 14.8 19.8 24.8
Botanical concentration (ppm)
<O— Sisal O Jute Calabash
3.2
3
= I |
= 2.8
[ P o
= 2.6 [ —
g
= 2.4 <
2.2
2
9.8 14.8 19.8 24.8

Botanical concentration (ppm)

Figure 1. Effects of storage material and powdered moringa seed on proximate values of irvingia gabonensis
Sekil 1. Depolama malzemesi ve toz haline getirilmis moringa tohumunun irvingia gabonensis'in yaklasik degerleri lizerindeki

etkileri
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Figure 2. Effect of packaging material and powdered moriga leaf on proximate value of Irvingia gabonensis
Sekil 2. Paketleme malzemesi ve toz halindeki moriga yapradinin Irvingia gabonensis'in yaklasik dederi lizerindeki etkisi
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Figure 3. Effect of packaging material and powdered moriga bark on proximate value of Irvingia gabonensis
Sekil 3. Paketleme malzemesi ve toz halinde moriga kabugunun Irvingia gabonensis'in yaklasik dederi lizerindeki etkisi

A general decrease in the carbohydrate
content was observed for all the samples treated
with the powdered moringa seed and leaf, as was
shown in Figures 1 and 2. But, the carbohydrate
content of the sample treated with the powdered
moringa bark increases with an increase in the
botanical concentration, as was shown in Figure
3. The jute sack retained a higher carbohydrate
content (86.48%) compared to the calabash

(86.17%) and sisal sack (86.35%). The research
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results of Chuku (2017), who reported an increase
the different
concentrations of moringa leaf, scent leaf and
bitter leaf support the present investigation. This
also supports the findings of Osunde and Orhevba
(2009) who reported an increase in carbohydrate

in carbohydrate using

content of yam stored in barns beyond the
normal storage period. In another related
investigation, Chuku (2017) reported that the

carbohydrate content of Irvingia gabonensis seed,
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blended with powdered moringa leaf, stem and
bark, significantly increases with an increase in
the storage period. The ash content increases for
the product packaged inside the jute and sisal
sacks but decreased for the calabash material.
Result revealed a significant difference at p < 0.05
of 0.08% in the ash content and a decrease in
value of 0.02% due to the treatments applied
(Aanyu, Ondhoro, Aanyu, & Ondhoro, 2016). This
slightly agrees with the findings of Ogunsina et al.
(2012) and Ekpe et al. (2007) who reported a
significant difference in the ash content at p <
0.05 on the processed and fresh seeds. The
percentage ash content of the control sample was
found to be 3.49% at the end of the storage
period. It can be said that the storage parameters
increase the ash content of the stored Irvingia
gabonensis.

Results of the analysis of variance of the
individual effect of the storage parameters on the
proximate composition of the stored Irvingia
gabonensis powder are shown in Table 1. The
results show that moisture content of the stored
product in the calabash was significantly higher
compared to that stored in sisal sack provided
that all other factors remain constant. It can be
deduced that Irvingia gabonensis powder stored
in calabash retain moisture than the ones stored
in sisal sack and jute sack. It is possible that the
food powder absorbed moisture from the
surrounding damped air since it is hygroscopic.
Similar finding was recorded by Alabadan (2006)
who reported that wooden materials (wooden
silo) has a better moisture retention ability than
jute and sisal sacks for maize storage.

Table 1. Multiple Comparison of the Proximate and Microbial Compositions of the stored products
Tablo 1. Depolanan iiriinlerin Yakin ve Mikrobiyal Bilesimlerinin Coklu Karsilastirmasi

Variables L MC Ash Fat CF Cp CHO TVC TCC FC
1 3.72¢ 1.20° 1.51¢ 1.37° 5.30° 86.9° 4.36° 3.03? 1.45°
Botanical Type (B) 2 3.27° 123° 1450 152 6.24° 86.3°  4.81° 331"  1.49°
3 3.60° 1.29¢ 1.37° 1.46° 6.55° 85.87 4.82° 3.38° 1.42°
1 3.55° 1.23° 1.44° 1.46° 6.15° 86.2° 4.94° 3.39° 1.36°
Storage Type (S) 2 3.51° 1.24b 1.44°  1.41° 5.96° 86.5°  4.59°  331°  1.49°
3 3.52° 1.25¢ 1.45° 1.48° 5.98? 86.4° 4.46° 3.022 1.50°
1 3.447 1.24% 1.45° 1.44° 6.04° 86.4° 4.54° 3.11° 1.46°
Concentration 2 3.50° 1.24° 1.41° 1.48° 6.07° 86.37 4.65®  3.22% 1.45°
(C) 3 3.64° 1.23° 1.47¢ 1.432 5.97° 86.3° 4.80° 3.38° 1.45°

Means with the same letters are not significantly different at p< 0.05; Means with different letters are significantly different
at p < 0.05; TVC = Total Viable counts (x10° cfu/g), TCC = Total Coliform Counts (x10° cfu/g), FC = Fungal Counts (x103 cfu/g), L
= level; MC = moisture content (%); Ash content (%); Fat content (%); CF = Crude fibre (%); CP = Crude Protein (%), CHO =

Carbohydrate (%)

Effect of Storage Parameters on the Microbial
Composition of the Stored Products

The influence of the storage period, botanical
type, storage type and botanical concentration on
the total viable count (TVC), total coliform count
(TCC) and fungi count (FC) of the stored Irvingia
gabonensis powder is shown in Figure 4. A
significant decrease in the TVC, TCC and FC was
observed with an increase in the botanical
concentration. Accordingly, Rabi et al. (2017),
who reported a decrease in microbial
composition of fermented African locust bean

when powdered ginger was added as preservative
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corroborate the finding of the current
investigation. The TVC decreased from
8.4x10°cfu/g to 3.9x10°cfu/g, the TCC decreased
from 6.2x10°cfu/g to 2.9x10°cfu/g and the FC
decreased from 4.4x10% cfu/g to 1.2x10° cfu/g.
However, all the samples did not contain the FC
throughout the duration of storage. This supports
the findings Arekemase et al. (2015), Ibeabuchi et
al., and Wogu and lyayi (2011) in their separate

investigations.
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A multiple comparison effects of storage
parameters on the microbial compositions of
stored Irvingia gabonensis powder were done
using NDMRT as was shown in Table 1. This
indicates that the mean values of the TVC, TCC
and FC of the stored product in the various
storage materials used were significantly different
(p< 0.05). The TVC and TCC of the stored product
the
compared to the those stored in sisal sack and

in calabash were significantly higher

jute sack provided all other factors remain
constant. A similar finding was reported by
Farinde, Adeniran, and Abiose (2014), who stated
an increase in TVC of fermented locust bean when
stored in the calabash. The Irvingia gabonensis
powder stored in the calabash recorded the
lowest fungal count of 1.3x10° cfu/g while the one
stored in jute sack recorded the highest count
(1.5x103 cfu/g). This finding is also similar to the
work of Adegbehingbe et al. (2017) who reported
an increase of fungal count of solid substrate in
Irvingia gabonensis powder in storage. The
addition of the botanical concentration into the
samples of the products might partly be
responsible for the decrease in the values of the
TVC, TCC and FC with an increase in the storage
period. The research effort of Rabi et al. (2017)
who reported a decrease in the microbial
composition of fermented African locust bean as
a result of the powdered ginger applied has also
given credence to the current investigation. This
show that the storage period and the botanical
used had a greater influence on the microbial
counts of the stored Irvingia gabonensis powder.
Furthermore, powder
treated with 20-ppm of botanical has higher TVC
and TCC at p< 0.05. A similar result has been
reported by Arekemase et al. (2015) in their work
the spoilage and

preservative on mango seed powder. However,

Irvingia  gabonensis

on microbial acting of
stored Irvingia gabonensis powder treated with
10-ppm of botanical recorded the lowest TVC and
TCC the FC. There was no significant difference on
FC at different concentration levels (p< 0.05). This
supports the work of Chuku (2017), who reported

that the application of the powdered moringa
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parts can great inhibit the microbial activity in the

grounded Irvingia gabonensis powder.
Conclusions

The effect of storage material, botanical
concentration and moringa plant parts on the
proximate compositions and microbial
inactivation of the powdered Irvingia gabonensis
studied. The

decrease in the moisture content, fat, ash and

were results show a general
crude protein contents with an increase in the
botanical concentration. The type of moringa part
used also affected this trend, with the powdered
moringa leaf influencing storage stability of the
product the most. The sample stored in the
calabash and treated with the 10-ppm powdered
moringa leaf was found to be effective for
retaining proximate composition. The microbial
composition of the stored product showed that
total viable counts, total coliform counts, fungi
with the
concentration. The product stored in a jute sack

counts decreases botanical
and treated with the 20-ppm powdered moringa
leaf was found to be effective for microbial
inactivation.
Conflict of Interest: The authors declare no

conflict of interest.

References

Aanyu, M., Ondhoro, C. C., Aanyu, M., and Ondhoro, C. C.
(2016). Effects of Storage Duration on Proximate
Composition of Non-Conventional Fish Feed
Ingredients And Farm-Made Feed. Journal of Global
Agriculture and Ecology, 6(3), 162-169.

Adegbehingbe, T., Adeleke, K., Fakoya, B. S., and
Osunsanmi, F. 0. (2017). Solid Substrate
Fermentation of African Bush Mango (Irvingia
gabonensis) Seeds. Journal of Advances in

Microbiology, 3(1), 1-9.

Alabadan, B. A. (2006). Evaluation of wooden silo during
storage of maize (Zea mays) in humid tropical
climate. Agricultural Engineering International: CIGR
Journal, 8(1), 1-9.

AOAC (2000). Association of official analytical chemist.
AOAC (17th ed.). Washington, USA.

Arekemase, M., Oyeyiola, G., Saad, F., and Daniel, T. (2015).
Microbial Spoilage, Actions of Preservatives and
Phytochemical Screening of Mango (Mangifera



Sunmonu et al., 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 391-400

indica) Seed Powder. Notulae Scientia Biologicae,
7(1), 102-110.
Armha, R., Navaratne, S. B., and Uthpala, T. G. G. (2019).

Moringa olifera plant and the nutritional and
medicinal properties of  Moringa olifera
leaves. Trends & Prospects in Processing of

Horticultural Crops, 251-268.

Chuku, E. C. (2017). Fungi Associated with Seeds of Irvingia
gabonensisis and  their Effect on  Shelf
Life. International Journal of Agriculture and Earth
Science, 3(8), 69-74.

Fadeyibi, A., Osunde, Z. D., Egwim, E. C., and Idah, P. A.
(2017). Performance evaluation of cassava starch-
zinc nanocomposite film for tomatoes packaging.
Journal of Agricultural Engineering, 48(3), 137-146.

Fadeyibi, A., Osunde, Z. D., and Yisa, M. G. (2020). Effects of
period and temperature on quality and shelf-life of
cucumber and garden-eggs packaged using cassava
starch-zinc nanocomposite film. Journal of Applied
Packaging Research, 12 (1), 36-53.

Farinde, E. O., Adeniran, H. A., and Abiose, S. H. (2014).
Comparative Microbial Assessment of Fermented
Lima Bean (Phaseolus lunatus) and Locust Bean
(Parkia biglobossa) in Production of
Daddawa. Microbiology Research Journal
International, 1(1), 772-784.

Fuglie, L. J. (2001). The miracle tree; the multiple attributes
of moringa (No. 634.97 M671). Technical Centre for
Agricultural and Rural Co-operation, Wageningen
(Paises Bajos). pp. 172.

Ibeabuchi, J. C., Olawuni, I. A., Iheagwara, M. C., Ojukwu,
M., and Ofoedu, C. E. (2014). Microbiological
evaluation of Iru and Ogiri-Isi used as food
condiments. IOSR Journal of Environmental, Science
Toxicology and Food Technology, 8(8), 45-50.

llesanmi, J. O. Y., and Gungula, D. T. (2016). Proximate
Composition of Cowpea (Vigna unguiculata (L.) Walp)
Grains  Preserved with Mixtures of Neem
(Azadirachta indica A. Juss) and Moringa (Moringa
oleifera) Seed Oils. African Journal of Food Science
and Technology, 7(5), 118-124.

Fahey, J. W. (2005). Moringa oleifera: a review of the
medical evidence for its nutritional, therapeutic, and
prophylactic properties. Part 1.Trees for life
Journal, 1(5), 1-15.

Karim, M. R., Rahim, M. A,, and Fakir, G. A. (2005). Effect of

400

storage  containers on seed quality of
onion. Bangladesh Journal of Seed Science and
Technology, 9(1&2), 27-31.

Ekpe, O. O., Umoh, I. B., and Eka, O. U. (2007). Effect of a
typical rural processing method on the proximate
composition and amino acid profile of bush mango
seeds (Irvingia gabonensis). African Journal of Food,
Agriculture, Nutrition and Development, 7(1).

Osunde, Z. D., and Orhevba, B. A. (2009). Effects of storage
conditions and storage period on nutritional and
other qualities of stored yam (Dioscorea spp)
tubers. African Journal of Food, Agriculture, Nutrition
and Development, 9(2), 678-690.

Ogunsina, B. S., Bhatnagar, A., Indira, T., and Radha, C.
(2012). The proximate composition of African Bush
mango  kernels  (Irvingia  gabonensis) and
characteristics of its oil. Ife Journal of science, 14(1),
177-183.

Omobowale, M., Mijinyawa, Y., Armstrong, P., Igbeka, J.,
and Maghirang, E. (2015). Performance evaluation of
termite-mound clay, concrete and steel silos for the
storage of maize grains in the humid tropics. Journal
Stored Products Postharvest Research, 6(7), 56-65.

Onojah, P. K., Musa, F., and Ugwuowo, E. N. (2018).
Comparative Studies on the Proximate Composition
and Anti-Nutrient Content of the Cotyledons of Two
Species of Irvingia (Ogbono) Sold in Anyigba Main
Market, Kogi State, Nigeria.Journal of Chemical
Society of Nigeria, 43(2), 1-10.

Mishra, S. P., Singh, P., and Singh, S. (2012). Processing of
Moringa oleifera leaves for human
consumption. Bulletin of Environment, Pharmacology
and Life Sciences, 2(1), 28-31.

Noorka, I.R., and da Silva, J.A.T. (2012). Mechanistic insight
of water stress induced aggregation in wheat
(Triticum aestivum L.) quality: The protein paradigm
shift. Notulae Scientia Biologicae, 4(4), 32-38.

Rabi, M., Mukhtar, M. D., and Magashi, A. M. (2017).
Microbiological evaluation of shelflife indices of
fermented African locust bean cake stored under
different preservative treatments. Bayero Journal of
Pure and Applied Sciences, 10(1), 146-150.

Wogu, A., and lyayi, A. D. (2011). Mycoflora of Some
Smoked Fish Varieties in Benin City Nigeria. Ethiopian
Journal of Environmental Studies and Management,
4(1), 36-38.



