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In summary, the red mud samples of NALCO contain
about 77% of very fine particles, i.e. below 45 um, having
TREE of 433 ppm. Monazite and zircon are the main REE-
mineral phases present as discrete grains along with other
minerals such as gibbsite, hematite, goethite, ilmenite, rutile
and magnetite. These REE-mineral phases may be concen-
trated using suitable mineral processing techniques such as
floatation and magnetic separation. In view of the current
demand and geo-political scenario, there is a need to secure
critical resources like REE. Red mud could be a viable
feedstock for extracting REE, provided there is a complete
understanding of its REE characteristics. This makes the
huge accumulation of red mud a resource rather than a
waste product. As mineralogy plays a vital role in mineral
beneficiation or any route of metal extraction, this study
may help in the recovery of REE from Indian red mud in the
future.
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of essential oil was analysed by gas chromatography
(GC) and GC-mass spectrometry (GC/MS). A total of
27 components in the oil were identified. The major com-
pounds were cadinol, bisabolol and bornyl acetate. The
amount of valencene, elemol and 2(1H)-naphthalenone,
4a,5,6,7,8,8a-hexahydro-6-[1-(hydroxymethyl)ethenyl]-
4,8a-dimethyl-, [4ar(4a.alpha.,6.alpha.,8a.beta.]- varied
with samples collected from different elevations. Five
compounds, viz. cloven, fgurjuene, f-cubebene, ver-
benone and cis-g-farnesene were rarely reported pre-
viously from A. adenophora. Being an invasive and
medicinal plant, A. adenophora is found in varied eco-
logical conditions. Further studies on the variation in
amount and composition, phytotoxicity and benefits of
such compounds are recommended.

Keywords: Ageratina adenophora, chemical constituents,
essential oil, gas chromatography, mass spectrometry.

AGERATINA adenophora (Spreng.) R.M. King and H. Rob.
(Crofton weed) is an invasive alien species naturalized in
several countries in Asia, Australia, Africa and Europe?.
It is a perennial herbaceous plant belonging to the family
Asteraceae having an erect glandular stem, dark green
leaves and white flowers™®. It has invaded roadsides, fal-
low lands, disturbed forests and surroundings of agricul-
tural fields**. Small, numerous and light seeds which are
spread by wind and the vegetative means of reproduction
and the ability to produce several allelochemicals are the in-
vasive characteristics of this species®™.

In the invaded range A. adenophora has changed the com-
position and diversity of the native vegetation®'?, altered
the soil microbial communities**? and soil nutrients™. These
changes are caused by the allelochemicals released from
A. adenophora®®. An easy way to release allelochemicals
from aerial parts of the plant to the soil is rainwater®. In
addition, A. adenophora releases a unique odour (volatiles)
from the glandular stem and leaves, having several organic
compounds, which are also supposed to have a negative
impact on native vegetation'"*®,

A. adenophora has been naturalized in Nepal and is distri-
buted throughout the country™® invading several terrestrial
ecosystems with negative impacts on the native vegeta-
tion®'"?°. As Nepal has diverse climatic and geographical
variations, a variety of allelochemicals might have been
released by A. adenophora in different locations. Identifica-
tion of such allelochemicals will have significance to un-
derstand the plant invasiveness and its potential impacts on
the native ecosystems. On the other hand, controlling and
managing naturalized A. adenophora is challenging issue.
One method of control and management could be utiliza-
tion of the plant by recognizing its various beneficial facets.
Various compounds in the plant have several pharmaco-
logical activities, including antimicrobial and larvicidal®.
Hence, there is an option of utilizing this plant to produce
useful phytochemicals for the benefit of human beings.
Therefore, screening of compounds should be given the first
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and high priority. The literature survey revealed that the es-
sential oil of A. adenophora contains a variety of volatile
chemicals and other biologically active constituents®2’.
However, information from Nepal (the Himalayan region)
is meagre. This prompted us to carry out a chemical analy-
sis of A. adenophora collected from proximate locations
differing by about 100 m elevation in Kathmandu Valley,
Bagmati Province, Nepal.

Fresh leaves of A. adenophora were collected (1500 g)
from the Champadevi hill forest in the southwestern part of
Kirtipur Municipality, Kathmandu, Nepal, in January 2019.
They were collected from two A. adenophora invaded sites
(site A, 1504 m amsl, 27°39'420"N/085°15'019"E and site
B, 1632 m amsl, 27°39'311”N/085°14'878"E) in the forest.
A total of six leaf samples were collected, three from each
site. They were tagged as SA (sample A, sub-samples =
Al, A2 and A3) for the samples from site A and SB (sam-
ple B, sub-samples = B1, B2 and B3) for those from site B.
The samples were stored in a refrigerator (4°C) until further
use.

Essential oil from each sub-samples was isolated sepa-
rately using Clevenger apparatus (300 ml) at 80°C by the
process of hydrodistillation (3 h). The amount of leaf used
for hydro-distillation was 150 g with 1.5 | water. The oil
was collected and transferred to a clean sealed glass vial
and stored at 0°—4°C until further analyses.

The Shimadzu QP2010 Plus operating system in electron
impact (El) mode was used for gas chromatography—mass
spectrometry (GC-MS) analysis. Essential oil extracted
was subjected to GC fitted with Rtx-5MS column (30 m x
0.25 mm id, film thickness of 0.25 um), coupled to a
QP2010 Plus mass detector. Column oven temperature was
maintained at 80°C for 2 min and then gradually increased to
280°C at the rate of 6°C/min, which was finally held iso-
thermally for 5 min. Injector temperature was adjusted to
220°C. Helium was the carrier gas with a total flow rate
18.5 ml/min. Volume of the manually injected oil sample
(diluted by 1/100 in ethanol, v/v) was 1 um (split mode,
split ratio 1 : 15) with 1.03 ml/min through the column. An
electron ionization system with ionization energy of 70 eV
was used on an Rtx-5MS mass spectrometer connected to
GC-MS solution software. Spectra were obtained over the
mass range 45-500 m/z at a scan speed of 1000 scan/ms.
The chromatogram was analysed, and each peak was chec-
ked by determining the per cent area on the chromatogram,
retention time, spectrum, and base peak in the National Insti-
tute of Standards and Technology (NISTO05s) library. The
percentage relative abundances was calculated as follows

Relative abundance (%)

_ Peak area of the component «1
Total sum of all peak areas

The independent sample t-test was used to compare the dif-
ference in relative abundance (%) of the compounds present
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Table 1. Compounds identified in sample A (SA) and sample B (SB) showing percentage of relative abundance (RA), R-time and R-index
SA SB
R-index (from
Compound % RA R-time % RA R-time R-index the literature)
2(1H)-Naphthalenone, 4a,5,6,7,8,8a-hexahydro-6-[1-(hydroxyl- 1.28b 24.29 1.73a 24.29 1888 -
methyl)ethenyl]-4,8a-dimethyl, [4ar-(4a.alpha.,6.alpha.,8]
2H-Cyclopropa[g]benzofuran, 4,5,5a,6,6a,6b-hexahydro-4,4,6b-trimethyl- 7.12 19.17 7.72 19.16 1438 -
2-(1-methylethenyl)

Bisabolol’ 12.73 18.89 13.31 18.88 1625 1682.8%
Borneol" 1.20 8.10 0.96 8.10 1138 1166.2°
Bornyl acetate” 11.85 10.72 1144 1072 1277 1283.5°
Cadinol' 18.45 17.99 19.17 17.97 1580 1651.9°
Caryophyllene oxide' 1.49 16.97 1.50 16.97 1507 1580.6°
cis-f-Farnesene' AB 0.88 14.25 1440 1414 5°
Cloveng' 3.30 19.64 AB 1446 1465°
Cyclohexane, 1,2-dimethyl-3,5-bis(1-methylethenyl) 6.78 21.01 4.54 20.97 1296 -
Elemol' 6.14a 16.27 4.97b 16.27 1522 1547 5°
Spathulenol’ 3.70 18.35 3.97 18.34 1530 1575°¢
Farnesyl acetate' 141 16.80 2.37 17.49 1834 1919.5°
Geranylgeranyl acetate™ AB 157  16.80 2316 1379.9%
Nerolidol’ 1.87 16.80 1.68 16.45 1564 1560.9*
Retinol™ 2.94 19.63 279 19.65 2238 2453.0°
Valencene' 1.12 22.24 AB 1474 1491.7°
Verbenone' AB 460  20.99 1119 1206.2°
Viridiflorol' AB 238  21.85 1536 1590.8°
a-Bergamotene‘ AB 0.75 13.87 1430 1414 5°
a-Cedrene' 2.08 23.34 2.04 23.34 1403 1412.2%
[-Bisabolene’ AB 1.14 15.36 1500 1508.4%
S-Cubebene’ AB 464  14.90 1339 1386.6°
B-Gurjurene' AB 17.24 18.00 1403 1431.2%
S Thujene AB 1.03 1582 879 971.0°
7«Elemenei AB 0.87 15.20 1431 1436.4°
»Muurolene’ 3.59 14.89 4.62 14.90 1435 1476.2°

Note: AB, Absent. The letters ‘a’ and ‘b’ in the average % RA represent significant difference (independent sample t-test, P < 0.05). R-index va_lues:
Babushok et al.*® (dimethylsilicone with 5% phenyl groups); "Hedin et al.*’; “Tellez et al.**, °Furr et al.*?, *Weyerstahl et al.**. Chemical classes: 'Ses-

quiterpene, 'monoterpene and "iditerpene.

in samples A and B. The compounds present in the three sub-
samples of both samples A and B were used in the analysis.

A total of 27 major and minor components were identi-
fied from both leaf samples. Table 1 lists the compounds
identified in SA and SB with their area percentage. A total
of 15 compounds were common in both the samples col-
lected. Major compounds in both the samples were cadinol
(SA =18.45%; SB =19.17%), bisabolol (SA =12.73% and
SB = 13.31%) and bornyl acetate (SA =11.85% and SB =
11.44%) (Table 1).

Other common compounds in both the samples were 2H-
cyclopropa[g]benzofuran, 4,5,5a,6,6a,6b-hexahydro-4,4,6b-
trimethyl-2-(1-methylethenyl) (SA =7.12% and SB =7.72%);
cyclohexane, 1,2-dimethyl-3,5-bis(1-methylethenyl) (SA =
6.78% and SB = 4.54%); elemol (SA =6.14% and SB =
4.97%); ymuurolene (SA =3.59% and SB = 4.62%); espa-
thulenol (SA =3.70% and SB = 3.97%) and retinol (SA =
2.94% and SB = 2.79%) (Table 1). The minor compounds
were 2(1H)-naphthalenone, 4a,5,6,7,8,8a-hexahydro-6-[1-
(hydroxymethyl)ethenyl]-4,8a-dimethyl, [4ar-(4a.alpha.,6.
alpha.,8a.beta.], borneol, caryophyllene oxide, farnesyl
acetate, nerolidol and a-cedrene.

CURRENT SCIENCE, VOL. 124, NO. 6, 25 MARCH 2023

Independent sample t-test showed no differences in the
amount of 2H-cyclopropa[g]benzofuran, 4,5,5a,6,6a,6b-
hexahydro-4,4,6b-trimethyl-2-(1-methylethenyl), bisabo-
lol, bornyl acetate, caryophyllene oxide, nerolidol and o-
cedrene between samples A and B. However, the amount
of 2(1H)-naphthalenone, 4a,5,6,7,8,8a-hexahydro-6-[1-
(hydroxymethyl)ethenyl]-4,8a-dimethyl, [4ar-(4a.alpha.,6.
alpha.,8a.beta.] was significantly high in sample B (df = 4,
t=-3.38, P =0.028), whereas the amount of elemol was
high in sample A (df = 4, t =5.266, P = 0.006) (Table 1).

Two of the compounds, cloven (3.30%) and valencene
(1.12%) were found only in sample A (Table 1). Cloven
was found only in samples Al and A2, and valencene only
in sample Al. The other ten compounds were found only
in sample B (Table 1). The major compound in sample B
was S-gurjurene (17.24%), followed by S-cubebene (4.64%),
verbenone (4.60%), viridiflorol (2.38%) and f-bisabolene
(1.14%). o-Bergamotene, y-elemene and cis-f-farnesene
were the trace compounds (<0.1%) (Table 1).

Majority of the compounds identified from both the sam-
ples, such as bisabolol, borneol, bornyl acetate, cadinol,
caryophyllene oxide, elemol, espathulenol, nerolidol and
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a-cedrene are the most reported constituents in the essential
oil of A. adenophora leaves from different parts of the
world**?*? However, compounds such as farnesyl acetate
and retinol in our samples have not been reported often
previously. Similarly, 2(1H)-naphthalenone, 4a,5,6,7,8,8a-
hexahydro-6-[1-(hydroxymethyl)ethenyl]-4,8a-dimethyl,
[4ar-(4a.alpha.,6.alpha.,8a.beta.] and 2H-cyclopropa[g]-
benzofuran, 4,5,5a,6,6a,6b-hexahydro-4,4,6b-trimethyl-2-
(1-methylethenyl) are also rarely reported by previous stu-
dies. Giri et al.”® have reviewed the phytochemicals from
A. adenophora and listed more than 95 compounds, but the
aforementioned compounds from our analysis have not
been mentioned.

Viridiflorol was reported by Pala-Paul et al.”® in A. ad-
enophora. Similarly, p-bisabolene was reported by Pala-
Paul et al.?®, and Subba and Kandel?®. Pandey et al.* have
found o-bergamotene and j-elemene in A. adenophora
showing antibacterial activity. Compounds such as cloven,
valencene, f-gurjuene, S-cubebene, verbenone and cis-S-
farnesene are rarely reported in A. adenophora. Our re-
sults indicate that the quantity of certain compounds in the
volatile oil varies within even a short range of elevation.
Except for cloven and valencene, the other compounds were
found in the leaves from higher elevation (1632 m amsl).
According to Talebi et al.*!, the elevation gradient has a
greater impact on essential oil composition and the
amount of certain monoterpenes decreases with elevation
while the amount of oxygenated compounds increases.
Several factors such as light, temperature and moisture
change with elevation and affect the quantity and composi-
tion of essential oil in plants®.

Several studies have proved the allelopathic effects of
A. adenophora on native species'’, crops® and soil micro-
bes*. The allelochemicals such as a-phellandrene, cam-
phene, p-cymene, 2-carene, a-pinene, limonene and (z)-3-
hexen-1-ol present in the aerial and underground parts of
A. adenophora are phytotoxic®. In addition, s-ocimene, lin-
alool, a-farnesene, p-farnesene are released in response to
herbivory in plants®. Such anti-herbivory chemicals in A.
adenophora might have increased its adaptiveness to a
wide range of environments®*~,

As Nepal has diverse climatic and geographical variations,
a variety of allelochemicals might be released by A. ade-
nophora in different locations. Identifying such allelochem-
icals would have significance to understanding the plant
invasiveness and its potential impacts on the native ecosys-
tems. On the other hand, control and management of natu-
ralized A. adenophora has become a challenge. It is often
suggested that the utilization of such plants by recognizing
their beneficial facets could be one way to control them. In
this regard, A. adenophora can isolate antimicrobial, larvi-
cidal and medicinal compounds®%. The compounds having
such properties have been identified as major compounds
in this study (Table 1).

In conclusion, the present study identified 27 compounds
from the essential oil of A. adenophora in Kathmandu val-
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ley, Nepal. The major compounds were cadinol, bisabolol
and bornyl acetate. The composition of chemical compounds
and the amount of valencen, 2(1H)-naphthalenone, 4a,5,6,
7,8,8a-hexahydro-6-[1-(hydroxylmethyl)ethenyl]-4,8a-dime-
thyl, [4ar-(4a.alpha.,6.alpha.,8a.beta.] and elemol differed
with sampling location. As A. adenophora is a highly
problematic invasive plant found in varied ecological con-
ditions, further studies on spatial variations in the amount
and composition of phytochemicals are recommended.

Conflict of interest: The authors declare that there is no
conflict of interest.
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