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Abstract This study looked to establish the proximate
composition, mineral content, water absorption capacity,
energy values and microbial load of the seeds of Moringa
oleifera following processing. The study was carried out
using standard physicochemical and microbiological
techniques. Proximate analysis revealed that M. oleifera

seed powder was rich in protein (34.39%) and fat (37.76%).

The mean crude fibre, ash and carbohydrate values were
5.10%, 5.93% and 9.42% respectively while moisture was
relatively low at 7.40%. The water absorption capacity,
gross energy and metabolisable energy levels were
determined as 428.01%, 509.67 Kcal/100g and 398.22
Kcal/100g respectively. The heavy metal levels were low
to negligible but the calcium and phosphorus levels were
somewhat high at 437.85 mg/kg and 525.10 mg/kg
respectively with a ratio of 0.834. Counts of 1730 CFU/g
and 121 CFU/g were obtained for total heterotrophic
bacteria and total fungi. The fungi and bacteria obtained
were Rhizopus stolonifer, Aspergillus niger, Bacillus,
Staphylococcus aureus, Pseudomonas aeruginosa, Proteus
and Micrococcus luteus. No coliforms were recorded. The
results from this study established M. oleifera seed powder
as a good source of energy, protein, fat, calcium and
phosphorus amongst other minerals and nutrients. Its
nutritional and mineral content support coagulation/
flocculation and use in livestock and aquaculture feed.

Keywords Proximate Composition, Mineral Content,
Energy, Functional Properties Moringa oleifera, Nutrition,
Bacteria, Fungi

1. Introduction

Moringa oleifera is known by several common names
including the drumstick tree, the horseradish tree, the
benzolive tree or the kelor tree. It is the most extensively
studied member of the genus Moringa, part of the family
Moringaceae. The genus, Moringa, consists of 13 other
known species. The plant is native to the tropics and has
been recorded across countries of Africa, Asia and South
America. It is a perennial fast-growing plant that could
occur as a shrub or as a tree normally measuring 2.5 to
15m in height. It flowers and fruits biannually and is
readily propagated via its seeds or cuttings. M. oleifera
produces white fragrant flowers and its fruits can get up to
45cm in length. Its tap root systems make it
drought-resistant; it, thus, thrives in semi-arid regions
with sandy to loamy soils. The species has shown a
preference for soils with a pH level of around 9 [1,2].

M. oleifera has been described as a miracle plant owing
to its numerous applications. It is a versatile crop that has
nutritional, medicinal and environmental relevance
especially in developing countries. It is not only
consumed as a vegetable in a number of developing
countries, but serves as an important source of vegetable
oil too. This oil referred to as ben oil is typically extracted
from the seed. Each seed is known to yield in excess of
30-40% by weight of the oil. Ben oil is resistant to
rancidity, non-sticky and non-drying. It is multi-purpose
and can be consumed with salads and other meals or
employed in industry for machine lubrication, and
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manufacture of perfumes and hair care products [3]. Its
leaves, flowers, fruits, and roots are often added to local
dishes or eaten on their own. The seed residue left after oil
extraction has been employed as an animal feed in certain
regions. Its leaves are also useful in this regard. Its
therapeutic properties are well known. Anwar et al. [4]
maintain that the seeds, leaves, bark and roots have been
used for the treatment of rheumatism, venomous bites,
scurvy, cold sores and for enhancing cardiac function.
Additionally, the leaf extracts improve thyroid gland
function and regulate cholesterol levels. It is
recommended for the treatment of anaemia in expectant
mothers [3,5].

The reuse or recycling of “waste” is a fundamental part
of waste management as it not only reduces that volume
of waste requiring disposal but eliminates the need to
manufacture products to carry out the function to which
the recycled material has been applied thereby eliminating
further waste generation and cutting costs. Different parts
of the M. oleifera plant are often redirected to alternative
uses. The plant has been applied in farming for several
purposes including biomass generation during alley
cropping, manure (seed cake and leaves) for soil
improvement and as a bio-pesticide that prevents the
damping off of seedlings. The leaves are particularly
versatile. Apart from direct consumption of the leaves by
humans and animals, the juice produced from the crushed
leaves is a popular follicular nutrient as well. The leaves
may be crushed and used as a domestic cleaning agent due
to its phytochemical content. The crushed leaves are
further used in the production of biodiesel and for manure.
The powdered seeds are useful in the reduction of
turbidity in honey and sugarcane juice while the nectar
from the flowers may be used as a healthy replacement for
honey. It is used for production of commercial products
such as gum and blue dye which can be extracted from the
tree trunks, and tannin (extracted from the tree bark and
from the wood gum) [6-8].

The seed extracts have been studied extensively for
their coagulant capabilities and have been applied to water
and wastewater treatment with encouraging results. When
used in water treatment, the seed extracts have been
reported to greatly improve clarity and remove microbial
contaminants with only minimal sludge formation unlike
that produced when using chemical coagulants. Its role in
wastewater treatment as a coagulant has been equated to
that of commercial coagulants including those from
calcium, aluminium and iron salts [9,10]. The observed
sorbent and coagulant qualities of the seeds of M. oleifera
have been linked to the soluble cationic proteins produced
as by-products of the oil extraction process [9].
Furthermore, M. oleifera functions effectively as a
bio-absorbent for the removal of heavy metals from
aqueous media [11,12].

The aim of this study is to establish the proximate

composition, mineral content, water absorption capacity,
energy values and microbial load of the seeds of Moringa
oleifera following processing in order to better appreciate
its potential applications.

2. Materials and Methods

Sample Collection and Preparation of the Moringa
oleifera (MO) Seed Powder

The MO seeds were obtained in pods from the Michael
Okpara University of Agriculture, Umudike, Nigeria
where they were also identified and authenticated. The
seeds were sorted out manually, dried and then ground
using a laboratory blender. The powdered samples were
stored in labelled plastic bags and kept at room
temperature in the dark until required.

Determination of Proximate Composition

The moisture, crude protein, crude fat, total ash, crude
fibre and carbohydrate contents of the sample were
determined using standard techniques described by the
Association of Official Analytical Chemists [13].

Moisture Content

About 2 g of the powdered sample was weighed into a
crucible of known weight. The sample was then placed in
a hot air oven at 105°C for 3 h, cooled in a desiccator and
weighed again to determine water loss in the powdered
sample. Drying was done until a constant weight was
achieved.

Ash Content

For ash content, 10 g of sample was reduced to ash in a
muffle furnace at 550°C for 5 hours. After cooling in a
desiccator, the ash content was ascertained based on the
weight obtained.

Crude Fibre Content

The crude fibre content was estimated by digesting 2 g
of MO seed powder with sulphuric acid (H,SO,) and
sodium hydroxide (NaOH) and then incinerating the
residue in a muffle furnace at 550°C for Sh.

Crude Protein Content

The crude protein content was determined by the
Kjeldahl method using 2 g samples.

Crude Fat Content

This was established as the ether extract. In order to
determine the percentage of fat in the dried sample, 5 g of
MO seed powder sample was exhaustively extracted in a
Soxhlet apparatus using petroleum ether (boiling point
range 40°C — 60°C) as the extractant. The oil weight and
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percentage of oil was calculated.

Carbohydrate Content

The carbohydrate content was determined as nitrogen
free extract (NFE) using the formula below:

% Carbohydrate =100 — (%CP + % CFa + % CF + % Ash +
% Moisture)

Where: CP — Crude Protein; CFa — Crude Fat; CF — Crude Fibre
Conversions were made to g/kg.

Dry Matter (DM) and Organic Matter (OM) Content

Similar to moisture content, the dry matter content in
percentage was determined by drying the samples in an
oven at 105°C for 3 — 5 h. The percentage dry matter was
calculated as the fraction of the original dry weight
multiplied by 100.

The percentage organic matter content was determined
as:

OM =100 — (% Ash)

Analysis of Mineral Composition

The calcium and phosphorous content of the MO seed
powder were determined using the protocol outlined by
[14].

The lead, potassium, magnesium, sodium, copper, iron
and zinc content in the MO seed powder samples were
ascertained using an Atomic Absorption
Spectrophotometer (AAS) following nitric acid digestion.

Determination of Functional Characteristics

Water absorption capacity (WAC)

The water absorption capacity was measured using the
modified centrifugation technique as described by [15].
About 2g of Moringa oleifera seed powder was mixed
with 25 ml distilled water in a 50 ml centrifuge tube with
continuous stirring for 1 min. The slurry produced was
centrifuged. After the supernatant was decanted, the water
retained per gram of sample was determined using the
formula below.

WAC = [Weight of bound water (g) / Weight of sample (g)] x
100%
Metabolisable Energy (ME)

Metabolisable energy (ME) in MJ/kg DM was
determined using the equation of Chatepa and Mbewe
[16]:

ME (MJ Kg') = 1.549 + 0.0102 CP + 0.0275 CFa + 0.0148

Carbohydrate — 0.0034 CF

Where: CP — Crude Protein (g kg'); CFa — Crude Fat (g kg™); CF —

Crude Fibre (g kg™")

The calculated ME in MJ/kg DM was then converted to
Kcal/100g DM.

Gross Energy (GE)

The gross energy (GE) in kJ/100 g dry matter was
estimated as follows;

GE (KJ/100g DM) =17 CP + 37 CFa + 16 Carbohydrate

Where: CP — Crude Protein (g/100g); CFa — Crude Fat (g/100g)

The result was converted to Kcal/100g dry matter (DM)
by dividing by a factor of 4.184. The value obtained was
further converted to MJ/kg [16,17].

Microbiological Analysis of Samples

Isolation and Enumeration of Total Heterotrophic Bacteria
and Total Fungi

For the bacteria, isolation was done on nutrient agar
(NA), mannitol salt agar (MSA), cetrimide agar and eosin
methylene blue (EMB) agar while plate count agar (PCA)
was used for enumeration. For fungi, isolation and
enumeration were carried out using potato dextrose agar
(PDA) with chloramphenicol added to inhibit bacterial
growth. The media were sterilised in an autoclave at
121°C and 15 psi for 15 minutes.

A known weight of 10 g MO seed powder was added to
90 ml of sterile water, stirred thoroughly and then allowed
to stand for about an hour before serial dilution to obtain a
six-fold dilution. Following dilution, 1 ml aliquots of the
suspension were plated onto the surface of the appropriate
medium for the bacteria and fungi using the spread plate
technique. Incubation was for 24 h at 28°C for bacteria
and 2 — 4 days at 30°C for fungi. Pure cultures were
obtained by streaking onto fresh agar plates. The pure
isolates were stored on agar slants until required for
further testing.

After incubation, microbial counts on the plates were
determined. Only plates with counts of 30 — 300 colonies
were considered. Counts were expressed as colony
forming units (CFU) per gram of powder.

Determination of Total Coliform Count

The multiple tube fermentation technique was
employed in the enumeration of coliform bacteria [18].
The technique is based on the ability of coliform bacteria
to grow and produce gas in lactose-containing liquid
medium at 37°C after 48 hours. Following incubation, the
abundance of coliforms was determined by noting the
number of positive and negative tubes and comparing this
to a standardised MPN table. Isolation on EMB agar
served as the confirmatory test.

Characterisation of Isolates

The isolated bacteria were characterized based on the
morphological, microscopic, and biochemical properties
while the fungi were identified by studying under the
microscope using lactophenol blue stain. Over 25 standard
biochemical tests were employed in the characterisation of
the bacterial isolates [19,20]. Confirmation was done by
comparing to similar species from culture collections that
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had been identified via DNA analysis.

3. Results and Discussion

This study highlights the microbiological, functional
and nutritional properties of Moringa oleifera seed
powder. The powder contained high levels of protein, fat,
calcium and phosphorus.

Proximate Composition

The proximate composition of the MO seed powder
samples is illustrated in Figure 1. The dry matter and
organic matter content were determined as 92.6% and
94.07% respectively. The crude protein and crude fat
contents were significant; each being over a quarter of the
total nutrient content based on dry matter. Crude protein
and crude fat recorded the highest values at 34.39% and
37.76% respectively while the moisture content was
relatively low.

The results from the proximate analysis tally with other
similar studies. Chatepa and Mbewe [16] found values of
28.54%, 5.37%, 34.91%, 7.90% and 23.27% for crude
protein, ash, crude fat, crude fibre and carbohydrate
respectively for the seed of MO in their study of the plant.
Sultana [15] studied the leaves of MO and observed
somewhat comparable levels of 7.55 — 8.65% moisture,
8.05 — 10.38% ash, 22.99 — 29.36% crude protein, 4.03 —
9.51%, crude fat, 6.0 — 9.6% fibre, 47.25 — 56.25%
carbohydrate and 81.33 — 83.73% organic matter for MO
leaves. The metabolisable energy values obtained were in
the range of 353.03 — 368.17 Kcal/100g. A study of MO
root powder revealed proximate content values of 57.01%,
18.92%, 2.74%, 9.31%, 4.09% and 7.95% for
carbohydrate, crude protein, crude fat, crude fibre,

Figure 1.

moisture and ash respectively [21]. Akin to the current
study, other similar studies have reported comparable
protein contents of 30.6% [22], 35.97% [23], and 39.1%
in MO seed [24]. Hassan et al. [25] and Anhwange et al.
[26] reported higher values of 44.14% and 40.31%
respectively while Ijarotimi et al. [27] and Abiodun et al.
[28] had lower protein levels of 18.86% and 28%
respectively. The high protein content supports the
effectiveness of the MO seed powder as a coagulant/
flocculant in water treatment [10].

The low moisture content in the Moringa samples
observed in this study is an indication that the activity of
the microorganisms would be reduced which increases the
shelf life of the MO seed powder. In a study by Manju et
al. [29] the moisture content was equally low at 6.43%.
The high fat content does not correspond with the values
obtained by other researchers who reported lower values
of 13.35% [27]. The crude fat measure in the current study
is comparable to the values of 34.91% obtained by
Chapeta and Mbewe [16] but lower than the 13.35% and
6.0 — 9.6% recorded by Ijarotimi ef al. [27] and Sultana
[15] respectively. These values are still lower than the
38.33% documented for seeds of Moringa peregrine [30].
The disparities observed between the two species could be
accredited to species-based variations and edaphic
conditions during cultivation. The crude fat content is a
measure of the oil in the seeds. The high crude fat of the
Moringa seeds suggests that it is a good source of oil for
both domestic and industrial purposes. The high fat
content may be considered significant as Moringa is
known to comprise more polyunsaturated fatty acids
(PUFAs) than saturated fatty acids (SFAs); PUFAs are
deemed good fat and are recommended for a wholesome
diet. They support healthy living and prevent incidences
of certain diseases [15].

W Moizture
OAzh

Crude Fibre

B Crude Protein
[ Crude Fat
OCarbohydrate

Proximate Composition of the Powdered M. oleifera Seeds
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The ash content of 5.93% observed was comparable to
5.06% obtained in MO seed in Egypt [31] but greater than
the 4.1% from a similar study in Nigeria [28]. The crude
fibre values are akin to values obtained by Ijarotimi ef al.
[27]. The recorded fibre content, however, is quite low
when compared to that of cowpea seeds reported by
Mamiro et al. [32]. Dry matter (DM) content is often
higher in the MO seed than in the leaves. Chatepa and
Mbewe [16] recorded seed DM as 96.86% but leaves as
93.78%. Similar results are found in other studies that
compare that proximate contents from different parts of
the MO plant.

Mineral Content

The mean values of the mineral content in the tested
samples are presented in Table 1. Phosphorus, calcium
and potassium were the most abundant nutrients in the
MO seed powder with values of 525.1 mg/ kg, 437.85
mg/kg and 74.24 mg/kg respectively. The heavy metal
content of the powder was quite low with only negligible
levels of lead. The relatively high Ca:P ratio of 0.834 seen
in the MO seed powder samples studied indicates a high
nutritional food value particularly with respect to children
and the aged. Food with a Ca:P ratio of above or close to 1
is rated as “good” while those with values less than 0.5 are
rated as “poor”. A Ca/P ratio of over 2 facilitates
enhanced absorption of calcium in the human body. The
Na:K and Ca:P ratios are considered important measures
of the potential body electrolyte balance and bone
formation performance of the food. An Na:K ratio of less
than 1 is recommended for food for human consumption
while a high Ca:P ratio is recommended for bone
formation and protection [29]. This indicates that that the
seed powder is of particular benefit to the elderly and
growing children who require calcium and phosphorus for
bone and teeth development. With Manju et al. [29] the
Ca/P ratio was much higher than in the current study at
2.8. The study recorded much higher calcium (357.78
mg/100g) and phosphorus (127.6/100g) levels than the
current study with the calcium content surpassing the
corresponding phosphorus levels. Optimum Ca/P ratio for
most livestock is 1.5 while a ratio of 1.33 was found as
optimum for catfish aquaculture [33].

Table 1. Mineral Content of Seed Powder of M. oleifera (Mean Values)
Mineral Content (mg/kg)
Potassium 74.24
Calcium 437.85
Magnesium 40.50
Sodium 25.01
Phosphorus 525.1
Copper 1.52
Zinc 1.99
Lead <0.002
Iron 6.78
C:P ratio 0.834
Na:K ratio 0.337

Functional Characteristics

Table 2 shows the water absorption and energy values
for the samples tested. The high water absorption capacity
of the MO seed powder has been linked to its high protein
content. The WAC value is a key quality of food products
especially products employed in the further production of
other value-added foods. Lower WAC levels of 158.00 to
415.50% were recorded for MO leaves in a similar study
in Bangladesh [15].

Table 2. Functional and Microbiological Properties of Seed Powder of
M. oleifera

Functional Characteristics Microbiological Analysis
(values are means of triplicates) | (values are means of triplicates)
. Total Heterotrophic
Wzt:;iisyogz;on 428.01 Bacterial Count 1730
(CFU/g)
Metabolisable Energy 398.22
(Kcal/ 100g DM) ’ Total Fungal Count 121
Metabolisable Energy 16.66 (CFU/g)
(MlJ/kg DM) '
Gross Energy 509.67 .
(Kcal/ 100g DM) Total Coliform Count
Gross Energy 2132 (MPN/g) -
(MJ/kg DM) '

DM - Dry Matter; CFU — Colony Forming Units; MPN — Most Probable

Number

The energy levels observed are relative to the fat
content of the MO seed powder. The energy values
observed in the present study are similar to those reported
by Chaepta and Mbewe [16], who found values of 4.1
Mcal/kg (410 Kcal/100g) and 5.1 Mcal/kg (510 Kcal/100g)
for metabolisable energy and gross energy respectively for
MO seed. Metabolisable energy of 3859.92 kcal/kg
(385.99 Kcal/100g) reported by Manju et al. [29] was
surprisingly similar to the mean values obtained in the
current study in spite of much lower values of other
proximate and mineral components when likened to the
current study. Although certain researchers maintain that
the leaves of MO have higher energy levels than the seed,
the values in this study are greater than that found in
studies on MO leaf powder [34,35].

Microbiological Analysis

The fungal and bacterial colonisers of the freshly
prepared MO seed powder were Rhizopus stolonifer,
Aspergillus  niger, Bacillus, Staphylococcus aureus,
Pseudomonas aeruginosa, Proteus and Micrococcus
luteus. This gives an indication of possible spoilage
microorganisms. The Bacillus spp. isolates appeared as
pale white circular colonies on nutrient agar plates. The
urease producing, motile Proteus spp. appeared
characteristically wave-like on blood agar. The Gram
positive cocci isolated were S. aureus and M. luteus. M.
luteus displayed its characteristic yellow colonies on MSA
with the coccoid cells appearing in tetrads under the
microscope while S. aureus showed its characteristic
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golden yellow circular haloed colonies on MSA with cells
appearing in clusters and chains under the microscope.
The presence of Pseudomonas aeruginosa was seen as
blue green colonies on cetrimide agar supplemented with
1% glycerol. R. stolonifer appeared as white hyphae
carrying black conidiophores while A. niger was
characterised by dark brown biseriate conidial heads. On
the PDA plates, they appeared as white later turning black
with a felt-like appearance. No coliform bacteria were
isolated from the MO seed powder samples. The observed
mean total heterotrophic bacterial and total fungal counts
are outlined in Table 2. Comparable to the present study,
one study found Aspergillus niger and Aspergillus flavus

as the only two fungal isolates from MO seed powder [36].

The presence of some of the observed microbial isolates is
somewhat unexpected as MO extracts have been shown to
have bacteriocidal and fungicidal effects [37-39].

The observed variations in mineral and proximate
composition between the current study and other similar
studies could be due to variations in edaphoclimatic
conditions of the different regions from which the MO is
obtained. The geographical setting, soil structure,
available nutrients, cultivation climate and the ripening
stage and harvesting time of seeds are all thought to play
crucial roles here [3, 40]. The high nutrient content in M.
oleifera means that it could be an alternative source of
protein, fat and minerals in livestock and aquaculture feed
formulation and improve livestock production because of
the lower cost. The high protein content and water
absorption capacity support flocculation/ coagulant
activity as well as application in livestock and aquaculture
feed.

4. Conclusions

The results from this study established M. oleifera seed
powder as good source of energy, protein, fat, calcium and
phosphorus amongst other minerals and nutrients. Its
nutritional and mineral content mean that it can be utilised
in the composition of livestock and aquaculture feed. The
high crude fat of the Moringa seeds suggests that it is a
good source of oil for both domestic and industrial
purposes while the high protein content and water
absorption capacity inform its potential application in
water treatment as a coagulant/ flocculant.
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