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Abstract

Moringa oleifera known as “horseradish tree” or “drumstick tree”, native to India, is one
of the best useful tree and with an enormous amount of benefits in the world. Numerous
research reports have appeared in different national and international scientific journals by
studying its nutritional and medicinal properties of Moringa over the past decades.

Different reports show that due to its multipurpose uses Moringa tree has recently got Keywords
attention in different countries. Moringa oleifera is a tree that is sometimes called a Climate change mitigation
“Miracle Tree” and “Super food” because of all its parts are used for nutritional and Medicinal use

Moringa oleifera
Multipurpose
Nutrient content

pharmacological properties. Moringa is a very valuable food tree which is highly nutritive,
grows very fast, drought resistant and even beyond food it serves many benefits in
developing countries such as having an ability to be used for some crafts due to being a
tree and also due to cleaning of water it is one of the best useful tree. The Moringa tree
can also play an important role in soil and water conservation and mitigating climate
change. This study provides a brief overview about multipurpose uses of Moringa oleifera
tree and its implication for climate change mitigation.

Introduction

Moringa  oleifera  Lam.  (Synonym:  Moringa
pterygosperma Gaertner) belongs to a monogeneric
family of shrubs and tree, Moringaceae and is
considered to have its origin in Agra and Oudh, in the
northwest region of India, south of the Himalayan
Mountains. Although the name “Shigon” for M. oleifera
is mentioned in the “Shushruta Sanhita” which was
written in the beginning of the first century A.D., there
is evidence that the cultivation of this tree in India dates
back many thousands of years. The use of plants and

their constituents in primary health care has ancient
history as old as human beings. Various medicinal plants
has proven therapeutics implication in the health
management via antioxidant, anti-inflammatory, anti-
diabetic, and other biological activities. The
consequence of herbs has been also stated in the
different religious book. In Islam, the importance of
herbs in health care has been discussed in details and
Prophet Mohammed recommended several plants, fruits
and seed for the cure of various diseases (Rahmani,
2015). The people of India knew that the seeds contain
edible oil and they used them for medicinal purposes. It
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is probable that the common people also knew of its
value as a fodder or vegetable. This tree can be found
growing naturally at elevations of up to 1,000 m above
sea level. It can grow well on hillsides but is more
frequently found growing on pasture land or in river
basins. It is a fast growing tree and has been found to
grow to 6-7 m in one year in areas receiving less than
400 mm mean annual rainfall (Odee, 1998).

In the Dravidian language, there are many local names
for this tree but all are derived from the generic root
“Morunga”. In English it is commonly known as
Horseradish tree, Drumstick tree, Never Die tree, West
Indian Ben tree, and Radish tree (Ramachandran et al.,
1980). It is now cultivated throughout the Middle East,
and in almost the whole tropical belt. It was introduced
in Eastern Africa from India at the beginning of 20"
century. In Nicaragua the Marango (local name for
Moringa oleifera) was introduced in the 1920s as an
ornamental plant and for use as a live fence. The tree
grows best and is most commonly found in the Pacific
part of Nicaragua but can be found in forest inventories
in every part of the country. As a non-cultivated plant it
is known for its resistance to drought and diseases.
Because this tree has so many potential uses, there have
been conducting an extensive research program on it
over the last ten years in many countries including India.
The plant possesses many valuable properties which
make it of great scientific interest. These include the
high protein content of the leaves, twigs and stems, the
high protein and oil contents of the seeds, the large
number of unique polypeptides in seeds that can bind to
many moieties, the presence of hormones in the leaves,
and the high sugar and starch content of the entire plant.
Equally important is the fact that few parts of the tree
contain any toxins that might decrease its potential as a
source of food for animals or humans.

Moringa oleifera commonly referred to as the
‘drumstick tree’ (describing the shape of its pods) or
‘horseradish tree’ (describing the taste of its roots), it is
a multi-purpose tree of significant economic importance
with several industrial and medicinal uses (CSIR, 1962;
Baumer, 1983). It is a small tree (712 m high) with
thick grey bark, fragrant white flowers and long green
pods which give the tree its name. Qil is extracted from
the seeds or the seeds are used in curry powders. The
fruits, seeds, leaves and flowers are also eaten as
nutritious vegetables in some countries. The leaves are
rich in carotene, iron and ascorbic acid and the pods in
free leucine (CSIR, 1962; Chawla et al., 1988).

Arora et al. (2013) has reported that there are about 33
species of Moringaceae family. Moringa oleifera is one
of the Moringaceae family. M. arborea, M. borziana,
M. concanensis, M. drouhardi, M. hildebrandtii, M.
longituba, M. oleifera, M. ovalifolia, M. peregrina, M.
pygmaea, M. rivae, M. ruspoliana and M. stenopetala
are well known and found worldwide. Numerous studies
have reported its multipurpose use like medicinal and
nutritional benefits (Dahot, 1988; Anwar et al., 2013).
Moringa tree due to its medicinal and nutritional
properties in world is described as a ‘miracle tree’
(Fuglie, 2003; Amaglo, 2006; Yisehak et al., 2011;
Ashfaq et al., 2012). Moringa oleifera is the most
promising tree which has been used for nutritional
benefits, medicinal properties and environmental
conservation. Moringa oleifera is reputedly known as
“cabbage tree”, ‘‘drumstick tree” or “horseradish tree”,
‘ben-oil tree’ or ‘benzoil tree’, ‘miracle tree’ and
‘mother’s best friend tree’ (Koul and Chase, 2015). As
reported by different scholars Moringa oleifera has wide
range of uses. Among those, water purification, human
consumption, medicine, fuel wood, dye, conservation,
livestock forage and green manure (Demeulenere, 2001;
Palada and Chang, 2003; Jiru et al., 2006; ECHO, 2009;
Melesse et al., 2011).

According to Dawit et al. (2016), Moringa has
multipurpose use, well adapted and significant economic
importance, as it has vital nutritional, industrial, and
medicinal applications. Application of eighty percent
ethanol extract of M. oleifera leaves been shown to
increase nodulation of black-gram (Vigna mungo L.)
considerably (Bose, 1980). The kernels of M. oleifera
can be crushed and its water extract used for the
purification of water (Holmes et al., 1994).

The water extract is considered to be a viable
replacement coagulant for chemicals such as
aluminium sulphate (alum) in developing countries. As
Moringa oil can be used for human consumption, the
water extract of seed meal (obtained after extraction of
the oil) has been used to purify water. Large scale
cultivation of M. oleifera has been initiated in Malawi,
Nicaragua and India to make use of the leaves for the
extraction of growth hormones, and of the kernels to
extract oil for human consumption and for the
purification of water (Tauscher, 1994). The present
study may pave the way for better utilization of different
fractions residues of the M. oleifera tree, which are
generated as by-products in the process of extraction of
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oil, growth hormones and coagulants, as animal feed.
The Moringa tree can play an important role in soil and
water conservation and mitigating climate change. As
reported by researchers in different countries, all parts of
Moringa oleifera viz., leaves, fruits, immature pods, and
flowers are combined into the traditional food for
human consumption (Siddhraju and Backer, 2003;
Anhwange et al., 2004).

According to Anhwange et al. (2004) in many parts of
the Africa the Moringa oleifera is used as a food. For
example, dried Moringa leaves and fresh Moringa are
involved in meals in several African countries. The seed
of Moringa oleifera is also used for water treatment as
water purification and remove bacteria from water up to
99% as indicated (Foidl et al., 2001; Villafuerte, 2009).
According to Foidl et al. (2001) from the Moringa fresh
leaves juice can be extracted and used as a growth
hormone that can increase yields of crop by 25-35%.

As indicated by Amaglo (2013), famine is connected to
climate change and therefore, planting trees, which can
sequester more carbon like Moringa tree, can play
important role in climate change mitigation. There is an
urgent need to implement climate smart policies that
can be built more silient food systems and combat
climate change. There is great potential for the
Moringa tree to not only store carbon, if it is grown on
a much larger scale, but to improve the livelihoods of
many farmers (Gedefaw, 2015). This study provides a
brief over view about multi purpose uses of Moringa
oleifera tree and its implication for Climate Change
Mitigation. The purpose of this brief review is: to
assess the published scientific journals suggestion on
multipurpose uses of Moringa oleifera; to over view
its medicinal and nutritional properties; to suggest
future directions for policies, research, market and
development strategies and finally to review its
implication for climate change mitigation.

The plant morphology

The stem is normally straight. The tree grows with a
short, straight stem that reaches a height of three meter
before it begins branching. The extended branches grow
in a disorganized manner and the canopy is umbrella
shaped (Foidl et al., 2001).

The leaves are alternate, twice or thrice pinnate leaves
grow mostly at the branch tips. They are 20-70 cm long,
grayish-downy when young, long petiole with 8-10 pairs

of pinnae each bearing two pairs of opposite, elliptic or
obovate leaflets and one at the apex, all 1-2 cm long;
with glands at the bases of the petioles and pinnae
(Morton, 1991).

The flowers, which are pleasantly fragrant, and 2.5 cm
wide are produced profusely in axillary, drooping
panicles 10 to 25 cm long. They are white or cream
colored and yellow-dotted at the base. The five reflexed
sepals are linear-lanceolate. The five petals are slender-
spatulate. They surround the five stamens and five
staminodes and are reflexed except for the lowest
(Morton, 1991).

The fruits are three lobed pods which hang down from
the branches and are 20-60 cm in length. When they are
dry they open into 3 parts. Each pod contains between
12 and 35 seeds.

The seeds are round with a brownish semi-permeable
seed hull. The hull itself has three white wings that run
from top to bottom at 120-degree intervals. Each tree
can produce between 15,000 and 25,000 seeds/year. The
average weight per seed is 0.3 g and the kernel to hull
ratio is 75 : 25 (Makkar and Becker, 1997).

The average weight of pods are eight gm where as
weight of seeds per pod is four gm, seeds per pod
eleven, weight of hundred seeds is thirty gm, weight of
hundred seeds kernel twenty two gm It is a good source
of provitamin A, vitamins B, and C, minerals
particularly iron, and the sulphur-containing amino
acids. The composition of the amino acids in the leaf
protein is well balanced (Foidl et al., 2001).The
significant Micro mineral elements are Calcium,
Phosphorus, Magnesium, Sodium, and Potassium
whereas micro elements are Iron, Mangnese, Zinc and
Copper.

The carotenoids present in leaves are alpha-carotene,
beta-carotene, lutein, eoxanthin, violaxanthin,
zeaxanthine, xanthophyll, carotenoids and chlorophylls
with  high  physico-chemical  properties  like
saponification value 182.9, iodine value 66.4, density at
20°C (g/ml) 0.89737, refractive index at 20°C 1.46.70,
solidification point (pour point °C) 6 and free fatty acids
(%) up to 2.98. The percentage of fatty acid composition
of Moringa seed oil are lauric acid in traces, myristic
0.08, penadecanoic trace, palmmitic 5.45, palmitoleic
1.48, margeric 0.08, margaroleic 0.05, stearic 5.42, oleic
(18-1) 72.9, linoleic 0.76, linolenic 0.14, archidic 3.39,
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gadoleic 2.2, behanic 6.88, erucic 0.14, lignoceric 0,92,
and nurvonic acid in trace (Foidl et al., 2001).
Amino acid composition of Moringa leaves

The amino acid content (g/16g N) of un-extracted
leaves is lower than that of extracted leaves which
is due to the presence of a higher amount of non
protein nitrogen in the un-extracted leaves (4.7 vs
2.7 %). The potential food value of the protein (as
a source of amino acids) can be evaluated by
comparison with the FAO reference pattern
(Zarkadas et al., 1995). All essential amino acids
are higher than adequate concentrations when
compared with the recommended amino acid
pattern of the FAO/WHO/UNO reference protein
for 2 to 5 year old children.

The amino acids present are lycine, leucine,
isoleucine, methionine, cystine, phenylalanine,
tyrosine, valine, histidine, threonine, serine,
glutanic acid, aspartic acid, proline, glycine,
alanine, arginine, and tryptophan.

Moringa parts and their uses

Stem-animal feed

Twig-animal feed

Leaves-animal feed, growth hormones, human
consumption, and medicinal uses

Bark-dyes, tannins, and medicinal uses
Roots-medicinal uses, and human consumption
Pods-medicinal uses, and human consumption
Seeds-seed shells are used as fuel whereas kernels
oil is used for cooking, cosmetics, medicinal and
industrial uses, meal obtained after oil removal is
extracted meal used as animal feed and meal
coagulants are used in water purification.

Ethnobotanical potential

% Human consumption of Moringa:

» Nutrient contents of Moringa oleifera

The most amazing fact about Moringa is that it is a
storehouse of nutrients and medicinal chemicals
(Jongrungruangehok et al., 2016 and Moyo et al.,
2011). Moringa tree is rich in nutrients such as
minerals, fiber and proteins that can play essential
role in human nutritional consumption. It has been
shown that Moringa oleifera leaves has high

protein compared to with other leaves eaten as
food.

A recent research on dietary iron supplements and
Moringa oleifera leaves influence the liver
revealed that iron from Moringa oleifera can
overcome iron deficiency (Saini et al., 2014).
Moringa is full of vitamins, nutrients and
therefore, it is good to have as food for human
consumption and as food for animal’s
consumption. It is also reported that Moringa
seeds contain about 30-40% oil, 82% unsaturated
fatty acids and 13% saturated fats (Villafuerte,
2009).

There are multipurpose uses of most parts of
Moringa oleifera in making food for human
consumptions such as cake (Kolawole et al.,
2013), Yoghurt (Salem et al., 2013; Kuikman
Conner, 2015; Hekmat et al., 2015). Amla (Karim
et al., 2013; Karim et al., 2015), weaning foods
(Arise et al.,2014), bread (Chinma et al., 2014),
soups (Stevens et al., 2013; Babayeju et al., 2014),
and biscuits (Alam et al., 2014).

The potential uses of Moringa oleifera shows
that, Moringa contain nutritional value and can be
used as bread, milk, spices, juices, sauces and tea
(Rockwood et al., 2013).

Moringa oleifera is a wonderful food tree with a
significant source of vitamin C, calcium, proteins
and Iron. Rockwood et al. (2013) has confirmed
that, Moringa oleifera dry leaves contain nine
times more proteins than yogurt whereas ten
times vitamin A than carrot, twenty five times
iron than spinach, fifteen times potassium than
bananas, seventeen times calcium than milk and
seven times more vitamin C than orange. Because
of rich in proteins source Moringa oleifera leaves
are suggested by doctors, nutritionists.

All parts of Moringa oleifera viz., leaves, fruits,
immature pods, and flowers are combined into the
traditional food for human consumption
(Siddhraju and Backer, 2003; Anhwange et al.,
2004). Many parts of the Africa use Moringa
oleifera as a food. Dried Moringa leaves and fresh
Moringa are involved in meals in countries such
as Ethiopia, Nigeria, Malawi, East Africa and
Ghana (Anhwange et al., 2012).

The young leaves are edible and commonly
cooked and eaten like spinach or used to make
soups and salad.

The young green pods are very tasty and can be
boiled and eaten like green beans. The pods are
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best at the stage when they can be broken easily.
These are rich in free amino acids like leucine.
The seeds should be eaten when they are green
before they change their color to yellow and
should be boiled for few minutes to remove the
fine transparent hull and the water is drained
before they are consumed. The hull is not
desirable as food because it is bitter in taste.

The dry seeds can be ground to a powder and used
for seasoning sauces.

The roots from young plants can also be dried and
ground for use as a hot seasoning base with a
flavor similar to that of horseradish. This is why
the Moringa tree has been given the name
“Horseradish Tree” (Delaveau and Boiteau, 1980).
A tasty hot sauce from the roots can also be
prepared by cooking them in vinegar.

The flowers can be eaten after being lightly
blanched or raw as a tasty addition to salads.

The resin from the trunk of the tree is also useful
for thickening sauces.

» 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 make 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. It is a fast growing perennial tree
with seven-twelve meter height.

» Industrial uses of Moringa oil

The oil content of kernel is approximately 42%.
The oil is brilliant yellow. It is used as a lubricant
for fine machinery such as time pieces because it
has little tendency to deteriorate and become
rancid and sticky (Ferrao and Ferrao, 1970;
Ramachandran et al., 1980).

It is also useful as vegetable cooking oil.

The oil is known for its capacity to absorb and
retain volatile substances and is therefore,
valuable in the perfume industry for stabilising
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. It has a particularly high

level of oleic acid (70%). Other vegetable oils
normally contain only about 40% oleic acid.
Moringa for water purification

The study on the Moringa oleifera as a natural gift
point out that, a billion people across world like;
Latin America, Africa, and Asia are assessed to
depend on untreated water sources for their daily
needs (Mahmood et al., 2010). Numerous research
reports shown that, Moringa seed powder can be
used cleaning dirty water in simple and quick
method. The Moringa seed powder joins with the
solids in the dirty water and sinks to the bottom.
This action can remove bacteria contained in water
up to 90-99%. Rather than using aluminum
sulphate, which are dangerous to people and the
environment. Using Moringa seed powder to purify
water is cheap. Water can be purified by adding two
grams of Moringa seed powder to twenty liters into
a bottle and shake for five minutes. Dirty water that
is to be treated can be filtered through a clean cloth
into the container. Until the water becomes clear
and the impurities have sunk to the bottom leave the
bucket undisturbed for one hour then filter the water
through a clean cloth boil the water before drinking
(Francis and Jieyier, 1991; Jahn et al., 1986;
Sutherland et al., 1989; Gassensechmidt, 1995).
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. Some of these proteins (approximately
1%) are active cationic poly-electrolytes having
molecular weights between 7-17 K Dalton. 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.

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 it is filtered
through a piece of woven fabric to obtain pure
water.

Alternatively, a cloth containing the seed powder
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is suspended in water, generally overnight, to
coagulate impurities. The cloth containing the
seeds is then removed, and the purified water is
decanted leaving behind the coagulated particles
on the bottom. Only one seed is required per litre
for slightly contaminated water and two seeds for
very dirty water.

Moringa as plant growth enhancers

The extract obtained from the Moringa leaves in
80% ethanol contains growth enhancing principles
like cytokinine. 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.

The extract can be obtained either through press
extraction or by using an ultra-turrax and filtering
20g of tender leaves in a total volume of 675 ml of
80% ag. 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.

Moringa as a source of biogas

Moringa plants (approximately 30 days old) were
milled together with water. The fibre was
separated by filtration through a mesh with 5 mm
pores and the liquid fraction produced was then
added to a biogas reactor. With an average feed of
5.7 g of volatile solids the gas production was 580
liters of gas per 1 kg of volatile solids. The
average methane content of the gas was eighty one
percent.

Moringa as a forage plant

The nutritional characteristics of the Moringa tree
are excellent so it can easily be used as a fresh

forage material for cattle. The leaves are rich in
protein, carotene, iron and ascorbic acid and the
pod is rich in the amino acid lysine (CSIR, 1962;
Chawla et al., 1998; Dogra et al., 1975). Another
important advantageous characteristic of Moringa
is its high productivity of fresh material per unit
area compared with other forage crops.

Animal feed fortification

Study on the potential of Moringa oleifera for
agricultural and industrial uses and on the
naturalized exotic tree species shown that, Moringa
leaves supplementary to livestock feed can increase
up to 32% of daily weight gain. Supplementation of
fresh Moringa leaves with 15 to 17 kg of daily feed
of livestock can increase milk production by 43%.
Milk production can be increased by 58% with the
supplementation of 2 kg dry matter feed and milk
production increased by 65% with the
supplementation of 3 kg dry matter feed (Foidl et al.,
2001 and Adeyemi and Elebiya, 2014). Generally,
milk production increased with increased Moringa
supplementation.

Moringa kernel and meal as animal feed

The kernels of Moringa can be crushed and its
water extract used for purification of water, and
the water extract is a viable replacement coagulant
for chemicals such as aluminium sulphate (alum)
in developing countries.

Moringa oil can be used for human consumption,
the water extract of seed meal which is obtained
after extraction of oil has been used to purify
water. This residue is still active as a coagulant.
The chemical constituents, organic matter
digestibility, gross and metabolizable energies,
rumen degradable and un degradable nitrogen,
non-protein nitrogen, pepsin degradability of
proteins and presence of anti nutritional factors in
kernels, seed meal (fat-free kernel) and in the
residues obtained after removal of water soluble
coagulants from kernels and seed meal obtained
from the Moringa plant (Foidl, 2001). Amino acid
composition of these four fractions of kernels has
also been analysed (Makkar and Becker, 1997).
This information together with reported above for
the Moringa forage will pave the way for better
utilization of different fractions/residues of
Moringa, which are generated as by-products in
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the process of extraction of oil, growth hormones
and coagulants, as animal feed.

Production level of fresh green matter in
Moringa plantations

A study consisting of many trials was completed
to discover the optimum density at which Moringa
should be planted to produce a maximum amount
of fresh green matter (Foidl et al., 2001). The final
density and hence the number of plants eliminated
depends on the specific production goals. If for
example the goal is to produce green fodder with a
maximum of protein and a minimum of lignin
then cutting should be done every 33 to 40 days. If
instead the goal is to produce a maximum of
lingo-cellulose fibers for paper production, the
ideal cutting time would be after 6 to 8 months of
growth. This amount of time would enable the
trunk of the plant to reach the necessary diameter
and for the percentage of leaves, small branches
and bark to be reduced thereby optimising the
percentage of lignified wood.

Since Moringa continues to grow between cuttings
the number of plants per hectare is dramatically
reduced owing to the different growth rates among
the plants. As they compete for sunlight the larger
plants shade out the slower growing or smaller
plants. At 35 days, the average height of the plants
is still between 1.6 and 2.0 meters and so the
competition for light is not yet very great.
Differences in height between plants at this stage
range between 10 and 40 cm.

Uses of Moringa

Moringa leaves are a storehouse of nutrients. The
leaves of Moringa oleifera are rich in minerals
like copper, potassium, iron, magnesium, zinc and
calcium (Kasolo et al., 2010). Vitamins like beta-
carotene of vitamin A, vitamin B such as
folicacid, pyridoxine and nicotinic acid, vitamin
C,D and F also presentin Moringa oleifera
(Mbikay, 2012). Yameogo et al. (2011) also
reported that, on a dry matter basis, Moringa
oleifera leaves contained 27.2% protein, 17.1%
fat, 5.9% moisture and 38.6% carbohydrates.
Anwar and Rashid, (2007) noticed that on a dry
matter basis, Moringa oleifera seeds contained
34.80% ether extract, 31.65% protein, 7.54%
fiber, 8.90% moisture, and 6.53% ash contents.
Makkar and Becker, 1997).

Moringa seed contains antibiotic
(pterygospermin), fatty acids like linolenic acid,
linoleic acid, behenic acid and oleic acid (Ben oil);
Phytochemicals like saponin, tannins, phytate,
phenolics, terpenoids, flavonoids and lectins.
Apart from these it contains, fiber, fats, minerals,
proteins, and vitamins like A, B, C and amino
acids (Rockwood et al., 2013, Thurber and Fahey,
2010, Mibikay, 2012; Nair and Varalaxami, 2011;
Sutalangka et al., 2013). The Moringa pods rich in
lipids, fiber, non-structural carbohydrates, ash and
protein. It also contains fatty acids like linoleic
acid, oleic acid, palmitic acid and linoleic acid
(Rockwood et al., 2013 and Thurber and Fahey,
2010).

There are many uses of Moringa tree viz.,
Medicines, Human food, Water purification,
Animal fodder, Alley cropping, Fertilizer, Living
fence, Domestic cleaning agent, Fuel wood and
many other uses (Agbogidi and Hondu, 2012).
Moringa increased physical energy - Tune up
body with naturally occurring nutrients so as to
make energy last longer. Numerous research
reports reveal that, parts of Moringa plant can
be wused in different techniques. Moringa
oleifera seed and leaves is advantageous source
of nutrients, medicines, clean dirty water and it
can be used for alley cropping; because, it has
lots of leafy material. The uses Moringa oleifera
are well documented by Fahey, 2005 as
nutritional, industrial, medicinal, and
agricultural advantage.

Moringa oleifera has great potential for
prevention of different diseases like nutrient
deficiency, cancer, anemia as well as for dirty
water purification. Moringa powder contains
sufficient amount of vitamins, nutrients and
chemicals in it. This makes the tree a medicine for
many different diseases (Gedefaw, 2015).
Moringa oleifera has also been promoted by
World Health Organization (WHO) as an
alternative to imported food source to treat
malnutrition (Sutalangka et al., 2013).

Implications of Moringa tree to climate change
mitigation

Climate change has a long-lasting impact on
natural resources, economic activities, food
security, health,  society, and physical
infrastructure and society in general. More than
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half of India’s population of one billion people
lives in rural areas and their livelihoods depend on
climate-sensitive sectors such as agriculture,
fisheries, and forestry. Hence, climate change
adaptation measures are of national importance in
order to ensure the protection of rural livelihoods,
to preserve the countries natural resources, and to
foster sustainable development.

As indicated by Amaglo (2013), famine is
connected to climate change and therefore,
planting trees, which can sequester more carbon
like Moringa tree, can play important role in
climate change mitigation. Therefore, there is an
urgent need to implement climate smart policies
that can be built more salient food systems and
combat climate change. There is great potential
for the Moringa tree to not only store carbon, if it
is grown on a much larger scale, but to improve
the livelihoods of many farmers (Gedefaw, 2015).
Moringa oleifera by Rockwood et al. (2013)
shows that, Moringa contain nutritional value and
can be used as bread, milk, spices, juices, sauces,
tea and Moringa oleifera is a wonderful food tree
with a significant source of vitamin C, calcium,
proteins and Iron.

Research report by Rockwood et al. (2013)
confirmed that, Moringa oleifera dry leaves
contain nine times proteins than yogurt, ten times
vitamin A than carrot, twenty five times iron than
spinach, fifteen times potassium than bananas,
seventeen times calcium than in milk and seven
times more vitamin C than orange. Because of
high nutritive value and rich source of protein
Moringa leaves are suggested by doctors,
nutritionists and community health workers to
cope with the problems of malnutrition worldwide
(Razis et al., 2014; Dhakar et al., 2011; Thurber
and Fahey, 2010).

In developing country climate change is affecting
to small holder farmers who dominate the
agriculture sector. The study on the opportunities
for linking adaptation and mitigation in
Agroforestry systems indicated that, the impacts
of climate change are handled at the level of
natural resource base upon which smallholder
farmers depend, at the individual and farming
system level (Vershot et al., 2005). The research
reported on the environmental and medicinal
value analysis of Moringa oleifera specified that,
Farmers need to formulate adaptation strategies
and mechanisms to reduce the climate change

impacts (Gedefaw, 2015). To combat efficient for
climate change mitigation and food shortages it is
good to look at the potential that is already
available in developing and third world countries.
Moringa is therefore a very simple and readily
available solution. Moringa oleifera is called a
“Never Die” plant because of its adaptability to
weather, soil and other environmental vagaries
according to Fuglie (2000). There is clear
evidence that Moringa oleifera is, no doubt, a
suitable crop for climate change mitigation
because of its high level of adaptability and
numerous nutritional, medicinal, agricultural,
domestic and industrial values (Ndubuaku et al.,
2014).

The heavy flushes produced by the trees even
during the dry season act as good sink for
carbon dioxide absorption and utilization, thus
reducing the level of atmospheric carbon
dioxide which is one of the major courses of
ozone layer depletion and global warming.
Moringa tree is a climate-change-adaptable crop
for life sustenance against food insecurity
threats (Ndubuaku et al., 2014).

Large production of the trees is, therefore,
advocated especially amongst the women. It does
not only add to the home-use foodstuff but also
creates job opportunities for women and their
children for their capacity building. It reduces
death toll due to malnutrition and diseases
(Ndubuaku et al., 2014). The ability of the tree to
mitigate the effects of climate change is also
impressive.

According to the study of Villafuerte (2009) the
rate of Moringa tree to absorb carbon dioxide
(CO,) is fifty times (50%) higher when
compared to the Japanese cedar tree and also
twenty times (20x) higher than that of general
vegetation. Study on Moringa and global
warming revealed that, 1 person emits 320 kg of
CO,lyear; it takes 23 Japanese Cedar trees takes
50 years to absorb this amount of CO,; it takes 2
Moringa trees 2 years to absorb this amount and
1 family car emits 2300 kg of CO,/year; it takes
160 Japanese Cedar trees 50 years to absorb this
amount of CO,; it takes 10 Moringa trees 2
years (Ndubuaku et al., 2014). Therefore,
Moringa tree is useful tool in the prevention of
global warming; because it sequesters more
carbon with its all parts. Therefore, planting
such important tree in different parts of the
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country will mitigate the impacts of climate
change (Daba, 2016).
Ethnomedicinal potential of Moringa

Traditional uses

The plant is used as antispasmodic, stimulant,
expectorant and diuretic. Fresh root is acrid and
vesicant (has the taste of horse-radish). Internally
it is used as stimulant, diuretic and antilithic. Gum
is bland and mucilaginous. Seeds are acrid and
stimulant. Bark is emmenogogue and even
abortifacient, antifungal, antibacterial. Flowers are
cholagogue, stimulant, tonic and diuretic and
useful to increase the flow of bile. The plant is
also a cardiac circulatory tonic and antiseptic
(Nadkarni, 2009).

Pods are antipyretic, anthelmintic; fried pods are
used in diabetes. Root juice is employed in cardiac
tonic, antiepileptic. Used for nervous debility,
asthma, enlarged liver and spleen, deep- seated
inflammation and as diuretic in calculus affection.
Decoction is used as a gargle in hoarseness and
sore throat. Root and fruit are antiparalytic. Leaf
juice is used in hiccough (emetic in high doses);
cooked leaves are given in influenza and catarrhal
affections. Root-bark is used as antiviral, anti-
inflammatory, analgesic. Stem-bark and flowers
are hypoglycaemic (Mishra et al., 2011).

Infusion of seed is anti-inflammatory,
antispasmodic and diuretic, also given in venereal
diseases (Mishra et al., 2011).

Along with other therapeutic applications, The
Ayurvedic Pharmacopoeia of India indicated the
use of the dried root bark in goitre, glycosuria and
lipid disorders (also dried seeds), and leaf, seed,
root bark and stem bark in internal abscess, piles
(Khare, 2007).

Dosage: Leaf—10-20ml. juice; root bark—2-5 g
powder; stem bark—2-5g powder; seed—5- 10 g
powder. Leaf, flower, fruit, seed, bark, root—1-3
g powder; 50-100 ml decoction (The Ayurvedic
Pharmacopoeia of India Vol IV& VII).

Medicinal uses of Moringa

Moringa has long been used in herbal medicine in
India as well as Africa. Moringa oleifera is often
referred as a panacea and can be used to cure more
than 300 diseases. Different studies shown that, all
parts of Moringa oleifera (leaves, fruits, immature

pods, and flowers) are incorporated into the
traditional food of humans in many tropical and
subtropical countries.

Medicinal uses of all parts of Moringa

Various parts of Moringa tree act as cardiac and
possess  antitumor,  circulatory  stimulants,
antiepileptic,  antipyretic,  antiulcer,  anti-
inflammatory, antispasmodic, anti-hypertensive,
diuretic, antioxidant, anti-diabetic, cholesterol
lowering, antibacterial, hepato-protective and
antifungal activities.

Leaves: Moringa leaves are the most commonly
used part of the plant. Moringa leaves treat
hyperglycemia, asthma, flu, heart burn,
Dyslipidemia,  malaria,  syphilis,  diarrhea,
pneumonia, scurvy, headaches, bronchitis, skin
diseases, eye and ear infections. Alsoreduces,
blood pressure and cholesterol and acts as an
anticancer, Antioxidant, antimicrobial, anti-
atherosclerotic and ant diabetic agents, neuro-
protectant (Rockwood et al., 2013; Mibikay, 2002;
Fuglie, 2005; ljartini, 2003; Choudhary et al.,
2013; Jung, 2014).

Seeds: Numerous researches reported that,
Moringa seed powder can be used as for cleaning
dirty water in a simple and quick method. Seeds of
Moringa help in treating Chrohn’s disease,
hyperthyroidism, rheumatism, antiherpes- simplex
virus arthritis, cramp, epilepsy gout, and sexually
transmitted diseases, can act as antimicrobial and
anti-inflammatory agents (Rockwood et al., 2013;
Thurber and Fahey, 2010; Kasolo et al., 2010;
Nair and Varalaxmi, 2011; Sutalangka et al.,
2013).

Root: Root bark acts as an anti-ulcer, anti-
inflammatory and cardiac stimulant agent
(Choudary et al.,, 2013; Sreelatha and Padma,
2009; Monera and Mopanga, 2012).

Flower: Many scholars shown that Moringa
flowers act as anti-arthritic; hypocholesterolemic
agents can cure urinary and cold problems (Fuglie,
2005; Sutalangka et al., 2013)

Pods: Moringa pods treat liver, diarrhea and
spleen problems, and joint pain (Rockwood et al.,
2013; Kasolo et al., 2010).

Many natural foods will have many health
benefits, such as providing beneficial nutrition.
Some foods that much more are known as
superfoods. Moringa is one type of superfood that
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is beginning to see a lot more exposure. There are
many benefits of drinking Moringa which might
be surprising. Moringa is a traditional
remedy which has been used for generations in
Eastern cultures. This is why we need to seriously
look at the benefits of drinking Moringa as a
dietary supplement and health aid.

Common diseases like diabetes and heart disease
can be prevented by drinking Moringa as a tea.
The health benefits of drinking Moringa should be
enough for us to add it as a supplement to any
other health aids. It is much better for our health
than drinking green or any herbal tea daily.
Moringa is also perfect as an ingredient when we
want to make a smoothie.

Moringa plant is beginning to gain more
popularity asa new “superfood” for its highly
nutritious profile and powerful anti-inflammatory,
antioxidant, and tissue-protective properties
among many other health benefits.

It has been used for generations in Eastern
countries to treat and prevent diseases such as
diabetes, heart disease, anemia, arthritis, liver
disease, and respiratory, skin, and digestive
disorders. Moringa has become popular as a
natural leaf powder supplement, although the
pods, roots, bark, flowers, seeds, and fruits are
also edible.

It is used as a traditional remedy for many
ailments, and here are few scientifically backed
health benefits of consuming the Moringa leaf.
Moringa use as medicinal and nutritional purposes
was started since centuries (Mahmood et al.,
2010). Moringa oleifera contains all the essential
medicinal and nutritional properties and an
extremely valuable food source that are vital for
human and livestock consumptions (Mahmood
et al.,, 2010; Duke, 1987; Fuglie, 1999, 2000;
Babu, 2000; Razis et al., 2014; Ali et al., 2015).

Moringa is nutrient-packed

Moringa is a rich source of vitamins, minerals,
and amino acids. It contains significant
amounts of vitamin A, C, and E; calcium;
potassium; and protein.

Moringa fights free radicals

Antioxidants fight free radicals, molecules that
cause oxidative stress, cell damage, and

inflammation.

Moringa contains antioxidants called flavonoids,
polyphenols, and ascorbic acid in the leaves,
flowers, and seeds.

The leaf extracts had higher antioxidant activity,
free-radical-scavenging capacity, and higher
inhibition of lipid, protein, and DNA oxidation
than flowers and seeds. This means it prevents the
damage and degradation that free radicals cause in
the cells of different organs in the body, keeping
them healthy and functioning at their best.

Moringa fights inflammation

Inflammation can lead to chronic diseases like
diabetes, respiratory problems, cardiovascular
disease, arthritis, and obesity. Moringa reduces
inflammation by suppressing inflammatory
enzymes and proteins in the body, and moringa
leaf  concentrate  can significantly  lower
inflammation in the cells.

Moringa reduces some diabetes symptoms

Moringa leaf powder has been effective at
reducing lipid and glucose levels and regulating
oxidative stress in diabetic patients, which means
it lowers blood sugar and cholesterol and
improves protection against cell damage.

Moringa protects the cardiovascular system

Moringa leaf powder has heart-healthy
benefits, particularly in blood lipid control, the
prevention of plague formation in the arteries, and
reduced cholesterol levels.

Moringa supports brain health

Moringa supports brain health and cognitive
function because of its antioxidant and neuro-
enhancer activities. It's also been tested as a
treatment for Alzheimer’s disease with favorable
preliminary results.

Its high content of vitamins E and C fight
oxidation that leads to neuron degeneration,
improving brain function. It’s also able to
normalize the neurotransmitters  serotonin,
dopamine, and noradrenaline in the brain, which
play a key role in memory, mood, organ function,
responses to stimulus such as stress and
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pleasure, and mental health, for example in
depression and psychosis.
» Moringa protects the liver

e Moringa contains high concentrations of poly-
phenols in its leaves and flowers that protect the
liver against oxidation, toxicity, and damage.

e Moringa can reduce liver damage and fibrosis and
reverse oxidation in the liver. Moringa oil can
also restore liver enzymes to normal levels,
reducing oxidative stress, and increasing protein
content in the liver.

e The liver is responsible for blood detoxification,
bile production, fructose metabolism, fat
metabolism, and nutrient processing, and it can
only fulfill these functions with the aid of liver
enzymes, so it's vital they stay at normal levels.
For instance, lower levels of hepatic enzymes can
impair its ability to filter the blood.

» Moringa contains antimicrobial and

antibacterial properties

e Moringa has antibacterial and anti-fungal
properties that fight infections. It's been effective
against types of fungi that cause infections on skin
and strains of bacteria responsible for blood and
urinary tract infections and digestive problems.

» Moringa enhances wound healing

e Moringa has blood-clotting properties in its
leaves, roots, and seeds that benefit wound healing
and can reduce clotting time, which means it
reduces the time it takes for scratches, cuts, or
wounds to stop bleeding include (Kumar and
Gopal, 1999).

> How to use it

e We can add Moringa powder to your smoothie or
drink it as a tea. The leaf powder was deemed safe
in human studies, even in larger doses than
normal. The powder has a mild flavor, so it makes
for a light Moringa tea with a slightly earthy taste.

e Moringa can have laxative effects in large
quantities, so a safe dose to introduce it into your
food or diet and avoid digestive problems is % to
1 teaspoon per day.

» Ethnoveterinary potential of Moringa

e Two hundred gm fine leaf paste is given twice
daily for three to five days to cattle for quick relief
from diarrhea and dysentery.

e The fine paste is prepared from five hundred gm
pods and given for a month or so for the relief
from rheumatism.

e The juice of the roots is applied on the ulcers of
cattle for healing and removal of insect larvae
(Mall and Tripathi, 2017).

Conclusion

More Moringa oleifera tree is indeed a miracle tree with
enormous potentials yet to be fully explored in
medicinal and food application. All parts of Moringa
oleifera tree is said to have useful assets that can help
humankind.

This study has tried to reviews a multipurpose uses of
Moringa oleifera and suggestion for the future
mitigation of climate change. Numerous researchers
concluded that, Moringa oleifera is a multipurpose tree
and fast growing and well adapted to growing in adverse
climate conditions and therefore, that is difficult to
overlook in today’s battle with the climate. Different
studies reveal that, Moringa has a direct effect on
agriculture, nutrition, health, water, environment,
biodiversity and sanitation.

The latest research has documented that, Moringa
oleifera is one of the medicine to reduce the occurrence
of water borne disease which is on record as one of the
main causes leading to high incidence of deaths in the
developing countries. Thus, Moringa oleifera seeds are
capable of appealing and sticking fast to bacteria and
viruses that are found in contaminated and turbid water.

The capacity of the Moringa tree is inspiring in
mitigating the adverse effects of climate change. The
research report by Japanese has displayed that the rate of
absorption of carbon dioxide (CO,) by the Moringa tree
is twenty times (20x) higher than that of general
vegetation. There is great potential for the Moringa tree
to not only store carbon, but also to improve the
livelihoods of many smallholder farmers. Therefore,
planting of this tree in different parts of the country will
mitigate the impacts of climate change.

Moringa oleifera really recognized to be a "Miracle tree",
because it has multipurpose use for humankind and thus
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named as a nature gift at very low price. In order to
discover and utilize full uses of this miracle tree, market
development strategies, Strong policies, and research
were required. Given its multiple uses and wide range of
adaptability, Moringa is an ideal crop for sustainable food
production that thrives as the climate changes. Generally,
Moringa oleifera offers very interesting opportunities for
small holder farmers as food supplement, medicine,
nutrition, water treatment, livestock feed, vegetable, oil,
foliar spray, green manure, natural fertilizer, cosmetic,
fooder, care products, soil and water conservation and
reduce greenhouse gas emission.

Dr. M. S. Swaminathan says that the most urgent task
today is the conservation of diversity and pluralism in all
living organisms ranging from microbes to man. In
particular, we need to promote gene bank for a warming
planet. In this connection, the following three kinds of
community gene banks developed by M. S.
Swaminathan Research Foundation (MSSRF) are
worthy of replication. The first one is Genetic Garden of
halophytes, the second one is Genetic Garden of
biofortified plants species like Moringa, sweet potato,
etc. which for helping to find agricultural remedies for
prevailing  nutritional ~ maladies, in  particular
micronutrient dificiencies like Vitamin A, Vitamin B,
Zinc, Iron, etc and the third one is Farm Gene bank for
the in situ conservation (Swaminathan, 2016). We do
remember the deliberations of Dr. M. S. Swaminathan in
the Inaugural function on 1% International
Agrobiodiversity Congress held on 6-9 November,
2016, at Vigyan Bhawan, New Delhi which was
inaugurated by our Prime Minister Sri Narendra Modi.
During his talk Dr. Swaminathan remembered at least
ten times the Moringa and its multipurpose uses with
greater emphasis regarding its positive role to weed out
malnutrition and about its multiplication as well as its
conservation.

Moringa should be promoted for further consumption to
improve nutrition and medicinal functions and as well as
for climate change mitigation.
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