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Abstract Moringa oleifera Lam., the miracle tree, is
widely used as a traditional medicine. The analyses of
phytochemicals and antioxidant potential of hydroethanolic
extract of various plant parts of M. oleifera revealed that
leaves possessed the highest content of total phenolics
(9.58 mg/g), P-carotene (14.10 mg/g) and lycopene
(2.60 mg/g). Flowers and bark showed the highest content
of total flavonoids (3.5 mg/g) and anthocyanin
(52.80 mg/g), respectively. Leaves also showed maximum
antioxidant potential using nitric oxide scavenging assay
(ICsp - 120 pg/ml) and deoxyribose degradation assay
(IC50—178 pg/ml). Highest DPPH radical scavenging
activity was observed in flowers (IC5,—405 pg/ml). The
GC-MS study revealed the presence of 29, 36 and 24
compounds in bark, leaf and flower, respectively. The
major constituent identified were epiglobulol (41.68%
in bark), phytol (23.54% in leaf) and f-sitosterol
(15.35% in flower).The phytochemicals identified possess
several therapeutic activity, including antioxidant potential,
which was confirmed through earlier reports. Moreover, the
presence of 1,1,3-triethoxubutane in all the plant parts
analyzed, projects it as an important source of waste water
treatment as hydrophobic modifiers.
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Introduction

Reactive oxygen species (ROS) or free radicals are
molecular species having an unpaired electron in an atomic
orbital with independent existence. ROS are produced
during oxidative processes and their rate of production
increases under pathological conditions (Weidinger and
Kozlov 2015). These free radicals initiate the chain reac-
tion and damage the cell. Antioxidants check the concen-
tration of ROS in the cell through scavenging free radical,
inhibiting lipid peroxidation, and chelating catalytic metal
ions (Valko et al. 2016). Phyto-antioxidants have lesser
side effects as compared to the synthetic antioxidants
(Nasri et al. 2015) and thus search for novel natural
antioxidants becomes inevitable.

Moringa oleifera Lam. (Moringaceae), commonly
known as miracle tree, is a good source of proteins, vita-
mins and minerals (Saini et al. 2016). Every part of the
plant is palatable and is considered as the ‘natural nutrition
of the tropics’. The plant possesses important metabolites
like quercetin, kaempferol, zeatin, campesterol, sitosterol
etc., which confer various medicinal uses, including anti-
hypertensive, anticancer, hepatoprotective, anti-inflamma-
tory and cholesterol lowering activities (reviewed by Koul
and Chase 2015; Kumar et al. 2016; Saini et al. 2016). The
hydroethanolic extract of M. oleifera has been reported to
modulate the pro-inflammatory mediators in lipopolysac-
charide stimulated macrophages (Fard et al. 2015). In
Rajasthan (a semi-arid region of India), parts of this plant
form a common ingredient of many dishes cooked in a
household kitchen (Bhargave et al. 2015). Studies on
humans and animals have revealed that the M. oleifera is
quite safe for consumption (Stohs and Hartman 2015).

It is a well established fact that geographic variation
affects the production of phyto-compounds with regard to
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the amount and type, together with its bioactivities (Fig-
ueiredo et al. 2008; Vongsak et al. 2015). Thus, exploring a
plant for its bioactive components from different regions of
the world, in search of new active principles, always holds
significance. There are scanty reports on the identification
of metabolites of M. oleifera from Rajasthan, which focus
only on pods and in vivo antioxidant activity (Paliwal et al.
2011; Mathur and Kamal 2012; Singh et al. 2014). The
present work was undertaken to investigate and compare
the phytochemicals and antioxidant potential of plant parts
(Flower, bark and leaves) of M. oleifera from Rajasthan.
This study of the experimental plant has been reported for
the first time from this region to the authors’ best
knowledge.

Materials and methods
Extraction

Samples of bark and leaves of M. oleifera were collected in
the month of February, 2014 and flowers in March, 2014
from the campus of Banasthali University, Rajasthan,
India. A voucher specimen was deposited at the herbarium
of the Department of Bioscience & Biotechnology,
Banasthali University (Specimen no. BURI-890/2015).
Various plant parts were dried in oven at 35-40 °C for
4 days and then finely powdered. 5 g of powdered samples
were taken in 95% ethanol and kept in an orbital shaker
(Metrex, MRS-100C—37 °C; 120 rpm) for 24 h. There-
after, the contents were centrifuged at 3000 g for 15 min.
The supernatant of each sample was collected and stored at
4 °C for further analysis.

Total phenolic content (TPC)

TPC was determined according to the method of Singleton
and Rossi (1965). 0.125 ml of ethanolic extract was added
to 0.125 ml of Folin—Ciocalteu reagent. Then sodium
bicarbonate was added and the mixture was diluted to 3 ml.
Test tubes were then incubated for 90 min and absorbance
was recorded at 760 nm. The result was expressed as mg of
Gallic acid equivalents GAE/g dry weight of sample.

Total flavonoid content (TFC)

The assay was carried out by the method of Vats (2016)
and expressed as Quercetin equivalents in mg QE/g dry
weight of sample. Extracts were mixed with 95% ethanol,
10% aluminum chloride, 1 M potassium acetate and dis-
tilled water. After incubation at room temperature, the
absorbance of the reaction mixture was measured at
415 nm.
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B-carotene and Lycopene content

1 ml of extract was vigorously shaken with 10 ml of ace-
tone hexane mixture (4:6) for 1 min and filtered through
Whatman No. 4 filter paper. The absorbance of the filtrate
was measured at 453, 505, and 663 nm and B-carotene and
lycopene contents were calculated according to following
formula (Nagata and Yamashita 1992):

Lycopene = —0.0458A¢63 + 0.372A505
B — carotene = 0.216A¢¢3 — 0.304A505 + 0.452A453.

Ascorbic acid content

1 g of dried and powdered sample was macerated in 10 ml
of extracting solution (3% metaphosphoric acid in 1.39 N
acetic acid) for 5 min. The solution was centrifuged and the
supernatant was titrated against indophenol solution
(0.25 mg/ml) till a distinct rose pink color persisted for
>5 min (end point) and compared with blank. Ascorbic acid
content was calculated as per given formula (AOAC 1990):

mg Ascorbic acid/g = (X — B) x (F/E) x (V/Y)

X = average milliliter for test solution titration; B = av-
erage milliliters for test blank titration; F = milligrams of
ascorbic acid equivalent to 1.0 ml indophenol solution;
E = grams of sample assayed; V = volume of the initial
test solution; and Y = volume test solution titrated.

Anthocyanin content

1 ml of sample was diluted to 5 ml using potassium
chloride buffer (0.025 M; pH 1.0) and sodium acetate
buffer (0.4 M; pH 4.5), each in different test tubes (Hor-
witz and Latimer 2006). Absorbance was recorded for both
the dilutions at 520 and 700 nm. Anthocyanin pigment
concentration (cyanidin-3-glucoside equivalents, mg/ml)
was determined as follows:

Anthocyanin pigment (cyanidin — 3
—glucoside equivalents, mg/ml)
= (A x MW x DF x 10%)/(g x 1)

where, A = (Aszo — A700) PH 1.0 — (Aszo — A700) PH
4.5, MW = molecular weight of cyanidin-3-glucoside i.e.
449.2 g/mol, DF = dilution factor, 1 = path length in cm,
& = 26,900 molar extinction coefficient in Lmol 'cm™",

10° = conversion factor from g to mg.

DPPH radical scavenging assay

The assay was carried out according to the method of Vats
and Kamal (2014). 1 ml plant extract was mixed with 1 ml
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of 0.3 mM DPPH and allowed to stand for 30 min at room
temperature in dark. The absorbance was taken at 517 nm
and ICso (png/ml) was calculated.

Nitric oxide scavenging assay (NOSA)

2 ml of sodium nitroprusside (10 mM) in 0.5 ml phosphate
buffer saline (1 M; pH 7.4) was mixed with 0.5 ml extract
and the mixture was incubated at 25 °C for 150 min. From
the incubated mixture, 0.5 ml was taken out and added to
1 ml of sulphanilic acid reagent. 1 ml of naph-
thylethylenediaminedihydrochloride (0.1%) was added and
incubated at room temperature for 30 min. Absorbance was
measured at 540 nm. Nitric oxide radical scavenging
activity was calculated and expressed as ICsy (pg/ml;
Badami et al. 2003).

Deoxyribose degradation assay (DDA)

The reaction mixture contained in a final volume of 1.0 ml,
100 pl of 2-deoxy-2-ribose (28 mM), 500 pl solution of
various concentrations of test sample in potassium phos-
phate buffer (50 mM; pH = 7.4), 200 ul of EDTA
(1.04 mM) and FeClz (200 uM) solution (1:1 v/v), 100 pl
of H,O, (1 mM) and 100 pl of ascorbic acid and the
mixture was incubated at 37 °C for 1 h. 1 ml of TBA (1%)
and TCA (2.8%) each was added to the test tubes and was
incubated at 100 °C for 20 min. After cooling, absorbance
was measured at 532 nm. Results were expressed as ICsg
(pg/ml; Halliwell et al. 1987).

FRAP Assay

300 mM acetate buffer (pH 3.6), 10 mM 2, 4, 6-tripyridyl-
striazine (TPTZ) in 40 mM HCI and 20 mM FeCl;.6H,O
in distilled water was prepared. 25 ml of acetate buffer,
2.5 ml TPTZ solution and 2.5 ml FeCl;.6H,O solution was
mixed to make the working solution.50 pl of extract was
mixed with 1.5 ml of FRAP reagent. Absorbance was
recorded after 5 min at 593 nm (Benzie and Strain 1996).

GC-MS analysis

The analysis was done on a Shimadzu system GC-MS
QP2010 on an omega wax column. The following program
was used: helium was used as the carrier gas at an injection
temperature 250 °C (with a split ratio of 10.0), ion-source
temperature 230 °C. The oven temperature was pro-
grammed from 80 °C (isothermal for 3 min), with an
increase of 10 °C/min, to 250 °C (isothermal for 5 min),
then 15 °C/min to 280 °C, ending with a 18 min isothermal
at 280 °C. MS was programmed to have a scan interval of
0.5 s.The peaks were identified from NIST (National

Institute of Standards and Technologies) or WILEYS
libraries of the mass spectrometer.

Statistical analysis

Experimental results were expressed as mean =+ standard
error (n = 3). Statistical analysis was done using Duncan’s
MRT at P < 0.05.

Results and discussion
TPC and TFC

TPC was found to be 0.59 and 1.36 folds more in the leaves
of the experimental plant as compared to flower and bark,
respectively. On the other hand highest content of TFC was
observed in flower (3.5 £ 0.1 mg/g; P < 0.05) as lowest in
bark (1.47 4+ 0.08 mg/g; P < 0.05; Table 1). Total
polyphenols were found to be more in the aqueous
methanolic extract of M. oleifera leaves grown in Chad,
Sahrawi refugee camps (Southwestern Algeria), and Haiti
as compared to the present study (Leone et al. 2015).
Fakurazi et al. (2012) reported lesser TPC in flowers
(0.24 mg GAE/g) and leaves (0.19 mg GAE/g) in 80%
ethanolic extract of M. oleifera collected from Malaysia.
Moreover, they reported a low TPC content in aqueous
extract than ethanolic extract. The alcoholic leaf and flower
extracts of miracle tree showed the presence of 4.44 and
4.41 mg/ml of TFC, and 2.28 and 1.08 mg/ml of TPC,
respectively (Sankhalkar and Vernekar 2016). Singh et al.
(2009) reported 9.9 and 12.63 folds higher TPC and TFC,
respectively in the aqueous extract of leaves of M. oleifera
collected from Lucknow, India. This shows that the
selection of solvent for extraction is important for getting
more amount of phytometabolites of interest. The differ-
ence can also be attributed to the different geographical
locations from where the samples have been collected
because environmental factors influence the production of
bioactive compounds (Akula and Ravishankar 2011).

Carotenoid and lycopene content

Leaves showed 5.5 and 7.67 folds more lycopene content
as compared to flower and bark, respectively. Similarly, the
highest content of P-carotene was observed in leaves
(14.1 £ 0.05 mg/g) and lowest in bark (0.60 + 0.04 mg/g;
Table 1). Leone et al. (2015) observed the presence of
0.28 mg/g of B-carotene in the leaves of the experimental
plant. Lower content of B-carotene in M. oleifera leaves
has also been reported by other workers (Charan and Gupta
2013; Raghavendra et al. 2015). The lycopene content in
different plant parts of the experimental plant has been

@ Springer



242

Physiol Mol Biol Plants (January—March 2017) 23(1):239-248

Table 1 Amount of various phytometabolites (mg/g) in plant parts of M. oleifera

Plant parts TPC TFC [-carotene Lycopene Ascorbic acid Anthocyanin

Leaf 9.58° + 0.29 2.3% 4+ 0.09 14.10° + 0.05 2.60° £ 0.04 2.80° £+ 0.18 9.40* + 0.98
Flower 6.03° + 0.06 3.5+ 0.1 1.40° £ 0.10 0.40° + 0.10 7.10° £ 0.46 40.90° + 1.88
Bark 4.06* + 0.04 1.47* + 0.08 0.60* + 0.04 0.30* + 0.05 2.60* + 0.25 52.80° + 1.46

Values are mean £ S.E. (n = 3). Values not sharing a common superscript differ significantly at P < 0.05 (DMRT)

reported for the first time. Carotenoids widely distributed in
plants, giving red, orange or yellow color to fruits/leaves
and are a precursor of vitamin A. Lycopene is a carotenoid
which protects biomolecules like DNA, proteins and lipids
against adverse effects of free radicals (Reshmitha et al.
2017). It has the highest potential to scavenge singlet
oxygen. Thus, it plays a significant role in disease man-
agement (Lin et al. 2016).

Ascorbic acid content

Ascorbic acid reduces the indicator dye 2, 6-dichloroin-
dophenol, to colorless solution. Excess unreduced dye
gives rose pink color in an acid solution and indicates the
end point (AOAC 1990). The highest amount of ascorbic
acid was found in flower (7.10 4+ 0.46 mg/g) and the
lowest amount in bark (2.60 £ 0.25 mg/g; Table 1). The
content was found to be more than the Moringa samples
collected from Nicaragua and Pakistan (Siddhuraju and
Becker 2003; Igbal and Bhanger 2006), which reveals its
high nutritional property. Raghavendra et al. (2015)
reported a lower content of Ascorbic acid (0.75 mg/g) in
the leaves of M. oleifera. As ascorbic acid is an important
and widely studied dietary antioxidant present in the
extracellular fluids. It neutralizes ROS in aqueous phase
before the initiation of lipid peroxidation and also

Fig. 1 Antioxidant potential of
M. oleifera (DPPH, NOSA &
DDA-ng/ml; FRAP-uM)
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regenerates o-tocopherol, which in turn inhibits peroxyl
radical and singlet oxygen (Percival 1998).

Anthocyanin content

Anthocyanin is responsible for the blue, purple and red
colour of flower, fruits and leaves (Lu et al. 2015). Mono-
meric anthocyanin reversibly change color with a change in
pH. The difference in the absorbance of the pigments at
520 nm is proportional to the pigment concentration (Lee
et al. 2005). The least amount of all the metabolites ana-
lyzed, except anthocyanin, was observed in bark. The
anthocyanin content was evaluated to be 4.62 and 0.29 folds
more than leaves and flower, respectively (Table 1).
Anthocyanins have been reported to be an antidiabetic and
insulinotropic agent, inhibitor of lens opacity caused due to
diabetic retinopathy and lipid lowering agent interfering
with obesity (Ghosh and Konishi 2007).

Antioxidant assays

DPPH, NOSA and DDA were expressed as ICsq. Lower the
ICsy value, higher is the antioxidant activity. Highest
DPPH scavenging activity was observed in flower (405 pg/
ml) followed by leaf (610 pg/ml) and bark (890 pg/ml;
Fig. 1). Leaves collected from different provinces in

@Flower @ Leaf W Bark

MNOSA DDA FRAP
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Table 2 Constituents of hydroethanolic extract of plant parts of M.

oleifera
No. R. Area  Components (Bark)
time %

1. 4525 0.82  cis-4-Cyclopentene-1 ,3-diol*

2. 4715 0.84 3,8-Dimethyl-2,7-dioxaspiro[4.4]nonane-1,6-
dione®

3. 4.934 1.71 1,1 ,3—Trieth0xybutane#

4. 5872 6.9  Acetophenone®

5. 6.170  0.64 2-Phenylpropan-2-ol#

6. 7226 041  24-Hexadiene, 1,1-diethoxy”

7. 8.171 047  cis-3-Hexenal diethyl acetal®

8. 9.115 644  Alpha citral®

9. 10.783 0.68  Tridecane

10. 10.890 0.38  Heptadecane

11. 11.686 5.88  Cytidine®

12. 12.075 0.24  Benzeneacetonitrile, 4-hydroxy-

13. 13.638 41.68 Epiglobulol

14. 16.083 0.19  Neophytadiene”

15. 16.168 0.35 2-Pentadecanone, 6,10,14—trimethyl—#

16. 16492 0.44 1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester”

17. 16.888 0.42 2—Phenyltridecane#

18. 16976 0.38  Hexadecanoic acid, methyl ester”

19. 17328 1.72  n-Hexadecanoic acid

20. 17.642 1.20  Heptadecanoic acid, ethyl ester

21. 18.625 1.01 9-Hexadecyn-1-ol*

22, 19.153 0.28  Docosanoic acid

23. 19242 034  cis-9,12-Linoleic acid®

24. 19.283 0.99  Ethyl 9-hexadecenoate”

25. 20446 0.27  Palmitate

26. 22599 0.62  2-Methyloctacosane®

27. 23463 1.04  Bis(2-ethylhexyl) phthalate

28. 34718 4.78  Stigmasterol

29. 36.126 13.55 y-Sitosterol”

Leaf

1. 4319 074  Phenol®

2. 4515 0.66  2-Hydroxy- gamma-butyrolactone#

3. 4929 0.82 1,1,3—Trieth0xybutane#

4. 5867 449  Acetophenone®

5. 6.166 034  Phenylpropane-2-ol*

6. 7.136 0.16  2,3-Dihydro-3,5-dihydroxy-6-methyl-4 h-
pyran-4-one

7. 7.224  0.19 2,4-Hexadiene, 1,1 —diethoxy—#

8 8.169 0.18  cis -3-hexenal diethyl acetal®

. 11593 157  Cytidine®

10. 12.837 0.50  Phosphoric acid, diethyl octyl ester”

11. 13.643 4.03  Epiglobulol®

12. 14510 0.75  2,6-Bis(l,1-Dimethylethyl)-4-Methylphenol

13. 15250 0.54  Tetradecanoic acid

14. 16093 0.74  2,6,10-Trimethyl,14-ethylene-14-pentadecne®

Table 2 continued

No. R. Area  Components (Bark)
time %

15. 16490 0.14 1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester”

16. 16974 1.21 Hexadecanoic acid, methyl ester”

17. 17.061 0.24 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-
diene-2,8-dione”

18. 17337 5.04  n-Hexadecanoic acid

19. 17.638 0.95 Hexadecanoic acid, ethyl ester

20. 18.633 0.56 9,12-Octadecadienoic acid (Z,Z)-, methyl
ester”

21. 18702 4.37  9,12,15-Octadecatrienoic acid, methyl ester,
zz2)-*

22. 18.825 23.54 Phytol

23, 19.054 1.18 cis,cis,cis-7,10,13-Hexadecatrienal

24. 19.233 051  cis,cis-Linoleic acid®

25. 19.309 4.33 Linolenic acid, ethyl ester”

26. 20.292 0.23 Isopropyl(dimethyl)silylpalmitate#

27. 20.443 136  Octadecanoic acid, 2-hydroxy-1,3-
propanediyl ester”

28. 21.067 0.64 4,8,12,16-Tetramethylheptadecan-4-olide#

29. 21.197 0.70 Methyl (Z2)-5,1 1,14,17-eicosatetraenoate”

30. 22.245 0.58  3-Cyclopentylpropionic acid,
2-dimethylaminoethyl ester”

31. 22367 0.39  Hexadecadienoic acid, methyl ester”

32. 22594 228  Eicosane

33. 31920 20.57 Vitamin E

34. 36.101 1.74  f-Sitosterol

35. 36.554 2.82  Stigmasta-524(28)-dien-3-ol, (3.beta.)-*

36. 38344 157  Lupeol”

Flower

1. 4380 7.08b 1,2,3-Propanetriol®

2. 4711  0.37 3,8-Dimethyl-2,7-dioxaspiro[4.4]nonane-1,6-
dione®

3. 4933 1.03 1,1 ,3—Trieth0xybutane#

4. 5869 1439 Acetophenone®

5. 6.166 0.87  Phenylpropan-2-ol*

6. 8971 054  dl-Mevalonic acid lactone®

7. 13.644 2.62  Epiglobulol®

8. 14.510 1.04  Propanoic acid, 2-methyl-3-[4-t-
butyl]phenyl-*

9. 15.248 091 Tetradecanoic acid

10. 17338 8.14  n-Hexadecanoic acid

11. 17.639 5.25 Hexadecanoic acid, ethyl ester

12.  19.058 3.07 (Z,Z)—6,9—cis—3,4—epoxy—nonadecadiene#

13. 19281 14.77 Ethyl Oleate®

14. 19491 1.49  Octadecanoic acid, ethyl ester”

15. 20.404 1.85  Tetratetracontane

16. 21385 0.79  Docosanoic acid, ethyl ester”

17. 22593 4.74 2-Methyloctac0sane#

18. 24.042 0.85 Docosanoic acid, ethyl ester”

@ Springer



244

Physiol Mol Biol Plants (January—March 2017) 23(1):239-248

Table 2 continued

No. R. Area
time %

Components (Bark)

19. 25.745 4.36
20. 33959 1.85
21. 34718 3.64
22. 36.084 15.35
23. 37.044 143
24. 39939 1.77

Hexatriacontane
Campesterol”
Stigmasterol
B-sitosterol”

Methyl commateC*
Stigmast-4-en-3-one”

# Reported first time in M. oleifera

Acid esters _Tocopherol

Nucleoside
N

Aldehyde \
Fatty Acids ‘

Ketones

Sterol
Alcohol

AAlkane
‘Aromat‘ic

Alkene

Fatty Acid Esters

Terpenoids

Fig. 2 Major phytochemical groups identified from GC-MS analysis
of hydroethanolic extract of M. oleifera (compounds present in more
than one plant parts have been considered only once)

Thialand showed better DPPH scavenging activity, which
ranged from 39.73-150.64 pg/ml (Vongsak et al. 2015).
Santos et al. (2012) reported relatively lower scavenging
activity of the ethanolic extract of the flower of Moringa
collected from Brazil. This difference may be attributed to
a different geographical location of sample collection,
which often leads to a differential metabolite profile,
especially antioxidants (Igbal and Bhanger 2006). The
antiradical efficiency of leaves of the experimental plant
procured from Rajasthan has been reported (Kamal et al.
2012). NO scavenging assay is based on the scavenging of
nitric oxide radicals generated from sodium nitroprusside
by Griess reagent (sulphanilamide and NED that compete
for nitrite in the Griess reaction). Leaf (120 pg/ml) and
flower (130 pg/ml) showed better activity against nitric
oxide radical (Fig. 1). Sreelatha and Padma (2009) repor-
ted a much lower value of IC;5y for NO scavenging assay
for aqueous extract of leaves of Moringa from Tamil Nadu,
India, using soxhlet process. It can be concluded that the
method of extraction and solvent used plays a vital role in
asserting the antioxidant potential of the plant extract.
Hydroxyl radical scavenging activity was found to be

@ Springer

highest in the leaves (178 pg/ml) followed by flower and
bark (Fig. 1). Florence et al. (2014) reported very high ICs,
value for OH scavenging assay in the leaf sample from
Brazil using methanol as solvent. Thus, it can be concluded
that hydroethanolic extract is better solvent for M. oleifera
for hydroxyl radical scavenging activity. FRAP assay
depends upon the reduction of ferric tripyridyltriazine
(Fe**-TPTZ) complex to ferrous tripyridyltriazine (Fe**-
TPTZ) complex, which has an intense blue color which can
be monitored at 593 nm (Vats 2016). Unlike the above
results highest ferric reduction (FRAP) was shown by bark
(2036.6 & 3.3 uM) followed by flower
(1845 4+ 16.25 pM) and leaf (978.3 & 20.8 uM; Fig. 1).
There is no previous report on FRAP activity of bark.
There are few reports on the FRAP activity of leaves and
flower of Moringa (Fakurazi et al. 2012; Florence et al.
2014). Effective antioxidant potential of M. oleifera shown
in various assays can be attributed to the presence of sig-
nificant amounts of antioxidants (TPC, TFC, acorbic acid,
anthocyanins, lycopene and carotenoids) as reported earlier
in the present study.

GC-MS analysis

The GC-MS study revealed the presence of 29, 36 and 24
compounds in bark, leaf and flower of M. oleifera, respec-
tively (Table 2). Overall, four compounds were found to be
present in all the plant parts analyzed (1,1,3-triethoxybutane;
acetophenone; epiglobulol and n-hexadecanoic acid); bark
and leaf possessed 6 common compounds (2,4-hexadiene,
1,1-diethoxy; cis-3-hexenal diethyl acetal; cytidine; 1,2-
benzenedicarboxylic acid, bis(2-methylpropyl) ester; hex-
adecanoic acid, methyl ester; and cis-9,12-linoleic acid); 3
compounds were present in both bark and flower (3,8-
dimethyl-2,7-dioxaspiro[4.4]nonane-1,6-dione;2-methyloc-
tacosane and stigmasterol), and leaf and flower (detrade-
canoic acid; hexadecanoic acid, ethyl ester; and f-sitosterol).
Out of 69 compounds identified (compounds present in more
than one plant parts were considered only once) from dif-
ferent plant parts only 18 have been reported earlier (dis-
cussed in the next paragraph), the rest has been reported for
the first time. Major phytochemical groups identified have
been shown in Fig. 2.

Chuang et al. (2007) reported the presence of tridecane,
n-hexadecanoic acid and palmitate in the volatile compo-
nent of leaves of M. oleifera from Taiwan. Mukunzi et al.
(2011) identified tetradecanoic acid and heptadecane
together with tridecane from the samples collected from
Rwanda and China. Few other compounds, which have
been already identified are-stigmasterol; f-sitosterol (An-
war et al. 2007); 2,3-dihydro-3,5-dihydroxy-6-methyl-4 h-
pyran-4-one (Dev et al. 2011); phytol; eicosane; hexa-
troacontane (Marrufo et al. 2013); benzeneacetonitrile,
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Table 3 Activities of the identified compounds as reported from from previous studies. Sources: ** Soane et al. (2012); *Dr. Duke’s Phyto-
chemical and Ethno botanical Database (2014); 1Ramasamy and Gopalakrishnan (2013); 2 Goclik et al. (1999); *Gohar et al. (2010); “Kumar

et al. (2010); 5Asghar et al. (2011)

Components

Previously reported bioactivity

cis-4-cyclopentene-1,3-diol (B)
3,8-Dimethyl-2,7-dioxaspiro[4.4]nonane-1,6-dione (B, F)
1,1,3-Triethoxybutane (B, L, F)
Acetophenone (B, L, F)
2-Phenylpropan-2-ol (B)
2,4-Hexadiene, 1,1-diethoxy (B, L)
cis-3-Hexenal diethyl acetal (B, L)
Alpha citral (B)

Tridecane (B)

Heptadecane (B)

Cytidine (B, L)

Benzeneacetonitrile, 4-hydroxy- (B)
Epiglobulol (B, L, F)
Neophytadiene(B)

2-Pentadecanone, 6,10,14-trimethyl- (B)
1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester (B, L)
2-Phenyltridecane (B)

Hexadecanoic acid, methyl ester (B, L)
n-Hexadecanoic acid (B, L, F)
Heptadecanoic acid, ethyl ester (B)
9-Hexadecyn-1-ol (B)

Docosanoic acid (B)

cis-9,12-linoleic acid (B, L)

Ethyl 9-hexadecenoate (B)

Palmitate (B)

2-Methyloctacosane (B,F)
Bis(2-ethylhexyl) phthalate (B)
Stigmasterol (B,F)

y-sitosterol (B)

Phenol (L)

2-Hydroxy-gamma-butyrolactone (L)

Phenylpropane-2-ol (L)
2,3-Dihydro-3,5-dihydroxy-6-methyl-4 h-pyran-4-one (L)
Phosphoric acid, diethyl octyl ester (L)
2,6-Bis(1,1-Dimethylethyl)-4-Methylphenol (L)
Tetradecanoic acid (L, F)
2,6,10-Trimethyl,14-ethylene-14-pentadecne (L)
7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione (L)
Hexadecanoic acid, ethyl ester (L, F)

9,12-Octadecadienoic acid (Z,Z)-, methyl ester (L)

9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z2)- (L)
Phytol (L)

cis,cis,cis-7,10,13-hexadecatrienal (L)

cis,cis-linoleic acid (L)

Linolenic acid, ethyl ester (L)

NR

NR

Hydrophobic modifier in waste water treatment®*

Antibacterial, fungicide*

Flavor, fragrance®

NR

NR

Antibacterial, pesticide*

Antimicrobial *

Antimicrobial, cytotoxic to HeLa and MCF-7 cell lines'

NR

HIV type 1 reverse transcriptase and tyrosine kinase inhibitor?
Antiseptic, cytotoxic*

Antipyretic, analgesic, anti-inflammatory, antimicrobial, antioxidant*
Fragrance*

Antibacterial®

NR

Anti inflammatory*

Antioxidant, hypocholesterolemic, pesticide, anti-androgenic factor”
Antioxidant*

NR

Cosmetics*

Antioxidant, hypocholesterolemic*

Antioxidant, anti androgenic, flavor, hemolytic*

Antioxidant, Hypocholesterolemic4

Pheromone*

Oral toxicity during pregnancy and suckling in long -Evans rat®
Antioxidant, antiviral, Antihepatotoxic, anti-inflammatory*
Anti-diabetic, antiangeogenic, anticancer, anti-inflammatory, antimicrobial*
Analgesic, antioxidant,

Antibacterial*

NR

Flavor, fragrance®

Antimicrobial, anti-inflammatory, antioxidant*®

NR

Antioxidant*

Antioxidant, cancer preventive, lubricant, cosmetics*
Antipyretic, analgesic, anti-inflammatory, antimicrobial, antioxidant*
NR

Antioxidant, anti androgenic, flavor, hemolytic*
Anticarcinogenic, antiatherogenic,

antioxidant, anti-inflammatory*

Anti-inflammatory, antieczemic, anticoronary, insectifuge*
Antimicrobial, anticancer, anti-inflammatory, diuretic*

NR

Antioxidant, hypocholesterolemic*

Anti-inflammatory, hypocholesterolemic, hepatoprotective*
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Table 3 continued

Components

Previously reported bioactivity

Isopropyl(dimethyl)silylpalmitate (L)

Octadecanoic acid, 2-hydroxy-1,3-propanediyl ester (L)

4,8,12,16-Tetramethylheptadecan-4-olide (L)
Methyl (2)-5,11,14,17-eicosatetraenoate (L)

3-Cyclopentylpropionic acid, 2-dimethylaminoethyl ester (L)

Hexadecadienoic acid, methyl ester (L)
Eicosane (L)

Vitamin E (L)

p-Sitosterol (L,F)
Stigmasta-5,24(28)-dien-3-ol, (3.beta.)- (L)
Lupeol (L)

1,2,3-Propanetriol (F)

dl-Mevalonic acid lactone (F)

Propanoic acid, 2-methyl-3-[4-t-butyl]phenyl- (F)
(Z,2)-6,9-cis-3,4-epoxy-nonadecadiene (F)
Ethyl Oleate (F)

Octadecanoic acid, ethyl ester (F)
Tetratetracontane (F)

Docosanoic acid, ethyl ester (F)
Hexatriacontane (F)

Campesterol (F)

Methyl commate C (F)
Stigmast-4-en-3-one (F)

NR

Flavor*

Antimicrobial*

Antibacterial, to treat dysentery and diarrhea*

NR

Anti-inflammatory*

Antimicrobial and larvicidal*

Antioxidant, immunostimulant, Hypocholesterolemic4
Anti diabetic, antiangeogenic, anti-inflammatory, antidiarroheal*
Antioxidant*

Antioxidant, antihypoglycemic,

Anti-tumor*

Anticataract, antiearwax, antineuralgic, antiketotic*
NR

Antioxidant*

Pheromone*

Flavor*

5-alpha reductase inhibitor, hypocholesterolemic, lubricant, flavor*
Antimalarial and antibacterial

Cosmetics*

Antioxidant*

Antioxidant, hypocholesterolemic, anti-inflammatory*
Antidiabetic, antihyperlipidemic*

Antiprostatitic*

Within parentheses—B Bark; L Leaf; F Flower; NR No report

4-hydroxy-; heptadecanoic acid, ethyl ester; docosanoic
acid; bis(2-ethylhexyl) phthalate; tetratetracontane (Mathur
et al. 2014); hexadecanoic acid, ethyl ester (Nepolean et al.
2009) and vitamin E (Atawodi et al. 2010). In another
study GC-MS analysis showed the presence of cis-vacce-
nic acid; 9,12,15-octadecatrienoic acid ethyl ester; 6-oc-
tadecenoic acid; and 2-octyl-cyclopropaneoctanal in the
methanolic extract of M. oleifera leaves (Jayanthi et al.
2015). The present study shows a difference in the amount
of the already reported compounds in the plant parts ana-
lyzed together with the occurrence of non-reported com-
pounds. The climatic zone where the plant is grown
potentially affects the presence of metabolites and its
bioactivities (Figueiredo et al. 2008).

In order to ascertain the ‘miracle’ behind the miracle
tree, the bioactivity/use of the identified compounds were
explored from previously reported studies (Table 3).
Components of bark showed potential as antioxidant,
antimicrobial, antiseptic, cytotoxic, HIV Type 1 reverse
transcriptase inhibitors, etc. Bioactive compounds from
leaf possess antimicrobial, antioxidant, hypoglycemic, anti-
inflammatory, antidiarrhoeal and others. Metabolites from

@ Springer

flower were reported to have antioxidant, antidiabetic,
anticataract, antiearwax, antineuralgic, antiseptic, cytotoxic
and others (Table 3). Moreover, the presence of 1,1,3-
Triethoxybutane in all the plant parts analyzed, projects it
as an important source of waste water treatment, as
hydrophobic modifiers, which finds relevance in the pre-
sent day global water pollution scenario (Soane et al.
2012).

In conclusion, the study projects M. oleifera as a very
rich source of bioactive compounds having multiple ther-
apeutic activities including antioxidant potential, which
was elucidated through the GC-MS and other biochemical
studies. Moreover, the role of the plant in waste water
treatment can also be explored. The study also emphasizes
the need to study plants from various geographical regions
in search of new therapeutic molecules. Overall, the plant
is a good candidate for the search of future nutraceuticals.
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