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Moringa oleifera: An underutilized tree in Nigeria with
amazing versatility: A review
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This article aimed to review the potential of Moringa oleifera tree, emphasizing its nutritional
applications for humans, industrial uses and its propagation methods, as not everyone knows the
enormous benefits it has. It is an exceptionally nutritious vegetable tree with a variety of potential uses.
The tree is considered one of the world’s most useful trees, as almost every part of the tree can be used
for food, or has some other beneficial property.
Key words: Moringa oleifera, benefits, water purification, nutritional composition growing.

INTRODUCTION
M. oleifera plant is used in difference ways as; domestic
cleaning agent (crushed leaves), blue dye (wood),
fencing (living trees), fertilizer (seed-cake) (Emmannuel
et al., 2011a and b), foliar nutrient (juice expressed from
the leaves), green manure (from leaves), gum (from tree
trunks), honey- and sugar cane juice-clarifier (powdered
seeds), honey (flower nectar), medicine (all plant parts),
ornamental plantings, bio-pesticide (soil incorporation of
leaves to prevent seedling damping off), pulp (wood),
rope (bark), tannin for tanning hides (bark and gum),
water purification (powdered seeds). M. oleifera seed oil
(yield 30-40% by weight), also known as Ben oil, is a
sweet non-sticking, non-drying oil that resists rancidity. It
has been used in salads, for fine machine lubrication, and
in the manufacture of perfume and hair care products
(Tsaknis et al., 1999).
In the West, one of the best known uses for M. oleifera
is the use of powdered seeds to flocculate contaminants
and purify drinking water (Berger et al., 1984), but the

seeds are also eaten green, roasted, powdered and
steeped for tea or used in curries (Gassenschmidt et al.,
1995). This tree has in recent times been advocated as
an outstanding indigenous source of highly digestible
protein, Ca, Fe, Vitamin C, and carotenoids suitable for
utilization in many of the so called “developing” regions of
the world where under nourishment is a major concern
(Tsaknis et al., 1999). Moringa plant is an exceptionally
nutritious tree with a variety of potential uses (Fahey,
2005).
BRIEF HISTORY OF M. OLEIFERA AS MEDICINAL
PLANT
The history of Moringa dates back to 150 B.C. Historical
proofs reveal that ancient kings and queens used
Moringa leaves and fruit in their diet to maintain mental
alertness and healthy skin. Ancient Maurian warriors of
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India were fed with Moringa Leaf Extract in the warfront
(Jahn, 1996). The Moringa drink was believed to add
them extra energy and relieve them of the stress and
pain incurred during war. These brave soldiers were the
ones who defeated “Alexander” the Great. Inspired by the
news of this Moringa drink, three young professionals
started analyzing the nutritional benefits of Moringa tree.
As their research deepened they were amazed by the
huge amount of nutritional contents these small leaves
and fruits bears (Makkar et al., 1997). Traditionally,
besides being a daily used vegetable among people of
these regions, the Moringa is also widely known and
used for its health benefits. Among commoners, it has
earned its name as ‘the miracle tree’ due to its amazing
healing abilities for various ailments and even some
chronic diseases. Several investigations were carried out
to isolate bioactive compounds from various parts of the
plant due to its various applications (Guevara et al.,
1999). Therefore, herbal plants in medicine or known as
phytomedicine are still trustworthy and widely applied as
one of the alternative way in medicinal field due to its
affordable cost (Abalaka et al., 2009).

SOCIO-ECONOMIC IMPORTANCE
Moringa is one of the most useful tropical trees. The
relative ease with which it propagates through both
sexual and asexual means and its low demand for soil
nutrients and water after being planted makes its
production and management easy. Introduction of this
plant into a farm which has a biodiverse environment can
be beneficial for both the owner of the farm and the
surrounding eco-system (Fuglie, 1999).
USES OF M. OLEIFERA
Human consumption of M. oleifera
M. oleifera leaves are highly nutritious. The young leaves
are edible and are commonly cooked and eaten like
spinach or used to make soups and salads. The leaves
can be consumed either in raw, cooked or dried over a
screen for several days and ground into a fine powder
that can be added to almost any food as a nutrient
supplement (Makkar and Becker, 1996), such as pap,
cereals and drinks to improve their nutritive value
(Gardener and Ellen, 2002). The leaves which were
boiled resulted in three times more bio-available iron than
the raw leaves. These results were also seen in the
powdered Moringa leaves. The protein quality of Moringa
leaves compares very well with that of milk and eggs
(Gardener and Ellen, 2002). On other hand, In 100 g dry
matter, they contain 29±6 g of protein 28±6 mg of iron,
1,924±288 mg of calcium, 15,620±6,475 IU of vitamin A
and 773±91 mg of vitamin C. This is at least twice the

457

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). Moringa is the
sole genus of the flowering plant Moringaceas with 13
species out of which are; Moringa oleifera, Moringa
stenopetala, Moringa peregrine and Moringa doughardii.
Moringa leaves contain seven times the vitamin C of
oranges, four times the vitamin A of carrots, four times
the calcium of milk, three times the potassium of bananas
and two times the protein in yoghurt (Gopalan et al.,
1989). Johnson (2005) observed that the leaf, seed and
fruits of M. oleifera are naturally rich sources of vitamins
and minerals. In an analysis of 100 g of the edible portion
of fresh M. oleifera leaves parts have shown to contain
much of the following water soluble vitamins; 2.6 mg of
vitamin B1 (thiamine), 20.5 mg of vitamin B2 (riboflavin),
8.2 mg of vitamin B3 (nicotinic acid) and 220 mg of
vitamin C. In addition, this same portion of edible product
contains the following fat-soluble vitamins: 16.3 mg of
vitamin A, 113 mg of vitamin E (alpha-tocopherol acetate)
as much as 423 mg of the lipotropic element, chorine,
19.2 g of fibre and several key minerals: 2003 mg of
calcium, 368 mg of magnesium 204 mg phosphorus,
1324 mg of potassium, 3.1 mg of copper, 28.2 mg of Iron
and 870 mg of selenium (Johnson, 2005). In addition to
these vitamins and minerals, one of the most significant
benefits of M. oleifera is the ability of this plant to provide
as much as 27.1 g of protein (nearly one-third of the
edible portion); containing all of the essential amino
acids. These leaves could be a great boom to people
who do not get protein from animal source such as milk
and egg. It also contains arginine and histidine, the two
amino acids especially important for infants (Gopalan et
al., 1989). Dried M. oleifera leaf powder in capsules has
become a popular food supplement for many in Thailand
(Wangcharoen and Gomolmanee, 2011).
They are an exceptionally good source of provitamin A,
vitamins B, and C, minerals (in particular iron), and the
sulphur-containing amino acids methionine and cystine
(Chawla et al., 1988). The young green pods are very
tasty and can be boiled and eaten like green beans. The
pods are best for human consumption at the stage when
they can be broken easily without leaving any visible
strings of fibre. These are rich in free leucine (Dogra et
al., 1975). The seeds must first be boiled for a few
minutes to remove the fine transparent hull and the water
drained before they are eaten. Seeds should be eaten
green before they change color to yellow. The hull is not
desirable as food because it tastes bitter.
Moringa oleifera nutritional values
The Moringa’s incredible medicinal usage which is
claimed by many cultures and communities is based on
science (Table 1). Through research, the Moringa was
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Table 1. Analysis of dried leaf powder
contains the following per 100 g of edible
portion.

Nutritional value per 100 g
Moisture (%)
Calories (Kcal)
Protein (g)
Fat (g)
Carbohydrate (g)
Fiber (g)

Values
7.5
205
27.1
2.3
38.2
19.2

Trace minerals
Calcium (mg)
Magnesium (mg)
Phosphorus (mg)
Potassium (mg)
Iron (mg)
Sodium (mg)

2,003
368
204
1,324
28.2
870

Vitamins
Vitamin A-Beta Carotene (mg)
Vitamin B1 – thiamin (mg)
Vitamin B2 – riboflavin (mg)
Vitamin B3 - nicotinic acid (mg)
Vitamin C ascorbic acid (mg)
Vitamin E tocopherol acetate mg)

16.3
2.64
20.5
8.2
17.3
113

Amino acids
Arginine (g/16 g N)
Histidine (g/16 gN)
Lysine (g/16 gN)
Tryptophan (g/16 gN)
Phenylanaline (g/16 gN)
Methionine (g/16 gN)
Threonine (g/16 gN)
Leucine (g/16 gN)
Isoleucine (g/16 gN)
Valine (g/16 gN)

1.33%
0.61%
1.32%
0.43%
1.39%
0.35%
1.19%
1.95%
0.83%
1.06%

Other constituents
Oxalic acid (mg)

1.6%

Source: Jahn (1996).

found to contain many essential nutrients, for instance,
vitamins, (Fahey, 2005; Hsu et al., 2006; Kasolo et al.,
2010). Nutrition content of a plant plays an essential
function in medicinal, nutritional, and therapeutic
properties (Al Kharusi et al., 2009). It is believed that
Moringa leave to consist high sources of vitamin C,
calcium and potassium as well as protein. It works as an
effective source of natural antioxidants. Due to the
presence of several sorts of antioxidant compounds such
as flavonoids, ascorbic acid, carotenoids, and phenolics,
Moringa is able to extend the period of food containing
fats (Dillard and German, 2000; Siddhuraju and Becker,

2003). It was also found that each different part of the
Moringa tree which was studied, be it the fruits, seeds,
leaves, flowers, bark and roots, all resulted in the
discovery of at least one, or in most studies, a number of
beneficial nutrients. It was similarly mentioned in an
article by the Trees. For Life organization that ‘every part
of the Moringa tree is said to have beneficial properties
that can serve humanity’. In addition, the Moringa was
found to have a group of unique compounds containing
sugar and rhamnose, which are uncommon sugarmodified glucosinolates (Fahey et al., 2001; Fahey, 2005;
Amaglo et al., 2010). These compounds were reported to
demonstrate certain chemopreventive activity, by
inducing apoptosis (Brunelli et al., 2010).
Industrial uses of M. oleifera oil
The oil content of de-hulled seed (kernel) is approximately 42%. The oil is brilliant yellow. It is used as a
lubricant for fine machinery such as timepieces because
it has little tendency to deteriorate and become rancid
and sticky (Ramachandran et al., 1980). It is also useful
as vegetable cooking and frying oil. The oil is known for
its capacity to absorb and retain volatile substances and
is therefore valuable in the perfume industry for
stabilizing scents. The free fatty acid content varies from
0.5 to 3%. The seed oil of Moringa contains approximately 13% saturated fatty acids and 82% unsaturated
fatty acids (Ferrao and Mendez, 1970). It has a particularly high level of oleic acid (70%). Other vegetable oils
normally contain only about 40% oleic acid.
Water purification
Moringa seeds contain between 30-42% oil and the press
cake obtained as a by-product of the oil extraction
process contains a very high level of protein (Olsen,
1987). Some of these proteins (approximately 1%) are
active cationic polyelectrolytes having molecular weights
between 7-17 K Dalton (Olsen, 1987). The cationic
polyelectrolytes neutralize the colloids in muddy or dirty
water since the majority of these colloids have a negative
electrical charge. This protein can therefore be used as a
non-toxic natural polypeptide for sedimenting mineral
particles and organics in the purification of drinking water,
for cleaning vegetable oil, or for sedimenting fibers in the
juice and beer industries. It thus works as a primary
coagulant as natural bridges are continuously formed
between the colloid particles. In contrast, industrial
coagulants such as alumina can be toxic. Their proper
use requires qualified personnel and the majority of
underdeveloped countries don’t have the means of
producing them. In addition, these industrial coagulants
are expensive and represent a considerable drain on the
hard currency reserves of developing countries. It has
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been employed with particular effectiveness in both Egypt
and Sudan for cleaning water from the Nile specifically for
human consumption (Berger et al., 1984). The wings are
removed from the dry seeds and then the seeds are
ground to powder. The powder is mixed with water,
agitated for approximately five minutes and after about an
hour, then filtered through a piece of woven fabric to
obtain pure water. Alternatively, a cloth containing the
seed powder is suspended in water, generally overnight,
to coagulate impurities (Berger et al., 1984). The cloth
containing the seeds is then removed, and the purified
water is decanted leaving behind the coagulated particles
on the bottom. Up to 99% of colloids can be removed.
Only one seed is required per litre for slightly contaminated water and two seeds for very dirty water.
Moringa oleifera as plant growth enhancers
The extract obtained from the leaves of Moringa in 80%
ethanol contains growth enhancing principles (hormones
of the cytokinine type). The extract can be used in the
form of a foliar spray to accelerate the growth of young
plants. Use of the growth hormone spray will also cause
the plants to be firmer and more resistant to pests and
disease. Plants that are treated with this growth hormone
spray will also produce more and larger fruit and will
consequently have a higher yield at harvest time. The
extract can be obtained either through press extraction or
by using an ultra-turrax (Al-Kharusi et al., 2009) and
filtering 20g of tender leaves in a total volume of 675 ml
of 80% aqueous ethanol (Makkar and Becker, 1996).
Spraying the leaves of plants with the Moringa extract
prepared in 80% ethanol and then diluted with water
produced some notable effects such as a longer, more
vigorous life-span, heavier roots stems and leaves,
bigger fruits and higher sugar levels etc. The extract
produces an overall increase in yield of between 20-35%
based on data such as the stem diameter, number of
nodules, number of axels, number of flower buds, and
number of fruits per flower bud (Makkar and Becker,
1996).
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in waterlogged soil the roots have a tendency to rot. Trees
can be easily grown from seed or from cuttings. Moringa
seeds have no dormancy period, so they can be planted as
soon as they are mature and they will retain the ability to
germinate for up to one year (Fuglie, 1999). Moringa trees
will flower and fruit annually and in some regions twice
annually. During its first year, a Moringa tree will grow up to
five m in height and produce flowers and fruit. Left alone,
the tree can eventually reach 12 m in height with a trunk
30cm wide; however, the tree can be annually cut back to
one meter from the ground. The tree will quickly recover
and produce leaves and pods within easy reach.
In the nursery
Poly bags with dimensions of about 18 cm in height and 12
cm in diameter is used. The soil mixture for the sacks
should be light, that is 3 parts soil to 1 part sand. Plant
should be 2 or 3 seeds in each sack, 1 to 2 centim deep.
Keep moist but not too wet. Germination will occur within 5
to 12 days, depending on the age of the seed and pretreatment method used. Remove extra seedlings, leaving
one in each sack. Seedlings can be out-planted when they
are 60 – 90 cm high. When out-planting, cut a hole in the
bottom of the sack big enough to allow the roots to emerge.
Be sure to retain the soil around the roots of the seedling.
To encourage rapid germination, one of three pre-seeding
treatments can be employed;
1) Soak the seeds in water overnight before planting.
2) Crack the shells before planting.
3) Remove shells and plant kernels only.
Direct seeding
If water is available for irrigation (in a backyard garden),
trees can be seeded directly and grown anytime during the
year. Prepare planting pit first, water, and then fill in the pit
with topsoil mixed with compost or manure before planting
seeds. In a large field, trees can be seeded directly at the
beginning of the wet season (Odee, 1998).

CULTIVATION OF M. OLEIFERA
Growing from cuttings
M. oleifera is one of the vegetables of the Brassica order
and belongs to the family Moringaceae. The Moringaceae
is a single genus family with 13 known species (Khawaja
et al., 2010). M. oleifera is a small native tree of the subHimalayan regions of North West India, which is now
indigenous to many regions in Islands and South America
but is now found worldwide in the tropics and sub-tropics. It
grows best in direct sunlight under 500 m altitude. It
tolerates a wide range of soil conditions, but prefers a
neutral to slightly acidic (pH. 6.3-7.0), well-drained sandy or
loamy soil. Minimum annual rainfall requirements are
estimated at 250 mm with maximum at over 3,000 mm, but

Use hard wood, not green wood, for cuttings. Cuttings
should be 0.45 to 1.5 m long and 10 cm thick. Cuttings can
be planted directly or planted in sacks in the nursery. When
planting directly, plant the cuttings in light, sandy soil. Plant
one-third of the length in the ground (that is, if the cutting is
1.5 m long, plant it 50 cm deep). Do not over water; if the
soil is too heavy or wet, the roots may rot. When the
cuttings are planted in the nursery, the root system is slow
to develop. Add phosphorus to the soil if possible to
encourage root development. Cuttings planted in a nursery
can be out-planted after two or three months (Odee, 1998).
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Spacing
For intensive Moringa production, plant the tree every 3 m
in rows 3 m apart. To ensure sufficient sunlight and airflow,
it is also recommended to plant the trees in an east-west
direction. When the trees are part of an alley-cropping
system, there should be 10 m between the rows. The area
between trees should be kept free of weeds. Moringa trees
can be planted in gardens; the tree’s root system does not
compete with other crops for surface nutrients and the light
shade provided by the tree will be beneficial to those
vegetables which are less tolerant to direct sunlight. From
the second year onwards, Moringa can be inter-cropped
with maize, sunflower and other field crops. Sunflower is
particularly recommended for helping to control weed
growth (Fuglie, 1999). However, Moringa trees are reported
to be highly competitive with eggplant (Solanum
melongena) and sweet corn (Zea mays) and can reduce
their yields by up to 50% (Olsen, 1987)
Pinching the terminal tips
When the seedlings reach a height of 60 cm in the main
field, pinch (trim) the terminal growing tip 10cm from the top
(Odee ,1998). This can be done using fingers since the
terminal growth is tender, devoid of bark fiber and brittle,
and therefore easily broken. A shears or knife blade can
also be used. Secondary branches will begin appearing on
the main stem below the cut about a week later. When they
reach a length of 20 cm, cut these back to 10 cm. Use a
sharp blade and make a slanting cut. Tertiary branches will
appear, and these are also to be pinched in the same
manner. This pinching, done four times before the flowers
appear (when the tree is about three months old), will
encourage the tree to become bushy and produce many
pods within easy reach. Pinching helps the tree develop a
strong production frame for maximizing the yield (Olsen,
1987). If the pinching is not done, the tree has a tendency
to shoot up vertically and grow tall, like a mast, with sparse
flowers and few fruits found only at the very top.
Watering
Moringa trees do not need much watering. In very dry
conditions, water regularly for the first two months and
afterwards only when the tree is obviously suffering.
Moringa trees will flower and produce pods whenever
there is sufficient water available. If rainfall is continuous
throughout the year, Moringa trees will have a nearly
continuous yield. In arid conditions, flowering can be
induced through irrigation (Odee, 1998).

soil used to fill the planting pits. Phosphorus can be added
to encourage root development and nitrogen will encourage
leaf canopy growth. In some parts of India, 15cm-deep ring
trenches are dug about 10 cm from the trees during the
rainy season and filled with green leaves, manure and ash
(Olsen, 1987). These trenches are then covered with soil.
This approach is said to promote higher pod yields.
Research done in India has also showed that applications
of 7.5 kg farmyard manure and 0.37 kg ammonium sulfate
per tree can increase pod yields threefold (Morton,1991)
Pest and diseases
Moringa is resistant to most pests. In India, various
caterpillars are reported to cause defoliation unless
controlled by spraying. The budworm Noordia moringae
and the scale insects Diaspidotus sp. and Ceroplastodes
cajani are reportedly able to cause serious damage.
(Fuglie,1999). Also mentioned as pests in India are Aphis
craccibora, the borer Diaxenopsis apomecynoides and
the fruit fly Gitonia sp (Olsen, 1987). Elsewhere in the
world, where Moringa is an introduced tree, local pests
are less numerous.
Harvesting
When harvesting pods for human consumption, harvest
when the pods are still young and snap easily. Older pods
develop a tough exterior, but the white seeds and flesh
remain edible until the ripening process begins. When
producing seed for planting or for oil extraction, allow the
pods to dry and turn brown on the tree. In some cases, it
may be necessary to prop up a branch that holds many
pods to prevent it breaking off. Harvest the pods before
they split open and seeds fall to the ground. Seeds can be
stored in well-ventilated sacks in dry and shady places
(Tsaknis et al., 1999).
CONCLUSIONS/RECOMMENDATION
We call on the Nigeria Government to explore more of
the full potential of this wonderful plant, a very promising
crop when use as a raw material for biofuel production
and alternative for water purification. They farmers should
be encouraged to switch into commercial scale of
planting M. oleifera in anticipation of the bigger market.
For seeds alone, farmers can earn annual gross revenue
of about sixty thousand dollars per hectare. Moringa dry
leaf powder is a valuable nutrient for the poor
communities, its boost the immune system to fight
infections and thereby enhancing the well-being of
malnourish and HIV persons.

Fertilizing
Conflict of interests
Moringa trees will generally grow well without adding very
much fertilizer. Manure or compost can be mixed with the
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The process of spray drying consists of the transformation of a product in fluid form to the solid state in
the form of powder. This is done through the dispersion of droplets from the product inside a chamber,
in contact with hot air. In this process, substances known as carriers or encapsulating agents can be
added, aiming at facilitating or even allowing the drying of certain products. The objective of this review
was to approach the most important technological aspects of the drying by technique for the food
industry, as well as showing the potential of using a spray dryer in the micro-encapsulation of bioactive
substances.
Key words: Spray dryer, encapsulating carrier agents, carriers, maltodextrin.

INTRODUCTION
The spray drying techniques, known as spray dryer or
aspersion, was first used in the middle of the nineteenth
century, when the process of drying eggs was patented,
more specifically in 1865. Its use in industrial scale dates
back to the 1920s, and the first items produced through
this process were milk and washing powder. From
thereafter, its use was disseminated throughout the
processing industries in general, with a wide application
in the food, pharmaceutic and chemical industries
(Silveira et al., 2013).
The process of spray drying consists in transforming a

product from fluid to a solid state in the form of powder,
through the dispersion of the product’s droplets inside a
chamber, where it gets in contact with hot air (RodriguezHernandez et al., 2005). Spray drying results from
application of energy, which acts on the liquid to the point
of causing its rupture and disintegration, in order to divide
it into millions of individual particles, thereby creating a
mist or spray of droplets (Finney et al., 2002). The main
advantages of this type of drying process are its high
yield and a reduction of the product of exposure time to
high temperatures. This, in turn, reduces the thermal
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damage caused to the product. As a result, the spray
dryer has become the main equipment for drying fluid
products which are sensitive to heat, such as food and
biological items (Rodriguez-Hernandez et al., 2005).
Besides that, the product exits the drying chamber ready
for use, eliminating the need for further processing, such
as grinding (Matioli and Rodriguez-Amaya, 2002).
The objective of this review is to describe the most
important technological aspects of drying by spray drying
for the food industry, as well as showing the potential of
using the spray dryer for the micro-encapsulation of
bioactive and functional substances.
FUNCTIONING OF THE SPRAY DRYER
The group of techniques comprising the standard spray
dryer equipment consists of: 1) a system of spray drying
of the material; 2) a system of heating and controlling the
temperature of the drying air; 3) a system of pumping and
controlling the flow of input of the material to be dried; 4)
a system of inputting air to be dried; 5) drying chamber
and 6) system of separating air – dried powder (Silveira
et al., 2013). The process can be described as the
pumping of the solution or suspension into the atomizer
(phase I), where it is sprayed in the form of a mist of
droplets (spray) into the drying chamber (phase II), where
the evaporation of the solvent occurs. That describes the
drying process through hot air, transforming liquid drops
into solid particles (phases III and IV), which are collected
in the cyclone filter or another dust collecting system
(phase V) (Filková and Mujumdar, 1995).
The efficiency of spray drying is related to the principle
of increasing the contact area between the material to be
dried and the drying agent, or hot air. Thus, it is
necessary to provide an energy that is used for the
production of a drying agent and at a temperature
sufficient to cause vaporization of the liquid product
(water) and absorb any moisture (Sokhansanj and Jayas,
1995).
One of the critical points of the process is to spray the
product into the chamber, as the particle size which is
obtained in the dried product is directly related to the
size, distribution, and velocity of the trajectory of droplets
formed during the spray the wet product. In spray drying,
the solution or suspension is introduced in contact with
air under pressure, creating a mist which is sprayed
inside the drying chamber. The atomizer must be capable
of creating droplets of uniform size, homogeneous and
have a low energy (Moreira et al., 2009).
In the drying chamber, the solution/suspension is mixed
with the drying gas and there is a subsequent
evaporation of the solvent. Therefore, two events occur
simultaneously inside the drying chamber: the
transference of heat and mass. After obtaining the dry
particles, these are separated from the drying air
(Dashiel, 1989).
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Types of atomizers
The atomizers/sprayers can be of three basic types:
pressure nozzles, double piston and centrifugal atomizer.
The distribution and size of the particles are related to the
size of droplets formed by the aspersion process.
Therefore, the choice of the sprayer is fundamental
(Vissoto et al., 2006).
In the pressure atomizer, the material is pumped into
the nozzle at a high pressure and it is forced to pass
through a very narrow orifice. Therefore, the use of
special high pressure pumps and abrasion resistant
material are essential in the composition of the nozzle.
From an energy point of view, the pressure atomizers are
the most economic, however these tend to suffer from
clogging (Finney et al., 2002).
In the pneumatic fluid atomizer a lower spray pressure
is applied to the input. In this case, the liquid material is
ruptured by the shearing force generated by the
difference in speed between both fluids: air and product.
This system has a higher energy demand, however it is
used due to its versatility, and high control of the size and
uniformity of droplets. It is often used in small drying
operations and when using a more viscous input material
(Sokhansanj and Jayas, 1995).
The centrifugal atomizer, or rotating disc, is basically a
disc that turns at the extremity of an axis, where the liquid
material is injected and accelerates radially, pulverizing
the input in the drying chamber (Figure 1). There are
various variants of the disc project that provide a wide
range of droplets sizes, therefore these are more widely
used in industrial projects (Filková and Mujumdar, 1995).
Direction of materials
Materials in the spray drier can occur in three different
ways: concurrent, counter-current or as a mixed flow
process. In the concurrent, the pulverized liquid material
and the drying air share the same direction inside the
equipment; that is, the input material and air go in from
above, and also leave from the lower part of the dryer.
This direction of flow exposes the drops to much higher
temperature of the drying agent, when compared to other
types of flow, causing a fast evaporation. Therefore, this
characteristic can lead to products with low particle
density and hollow structures (Sokhansanj and Jayas,
1995).
In the counter-current drying, the liquid material and the
drying air have opposed outflow directions inside the
chamber. This process exposes the particles that are
almost dry to higher temperatures, which can result in
extremely dry products (Silveira et al., 2013).
In the mixed drying process, the material is atomized in
an ascending direction, whereas the air is inputted from
above, with a totally descendent circulation inside the
chamber. This means that the atomized material initiates
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Figure 1. Centrifugal atomizer or rotating disc. (Oliveira and
Petrovick, 2009)

ascendant movements, but alters its direction to
descendent after being dragged by the air. Both leave the
equipment by the lower area. The mixed drying process
is desired when the size of the chamber is limited (Finney
et al., 2002).
Gas flow of the process
The amount of gas in the drying chamber should be
abundant, as in any type of drying process in a gas
suspension system. The heating by direct combustion of
natural gas is the most commonly employed, as it
presents more efficient results. Propane and fuel oil are
used when there are limitations in the use of natural gas.
Centrifugal industrial ventilators are used to move gas
through the system (Sokhansanj and Jayas, 1995).

and/or agglomeration. For example, often in the case of
making instant products, after drying in the spray, the
material is agglomerated in a fluidized surface, as in the
case of addition of lecithin to powdered milk, intended to
improve its solubility (Moreira et al., 2009).
The instantaneousness is an important factor that
should be considered in the elaboration of powdered
products, since the exposure of products to heat can lead
to the formation of insoluble materials, which are
undesirable especially for post-instantaneous products
(Dashiel, 1989).
Soy lecithin is a substance with lipophilic and
hydrophilic properties and that can be used to cover the
surface of powder particles, literally serving as a link
between the fatty matter and the water, that way
facilitating the dispersion of the product in an aqueous
media (Vissoto et al., 2006).
As the fatty acid part of lecithin is soluble in oil and the
phosphate-choline is soluble in water, it justifies the
intrinsic characteristic of the lipophilicity and hydrophilicity
molecule. On the other hand the phospholipids, given
their tendency to form skins or films around the solid or
semi-solid particles when in contact with liquids, avoid the
formation of lumps, keeping the dispersion stable
(Vissoto et al., 2006).
According to Dashiel, (1989), lecithin can be applied in
different forms, aiming at obtaining the desired technical
effect. They can be applied in their pure form or, when
the technique of fluidized surface is used, both pure or in
solution.
The main disadvantage of drying in a spray dryer is its
high energy consumption, caused by the need to provide
specific heat for evaporation in a short period of time,
besides losing a considerate amount of heat with the
exhaustion of air (Filková and Mujumdar, 1995).

Recovery of the product in powder form
INFLUENCES OF VARIABLES ON DRYING
There are three systems available for recovery of
powder: filters in the form of bags (sleeve filters),
collecting cyclones and wet scrubber (electrostatic
precipitators). The filters in the form of bags have a
recovery efficiency of approximately 99.9%, but the
disadvantage is that this option is difficult to handle and
clean. The collecting cyclones have an efficiency rate of
around 99.5% and can be arranged in series, which
increases its efficiency. In this case, dry particles rotate in
spiral form in the direction of the base of the cyclone,
where they are collected in a jar. The wet scrubber is the
most economic method. The principle behind its
functioning is to dissolve the powder particles contained
in the flow of air in water or submit this flow to a moisture
content flow. This is used for environmental reasons, to
avoid the emission of particles in the air (Matioli and
Rodriguez-Amaya, 2002).
The spray dryer also allows its direct association with
other drying or post-drying methods, such as granulation

Aspects for the type and size of the nozzle atomizer, as
well as the conditions of its operation, such as the
rotation speed of the atomizer disc, the temperature of
the air when entering the drying chamber, the flow of
feeding, as well as the physical properties of the material
to be atomized, will all influence the process and interfere
in the quality of spray drying. This, in turn, can result in
undesirable phenomena, such as agglomeration of the
product on the equipment walls, a burnt final product and
non-uniform size of particles. These phenomena directly
alter the quality of the hydrolysate product obtained,
affecting its physical-chemical and even its sensorial
characteristics, besides reducing its yield (Sokhansanj
and Jayas, 1995).
During the drying process, certain properties such as
colour and taste can be affected, not only due to the
properties of the initial material (composition, concentration, viscosity, among others), but also due to the
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conditions of the process (temperature of air when
entering chamber, flow of feeding solution, speed of
spray drying, aspiration rate, among others). The outflow
temperature of the product is influenced by a combination
of parameters, namely, the inflow temperature in the
equipment, speed of spray drying of solution and rate of
product aspiration. The difference between the inflow and
outflow temperature of the air affects the content amount
of residual moisture of the product – an excessively high
difference in temperature results in a product with high
residual moisture content, which could compromise its
stability (Moreira et al., 2009).
A high rate of aspiration results in a lower period of
residence and high degree of separation on the cyclone,
but can result in high residual moisture content. Higher
rates of spray drying generally result in smaller particles,
and higher feeding flows of the solution result in lower
temperatures of air outflow. The feeding speed must be
adjusted so that the liquid present in the drops can
evaporate before they get into contact with the drying
chamber walls. Excessive feeding speed leads to a
decrease in the outflow temperature and an accumulation
of material on the chamber walls (Oliveira and Petrovick,
2009).
The drying air inlet temperature is the same
temperature as the liquid sprayed will vaporization of
water. It can influence the drying efficiency, the amount of
water was removed, the residual water content and final
product properties achieved because she together with
the feed and the drying air flow, are responsible for the
evaporation of water and drying. As regards the outlet
temperature that is derived from the inlet temperature of
the drying gas flow, feed flow, the solvent evaporation
enthalpy, the amount of solids in the liquid product, etc.
This interdependence of the variables is what makes the
process of controlling a complex issue (Cal and Sollohub,
2010).
The outflow temperature is one of the most important
parameters of the drying process in a spray dryer, as it is
the highest temperature to which the dry product will be
heated, directly influencing its final properties. It is the
control reference of the dryer. As in the process of the
spray dryer, the temperature inside the chamber drops
markedly due to the high exchange of heat involved. At
approximately half way through the chamber the
temperature is already constant, and will be equal to that
of the outflow. This outflow temperature is commonly
measured between the drying chamber and the cyclone
(Cal and Sollohub, 2010; Gharsallaoui et al., 2007).
The feeding flow is determined through the evaluation
of the outflow air temperature and the inspection of the
walls of the drying chamber. If the temperature of the
incoming air remains constant, for example, a decrease
in the feeding rate of the liquid will result in an increase in
the temperature of the outflow material (Oliveira and
Petrovick, 2009). That way, the conditions of the operation must be rigorously controlled, as it has a significant
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impact on the quality of final product.
Apart from the conditions of the operation, it is
important to highlight that the final characteristics of a
product in powder form, obtained through a process of
drying by spray dryer, also depend on the type of initial
raw material used, as well as on the characteristics of the
atomized liquid (solids content, particle size and
viscosity). That way, it is important that all these variables
are investigated, in order to obtain products with the
desired parameters and characteristics (Silveira et al.,
2013).
Another important aspect that should be controlled is
the disposition of particles inside the drying chamber.
Products with a high quantity of low molecular weight
substances present a high molecular mobility in relatively
low temperatures, which confers a sticky nature to the
obtained powders (Jaya and Das, 2009).
Therefore, drying certain food items with high sugar
and fat contents through the spray dryer technique is
difficult, causing high operational costs and low yielding
of the final product, giving rise to sticky products. The
stickiness is related to the low glass transition
temperature (Tg) presented by these types of products.
With this, when exposed to low drying temperatures, they
are subjected to transformations, from a glass to a
gummy state. Therefore, the post-result of drying will
show a higher interaction with water (increase of
hygroscopicity), higher cohesion between the particles,
and a higher adhesion. Therefore, they can adhere to the
chamber walls during drying, leading to low yielding and
operational problems (Finney et al., 2002).
The glass transitional temperature is specific to each
type of material, and it is where the change from a glass
state changes to the gummy state, affected by three main
factors: the plasticizer material, the molecular mass, and
the product composition. The sticky phenomenon occurs
at 10-20°C above Tg. With that, the addition of
substances that increase the Tg in the material can
cause the increase of temperature where the stickiness
takes place (Moreira et al., 2009).
In order for the process to be economically and
technically viable, it is necessary to add carrying agents,
known as drying aids, which cause the increase of the Tg
in the material to be atomized. These additives should be
of a foodstuff status, have a high molecular weight and a
high glass transition temperature (Jaya and Das, 2009).
Besides increasing Tg and reducing the hygroscopicity
of the powder, these additives allow for a better handling
of the product, protecting the sensitive components of the
foodstuff against undesirable environmental conditions. It
avoids the adsorption of moisture quantity from the
environment and masquerading or preserving the
flavours and aromas, besides reducing the volatility and
reactivity and providing an additional attractiveness to
foodstuff (Ré, 1998). Table 1 presents operational drying
conditions by spray dryer, used in some studies. The
inflow temperature varies from 120 to 190°C, and the
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Table 1. Operational conditions of drying by spray dryer, used in certain studies.

References

Product

Carrier

Abadio et al. (2004)

Pineapple Juice

Maltodextrine

Watermelon

Input temperatures: 145, 155, 165 and 175°C.
Output temperature: 94,7 to 112,7ºC
Maltodextrine (concentrations of 3 and 5%)
Feeding rate: 600 L/h
Pressure: 4,5 bar

Soy extract

Colloidal silicon dioxide,
maltodextrine and starch

Input temperature: 150°C
Feeding rate: 4 g/min
Fluxo de ar: 0,0227 kg/s
Pressure: 1 bar

Maltodextrine (concentrations of 10 to
30%)

Input temperature: 138 to 202°C
Feeding rate: 5 to 25 g/min
Air flow: 73 m3/h
Pressure: 0,06 Mpa

Maltodextrine (5, 15 and 25%)

Input temperature: 160 and 180°C
Feeding rate: 7 g/mim
Air flow: 35 m3/h
Compressed air flow: 473 L/h

Quek et al. (2007)

Georgetti et al.
(2008)

Tonon et al. (2008)

Açaí

Ferrari et al. (2012)

Black cherry
pulp

maltodextrin appears as the most commonly used carrier.
The carrying agents are also capable of providing a good
retention of the volatile compounds in products during
drying. The volatile compounds are, in great part,
responsible for the aroma and flavours of the products,
and its maintenance after drying is fundamental to the
application of the product as a palatability-enhancer
(Table 1).
Frascareli et al. (2012), in their study about drying
hydrolysate protein clams performed the analysis of the
samples’ volatile profiles and identified that samples with
higher carrier content showed a lower loss of volatile
compounds, confirming the protective effect of these
substances in the product’s aroma.
Many studies were performed using spray drying for
drying protein hydrolysate from different sources. Silva et
al. (2012) used the spray dryer as a drying technique for
protein hydrolysate produced from chicken breast meat.
They evaluated the effect of the conditions in the process
on the physical-chemical characteristics of the product.
The results show that the concentration of maltodextrin,
as well as the drying temperature directly influenced the
yielding of the hydrolysate. The moisture content of the
final product suffered the influence of the drying
temperature and the feeding flow. The authors observed
that the higher temperatures and lower feeding flows

Drying conditions
Input temperature: 190°C
Output temperature: 90°C
Speed of aspersor: 25.000 rpm
Feeding rate: 0,18 kg/min

reduce the moisture content of the hydrolysate.
Ferrari et al. (2012) and Kurozawa et al. (2011)
performed a study of the enzymatic hydrolysis and drying
processes by spray dryer to obtain powdered chicken
breast protein hydrolysate. The authors observed that the
carrying agents increased the glass transition
temperature (Tg) of the material, increasing its stability
and improving the performance of the equipment.
Tonon et al. (2008) and Ferrari et al. (2012) used the
spray dryer method to dry black cherry pulp, using
temperatures of 160 and 180°C, with concentrations of
maltodextrin of 5, 15 and 25%. The increase in the drying
temperature caused a reduction in moisture content and
water activity of the obtained products. The maltodextrin
contributed to the reduction in moisture content and
hygroscopicity of the material.
Water activity is an index of great importance for the
food obtained by the spray dryer method, due to the
influence on the shelf life of the powder produced. A high
water activity indicates that there is water more freely
available for biochemical reactions, and consequently, a
shorter shelf life (Cano-Chauca et al., 2011).
Quek et al. (2007) and Moreira et al. (2009) also had
less moisture content samples with the increase in
temperature in their studies with powdered watermelon
and acerola juice, respectively. According to the authors,
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the use of higher temperatures implicates in a higher
transference of heat for the particles, which in turn leads
to a higher rate of water evaporation from the product,
resulting in powders with lower moisture content.
According to Tonon et al. (2008), higher drying
temperatures result in powders with lower moisture
content and easier adsorption of water, that is, more
hygroscopic. This is related to the higher gradient of
water concentration existent between the product and the
environment.
Cano-Chauca et al. (2011) also uses the spray dryer to
dry a mix of fruit juices, and used temperatures of 155
and 165°C, and concentrations of maltodextrin of 12, 15,
18 and 21%. The temperature of 165°C, with higher rates
of maltodextrin provided powders with lower moisture
content rates.
Pereira et al. (2013) used the spray dryer for
dehydrating a probiotic pineapple juice, sensitive to high
temperatures, using Arabic gum as a carrying agent. The
variables of the process were studied, and the authors
concluded that the temperature of 100°C with 5% Arabic
gum produced more natural juices and maintained the
viability of the probiotic cell added. However, the use of
temperature at 150°C increased the yielding of the
process.
MICROENCAPSULATION
Microencapsulation is a group of various techniques
which allow the development of formulations, where the
content is protected and the release can be modified
aiming to act in a determined place, for a determined
period and at a specific speed. In this process, there’s an
encapsulation of solid, gaseous or liquid substances in a
polymeric matrix or another substance which can form an
involucre. This is a technique which depends on the
physical and chemical properties of the material to be
microencapsulated (Jackson and Lee, 1999).
The microencapsulation protects the substance from
environmental conditions, stabilizes sensitive substances,
eliminates incompatibilities, manages toxic substances in
a safer way and develops dosages with the modified
release (Pu et al., 2011). The microencapsulation method
has various applications, not only in the food industry, but
also in the pharmaceutic, cosmetics, textiles, agro toxins,
paint and other industries (Rebello, 2009).
In the food industry, the microencapsulation is used to
improve the properties of the encapsulated material,
masquerading the unpleasant organoleptic characteristics
(taste, odours, colour) of certain materials; to transform
the physical state of substances for a better manipulation
and reduce volatility, stopping substance loss; increase
conservation period and protect the substances from
climatic agents (light, moisture content, heat and oxygen)
(Trindade et al., 2008).
Among the materials that can be encapsulated for use
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in the food industry are acids, basis, oils, vitamins, salts,
gases, amino acids, flavours, colourings, enzymes and
micro-organisms (Augustin et al., 2001).
The mechanisms for release of the microencapsulated
active materials vary according to the nature of the
encapsulating agent, as well as with the method used to
promote the encapsulation. However, they occur naturally
due to mechanisms such as: temperature and pH
variation, medium solubility, biodegradation, diffusion,
mechanical rupture, selective permeability and the
concentration gradient in relation to the release medium
(Desai and Park, 2005).
Various techniques have been used in the elaboration
of the microcapsules, such as: spray drying,
coacervation, extrusion, centrifuge extrusion, coating in
fluidized bed, liposomes and complexation by inclusion.
The most significant limitations of these techniques are
the high costs and the hard choice of method to apply in
the encapsulation of substances, due to the absence of a
process that is adaptable to all substances. The drying by
spray drying or spray drying is most employed by the
food industry, as it causes less significant damage on the
characteristics of the products (Rebello, 2009).
The microcapsules can show sizes in the range of
micron fractions up to many millimetres, with diverse
shapes, depending on the materials and methods used in
its preparation. When the size of the particles is smaller
than 1 µm it is called nano-particles, nano-capsule or
nano-sphere. Particles whose diameter is in the 3-800
µm range they are known as micro-particles,
microcapsules or micro-spheres. Particles bigger than
1000 µm are known as macro-particles (Jyothi et al.,
2010).
They are formed by two components, the central or
core material and the encapsulating material or peel. The
core is composed by one or more active substances, and
the encapsulating or carrier material that covers these
substances. In order to choose the encapsulating
material its physical-chemical properties must be taken
into consideration, such as solubility, molecular weight,
crystallinity, diffusibility, intended objective through the
microencapsulation (application) and cost (Fonseca,
2008). The right choice is very important, as it has a
direct impact on the efficiency of the micro-encapsulation,
the stability of the micro-capsule and the adequacy of the
microcapsule to its application (Gharsallaoui et al., 2007).
These substances can also be called carrier agents,
and can be used to facilitate or even allow the drying of
certain products, as they are unable of increasing the
material’s glass transition temperature, therefore avoiding
the development of the stickiness phenomenon (Batista
et al., 2008).
The choice of encapsulating material to be used should
take into account a number of factors such as: the
physical and chemical properties of the nucleus (porosity,
solubility, etc) and the wall (viscosity, mechanic properties, glass transition, film forming ability, etc), compatibility
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of the nucleus with the wall, control mechanism and
economic factors (Rebello, 2009).
The microencapsulation of acids such as ascorbic,
citric, fumaric and lactic acid is usually performed to avoid
the oxidation and allow solubility in specific temperature
conditions. Flavourings are normally encapsulated to
increase shelf life, once the encapsulation can prevent
oxidation, volatilization and agglomeration, besides
allowing the controlled release and conversion of liquid
flavourings in solids (Bertolini et al., 2001).
The edulcorants are microencapsulated with the aim to
decrease the hygroscopicity, increase fluidity and
resistance to high temperatures, as well as extending the
sweetness sensation. Vitamins and minerals are added
to food aiming at fortifying them. However, they can leave
a strange taste, react with the other ingredients or alter
the product’s colour. Such inconveniences can be
avoided if such complements are incorporated to
encapsulated products. The encapsulation can increase
the stability of vitamins in certain extremes of moisture
content and temperature, as well as allowing controlled
release in the intestinal tract (Rebello, 2009).
The microorganisms have been encapsulated or
immobilized to allow their reutilization in the production of
lactic acids and fermented dairy products, increase the
concentration of cells in reactors and productivity. Also, it
helps protect them from oxygen, against freezing
temperatures and the bactericide effect of gastric fluids
and other acid mediums. And finally, it helps remove
microorganisms from products, stops acidification,
increases stability and keeps the viability of the culture
during product storage (Rokka and Ramtamaki, 2010).
MAIN ENCAPSULATING OR CARRIER AGENTS
The encapsulating or carrier agents used in drying by
spray drying can be carbohydrates (starch, maltodextrin,
dextrans, sucrose, cellulose and derived), gums (Arabic
gums, agar, carrageenan, etc.), lipids (wax, paraffin,
diglycerides) and proteins (gluten, caseins, albumins,
haemoglobin and peptides). From these, the polymers of
high molecular weight and high glass transition
temperature (Tg) are the most widely used, such as
maltodextrin, Arabic gum and modified starch (CanoChauca et al., 2011).
To improve the manipulation of powders, food safe
anticaking and anti-humectant agents can also be added,
such as phosphates, silicates and calcium salts, once
these absorb the product’s moisture content [3, 13],
facilitating the drying process.
Among these salts, the calcium carbonate appears as a
promising substance in the drying of products by spray
drying. It is a low cost amorphous crystal, easily found in
the shell of mussels, oysters and eggs, which are products that are not used by industry. Studies have been
developed aiming at substituting the commercial calcium

carbonate from alternative sources. Batista et al. (2008)
used mussels and oysters shells to substitute the calcium
carbonate used in concrete.
Murakami et al. (2007) obtained calcium carbonate
from chicken egg shells, where 94% of its composition is
calcium carbonate. The authors affirm that the carbonate
obtained from egg shells does not present toxic
elements, therefore can be used in food. Besides that,
they observed that the commercial calcium carbonate is
decomposed in a lower temperature (around 30°C lower)
than that used by egg shells, therefore the latter is more
stable to being processed.
Maltodextrin
Maltodextrin [(C6H12O5)nH2O] is a saccharide non-sweet
polymer, which consists of D-glucose unities joined by α
1-4 chain. It is presented as a white powder or solution
concentrated by partial hydrolysis of corn starch with
acids and/or enzymes. The main problem in using this
material, however, is its low emulsifying capacity. That
way, it is common to use mixtures of maltodextrins with
Arabic gum, modified starch or even proteins, which
show a good emulsification capacity and can, therefore,
supply the lack of this property) (Ascheri et al., 2003;
Reineccius, 1998).
Maltodextrin is formed through the partial hydrolysis –
by action of acids or enzymes – of corn starch, and are
available in different dextrose equivalents (DE), which
indicate the level of hydrolysis of the starch polymer. That
way, the DE of a product of hydrolysis is equivalent to its
reducing power, as a percentage of the reducing power
of the pure dextrose (D-glucose), therefore inversely
proportional to its average molecular weight (Bemiller and
Whistler, 1996).
The hydrolysate starch offer advantages such as low
relative cost (approximately one third of modified starch),
neutral smell and taste and low viscosity in high
concentration of solids. Besides that, they offer good
protection against oxidation (depending on the dextrose
equivalent) (Bemiller and Whistler, 1996).
The maltodextrin is the carrier agent commonly
employed in the drying by spray drying, due to its low
hygroscopicity, avoiding the agglomeration of particles,
high solubility in cold water and low cost (Matioli and
Rodriguez-Amaya, 2002; Tonon et al., 2008). In some
cases, it shows an anti-oxidative effect and good
retention of volatile substances (65-80%) (Anselmo et al.,
2006).
Aburto and Tavares (1998) used maltodextrin in the
microencapsulation of the orange essential oil by spray
dryer. Rodriguez-Hernandez et al. (2005), used concentrations of maltodextrin between 18-23% for drying of
Indian fig in spray dryer. The authors obtained more
hygroscopic powder with lower concentrations of
maltodextrin and higher drying temperatures.
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Quek et al. (2007) used the maltodextrin as carrier in
the drying of watermelon juice by spray dryer. The
authors affirmed that the addition of maltodextrin before
drying increases the content of total solids of the mixture
to be fed into the spray dryer, reducing the quantity of
water to be evaporated, which causes the decrease of
moisture content in the powders produced. Tonon et al.
(2008), investigating the influence of the processing
conditions in the physical-chemical properties of the
powdered acai obtained through spray dryer, registered
the smallest values for hygroscopicity of the powder, with
the increase in the concentration of maltodextrin,
confirming its efficiency as carrier. Ferrari et al. (2012)
also used the maltodextrin as carrier agent in the drying
in spray drying of the pulp of black cherry pulp. Pulps with
lower moisture content were obtained using higher
concentrations of maltodextrin.
Arabic gum
The Arabic gum is a complex polysaccharide, acid and
with a molecular mass of approximately 500.000 Daltons.
Due to its highly ramified structure, it is easily dispersed
in water in concentrations of up to 50%, however with low
apparent viscosity, forming stable emulsions (Sahini and
Han, 1993).This gum is also characterized by its
solubility, low viscosity, good emulsifying properties,
subtle taste and high oxidative stability. It is commonly
used in the preparation of encapsulated flavours by spray
drying. Its emulsifying property guarantees a good
capacity for protection/retention of many volatile
compounds during the drying process, retaining more
sensitive flavours. However, its use is difficult due to its
high cost and availability problems, since it is only
produced in regions subjected to unpredictable climatic
variations.It is widely used due to its excellent emulsifying
capacity, attributed to this protein fraction of proteins,
capacity for protecting the active substance and a good
flow conferred to the particles. The Arabic gum is
preferred instead of other types of gums for its ability to
produce stable emulsions in a wide variety of pH with all
main oils. Despite its advantages, it should be highlighted
that the Arabic gum only shows a partial protection
against oxidation, since it often acts as a semi-permeable
membrane, which can impact on its durability and stability
of the microcapsules (Gharsallaoui et al., 2007). Ascheri
et al. (2003) used the Arabic gum in concentrations of 0.5
and 10%, combined with the maltodextrin (fixed concentration of 36%), in the process of microencapsulation of
the orange essential oil by spray dryer. The drying
process with 10% Arabic gum and 36% maltodextrin
showed the lower moisture content contents.
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other hand, the viscosity of starch solutions is generally
too high for the great part of the drying processes.
Besides that, starch does not have hydrophobic groups,
therefore does not exert any stabilizing effect in the
emulsions, except for an increase in viscosity
(Reineccius, 1998).
The production of modified starch is an alternative that
has been developed for some time, aiming to overcome a
few limitations of the native starches, thereby increasing
use and applicability of this polymer in the industry. The
reasons that lead to the modification of starch include:
modifying the characteristics of gelatinization; decreasing
the downgrading and the tendency of pastes to turn into
gels; increasing stability of pastes in cooling and
defrosting; the transparency of pastes and gels and their
adhesive qualities; improving the texture of pastes and
gels and the formation of films; adding hydrophobic
groups and introducing emulsifying power (Silva et al.,
2006).
The modified starches are widely used as
encapsulating agents due to the excellent retention of
volatiles (above 93%) and due to the stabilization of the
emulsion and low viscosity. On the other hand, they exert
low protection against oxidation during stocking, hence
the importance of using this compound associated to
maltodextrin (Anselmo et al., 2006).
On the encapsulation of the orange essential oil, the
modified starch showed higher oil retention when
compared to the Arabic gum (Ascheri et al., 2003; Aburto
and Tavares, 1998). Soottitantawat et al. (2005)
encapsulated limonene by spray drying, and the best
stability was achieved by using modified starch as
encapsulating agent, in comparison to Arabic gum and
maltodextrin.
CONCLUSIONS
Spray drying is the main method for drying fluid materials
that are sensitive to heat, such as food and biological
materials. Besides drying these materials, this type of
drying method allows the microencapsulation of certain
substances.
The method of microencapsulation of food and other
substances has a wide applicability, characterized as an
efficient method of extreme importance in the
preservation of various nutritional components,
microorganisms, enzymes, colouring, etc. It protects the
food item and other products against more aggressive
methods of processing. Various methods can be used as
encapsulating agents; however the most common are the
carbohydrates, due to showing a higher affinity with
various types of materials to be encapsulated.

Modified starch
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Consumption of mushroom has increased remarkably because of their desirable aroma, taste and high
nutritional content. Wild edible mushrooms (WEM) are well known for their nutritious and antioxidant
properties. This study was conducted to measure and compare the antioxidant activity, total phenolic
content (TPC) and total flavonoid content (TFC) of six WEM from selected indigenous Tanzanian forests
and one domesticated grown form in methanolic extracts. Results show that among the seven
mushroom species extracts, the methanolic extract from Auricularia judae showed the most potent
radical scavenging activity of 93.33% while Panus conchatus revealed lowest antioxidant activities of
46.53%. The strongest EC50 was observed in Auricularia judae 0.08 mg/ml while weakest was in P.
conchatus >0.3 mg/ml. Nevertheless total phenolics in the methanolic extracts were the highest in P.
tenuiculus (431.03±3.63 mg GAE/100 g) and lowest in Macrolepiota procera (136.21±0.98 mgGAE/100 g).
Lentinus squarrosulus possessed highest content of β-carotene and flavonoids were 48.15±1.04 mg/100
g and 25.62±1.78 mg/100 g, respectively meanwhile the lowest concentration was found in wild L. sajorcaju 5.35±0.68 mg/100 g and 2.49±1.28 mg/100 g, respectively. Comparatively, domesticated mushroom
showed higher scavenging ability of 76.61% than its wild counterparts 62.94%. In conclusion, high
antioxidant activity in methanolic extract of WEM due to presence of phenolic content can potentially be
used as a source of natural antioxidants.
Key words: Wild edible mushrooms, antioxidant activity, polyphenols flavonoids.

INTRODUCTION
Mushrooms have been considered as ingredient of
gourmet cuisine across the globe; especially for their
unique flavor and have been valued by humankind as a
culinary wonder. More than 2,000 species of mushrooms
exist in nature, but around 25 are widely accepted as
food and few are commercially cultivated. Mushrooms

are considered as a delicacy with high nutritional and
functional value, and they are also accepted as
nutraceutical foods; they are of considerable interest
because of their organoleptic merit, medicinal properties,
and economic significance (Chang and Miles, 2008;
Ergönül et al., 2013). However, there is not an easy
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distinction between edible and medical mushrooms
because many of the common edible species have
therapeutic properties and several used for medical
purposes are also edible [Guillamón et al., 2010).
However, wild mushrooms are becoming more important
for their nutritional, sensory, and especially pharmacological characteristics. Wild growing mushrooms have a
worldwide distribution and have been a popular delicacy
in many countries (Valentáo et al., 2005). They can be
grouped as “functional food” since their dietary
components provides health benefit in cardiovascular and
antioxidant properties, which are beyond basic nutrition
(Ferreira et al., 2010).
Mushrooms could be an alternative source of new
antimicrobial compounds, mainly secondary metabolites,
such as terpenes, steroids, anthraquinones, benzoic acid
derivatives, and quinolones, but also of some primary
metabolites like oxalic acid, peptides, and proteins. They
have a great nutritional value since they are quite rich in
protein, with an important content of essential amino
acids and fiber, poor fat but with excellent important fatty
acids content. Moreover, edible mushrooms provide a
nutritionally significant content of vitamins (B1, B2, B12, C,
D, and E) (Heleno et al., 2010; Mattila et al., 2001). Thus,
they could be an excellent source of many different
nutraceuticals and might be used directly in human diet
and to promote health for the synergistic effects of all the
bioactive compounds present (Barros et al., 2007; 2008;
Ferreira et al., 2009; Pereira et al., 2012).
There are many epidemiological studies that suggest
that consumption of polyphenol-rich foods and beverages
is associated with a reduced risk of cardiovascular
diseases, stroke and certain types of cancer in which
polyphenol is linked to the antioxidant properties (Barros
et al., 2007; Jagadish et al., 2009). The consumption of
dietary antioxidants will help to prevent free radical
damage. According to Olajire and Azeez (2011),
antioxidants have the ability to scavenge free radicals by
inhibiting the initiation step or interrupting the propagation
step of oxidation of lipid and as preventive antioxidants
which slow the rate of oxidation by several actions.
Among the antioxidant compounds, polyphenols have
gained importance due to their large array of biological
actions that include free radical scavenging and metal
chelation enzyme modulation among others (Rodrigo and
Bosco, 2006). The term polyphenol refers to a complex
group of compounds that includes in their structure an
aromatic ring bearing one or more hydroxyl groups
(Elmastas et al., 2007). They include complex structures
such as flavonoids and anthocyanins as well as simple
phenolic acids and derivatives (Batool et al., 2010).
Mushrooms are widely consumed and have been valued
as an edible and medical resource. Many studies have
found that some species of mushrooms are having
therapeutic properties such as antioxidant, antimicrobial,
anticancer, cholesterol lowering and immuno stimulatory
effects (Barros et al., 2007; Oyetayo, 2009). They

a variety of secondary metabolites, including phenolic
compounds, polyketides, terpenes and steroids (Turkoglu
et al., 2007).
Antioxidants are chemical compounds that protect cells
from damage by free radicals through inhibiting oxidation
or reactions promoted by oxygen or peroxides. These
free radicals are capable of damaging all components of
body including proteins, lipids, DNA and sugars.
Antioxidants are thus important in living organisms
because they may delay or stop formation of free radical
by giving hydrogen atoms or scavenging them.
Phenolic compounds in mushrooms are known to be
excellent antioxidants due to their ability to neutralize
excess radicals which are reactive oxygen species in
cells. These radicals are constantly produced in the
human body (Palacios et al., 2011; Muruke, 2014). Iron
chelators are among the important free radical
scavengers found in some mushrooms (Pal et al. 2010).
Recently, an increasing interest in the consumption of
mushrooms has arisen, due to their elevated polyphenol
concentration, which correlates with an elevated
antioxidant activity (Keles et al., 2011).
Polyphenols generally refer to complex groups of
compounds with aromatic ring bearing hydroxyl group.
They include complex structures such as flavonoids and
anthocyanins as well as simple phenolic acids and
derivatives. Polyphenols show chemopreventive, cytostatic, immunomodulatory, bacteriostatic/bactericidal, antifungal, anti-inflammatory, antioxidant and many other
pharmacological activities. Phenolic compounds have
recently attracted much interest because in vitro and in
vivo studies suggest that they have a variety of beneficial
biological properties which may play an important role in
the maintenance of human health (Ramesh and Pattar,
2010). The polyphenols are also well-known for their
large array of biological actions that include metal
chelation and enzyme modulation activities and free
radical scavenging, among others (Rodrigo and Bosco,
2006; Burgosa et al., 2013).
In Tanzania wild edible mushrooms collected during the
rainy season have broad cultural acceptance and
constitute a traditionally very important nutritious food.
Mshandete and Cuff (2007) concluded that the three
domesticated edible wild species analyzed are highly
nutritious and compare favourably with other foreign
edible species. From these analyses it can be concluded
that these three edible mushrooms hold tremendous
promise in addressing the protein and minerals deficits
prevalent in the diets in Tanzania and in other developing
countries particularly among the low income families. For
the full potential of mushrooms as a nutritional
supplement to be realized, intensive efforts should be
geared toward their cultivation using mushroom
biotechnology adapted locally. A detailed analysis of the
amino acid content of the three domesticated mushrooms
is suggested to permit more direct comparisons with
more popular food sources. Further research is needed

Hussein et al.

473

Figure 1. The map showing the sampling sites in Tanzania.

on species like Pleurotus and Volvariella that have the
greatest market potential and efforts should be made to
highlight their nutritional properties and advantages.
Mushroom research in biochemical composition is at its
infancy stage in Tanzania, few studies on antioxidant
activities of wild edible mushroom have been conducted
in Tanzania.
Among the studies on antioxidant activities of wild
edible mushrooms are those of Tibuhwa (2014) who
compared antioxidant activities between fresh and dry
mushrooms
in
the
genera
Cantharellus
and
Afrocantharellus; Tibuhwa et al. (2012) established the
effect of different post-harvest treatments on nutritive and
antioxidant activities of wild edible Coprinus cinereus,
and Muruke (2014) who determined antioxidant and iron
chelating activities of a wild edible Pleurotus cystidiosus.
This paper presents findings of a study on, antioxidant
and ferrous chelating activities of six wild edible
mushrooms from selected indigenous Tanzanian forests
compared them to the domesticated L.sajor-caju.

MATERIALS AND METHODS
Standards and reagents
Methanol was purchased from Fisher Scientific (Leicestershire,
UK), Deionized distilled water (ddH2O), distilled water was prepared
with Favorit W4L water distillation system from Genristo
(Nottingham, UK). 1,1-Diphenyl-2-picrylhydrazyl (DPPH), sodium
acetate (C2H3NaO2 •3H2O), acetic acid, 2, 4, 6-tripyridyl-s-triazine
(TPTZ), hydrochloric acid (HCl), ferric chloride (FeCl3 •6H2 O),
ferrous sulfate (FeSO4•7H2 O), Aluminium trichloride (AlCl3), sodium
nitrite (NaNO2) were purchased from Sigma Chemical Co. (St.
Loius, MO, USA). Folin-Ciocalteu reagent, sodium carbonate, gallic
acid, ascorbic acid, sodium hydroxide (NaOH) and quercetin were
purchased from Sigma-Aldrich (Steinheim, Germany).
Sample collection
Mushroom samples were collected from different field sites in
Tanzania (Figure 1). The study was conducted within natural forests
of Lutindi-vue, Shume Magamba, Shaghayu, Kieti and Kunga
forests in Tanga region, and Kazimzumbwi forest near Kisarawe
town in the Coast region (Figure 1). Samples were collected during
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long rainy season from April to May and November to December
2012. Mushroom samples were collected as described Hussein et
al. (2014). The collected mushrooms were Polyporus tenuiculus,
Lentinus sajor-caju W (Wild), Lentinus squarrosulus, Macrolepiota
procera, Panus conchatus, and Auricularia auricular-judae. All
collected samples were subjected to domestication trials and only
one species of Lentinus sajor-caju D (Domesticated) was
successfully domesticated. For the successfully domesticated,
Lentinus sajor-caju D it was also harvested and dried as well.

Sample preservation and preparation
Mushrooms preservation involved drying by placing them on iron
wire mesh and beneath that, the kerosene lamp was used to
provide heat (about 40°C for 12 h). The dried mushroom samples
were chopped into small pieces then crushed to powder using
motor and paste immersed in liquid nitrogen to quicken crushing
process.

Quantitative and qualitative determination of antioxidant
activity
The antioxidant ability of each species was analyzed using DPPH
radical and antioxidant properties were analyzed by determining
total phenolic compounds, β-carotene, lycopene and total flavonoid
of each extracts.

Sample extraction
Extraction was performed according to the method of Tibuhwa
(2014). The powdered mushrooms were extracted with 250 ml of
methanol. The mixture was placed in a conical flask (wrapped with
an aluminum foil) and agitated at 200 rpm with orbital shaker for 48
h. The extract was then separated from the residue by filtration
through Whatman No. 1 filter paper. The remaining residue was reextracted twice, and then the two extracts were combined. The
residual solvent of ethanol extracts was removed under reduced
pressure at 40°C using a rotary evaporator to dryness. The
obtained concentrated extracts were stored in dark at 4°C until
further analysis.

the absorbance was determined calorimetrically at 515 nm against
a blank using spectrophotometer (UV-VIS model 6305 Jenway,
UK). Total flavonoid concentration was calculated using quercetin
standard calibration curve. Quercetin with different concentrations
was used as a standard. Data were expressed as quercetin
equivalent/100 g of mushroom extracted.

Determination of total phenolic content
Phenolic compounds in the each mushroom extracts was estimated
by using Folin-Ciocalteu assay, based on procedures described by
Tibuhwa (2014). Each 0.1 g of extract was diluted with 5 ml of
methanol. 200 μl of the mushroom extract was transferred into a
test tube then mixed thoroughly with 1 ml of Folin-Ciocalteau
reagent. After 3 min, 0.8 ml of 7.5% (w/v) sodium carbonate was
added to the mixture. The mixture was agitated for further 30
minutes in the dark and centrifuged at 3300 g for 5 min. The
absorbance of mushroom extract and prepared blank were
measured at 515 nm using spectrophotometer (UV-VIS model 6305
Jenway, UK). A calibration curve was constructed with different
concentrations of gallic acid as standard. The results were
expressed as mg of gallic acid equivalents (GAE) per 100 g of
extract.
DPPH Free radical scavenging activity assays
The qualitative assays were performed according to the procedure
described by Jaita et al. (2010) and Tibuhwa (2014). A series of
extracts of methanol (0.006 - 0.3 mg/ml) were prepared. Ascorbic
acid was used as a standard control. A measure of 1 ml of the
extract was mixed with 1 ml of 0.4 mmol−1 methanolic solutions
containing 1:1-diphenyl-2picryhydrazyl (DPPH) radical that are very
stable. Each free radical scavenging activity assay was done three
times from the same extract in order to determine their
reproducibility and standard deviation for the three readings were
statistically determined. The mixture was shaken vigorously and left
to stand for 30 min in the dark at room temperature. The reaction
mixture was determined at 515 nm with UV-VIS spectrophotometer
(UV-VIS model 6305 Jenway, UK). The percentage of DPPH radical
scavenging activity of each extract was determined at these seven
concentrations, within the range of dose response and was
calculated as:

β-Carotene and lycopene antioxidant activity assays
The assay was carried out according to the method of Nagata and
Yamashita (1992). The mushroom extract (100 mg) was shaken
with 10 ml of Acetone-hexane mixture (92:3) for 1 min and filtered
through Whatman No. 4 filter paper. The absorbance of the filtrate
was measured at 453, 505 and 663 nm. The β-carotene and
Lycopene content were calculated as:
Lycopene mg/100 mg = -0.0458A663 + 0.204A645 + 0.372 A505 0.0806A453
β-carotene mg/100 mg= 0.216A663 - 1.22A645- 0.304A505 + 0.452A453

Where;
A0 = absorbance of the control solution containing only DPPH;
A1 = absorbance in the presence of mushroom extract in DPPH
solution and;
As= the absorbance of the sample extract solution without DPPH.
EC50 value (mg/ml) was defined as the total antioxidant needed to
decrease the initial DPPH free radicals by 50%. It was determined
from the plotted graph of scavenging activity against various
concentrations of the sample extracts.

Determination of total flavonoid
Ferrous ion chelating assay
The AlCl3 method was used for determination of the total flavonoid
content of the sample extracts according to the method described
by Jaita et al. (2010) and Pitchaon et al. (2007). 1 ml of each
extract was diluted with 4.3 ml of 80% aqueous ethanol containing
0.1 ml of 10% aluminum nitrate and 0.1 ml of 1 M aqueous
potassium acetate. After 40 min incubation at room temperature,

The chelation of ferrous ion by the extracts was ascertained by the
methods of Dinis et al. (1994). One milliliter of extracts with
concentration ranging between 0.1 to 0.7 mg/mL was mixed with
3.7 mL of deionized water and then the mixture was reacted with
ferrous chloride (2 mmol/L, 0.1 mL). The reaction was initiated by
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Table 1. The content of total phenolic, β-carotene, Lycopene, flavonoids and EC50 values of DPPH scavenge and Fe2+ chelation in the
mushroom extract.

Sample ID
P. tenuiculus
L. sajor-caju D
L. sajor-caju W
L. squarrosulus
P. cochatus
A. judae
M. procera

Total Phenolic
content
mgGAE100g-1

β-carotene
mg 100g -1

Lycopene
mg 100g -1

Total
Flavonoids
mgQE 100g-1

Percentage of
DPPH activity
(%)

Percentage of
Fe2+ chelation
activity (%)

431.03±3.63
240.36±1.08
162.74±2.02
192.43±2.78
273.51±2.26
214.08±1.70
136.21±0.98

37.10±2.03
6.39±1.18
5.35±0.68
48.15±1.04
12.55±1.06
32.04±0.86
11.57±2.39

15.02±2.05
3.10±0.18
2.16±0.32
18.32±1.03
5.42±1.50
12.68±0.62
5.37±0.55

20.86±2.83
3.81±1.58
2.49±1.28
25.62±1.78
7.49±2.21
16.84±0.99
8.66±1.08

90.71
76.61
62.94
76.14
46.53
93.33
65.41

91.34
91.76
90.78
97.21
80.12
96.05
91.45

addition of ferrozine (5 mmol/ L, 0.2 mL) for 20 min. The
absorbance at 562 nm was determined spectrophotometrically.
EDTA was used as positive control. Chelating activity on ferrous ion
was calculated using the equation below:

Where, Ab is the absorbance of the blank without extract or EDTA;
As is the absorbance in the presence of extract or EDTA 4.1.5
determination of mushroom.

Statistical analysis
All analyses were performed in triplicate. The data were recorded
as means ± standard deviations and analyzed by using Statistical
Package for Social Sciences (SPSS version 20.1). The mean
values of data were subjected to a one-way analysis of variance
(ANOVA) and the significance of the difference between means
was determined by the Duncan’s multiple range tests at 95% least
significance difference (p< 0.05). P-Values less than 0.05 were
considered statistically significant. The scavenging activities of
crude extracts on DPPH radicals were carried out in triplicate and
the results were expressed as means ± standard errors. The EC50
values (effective concentration at which DPPH/ferrous ion radical
were scavenged by 50%) were obtained by interpolation from the
linear regression plots. Pearson correlation coefficient was used to
determine the relationship between the antioxidant activity, total
phenolic and flavonoid content in sample extracts. Differences
between means at 5% (P < 0.05) level were considered significant.

RESULTS AND DISCUSSION
The analyzed extracts, of all species possessed compounds with antioxidant ability in different concentrations,
which varied markedly within the species as shown in
Table 1.
Lycopene and β-carotene content (carotenoids)
β-Carotene is precursor for the synthesis of vitamin A,
which acts as powerful antioxidants as well (Ross et al.,

EC50
DPPH scavenge
(mg ml-1)
0.098
0.19
0.23
0.18
> 0.3
0.08
0.24

EC50 Fe2+
chelation
( mg ml-1)
0.59
0.34
0.37
0.25
0.59
0.12
0.13

2011). Lycopene is known to be the most efficient singlet
oxygen quencher compared with a variety of carotenoids
and α-tocopherol in vitro (Tibuhwa, 2014). In this study,
the content of β-carotene differed considerably with P=
0.000 between the mushroom species, ranging from
5.35±0.68 mg 100 g-1 to 48.15±1.04 mg 100 g-1, highest
β-carotene content was found in L. squarrosulus and the
lowest concentration was in wild L. sajor-caju (Table 1).
Similarly highest lycopene was observed in L.
squarrosulus (18.32±1.03 mg 100 g-1) whereas lowest
lycopene concentration was recorded in wild L. sajor-caju
(2.16±0.32 mg 100 g-1). It is very interesting to note that
the studied mushrooms had such high amount of
lycopene, which is a very good indicator of them being a
good source of nutraceuticals. These findings are similar
to that reported by Johnsy and Kaviyarasan (2014 a) who
reported β-carotene and lycopene were 20.03 mg 100 g-1
and 37.3 mg 100g-1, respectively. Previous study by Stahl
et al. (1998) showed that lycopene was three times more
efficient than β-carotene in preventing lipid peroxidation
in multi lamellar liposomes. Besides, in previous study by
Robaszkiewicz et al. (2010) it was established that the
content of lycopene was far lower than the concentration
of β-carotene in the mushrooms where 0.0265 mg 100 g1
-1
for β-carotene and 0.0023 mg 100 g for lycopene of M.
procera. Furthemore, Yaltirak et al. (2009) reported
presence of antioxidant compounds such as β-carotene
and lycopene in edible mushroom Russula delica. For
comparison, the content of carotenoids reported by BenAmotz and Fishler (1998) in vegetables ranges from
undetectable levels to ∼5.28 mg 100 g-1 for persimmon,
∼53.21 mg 100 g-1 for pitango, ∼103 mg 100 g-1 carrot
-1
and ∼24.31 mg 100 g in tomato. In the present study,
phenol was the major antioxidant component followed by
β-carotene, lycopene and flavonoids (Table 1). This
clearly showed that the amounts of β-carotene and
lycopene in the studied mushrooms are in abundance
compared to the concentration reported in some
vegetables and other mushrooms, which implies that the
studied mushrooms could be a good alternative source of
carotenoids.
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Flavonoids
In this study the highest total content of flavonoids
methanolic extracts was found in L. squarrosulus and P.
tenuiculus while the lowest in wild L. sajor-caju and
domesticated L. sajor-caju (Table 1). However, Gan et al.
(2013) reported Agaricus brasiliensis had higher amount
of flavonoids contents compared to that reported in this
study. The study by Tibuhwa (2014) reported higher
flavonoid amount from fresh form of Afrocantharellus
splendens and Cantharellus rufopunctatus (155.16 mg
-1
-1
100 g and 134.31 mg 100 g , respectively), which are
higher than recorded in this study. High flavonoids level
may help provide protection against oxidative stress
induced diseases by contributing along with other
antioxidant vitamins, and enzyme to the total anti
oxidative defense system of the human body. Many
studies have attributed that antioxidant properties are due
to the presence of flavonoids (Tripathy et al., 2014)
hence may be a reason for the high lipid peroxidation
inhibition found in certain species of the studied
mushrooms.

phenolic contents of the extracts has strong correlation
with DPPH (r = 0.809). The higher the content of phenol
in the mushroom extract, the stronger antioxidant
activities. This observation is inline with that of Velioglu et
al. (1998), Wong and Chye (2009) and Heleno et al.,
(2012) who reported antioxidant activity of mushroom to
be positively correlated with the content of their phenolic
compounds.
Currently there are no established standard dietary
intakes of phenolic compounds, however, the findings of
this study show that the phenolic concetration in the
studied mushrooms have potential antioxidant activity.
Tibuhwa (2014) reported that the American Cancer
Society(ACS) established 100 mg per day of flavonoids
as an adequate amount for the prevention of cancer and
deteriorating illness. Similarly, Tripathy et al. (2014)
reported similar range of phenolic concetration to have
good antioxidant activity which are of the same range
with our studied mushrooms. Moreover, it is well known
that phenolics lead the amplification of proliferation
inhibition Liu et al. (1997) and play an important role in
stabilizing lipid peroxidation Duh et al. (1999).

Total phenolic content

Scavenging activity of DPPH radical

Total polyphenols were the major naturally occurring
antioxidant components found in the methanolic extracts
from wild edible mushrooms studied. All
studied
mushrooms were contained phenolic compound though
there were significant variations ( P-value 0.000). The
highest amount of phenolic content was found in P.
tenuiculus (431.03±3.63 mgGAE 100 g-1) > P. conchatus
-1
(273.51±2.26 mgGAE 100 g ) > domesticated L. sajorcaju (240.36±1.08 mgGAE 100 g-1) >A. judae
(214.08±1.70 mgGAE 100 g-1) >L. squarrosulus
(192.43±2.78 mgGAE 100 g-1) > wild L. sajor-caju
(162.74±2.02 mgGAE 100g-1) and the least was in M.
-1
procera (136.21±0.98 mgGAE 100 g ). In the present
study phenolic acids were the major compound present in
methanolic extracts than other compounds studied.This is
in agreement with previous report (Ferreira et al., 2009,
Johnsy and Kaviyarasan, 2014a) on the antioxidant
compounds found in mushrooms. It was further noted
that the amounts of total phenolic obtained in this study
were low compared to previous studies on wild and
cultivated edible mushrooms. For example, Yim et al.
(2009) reported an amount of of phenolic content in
-1
Lentinus ciliatus was 801.08 mg GAE 100 g and in
cultivated species of Pleurotus ostreatus was 1046.87
mgGAE 100 g-1 which are relatively higher than what
were observed in this study. Inspite of comparatively low
amount of phenolic content observed in the studies
species as compared to already published work as noted
above, the results in this study show a low positive
correlations between phenol content and antioxidant
activities with. Pearson correlation analysis revealed total

Free radical scavenging is one of the mechanisms in
inhibiting lipid oxidation commonly used to estimate
antioxidant activity. In this study, studied mushrooms
showed good ability of scavenging DPPH radical though
there were significant variations ( P-value 0.000). At 0.3
mg/mL the methanol extract of A. judae showed the
highest scavenging activity 93.33% followed by P.
tenuiculus with 90.71%. The lowest activity was observed
in P. conchatus having 46.53% as shown in Figure 2.
However the lowest EC50 was observed in A. judae 0.08
mg/mL which was the strongest. The weakest EC50 was
in P. conchatus >0.3 mg ml-1 (Table 1). These findings
are similar to those explained by Sarikurkcu et al. (2008)
who found that the radical scavenging activities of the
wild edible mushrooms were relatively high.
Interestingly, although the scavenging abilities of wild
form of L. sajor-caju were found lower (62.94%) than
other studied mushrooms, its counterpart (the
domesticated form) was found to have relatively higher
scavenging activity of 76.61%. This could be due to the
reason that, mushroom absorbs nutrients from the
substrates they grow. Thus possibly the substrate used
for cultivation of mushrooms contained more nutrients
compared to the substrate where the mushroom was
collected. In addition, maturation stages of fruiting bodies
could affect antioxidant contents which results to low
scavenging activities (Gan et al., 2013). The scavenging
ability for the wild form is in agreement with previous
work by Johnsy and Kaviyarasan (2014b) who also
reported that the methanol extract of L. sajor-caju
portrayed antioxidant activity being able to scavenge
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Figure 2. DPPH Scavenging ability of mushroom studied at different concentration.

more than 62.19% of the DPPH radical but at a
concentration of 0.2 mg ml-1. Several studies (Abdullah
et al., 2011; Gan et al., 2013) also reported edible
mushrooms to have high radical scavenging activity of
DPPH radical.
Obviously, the extracts contained antioxidant
components, which could react rapidly with DPPH
radicals, and reduce most DPPH radical molecules. This
result reveals that the extracts are free radical inhibitor or
scavenger, acting possibly as primary antioxidants.
Various extracts might react with free radicals,
particularly the peroxy radicals, which are the major
propagators of the autoxidation chain of fat, thereby
terminating the chain reaction (Brand-Williams et al.,
1995).
It is well known that natural antioxidants can be used to
replace the synthetic antioxidants in the food industry
such
as
butylatedhydroxytoluene
(BHT),
butylatedhydroxylanisole
(BHA)
and
tertiary
butylhydroquinone (TBHQ) which may possess
mutagenic activity (Batool et al., 2010). This study thus
encourages people to consume edible mushroom as part
of their daily meals for better health.
Chelating abilities on ferrous Ions
The range of the mean of Fe2+ varied significantly among
studied mushrooms with P= 0.000. The Fe2+ binding
capacity of mushroom extracts was tested at concentrations range between 0.1 to 0.7 mg ml-1. The higher
chelating ability was observed in L. squarrosulus and A.
judae at 0.7 mg/mL, 97.21% and 96.05%, respectively,
while the lowest was in P. conchatus 80.12% as shown in

Figure 3. The lowest EC50 was in A. judae 0.12 mg ml-1
with the highest being P. conchatus 0.60 mg ml-1.
The metal chelating capacity is important since it
reduces the concentration of transition metals that may
act as catalysts to generate the first few radicals to
initiate the radical-mediated oxidative chain reactions in
biological and/or food systems. Ion chelating agents also
may inhibit the Fenton reaction and hydroperoxide
decomposition (Pal et al., 2010). In this study, it was
interesting to note that the chelating abilities increased as
concentration increased (Figure 3). Similarly Mau et al.
(2001) has reported methanolic extract of the wild edible
mushrooms were better chelator of ferrous ion than those
of commercial mushrooms. These results shows that wild
edible mushroom have potential nutrients and bioactive
molecules which can be used to improve health and
prevent many diseases.
Conclusions
Findings of this study showed that studied WEM
exhibited a substantial amount of antioxidant activity with
significant amounts of β-carotene, flavonoids, total
phenolics and high ability to scavenge DPPH radical.
Therefore, these mushrooms can be used as an easily
available source of natural antioxidants and as a
promising food supplements in an effort to curtail nutrition
insecurity.
This study suggests that high antioxidant activity in
methanol extract of mushrooms can potentially be used
as a source of natural antioxidants due to presence of
phenolic compounds since mushrooms are readily
available and acceptable to the public.
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Figure 3. Ferrous iron chelating ability of extracts of studied mushroom.
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Developing countries remain overwhelmed by nutritional problems caused mainly by poverty, natural
disasters and political instabilities. The aim of this study was to determine essential mineral content of
some common fish species in the Okavango Delta, Botswana and assess their potential in enhancing
mineral intake. Atomic Absorption Spectrometry was used for determination of Ca, Mg, Fe, Zn, Cu, Mn;
flame photometry for Na and K; UV-VIS Spectrometry for P. Marcusenius altisambesi, Schilbe
intermedius, Brycinus lateralis, Oreochromis andersonii, Barbus poechii. Only edible flesh was
analysed for large fish (>130mm) while small fish (<130mm) were analysed whole. Single factor ANOVA
analyses show that all minerals analysed except copper varied significantly between species, (p≤0.05)
and the small species, Barbus poechii has the highest mineral content. The concentration ranges of
minerals were within FAO mean concentration ranges for fish and comparable to values obtained from
other previous studies. The results show that fishes of Chanoga have a good supply of minerals and
can be used for enhancing mineral intake and protecting the community from mineral deficiency
diseases.
Key words: Fish species, macro-nutrients, micro-nutrients, mineral content, Okavango Delta.

INTRODUCTION
In human nutrition, essential elements are those chemical
elements that are required for the normal maintenance of
the human body (Jiang et al., 2015). These elements
(Ca, Mg, Na, K, Fe, Zn, Cu, Mn) participate in several
biochemical reactions; calcium, magnesium and
phosphorus are crucial in the formation of bones and
teeth; sodium and potassium work together in the
transmission of nerve impulses and keeping electrolyte
balance; zinc is mostly found as a cofactor in enzyme
reactions, iron forms part of the haemoglobin molecule
which transport oxygen around the body (Alas et al.,

2014; Kwansa-Ansah et al., 2012).
When these
elements are not adequately provided to the body, mainly
by dietary intake, the individual may suffer from mineral
deficiency diseases for example anaemia, osteoporosis,
goitre, stunted growth and genetic disorders (Bhandari
and Banjara, 2014; Fumio et al., 2012; Hsieh et al., 2011;
Watanabe et al., 1997).
The World Health Organisation reported that about 2
billion of the world’s population is suffering from mineral
and vitamin deficiencies and the majority of these are in
the third world countries (FAO/WHO, 2001). In Botswana,
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about 29% of children under the age of five are reported
to have impaired growth (stunted) and 11% underweight
(UNICEF, 2009). The country uses over US$78 million
every year in treating effects of vitamin and mineral
deficiency illnesses (UNICEF, 2004; World Bank, 2009).
Fish is commonly found in natural water bodies and well
known for its superior nutritional quality with a very good
supply of essential minerals (Fawole et al., 2007;
Pirestani et al., 2009, Kawarazuka and Bene, 2011). This
resource is accessible to poor and vulnerable
communities prone to nutrient deficiency diseases.
Current strategies used for mitigating nutritional
deficiencies are focussing on mineral supplementation
and food fortication (Bhadari and Banjara, 2015) which
are effective of course but unsustainable, especially for
developing countries. Food based strategies are
considered sustainable and currently being evaluated for
enhancing mineral intake. Fish has a big potential for this
strategy because it can provide a variety of nutrients,
including essential elements to the body (Kawarazuka
and Bene, 2011). Minerals commonly found in fish flesh
are
sodium,
potassium,
calcium,
magnesium,
phosphorus, sulphur, iron, manganese, zinc, copper, and
iodine (Dana et al., 1985; Waterman, 1980). However it is
reported in the literature that the nutritional quality of fish
depends on species, age, size, diet and water quality
(Daczkowska-Kozon and Sun-pan, 2011; MartinezValverde et al., 2000; Rebole et al., 2015; Silva and
Chamul, 2000).
Chanoga is a lagoon located at the lower part of the
Okavango delta, Ngamiland district, Botswana.
Ngamiland is a rural district and the inhabitants are the
poorest in the country (CSO, 2003). People of the delta
rely on fish as a major source of livelihood (Kgathi, 2004;
Mosepele, 2000). Although accepted as a readily
available resource in the district, used for home
consumption, bartering, selling locally and to other
Southern African Development Community (SADC)
countries, the nutrient content of the common fish
species in the Okavango Delta is unknown. No literature
could be found on nutritional quality of fish species of the
district.
The aim of this study was to quantify for the first time,
the essential mineral content of common fish species
found in the Okavango delta and identify the species with
high mineral content which can be recommended for use
in combating mineral deficiencies in the country and the
SADC region. The study will also contribute to nutrition
education, promote the nutritive value of fish and
encourage the development of national food composition
database.
MATERIALS AND METHODS
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at the lower end of the Okavango delta. Chanoga presented a good
study site because it is one of the active fishing spot in the district.
Sampling
Samples were collected from Chanoga between February and
March 2013 using the multi-panel, multi-filament experimental nets.
This technique is known as ‘non-selective’ fishing technique and
involves using nets with different mesh sizes, from 16 to 150 mm
stretched mesh, so that the samples are representative of the fish
population. The nets were set for approximately 12 hovernight
(1800 - 0600 h) and removed the next day. Fish were then removed
from the different panels and sorted according to species and size
in separate bowls. From each bowl, individual fish samples were
identified to species level, weighed, sexed, and measured to the
nearest millimetre from the tip of snout to the caudal fin. The
samples were kept in cooler boxes with ice and transported to the
laboratory where they were kept in a freezer waiting for analysis.
The common fish species (Marcusenius altisambesi, Schilbe
intermedius, Brycinus lateralis, Oreochromis andersonii, Barbus
poechii) and popular with subsistence fishers were selected in the
laboratory and prepared for mineral analysis.
Sample preparation
To prepare fish samples for analysis, the standard AOAC Official
Method 937.07 (AOAC, 2000) was followed. Larger fishes were
eviscerated, deboned, head and fins removed, then washed with
ultra-pure water. The flesh samples were then homogenised with a
blender. For small fish samples (≤100 mm), the whole fish sample
was homogenised. Samples were bagged in new sandwich plastic
bags and kept in a freezer until analysis. Five individual fishes
represented each species analysed.
Mineral analysis
Atomic Absorption Spectrometer (AAS) and flame photometer were
used for determination of mineral content in fish flesh. Calcium,
magnesium, zinc, iron and copper were determined by flame AAS.
Sodium and potassium were measured by flame photometer and
phosphorus by UV-Vis spectrophotometer. Lanthanum was used to
compensate for ionisation interferences in the analysis of Ca and
Mg.
In all mineral analyses, samples (1.000 g) were incinerated in
porcelain crucibles at 450°C overnight, and then treated with 5 ml of
6 M HCl, boiled to dryness on a hot plate, cooled and the residue
re-dissolved with 10 ml of 0.1 M nitric acid. The solutions were left
standing for 2 h and then transferred to 50 ml volumetric flasks,
topped with ultra-pure water and used for determination of Ca, Mg,
K, Na, Zn, Cu, Mn, and Fe. Phosphorus was analysed by uv-vis
spectrophotometer using molybdate-ascorbic acid colorimetric
method at 823 nm wavelength, according to AOAC method 995.11.
Quality assurance
Two sample blanks, containing reagents only, were carried out with
each batch. Duplicate samples from each individual sample were
analysed. At least 5 individual fishes represented each species. Inhouse quality control sample was analysed in duplicate with each
batch. Ultra-pure water was used for rinsing and reagents
preparation. All reagents used were of analytical grade.

Study site
Statistical analysis
Fish samples were collected from a lagoon in Chanoga, a small
village in close proximity to the main district centre of Maun, located

Excel spread sheet was used to enter data and then single factor
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Table 1. Fish species caught at Chanoga lagoon, Okavango Delta, Botswana (March 2013).

Scientific name

Common name

Schilbe intermedius
Oreochromis andersonii
Marcusenius altisambesi
Brycinus lateralis
Barbus poechii

Silver catfish
Three spot tilapia
Bulldog
Stripped robber
Dash tail barb

Local name
(Segxerekhu)
Lerehe
Mbweya
Nja
Manthe

Average length (mm)

No. of individual fish samples

208
217
183
96
120

5
5
5
5
5

Table 2. Macro-nutrients content of fish flesh samples (mg/100 g of wet weight).

Fish species
S. intermedius
O. andersonii
M. altisambesi
B. lateralis
B. poechii
P-values

Na
112±22
86±18
131±18
101±14
145±12
0.0003

K
350±94
249±21
443±25
245±13
366±29
0.000008

Ca
662±346
413±150
629±282
959±215
1290±281
0.0004

Mg
34±7
35±12
35±7
58±5
48±5
0.007

P
596±242
435±286
777±199
1012±111
1375±325
0.001

All values (average ±standard deviation of n=5 independent samples). P-values show the significant differences
between species at P≤0.05.

Table 3. Micro-nutrients content of fish flesh samples (mg/100 g of wet weight).

Fish species
S. intermedius
O. andersonii
M. altisambesi
B. lateralis
B. poechii
P-values

Fe
3.73±0.44
4.15±0.64
1.65±0.82
6.40±1.54
6.39±5.21
0.02

Zn
3.95±0.94
1.63±0.25
4.60±0.92
6.48±3.20
8.47±1.86
0.00008

Cu
0.17±0.06
0.02±0.05
0.11±0.03
0.15±0.16
0.21±0.09
0.06

Mn
0.39±0.26
0.06±0.13
0.26±0.17
0.38±0.24
1.08±0.32
0.0002

All values (average ±standard deviation of n=5 of independent samples). P-values show the significant
differences between species at P≤0.05.

ANOVA at P≤ 0.05 significant level was applied to compare
concentrations of minerals between species. Mean concentration
values and standard deviations are given for each analysis.

RESULTS
Fish species
Table 1 shows the five species caught at Chanoga
Lagoon in the month of February to March 2013. Five
individual fishes for each species were selected from the
catch and transported to the laboratory for analysis.
Average lengths of each fish are given together with the
scientific names, common and local names.

nutrients). Only the fish flesh for the larger species were
analysed because most people in the Okavango district
consume the flesh only and throw away the rest but the
smaller fishes are eaten whole. The concentration levels
of the essential minerals are given in Tables 2 and 3.
To compare the results obtained in this work against
similar studies carried out in other parts of the world,
Table 4 was developed from existing literature values.
Food and Agricultural Organisation (FAO) average values
for fish composition have been included in the table to
compare present work values with internationally
expected ranges of fish flesh.
DISCUSSION

Mineral composition of the fish species
Essential minerals analysed were Na, K, Ca, Mg, P
(macro nutrients) and Fe, Zn, Cu and Mn (micro-

Macronutrients
Table 2 shows the concentration levels of macronutrients

Mogobe et al.
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Table 4. Comparison of mineral concentration (mg/100 g) in fresh water fish of this work with past studies.

Element

FAO concentration
range in fish muscles
(FAO 2001)

Lagoon in
Botswana
‘This work’

30-134
19-502
19-881
4.5-452
68-550
1-5.6
0.23-2.1
0.001-3.7
0.0003-25.2

86-145
245-443
413-1290
34-48
435-1375
1.65-6.39
1.63-8.47
0.02-0.21
0.06-1.08

Na
K
Ca
Mg
P
Fe
Zn
Cu
Mn

Lake in
Bangladesh
(Begum et
al., 2005)
381
499
219
13
6
0.5
1.7

in five fish species. Percentage contributions to recommended daily intakes were calculated.
Sodium
Sodium is good for muscle functioning (Alas et al., 2014)
and its concentration ranged between 86 to 145 mg/100
g, which falls within FAO mean ranges of 30-134 mg/100
g. It is also comparable to studies by Martinez-Valverde
et al. (2000) in Spain and Tao et al. (2012) in farmed fish
in China. However the results are at the lower end
compared to some studies carried out in freshwater
fishes of four other countries shown in Table 4;
Bangladesh (381 mg/100 g), USA (36-400 mg/100 g),
Sudan (180-280 mg/100 g) and Poland (148-328 mg/100
g). The lower sodium concentrations obtained in this
study may be attributed to low levels of sodium in the
water and therefore less trophic transfer and
accumulation of this mineral in fish flesh. Although
sodium is important for muscle functions and electrolyte
balancing, it is not usually a problem in mineral
deficiencies as it is frequently used to salt food. The
concentration levels of sodium differed significantly
between species (P=0.0003) (Table 2) with B. poechii
having the highest sodium content of 145 mg/100 g.
Potassium
Like sodium, potassium is also important for muscle
contractions, transmission of impulses in the nerves and
sugar metabolism. The concentration of Potassium
ranged between 245 - 443 mg/100 g which is within FAO
range of 19 - 502 mg/100 g. Other studies (Alas et al.,
2014; Tao et al., 2012; Martinez-Valverde et al., 2000)
obtained ranges of 321 - 441 mg/100 g in Turkey, 301 402 mg/100 g in China and 286-446 mg/100 g in Spain
respectively which are all very close to values obtained in

Lagoon in USA
(Moeller et al.,
2003)

River in Sudan
(Mohamed et al.,
2010)

Lake in Poland
(Luczyiska et al.
2009)

36-400
760-2200
27-140
2.30-9.0
0.32-6.6
0.17-0.6
0.21-2.2

180-280
954-1210
107-588
68-75
727-935
1.7-6.1
4.6-8.8
0.09-0.14
-

148-328
1429-2387
53-103
84-143
1047-1261
0.80-1.13
1.70-5.85
0.10-0.20
0.05-0.20

this study. The relatively low values of potassium
obtained in this study further suggest the low K
concentration in the Chanoga Lagoon, Okavango delta
(as with sodium above). The studies from Sudan
(Mohamed et al., 2010) and Poland (Luczynska et al.,
2009) shown on Table 4, obtained much higher K
concentration levels (954 - 1210 mg/100 g and 1429 2387 mg/100 g) respectively. The highest concentration
of Potassium in this work (443 mg/100 g) was obtained
from a larger fish, M. altisambesi. Again the differences in
concentration between species were significant, with a P
value of 0.000008. The recommended daily allowance
(RDA) of K for males aged between 25-50 years is 800
mg. Consumption of 100 g of M. altisambesi fish flesh will
provide 31-55% of the potassium daily requirement,
assuming cooking will not affect the quantity of the
mineral.
Calcium
Calcium is important for bone formation and fish is known
to be a good source of this mineral, especially small fish
(Kawarazuka and Bene, 2011; Roos et al., 2007; Larsen
et al., 2000).
In this study calcium ranged from 413 to 1290 mg/100
g; figures within FAO mean values of 19-881 mg/100g
and comparable to Mohamed et al. (2010) study (107588 mg/100 g) and Luczyiska et al. (2009) who obtained
53-103 mg/100 g.
The recommended daily intake of calcium for adults is
1000 - 1300 mg (FAO/WHO, 2001); these results present
fishes of Chanoga as excellent sources of calcium,
especially the small fish species, B. lateralis and B.
poechii which had higher calcium levels of 959 mg/100 g
and 1290 mg/100 g respectively, contributing over 100%
of Ca daily requirement. Based on these results, it can be
assumed that regular consumption of these fishes will
provide good bone formation and maintain skeletal
integrity.
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Magnesium
Magnesium is also a component of bones and the
concentration levels ranged from 34 - 58 mg/100 g, within
the FAO range of 4.5-452 mg/100 g but at a lower end.
These results are comparable to values obtained by
Adeniyi et al. (2012), of 29 - 41 mg/100 g and an average
of 36.4 mg/100 g obtained by Martinez-Valverde et al.
(2000). Comparison to other studies on Table 4 shows
that the present work obtained much lower magnesium
concentrations and Okavango delta fish are not very
good sources of magnesium. The recommended daily
intake of magnesium for adults is 220-260 mg
(FAO/WHO, 2001), and fishes here can contribute 1322% of this requirement in a 100 g fish flesh portion. The
species with the highest content of magnesium (58
mg/100 g) was was B. lateralis and again there was
significant concentration variability between species for
this mineral.
Phosphorus
Phosphorus is a major constituent of bones together with
calcium and magnesium. This mineral showed significant
concentration variability between species ranging from
435 - 1375mg/100g, the highest P content of
1375mg/100g obtained from the small fish species (B.
Poechii) which is consumed whole. The P concentration
range obtained in this work is higher than the FAO range
of 68-550mg/100, and other freshwater fish obtained by
Alas et al. (2014), (232 - 426 mg/100 g) and Tao et al.
(2012), (198 - 240 mg/100 g). Research carried out in
Sudan and Poland shown in Table 4 has comparable
results, Mohamed et al. (2010) obtained 727 - 935
mg/100 g and Luczynska et al. 2009 got 1047 - 1261
mg/100 g. The recommended dietary allowance for
adults is 700 mg of P and fishes in this lagoon can
contribute at least 62% of the daily requirement in 100g
portion of fish. Again the fish species have high
phosphorus content.
Micronutrients
Micronutrient deficiencies are widespread in populations
of developing countries (Kawarazuka and Bene, 2011)
Fish accumulate minerals in the head and viscera, so
consumption of small fishes which is eaten whole, can
contribute significantly towards micronutrients intakes.
Table 3 shows the concentration ranges for iron, zinc,
copper and manganese in five freshwater fish species of
Chanoga obtained in this study.
Iron
Fe is important for a number of physiological functions in

the body, but most importantly for transporting oxygen
around the body. Iron deficiency causes anaemia, one of
the commonest mineral deficiency diseases in Africa with
206 million people at risk (Latham, 1997). The Fe
concentration in Chanoga fish was 1.65 - 6.4 mg/100 g.
The recommended nutrient intake of iron for female
adults between the ages of 19-50 years is 24 mg/day.
Based on this work, B. Poechii can provide 27% of daily
iron requirement for women if 100 g of fish is consumed,
or a plate portion containing 4 small fishes of B. Poechii
will provide sufficient supply of Fe for the day. The past
studies on Fe content in fish shown on Table 4 also
agree with our study except for Bangladesh values which
are more than double (13 mg/100 g) our values (6.4
mg/100 g). The differences could be due to differences in
environmental conditions, fish diet, water quality and
species studied. Study by Guerin et al. (2011) carried out
with fish from a French market reported much lower
concentration levels of Fe (0.13 - 1.9 mg/100 g). The
literature reviewed for this work show a high variation in
the concentration of iron in fish from country to country.
The fish species from Chanoga which gave the highest
concentration of Fe is B. lateralis and B. poechii (6.4
mg/100 g), both small fishes, in agreement with past
studies that small fishes are a good source of
micronutrients. Significant variation in Fe concentration
between the five species analysed were observed, with
P<0.05.
Zinc
Zinc plays a number of roles in body functions; it is a
component of many metallo-enzymes, important for gene
expression and cellular growth. The FAO ranges of 0.23 2.1 mg/100 g are lower than the range for this work (1.63
- 8.47 mg/100 g) and all the other studies on Table 4. Tao
et al. (2012) also obtained lower values (0.64 - 0.81
mg/100 g) in farmed fish in China; French market fish
gave a range of 0.13 - 2.5 mg/100 g (Guerin et al., 2011);
a study from Turkey gave a range of 0.57 - 1.3 mg/100 g
(Alas et al., 2014) for fish caught from Beysehir Lake.
Fish caught in Black and Aegean seas gave
concentration range of 3.5 - 10.6 mg/100 g (Uluozlu, et
al., 2007), closer to the values for this work. B. Poechii
has the highest Zinc concentration of 8.47 mg/100 g
followed by B. Lateris (6.48 mg/100 g). These results are
in agreement with results obtained by Kawarazuka and
Bene (2011), in studies carried out in Bangladesh and
Cambodia which showed higher zinc concentration
ranges for small Bangladesh fishes (1.1 - 4.0mg/100g)
and lower concentrations for larger Bangladesh fishes
(1.4 - 1.5 mg/100 g). The zinc recommended dietary
allowance for adults is 8-11 mg and B. Poechii can
provide 100% of this requirement in a 100g plate portion,
making this species a high quality source of zinc, superior
to most species in other parts of the world. This species
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would be beneficial to children with stunted growth, a
problem reported to exist in Botswana (UNICEF, 2009).
Copper
Like zinc, copper is also a part of many enzymes but
occur in very low levels in food. According to Wildman
and Medeiros (2000), the recommended daily
requirement of copper in human nutrition ranges between
1.5 - 2.5 mg.
Concentration of copper in fish species from this work
varies between 0.02 - 0.21 mg/100 g. This is much lower
than the recommended daily intake, assuming a single
serving of 100 g fish per day, but this is not a concern
because copper deficiencies are rare. Table 4
comparisons show that all the four studies have similar
concentration ranges of Cu. This shows that Chanoga
fish are not a very good source of copper like other fish
species from literature. There is no significant difference
in Cu concentrations (P=0.06) between species, however
B. Poechii still displays a higher mineral content with a
concentration of 0.21 mg/100 g .
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investigated in this study. The five species investigated
gave this overall mineral concentration sequence; B.
poechii>B. lateralis>M. altisambesi>S. intermedius>O.
andersonii. Based on the results from this work, with
assumption that 100 g of fish flesh is consumed, B.
Poechii can provide over 100% of recommended daily
intake of calcium and zinc, 62% of P, 27% of iron and
28% of manganese. The information generated from this
study could be used as a baseline data for developing
food composition database/tables for Botswana. Further
research is needed to expand on this study.
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Manganese
Manganese is also important in enzyme activities.
Manganese concentration levels in fish for this study
ranged between 0.06 - 1.08 mg/100 g, within the FAO
values (0.0003 - 25.2 mg/100 g). The highest
concentration of manganese was found in B. Poechii
again, further highlighting the superiority of this fish
species in mineral content and the potential for it to
provide a wide range of essential minerals. Some past
studies found lower manganese concentration range in
fish compared to this study; (Alas et al., 2014) found
0.028 - 0.040 mg/100 g in fleshy part of fish in Turkey,
Kwansa-Ansah et al. (2012) obtained 0.30 - 0.41 mg/100
g in tilapia fish species in Lake Volta, Ghana. For this
work, the highest level was obtained from B. Poechii with
a concentration of 1.08mg/100g.
The recommended dietary allowance for Mn is 3.8 mg
(Pirestani et al. 2009) and the small fish can contribute
28% of the daily manganese requirement if 100 g of fish
is consumed.

Conclusions
This study provides baseline data on mineral composition
of some common fish species in Chanoga, Okavango
Delta. This study revealed that fishes of Okavango Delta
are a good source of essential minerals and their mineral
content varies significantly with species. Small fish
species, Barbus Poechii, has the highest concentration of
most essential minerals compared to the other species
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Moringa stenopetala is a socioeconomic valued tree that is widely available and cultivated in Southern
part of Ethiopia. The leaves have been traditionally used as a food source with high nutritional and
medicinal values. The present work was carried out to evaluate the effect of thermal treatment on the
total phenolic content, total flavonoid content, antioxidant activities and α-amylase inhibition of
aqueous leaf extracts obtained from M. stenopetala during maceration and different decoction time
interval (5, 10 and 15 min). The total phenolic and flavonoid contents were determined by the Folinciocalteu and aluminum chloride methods, respectively whereas antioxidant activities were determined
by 2,2-diphenyl-1-picryl-hydrazyl(DPPH) radical scavenging, reducing power, phosphomolybdenum and
ferrous ion chelating assays and α-amylase inhibition potential was determined using 3,5dinitrosalicylic acid method. Total phenolic and total flavonoid contents ranged from 34.35 ± 1.06 to
39.47 ± 1.33 mgGAE/g and 10.44 ± 0.61 to 20.36 ± 0.93 mgQRE/g, respectively. Decoction for 10 min
extract showed ferrous ion chelating (92.52 ± 0.17 %), DPPH radical scavenging (91.52± 0.59 %), αamylase inhibition (69.06 ± 0.14%), ferric reducing power (0.765 ± 0.14) and total antioxidant activity
(0.329 ± 0.32), respectively. DPPH, reducing power, total antioxidant and α-amylase inhibition activities
2
2
2
2
showed positive linear correlation (R =0.853, R = 0.857 , R = 0.864 and R =0.930), respectively with total
phenolic content but ferrous ion chelating activity were found to be weakly correlated (R 2=0.481). Based
on present investigation, it could be concluded that major lose of total phenolic content, antioxidant and
α-amylase inhibition activities of the crude leaf extracts of M. stenopetala leaves were observed at
decoction time for 15 min. Therefore, to maintain the total phenolic content, antioxidant and α-amylase
inhibition activities of leaves, cooking practice should be at the optimum decoction time (5-10 min).
Key words: Moringa stenopetala, antioxidant, total phenolic content, α-amylase inhibition.

INTRODUCTION
In living systems, free radicals are produced by the
normal metabolic processes and quite helpful in many of
body’s natural functions. However, uncontrolled
production of derived free radicals can initiate the

oxidation of biomolecules such as protein, lipid, amino
acids and DNA and can induce numerous diseases (Hsu
et al., 2003). A diet containing plenty of fruits, vegetables,
dietary herbs, spices, whole grains and nuts can supply
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compounds that inhibit or delay the oxidation of such
molecules by inhibiting the initiation or propagation of
oxidizing chain reactions and such compounds are
known as antioxidants (Meena et al., 2013). Several
synthetic antioxidant and hypoglycemic compounds are
commercially available, but are quite unsafe and of major
concern due to their side effects (Vinay et al., 2010,
Reddy et al., 2011). Hence, strong restrictions have been
placed for such possible use. Nowadays, there is a trend
to substitute and discover new and effective antioxidant
and α-amylase inhibitors from plants with minimal or no
side effects (Shai et al., 2010). Several African medicinal
plants were reported to have both antioxidant and
hypoglycemic activities (Atawodi, 2005). Plant foods rich
in polyphenols have been reported to cause effects on
insulin in the utilization of glucose and act as good
inhibitors of key enzymes like α-amylase associated with
type II diabetes and decrease the postprandial blood
glucose expedition levels in diabetic patients (FredJaiyesimi et al., 2009).
Moringa stenopetala is belonging to the family
Moringaceane which believed to be originated from
southern Ethiopia, North Kenya, and Eastern Somalia
(Mohammed, 2013). M. stenopetala is commonly called
Shiferaw, shelagda, Halako, Aleko and found in many
arid zones of the southern Ethiopia at an altitude range of
about 1100 to 1600 m (Edwards et al., 2000). The local
people cook the leaves and eat them with their traditional
kurkufa (a cereal dish made with maize and surgum) and
also use the leaves as a food, tea and medicine
(Mekonnen and Gessesse, 1998; Jahn et al., 1986). The
diverse medicinal use of the plant by the local people has
lead several researchers to carry out investigations to
find bioactive constituents that are responsible for various
medicinal uses of the plant with ultimate goal of justifying
the traditional use of the plant species or discovering
drug against different disease (Mutiu et al., 2013).
The leaf extracts were found to lower blood glucose
level, cholesterol in mice models, relieving stomach pain,
to expel retained placenta by women during giving birth,
antidiabetic and for the regulation of thyroid hormone
status (Tahiliani and Kar, 2000; Mekonnen, 1999; Jaiswal
et al., 2009). The leaves and pods contains high amount
of Ca, Mg, K, Mn, P, Zn, Na, Cu, and Fe (Aslam et al.,
2005). These results were claimed to be consistent with
the traditional use of the leaves of M. stenopetala.
However, the effect of thermal treatment on antioxidant
activities, total phenolic, total flavonoid and α-amylase
inhibition has not been reported so far. Therefore, the
study aimed to investigate the effect of thermal treatment
during decoction process on the total phenolic content,
antioxidant activities and α-amylase inhibition of M.
stenopetala leaf extracts, commonly consumed in south

Ethiopia as prepared in boiling water with the hope that
the findings would guide future practice on suitable
decoction times.
MATERIALS AND METHODS
Sample collection and preparation
Fresh leaves samples of M. stenopetala collected from Hawassa
Teacher Training College compound, about 250 km South of Addis
Ababa, Ethiopia, in May 2013. The tree was already confirmed and
labelled on the tree as per-information at the department of Biology,
Hawassa Teacher Training College. After complete cleaning and
rinsing with distilled water, the plant materials air-dried in the
laboratory at 25°C by continuous turning of the leaves to prevent
fungal growth for two weeks to constant weight and then the dried
leaf samples were homogenised ground into a fine powder, so as to
enhance effective contact of solvent with sites on the plant
materials.

Reagents and chemicals
In this study, 2, 2-Diphenyl-1-picrylhydrazyl (DPPH), acarbose,
dinitrosalicylic acid reagent (DNSA), 3-(2-pyridyl)-5,6-bis (4-phenylsulfonic acid)-1,2,4-triazine (ferrozine) were purchased from Sigma
Aldrich, India; and gallic acid, sodium carbonate, methanol,
ethylene diamine tetraacetic acid, (EDTA), starch, H 2SO4 (96%),
ascorbic acid (vitamin C), ferric chloride (FeCl3), Folin-ciocalteu
reagent, trichloroacetic acid, butylatedhydroxytoluene (BHT),
sodium hydroxide, chloroform, potassium ferricyanide, ammonium
molybdate, sodium phosphate, sodium potassium tartarate,
quercetin, ferrous chloride( FeCl2), hydrochloric acid and aluminum
chloride were analytical grade.

Apparatus and instruments
All the spectrophotometric measurements of antioxidant
compounds, antioxidant assay and α-amylase inhibition assay were
carried out on UV-visible Spectrophotometer (Spectronic 20,
Genesys, USA). Aqueous crude leaf extracts were evaporated to
dryness by using rotary evaporator (Buchi, 3000 series,
Switzerland).

Extraction procedure–maceration and decoction
3 gm of dried powder of M. stenopetala leaves were weighed four
times into four equal portions. The first portion was macerated into
a beaker containing 30 mL of distilled water at 25°C for 24 h with
continuous shaking. The other three parts each of 3 gm were
poured into three beakers containing 100 mL of distilled water,
sealed with an aluminum foil (closed system) and decoction were
carried for 5, 10 and 15 min, respectively. Each extract was cooled
and filtered by using filter paper (Whatman No 1) and residue was
re-extracted with equal volume of water to make final volume. The
water was removed under reduced pressure by mechanically
rotating the flask containing the combined aqueous extract at
controlled temperature (40 to 50°C) to dryness by using a rotary
evaporator (Buchi, 3000 series, Switzerland) and re-dissolved
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in distilled water at a concentration of 10 mg/ mL and stored in
sealed plastic containers and kept in refrigerator at 4°C until further
investigation.
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assays. Ascorbic acid was used as positive controls and the
percentage of DPPH free radical inhibition of leaf extracts were
calculated by using equation 3:

Determination of total phenolic content
DPPH scavenging activity (%) =
Total phenolic content of cold water and decoction for 5, 10 and 15
min extracts were determined by Folin-Ciocalteu method (Demiray
et al., 2009) with little modifications, using gallic acid as a standard
phenolic compound. 0.1 mL volume of extracts (1 mg/ mL) was
mixed with 1 mL Folin-Ciocalteu reagent (previously diluted 10-fold
with distilled water). After standing for 5 min at 25°C, 1 mL of
Na2 CO3 (7.5% m/v) was added to the mixture and the reaction was
kept at 25°C for 90 min, after which the absorbance were measured
at 765 nm by a spectrophotometer. All the experiments were
conducted in three replicates and the results expressed as gram of
gallic acid equivalent (mgGAE/g) of leaf extract using equation 1:

(1)
Where, C = total phenolic content of compounds, mg/g leaf extract
expressed as GAE, c = the concentration of gallic acid established
from the calibration curve (mg/mL), v = the volume of extract in mL,
and m = the dry weight of leaf extract.

Determination of total flavonoid content
The amounts of flavonoid content in the extracts were determined
by procedure described by Chang et al. (2002) with some
modification. 2 mL volume of M. stenopetala leaf extracts (1 gm/mL)
were mixed with 2 mL of 2% aluminum chloride. The individual
blanks were prepared consisting of 2 mL of sample solution and 2
mL of methanol without aluminum chloride. Then, the absorbance
of the resulting color was measured at 415 nm against blank after
incubation for 1 h at room temperature. The average of three
readings was used and then expressed as milligram of quercetin
equivalents (mgQRE/g) of leaf extract using equation 2:

(2)
Where, C is total flavonoid content, mg/g leaf extract expressed as
QE, c = the concentration of quercetin established from the
calibration curve in μg/mL, v is the volume of extract in mL and m
is the weight of crude leaf extract in g.

(3)

Where, Ac is the absorbance of the control solution (containing all
reagents except plant extract); As is the absorbance of the DPPH
solution containing leaf extract.
The antioxidant activity of each extract was expressed in terms of
IC50 (µg/mL concentration required to inhibit DPPH radical
formation by 50%), and was calculated from the graph after plotting
inhibition percentage against extract concentration.

Ferric ion reducing power
Reducing power of the extracts was determined as described by
Oliveira et al. (2007) with slight modification. Different concentrations (50, 100, 250 and 500 μg/mL) of leaf extracts were mixed with
phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and 2.5 mL of 1%
potassium ferricyanide. The mixture was incubated at 50°C for 20
min. Then, 2.5 mL of 10 % trichloroacetic acid solution was added
and the resulting mixture was centrifuged at 3000 rpm for 10 min.
The upper layer of solution (2.5 mL) was mixed with distilled water
(2.5 mL) and 0.1% ferric chloride (0.5 mL) and the absorbance of
solution was measured at 700 nm using UV-visible spectrophotometer. The extract concentration providing absorbance of 0.5 (IC 50)
was calculated from the graph of absorbance at 700 nm against
extract concentration and ascorbic acid was used as standard.

Total antioxidant activity using phosphomolybdenum assay
Phosphomolybdenum assay is a quantitative method to evaluate
water-soluble and fat-soluble antioxidant capacity. The total
antioxidant capacity of extracts was evaluated using slightly
modified phosphomolybdenum method (Prieto et al. 1999).
Different concentrations of crude leaf extracts (0.5 to 1 mg/mL)
were prepared in methanol from test stock solution. 3 mL of reagent
solution (prepared from 10 mL of 0.6 M sulphuric acid, 10 mL of 28
mM sodium phosphate, and 10 mL of 4 mM ammonium molybdate)
was added to all the tubes. All the tubes were incubated at 95°C for
90 min. After cooling the sample to room temperature, the
absorbance of the solution was measured at 695 nm against blank
using UV spectrophotometer. Ascorbic acid was used as standard.

Ferrous ions chelating activity
Determination of antioxidant activities
Free radical scavenging activity (DPPH)
The hydrogen atoms or electrons donation ability of the
corresponding extracts and some pure compounds were measured
from the bleaching of purple colored methanol solution of DPPH
(Gursoy et al., 2010). The stable DPPH free radical scavenging
activity of M. stenopetala leaf extracts were carried out as described
by Chan et al. (2007) with some modifications. 2 mL (0.06% in
methanol) DPPH solution was mixed with 1 mL of various
concentrations (50, 100, 250 and 500) μg/mL of leaf extracts. The
mixture was shaken vigorously and incubated at 25°C for 30 min in
the dark. The reduction of the DPPH free radical was measured by
reading the absorbance at 520 nm by a spectrophotometer. The
solution without any extract and with DPPH and methanol was used
as control. The experiment was replicated in three independent

The ferrous ions chelating activity of various M. stenopetala leaf
extracts and the standards EDTA and BHT were investigated
according to the method of Dinis et al. (1994) with slight
modification. 3 mL test sample extract solutions with various
concentrations (10, 50 and 100 μg /mL) were mixed with 250 μL of
ferrous chloride (2 mM) and 0.1 mL of ferrozine (5 mM). The
resultant solutions were shaken vigorously and left standing for 10
min at room temperature until solution mixture attain the
equilibrium.
Absorbance of the resultant solution was thereafter measured at
562 nm using UV spectrophotometer. The percentage of inhibition
of ferrozine-Fe2+ complex formation was calculated by using
question 4:

Ferrous ions chelating activity (%) =

(4)
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Figure 1. Total phenolic contents of M. stenopetala leaf extracts. Values expressed as
means (n =3) Means with different letters are significantly different (p < 0.05) measured
by Duncan multiple range test.

Where, Ac is the absorbance of the control solution (containing all
reagents except extract), As is the absorbance in the presence of
the sample extracts. All the tests were carried out in triplicate. IC 50
values of standards and leaf extracts of different solvents were
determined from plots of percentage of inhibition of ferrozine-Fe2+
complex formation versus concentration (μg/mL).

Excel 2007. IC50 was calculated using Origin 8 software,
Northampton, MA 01060 USA.

RESULTS AND DISCUSSION
Total phenolic content

Determination of α-amylase inhibition activity
In vitro α-amylase inhibitory activity was performed using 3,5dinitrosalicylic acid (DNSA) described by Jyothi et al. (2011) with
slightly modification. Briefly, the total assay mixture containing 1 mL
of α-amylase and the leaf extracts in the concentration range 1 to
10 mg/mL were incubated at 37°C for 30 min. After incubation 1 mL
of 1% starch solution (pH 6.9) was added and the mixture was
further incubated at 37°C for 15 min. The reaction was terminated
by the addition of 1 mL of DNSA colour reagent then; the test tubes
were placed in a boiling water bath for 5 min, cooled at room
temperature and diluted with 5 mL of distilled water. Absorbance of
all solutions was measured at 540 nm using UV spectrophotometer.
Control represent 100% enzyme activity and were conducted in
similar way by replacing extract with distilled water. All the tests
were carried out in triplicate and acarbose was used as standard.
The α-amylase activity was expressed as percentage of inhibition
and calculated by using question 5:

α-amylase inhibition activity (%) =

In the present study, total phenolic content of aqueous
extracts of M. stenopetala leaf was shown in (Figure 1).
Decoction for 10 min extract of the leaf showed the
highest total phenolic content and the lowest total
phenolic content was found in decoction for 15 min
extract. The total phenolic contents of the extracts
increased in the following order: decoction for 15 min
(34.86 ± 0.72) < cold water (35.95 ± 0.79) < decoction for
5 min (38.24 ± 0.35) < decoction for 10 min (44.86 ±
0.55) in mgGAE/g. Total phenolic content of decoction for
15 min and cold water extracts were not significantly
different (p > 0.05) but these values were significantly
different (p < 0.05) from the other extracts. The total
phenolic content obtained from decoction for 15 min
extract were also in accordance with previous studies
that prolonged decocting at high temperature can lead to
degradation of phenolic compounds (Perva et al., 2006).

(5)

IC50 values of acarbose and leaf extracts of aqueous solvents were
determined from plots of percentage inhibition versus
concentration. IC50 value is defined as the concentration of extract
required to inhibit 50% of α-amylase inhibition activity.

Statistical analysis
All the analysis were carried out in triplicate agents the blank and
results were expressed as mean ± standard deviation (SD) for n=3.
Statistical analysis was performed with the SPSS 16.0 software
(SPSS Inc.) and comparisons were made with one-way ANOVA
followed by Duncan’s new multiple range test. The level of
significance was set at P < 0.05. Correlations between total
phenolic or total flavonoid content and antioxidant activities were
determined by linear regression analysis using Microsoft Office

Total flavonoid content
The amounts of total flavonoid content obtained from
aqueous M. stenopetala leaf were range from 10.44 ±
0.36 to 20.36 ± 0.18 mgQE/g (Figure 2). The highest
amounts of total flavonoid were obtained using decoction
for 5 min extract (20.36 ± 0.18 mgQE/g) whereas the
lowest amounts of total flavonoid contain were obtained
in cold water extract (10.44 ± 0.36 mgQE/g). Decocting
for 15 min have resulted in significantly (p < 0.05) lower
total flavonoid content than that of 10 and 5 min
decocting. This may be due to the prolonged decocting
time that may result in longer exposure of the leaves to
heat.
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Figure 2. Total flavonoid contents of M. stenopetala leaf extracts (mgQE/g). Values
expressed as means (n = 3) Means with different letters are significantly different (p <
0.05) measured by Duncan multiple range test.

Table 1. IC50 values of Moringa stenopetala leaf extracts and standards.

Extracts/standards
Cold water
Decoction for 5 min
Decoction for 10 min
Decoction for 15 min
Ascorbic acid
EDTA
BHT
Acarbose

DPPH
46.51 ± 1.37c
42.7 ± 0.68b
41.5 ± 0.71b
46.78 ± 0.57c
26.5 ± 1.07a
-

IC50 (µg/mL)
Reducing power Ferrous ion chelating
367.5 ± 0.57c
7.46 ± 0.12d
d
404.4 ± 0.94
7.19 ± 0.58c
b
235.1± 0.60
6.65 ± 0.16b
>500
7.23 ± 0.15c
a
73.26 ± 0.98
5.32 ± 0.18a
38.33 ± 0.26e
-

IC50 (mg/mL)
α-Amylase inhibition
>10
8.86 ± 0.03a
8.81± 0.13a
8.75 ± 0.09a
3.06 ± 0.15b

Different superscript letters within the same column indicate significant differences (P < 0.05) within the extracting
solvents.

Antioxidant activities
DPPH radical scavenging activity
At 500 µg/mL, the DPPH free radical scavenging
activities of the leaf extracts and ascorbic acid increased
in the following order: cold water (77.23 ± 1.70%) <
decoction for 15 min (82.40 ± 0.74%) < decoction for 5
min (83.51 ± 0.46) < decoction for 10 min (91.52 ±
0.59%) < ascorbic acid (97.81± 0.22%). Among water
extracts, decoction for 10 min extract showed the
strongest DPPH radical scavenging activity. The reason
for increase in radical scavenging ability could be due to
the higher phenolic content in the decoction for 10 min
extracts. This evident that M. stenopetala leaf extract
contained compound that can donate electron/hydrogen
easily and stabilize free radicals. As indicated in Table 1,
the IC50 values for DPPH scavenging activity of aqueous
M. stenopetala leaf extracts were presented. The lowest
IC50 indicates the strongest ability of the extracts to act
as DPPH scavengers (Azizah et al., 2007). Decoction for

10 min extract exhibited the lowest IC50 value (41.5 ±
0.71 µg/mL) as compared to other extracts but this value
was higher than ascorbic acid (26.50 ± 1.07 µg/mL). The
IC50 values of decoction extracts (5 and 10 min) were
not found to be significantly different (p > 0.05). Similarly,
no significant difference (p > 0.05) was observed
between decoction for 15 min and cold water extract.
However, these values were significantly different (p <
0.05) from the IC50 value of ascorbic acid.
Ferric ion reducing power
Reducing power measures the ability of the extract to
donate electron to Fe(III) and it is evaluated by the
transformation of Fe3+/ferricyanide complex to ferrous
ions (Fe2+) in the presence of the sample extracts
(Gulcin et al., 2003). Like the DPPH free radical
scavening activity, the reducing power of all extracts
increased with increasing in their concentration. The
strongest reducing power was observed in decoction for
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Figure 3. Ferrous ion chelating ability of M. stenopetala leaf extracts.

10 min extract and the lowest reducing power exhibited
by the cold water extract. At 500 µg/mL, the reducing
power of extracts and ascorbic acid decreased in the
following order: Ascorbic acid (1.53 ± 0.16) > decoction
for 10 min (0.765 ± 0.14 nm) > decoction for 5 min (0.556
± 0.09 nm) > decoction for 15 min (0.449 ± 0.13 nm) >
cold water (0.353 ± 0.62 nm). Reducing power increased
as decoction extraction time increased from 5 to 10 min
but further decocting for 15 min decreased the reducing
power and hence decocting for more than 10 min
resulted in a significant loss of ferric reducing power
which was supported by the results for total phenolic
content. IC50 values of the extracts also calculated from
the graph of absorbance at 700 nm against extracts
concentration and the results have been shown in Table
1. The lower the IC50 value, the higher will be the
reducing power. As compare to the standard ascorbic
acid, decoction for 10 min extract displayed high IC50
value (235.1 ± 0.60 µg/mL). However, IC50 value of cold
water and decoction for 15 min extracts were greater
than determined concentration (>500 µg/mL). The
obtained results indicate that, an IC50 value of ascorbic
acid was significant different (p < 0.05) from all extracts.
Moreover, there were also significant different (p < 0.05)
between decoction for 10 and 5 min extracts.
Antioxidant
method

activity

using

phosphomolybdenum

Decoction for 10 min extract showed the highest total
antioxidant activity as compare to other extracts, but this
result was lower than the standard ascorbic acid. At 1
mg/mL, the total antioxidant activities of the extracts were
found to decrease in the following order: decoction for 10
min extract (0.329 ± 0.32) > decoction for 5 min extract

(0.302 ± 0.19) > decoction for 15 min extract (0.254 ±
0.41) > cold water extracts (0.234 ± 0.35). The above
results also showed that at there were no significant
different (p < 0.05) between cold water and decoction for
15 min extracts. Moreover, no significant difference (p <
0.05) between decoction for 5 min and 10 min extracts
but these values were significantly different (p < 0.05)
from the standard ascorbic acid.
Ferrous ion chelating ability
The production of the hydroxyl radical is a key initial step
to producing other harmful radicals which should be
avoided (Prasad et al., 1989). Ferrozine has a tendency
to form red-coloured complexes quantitatively with
ferrous ion, but in the presence of other iron chelating
agents, the complex formation is disrupted resulting in a
decrease in the red colour of the complex (Rajauria et al.,
2010).
As can be seen from the (Figure 3), decoction for 10
min extract showed the strongest chelating activity, but
weakest chelating activity was exhibited by cold water
extracts. At the concentration of 0.1 mg/mL, the chelating
activity of the leaf extracts and the standards were found
to decrease in the following order: EDTA (97.69 ± 0.41) >
decoction for 10 min extract (92.52 ± 0.17%) > decoction
for 5 min (90.03 ± 0.24%) > decoction for 15 min (86.79 ±
0.47%) > cold water (83.80 ± 0.49%) > BHT (68.19 ±
0.23%). The data presented in this study indicated that
aqueous leaf extracts of M. stenopetala have special
ability for iron chelating activity, which were even greater
than the standard BHT. With regard to IC50 value, boiled
water for 10 min extract showed the lowest IC50 value
(6.65 ± 0.16 µg/mL) whereas the highest IC50 value were
obtain from cold water extract (7.46 ± 0.12 µg/mL) Table
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Figure 4. α-Amylase inhibition activity of M. stenopetala leaf extracts.

1. The obtained results indicate that the IC50 values of
boiled water for 5 min and 15 min extracts were not
significant difference (p < 0.05), but these value were
significantly different (p > 0.05) from the other extracts
and the standards. The study revealed that there was an
increase in the iron chelating ability of the extracts of the
leaf with increase in decoction time to 10 min. This can
be explained by the fact that decocting caused an
increase in the total phenol and flavonoid contents of
extracts (Amie et al., 2003).
In vitro α-amylase inhibition activity
Inhibition of α-amylase has been considered to be an
effective strategy to control diabetes by suppressing the
absorption of glucose composed from starch (Bhandari et
al., 2008). In the present study, it was observed that the
inhibition activities of the extracts were increased by
increasing concentration of the samples. Boiled water for
10 min extract showed the most potent inhibitor of αamylase activity at all concentrations tested. However,
cold water extract showed the lowest α-amylase inhibition
(Figure 4). At concentration of 10 mg/mL, α-amylase
inhibition activities of the extracts and standard acarbose
decreased in the following order: cold water (49.31 ±
0.16%) < decoction for 15 min (52.87 ± 0.52%) <
decoction for 5 min extract (54.95 ± 0.27) < decoction for
10 min (59.52 ± 0.33) acarbose (73.86 ±0.14%). IC50
values of all the extracts were also calculated and the
results are shown in Table 1. Cold water extract exhibited
the lower IC50 value (> 10 mg/mL) as compared to other
extracts. The result also showed that the IC50 values of
decoction extracts decreased in the following order:
decoction for 5 min extract (8.86 ± 0.03) > decoction for
15 min (8.81± 0.13) > decoction for 10 min extracts (8.75
± 0.09). The obtained IC50 values indicate that there
were no significant difference (p > 0.05) among boiled
water extracts but these values were significantly different

(p < 0.05) from the standard acarbose.
Correlation analysis
In this study, the dependence of antioxidant activity
obtained by different assays and α-amylase inhibition
activities in relation to the total phenolic and flavonoid
contents were evaluated.DPPH free radical scavenging,
reducing power, total antioxidant and α-amylase inhibition
activities showed positive linear correlation (R2=0.853,
R2= 0.857 , R2= 0.864 and R2=0.930), respectively with
total phenolic content but ferrous ion chelating activity
were found to be weakly correlated (R2=0.481).
Furthermore, strong correlation (R2 = 0.967) was also
observed between reducing power and DPPH radical
scavenging activity. A similar result was found by
Sudathip et al. (2006); they suggested that the
compounds present in the aqueous extracts capable of
reducing DPPH radicals were also able to reduce ferric
ions. The present results also revealed that total
flavonoid content showed weakly correlation with DPPH
2
2
radical scavenging (R = 0.272), reducing power (R =
2
0.047) and α-amylase inhibition activities (R = 0.396)
whereas, ferrous ion chelating activity (R2 = 0.426) and
total antioxidant activities (R2 = 0.529) showed
moderately weak correlation with total flavonoid content
and this weak correlation result is may be due to the total
flavonoid content that do not necessarily incorporate all
the antioxidants that may be present in extracts.
Conclusions
It is evident from present study that leaf extract of M.
stenopetala could be a potential source of natural
antioxidant that could have great importance as
therapeutic agents in the preventing oxidative stressesrelated degenerative diseases and diabetes. Based on
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present investigation, it could be concluded that major
losses of antioxidant properties and total phenolic content
of M. stenopetala leaves were observed at decoction for
15 min extract. Therefore, to prevent the major loss of
total phenolic content, antioxidant and α-amylase
inhibition activities of M. stenopetala leaf extracts,
minimal heat treatment (5 to 10 min) through decoction
process is recommended.
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