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subtropical regions of North America, Central America, South
America, Asia, Oceania, and Australia. Cinnamomum species have
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been mentioned in the Bible and have been used in Ayurvedic
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e e medicine since time immemorial. Most of the Cinnamomum species
Kumaun University, Nainital are aromatic and many of them are used as spices and herbal drugs
263 002, Uttarakhand, India. daily by people all over the world. Cinnamomum oils contain
cinnamaldehyde, cinnamic acid, and cinnamate as major constituents.
The oil shows antioxidant, anti-inflammatory, antidiabetic, antimicrobial, anticancer activity
and reported to have been used for lipid-lowering, and cardiovascular-diseases. Twenty six
species of Cinnamomum are found in India, out of which 12 are from north east and south
India. The leaves, panicle and bark of Cinnamomum species have aromatic oils. In north
India, the important Cinnamomum species are C. tamala, C. verum, C. glanduliferum, C.
sulphuratum, C. bejolghota, C. camphora, C. impressinervium, C. glaucescens, C.
champokianum and C. pauciflorum. The present review highlights the various species of

Cinnamomum found in north and north east India with their distribution and aroma profile.
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INTRODUCTION

The genus Cinnamomum belonging to the family, Lauraceae comprises of evergreen aromatic
trees and shrubs. The leaves and bark are a rich source of aromatic oils. Over 250 species of
the genus are distributed in south Asia, China and Australia. Twenty six species of

Cinnamomum are found in India, of which 12 are from north east and south India.'*! About
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60% of the world trade of cinnnamon is from Sri Lanka which produces the best quality of
cinnamon bark. ™ The leaves are thick, leathery, dark green, narrow, pointed, oval in shape
and characterized by a layer of wax, making them glossy in appearance.”) The bark of
various Cinnamomum species is one of the most important and popular spice. Additionally it
is used for medicinal purpose also. Cinnamon is mainly used in the aroma and essence

industries due to its fragrance.!

The essential oil of cinnamon consists of cinnamaldehyde and trans-cinnamaldehyde, that are
responsible for the fragrance and various biological activities observed in cinnamon. It has
also been used to treat diarrhoea and other problems of the digestive system. It shows high
antioxidant activity. Cinnamon also shows pharmacological effects in the treatment of type 1l
diabetes and colon cancer. Further, it is also added to flavor chewing gums as it contains
mouth refreshing effects. Cinnamon is a coagulant and prevents bleeding, besides increasing
the blood circulation in the uterus and advances tissue regeneration. This plant plays a vital
role as a spice, and also has important biological activities, including antimicrobial,

antifungal, antioxidant, and antidiabetic.[*

Cinnamon is being used as an anti-inflammatory, antitermitic, nematicidal, mosquito
larvicidal, insecticidal, antimycotic and anticancer agent from a long time. It is traditionally
used as tooth powder and to treat toothaches, dental problems, oral microbial and bad
breath.) The essential oil of Cinnamomum tamala has great antibacterial, antioxidant,
antidiabetic, antimicrobial and many more properties.”) Cinnamomum glanduliferum shows
antimicrobial activity and is used as a stimulant and carminative.’® Cinnamomum bejolghota
has been used for the treatment of cough, cold, toothache, liver complaints, diabetes, gall
stones and as a mouth freshener. Further, its leaves have been in use among some of the
ethnic societies for preparation of a special kind of rice-beer. Studies have shown that it has
antihyperglycemic, in-vivo antioxidative and anthelmintic activity.!”! Cinnamomum camphora
shows analgesic, antiseptic, antispasmodic, antipruritic, anti-inflammatory, anti-infective,
anti-fungal, rubefacient, contraceptive, mild expectorant, nasal decongestant and cough
suppressant properties. The wood and leaves have analgesic, antispasmodic, odontalgic,
rubefacient, stimulant activities. The infusion of Cinnamomum camphora is in the treatment
of colds and diseases of the lungs. Due to its antimutagenic effect, it is effective in a number
of human cancers. Essential oil of this species is anthelmintic, antirheumatic, antispasmodic,

cardiotonic, carminative, diaphoretic, sedative and tonic. It is used for treating joint and
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muscle pains and is also used in aromatherapy.’® Due to its immense benefits on human
health, we here present a review on the taxonomy, distribution, aroma profile and medicinal

importance of Cinnamomum species present in north India.

Taxonomy and description of Cinnamomum species
Taxonomical Hierarchy

Kingdom - Plantae Subkingdom - Viridiplantae
Infrakingdom - Streptophyta

Superdivision - Embryophyta

Division - Tracheophyta
Subdivision - Spermatophytina
Class - Magnoliopsida
Order - Laurales

Family - Lauraceae
Genus - Cinnamomum

Distribution, aroma profile and botanical description of some Cinnamomum species
found in north India

Cinnamomum verum Bertch. & Presl (True cinnamon)

It is called true Cinnamon or Sri Lankan cinnamon and also called as Cinnamomum
zeylanicum Blume. These trees are mainly propagated by seeds. The trees are small to
medium usually up to 20 — 40 ft. Leaves are oblong, ovate shaped, dark glossy green and with
a three prominent nerves from the base, leathery and approximately 7-20 cm in length.
Flowers of C. verum are small, yellow in colour, paniculate. The fruits are black, pulpy,
aromatic and elliptical with single seed. Cinnamomum verum is mostly cultivated in Sri
Lanka, Malagasy Republic and Seychelles. It has originated in the central hills of Sri Lanka.
In India, it is grown in Kerala. It is found in north east of India also. The ideal temperature for
growing cinnamon is between 20-30°C and rainfall between 1250 to 2500 mm."! The basic
component of the oil from Srilanka was eugenol (74.9%).°! The major components in the
petiole essential oil of cinnamon from Hyderabad were (E)-cinnamaldehyde (33.0%), eugenol
(17.3%), linalool (16.9%) and (E)-cinnamyl acetate.'] The leaf oil of C verum from Fiji
islands was rich in eugenol (86.02 %), (E)-caryophyllene (5.70 %) and linalool (2.30 %).M*?
Major components in the Malayasian cinnamon were methyl (E)-cinnamate (84.0%), benzyl
benzoate (11.1%).1**! A report from Cotonou revealed the presence of (E)-cinnamaldehyde
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(37.6%), cinnamyl acetate (23.7%), cinnamyl benzoate (16.4%) as major constituents in the
fresh leaves of C. verum.*¥ The major compounds in the C. zeylanicum oil were (E)-
cinnamaldehyde (68.95%), benzaldehyde (9.94%) and (E)-cinnamy! acetate (7.44%).*) The
essential oil from Malaysia was rich in cinnamaldehyde.[m] Quality evaluation for the
essential oil of C. verum leaves at different growth stages was investigated by Li et al. and
observed that eugenol was the major constituent of the oil at earlier growth stage.*” The
major components of C. verum essential oil were cinnamaldehyde (56.3%), cinnamyl acetate
(7.1%) and B-phellandrene (6.3%) from south Korea.l*® The major and minor constituents in

the oil of C. verum investigated from north India, have been shown in the Table 1.
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Table 1: Essential oil composition of Cinnamomum verum from north India.

S. No. | Collection | Plant part | Oil yield (%) | Major Constituents | Chemotypes Minor constituents Reference
Assam a-Linalool (60.73 %), a.-Linalool Q) a- .
1. India ’ a-pinene (10.54%), B- | pinene  (2)/  B- | Eugenol, cinnamaldehyde [19]
pinene (10.42 %) pinene (3)
_ trans-Sabinene trans-Sabinene a-Gurjunene (4.7%), myrcene
2. | Delhi, India ID“Ed 1.2 hydrate (29.8%), (2)- | hydrate (4)/ (2)-B- | 4 5o " ¢ inene (3.1%). B- |  [20]
eaves B-ocimene  (17.9%), | ocimene (5)/ sabinene (2.3%)
germacrene A (11.3%) | germacrene A (6) '
1.4 (viw) Eugenol (70.6%), a- | Eugenol (7)/ a- | p-Cymene (2._5%), a-pinene
Fresh leaf ' phellandrene (14.9%) | phellandrene (8) (2.3%), 1,8-cineole (1.3%),
eugenol  acetate  (1.2%),
benzaldehyde (1.1%), linalool
3 Assam, (1.1%) [21]
' India a-Terpineol (47.2%), | a-Terpineol (9), p- | Terpin-4-ol (3.2%), a-pinene
p-cymene (9.7%), 1,8- | cymene (10), 1,8- | (3.8%), PB-pinene (1.6%),
cineole (6.8%), a- |cineole (11), o- |linalool (1.2%), myrcene
Stem bark 05 phellandrene (6.6%) phellandrene (8) (1.1%), o-terpinene (1.1%),
5 (viw)
caryophyllene (1.1%)
Spathulenol (4.8%),
Gorakhpur . e
4. Uttar ::)md 2.2 Eugenol (66.1%) Eugenol (7) viridiflorene  (2.4%) metohyl [22]
Pradesh eaves eugenol (1.9%),
aromodendrene (1.5%)
Jeolikot Eresh (E)-Cinnamaldehyde (E_)- (E)-Cinnamyl acetate (3.7%).
5. Uttrakhz;m d | 1eaves 1.2 (viw) (79.4%), Cinnamaldehyde B-pinene (1.3%), a-copaene [23]
linalool (5.4%) (12) / linalool (1) | (1.0%),
(E)-Cinnamylacetate (E)- a-Pinene (1.4-3.1%),
Nainital Eresh (10.0-22.7%), linalool | Cinnamylacetate camphene (1.8-4.0%),
6. | district, leaves 0.1 (w/w) (5.7-16.2%), (2)- | (13)/ (2)- | benzaldehyde (2.3-4.1%), [24]
Uttarakhand cinnamaldehyde (1.0- | cinnamaldehyde salisyladehyde (1.6-3.2%), 3-
7.1%), (14) / linalool (1) | phenyl propanal (1.3-2.5%),
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bornyl acetate (0.1-1.3%),
(2)-cinnamyl acetate (0.6-
1.0%), coumarin (1.0-3.6%),
-copaen-4a-ol (0.6-2.5%)

Linalool (52.5%), (E)-
cinnamaldehyde

Linalool (1) / (E)-
cinnamaldehyde

1,8-Cineole (4.2%)

(26.4%) from | (12)
Munsyari
Camphor (25.5 and | Camphor (15) /|~
44.0%), linalool (24.7 | linalool (1) / (E)-
and 29.8%), (E)- | cinnamaldehyde
cinnamaldehyde (30.4 | (12)
and 14.3%) from
Lohaghat and
7. | Uttarakhand gerfisar: oart | Champawat [25]
i 0,
Linalool (222 and | Linalool (1) / (E)- %_y‘)phy"e”e oxide (4.1%),
28.0%), (E)- | cinnamaldehyde
cinnamaldehyde (44.6 | (12) / cinnamyl
and 25.0%), cinnamyl | acetate (14)
acetate  (15.1 and
3.5%) from
Pithoragarh and
Tanakpur
Cinnamaldehyde (3.8%), (E)-
E;?fn naola§65.0%) from Eugenol (7) cinnamyl acetate (2.6%), epi-
g g cubenol (2.9%)
Chandigarh Methyl eugenol | Methyl  eugenol | . 0
8. |Botanical |- 0.35 (46.65%),  eugenol | (16) / eugenol (7) / g;g;bif:gd;gg/d; (2.16%). | 12¢]
garden, (26.70%), (E)- | (E)-cinnamyl 070
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Chandigarh cinnamyl acetate | acetate (14) / B-
(12.48%), - | caryophyllene (17)
Caryophyllene
(6.26%0)
Cinnamaldehyde .
Selaqui Oried 0.11-1.6 (42.5-59.3%), (Cl'g)r}ama'dEhyde
9. Dehradun, leaves volume by w | cinnamylacetate (3.12- cinnamylacetate - [27]
Uttarakhand eight(v/w) 35.27%), linalool (13)/ linalool (1)
(0.16-30.0%)
Cinnamaldehyde Cinnamaldehyde
(37.9%), cis-linalool | (12)/  cis-linalool | Senzaldenyde (3.2%), 18-
: - cineole  (3.2%), 3-phenyl
10 Dehradun, L eaves i oxide (30.0%), | oxide  (18) [/ oropanal  (1.7%) bornyl 28]
" | Uttarakhand linalool (7.7%), | linalool (1) / N
. . acetate (1.5%), p-cymene
cinnamyl acetate | cinnamyl acetate (1.1%)
(5.4% (13) o
Eugenol (41.8-91.4%), | Eugenol  (7) [/
11. :\rllcé:;hern ::er:jss (1\;\/2/w)t0 3.9 eugenyl acetate (0.0- | eugenyl acetate | a-Phellandrene (0.6-2.5%) [29]
47.1%) (19)
12 I(\B/Igrl]J?SUI‘ Dried 53 !Eugenol (74.4%), !Eugenol (7) /| B-Elemene (1.1%), acetyl [30]
' Delhi ’ leaves ' isoeugenol (21.1%) isoeugenol (20) eugenol (1.2%)
Cinnamaldehyde Cinnamaldehyde | Cinnamyl  acetate  (1.4-
(60.1-82.0%) in 13| (12) 11.1%), benzaldehyde (1.9-
Nainital, populations 3.2%), B-pinene (0.3-1.0%),
Pithoragarh, 1,8-cineole (0.2-2.5%),
Champawat, | Shade caryophyllene oxide (0.4-
13. | Almora, dried 0.4-1.2 (viw) 1.2%) [31]
Tehri, Pauri, | leaves
Rudraprayag Cinnamyl acetate | Cinnamyl acetate | Benzaldehyde (1.3-3.7%), B-
and Chamoli (18.4-42.3%), (13)/ pinene  (0.1-0.9%), 1,8-
cinnamaldehyde (28.2- | cinnamaldehyde cineole (0.1-3.5%),
55.0%) in 3| (12) caryophyllene oxide (0.5-
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populations 0.7%)
Linalool (46.4-62.0%), | Linalool (1) /| Benzaldehyde (0.5-1.7%), B-
cinnamaldehyde (7.7- | cinnamaldehyde pinene  (0.3-2.4%), 1,8-
30.8%) in 6| (12) cineole (0.2-3.7%),
populations caryophyllene oxide (0.7-
1.6%)
Cinnamaldehyde Cinnamaldehyde Benzaldehyde (0.6-2.0%), B-
(44.4-61.7%), linalool | (12)/ linalool (1) pinene  (0.5-1.4%), 1,8-
(22.7-30.2%) in 13 cineole (0.3-2.6%),
populations caryophyllene oxide (0.5-
1.7%)
Eugenol (60.2%),0 Eugenol (7) /
Shade - - a-pinene  (2.8%), elixene
Arunanchal . 0 phellandrene (11.7%), | phellandrene (8) / | (1.8%), cis-caryophyllene
14. Pradesh ?er:\a/is 1.2% (viw) B B (1.6%), myrcene (1.5%), [32]
- - limonene (1.4%)
phellandrene (7.2%) phellandrene (21)
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The structure of major components of C. verum is shown in Fig. 1.

® H2C| HaC H
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HZC\ / CHj H;C H,C " HsC on 7 s
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Fig. 1: Structure of major constituents present in Cinnamomum species from north
India.
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Cinnamomum tamala (Buch.-Ham.) T. Nees & C.H. Eberm

This species is local to India and is reported to have originated in the Himalayas. It is
cultivated in the Indian subcontinent, Indo-China region, Bangladesh and Nepal. In tropical
and sub-tropical Himalayas, it is distributed upto an altitude of 900-2500m. It also occurs in
Meghalaya, Assam, Jammu and Kashmir, Himachal Pradesh and Uttarakhand. Cinnamomum
tamala is planted in Khasi and Jaintia Hills, Garo Hills, Mikir Hills, Manipur and Arunachal
Pradesh and in limited areas in Nainital (Uttarakhand) and Kanfra districts (Himachal
Pradesh).!®*3¥ The tree has a height up to 7.5 m with crisscross branching, trunk up to 95 cm
girth, bark rough, dark grey to reddish brown in colour. Leaves are12.5-20 cm long, 5-7.5 cm
wide at the centre, 3 converging nerves from base to apex, young leaves are pink, petiole 7.5-
13 mm long, margin entire, apex acute or acuminate, both surfaces smooth, stomata
paracytic, odour is aromatic, taste is slightly sweet, mucilaginous and aromatic.
Cinnnamomum tamala leaves have clove like taste and pepper like odour. Essential oil
composition of fresh and dried leaves of C. tamala has been analyzed by Chowdhury et al.*®
The major constituents were eugenol (75.3% and 68.0%) and spathulenol (10.1% and
12.7%). In north India, various chemotypes of C. tamala exist which are different in their

essential oil composition. The different chemotypes of C. tamala are shown in Table 2.

Table 2: Essential oil composition of Cinnamomum tamala from north India.

S. , Plant | Oil yield | Major Minor
No. Collection part (%) Constituents Chemotypes constituents References
. (E)-
(E)-Cinnamyl Cinnamyl
CIMAP, Fresh aéetate (58.5%), acetate (13)/
1. | Pantnagar, | aerial - girz;mmal dehvde | E)- - [25]
Uttrakhand | parts (10.9%) Y@€ ! cinnamaldeh
linalool (7.406) | Yd€ (12) '/
' linalool (1)
Methyl Methyl trans-
E:SLT] 0.9 cinnamate cinnamate Cinnamaldehyde
(81.9%) (22) (4.0%), linalool
(3.9%), styrene
(2.4%), benyl
Mizoram, benzoate (1.1%)
2. | Northeast [37]
India Linalool Linalool (1)/ | a-Pinene (2.7%),
(67.6%), methyl | methyl hexanol (2.1%),
L eaves 21 cinnamate cinnamate B-phellandrene
' (17.3%) (22) (2.0%), benyl
benzoate (1.2%),
B-pinene (1.1%)
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Cinnamomum glanduliferum (Wall) Meissn

Cinnamomum glanduliferum is a small tree up to 1.5 m girth and is widely distributed in
central Himalayas and Khasi hills.. The leaves are 7.5 - 12.5 cm long, alternate and elliptic or
lanceolate and flowers are yellowish green. In northeast India, C. glanduliferum is found
naturally in both the plains and hills up to an altitude of 1200 m C. glanduliferum is locally
known as ‘Gondsoroi tree.” Almost all parts of C. glanduliferum are aromatic. There are a

very few reports on the essential oil composition of C. glanduliferum (Table 3).

Table 3: Essential oil composition of C. glanduilferum.

S. . Plant O." Major . .
No Collection t yield Constituent Chemotypes | Minor constituents | Reference
: par (%) onstituents
1,8- 1,8-
Cineole (16.8%), | Cineole (11)/
caryophyllene caryophyllene
1. - - - oxide (6.0 %), | oxide  (23)/ - [38]
camphor  (8.3%), | camphor (15)/
linalool  (10.7%), | linalool (1)/ a-
a-terpineol (6.0%) | terpineol (9)
. (E)-Nerolidol
Arunchal Fresh (E)-Nerolidol (52.2 (24)/ B-pinene (1.0%),
2 Pradesh leaves 0.4 %).’ caryophyllene caryophyllene | linalool (1.0%) [39]
oxide (6.0%) yopny '
oxide (23)/
Sabinene (4.2%),
limonene (2.0%),
1,8-Cineole (41.42 | 1,8-Cineole terpinen-4-ol
3. | hampawal, | fresh (3/\,7\,) %).  o-terpineol | (11)/ o | (1.7%)). a-terpinene | [6]
(9.40 %) terpineol (9) (1.7%), a-
phellandrene (1.6%),
linalool (1.3%)

Cinnamomum sulphuratum Nees

It is a small to medium sized tree, about 8m tall with 70 cm. girth found in the southern
western Ghats of India, north Cachar hills of Assam and northeast India. It is one of the 12
endemic south Indian species of Cinnamomum. Bark of C. sulphuratum is smooth, reddish
brown outside, dull red inside, and has strong aromatic smell. Berries are oblong ellipsoid,
11.5 cm, smooth, hairless, seated on about 1 cm across cup-shaped fleshy disc.!*?! Existence
of four chemotypes of C. sulphuratum such as linalool-type, citral and cinnamaldehyde-type,
methyl cinnamate-type and cinnamaldehyde-type have been reported from Northeast India.
Nath et al. reported 92.7% linalool followed by geranial (2.2%) and cirotronellol (1.47%) in

leaf oil from north-east India.[*! The bark is used as medicine and also for preparing agarbatti
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(incense sticks). It is traded at local and regional levels and inter-state trade is practiced.

Cinnamomum sulphuratum is one of the most highly traded medicinal plants sourced from

tropical forests. Leaves of different species of Cinnamomum are used as substitute to tejpatta

(kind of aromatic spicy leaves). On account of easy availability and similarity in flavor,

different parts of C. sulphuratum are in use as substitutes for commercial cinnamon derived

spices. The different chemotypes of C. sulphuratum have been given in Table 4.

Table 4: Chemotypes of C. sulphuratum from north India.

S. : Plant Q'I Major . i
No Collection ¢ yield Constituent Chemotypes Minor constituents Reference
: par (%) onstituents
i 0,
1 'I\r']zri;hea“ Eaejgs 0.6 | Linalool (92.7%) | Linalool (1) (c:;i'?rrc?r?éﬂlol (1.5(%2/0)’ [19]
Leaf 0.6 | Geranial (27.8%), | Geranial  (25)/ | Linalool (3.0%), B-
geraniol (23.2%), | geraniol (26) pinene (2.4%), bomyl
neral (17.6%) acetate (2.0%),
limonene (1.7%), 6-
methyl-5-hepten-2-
one (1.4%), a-Pinene
(1.2%), myrcene
(1.1%)
5 Assam, Bark | 0.2 | (E)- (E)- Tetradecanal (4.6%), [42]
" | India Cinnamaldehyde | Cinnamaldehyde | borneol (1.9%), a-
(65.6%), (E)- | (12) terpineol (1.7%), 1,8-
cinnamyl acetate cineole (1.6%), pB-
(5.4%) bisabolene (1.5%), a-
copaene (1.5%), ar-
curcumene (1.3%), B-
caryophyllene (1.3%),
terpinen-4-ol  (1.3%),
caryophyllene oxide
(1.0%)
Leaf Cinnamaldehyde
Northeast, (50.0%)
3 India ) i [43]
Stem Cinnamaldehyde
bark (64.3%)

Cinnamomum bejolghota (Buch.-Ham.) Sweet

Cinnamomum bejolghota {syn. C. obtusifolium (Roxb.) Nees} is a moderate to large sized

evergreen, aromatic tree, distributed in the central and outer parts of eastern Himalayas up to

an altitude of 2100 m. The plant is found commonly in evergreen to mixed deciduous forests

of Meghalaya, particularly near the bank of stream between the altitudes of 650-1250 m. The
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plant is a middle sized evergreen tree, 6-8 m tall. Bark is brownish-white, brittle, inside
creamish white, turning darker-brown on exposure, 4-8 mm thick. Leaves are alternate, sub-
opposite or opposite, narrowly oblong to oblong-elliptic-lanceolate or ovate-lanceolate, apex
obtusely acute to rarely acute. Panicle pseudo-terminal, axillary to solitary axillary, slender,
pale yellowish-green, minutely pubescent, glabresent, usually equal to the leaves or slightly
shorter, upto13.5 cm long, sub-equal, ovate-elliptic-lanceolate, silky on both surfaces.
Stamens 3+3+3, 1.5-1.75 mm long, pale yellowish-green, anther 4-locular, introrse, silky
pubescent to villous, glands of whorl 111 yellow, attached 1/3 of the base of the filament.
Staminode are 3, pale yellowish-green, 1.5 mm long, broadly sagittate head, villous, filament
greenish white. Pistil 2 mm long, ovary globose, pale green, silky puberolous, stigma
capitates.* Choudhury et al. reported the essential oil composition of leaves of this plant
collected from the Jorhat and Sibsagar districts in Assam, India.[*! The major constituents
were linalool (35.8% and 52.2%), 1,8-cineole (14.3% and 6.0%) and bicyclogermacrene
(9.9% and 6.6%).1! Baruah and Nath reported the composition of panicle and bark oil of C.
bejolghota collected from Assam. Linalool (65.0%) and o-phellandrene (8.9%) were the
major components in the panicle oil along with 1,8-cineole (3.9%), a-pinene (3.4%), B-
phellandrene (3.0%), B-pinene (2.6%), PB-caryophyllene (2.6%), (Z)-methyl isoeugenol
(2.1%) and o-farnesene (1.9%) as minor constituents.*® The predominant components in the
bark oil were a-terpineol (23.3%), linalool (14.4%), p-cymene (13.9%) and a-pinene (5.3%)
while (E)-methyl cinnamate (3.1%), p-caryophyllene (2.9%), terpenen-4-ol (1.7%), (E)-
cinnamaldehye (1.5%), eugenol (1.5%), a- phellandrene (1.5%), B-pinene (1.4%) and (2)-

methyl isoeugenol (1.1%) were the minor components.

Cinnamomum camphora (L.) J. Presl

Camphor Tree is native to China, Japan, Korea, Taiwan, and adjacent parts of East Asia. It is
now cultivated in many parts of the world. Camphor Tree is found in India in the states of
Karnataka, Kerala, West Bengal, Assam, Tamil Nadu and Uttar Pradesh. Cinnamomum
camphora is a medium to large sized evergreen tree, up to 40 m tall with a diameter of about
3 m. The leaves have a glossy, waxy appearance and smell of camphor when crushed. The
leaves are alternately arranged in long stalk and have three distinct yellowish veins. Camphor
tree can be easily identified by the distinctive odor of crushed leaf. The bark of C. camphora
is yellow or brown with vertical grooves. Flowers are bisexual, creamy white in colour,

hermaphroditic, one ovary, locular, one ovule, pendulous or basal, definite stamens and
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minute embryo. The fruit is round, one-seeded, fleshy drupe, 7-8 mm wide and become

purple-black at maturity. This tree flowers in the month of April- May.®

Cinnamomum camphora grown in Taiwan and Japan is normally very high in linalool, often
between 80 and 85%. In India and Sri Lanka, the high camphor chemotype is
dominant. Cinnamomum camphora grown in Madagascar, is high in 1,8 cineole (averaging
between 40 and 50%).2] The major compounds in the leaf oil of C. camphora were camphor
(18.5%), eucalyptol (16.5%), linalool (11.9%) and 3,7-dimethyl-1,3,7-octatriene (11.1%)
while the major constituents in the twig essential oil were eucalyptol (17.2%), camphor
(13.2%) and 3,7-dimethyl-1,3,7-octatriene (11.47%). The major components in the seed oil of
C. amphora were eucalyptol (20.9%), methyleugenol (19.9%), linalool (14.7%) and camphor
(5.5%).11 According to Guo et al.l*®], the bark oil of C. camphora from China was rich in D-
camphor (51.3%), leaf oil was rich in D-camphor (40.5%), linalool (22.9%), 1,8-cineole
(11.3%) and fruit oil was rich in safrole (29.0%), D-camphor (28.1%) and linalool (12.8%).
In an another report from China, the main components of C. camphora leaves essential oil
were D-camphor (40.5%), linalool (22.9%) and cineole (11.3%).1! Fresh leaves of C.
camphora Chvar. Borneo were rich in d-borneol (81.6%).°% Table 5 presents the chemical

composition of C. camphora from north India.

Table 5: Chemical constituents in the oil of C. camphora from north India.

5. Collection Plant (i)eilld Major Chemotypes Minor References

No. part 32% ) Constituents YPES | constituents
1,8-Cineole
(2.6%), p-cymene

1 Naukuchiatal, i 1.2 | Camphor Camphor | (2.3%), a-pinene [23]

" | Uttarakhand (v/w) | (81.5%) (15) (1.4%), a-
humulene (1.3%),
camphene (1.1%)

Pantnagar
' i i Camphor Camphor |
2. ﬁ\t{;?gakhand, (82.4%) (15) [25]

Cinnamomum impressinervium Meissn.
Cinnamomum impressinervium is an aromatic tree found at an altitude of 1500 to 2500 m.5

Table 6 shows the chemical composition of C. impressinervium oil from north India.
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Table 6: Essential oil composition of C. impressinervium.

Qil .
N. Collection Plant yield Major. Chemotypes | Minor constituents Reference
0. part (%) Constituents
Fresh 1.8 | Eugenol Eugenol (7)/ | Limonene (2.3%), o-
wild (83.2%), 6-3- | 8-3-carene pinene (1.2%), eugenol
0,

Northeast leaves carene (27) acetate (1.0%)

India (7.2%) [52]
Fresh 2.0 | Eugenol Eugenol (7) | Limonene (4.1%), 9-3-
cultivated (88.3%) carene (1.6%), eugenol
leaves acetate (1.1%)

Cinnamomum glaucescens (Nees) Meissn

Cinnamomum glaucescens, a large-sized evergreen tree species is native to the tropical

Himalayan regions of India and Nepal. It occurs naturally both in the hills and plains up to an

altitude of 1200 m. All parts of the plant are aromatic. The wood oil of C. glaucescens is rich

in safrole, myristicin and elemicin.[®*! Berries of this plant also yield Sugandha kokila oil of

commercial value.®**! The essential oil of the total fruits of C. glaucescens from Nepal was

rich in 1,8-cineole (13%), methyl cinnamate (14%) and a-terpineol (7%) while pericarp oil

was dominated by 1,8-cineole (56%) and o-terpineol (10%).°® The essential oil of C.

glaucescens has been investigated by Baruah and Nath (Table 7).

Table 7: Essential oil composition of C. glaucescens.

[39]

S. . Plant Q'I Major . .
No Collection t yield Constituent Chemotypes Minor constituents Reference
: par (%) onstituents
a-Phellandrene a-Phellandrene Terpeniol (2.4%), B-pinene
Leaf (32.8%), a- | (8) o-farnesene | (2.1%),  P-caryophyylene
0.4 | farnesene (11.8%), | (28)/ 1,8-cineole | (2.0%)
1,8-cineole (5.6%), | (11)/ a-pinene (2)
a-pinene (5.3%)
Linalool (65.0%), a- | Linalool (1)/ a- | 1,8-Cineole  (4.0%), a-
phellandrene (8.9%) | phellandrene (8) | pinene (3.4%), B-
phellandrene  (3.0%), pB-
pinene (2.6%), B-
1. ,Iér%sizm, Panicle caryophyllene (2.6%), (2)- [57]
0.2 methyl isoeugenol (2.1%),
a-farnesene (1.9%)
(E)-Methyl cinnamate
a-Terpineol a-Terpineol  (9)/ | (3.1%), B-caryophyllene
(23.3%), linalool | linalool (10)/ p- | (2.9%), (E)-cinnamaldehyde
Stem (14.4%), p-cymene | cymene (10)/ 1,8- | (1.5%), eugenol (1.5%), a-
bark 0.1 (139%), 1,8'C|neOIe C!neOIG (11)/ o- phe“andrene (15%)’ B_
(6.9%),  o-pinene | pinene (2) pinene (1.4%), (Z)-methyl
(5.3%) isoeugenol (1.1%)
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Cinnamomum champokianum Baruah & S.C. Nath

Cinnnamomum champokianum is a moderated sized evergreen tree up to 6-7m height. The
bark of the tree is brownish white, 5-10mm thick. The leaves are aromatic, green, pale green
below, shining above and arranged in alternate manner. Flowers are pale yellow and 6-7mm
long. Flowering occurs in March-May and fruits in June-September.®”! Essential oil

evaluation of C. champokianum has been studied by Baruah and Nath (Table 8).5"

Table 8: Essential oil composition of C. champokianum.

S. . Plant | Oil yield Major Minor

No. Collection part (%) Constituents Chemotypes constituents Reference
Arunanchal Elemicin Elemicin Methyl eugenol

Ll pragesh | -eaves| 04 (92.9%) (29) (4.9%) [56]

Cinnamomum pauciflorum Nees

Cinnamomum pauciflorum Nees. is an important spice crop from north east India.>2%% It is
an aromatic shrub attaining a height of 1.5-5.0 m, found wild in eastern Himalayas,
particularly in north-eastern region up to an altitude of 1800 m. In North-East India, it grows
in Arunachal Pradesh, Assam Hills, Manipur, Meghalaya and Nagaland. Its bark, mature
leaves and root bark possess the warm, pungent and sweet taste. Cinnamaldehyde has been
reported as the only major component in the essential oils of C. pauciflorum (Table 9). Its
stem bark is used as a substitute of true cinnamon by the local tribal people of Meghalaya and

is sold in the local markets as ‘dalchini’ or ‘deinglorthia’.

Table 9: Essential oil composition of C. pauciflorum.

Oil . .
S. . - Major Minor
No. Collection | Plant part {:)e/(l)gi Constituents Chemotypes constituents Reference
Shade dried 40 Cinnamaldehyde
leaves ' (94.0%)
1 North east | Shade dried 11 Cinnamaldehyde | Cinnamaldehyde |
" | India stembark ' (85.1%) (12)
Shade dried 59 Cinnamaldehyde
rootbark ' (92.4%)
Linalool
: (E)- (E)- (2.6%),  (2)-
2. Il\r/]lgigahalaya, ﬁeg?/%i dried (v?/)\?v) Cinnamaldehyde | Cinnamaldehyde | cinnamaldehyde
(89.8%) (12) (1.2%), -
pinene (1.0%)
(E)- (E)-
3. ::I](()jri;heast Leaves 4.0 | Cinnamaldehyde | Cinnamaldehyde | Linalool (2.3%)
(94.0%) (12)
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Many herbal remedies have been used in various medical systems for the treatment and
management of different diseases. Literature review on cinnamon revealed that it mainly
contains essential oils and important compounds like cinnamaldehyde, eugenol, cinnamic
acid and cinnamate. It has been reported to possess good anti-inflammatory, anti-oxidant,
anti-ulcer, anti-microbial, anti-diabetic, memory enhancer and many other activities.!®® Drugs
obtained from plant sources are playing an important role in today’s world. Herbal drugs
come with practically no side effects if taken in proper doses and under the guidance of a
qualified health practitioner. Various species of Cinnamomum are now being increasingly
used to treat various types of diseases. The present review attempts to highlight distribution,
botanical description, uses and chemical constituents of various species of Cinnamomum

found in north India.

ACKNOWLEDGEMENTS
The authors are grateful to GBPNIHESD, Kosi, Katarmal, Almora for financial support and
Head, Department of Chemistry, Kumaun University, Nainital for providing necessary

laboratory facilities.

REFERENCES

1. Leela, NK. In: Chemistry of Spices (V. A. Parthasarathy, B. Chempakam, T. John eds.)
Zachariah, Kingslynn, UK; Biddles Ltd., 2008.

2. Ravindran, PN, Babu, NK, Shylaja, M. 2003.Cinnamon and Cassia: The
genus Cinnamomum. CRC Press. p. 59.

3. Maheshwari, RK, Chauhan, AK, Gupta, A, Sharma, S. Cinnamon: an imperative spice for
human comfort. International Journal of Pharmaceutical Research and Bio-Science, 2013;
2(5): 131-145.

4. Rao, PV, Gan, SH. 2014. Cinnamon: a multifaceted medicinal plant, Hindawi Publishing
Corporation Evidence-Based Complementary and Alternative Medicine, 1-12.

5. Borhade, P, Krishnkant, L, Joshi, S, Kadam, A, Gaikwad, P. Recent pharmacological
review on Cinnamomum tamala. Res J Pharm Biol Chem Sci, 2013; 4(4): 916-921.

6. Singh. C, Singh, S, Pande, C, Tewari, G, Kharkwal, GC. Chemical composition of the
leaves essential oil from Cinnamomum glanduliferum (wall) meissn from Uttarakhand,
India. J Essent Oil Bear PI, 2014; 17(5): 927-930.

7. Gogoi, B, Kakoti, BB, Borah, S, Borah, NS. Antihyperglycemic and in vivo antioxidative
activity evaluation of Cinnamomum bejolghota (Buch.-Ham.) in streptozotocin induced

WWW.Wjpr.net Vol 6, Issue 11, 2017. 216




Geeta et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

diabetic rats: an ethnomedicinal plant in Assam. Asian Pac J Trop Med, 2014,
S427-S434.

Hamidpour, R, Hamidpour, S, Hamidpour, M, Shahlari, MB. Camphor (Cinnamomum
camphora), with the history of treating several diseases. International Journal of Case
Reports and Images, 2013; 4(2): 86-89.

Vangalapati, M, Sree Satya, N, Surya Prakash, D, Avanigadda, S. A review on
pharmacological activities and clinical effects of cinnamon species. Res J Pharm Biol
Chem Sci, 2012; 3(1): 653-663.

Schmidt, E, Jirovetz, L, Buchbauer, G, Eller, GA, Stoilova, I, Krastanov, A, Stoyanova,
A, Geissler, M. Composition and antioxidant activities of the essential oil of cinnamon
(Cinnamomum zeylanicum Blume) leaves from Sri Lanka. J Essent. Oil Bear Pl, 2006;
9(2): 170-182.

Rao, BRR, Rajput, DK, Bhattacharya, AK. Essential oil composition of petiole of
Cinnamomum verum Bercht. & Presl. J Spices Aromat Crops, 2007; 16(1): 38-41.

Patel, K, Ali, S, Sotheeswaran, S, Dufour, JP. Composition of the leaf essential oil
of Cinnamomum verum (Lauraceae) from Fiji Islands. J Essent Oil Bear PI, 2007; 10(5):
374-377.

Jantan, I, Moharam, BAK, Santhanam, J, Jamal, JA. Correlation between chemical
composition and antifungal activity of the essential oils of eight Cinnamomum species.
Pharm Biol, 2008; 46(6): 406- 412.

Boniface, Y, Philippe, S, Lima, HR de, Pierre, NJ, Alain, AG, Fatiou, T, Dominique, S.
Chemical composition and antimicrobial activities of Cinnamomum zeylanicum Blume
dry leaves essential oil against food-borne pathogens and adulterated microorganisms.
International Research Journal of Biological Sciences, 2012; 1(6): 18-25.

Unlu, M, Ergene, E, Unlu, GV, Zeytinoglu, HS, Vural, N. Composition, antimicrobial
activity and in vitro cytotoxicity of essential oil from Cinnamomum zeylanicum Blume
(Lauraceae). Food Chem Toxicol, 2010; 48(11): 3274-3280.

Wong, YC, Ahmad-Mudzaqgir, MY, Wan-Nurdiyana, WA. Extraction of essential oil
from Cinnamon (Cinnamomum zeylanicum). Orient J Chem, 2014; 30(1): 37-47.

Li, Y, Kong, D, Lin, X, Xie, Z, Bai, M, Huang, S, Nian, H, Wu, H. Quality evaluation for
essential oil of Cinnamomum verum leaves at different growth stages based on GC-MS,
FTIR and microscopy. Food Anal Method, 2016; 9(1): 202-212.

Choi, O, Cho, SK, Kim, J, Park, CG, Kim, J. In vitro antibacterial activity and major

bioactive components of Cinnamomum verum essential oils against cariogenic

WWW.Wjpr.net Vol 6, Issue 11, 2017. 217



http://www.tandfonline.com/author/Patel%2C+Kirti
http://www.tandfonline.com/author/Ali%2C+Sadaquat
http://www.tandfonline.com/author/Sotheeswaran%2C+Subramanium
http://www.tandfonline.com/author/Dufour%2C+Jean-Pierre
http://www.tandfonline.com/toc/teop20/current
https://www.ncbi.nlm.nih.gov/pubmed/?term=Unlu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20828600
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ergene%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20828600
https://www.ncbi.nlm.nih.gov/pubmed/?term=Unlu%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=20828600
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeytinoglu%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=20828600
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vural%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20828600
https://www.ncbi.nlm.nih.gov/pubmed/20828600

Geeta et al. World Journal of Pharmaceutical Research

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

bacteria, Streptococcus mutans and Streptococcus sobrinus. Asian Pac J Trop Biomed,
2016; 6(4): 308-314.

Nath, SC, Hazarika, AK, Baruah, RN, Singh, RS, Ghosh, AC. Major Components of the
leaf oil of Cinnamomum sulphuratum Nees. J Essent Oil Res, 1994; 6(1): 77-78.

Mir, SR, Ali, M, Kapoor, R. Chemical composition of essential oil of Cinnamomum
tamala Nees et Eberm. Leaves. Flavour Frag J, 2004; 19: 112-114.

Baruah, A, Nath, SC, Hazarika, AK. Investigation of the essential oils of Cinnamomum
tamala Nees. Grown at Jorhat, Assam. Indian Perfumer, 2007; 51: 50-52.

Kapoor, IPS, Singh, S, Singh, G, Isidorov, V, Szczepaniak, L. Chemistry, antimicrobial
and antioxidant potentials of Cinnamomum tamala Nees et Eberm. (Tejpat) essential oil
and oleoresins. Nat Prod Rediance, 2009; 8: 106-116.

Joshi, SC, Padalia, RC, Bisht, DS, Mathela, CS. Terpenoid diversity in the leaf essential
oils of Himalayan Lauraceae species. Chem Biodiver, 2009; 6: 1364-1373.

Chanotiya, CS, Yadav, A. Enantioenriched (3S) - Linalool in leaf of Cinnamomum
tamala Nees et Eberm. from Kumaon. J Essent Oil Res, 2010; 22: 593-596.

Agrawal, R, Pant, A, Prakash, O. Chemical composition and biological activities of
essential oils of Cinnamomum tamala, Cinnamomum zeylenicum and Cinnamomum
camphora growing in Uttarakhand. In: Chemistry of phytopotentials: Health, energy and
environmental perspectives. LD Khemani, MM Srivastava and S Srivastava (Eds.).
Heidelberg, New York; Springer, Verlag Berlin, 2012.

Kumar, S, Sharma, S. Vasudeva, N. Chemical compositions of Cinnamomum tamala oil
from two different regions of India. Asian Pac J Trop Dis, 2012; S761-S764.

Lohani, H, Andola, HC, Chauhan, N, Bhandari, U. Variability in volatile constituents of
Cinnamomum tamala leaf from Uttarakhand Himalaya. Asian Pac J Trop Biomed, 2012,
S667-S669.

Mohan, M, Haider, SZ, Sharma, A, Seth, R, Sharma, M. Antimicrobial activity and
composition of the volatiles of Cinnamomum tamala Nees. and Murraya koenigii (L.)
Spreng. from Uttarakhand (India). Asian Pac J Trop Dis, 2012; S324-S327.

Rana, VS, Langoljam, RD, Verdeguer, M, Blazquez, MA. Chemical variability in the
essential oil of Cinnamomum tamala L. leaves from India. Nat Prod Res, 2012; 26(14):
1355-1357.

Shahnaz, HS, Ali, M, Pande, BP. Influence of volatile constituents of the leaves of
Cinnamomum tamala on clinically isolated pathogenic microorganisms. International
Journal of Advaces in Pharmacy Medicine and Bioallied Sciences, 2014; 2(2): 81-84.

WWW.Wjpr.net Vol 6, Issue 11, 2017. 218



http://www.tandfonline.com/author/Nath%2C+Subhan+C
http://www.tandfonline.com/author/Hazarika%2C+Ajit+K
http://www.tandfonline.com/author/Baruah%2C+Robindra+N
http://www.tandfonline.com/author/Singh%2C+Ramesh+S
http://www.tandfonline.com/author/Ghosh%2C+Anil+C
http://www.tandfonline.com/toc/tjeo20/current

Geeta et al. World Journal of Pharmaceutical Research

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lohani, H, Singh, SK, Bhandari, Ujjwal, Haider, SZ, Gwari, G, Chauhan, N. Chemical
polymorphism in Cinnamomum tamala_(Buch.-Ham.) Nees. & Eberm. growing in
Uttarakhand Himalaya, India. Journal of Chemical and Pharmaceutical Research, 2015;
7(8): 67-71.

Sankaran, V, Chakraborty, A, Jeyaprakash, K, Ramar, M, Chellappan, DR. Chemical
analysis of leaf essential oil of Cinnamomum tamala from Arunachal Pradesh, India.
Journal of Chemical and Pharmaceutical Sciences, 2015; 8(2): 246-248.

Rema, J, Leela, NK, Krishnamoorthy, B, Mathew, PA. Chemical composition
of Cinnamomum tamala essential oil-A review. Journal of Medicinal and Aromatic Plant
Sciences, 2005; 27: 515-519.

Shah, M, Panchal, M. Ethnopharmacological properties of Cinnamomum tamala- a
review. Int J Pharm Sci Rev Res, 2010; 5(3): 141-144.
http://www.ayurveda.hu/api/API-Vol-1.pdf.

Choudhary, D, Kala, SP, Todaria, NP, Dasgupta, S, Kinhal, G, Kollmair, M. Essential oil
from bay leaves in India and Nepal: an analysis for quality oriented value chain
development. International Journal of Medicinal and Aromatic Plants, 2013; 3(1): 11-17.
Malsawmtluangi, L, Nautiyal, BP, Hazarika, T, Chauhan, RS, Tava, A. Essential oil
composition of bark and leaves of Cinammoum verum Bertch. & Presl from Mizoram,
North East India. J Essent Oil Res, 2016; 28(6): 551-556.

Chowdhury, AR. Essential oil from Cinnamomum glanduliferum (Wall) Nees. Indian
Perfumer, 1999; 43: 64-66.

Baruah, A, Nath, SC. Leaf essential oils of Cinnamomum glanduliferum (Wall) Meissn
and Cinnamomum glaucescens (Nees) Meissn. J Essent Oil Res, 2006; 18: 200-202.
Chowdhury, JU, Shaha, GC, Begum, F, Bhuiyan, MNH, Rahim, M. Essential oil
composition from fresh and dried leaves of C. tamala. Bangladesh Journal of Scientific
and Industrial Research, 2013; 48(2): 151-154.

Nath, SC, Hazarika, AK, Singh, RS. Essential oil of leaves of Cinnamomum tamala Nees
& Ebem. From North East India. J Spices Aromatic Crop, 1994; 3: 33-35.

Baruah, A, Nath, SC, Leclercq, PA. Leaf and stem bark oils of Cinnamomum
sulphuratum Nees from Northeast India. J Essent Oil Res, 1999; 11(2): 194-196.

Bruah, A, Nath, SC, Hazarika, AK. Essential oils of Cinnamomum sulphuratum Nees.: A
new chemotype source of spice value from Northeast India. Indian Perfumer, 2002; 46(2):
89-92.

WWW.Wjpr.net Vol 6, Issue 11, 2017. 219



http://www.tandfonline.com/author/Baruah%2C+Akhil
http://www.tandfonline.com/author/Nath%2C+Subhan+C
http://www.tandfonline.com/author/Leclercq%2C+Piet+A
http://www.tandfonline.com/toc/tjeo20/current

Geeta et al. World Journal of Pharmaceutical Research

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Gogoi, B, Kakoti, BB, Sharma, N, Borah, S. Pharmacognostic and preliminary
phytochemical evaluation of Cinnamomum bejolghota (Buch.-Ham.) Sweet bark. Indian J
Nat Prod Resour, 2016; 7(1): 59-64.

Choudhury, SN, Ahmed, RZ, Barthel, A, Leclercq, PA. Essential oil composition of
Cinnamomum bejolghota (Buch-Ham.) sweet: a secondary muga (Antheraeaassama W/w)
food plant from Assam, India. Sericologia 1998; 38: 473-478.

Baruah, A, Nath, CS. Panicle and bark oils of a variant of Cinnamomum beholghota
(Buch.-Ham.) Sweet from North East India. J Spices Aromatic Crop, 2002; 11(2):
135-137.

Jiang, H, Wang, J, Song, L, Cao, X, Yao, X, Tang, F, Yue, Y. GCxGC-TOFMS analysis
of essential oils composition from leaves, twigs and seeds of Cinnamomum camphora L.
Presl and their insecticidal and repellent activities. Molecules, 2016; 21: 423.

Guo, S, Geng, Z, Zhang, W, Liang, J, Wang, C,Deng, Z,Du, S. The chemical
composition of essential oils from Cinnamomum camphora and their insecticidal activity
against the stored product pests. Int J Mol Sci, 2016; 17(11): 1836.

Chen, HP, Yang, K, You, CX, Lei, N, Sun, RQ, Geng, ZF, Ma, P, Cai, Q, Du, SS, Deng,
ZW. Chemical constituents and insecticidal activities of the essential oil of Cinnamomum
camphora leaves against Lasioderma serricorne. J Chem, 2014; 1D 963729, 5 pages.

Su, J, Chen, J, Liao, S, Li, L, Zhu, L, Chen, L. Composition and biological activities of
the essential oil extracted from a novel plant of Cinnamomum camphora Chvar. Borneol.
J Med Plants Res, 2012; 6(18): 3487-3494.
http://icimod.org/hkhconservationportal/Plant.aspx?1D=4666.

Nath, SC, Baruah, AKS. Eugenol as the major component of the leaf oils
of Cinnamomum impressinervium Meissn. J Essent Oil Res, 1994; 6(2): 211-212.
Finnemore, H. The Essential Oils. London; Ernest Benn Ltd., 1926.

Adhikary, SR, Tuladhar, BS. Aromatic plants of Nepal, Part Ill. Essential oil from the
fruits of Cinnamomum glaucacens (Nees.) Drury. Journal of Nepal Pharmaceutical
Association, 1988; 15: 1-7.

Adhikary, SR, Tuladhar, BS, Sheak, A, van Beek, TS, Posthumus, A, Lelyveld, GP.
Investigation of Nepalese essential oils I. The oil of Cinnamomum glaucacens (Sugandha
kokila). J Essent Oil Res, 1992; 4: 151-1509.

Baruah, A, Nath, SC. Leaf essential oils of Cinnamomum zlanduliferum (Wall) Meissn

and Cinnamomum glaucescens (Nees) Meissn. J Essent Oil Res, 2006; 18: 200-202.

WWW.Wjpr.net Vol 6, Issue 11, 2017. 220



https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27827929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geng%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27827929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27827929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27827929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27827929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27827929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Du%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27827929
http://icimod.org/hkhconservationportal/Plant.aspx?ID=4666
http://www.tandfonline.com/author/Nath%2C+Subhan+C
http://www.tandfonline.com/author/Sarma+Baruah%2C+Anil+K
http://www.tandfonline.com/toc/tjeo20/current
http://www.nepjol.info/index.php/JNPA
http://www.nepjol.info/index.php/JNPA

Geeta et al. World Journal of Pharmaceutical Research

S7.

Baruah, A, Nath, SC. Cinnamomum champokianum sp. nov. (Lauraceae) from Assam,
northeastern India. Nord J Bot, 2007; 25: 281-285.

58. Nath, SC. 1998. Summary of the completed project on “Commercial resources of

59.

60.

61.

62.

63.

Cinnamomum species in Eastern Himalayan region of India: Survey, Identification and
Conservation for sustainable use” ENVIS Bull. Himalayan Ecol. Develop, 6: 21-22.
Baruah, A. Cinnamomum species associated with the livelihood of people in North-East
India: A systematic census with emphasis to ethnobotany. PhD Thesis. Gauhati
University, Assam, 2000.

Nath, SC, Hazarika, AK, Baruah, A. Cinnamaldehyde, the major component of leaf, stem
bark and root bark oil of Cinnamomum pauciflorum Nees. J Essent Oil Res, 1996; 8:
421-422.

Nath, SC, Baruah, A, Kanjilal, PB. Chemical composition of the leaf essential oil
of Cinnamomum pauciflorum Nees. Flavour Frag J, 2006; 21(3): 531-533.

Baruah, A, Nath, SC. Leaf anatomy and essential oil characters of Cinnamomum
pauciflorum Nees. - a potential spice crop from North-East India. J Spices Aromatic
Crop, 2006; 15(1): 52-56.

Prasad, KN, Yang, B, Dong, X, Jiang, G, Zhang, H, Xie, H, Jiang, Y. Flavonoid contents
and antioxidant activities from Cinnamomum species. Innov Food Sci Emerg, 2009; 10:
627-632.

WWW.Wjpr.net Vol 6, Issue 11, 2017. 221




