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Background: Cinnamomum verum (true cinnamon or Tejpatra) is a well-known spice with immense medicinal properties. Its adulteration with
leaf and bark of other species belonging to genus Cinnamomum is found to be a common practice in India. Aims: Cinnamomum sulphuratum
is used as a substitute of C. verum owing to its apparent macroscopic similarities. Materials and Methods: Fresh leaves of C. verum and
C. sulphuratum growing in South India were collected and studied to establish their macro—microscopic identity with pharmacognostical
perspective. Results: Detailed microscopic evaluation by transverse section, maceration, and powder microscopy was conducted to delineate
the two species. Detailed macroscopic identification served the purpose of identification of the entire drug on the spot, and microscopy has
helped in the identification of fragmented and powdered form of the drugs. Conclusion: Further chemical and biological studies may be
necessary to confirm whether these leaves can be used as a substitute or adulterant for other species Cinnamon.
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In India, significant quantities of medicinal plant resources
are consumed by traditional healers and practitioners of
Indian Systems of Medicine, which require continuous
supply of medicinal plants for the manufacturing of medical
formulations. Cinnamomum verum J. Presl (synonym
Cinnamomum zeylanicum Blume) commonly known as the true
cinnamon is one of the earliest known spices and medicinal
plants.'" It is traditionally used for bloating, nausea, flatulence,
colic, and gastrointestinal tract spastic conditions and finds
application in modern medicines too.”! Almost every part of the
cinnamon tree such as bark, leaves, flowers, fruits, and roots has
some medicinal or culinary uses. Among the various species
occurring in India, C. verum, Cinnamomum malabatrum,
Cinnamomum sulphuratum, and Cinnamomum bejolghota
are morphologically similar to one another. C. sulphuratum
locally known as “Jangali dalchini” is one of the most
traded medicinal plants sourced from tropical forests.™ It is
medium-to-large aromatic evergreen tree, distributed mainly
in south™ and northeastern parts®® of India. On account of
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easy availability and similarity in flavor, different parts of
C. sulphuratum are in use as substitutes for commercial
cinnamon-derived spices.[ In South India, it is distributed in
Western Ghats regions of Tamil Nadu; Thiruvananthapuram
and Wyanad in Kerala; and Coorg, South Kannada, Hassan,
Mysore, Shimoga, and North Kannada districts in Karnataka.[”
The leaves and bark of the tree are aromatic; leaves are known
by vernacular name 7ejpatra by the Northeast Indian people
and are used as a spice.[’) Medicinal uses of C. sulphuratum
are similar to C. verum which include treating wounds, fever,
intestinal worms, headache, and menstrual problems.” Leaves
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of the same genus are found to exhibit the number of similar
common macro—microscopic characters and hence most likely
to be used as an adulterant for official drug. In this article, a
detailed macro—microscopic examination was carried out to
differentiate these two species.

The authentic leaf samples of C. verum were collected
from botanical garden of Alva’s Ayurveda Medical College,
Moodbidri, Karnataka, and C. sulphuratum from wild population
in Tala Kaveri of Kodagu (Coorg) district, Karnataka. Leaves
were dried in the shade; a few preserved in formalin-ethyl
alcohol-acetic acid solution, were used for histological studies.
Powder of the dried leaves sieved through mesh 60 was stored
in glass vials and used for microscopic evaluation.

Detailed macroscopy of the leaves of C. verum and C.
sulphuratum was studied with respect to the description
provided in floras.l'®!"l Leaf petiole and lamina were
transversely cut and slides were prepared!'?! as per the standard
procedures for histological examinations.!'” Photomicrographs
were taken using Leica microscope attached with Canon
digital camera. Isolation of the tissues was carried out by
Schultz’s maceration process or by boiling with 5% KOH.!'3!
Measurements of the various elements!!*! were taken with
the help of stage and ocular micrometers. The microscopic
diagnostic characters of the powder were studied by clearing
the powder with chloral hydrate. Cell contents were tested
with usual reagents.!') Microscopic characters were drawn
with Prism Type Camera Lucida.

Morphological descriptions outlined in floras were used
as a guideline to propose diagnostic differentiating

macrocharacters of the two drugs. The macroscopic and
sensory characters of the two species were compared, and
the differences were observed in size of leaf blade and
petiole (C. verum is bigger than C. sulphuratum). Petiole
is not hairy in C. verum when compared to C. sulphuratum
and is lamina glabrous and smooth in C. verum while
coriaceous and tomentose in C. sulphuratum which also
shows algal growth on the surface. The lower surface of the
leaves of C. verum is paler compared to C. sulphuratum. The
secondary veins were distinct in C. verum while faint in C.
sulphuratum. Leaves of C. verum are sweet, pungent, and
aromatic while of C. sulphuratum are astringent and fragrant
[Table 1 and Figure 1a, b].

C. verum is cordate with a small projection within the
depressed upper surface (circular to almost elliptical
without any projections in C. sulphuratum); below the
epidermis, cavities containing volatile oils are present in C.
verum (absent in C. sulphuratum); rosette crystals are present
in C. sulphuratum (absent in C. verum); stomata anomocytic
cells are present in C. verum (paracytic in C. sulphuratum);
and isolated sclerenchyma cells are seen on both sides of the
vascular bundles in C. verum (in C. sulphuratum, it is present
on the outer side) [Table 2 and Figure 1c, d].

Both upper and lower surfaces are broad and conical in
C. verum, while the upper region is semicircular and the lower
is broad in C. sulphuratum; hypodermal sclerenchymatous
patch is 1012 cells wide in C. verum while 8—10 cells wide in
C. sulphuratum; lower cortex is made up of collenchymatous
cells of 2-3 layers in C. verum while 6-8 layers in
C. sulphuratum. Xylem in C. verum is elongated, roughly
ellipsoidal with 28-30 radial rows of vessels while in C.
sulphuratum is concavo convex in outline with 20 radial rows
of xylem vessels.

Table 1: Comparative macroscopic and organoleptic characters of leaves of Cinnamomum spp.

Characters Cinnamomum verum

Size of whole 7-25%3.8

leaf (cm)

Petiole (mm) 13-25

Shape Oval or elliptic to lanceolate or narrowly elliptic

Base Acutish or cuneate, usually rounded

Tip Shortly or broadly acuminate

Texture Smooth shining, glabrous; highly reticulate below, thinly to
stiffly coriaceous

Venation Triplinerved or with very slender additional basal nerves (5
nerved), three main nerves prominent on both surfaces, the
basal or subbasal ones running out near the base of acumen,
secondary nerves faint, bent in the middle more or less parallel

Petiole Rather stout, slightly concave above

Color Upper surface dark green, lower surface paler, and dull

Taste Mucilaginous, sweet, and pungent.

Odor Aromatic
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Cinnamomum sulphuratum
9.5-18x2.6-4.8

8-11

Elliptic to lanceolate to narrowly ovate lanceolate
Acute to cuneately acute

Sharply acute to shortly acuminate

Coriaceous, young leaves highly tomentose, mature
leaves perfectly glabrous

Triplinerved; lateral nerves not reaching the tip of
apex, basal to suprabasal, perfect-imperfect. Midrib
modulate, secondary veins distinct, subparallel, bent
at middle

Concave above, usually short and stout, highly hairy
Dark green above, pale beneath

More mucilaginous and astringent

Fragrant
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Figure 1: (a) Macroscopic characters of the leaves of Cinnamomum verum, (b) macroscopic characters of the leaves of Cinnamomum sulphuratum, (c)
Detailed transverse section of petiole of Cinnamomum verum, (d) detailed transverse section of petiole of Cinnamomum sulphuratum, (e) detailed
transverse section of the leaf passing through midrib of Cinnamomum verum, (f) detailed transverse section of the leaf passing through midrib of
Cinnamomum sulphuratum

Table 2: Comparative microscopic characters of the transverse section of petiole of Cinnamomum spp.

Characters  Cinnamomum verum Cinnamomum sulphuratum
Outline Almost cordate with a small projection within the depressed Almost elliptical without any projections
upper surface
Hair Unicellular thick-walled, few are of pearl type Highly ranging, very long, with blunt end, sharp end, short with some
black content, hair with mucilaginous wall only unicellular or pearl gland
Epidermis Thick-walled, lignified, rectangular shaped cells without any Highly thickened inner wall with plenty of hairs, slightly papillose
hairs
Pericycle Lignified, isolated, or grouped sclerenchyma fibers surrounding  Formed by isolated stone cells. there are few isolated sclerenchyma
the whole vascular bundle from both the sides. Between fibers inner to stone cells
stone cell sheath and pericycle fibers, there is a single layer of
parenchyma with tannin surrounding to the vascular bundle
Phloem Only on lower side, lignified sclerenchyma cells are found Much broader with small cavities, few sclerenchyma cells are also found
distributed throughout phloem. Small cavities are also evident  in the phloem
Xylem Boat shaped continuous, 55-60 radial and 6-7 vessels in each In three groups, each C/U-shaped, lateral two are wider, about 20 radial

row

row in each group, 10-12 vessels in each
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Table 3: Comparative microscopic characters of the transverse section of lamina passing through the midrib of
Cinnamomum spp.

Characters

Upper elevation

Cinnamomum verum Cinnamomum sulphuratum

Upper and lower epidermis with broad conical elevation Semicircular

Lower elevation almost similar in shape Broad

Upper epidermis Thick walled, slightly papillose cells with lignifications

on their lower wall

Thick walled, lignified, slightly papillose lignified
cells forming wavy epidermis

Lower epidermis Cells very small compared to upper, some cells with
brownish tannin content, lignified and rarely with simple

unicellular thick walled glandular hairs (pearl gland)

Moderately papillose, thick-walled, lignified cells
with good number of simple unicellular covering
trichomes

Palisade Single-layered, embedded with almost circular cells with Single layered, rarely a short second layer is
volatile oil, sometimes second layer of short cells are found, idioblast with volatile oil is found in
found between the cells

Spongy 4-5 layers of loosely arranged chlorenchyma with 7-8 layers of loosely arranged chlorenchyma with
mucilage and volatile oil cell mucilage cells, it intrudes into the midrib region

Sclerenchyma Small, thick-walled cells, 3-4 cells wide, 18-24 cells Small, thick-walled, narrow-lumened cell, 2-3

traversing in high, very closely arranged cells wide, 30-35 palisade cells in between such

mesophyll traversions. 18-20 cells high, 4-8 cells wide

Stomata Anomocytic Paracytic

Lamina of both species have thick cuticle covering the upper

epidermis and thin cuticle covering the lower cells, being Ll 68 I G (DS O GE DR &)

nonlignified, nonpapillose in C. verum while being lignified ~ Character Cinnamomum verum Cinnamomum

and highly papillose in C. sulphuratum. Single-layered palisade sulphuratum

cells are present in both; the number of layers of spongy U;1>1per epidermal 18-36x7-16 7-14x6-7
cells

mesophyll varies from 4 to 5 layers in C. verum while 7 to 8

layers in C. sulphuratum [Table 3 and Figure le, f]. 46-120%46-70

Parenchyma with 30-115%30-46

crystals
Parenchyma with 58-105%35-46 30-70x20-30
. . . . . tannin
ﬁ-?a?f on maceratlon W1tthOH ylel‘cllle(.i mfolrmatlon (l)n Mucilage (swollen) 58-80%42-50 30-40x20-30
1 ere.nt tissue systems such as type o airs, Xylem vessels, Volatile oil cell 80-88x46-70 60-105%36-40

trachelqs, stone cell 'ﬁbers, f:rystgls of c'alc'lum oxalate from Crystals 46-120%46-70 25.23x2-28
the petiole and lamina. Brief differentiations are depicted Stone cells 88-193%35-88 63-245%35-158
Figures 2A, B, and 3A, B. The inference is found to be more Sclereids from With crystals, 550%30

informative in differentiating the two species.

Micrometric measurements were taken for various tissues in
the macerated leaf [Table 4 and Figure 4a, b].

Values for different leaf constants such as upper epidermal
cells, vein islet number, and stomatal number are documented
in Table 5.

Pearl glands were observed in C. verum (absent in C.
sulphuratum); fragments of pitted and reticulate vessels
present in C. verum (absent in C. sulphuratum); tracheidal
elements in C. sulphuratum possessed wide lumen (narrow
lumen in C. verum); stone cells with wide lumen are present
in C. verum (found rarely in C. sulphuratum); oval-shaped
stone cells are extant in both the species, but the boat-shaped
one is present exclusively in C. sulphuratum; stone cells
with three-sided thickening was seen in C. verum (absent
in C. sulphuratum); prismatic crystals of calcium oxalate
predominantly were present in C. verum (absent in C.
sulphuratum) [Figure 5a and b].
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lamina 184-218%30-70
Laminal, 69-184%9.3-23

Fibers

Simple 190-320%11-22 -

Broad lumened Without pits 620x26, 156-600x12-24

fiber with crystals
184x23, septate with
acicle 300x20

Vessels

Annular Pitted 288%25 Pitted 46034

Reticulate 384x64 -

Spiral 272x26 -
Tracheids 57-92x11-16 60-90x12-18
Pitted parenchyma 263x14-32 105-140%28-35

Covering trichome - 105-228%14-25

Minimum length to maximum length * minimum breadth to maximum
breadth. All figures in pm; measurements are expressed from an average
of three readings, C. verum: Cinnamomum verum, C. sulphuratum:
Cinnamomum sulphuratum

The morphological similarities, wider distribution, and
resemblance in fragrance of the leaves of various species of
Cinnamomum have created a great difficulty in differentiating
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Figure 2: (A) Elements of maceration of Cinnamomum verum petiole (a) epidermis, (b) stone cell with wide lumen, (c) sclereisidal fiber, (d) prismatic
crystals of calcium oxalate, (e) vessels with wide simple pits, (f) stone cell with narrow lumen, (g) spiral vessel, (h) mucilage and volatile oil cells, (i)
sclereids. (B) Elements of maceration of Cinnamomum sulphuratum petiole (a) epidermis, (b) rosette crystals, (c) tablet-shaped crystals, (d) spiral
vessel, (e) highly pitted vessel, (f) fiber with narrow end, (g) sclereids, (h) stone cells, (i) sclereids and oleoresin cells

and lead to the adulteration and substitution of herbal
samples. C. verum has been used in many Ayurvedic and
Siddha formulations. Due to the similarities with C. verum,
C. sulphuratum is used widely as the substitute. Anatomical
descriptions of leaf of Cinnamomum species have been
provided earlier,l'>!'”! but detailed anatomical studies of
leaf have been published for only a restricted number of
Cinnamomum species.[1826]

Even though penninerved and triplinerved leaves have been
reported in Cinnamomum,*"' the two species under the study
possessed triplinerved leaves. C. verum and C. sulphuratum

had thick epidermis with lignin deposition in contrast to
the suberin deposition in Cinnamomum tamala.”® The
stomata observed in C. verum were anomocytic while it was
paracytic in C. sulphuratum. Earlier anomocytic stomata
have been reported in C. malabatrum and paracytic in C.
tamala™! and Cinnamomum camphora.?” In C. verum
and C. sulphuratum, volatile oil cells were present in
mesophyll cells but completely absent in Cinnamomum
magnifolium.*> In Cinnamomum amoenum, three-layered
palisade parenchyma was observed,’?! while in C. verum
and C. sulphuratum, it is single layered. The variation
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Figure 3: (A) Histology of Cinnamomum verum leaves: (a) transverse section of petiole, (b) transverse section of lamina showing vascular strands, (c)
epidermis of petiole in surface view, (d) transverse section of petiole showing group of stone cells, (e) upper epidermis showing cicatrix, (f) lower
epidermis showing stomata and cicatrix. (B) Histology of Cinnamomum sulphuratum leaves: (a) transverse section of petiole, (b) transverse section
of lamina showing vascular strands, (c) epidermis of petiole in surface view, (d) transverse section of petiole showing group of stone cells, () upper
epidermis showing cicatrix, (f) lower epidermis showing stomata, papillae, and cicatrix

0.2 mm E

0.2 mm

Figure 4: (a) Microscopy of macerated leaf of Cinnamomum verum, (b) microscopy of macerated leaf of Cinnamomum sulphuratum

in the number of layers of spongy parenchyma has been
encountered before in C. malabatrum (5-6) and C.
tamala (10-12).120.2)

Macroscopic and organoleptic features depicting the
differences in petiole, leaf, smell, and taste can help to a certain
extent in delimiting the species, but the detailed and exhaustive

microscopic evaluation which displayed the differences in
hypodermal sclerenchymatous layers, shape and number of
xylem elements, differences in the number of phloem patches,
and the presence of isolated sclerenchyma cells surrounding
the vascular bundles has proved to be a reliable tool in
authenticating the two species.
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Figure 5: (a) Powder microscopy of leaf of Cinnamomum verum, (b) powder microscopy of leaf of Cinnamomum sulphuratum

Table 5: Quantitative microscopy of leaves of
Cinnamomum verum and Cinnamomum sulphuratum

Parameters Cinnamomum Cinnamomum

verum sulphuratum
Vein islet number 16-18 30-32
Upper epidermal cells 1100 1720
Stomata in the upper epidermis 180 st/sqmm 500 st/sqmm
SI 14% 22.5%

All figures/sq.mm; measurements are expressed from an average of three
readings, C. verum: Cinnamomum verum: C. sulphuratum: Cinnamomum
sulphuratum, SI: Stomatal index

The lack of botanical identity of herbal drugs may lead to
adulteration and substitution. When the concerned herbal
material is not present in sufficient quantities, there is
a tendency to substitute it with available samples. The
differences exhibited in macro—microscopy of the species may
lead to the differences in their medicinal values too. Hence, the
usage of allied species may not ensure the exact bioactivities
for which detailed pharmacological studies may be required.
The detailed macro—microscopic profiles laid down for C.
verum and C. sulphuratum leaves will thus serve as diagnostic
tools for their differentiation.

Authors are grateful to Prof. R. Ramasamy, Director General,
CCRS, for support. Deep gratitude is extended to Dr. Prof.
Malati G. Chauhan and Sri A. P. G. Pillai for their guidance.
Dr. Remashree, CMPR, Arya Vaidya Sala, Kottakkal, are
acknowledged for providing photomicrography facility.

Nil.

There are no conflicts of interest.

Kumar NIJ. Introduction to Spices, Plantation Crops, Medicinal and
Aromatic Plants. Oxford and IBH Publishing; 2006.

Toriizuka K. Basic lecture of Kampo medicine: Pharmacological effect
of cinnamon. Kampo Med 1998;11:431-6.

Ranasinghe P, Pigera S, Premakumara GS, Galappaththy P,
Constantine GR, Katulanda P. Medicinal properties of ‘true’
cinnamon (Cinnamomum zeylanicum): A systematic review. BMC
Complementary Alternative Med 2013;13:275.

Ved DK, Goraya GS. Demand and Supply of Medicinal Plants in India.
Bishen Singh Mahendra Pal Singh; 2008.
Kostermans AJ. The South Indian species
schaeffer (Lauraceae). Nelumbo 1983;25:90-133.
Nath SC, Barua IC. A rare Cinnamomum (C. sulphuratum Nees)
discovered in Assam. J. Econ Taxon Bot 1994;18:211-2.

Kumar KN, Rajalekshmi M, Sangeetha B, Ravishankar B,
Muralidhar R, Yashovarma B. Chemical fingerprint of leaves of
Cinnamomum sulphuratum Nees growing in Kodagu, Karnataka.
J Pharmacog Phytochem 2013;2:Kumar KN, Rajalekshmi M,
Sangeetha B, Ravishankar B, Muralidhar R, Yashovarma B. Chemical
fingerprint of leaves of Cinnamomum sulphuratum Nees growing in
Kodagu, Karnataka. Journal of Pharmacognosy and Phytochemistry.
2013 1;2(3):163-8.

Akhil B, Nath SC, Boissya CL. Systematics and diversities of
Cinnamomum species used as” tejpat” spice in North-East India.
J Economic Taxonomic Botany 2000;24:361-74.

Maridass M, Victor B. Ethnobotanical uses of Cinnamomum species,
Tamil Nadu, India. Ethnobotanical Leaflets 2008;2008:18.

of  Cinnamomum

. Cooke TC. Flora of the Presidency of Bombay. Vol 1. London: Taylor &

Francis; 1903.

. Gamble JS, Fischer CE. Flora of the Presidency of Madras. Vol 2.

AYU | Volume 40 | Issue 3 | July-September 2019



12.
13.

20.

Narayana, et al.: Macro-microscopy of C. sulphuratum and C. verum leaves

London: Adlard and Son Ltd; 1915-1935. p. 1227.

Fahn A. Plant Anatomy. New York: Pergamon Press; 1967.
Chamberline CJ. Plant cell physiology: Schultze’s method. In:
Chamberline CJ editors. Methods in Plant Physiology. Chicago:
University of Chicago Press; 1915.

. Khandelwal K. Practical Pharmacognosy. Pragati Books Pvt. Ltd.; 2008.

p- 23.

. World Health Organization. Quality Control Methods for Medicinal

Plant Materials. World Health Organization; 1998.

. Metcalfe CR, Chalk L. Anatomy of the Dicotyledons. Oxford: At the

Clarendon Press; 1950. p. 229.

. Metcalfe CR. Anatomy of the dicotyledons. In: Magnoliales, Illiciales,

and Laurales (Sensu Armen Takhtajan). 2" ed. Vol. 3. Oxford: Clarendon
Press; 1987. p. 224.

. Santos JK. Leaf and bark structure of some cinnamon trees, with special

reference to the Philippine species. Philipp J Sci 1930;43:305-65.

. Marlier-Spirlet ML. On some epidermis of leaves of Cinnamomum L.

Bulletin of the State Botanical Garden in Brussels. 1945 Dec 1;
17 (Fasc. 3/4): 266-305.
Mithra R, Shahh NC, Kapoor LD. Pharmacognostical studies of

AYU | Volume 40 | Issue 3 | July-September 2019

21.

22.

23.

24.

25.

26.

27.

the leaves of ‘Tejpat’, Cinnamomum species. Indian J Pharmacy
1973;35:208.

Pal S. Epidermal studies in some Indian Lauraceae and their taxonomic
significance. Acta botanica Indica 1978;6:68-70.

Bakker ME, Gerritsen AF, van Der Schaaf PJ. Leaf anatomy of
Cinnamomum schaeffer (Lauraceae) with special reference to oil
and mucilage cells. Blumea-Biodiversity Evolu Biogeog Plants
1992;37:1-30.

Baruah AK, Nath SC. Foliar epidermal characters in twelve species
of Cinnamomum schaeffer (Lauraceae) from Northeastern India.
Phytomorphology 1997;47:127-34.

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 Crops 2006;15:52-6.

Kumar KN. Macro-microscopic examination of leaves of Cinnamomum
malabatrum (Burm. f.) Blume sold as Tamalapatra. Ayu 2013;34:193-9.
Santhan P. Leaf structural characteristics of important medicinal plants.
Int Res Ayurveda Pharm 2014;5:673-9.

Klucking EP. Leaf venation patterns. Vol. 216. Lauraceae. J. Cramer:
Berlin & Stuttgart; 1987. p. 154-5.



