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Abstract

Need to search for edible plants with antimicrobial and nutraceutical properties is increasing
due to reduced efficacy, high cost and increased resistance of conventional medicine and for
food quality and safety applications. This study analysed proximate, amino acids, minerals,
secondary metabolites, and phytochemical composition of Moringa oleifera from two
geographical locations in India and there was wide variation between two regions. Proximate
composition revealed high protein, fibre and less fat content of leaves. Glutamate, arginine
and isoleucine were the major amino acids. Calcium and potassium was found to be high
in leaves and copper was high in seeds. Leaves and seeds had high vitamin E and C. Gas
Chromatography-Mass Spectrometry (GC-MS) analysis revealed 185 compounds from seeds
and 50 compounds from leaves. 1,30-triacontanediol, octacosane, Z-14-nonacosane were found
to be major compounds of leaves from Madurai and nonacosane, .gamma.-sitosterol were found
to be major compounds of leaves from Chennai. 6-octadecenoic acid, n-hexadecanoic acid,
oleic acid were found to be major compounds of seeds from Madurai and 13-docosenamide,
(Z)-, propionamide, ethyl oleate were found to be major compounds of seeds from Chennai.
Leaves had high total polyphenols and antioxidant activity. High antimicrobial activity against

dysentery causing entero-pathogens was found in leaves and seeds from Madurai.

© All Rights Reserved

Introduction

Moringa is the sole genus in the flowering plant
family Moringaceae and is native to Asia and Africa.
Among the 14 species, M. oleifera Lam. (syn. M.
pterygosperma Gaertn.) is most utilized and widely
known (Sengupta, 1970; Morton, 1991; Steinitz et
al., 2009). The leaves and immature pods (drumstick)
are extensively used as vegetable accompaniments
and as health foods in southern India. The leaves
are cooked and eaten like spinach or used to prepare
soups and salads. It is consumed by pregnant women
to enhance breast milk production.

In rural parts, it is used in the preparation of
cow and buffalo ghee from butter fat to enhance
the flavour, taste and extend shelf life (Anwar and
Bhanger, 2003). In folk medicine, leaves are rubbed
against the temple to relieve headaches and poultice
of fresh leaves are applied to stop bleeding from
a shallow cut. The leaf juice is believed to control
glycemia and is applied for swollen glands. They are
traditionally used as purgatives and in the treatment
of haemorrhoids, fevers and inflammation of nose
and throat, bronchitis, eye and ear infections and to
combat vitamin C deficiency. They are also reported
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to control hypertension and hypercholesterolemia
(Asare et al., 2012).

Moringa oil has a high content of oleic acid
(72%) and is used in cosmetic products to increase
the health and strength of hair and skin (Anwar
and Rashid, 2007). Despite the extensive food and
medicinal uses of Moringa, there is little data on the
phytochemical composition of the local varieties.
Therefore, the objective of the present study was to
determine the chemical and nutrient composition of
the extracts from the leaves and seeds of M. oleifera
Lam from Madurai and Chennai districts of the
southern part of India and the comparison of the
phytochemical constituents present in the hexane and
methanol extracts of the Indian species of M. oleifera
Lam using GC-MS.

Materials and Methods

Plant materials

Leaves and seeds of M. oleifera were collected
from Madurai and Chennai districts of Tamilnadu,
India. The samples were washed, air-dried (30°C)
and powdered separately.



826 Chelliah et al./IFRJ 24(2): 825-833

Proximate analysis

The protein, fat, crude fibre and ash content were
determined by AOAC (2005) methods. The moisture
content of the samples was determined using a
moisture analyser (Sartorius MA35).

Determination of amino acid composition
Amino acids were estimated according to Bassler
and Buchholz (1993).

Mineral analysis
Minerals were determined by AOAC (2005)
method.

Vitamin analysis

The B-complex and other water soluble vitamins
determined included B,, B,, B,, B,, B, and C. Fat
soluble vitamins analysed were vitamin A and E
(McMurray et al., 1980; Thompson and Duval, 1989).

Detection of secondary metabolites

Tannins, phlobatannins and flavonoids were
estimated according to Kanimozhi et a/. (2011) and
Evans (2009) respectively. Saponins were detected
by AOAC method (2005).

Steroids

Acetic anhydride (2 mL) was added to 0.5 g
ethanol extract followed by sulphuric acid (2 mL).
The colour changed from violet to blue or green
confirming the presence of steroids.

Terpenoids (Salkowski test)

The extract (5 mL) was mixed with 2 mL of
chloroform. Concentrated sulphuric acid (3 mL) was
added to form a layer. Reddish brown colour at the
interface indicated terpenoids.

Glycosides (Keller-Kiliani test)

The extract (5 mL) was treated with glacial acetic
acid (2 mL), ferric chloride (1 drop) and concentrated
sulphuric acid (1 mL) was overlaid. Brown ring at the
interface indicated glycosides.

Determination of alkaloids
Alkaloids were estimated according to Evans
(2009).

Determination of total polyphenols
Phenolic acids were estimated according to
Singleton and Rossi (1965).

Determination of antioxidant activity

DPPH scavenging method was followed

according to Ratshilivha et al. (2014).

Preparation of crude extracts

Samples (2 g) were extracted with 20 mL of
hexane followed by water at 30°C using a magnetic
stirrer for 3 h and centrifuged at 3500 rpm for 30 min.
The supernatant was separated, filtered and air-dried
(Bodlund et al., 2014). The above procedure was
repeated with methanol.

Bacterial strains
Eleven bacterial strains Escherichia coli,
Salmonella  typhi,  Salmonella  typhimurium,

Shigella dysentery, Enterobacter feacalis, Proteus
vulgaris, Staphylococcus aureus, Shigella flexneri,
Salmonella paratyphi-B, Klebsella pnemoniaea,
Salmonella paratyphi-A were isolated from clinical
cases provided by Sri Ramachandra Medical Centre
and Hospital, Chennai. Bacteria were grown and
maintained in nutrient broth (Himedia, M002) (Holt
etal., 1994).

Antibiotic sensitivity test

Antibiotics (Himedia) having different mode of
actions such as tetracycline (SD037), norfloxacin
(SD057), ciprofloxacin (SD060) and vancomycin
(SD045) were used.

Determination of antibacterial activity using disc
diffusion method

Sterile discs (Himedia-SD067) in nutrient agar
(Himedia M001) were loaded with 40 pL of plant
extracts and plates were incubated at 37°C for 24
hours (Holt et al., 1994).

Detection of phytochemicals by GC-MS analysis

The samples were injected into Agilent 6890N
DB-5 ms capillary column (30 m x 250 mm x 0.25
pm). Compound identification was accomplished
with NIST spectral library.

Detection of functional group by Fourier transform
infrared spectrophotometer (FTIR)

FTIR (CARY 630, Agilent) was based on
Universal Diamond ATR with spectral range 4000-
650 cm™!, spectral resolution 4 cm™ and scan number
8 and DLaTGS detector.

Results and Discussion

Proximate analysis

Moringa is reported to have excellent nutritional
properties, low seed toxicity, high quality of oil,
ability to purify water and adapt to poor soils and dry
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Table 1. Proximate, mineral, vitamin, secondary metabolites composition and
antibacterial activity of M.oleifera
_ e r e Leaf Sead pod
Mutrisnis (3/1003) Maduwrsi Chennsi Maduwrsi Chennsi
Frotein ZE 4002 ZT 1003 210001 3 B0 3
Fat 1. 560003 1. 700 1 0. 10D 4 O 10D 1
Crwde fibre 19, 200.2 180 1D 5. 54010 4 Z+0. 20
Total ash 2 0D, 10 Z2.20+0.2 Z2.50+0.2 Z2. 3001
M oiis ture T.500. 1 5. 200 4 10D.2 5200 1
Calcivm {Ca) ZEZEED. T Z2DEHD. 1 F32+0 .4 FE+0. 1
M agresiem (Mg) ITE0. 240,23  IS0H0.1 BO+0. ZE. 5+, 1
Phosphorows (P 250403 e o= iy 110D 2 12101
Potassium (K} 12910 1 111280 2 270D 2 251101
Copper (Cu) O.6+0. 1 0. 3+0 1 T S0 1 4401
Iron {Fe) Z5.3x0.2 Z5. 3101 & 10D 1 &4 1
Sutfwr {S) BT, 1 SO0, 4 14105 155405
Witzmin A § IR etinod (mgh &.8xD. 1 &.3x0. 1 D3 1 D8 1
“Witzmin B. F Thismins {mg) Z.64x0.4 Z2.55x0.2 Q05D DoDEED.D
Witamin Bz § Riboflavin {mgh 20.5x0.2 21202 O OEED. 1 OoEED. 1
Witamin Ba F MNicotinic acid (mgl) 82401 260, 1 1.240.3 1.5340.5
Witamin B. 7 Pantothenic acid (mg) 0. 12520.2 1.60. 4 . 5D, 1 Q.70 2
Witamin Bz F Folate (ug) 33 5301 40403 45102 48+0.2
Witamin G f Ascorbic Scid (mgk 17303 159.4+D0.1 130D 3 12440 4
Witamin E F Toecophero] {mg) 11302 12106 ND ND
Tanmnins ND ND + +
Fhicbatsnnins ND ND ND ND
Sap-onins + + + +
Flavonoids + + + +
Steroids + + + +
Terp=noids + + ND ND
Ghroosides + + + +
Totsl Folyphenols (mala) 4027x 05 00T *  ARULE  apsweny
Alksloids ND ND + +
Anticecidant Activity (ag/mi) 25+ 0.67 15+ 0.52 36:+0.45 321z 0.33
Zone of inhibition {(mm}

Eschenchia coli 2.0 7.0 25.0 1.0
Saimonsllz fyphi 7.0 7.0 ZZ.0 1.0
Saimonslz fyphimurieam 5.0 7.0 20.0 [+ ]
Shigells dysenferr 2.0 2.0 Z4.0 T
Enfernbacfer faecals ND ND Z8.0 [+ R}
Frofews vwigaris WD NDO 260 ND
Sfaphylocosous SUFSLLS 17.0 12.0 250 12.0
Shigellz Texnam 7.0 2.0 14.0 B0
Ssimonels pars fyph-B WD WD L] MND
Kishsiellz pnewmonizs WD HND WD ND
Salmonellz par= fyphi-A4 D ND D ND

climates. Variation in the nutritive values depends  (2010).

on genetic background, environment and cultivation

methods. The protein content of Moringaisapotential  pfinerals

replacement for animal diets (Moyo et al., 2013). Leaves had high calcium, potassium, sulphur,

Leaves had high protein (28.4 g) and crude fibre
(19.2 g) content but less fat (1.9 g) content whereas
the fat content (0.1 g) was almost negligible in seeds.
Among the two regions, Moringa from Madurai
had slightly higher proximate composition (Table
1). Other studies have reported variable content 16,
22.42,23.27,27.4 and 40% (Nouala ef al., 20006).

magnesium, phosphorous and iron content whereas
copper content was high in seeds. The mineral
composition was slightly higher in Moringa from
Madurai except for sulphur content which was high
in Moringa from Chennai (Table 1). Calcium and iron
content was high when compared with vegetables
such as mushroom and leaves of cassava, amaranth,

taro and pumpkin (Ibok and Deborah, 2008).
Amino acid analysis

All ten essential amino acids were present in both
leaves and seeds with similar leucine, phenylalanine,
threonine and valine content. Leaves had high
isoleucine and low tryptophan content. Seeds had
high arginine and low valine content. Glutamate
was high followed by aspartate, glycine, serine and

Vitamins

Vitamin E (tocopherol) content was high in leaves
whereas seeds had high vitamin C (ascorbic acid)
content. Vitamin B, (riboflavin) content of seeds
was negligible and vitamin E was absent. Vitamin
B, (pantothenic acid) and B, (folate) content were

alanine in leaves and seeds. Among the two regions,
Moringa from Chennai had high amino acid content
(Table 2). Roots, leaves and seeds of Moringa have
appreciable amino acid content. The essential amino
acid profile of both seeds and leaves are similar to the
reports from World Health Organisation except for
the higher leucine content and similar to studies by
Anhwange et al. (2004) and slightly different from
the findings of Foidl ez al. (2001) and Sanchez et al.

similar in leaves and seeds. Folate was found in pg
in both leaves and seeds (Table 1). The low content
of vitamin C in leaves may be due to oxidation loss
during air drying at room temperature for two days. It
is thus evident that Moringa leaves are nutrient dense
providing essential micronutrients.

Secondary metabolites
Saponins, flavonoids, steroids, glycosides and
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Table 2. Amino acid composition of M. oleifera leaves and seeds (g/16g N)

Amins Scids Lesf Seed pod

Madwrsi Chennzi WHO  Madwrsi Chennzi  WHO
Arginine 4 30+D. 1 2.T+0.2 1.88 244402 11.00+0.2 B.0G6
Histidin= 2850402 312403 1.80 5.3+0.3 BT+D.2 2.01
Isoleucine 590402 S9.1040.2 233 B.310. 1 T.7T1D.4 4. 35
Leucine 4 B0+ 1 4 40401 B.22 4 B+D. 1 4. 7+D.3 52T
Lysine 4 1040, 1 3.3040.3 3.60 4. 2+0.3 3.71D.2 3.24
Methionine 1.9040.2 3.4040.1 0.85 3.540.4 3.11D.2 Q.57
Phenylalanine 4 70+0.3  4.60+D.4 4 378 3 50402 35403 4 53
Tryptophan 1.50+0.2 1.59040.1 Z.10 4 3+0.3 3.710.2 2.3
Threomnine 4 10401 4.50+0.2 4.38 3.240.1 3.840.3 322
Waline 4 55D 1 4 TE+D 1 3.36 336402 237405 305
Glycins 5.13+0.2 5.1110.2 5.15 5.0040.3 4. 7H0.1 5.0
Glutamats 15.88+0.1 15233405 1514 14.22+0.4 14.T4+0.6 14.7TG
Serine 4 2501 4 66+ 3 4.20 4. Z2+0.1 411204 425
Alanins 3. 23401 2.50+0.3 3.43 4. Z2+0.1  3.5540.3 323
Asparats 5.44+0.2 6.BE+xD.2 EB.BE 6.02+0.1 63702 6.14

polyphenols were present in leaves and seeds from
Madurai and Chennai but Phlobatannins was absent.
Tannins and Alkaloids were absent in leaves of
both regions. Terpenoids was present in leaves but
not in seeds. Polyphenol content was slightly high
in Moringa from Madurai (Table 1). Secondary
metabolites are activated by enzyme hydrolysis and
are used as medications (Kashiwada et al., 2012). This
study established that M. oleifera leaves and seeds
contained: tannins, steroids, terpenoids, flavonoids,
glycosides, saponins, alkaloids and polyphenols
which have been identified by other researchers
in various plants and in different parts of plants
(Bennett et al., 2003). The findings in this study
agree with earlier studies that not all phytochemicals
are present in all plant parts and that those present
differ according to the type of the extracting solvent
used. Flavonoids are also active in reducing high
blood pressure (Ayinde et al., 2007). They are
many in number as well as strong antioxidants and
also found to be effective antimicrobial substances
in vitro against a wide array of microorganisms by
inhibiting the membrane bound enzymes (Sultana et
al.,2007). Tannins are a group of polymeric phenolic
substances capable of tanning leather, inactivating
and killing microorganisms (Scalbert, 1991).

Antioxidant activity

Leaves from Madurai had 50% higher antioxidant
activity than the leaves from Chennai whereas the
antioxidant activity of seeds was similar for both
the regions (Table 1). Moringa is known for its high
antioxidant activity among all fruits and vegetables
(Yang et al., 2006). Shafaghat et al. (2011) have
also documented high radical scavenging activity
of Hypericum scabrum L., seed (hexane extract)
containing omega-3 fatty acids, bis (2-ethylhexyl)
phthalate, linoleic acid and nonacosane as major
compounds.

Antibacterial activity

Among the eleven entero-pathogens tested it was
found that E. coli, S. typhi, S. typhimurium, S. dysentri,
S. flexneri and S. aureus were inhibited by both leaves
and seeds from Madurai and Chennai. But seeds
from Madurai showed highest inhibition against nine
strains namely E. coli, S. typhi, S. typhimurium, S.
dysentri, S. flexneri, S. aureus, E. feacalis, P. vulgaris
and S. para typhi — B (Table 1). The pathogenesis
results indicated that ciprofloxacin (targeted towards
bacterial nucleic acid) and norfloxacin (targeted
towards bacterial cell wall) inhibited all the 11
strains, but S. fyphi was resistant towards tetracycline
(targeted towards bacterial protein synthesis) and
also S. typhi, S. typhimurium, S. paratyphi-B, K.
pnemoniaea and S. paratyphi-A were resistant against
vancomycin (targeted towards bacterial cell wall)
(Table 1). Ethanolic extract of Cynodon dactylon L
showed 2-Hexadecen-1-ol, 3,7,11,15 tetramethyl,
hexadecanoic acid, Ethyl ester, gamma.-sitosterol,
9-Octadecenoic acid, methyl ester, tetracontane,
N-nonacosane which had high anti-microbial activity
(Kanimozhi et al., 2012). Yayli et al. (2006) reported
the antibacterial activity of nonacosane (6.2%) from
the essential oil of M. meyeri which was lower than
our observation. Tesemma et al. (2013) compared
the antibacterial activity against E. coli based on
IR and NMR of n-octacosane isolated from M.
stenopetala using column chromatography which
showed similarity with the reference compound
(ciprofloxacin). Nonacosane occurs naturally and
has been reported to be a component of Phyllanthus
amarus (Euphorbiaceae) with anti-pesticide property
(Soetan et al., 2010). Salmonella typhi was resistant
to antibiotic targeting nucleic acid (tetracycline).
But the Moringa seed from Madurai inhibited the
pathogen. Similarly, Salmonella species were resistant
to antibiotic targeting cell wall (vancomycin). But
both the leaves and seeds (Madurai) inhibited the
pathogen at very low concentrations 0.16, 0.15 mg/40
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Table 3. Chemical composition M. oleifera leaves 41 2-(4-Chlorophenyl)-5,7-dimethylimidazo 114 3185
Octasiloxane
. . Area :

S No Madurai Moringa Leaves % RT 42 1,13,35577.89.11,11,13,13151515- 124 3252

1 Bicyclo[3.1.1] 0.59 15.46 hexadeoame[hw,

2 Phytol 094 2040 Pyridine, 1,2 3 6-tetrahydro-1-methyl-4-[4-

3 9,12,15-O ctadecatrienoic acid 044 2135 43 Clzfr\curopﬁeﬁyli—' Y v 095 3286

4 Ethylidenecyclooctane 083 26.31 Octasiloxane

5  Cydlonropaneoctanal, 2-00t1-1.5,9,13- 208 2638 44 11335577.9911111313151515- 031 3315

6 9-Octadecenoic acid 0.93 26.51 hexadecamethyl-

7 Hexadecane 1.07 26.71 Octasiloxane,

8 1H-Indene 7 058 2747 45 1,13,35577.8911,1113,13151515 0.14 3322

9 Pyridine-3-carboxamide 037 27 .59 hexadecamelhw—

10 Cyclopropane carboxamide 102 2773 Purine-2,6-dione, 8-(3-ethoxypropylamina)-1,3-
cis-11,12-Epoxytetradecen-1- 46 - : ) : 0.40 33.36

" olDihydroartemisinin 0.59 27.78 dlmethy1—3 o .

12 Z,Z-8,10-Hexadecadien-1-ol acetate 1.16 27.87 47 3-Phenylpropionic acid, 5-methoxy-2-[3 4- 0.82 3350

13 Cyclopropane carboxamide 078  27.95 dimethoxyphenyl}-

14 Cyclopropane carboxamide 052 28.00 48 No matches found 061 3353

15 2-Myristynoyl-glycinamide 1.33 2817 . B -

16 Cyclopropane carboxamide 1.79 28.26 49 2—Myr|styn0y1—g\ycmam|de 0.49 33

17 Cyclopropane carboxamide 1.87 2837 50 Cobalt‘ [1:1"1”‘1‘"-[(1‘2:3‘4-818.)—1. 1.15 33.89

18 1,30-Triacontanediol 14.98 2863

19 Pyridine-3-carboxamide, oxime 118 2873

20 1,3 2-Dioxaphospholane 349 2881 P-L respectively.

21 Pyridine-3-carboxamide 1.66 28.88

22 Eicosane 3.66 2895

23 QOctasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15 1.40 29.01 .

24 13-Docosenamide, (Z)- 7.15 2977 GC—MS analySlS

25  Z-14-Nonacosane 830 3018 The extraction efficiency was higher for

26 5-Acetamido-4,7-dioxo-4.7- 6.51 30.33
dihydrobenzofurazan hexane than methanol. Hence, the hexane extract

27 Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15 3.79 30.63 . . .

28 2,2 Dimethyl-1-oxa-2-silacyclotrid ecanone-13 828  30.90 was subjected to GC-MS analy51s. Thll’ty seven

29 Octacosane 8.57 30.98 d . 1 f M d . d ﬁf

30 1,2-Benzenediol, 3,5-bis(1,1-dimethylethyi)- 579 31.156 Compoun S mn caves rom adural an ty

o1 Octesioxans 1133.58719911111318.15 241 5100 compounds from Chennai were identified (Table 3).

exacosyne . .

33  3.4-Seco-5.alpha-cholestan-3-oicacid 105 337 1,30-triacontanediol (14.98%), octacosane (8.57%),

34 1-Monolinoleoylglycerol trimethylsilyl ether 0.40 3328 .

35 No matches found 086 3350 Z-14-nonacosane (8.3%) and 2,2-dimethyl-1-oxa-

36 9H-Fluorene-4-carboxyl e acid, 9-0xo-, 052 33.69 2-silacyclotrid ecanone-13 (8.28%) were the major

37 Cobalt, [1,1,1",1""-[(1,2,3,4-.eta.) 1.26 33.91 . .

Chennai Moringa Leaves compounds in leaves from Madurai. Nonacosane

1 Eicosane 012 3.86 .

2 Sulurous acid, butyl nonyl ester 011 651 (15.55%) and gamma.-Sitosterol (9.56%) were the

3 Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, 0.32 15.46 : : : bk B4

A 19544956 be-Odahydre naphthalons 095 2134 major compounds in leaves from Chennai. Pyridine-3-

5 Heptadecane, 4-propylHexadecanoic acid 024 2351 carboxamide, 2-myristynoyl-glycinamide, eicosane

6 Ergosta-5,22-dien-3-ol, (3.beta.,22E,245)- 0.66 23.87 .

7 Ergosta-4,22-dien-3 beta.-ol 034 23097 and octasiloxane-1,1,3,3,5,5,7,7,9,9,11,11,13,13,15

8 5,14,23-Octadecatrien-14,15-diol 0.27 2564 . .

9 4-Tetradecyne 072 2631 were common in leaves of both regions.

10 11,13-Dimethyl-12-tetradecen-1-olacetate 1.94 26.38 .

11 1Hondene. 5-bulvl-6-hoxylootahydro-o- 024 2663 Seeds from Madurai had 161 compounds and 185

12 Eicosane 0.99 26.70 M :

B Slouascenoic acd (7). 2,3-ANydroPOPY s oo compounds were found in seeds from Chennai (Table

ia Berrene, 1-isofhiocyanato-2-methyld- vos 2740 4). 6-octadecenoic acid (52.24%), n-hexadecanoic
Thi lidi . . .

js  ZE711Hexadecadien-1-vi acetatediThioctic 050 27 s acid (6.17%), oleic acid (5.12%) were found to be
acid . .

16 Campesterol 500 27.85 the major compounds of seeds from Madurai and
Pyridine-3-carboxamide, oxime, N-(2- . . .

' tnfluoromethylphenyl)- 048 2797 13-docosenamide, (Z)- (13.62%), propionamide

18 AcetamideN «(6-acetylaminobenzothiazol-2-yl)- 062 2801 o o
2-(adamantan-1-yi)- ] (4.48%), ethyl oleate (4.33%) were found to be the

19 N-Methyl-1-adam antaneacetamide 0.82 28.09 . . .

20 14-Benzenediol, 2,5-bis(1,1-dimethylethyl)- 091 2818 major compounds of seeds from Chennai. Eicosane,

21 Pyridine-3-carboxamide 0.87 2822 .

22 Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15  1.08 28.32 13—docosenam1de, (Z)—,octacosane, hexadecane and

23 13-Methyl-Z-14-nonacosene Hexasiloxane 1.35 28.38 9 d . d f d b h

24 5-(p-Aminop henyl)-4-(p-tolyl)-2-thiazolamine 1.26 28.46 _OCta €cenoiC aci were foun tO 5 t € common

25 Perhydro-htx-2-one, 2-depentyl-, acetate ester 2.42 28.56 3 1 1

e e T rarns  or oo fractions in seeds. Seeq extracts contained a larger

27 Methadone N-oxide 308 2881 number of phytochemicals than leaves and seeds

28 Heptacosane 5.12 28.94 . .

Ostasiloxane, from Chennai had more phytochemicals. Tocopherol

29 1,1,3,3,55,7,7,99,11,11,13,13,15,15 15- 298 29.09 . . . .
hexadecamethyl- and .gamma.-sitosterol in this study were consistent
Octasiloxane, . , “g.

30 1,13.3557,7.99,11,11,13,13,15,15,15- 178 2018 with the study of Sanchez et al. (2010). Pyridine-
hexadecamethyi- . . . .
Octasiloxane, 3-carboxamide and 2-myristynoyl-glycinamide

31 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15,15- 252 2927 . . Lo .
hexadecamethyl- have been recognized with medicinal properties

ctasiloxane, | . A

P exadccameimy IR RIS 18IS 266 2943 and uses against approximately 80 diseases such

33 e 6.011.11.43.13.15 1515 130 2949 as cancer, cystic fibrosis, cardiovascular diseases,
h d thyl- .

31 s Do amide 343 2077 cell membrane and DNA damage by free radicals,

35 Eicosane 278 29.90 b . b b b :

3o e Stosterol oee  aoao oxidation of low density lipoproteins and disorders of

37  Pyriding-3-carboxamide 507 30.33 the skin, eye, lungs, and other lipid body constituents

38 Cyclohexanecarboxylic acid 6.03 30.89 .

39 Nonacosane 1555 3099 (C()hen and Grlfo, 2007)

40 Pyridine-3-carboxamide 3.77 31.14

829
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Table 4. Chemical composition of M. oleifera seeds

S.No Madurai Moringa Seeds A!;:a RT
1 Hydroxylamine, o-decyl- 001 487
2 Docosanoic acid 1-methyl-butyl ester 0.03 5.00
3 Tetradecane, 2,6,10-trimethyl- 0.03 5.36
4 1-lodo-2-methylundecane 0.04 547
5 Dodecane 0.03 5.56
6 Dodecane 0.01 5.84
7 Hexadecane, 2,6,11,15-tetramethyl- 0.05 597
8 Oxalic acid 0.06 6.08
9 Heptadecane 0.12 6.28
10 Tndecane 0.03 6.38
1 Nonane 0.03 6.46
12 Heptadecane 0.02 6.55
13 Dodecane 0.03 6.63
14 Cyclohexasiloxane, dodecamethyl- 0.01 6.78
15 Octane, 5-ethyl-2-methyi- 0.04 6.85
16 1-lodo-2-methylundecane 0.01 6.97
17 Decane 0.01 7.09
18 Heptadecane 0.01 7.31
19 Eicosane 0.01 7.43
20 3-Allyl-6-methoxyphenol 0.01 7.53
21 Eugenol 0.02 7.60
22 Tetradecane 0.09 779
23 Heptadecane 0.04 7.96
24 Hexacosane 0.04 §.09
25 2-(4'-Methoxyphenyi)-2-(2'- 0.05 819

methoxyphenyl)propane
26 Eicosane 0.05 8.31
27 Heptadecane, 9-octyl- 0.06 8.50
28 Nonane 0.19 8.64
29 1,2,3-Benzenetriol nonane 0.05 8.82
30 1,2,3-Benzenetriol 0.03 8.94
3 Decane 010 905
32 Hentriacontane 0.16 9.15
33 Nonane 0.03 9.29
34 Heptadecane, 9-octyl- 0.03 9.40
35 Phenol, 2 4-bis(1,1-dmethylethyl) 0.06 9.63
36 Hexadecane 0.02 9.73
37 Heptacosane 0.06 9.82
38 Nonadecane 0.02 9.98
39 Docosane 0.05 10.16
40 Hexadecane 0.07 10.28
H Dodecanoic acid 0.08 1049
42 1-Hexadecene 0.02 1064
43 Hexadecane 012 10.75
44 Heptadecane 0.04 10.88
45 Diethyl Phthalate 0.07 11.02
46 Docosane 0.06 11.33
a7 Hexadecanoic acid 0.07 11.61
48 Eicosane 0.04 11.72
49 Octadecane 0.04 11.81
50 Octacosane 0.05 11.99
51 Eicosane 0.04 11.99
52 Octacosane 0.06 12.19
53 Docosane 0.03 12.29
54 Heptadecane 0.10 12.44
55 Octadecane 017 12.61
56 Hentriacontane 0.04 1275
57 Docosane 0.04 12.85
58 Heptacosane 0.03 13.03
59 Octadecane 0.05 13.18
60 Docosane 008 13.36
61 Tricosane, 2-methyl- 0.05 13.51
62 Heptadecane, 3-methyl- 0.03 13.66
63 Tetradecanoic acid 0.06 13.78
64 Tetradecanoic acid 015 13.91
65 1-Octadecene 0.03 14.06
66 Octadecane 010 1417
67 Dodecane, 1,1-oxybis- 0.02 14.26
68 Dodecane 0.02 14.33
69 Cyclododecane 0.01 14.42
70 Cyclononasiloxane 0.04 14 56
71 Cyclohexadecane, 1, 2-diethyi- 0.01 1470
72 Cyclohexadecane 0.01 14.81
73 Eicosane 0.04 14.93

75
76
77
78
79
80
81
82
83

84

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

149
150

151

152
153
154
155
156
157

158

159
160
161
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Heneicosane

Methoxyacetic acid
Heneicosane

Phthalic acid, butyl isohexyl este

1H-Purine-2 6-dione, 3,7-dihydro-1,3, 7-timethyl-
1H-Purine-2 6-dione, 3 7-dihydro-1,3, 7-timethyl-
1H-Purine-2 6-dione, 3,7-dihydro-1,3, 7-timethyl-

Tracontane
Heptacosane
Hexadecanoic acid

7,9-DiHert-butyl-1-oxaspiro(4,5)eca-6,9-diene-

2,8-dione

Benzenepropanoic acid

Docosane

Octadec-9-enoic acid

Dibutyl phthalate

Hexadecanoic acid

n-Hexadecanoic acid

Tricosane

n-Hexadecanoic acidl-(+)}Ascorbic acid
n-Hexadecanoic acidl-(+)}Ascorbic acid
n-Hexadecanoic acid Ethanol
Hexatriacontane

9-O ctadecenoic acid, methyl ester,(E)}-
|I-(+)-Ascorbic acid 2,6-dihexadecanoate
1-Chloroeicosane

Dotriacontane

Heptadecane, 9-octyi-

Ethyl Oleate

Oleic Acid

6-0 ctadecenoic acid

Oleic Acid

Oleic Acd

Oleic Acid

Oleic Acd

Oleic Acid

Oleic Acd

Oleic Acid

Oleic Acid

beta.-Tocopherol

1,1,1,5,7,7, 7-Heptamethyl-3,3-
bis(trimethylisilox y)
Ergosta-4,7,22-trien-3.beta -
olAnthraergostatrienol
17,21-Dimethyiheptatriacontane
6-Chloro-4-phenyl-2-propylquinolin
Ergosta-4,6,22-trien-3.beta.-ol
Eicosane, 10-heptyl-10-octyl-Octacosanol
Vitamin E

Tetratnacontane

Cycloprop[7,8lergost-22-en-3-one,3',7-dihydro-,

(5.alpha.7.beta. .8 alpha. 22E)-
Cyclodecasiloxane
Campesterol
Stigmasterol
Chennai Moringa Seeds
Silane, cyclohexyldimethoxymethyl-
Tetratetracontane
Decane, 3,6-dimethyl-
Dodecane, 2-methyl-
Decane, 2,4, 6-trimethyl-
Tndecane
Undecane, 2 4-dimethyl-
MNonane, 1-iodo-
Nonadecane
Dodecane, 4 6-dimethyl-
Dodecane, 4 6-dimethyl-
Oxalic acid, 6-ethyloct-3-yl heptyl ester
Cyclohexasiloxane, dodecamethyl-
Heptadecane, 8-methyl-
Nonane, 5-butyl-
Pentadecane
Eicosane, 10-methyl-
Decane, 3,8-dimethyl-
Phenol, 2-methoxy-3-(2-propenyl)-
Tetradecane
Pentadecane
Dotnacontane
Caryophyllene

0.06
0.02
0.04
0.25
0.83
0.05
0.04
0.05
0.15
0.11

0.04

0.06
0.10
0.10
0.37
1.48
6.17
048
0.42
022
0.49
0.40
0.47
0.38
0.15
0.25
0.81
493
512
52.24
024
0.39
053
0.27
0.41
0.92
0.92
0.36

0.42
0.07

0.08

0.06
0.16
0.28
0.10
0.28
0.06

0.05

0.04
017
0.31

0.11
0.12
0.16
0.12
0.05
0.20
023
0.48
0.10
0.11
0.11
0.11
0.09
022
0.07
0.07
0.03
0.07
0.30
0.26
0.21
0.20
017

15.03
15.21
15.30
15.70
15.92
16.10
16.18
16.26
16.39
16.52

16.67

16.99
17.14
17.23
17.39
17.76
18.24
18.82
19.09
19.21
19.41
19.50
19.69
19.75
19.91
19.98
20.14
2092
21.34
22.29
23.05
23.18
23.25
23.38
23.51
23.68
24.03
24.28

30.21
3035

30.45

30.58
3074
3095
3123
3136
31.71

32.08

32.40
33.15
33.76

4.96
5.36
5.46
5.56
5.83
5.96
6.08
6.28
6.38
6.45
6.55
6.62
6.78
6.85
6.97
7.08
7.31
7.42
7.54
7.78
7.95
8.08
8.31
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25
26
27
28
29
30
31
32
33
34
35
36
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38
39
40
41
42
43
44
45
46
47
48
49

50
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56
57
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59
60
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63
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67
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70
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73
74
75
76
7
78

79
80
81
82
83
84
85
86

87
88
89
90
91
92
93
94
95
96
97
98

Pentadecane

Hexadecane
2.3-Dimethyidodecane

Silane, trichlorooctadecyl-
Heneicosane

Heneicosane

Hexadecane

Phenol, 2 4-bis(1,1-dimethylethyl)
Docosane

Pentacosane

Dodecane

Heneicosane

Tetracosane

Pentacosane

Tetratetracontane
1-Hexadecene

Hexadecane

Dodecane, 2 6,11-trimethyl-
Tridecane, 2-methyi-

Diethyl Phthalate

Tridecane

Heptadecane, 9-octyl-
Dodecane

Heptadecane
10-Methylnonadecane
Benzeneacetic acid, .alpha.,3,4-
tris[(trimethylsilyl)oxy]-, trimethylsilyl ester
Heptacosane

Tetratnacontane

Heptadecane

Heptadecane

Heptadecane, 9-hexyl-
MNonacosane

2-Bromo dodecane
Heptadecane

Octadecane

Eicosane

2-Bromo dodecane
Tetracosane

Heneicosane

Heptadecane, 3-methyl-
Octacosane

3-Octadecene, (E)-
6-Tetradecanesulfonic acid, butyl ester
Pentadecane

Eicosane

Eicosane, 10-methyl-
Octacosane

Cyclononasiloxane, octadecamethyl-
Decane, 1-iodo-

Dodecane, 2,6,104tnimethyl-
Heptadecane

Octacosane

Octacosane

Tetratnacontane
1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester

Triacontane

Octadecane

Docosane, 7-hexyl-
Heptadecane, 9-octyl-
Octadecane, 1-iodo-
MNonacosane

Hexadecanoic acid, methyl ester
2H-Isoindole-2-acetic acid, 1,3-dihydro-.alpha.-
methyl-1,3-dioxo-, methyl ester
Nonane, 1-iodo-

Docosane

Triacontane

Decane, 3,8-dimethyl-

Dibutyl phthalate

Hexadecanoic acid, ethyl ester
Octadecane

Eicosane

Heptadecane, 2-methyl-
Heptadecane, 3-methyl-
Octacosane

Docosane
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017
0.47
0.09
0.41
1.00
0.14
0.13
042
0.40
021
0.15
0.14
0.03
0.06
0.04
0.04
0.23
0.16
0.07
0.09
0.14
0.21
0.20
0.10
0.12

0.28

0.19
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0.32
0.13
023
0.31
0.96
021
017
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0.32
0.52
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0.14
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0.04
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0.14
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0.39
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0.15
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9.04
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10.12
10.27
10.39
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12.74
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9-Octadecenoic acid (Z)-, methyl ester
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Eicosane
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Hentriacontane
1-Ethylsulfanyimethyi-2,8 9-triox a-5-aza-1-sila-
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Dodecane, 1,1-oxybis-

Oleic Acd

Oleic Acid

Octadecanoic acid, ethyl ester

Oleic Acid

Oleic Acid

Octadec-9-enoic acid

6-Octadecenoic acid, (Z)-
6-Octadecenoic acid, (Z)-

Oleic Acid

Eicosane

Oleic Acid
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9-Octadecenoic acid, (E)-
Octadec-9-enoic acid

Oleic Acid

Docosane

Hentriacontane

Heptadecane, 2 6,10,15-tetramethyl
2-t-Butyl-6-ethylidene-5-(1-
hydroxyethyl)[1,3]dioxan-4-one

Docosane

Heneicosane

.beta -Sitosterol

Stigmasterol, 22, 23-dihydro-
9-Octadecenamide, (Z )}

Heneicosane

9-Octadecenoic acid, (E)-

Hexasiloxane, tetradecamethyl-
9-Octadecenoic acid (Z)-, 2,3-dihydroxypropyi
ester

9-Octadecenoic acid (Z)-, 2-hydroxysthyl ester
Stigmasta-5,24(28)-dien-3-ol, (3 beta 247}
S-[2-[N,N-Dimethylaminolethylpyrollidine-M-
carbonylthiocarbohydroximate
9-Octadecenoic acid (Z)-, 2-hydroxy-1-
(hydroxymethyl)ethyl ester

Tnacontane, 1-bromo-

Hexadecanoic acid, 1-(hydroxymethyl)-1,2-
ethanediyl ester

Triacontane, 1-bromo-

Eicosane, 9-octyl-
1,2-Benzenedicarboxylic acid, diisooctyl ester
9-Octadecenamide, (Z)-

Nonadecane

Trncosane

9-Octadecenoic acid, (E)-
9-Octadecenoic acid, (E)-
9-Octadecenoic acid (Z)-, 2-hydroxy-1-
(hydroxymethyl)ethyl ester

1,1,1,57,7 T-Heptamethyl-3,3-
bis(trimethyisiloxy)tetrasiloxane
Dotnacontane, 1,32-dibromo-
Nonadecane

Heptadecane, 2-methyl-

Propionamide, 2,2-dimethyl-N+56,7,9-
tetrahydro-9-oxo0-1,2 3,10~
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13-Docosenamide, (Z)-
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(all-E)-

17,21-Dimethylheptatriacontane
17,21-Dimethylheptatriacontane
Eicosane

1-Nonadecene

0.14
0.18
0.25
0.39
0.35
0.28
0.19
017
0.27
0.88

0.72

4.33
0.78
0.52
0.35
0.59
0.35
0.22
0.25
0.35
0.26
0.14
0.20
0.28
0.18
0.29
0.16
0.16
0.16
0.13
063
0.83

1.42

0.73
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0.55
2.30
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1.07

1.19
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1.55
2.08
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1.25
1.70
3.79
1.25
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0.39
1.26
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1.02

0.51
1.33
1.20

13.62
0.80
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0.35
0.74
042
0.50
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19.61
19.67
19.75
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19.94
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21.09
21.19
21.31
21.43
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22.05
22.14
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22.37
22.45
22.57
22.65
22.74
22.81
22.96
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23.32

23.51
2358
23.68
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2416
2428
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24.49

2456
2467

2482

2498
2521
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26.46
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168  Hentriacontane 030 2853
169  Octadec-9-enoic acid 027 28863
170 Cyclodecasiloxane, eicosamethyl- 074 2878
171 Tetratniacontane, 17-hexadecyl- 028 2894
172 Tricosane 020 2904
173 1-Nonadecene 016 2916
174 Pyridine-3-carboxamide, oxime, N-(2-

triyﬂummmethylphenylj— ‘ M 030 2938
175 gamma_-Tocopherol 028 3020
176 Cyclononasiloxane, octadecamethyl- 021 30.34
177 1-Nonadecene 004 3050
178 Ascorbyl Palmitate 007 3088
179 Tetrapentacontane, 1,54-dibromo- 0.08 31.09
180 Vitamin E 059 3132
181 17,21-Dimethylheptatriacontane 006 31867
182 Cyclononasiloxane, octadecamethyl- 021 3237
183  Campesterol 121 3310
1o Pyt 1ZANIOSIS o g0
185 stigmasterol 144 3369

FTIR analysis

Leaves and seeds from both regions had similar
fingerprints but different functional groups. The
seeds had more functional groups than the leaves.
The results confirmed the presence of primary
alcohol, secondary alcohol and phenol in the range
3800-2000 (wavenumber). Alkanes, aldehyde,
aromatic compound, aromatic amines and halogen
compounds were present in the range 2000-1000
in leaves and 2000-800 in seeds. The alkynyl and
carbonyl peaks were common in case of seed and
leaf extracts. Amine peak is observed in case of
seeds from Madurai whereas alcohol/phenol peak
in seeds from Chennai. Apart from these numerous
new peaks were observed in the finger print region
of both leaf and seed from Madurai and Chennai.
In leaves from both Madurai and Chennai similar
peaks were found at 1891.190, -0.000; 1607.456,
658.740; 1400.314, 14.189; 1313.259, 31.578;
1238.598, 126.757; 1020.719, 2673.696. In seeds
from both the regions similar peaks were found at
2107.539, 0.0739; 1743.103, 143.232; 1642.424,
1999.837; 1534.885, 643.529; 1447.072, 434.725;
1230.938, 573.831; 1047.216, 3128.011; 787.752,
234.920 (Fig. 1). Total phenols present in Moringa
leaves extracts were reported using FTIR spectrum
which showed intense bands characteristic of phenol
groups. In Moringa major bands between 625-581
cm’ and minor bands between 560 and 400 cm
in FTIR spectra of starch was attributed to skeletal
modes of glucose pyranose ring since starch exhibit
very similar spectra characteristics with glucose in
this region (Adebisi et al., 2014).

Conclusions
Inconclusion, the presence of numerous secondary

metabolites and high content of phytochemicals with
other essential components could be useful to design
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Figure 1. FTIR analysis of M. oleifera leaves and seeds

food products for consumers with specific needs,
to ensure the practice of traditional medicine and
suggest new areas of research. The difference in the
activity of Moringa based on geographical locations
will broaden the boundaries to explore.
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