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Abstract

Plants remain a vibrant source of diverse bioactive phytochemicals that are secondary
metabolites protecting them from infections and predations. Magnolia champaca is reported to
possess a multitude of phytochemicals. In the present study, the phytochemical constituents of
the methanolic extract of Magnolia champaca leaves were analysed qualitatively and with gas
chromatography-tandem mass spectrometry (GC-MS/MS). Fourier transform infrared (FTIR)
spectroscopic analysis was performed to identify the chemical nature of the extract and to find
structurally similar compounds. Preliminary phytochemical screening revealed the presence
of alkaloids, flavonoids, terpenes, glycosides, phenols, steroids, tannins and saponins. FTIR
spectroscopic analysis revealed structurally related compounds. GC-MS/MS analysis revealed the
presence of 99 diverse compounds with varied biological activities, among which 1,2,4-butanetriol,
n-hexadecanoic acid, cis vaccenic acid, phytol, trans longipinocarveol and caryophyllene oxide
were found predominantly. Thus, the identification and characterisation of the phytochemicals in
the extract favour the development of novel therapeutic agents.

Keywords: Magnolia champaca, GC-MS/MS, FTIR, phytochemicals, phytol, caryophyllene oxide

#Part of M.V.Sc. thesis submitted to Kerala Veeterinary and Animal Sciences University, Pookode, Wayanad,
Kerala

1. MVSc. scholar

2. Assistant Professor, Department of Vieterinary Pharmacology and Toxicology, College of Veterinary and
Animal Sciences, Pookode

Associate Professor and Head

Assistant Professor

Associate Professor, Department of Veterinary Biochemistry

Veterinary Assistant Surgeon, Department of Animal Husbandry, Dairying and Fisheries, Tamil Nadu

S O AW

*Corresponding author: preethy@kvasu.ac.in, Ph: 9446031275

Copyright: © 2023 Shankar et al. This is an open access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.

Qualitative and quantitative phytochemical analysis of Magnolia champaca leaves



https://orcid.org/0000-0002-2220-2645
https://orcid.org/0000-0002-7973-8205
https://orcid.org/0000-0001-7121-1954
https://orcid.org/0000-0001-5205-2986
https://orcid.org/0000-0003-3732-1353
https://orcid.org/0000-0002-8696-0541
https://orcid.org/0000-0003-4247-3861

RESEARCH ARTICLE

Plants remain a vibrant source of
diverse bioactive phytochemicals that are
secondary metabolites that protects them
from infections and predations. Even though
synthetic pharmaceuticals are extensively
available today and quite successful at treating
a wide range of disorders, several people still
favour using phytomedicines because of their
less critical side effects.

Magnolia  champaca  commonly
known as champak/chembakam is an
evergreen tropical tree known for their scented
flowers. Traditionally the plant parts were used
for their beneficial activity against nausea,
haemolysis, leprosy, ulcers, gout, cough,
bronchitis, malaria and dysmenorrhea (Sinha
and Varma, 2017).The plant possessed diverse
pharmacological activities like antioxidant
(Hasan et al., 2020), antimicrobial (Daphedar
et al., 2020), schizonticidal (Mehrotra et al.,
2017), spasmolytic, air-way relaxing and
vasodilating potential (Sagibetal., 2018).Yesmin
et al. (2021) established the antineoplastic
potential of M. champaca bark methanolic
extract against Ehrlich ascites carcinoma (EAC)
in Swiss albino mice. All these pharmacological
activities are due to the diverse phytochemical
constituents contained in them. Thus, the
present study was conducted to screen the
phytochemical constituents qualitatively and
quantitatively using FTIR spectroscopy and
GC-MS/MS analysis.

Materials and methods

Collection and authentication of plant
material

The leaves of M. champaca was
collected from Mannarai, Tirupur, Tamilnadu
(Fig. 1). The herbarium prepared from the
collected leaf was authenticated from Raw
material Herbarium and Museum Department
(RHMD), Council of Scientific and Industrial
Research (CSIR)-National Institute of Science
Communication and Policy Research (NIScPR),
New Delhi.

Extraction of plant material

The extraction procedure was
carried out as per the standard protocol of hot

continuous extraction method using Soxhlet
apparatus. The leaves of M. champaca was
collected, cleaned off dust and debris, shade
dried by spreading on the paper.The dried
leaves were coarsely pulverised using an
electric pulveriser. Then, it was packed in
a thimble, weighed and assembled in the
Soxhlet apparatus with methanol (99 per
cent, v/v) at 67°C. The methanolic extracts
thus obtained was concentrated in the rotary
vacuum evaporator under reduced pressure
and temperature (40°C) in a pear-shaped flask.
The dried extracts was stored in a wide necked
container at -20°C in a deep freezer until further
use. The yield of the prepared extract was
calculated using the formula,

Extraction yield (per cent) =
Weight of the extract

Weight of the sample taken

X100

Qualitative phytochemical screening

The methanolic extract was subjected
to qualitative analysis for the presence of
various phytochemical components namely
glycosides, tannins, steroids, phenolic
compounds, alkaloids, flavonoids, diterpenes,
triterpenes and saponins (Harborne, 1998).

Steroids in the extract was detected
using Salkowski’s test. Fifty milligrams of
the extract were dissolved in three millilitres
of chloroform. Few drops of concentrated
sulphuric acid were added through the sides
of the test tube and the solution was allowed
to stand. A red colour denoted the presence of
steroids.

One gram of the extract was mixed
with five millilitres of liquid ammonia and then
extracted with an equal volume of chloroform.
To this, five millilitres of dilute hydrochloric
acid was added.The acid layer obtained was
further utilised for the detection of alkaloids.
To one millilitre of the acid extract, eight
drops of Dragendorff's reagent wereadded.
Development of a reddish-brown precipitate
indicated the presence of alkaloids. In Mayer’s
test, one millilitre of the acid layer was mixed
with eight drops of Mayer’s reagent. A cream-
coloured precipitate signified the presence of
alkaloids. To one millilitre of the acid layerone
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millilitre of Wagner's reagent was added.
Development of reddish-brown precipitate
indicated the presence of alkaloids. For Hager’s
test, one millilitre of the acid layer was mixed
with eight drops of Hager’s reagent. A yellow
precipitate denoted the presence of alkaloids.

For detection of glycosides sodium
hydroxide test was used. Fifty milligrams of
the extract were dissolved in one millilitre of
distilled water. Six drops of 10 per cent sodium
hydroxide solution were added to it. A yellow
colour developed denoting the presence of
glycosides.

Phenols in the extract was detected
using ferric chloride test, for which five
milligrams of the extract was dissolved in one
millilitre of water and five drops of 10 per cent
ferric chloride were added to it.A bluish black
colour formed which signified the presence of
phenols.

For detection of tannins, ferric chloride
and gelatin test were employed. Treated two
milligrams of the extract with three millilitres of
one per cent ferric chloride solution. A brownish
green or a blue-black colouration signified the
presence of tannins. Similarly, one gram of the
extract was mixed with a few drops of one per
cent solution of gelatin containing 10 per cent
sodium chloride.A white precipitate signified
the presence of tannins.

Flavonoids in the sample was
detected using ferric chloride and lead acetate
test. Treated two millilitres of the methanol
extract (500 mg extract in 10 mL methanol) with
four drops of neutral ferric chloride solution.
Formation of green colour indicated the
presence of flavonoids. Likewise, treated two
millilitres of the alcohol extract (500 mg extract
in 10 mL methanol) with three millilitres of 10 per
cent lead acetate solution.A yellow precipitate
signified the presence of flavonoids.

About five milligrams extract were
mixed with three millilitres of five per cent copper
acetate solution. Development of green colour
indicated the presence of diterpenes. While
for detection of triterpenes, three milligrams
of extract were mixed with three millilitres
of chloroform and it was shaken with three
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millilitres concentrated sulphuric acid.A yellow
colour in the lower layer on standing denoted
the presence of triterpenes.

Saponins in the sample was detected
using froth/foam test. Approximately 200 mg
of the extract was shaken with five millilitres of
water. Persistenceof foam produced for 10 min
indicated the presence of saponins.

Gas chromatography-tandem mass
spectrometry (GC-MS/MS) analysis
The phytochemical constituents

from the extract were analysed using GC-MS/
MS system at Central Instruments Laboratory
(CIL), College of Veterinary and Animal
Sciences, Mannuthy, Kerala. The components
of the extract were separated using gas
chromatography (Trace 1300) and the separated
constituents were analysed using TSQ 8000
MS/MS.The compounds were separated on
TSQ-2MS capillary column (30 m x 0.25 mm;
ID 0.25 um film).The sample was dissolved in
methanol, filtered in a 0.22 pym syringe filter
and then used for further analysis. The column
oven temperature was programmed from an
initial temperature of 80°C for two minutes then
increased at a rate of 15°C/min to 150°C for
one minute and finally to 250°C for five minutes
which was at a rate of 10°C/min. The oven run
time was 20 min. The injection temperature and
ion source temperature were 290°C and 230°C,
respectively. Helium was used as the carrier
gas at flow rate of 1mL/min. The ionising energy
used was 70 eV. All the data were obtained by
collecting the full-scan mass spectra within the
scan range 50-500 atomic mass units (amu).
Compounds were identified using the National
Institute of Standards and Technology MS
Search 2.0 library (Aathira et al., 2021).

Fourier transform infrared

spectroscopic analysis

(FTIR)

To identify the structurally similar
molecular compounds present in the extract,
Attenuated Total Reflectance - Fourier transform
infrared (ATR-FTIR) spectrometer analysis
was performed. A Perkin- Elmer Spectrum
Two™ FTIR spectrometer with attenuated total
reflectance (ATR) was used in the current study.
Spectrum was taken from 4000 cm-"to 400 cm~'
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range using an infra-red (IR) spectrophotometer
against the blank. The sampling station was
equipped with an overhead ATR accessory.
The ATR diamond crystal was carefully
cleaned with pure isopropanol and a small
quantity of the sample was placed carefully on
the diamond crystal surface to cover the ATR
diamond windowto focus the laser beam. Each
spectrum was recorded as absorbance under
60 N and analysed using the FLUKA library
(Poonghuzhali et al., 2022).

Results and discussion
Extraction of plant material

The methanolic extract of M.
champaca was prepared using hot continuous
extraction method with an extraction yield
of 21.26 per cent with reference to initial dry
matter of the plant material. Ruwali et al.
(2019) reported that the extraction yield of M.
champaca leaves using methanol was higher
(19.30 per cent) compared to other solvents
like ethanol, hexane and chloroform, which was
in harmony with the present study.

Qualitative phytochemical screening

The qualitative phytochemical
screening of the methanolic extract revealed
the presence of steroids, alkaloids, flavonoids,
terpenes, phenols, glycosides, tannins and
saponins (Plate 1). Ruwali et al. (2019) reported
the presence of tannins, phenols, flavonoids,
sterols, glycosides, alkaloids, triterpenes and
lignin in the methanolic extract of the leaves of
M. champaca. Karthikeyan et al.(2016) reported
the presence of saponins, tannins, terpenoids,
flavonoids and proteins in the ethanolic
extract of the leaves of M. champaca. Mohan
and Krishna (2019) reported the presence
of alkaloids, sterols, diterpenes, phenols,
flavonoids, glycosides, saponins, carbohydrates
and tannins in the methanolic extract of leaves
of M.nilagirica. These findings are in unanimity
with those of the present study.

Gas chromatography-tandem mass

spectrometry (GC-MS/MS) analysis

The chromatogram obtained on
phytochemical analysis of the extract through

GC-MS/MS is given in Fig.2. The analysis
revealed presence of 99 compounds.
Phytoconstituents with greater peak area and
probability, detected on the analysis are listed
in Table 1.Butane-1,2,4-triol (11.17 per cent),
n-hexadecanoic acid (7.85 per cent), 3-o-
methyld-glucose (7.17 per cent), cis vaccenic
acid (5.5 per cent), 11-octadecenoic acid
methyl ester (4.74 per cent), phytol (3.66 per
cent), hexadecanoic acid methyl ester (3.65
per cent), 9-octadecynoic acid (2.85 per cent),
9,12-octadecadienoic acid (2.52 per cent),
octadecanoic acid (2.05 per cent), trans-
longipinocarveol (1.71 per cent), caryophyllene
oxide (1.21 per cent) and acrylic acid isoamyl
ester (1.04 per cent) were found to be the major
phytocompounds in the extract.

Ananthi and Chitra (2013a)identified
the presence of 1,2,4-butanetriol, copaene,
caryophyllene oxide, (-)-spathulenol, 3-O-
methyl-d-glucose, hexadecanoic acid,
methyl ester, n-hexadecanoic acid, 9,12-
octadecadienoic acid, methyl ester, (E,E),
9,12,15- octadecadienoic acid, methyl ester,
(Z,Z2,Z) and 9,12- octadecadienoic acid (Z,
Z) through GC-MS analysis of the methanolic
extract of flowers of M. champaca. Similar
compounds could be detected in the present
study.

Wei et al. (2011) reported the
presence of methyl B-d-galactopyranoside,
octadecatrienoic acid and phenol in the
methanolic extract of M. champaca upon GC-
MS analysis. They also reported the presence
of 9,12-octadecadienoic acid, methyl ester,
(E,E), butanoic acid, 2-methyl-3-oxo-, ethyl
ester and oleic acid in the methanolic extract of
flowers of M. champaca.

Fourier transform infrared

spectroscopic analysis

(FTIR)

Based on the absorbance spectra
as displayed in Fig.3, the structurally similar
compounds identified in the extract by ATR-
FTIR analysis using FLUKA library are depicted
in Table 2.

Fourier transform infrared (FTIR)

spectroscopic analysis is a crucial method
for determining functional groups of
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Table 1. Gas chromatography-tandem mass spectroscopic analysis of the methanolic extract of
M. champaca

S. Compound Retention| Peak |Probability| PubChem
No. time (Min)|area (%)| (%) ID
1. | DL-Arabinose 4.37 2.4 16.47 854
2. | 3-Methylformate1-butanol 5.14 1.41 | 36.61 8052
3. | Acrylic acid isoamyl ester 5.37 1.04 | 16.57 77920
4. | 3-Methyl but-2-yl ester formic acid 5.42 1.66 | 30.07 |19810797
5. | 6-Acetyl -d-mannose 6.75 1 17.44 439780
6. | 2(1H) Naphthalenone,3,4,4a,5,6,7 hexahydro 1,1,4a trimethyl | 7.68 0.3 25.41 535380
7. | 1,2,4-Butanetriol 8.73 11.17 | 44.63 18302
8. | Cyclohexane, 1-ethenyl 1-methyl 2,4bis-(1-methyl ethenyl),[1S(1a,2,4B)] | 9.06 1.94 | 20.09 10583
9. | 2,5-Octadecadiynoic acid methyl ester 9.35 0.38 | 35.7 42151
10. | 4-O-Methylmannose 10.27 | 0.28 | 30.36 345716
11.|2,4,5,5,8a Pentamethyl 6,7,8,8a-tetrahydro 5H-chromene 10.50 | 0.74 | 14.81 605742
12.| B-copaene 10.70 | 0.9 5.47 87529
a-D-Glucopyranoside, O-a-D-glucopyranosyl (1.fwdarw.3) B-D-
13. | fructofuranceyl glucopyranosy! JBD1 1090 | 067 | 1635 | 92817
14.| Bicyclo [4.4.0] dec-2-ene-4-ol, 2-methyl 9-(prop-1-en-3-ol-2-yl)| 11.00 | 0.64 | 31.04 535256
15. | Caryophyllene oxide 11.66 | 1.21 26.48 1742210
16. | 2-Butenal, 2-methyl 4(2,6,6-trimethyl 1-cyclohexen-1-yl) 1233 [ 1.9 10.51 102375
17.| - (-) Spathulenol 12.60 | 0.82 | 2.56 92231
18. | trans Longipinocarveol 1328 | 1.71 | 9.85 534645
19. | B-D-Glucopyranose, 4-O-B-D-galactopyranosyl 1431 | 1.25 | 10.27 3086428
20.| Scyllo Inositol, 1C-methyl 14.51 0.31 7.28 102511252
21.| a-d-Mannofuranoside, methyl 1461 | 039 | 7.9 12897794
22. | Myo Inositol, 4C-methyl 1467 | 046 | 21.77 244581
23.| 3-O-Methyl d-glucose 1489 | 7.17 | 29.18 8973
24.|7,9-Ditertbutyl 1-oxaspiro (4,5) deca 6,9-diene 2,8-dione 15.07 | 091 | 72 545303
25. | Hexadecanoic acidmethyl ester 1515 | 3.65 | 69.59 8181
26. | Benzene propanoic acid, 3,5bis (1,1-dimethyl ethyl) 4-hydroxy methyl ester| 15.27 | 1.05 | 96.48 | 14401630
27.| n-Hexadecanoic acid 1555 | 7.85 | 51.07 985
28.| Cedrandiol, 8S,13 16.16 | 0.87 | 8.97 536384
29. | Ethyl isoallocholate 16.28 | 0.27 | 9.85 154734451
30. | Desulphosinigrin 16.36 | 0.99 | 8.43 9601716
6-(1-Hydroxy methyl vinyl) 4,8a-dimethyl 3,5,6,7,8,8a
31, héxahydro_ﬁ_, -napyhthaI)Qn-Z-one y 1664 | 053 | 581 | 564373
32.|9,12-Octadecadienoic acid 16.88 | 2.52 | 15.92 3931
33.| 11-Octadecenoic acid methyl ester 16.95 | 4.74 | 4.77 5364432
34.| Phytol 17.06 | 3.66 | 68 5280435
35. | Methyl stearate 17.21 | 1.14 | 54.78 8201
36.| 9-Octadecynoic acid 17.31 | 285 | 12.95 68167
37.| Cis-Vaccenic acid 17.39 | 5.5 11.34 5282761
38.| Octadecanoic acid 17.61 | 205 | 77.57 5281
39. | Trans-Geranylgeraniol 17.94 | 0.34 | 43.62 5281365
40. | Dasycarpidani-methanol acetate (ester) 18.59 | 0.02 | 5.99 550072
9,12,15-Octadecatrienoic acid, 2- [(trimethyl silyl) oxy] 1-
41. [(trimethyl silyl) oxy] methyl] ethy! ¢[a(ster, (z,yz,z))/) V 1866 | 0.13 | 8.8 5362857
5,8-Dihydroxy-4a-methyl 4,4a,4b,5,6,7,8,8a,9,10-decahydro
42.| 5(3H)-phenanthrenone. y 19.14 | 025 | 184  |91697217
43.| Xanthinin 19.65 | 0.12 | 7.22 160533
44.| Anobin 19.85 | 0.49 | 11.39 538430
45. | Arglabin 20.01 0.5 31.77 5574924
46.| Card-20(22)-enolide, 3,5,14,19-tetrahydroxy, (383,5B) 20.2 023 | 6.54 12308767
3H-Cyclodeca[b]furan-2-one,4,9-dihydroxy-6-methyl-3,10-
47. dimet)r/1ylene-3£1,11,7,8,9,10,11,11a-ogtahyé,ro Y 2041 1 062 | 35.73 | 6110227
48. | Eicosanoic acid 20.48 | 0.15 | 56.26 10467
49. | a-D-Mannofuranoside, farnesyl 20.76 | 0.02 | 5.37 91694681
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Table 2. Fourier transform infrared (FTIR) spectroscopic analysis of methanolic extract of M.

champaca
Ab(s:l;gt)lon Appearance Group Cocnglg::nd Structurally similar compounds
1-Deoxy d-mannitol, - (-) Spathulenol,
3305 Strong, broad | O-H stretching Alcohol Longipinocarveol trans, -D-
Mannofuranoside farnesyl
2104 Weak C=C stretching Alkyne Methyl 10,12-pentacosadiynoate
Xanthinin, Card-20(22)-enolide,
‘ Aromatic 3,5,14,19-tetrahydroxy, (3B,5pB),
1924 Weak C-H bending compound Anobin, 5,8-Dihydroxy-4a-methyl
4,4a,4b,5,6,7,8,8a,9,10-decahydro
2(3H)-phenanthrenone
Medium C=C stretching Co;wg:éed E, E, Z1,3,12-Nonadecatriene 5,14-diol
Medium N-H bending Amine Alanine, 3-amino
1604 4-Cyclopropyl carbonyl oxytridecane,
Medium C=C stretching | Cyclic alkene géﬁ;l?fg ;g;gwéfégﬁ,l%rjgg%na%e:
dimethyl ethyl) 4-hydroxy, methyl ester
1213 Strong C-Osstretching |  Vinyl ether Card'ggﬁzggig‘dgé ’556;4’1 a
Strong C-O stretching | Aliphatic ether B-D-Mannofuranoside, farnesyl
118 s 1,2,3-Butanetriol, 1,2,4-Butanetriol, Myo
. econdar Inositol, 2C-methyl, Scyllo Inositol, 1C-
Strong C-O stretching alcohol ! methyl, Myo Inosyitol, 4yC-methyI, B-D-
Mannofuranoside, farnesyl
8-Isopropenyl 1,5-dimethyl
cyclodeca 1,5-diene, 3-D-
894 Strong C=C bending Alkene Mannofuranosidefarnesyl, 7-Methyl
Z-tetradecen-1-ol, acetate, Ethanol,
2-(9,12-octadecadienyloxy), (Z, Z)
phytochemicals present in the plant sample, al, 2009), desulphosinigrin (Krishnaveni,
as the wavelength of light absorbed is unique = 2015), caryophyllene oxide (Fidyt et
to the chemical bond contained in them (Lisha  al., 2016), 1-ethenyl1-methyl2,4-bis(1-
et al., 2017). Ananthi and Chitra (2013b) methylethenyl), [1S(1a,2B,4B)] cyclohexane
analysed the methanolic extract of the flowers  (Jiang et al, 2017),a-D-Glucopyranoside,

of M. champaca using FTIR spectroscopy and
reported the presence of alcohols, aromatic
compounds, aliphatic ethers, phenols, ketones
and conjugated ethers. Ananthi and Kalaiselvi
(2016) analysed the ethanolic extract of leaves
of M. champaca using FTIR spectroscopy and
confirmed the presence of O-H stretching, C=C
stretching, C-H stretching, C-N stretching, C-O
stretching and C=C bonding, which correlates
with the present study.

Among the diverse phytoconstituents
identified, several compounds were reported
to have biological activities. Phytol (Islam
et al, 2018), arglabin (Adekenov, 2015),
ethyl iso-allocholate (Thakur and Ahirwar,
2019), transgeranylgeraniol (Campia et

O-a-D-glucopyranosyl  (1.fwdarw.3)  B-D-
fructofuranosyl(Behera and Balaji, 2021),
B-copaene (Turkez et al., 2014), - (-) spathulenol
(Dzul-Beh et al., 2019) and dasycarpidani-
methanol acetate ester (Al-Rubaye et al., 2017)
were reported to have anticancer activity.

n-Hexadecanoic acid was reported to
have antioxidant, hypolipidemic, pesticide and
nematicide activity (Sheela and Uthayakumari,
2013). Phytol and octadecanoic acid
possessed anti-inflammatory activities (Silva
et al., 2014). Cis vaccenic acid was reported
to have hypolipidemic and antimicrobial
activity (Hamazaki et al., 2016). 7,9-Ditertbutyl
1-oxaspiro (4,5) deca 6,9-diene 2,8-dione was
reported to have antioxidant property (Riquet et
al., 2016).
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Conclusion

The phytoconstituents in a plant
are responsible for the various activities it
possesses,though the activity of many of such
compounds is not yet described. The present
study revealed the presence of diverse classes
of phytochemicals like alkaloids, steroids,
glycosides, terpenes, flavonoids, tannin and
saponins in the methanolic extract of M.
champaca leaves. The GC-MS/MS analysis of
a plant extract is the initial stage in exploring the
active phytochemical ingredients contained in
them and this kind of research will be useful for
more in-depth investigation. Further research
on these phytoconstituents may confirm their
important medicinal properties in the future.
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Fig. 1. Leaves of Magnolia champaca
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Bl - Blank (reagent alone); Ex — Extract alone; MC- Reagent + Extract; T,—Time zero; T, — After 10 min

Plate 1. Phytochemical screening of methanolic extract of Magnolia champaca. A) Salkowski’s test for steroids;
B) Wagner’s test C) Mayer’s test; D) Hager’s test; E) Dragendorff’s test (B-E detection of alkaloids); F) Sodium
hydroxide test for glycosides; G) Ferric chloride test for phenolic compounds; H) Ferric chloride test for tannins;
1) Ferric chloride test for flavonoids; J) Lead acetate test for flavonoids; K)Copper acetate test for diterpenes; L)

Salkowski’s test for triterpenes; M) Foam test for saponins
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