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Cinnamomum verum J. Presl and Cinnamomum camphora L. are evergreen trees belong to family 
Lauraceae both are cultivated in Egypt. Furthermore, Melissa officinalis L. is a herbaceous plant belongs 
to family Labiatae. In this work, The chemical compositions of the Lipoidal matter obtained from the 
leaves of Cinnamomum verum J.Presl, Cinnamomum camphora L. and Melissa officinalis L. have been 
analyzed by GC/MS. The total identification of the saponifiable matters was 90.6%, 93.95% and 70.63% 
for the leaves of C.verum J.Presl, C.camphora L. and M.officinalis L. and 5.65%, 29.29% and 8.08% for 
the unsaponifiable matters, respectively. The botanical features including micro- and macro-
morphological studies of the leaves, petiole and stem of C. verum J.Presl and C. camphora L.in addition 
to M.officinalis L. were investigated microscopically using light microscope. Examination of the prepared 
entire, transverse sections and isolated elements of these plants organs revealed the presence of 
various glandular and non-glandular hairs, stomata as well as clusters and prisms of calcium oxalates. 
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INTRODUCTION 

Cinnamomum verum J.Presl and 
Cinnamomum camphora L. a valuable medicinal 
plants in herbal medicine belong to family 
Lauraceae. Members of the family have a wide 
variety of uses ranging from spices to drugs, 
which make them a valuable economical resource 
(Rica et al., 2009). Cinnamon, one of the most 
important flavoring agents in the food and 
beverage industry, has been recognized for its 
flavoring and medicinal properties since antiquity 
(Wang et al., 2013). The genus Cinnamomum 
belongs to the family Lauraceae, comprising over 
250 species, and is found distributed in tropical 
and subtropical regions. Cinnamomum verum 
J.Presl is widely used as a spice due to the 

presence of cinnamaldehyde (Wimalasena et al., 
2002).Cinnamomum verum J.Presl has been 
identified to possess excellent anti-inflammatory, 
antioxidant, anticancer and antibacterial 
properties (Li et al., 2013). However 
Cinnamomum camphora L. has long been 
prescribed in traditional medicines for the 
treatment of inflammation-related diseases such 
as rheumatism, sprains, bronchitis and asthma 
due to the presence of camphor. The wood and 
leaves are analgesic, antispasmodic, rubefacient, 
digestive complaints, depression and are also 
used as a stimulant. An infusion is used as an 
inhalant in the treatment of colds and diseases of 
the lungs (Singh & Jawaid 2012).Furthermore, 
Melissa officinalis L. is a herbaceous plant 
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belongs to family Labiatae which cultivated in 
upper Egypt. But, mainly native to southern 
Europe and the Mediterranean region. It is 
commonly known as lemon balm due to its 
characteristic lemon-like odour(Abdel-naime et al., 
2016). Lemon balm is traditionally used as tonic, 
anti-spasmodic, carminative and as a mild 
sedative-hypnotic, and as an antiviral to improve 
healing of herpes simplex cold sores (Blumenthal 
et al., 2000).Hence, the current botanical study 
including macroscopic and microscopic characters 
as well as lipoidal matter investigation was carried 
out for the leaves of Cinnamomum verum J.Presl, 
Cinnamomum camphora L. and Melissa officinalis 
L. which could be a useful tool for authentication 
of the plant and screening for its lipid content. 

 
MATERIALS AND METHODS 

Plantmaterial 
Samples of the three leaves of Melissa 

officinalis L., C.verum J.Presl and C.camphora L. 
were collected in May to July from trees growing 
in Giza zoo except Melissa officinalis L., growing 
in Mosleh farms, Maghagha, Minia, Egypt. The 
plants were authenticated by Dr. Abdel Halim 
Mohammed, Senior Taxonomist. Voucher 
specimen, kept in the herbarium of the 
Pharmacognosy Department - Nahda University 
with codes ML-015, CV-016 and CM-018 of 
Melissa officinalis L., C.verum J. Presl and 
C.camphora L. respectively.  

Extraction of the Lipoidal matter 
About 2.5 kg of each of the air-dried 

powdered leaves of Melissa officinalis L., C.verum 
J. Presl and C.camphora L. were extracted with 
ethanol (70%) till exhaustion (2000 ml, x4, each 
48 h). The extracts were evaporated under 
reduced pressure using a rotary evaporator. 
Distilled water (1L) was used to suspend the 
obtained residue (250g of each) and fractioned 
separately with n-hexane (500 mL x 4 for each) 
followed by evaporation of hexane under reduced 
pressure(Vogel 1975). 

2.2.1Saponification of the Lipoidal matters 
One gram of the each extracted Lipoidal 

matters were saponified by heating under reflux 
conditions, for 24 hours, with a mixture of 10% 
alcoholic potassium hydroxide (100 ml) and 
benzene (40 ml). The saponified solution was 
concentrated under reduced pressure. The 
residual matters were then mixed with 100 ml 
distilled water and extracted with successive 

portions of diethyl ether (each of 50 ml) till 
complete extraction of unsaponifiable matters. 
The combined ethereal extract was washed with 
distilled water several times till free from alkalinity, 
then dehydrated over anhydrous sodium sulphate, 
followed by evaporation till dryness. The dried 
residues obtained representing the un 
saponifiable matters (USM) were kept in a 
desiccator for GC/MS analysis, which were 
orange-yellow in color and amounted to 1.1 g, 
1.73 g and 1.89 g calculated as 44%, 65.5% and 
65.1% of the total Lipoidal matters of Melissa 
officinalis L., C.verum J. Presl and C.camphora L., 
respectively. (Pharmacopoeia 1973). 

2.2.2. Preparation of fatty acid methyl ester 
(FAME): 

Acidification of the aqueous alkaline solutions 
remains after the separations of the un 
saponifiable matters were done with concentrated 
hydrochloric acid. The liberated fatty acids were 
extracted with successive portions of diethyl ether 
(each of 50 ml) till a complete extraction was 
obtained and then washed with distilled water to 
remove acidity and dehydrated over anhydrous 
sodium sulphate, followed by evaporation till 
dryness. The fatty acids were converted to their 
methyl esters by refluxing with 10 ml of methanol 
in the presence of 0.5 ml of sulphuric acid for 2 
hrs. on boiling water bath. The mixture was diluted 
with 100 ml distilled water and extracted with 
successive portions of ether (each of 50 ml) tell a 
complete extraction was obtained. The collective 
ethereal extracts were washed with distilled water 
till the washing became neutral to litmus paper. 
The ether extracts containing the fatty acid methyl 
esters were then dehydrated over anhydrous 
sodium sulphate and evaporated under reduced 
pressure. The obtained extracts were kept in a 
desiccator for GC/MS analysis, which amounted 
to 1.4 g, 0.91 g and 1 g calculated as 56%, 34.5% 
and 34.4% of the total Lipoidal matters of Melissa 
officinalis L., C.verum J. Presl and C.camphora L., 
respectively. 

 
2.2.3.Gas Chromatography/Mass Spectrometry 
analysis of the USM and FAME  

The GC/MS analysis of the leaves of Melissa 
officinalis L., C.verum J.Presl and C.camphora L. 
were carried out using gas chromatography-mass 
spectrometry instrument with the following 
specifications, Instrument: a TRACE GC Ultra 
Gas Chromatographs (THERMO Scientific Corp., 
USA), coupled with a thermo mass spectrometer 
detector (ISQ Single Quadrupole Mass 
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Spectrometer).The GC/MS system was equipped 
with a TG-5MS column (30 m x 0.25 mm i.d., 0.25 
μl film thickness).Analyses were carried out using 
helium as the carrier gas at a flow rate of 1.0 
mL/min and a split ratio of 1:10 using the following 
temperature program: 55 C for 1 min; rising at 5.0 
C/min to 300 C and held for 15 min. The injector 
and detector were held at 280 C. Diluted samples 
(1:10 hexane, v/v)of 0.2 μl of the mixtures were 
always injected. Mass spectra were obtained by 
electron ionization (EI) at 70 eV, using a spectral 
range of m/z 40-450. However the GC/MS 
analysis of the fatty acid methyl ester of the 
leaves of Melissa officinalis L., C.verum J.Presl 
and C.camphora L. were carried out using the 
following temperature program: 80 C for 1 min; 
rising at 4.0 C/min to 300 C and held for 5 min. 
The injector and detector were held at 240 C. 

2.3. Botanicalstudies 

2.3.1. Preparation of the transverse sections 
Fresh specimens of leaves, petiole, stem of C. 

verum J.Presl, C. camphora L. and M.officinalis L. 
were preserved in 10ml formalin, 5ml glacial 
acetic acid and 85ml ethanol 70%(FAA) for 48 
hours to avoid the loss of the specimen tissues. 
Washing of the selected specimens in 50% ethyl 
alcohol is carried out, then dehydrated in a normal 
butyl alcohol series, after that, Specimens were 
immersed in paraffin wax of melting point 56

o
C 

and Cut off to a thickness of 20 microns. Safranin-
light green stain is used twice for staining of the 
obtained sections ,then Clarified in xylene and 
fixed in Canada balsam(Nassar & El-Sahhar 
1998). Slides were analyzed microscopically using 
light microscope and photographed using digital 
camera. 

2.3.2. Preparation of the isolated elements 
Specimens of leaves, petiole, and stem were 

air-dried and powdered separately then boiled 
with 5% KOH aqueous solution for preparation of 
the isolated elements. Then examined 
microscopically using light microscope and 
photographed using digital camera. 

2.3.3. Surface preparations: 
Surface preparation of the leaves was taken 

using razor and forceps, examined under light 
microscope and photographed using digital 
camera. Photos were taken for C. verum J.Presl, 
C. camphora L. and M.officinalis L. tree and the 
entire samples of leaves, petiole, and stem by 
digital camera. 

 
 
RESULTS and Discussion 

Identification of SM and USM components 
The results from  
 
Table 1 and Figure 1 of GC/MS of the 

saponifiable matters of M.officinalis L., C. verum 
J.Presl and C. camphora L. leaves, revealed the 
presence of total 37fatty acids were classified as: 
Eighteen unsaturated fatty acids represented 
48.6% of the identified fatty acids and nineteen 
were identified as saturated fatty acids (51.3%). 
Palmitic acid (13.6%), Methyl palmitate (51.9%) 
and Tetratetracontane (19.7%) were the major 
saturated fatty acids while Methyl Linolenate 
(74.65%), Oleic acid methyl ester (25.45%) and 
Methyl Oleate (10.63%) were the major 
unsaturated fatty acids in the leaves of 
M.officinalis L., C. verum J.Presl and C. camphora 
L. respectively. Also, 30 compounds were 
identified in unsaponifiable matters as shown in 
Error! Reference source not found. and Figure 
3. Hydrocarbons represented 32% of The 
identified compounds from which y,y-Carotene-
16-ol (0.58%), 5-phenylundecane (9.43%) and 
Phytadiene (2.03%) were the major compounds 
from M.officinalis L., C. verum J.Presl and C. 
camphora L. leaves, respectively. In addition to 
triterpenes and sterols (68%) from which 
Astaxanthin (1.04%), Stigmast-5-en-3-yl (9Z)-9-
octadecenoate (0.77%) and 6-
Nitrocholesteryl acetate (0.78%) the major 
identified compounds from M.officinalis L., C. 
verum J.Presl and C. camphora L. leaves, 
respectively.  

 
Botanical study 
Macro-morphology:  
Cinnamomum verum J.Presl. is a medium size 
dever green tree cultivated in Egypt. It grows up to 
10-15 m in height.It has a huge leaning trunk. The 
leaves is opposite, petiolate. The lamina is 
leathery in texture, opposite, with lanceolate to 
ovate shape, acute apex and entire base; 
Measures 10-12 cm long and 2.5-3.5 width. The 
midrib is more prominent in the lower surface and 
the venation is palmate reticulate usually 3-4 
nerved. The petiole is green, cylindrical, 0.5-1 cm 
length.Inflore scence is compound raceme 
(panicle) composed of many florets most are in 
the bud form with or more developed flowers. 

The flowers are small, yellowish in color, 
tubular flowers with 6 lobes, arranged in panicles, 
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blooms in spring, hermaphrodite and 
actinomorphic. The fruits are dark purple colored, 

small, berry, measures 1-1.5 cm long and contain 
a single seed. 

 
 

Table 1: Identified components of the saponifiable matters of M.officinalis L., C. verum J.Presl and 
C. camphora L. leaves. 

 
No. Compound RT RRT Area % 

M.o C.v C.a 

1 Methyl palmitate 35.41 1.00 12.03 51.94 15.66 

2 Palmitic acid 36.57 1.03 13.58 * * 

3 Ethyl iso-allocholate 38.09 0.93 0.44 * * 

4 Linoleic Acid Methyl Ester 39.62 0.89 3.23 * * 

5 Methyl 6-octadecenoate 39.72 0.89 5.62 * * 

6 Methyl Linolenate 40.97 0.86 47.65 * * 

7 2-Monolinolenin 43.4 0.82 0.93 * * 

8 6,9,12,15-
Docosatetraenoic acid, methyl ester 

43.67 0.81 1.27 * * 

9 4,8,12,16-Tetramethylheptadecan-4-olide 45.67 0.78 3.6 * * 

10 Methyl 14-methylpentadecanoate 30.47 1.16 * 0.61 * 

11 Methyl Behenate 33.12 1.07 * 0.58 * 

12 Methyl 12-(2-
octylcyclopropyl)dodecanoate 

35.48 1.00 * 0.54 * 

13 Methyl 3-hydroxy-2-
tetradecyloctadecanoate 

37.21 0.95 * 1.7 * 

14 Oleic acid methyl ester 38.42 0.92 * 25.45 * 

15 1-Heptatriacontanol 39.98 0.89 * 2.85 * 

16 Glyceryl Linolenate 41.39 0.86 * 1.54 * 

17 8,11-Octadecadienoic acid methyl ester 42.39 0.84 * 1.01 * 

18 7,10,13-Eicosatrienoic acid, methyl ester 42.47 0.86 * 1.37 * 

20 3-Ethyl-5-(2-ethylbutyl)octadecane 44.8 0.79 * 4.26 * 

21 Stearic acid, 3-(octadecyloxy)propyl ester 45.79 0.77 * 0.62 * 

22 15-Methylpalmitate 35.6 0.99 * * 0.86 

23 Methyl 2-hydroxyhexadecanoate 38.84 0.91 * * 0.84 

24 Methyl oleate 39.99 0.89 * * 10.63 

25 Methyl stearate 40.56 0.87 * * 3.18 

26 Ethyl linoleate 41.24 0.86 * * 8.34 

27 Methyl eicosa-7,10,13-trienoate 42.31 0.84 * * 1.53 

28 5beta-Cholestan-3-one ethylene acetal 45.9 0.77 * * 2.66 

29 Methyl 3-octyloxiraneoctanoate 47.76 0.74 * * 7.21 

30 Tetratetracontane 56.37 0.63 * * 19.72 

31 Oleic acid, 3-(octadecyloxy)propyl ester 68.84 0.51 * 0.28 * 

32 Arachidonic acid methyl ester 36.01 0.98 * * 0.23 

33 2,5-Octadecadiynoicacidmethylester 36.36 0.97 * * 0.35 

34 (2-Phenyl-1,3-dioxolan-4-
yl)methyl palmitate 

33.68 1.05 0.25 * * 

35 10,12-Pentacosadiynoic acid   1.08 * * 

36 Eicosapentaenoic Acid 44.34  1.08 * * 

37 Heptatriacontan-1-ol   2.22 * * 
 
Rt: Retention time; RRt: Relative retention time to Methyl palmitate; M.O:Melissa officinalis; C.v:Cinnamomum verum; 
C.a:Cinnaomoum camphora. 
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Figure 1: GC/MS chromatogram of the saponifiable matters of Leaves of M.officinalis L., C. verum 

J.Presl and C. camphora L. 
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Table 2: Identified components of the unsaponifiable matters of M.officinalis L., C. verum J.Presl 
and C. camphora L. leaves. 

 
No. Compounds RT RRt %Area 

M.o C.v C.a 

1 y,y-Carotene-16-ol 72.05 0.96 0.58 * * 

2 Echinenone 72.1 0.96 0.47 * * 

3 rhodovibrin 74.36 0.99 0.37 * * 

4 Colchinol 74.66 0.99 0.22 * * 

5 Anhydrolutein II 74.88 0.99 0.24 * * 

6 Stigmast-5-en-3-ol, oleate 75.29 1.00 0.8 * * 

7 Astaxanthin 75.34 1.00 1.04 * * 

8 Spheroidenone 80.52 1.07 0.51 * * 

9 Spathulenol 35.71 0.96 * 0.54 * 

10 5-phenylundecane 37.02 1.00 * 9.43 * 

11 Jasmolin II 37.95 1.03 * 0.15 * 

12 b-Eudesmol 38.52 1.04 * 0.31 * 

13 6-Dodecanylbenzene 40.35 1.09 * 9.27 * 

14 4-Dodecanylbenzene 40.79 1.10 * 6.51 * 

15 9-Eicosyne 44.34 1.20 * 0.51 * 

16 Phytol 52.12 1.41 * 0.49 * 

17 Docosane 52.94 1.43 * 0.5 * 

18 Cymarin 59.23 1.60 * 0.2 * 

19 Stigmast-5-en-3-yl (9Z)-9-octadecenoate 62.99 1.70 * 0.77 * 

20 Longifolene 75.38 1.70 * * 0.65 

21 Cubenol 38.63 0.87 * * 0.61 

22 Phytadiene 44.42 1.00 * * 2.03 

23 Aromadendrene Oxide 2 45.88 1.03 * * 0.99 

24 Isophytol 47.2 1.06 * * 0.37 

25 clionasterol 72.19 1.63 * * 0.31 

26 6-Nitrocholesteryl acetate 73.42 1.65 * * 0.78 

27 Sitosterol 75.5 1.70 * * 1.17 

28 Paulownin 80.2 1.81 * * 0.25 

29 Lucenin-2 42.03 1.14 * 0.13 * 

 
Rt: Retention time; RRt: Relative retention time for M.officinalis to Astaxanthin; RRT for C.verum to 5-

phenylundecane; RRT for C.camphora to Phytadiene; M.O: Melissa officinalis; C.v:Cinnamomum verum; C.a: 
Cinnaomoum camphora. 

Cinnamomum camphora L. 
C. camphoraL.is a large evergreen tree 

cultivated in Egypt. It grows up to 20-30 m in 
height. It has a huge leaning trunk with 
approximately 3 meter diameter. 
The leaves are alternate, petiolate. The leaf 
lamina is leathery in texture, with oval to elliptical 
shape, acuminate or rounded apex and entire 
base. The margin is somewhat wavy; it Measures 
7-8 cm long and 2-3 width. The midrib is more 
prominent in the lower surface and the venation is 
pinnate. The petiole is green, cylindrical, 1-2 cm 
length. Inflorescence is compound raceme 
(panicle) composed of many florets most are in 
the bud form with or more developed 
flowers(Error! Reference source not found.). 

The flowers are small, off-white, tubular 
flowers with 6 lobes, arranged in panicles and 

blooms in spring hermaphrodite and 
actinomorphic. The fruits are black purple colored, 
small, globose, fleshy, berry, less than 1cm 
diameter and contain a single seed. 

Melissa officinalis L. 
Melissa officinalis L.is a herb cultivated in 

Egypt. It grows up to 0.5 to 1 m in height. The 
leaves are ovate. The margin is serrate-crenate to 
obtusely serrate, the base is rounded to cordate, 
and the apex is acute to obtuse (Figure 5). 

Micro-morphology 

Cinnamomum verum J.Presl 

The leaf 
The upper epidermis appearin the transverse 

section as single layer and the surface 
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preparation showed that it consists of polygonal is 
odiametric cells with straight anticlinal wall and 

smooth cuticle, and devoid of stomata. 

 

Figure 2: GC/MS chromatogram of the saponifiable matters of Leaves of M.officinalis L., C. verum 
J.Presl and C. camphora L. 
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Figure 3: GC/MS chromatogram of the unsaponifiable matters of Leaves of M.officinalis L., C. 
verum J.Presl and C. camphora L. 
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Figure 4: Entire leaves of Cinnamomum verum J.Presl. (A)Lower surface; (B) Upper surface 
 

 
 
 
 
 

 
 
 
 

 
 
 
 

 
Figure 5:Entire leaves of Cinnamomum camphora L.(A)Lower surface; (B) Upper surface 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6:Entire herb and leaves of Melissa officinalis L.(A)The herb; (B) Lower surface; (C) Upper 
surface
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The lower epidermis consists of polygonal is 
odiametric cells larger than upper epidermis with 
wavy anticlinal wall and smooth cuticle, and 
contains numerous anomocytic stomata. 
The mesophyll is dorsiventral, with single layer of  
palisade cells discontinued over the midrib. the 
palisade cells are elongated, columnar, straight, 
closely packed, thin walled and contain green 
chloroplasts. 3-5 layers of the spongy tissue are 
present, which are parenchymatous cells with 
large in tracellular spaces.  The midrib is more 
prominent in the lower surface than the upper 
one. The upper surface of the midrib, in the 

hypodermis region, contains 4-6 layers of lignified 
scelerenchymatous cells with wide lumen followed 
by 3-4 large parenchymatous cells. Moreover, the 
hypodermis of the lower surface contains of 1-2 
rows of polygonal collenchyma cells beneath 
lower epidermis followed by 5 or 6 layers of 
parenchymatous cells (Figure 6) 

As shown in Figure 7, the pericycle is formed 
of a continuous ring of lignified fibers 1-3 rows 
downwards and upwards, the fibers are lignified 
with wide lumen. 

 

 

Figure 7: Transverse section in Cinnamomum verum J.Presl leaves. 

 (A) Entire transverse section; (B) A magnified section of the lamina ;(C) A magnified section of the midrib. 
U.ep,Upper epidermis; hyp.,hypodermis; P.F.,pericyclic fiber; L.ep, lower epidermis; X.V.,xylem vessels; m.r., 

Medullary rays; Ph., phloem; Pal.,palisade cells; Sp.,spongy cells; Par., parenchyma cells.  

 
 

The vascular tissue consists of collateral arc-
shaped vascular bundle divided into two uneven 
parts. The phloem located underneath consists of 
sieve elements and phloem parenchyma. The 
xylem is endarch with spiral vessels wood fibers 
and wood parenchyma with the medullary rays 

appears in between.  

The petiole 
The petiole in the transverse section looks like 

an inverted protractor shape (Figure 8).



Elhawary et al.,                                                                                         Botanical features and Lipid contents  

 

                          Bioscience Research, 2018 volume 15(3): 2338-2357                         2348 

 

Figure 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

Figure 8: Transverse section in Cinnamomum verum J.Presl petiole. 
(A)Entire transverse section, (B)A magnified section of the vascular bundle; Ep.,epidermis;Co.,cortex;V.B;vascular 

bundle;X.v,xylem vessel;Ph.,phloem. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 9: Isolated elements of the powdered Cinnamomum verum J.Presl leaves and petiole. 
(A)Lower epidermis of the leaf showing stomata,(B)Upper epidermis,(C)prisms of calcium oxalate,(D)crystal sheath. 

 
The section showed that the petiole epidermis 

consists of one layer of continuous tangential 
cells. The cortex consists of 1-2 rows of rounded 
collenchymatous cells followed by 7-9 small 
parenchymatous cells. The pericycle consists of a 
continuous ring of lignified with narrow lumen 

pericyclic fibers. The vascular tissue is arc-
shaped, consists of a collateral vascular bundle 
divided to 2 unequal parts. The phloem consists of 
sieve elements, fibers and phloem parenchyma. 
The xylem is exarch located underneath the 
phloem and the isolated elements showed 
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lignified vessels some of them are narrow with 
spiral thickening and some with wider with annular 
thickening. The pith is absent.  

The stem  
The transverse section in the stem shows that 

the outline is somewhat circular in shape and 
consists of a single 

layer of epidermis of tangential cells, followed by 
the cortex layer that shows 6-9 rows of 
collenchymatous cells. Next to cortex the 
pericyclic layer takes place and is formed of a 
continuous ring of 4-6 rows of lignified fibers with 
slightly wide lumen. 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 10: Transverse section in the stem of Cinnamomum verum J.Presl  
(A)Entire transverse section,(B)A magnified section. Ep.,epidermis;Co.,cortex; P.F.,pericyclic fiber;V.B;vascular 

bundle;X.v,xylem vessel;Ph., phloem;Pi,pith. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Figure 11: Isolated elements of powdered Cinnamomum verum J.Presl stem. 
(A)Epidermal cells,(B)Spiral xylem vessels,(C)Oil droplets, (D)Non-glandular, bicellular hair (E)Annular xylem vessel. 

 
 
The vascular tissue occupies most of the 
transverse section and consists of a continuous 
layer of open collateral vascular bundle separated 
by cambium and transversed by medullary rays. 
The phloem forms a large continuous ring 
approximately 11 rows and consists of phloem 

elements formed of sieve tubes, companion cells, 
phloem fibers. The phloem fibers are with slightly 
lignified walls, narrow lumens, acute tapering 
apices surrounded by a sheath of 
parenchymatous cells containing prisms of 
calcium oxalate. The xylem appears as scattered 
patches and is formed of radially arranged xylem 
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vessels. The xylem vessels are wide, lignified with 
spiral thickening. The pith is the largest second 
portion next to the vascular bundle. It consists of 
large, polygonal, thin walled, with wide 
intracellular spaces parenchymatous cells.  

Cinnamomum camphora L. 

The Leaf 
The upper and lower epidermis consists of a 

single layer. The epidermal cells appeared in the 
surface preparation as polygonal isodiametric 
parenchymatous cells with straight anticlinal wall 
and smooth cuticle. Stoma of paracytic type is 
present frequently in the lower surface and was 
abscent in the upper one. The mesophyll is 
dorsiventral; with 2 compact layer of palisade cells 
discontinuous over the midrib they are elongated, 
columnar, straight, closely packed, thin walled and  
contain green chloroplasts. Several layers of the 
spongy tissue are present, which are intensely 
packed parenchymatous cells contained green 
chloroplasts. The midrib occupies large space of 
the leaf section and is more prominent in the 
lower surface than the upper one. It consists of 

the hypodermis and the vascular bundle. In the 
midrib region, in the hypodermis region of the 
upper epidermis, there are 1 or 2 rows of 
collenchymatous cells followed by 5-7layers of 
large parenchymatous cells. On the other hand, 
the hypodermis in the lower surface contains of 2-
3 rows of polygonal collenchymatous cells 
beneath lower epidermis, followed by 4 or 6 layers 
of large parenchymatous cells, some of them 
contains brown content. (Figure 12)  

The vascular tissue consists of bicollateral 
arc-shaped vascular bundle divided into three 
uneven parts. The phloem is surrounding the 
xylem and consists of sieve elements and phloem 
parenchyma. The xylem is endarch with spiral 
vessels wood fibers and wood parenchyma. With 
the medullary rays appears in between. 

The petiole 
A transverse section in the leaf petiole shows 

that it has a circular outline with slight projection in 
the above two sides (Figure 13).  

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 12: Transverse section in C. camphora L. leaves.  
(A)Entire transverse section,(B)A magnified section of the lamina,(C) A magnified section of the midrib. U.ep,Upper 

epidermis;Col,collenchyma;Par., parenchyma cells;V.b,vascular bundle; hyp.,hypodermis; P.F.,pericyclic fiber; L.ep, lower 
epidermis; X.y.,xylem vessels; m.r., Medullary rays; U.Ph.,upper phloem; L.Ph.,Lower phloem Pal.,palisade cells; Sp.,spongy cells. 
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Figure 13:Transverse section in C. camphora L. petiole. 

(A)Entire transverse section, (B)A magnified section of the vascular bundle; 
Ep.,epidermis;Co.,cortex;Col.,collenchyma;V.B;vascular bundle;X.v,xylem vessel;Ph., phloem;Par,parenchyma.   

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 14:Isolated elements of powdered C. camphora L. leaves and petiole. 
(A)Lower epidermis with stomata,(B)Upper epidermis,(C)Cluster of calcium oxalate,(D)Unicellular,non-glandular hair. 
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The section showed that the petiole consists of 
the epidermis consists of one layer of tangential 
cells. The cortex consists of 1or 2 rows of 
collenchymatous cells followed by 5-7 of 
parenchymatous cells. The pericycle consists of a 
continuous ring of lignified with narrow lumen 
pericyclic fibers.  The vascular tissue consists of a 
collateral arc-shaped vascular bundle divided to 2 
unequal parts. The phloem consists of sieve 
elements, fibers and phloem parenchyma. The 
xylem is endarch located underneath the phloem 

and the isolated elements showed lignified 
vessels some of them are narrow with spiral 
thickening and some with wider with annular 
thickening. The pith is absent. 

The stem  
The transverse section shows that the outline 

to some extent is oval in shape and consists of a 
layer of epidermis of tangential cells followed by 
the cortex layer that shows 7-10 rows of 
collenchymatous cells (Figure 15).

Figure   
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 15:Transverse section in the stem of C. camphora L.  
(A)Entire transverse section,(B)A magnified section. Ep.,epidermis;Co.,cortex;Cam,cambium;X.v,xylem vessel;Ph., 

phloem; Pi,pith.

 

Figure 16:Isolated elements of powdered C. camphora L. stem. 
(A)Epidermal cells, (B)sclereide, (C) oil droplets (D)Annular xylem vessel, (E)Spiral xylem vessels,(F)Sclereides. 
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Next to cortex the pericyclic layer takes place 
and is formed of a continuous ring of 1 or 2 rows 
of lignified fibers with narrow lumen. The vascular 
tissue part is very small consists of a continuous 
layer of open collateral vascular bundle separated 
by cambium and transversed by medullary rays. 
The phloem forms a continuous ring and consists 
of phloem elements formed of sieve tubes, 
companion cells, phloem fibers. The phloem fibers 
are with slightly lignified walls, narrow lumens, 
acute tapering apices surrounded by a sheath of 
parenchymatous cells containing prisms of 
calcium oxalate. The xylem is endarch appears as 
scattered patches and is formed of radially 
arranged xylem vessels. The xylem vessels are 
wide, lignified with spiral thickening. The pith 
takes a large portion of the total stem diameter. 
Consists of large, polygonal, thin walled, with wide 
intracellular spaces parenchymatous cells.  

Lemon balm 

Leaf 
The upper and lower epidermis consists of a 

single layer of elongated cells, The upper cells is 
more elongated than the lower, with numerous 
hairs were scattered in the upper and lower 
surface (Figure 20).In the surface preparation, the 
upper epidermis is slightly elongated with straight 

anticlinal wall and interrupted by stomata of 
anomocytic type. While, the lower epidermis has 
strongly wavy anticlinal wall and anomocytic 
stomata. The mesophyll is dorsiventral, with one 
layer of compact palisade cells discontinuous over 
the midrib which are elongated, columnar, 
straight, thin walled and closely packed, several 
layers of spongy tissues are present, which are 
intensely packed parenchymatous cells. The 
midrib is very prominent in the lower surface.as it 
contains only 4-6 layers of closely packed cells 
beneath the upper surface. While, beneath the 
lower surface, there is a single layer of 
collenchyma followed by 4-5 cells of large 
parenchymatous cells. Numerous non-glandular, 
unicellular short hairs with acute apices appear in 
the upper and lower epidermis. 

The vascular bundle is collateral, arc-shaped 
divided into two uneven parts. The phloem is and 
consists of sieve elements and phloem 
parenchyma. The xylem is endarch with spiral 
vessels wood fibers and wood parenchyma. With 
the medullary rays appears in between (Figure 
17). 
The petiole 
The leaf petiole transverse section is arc-shaped 
with some projection downwards (Figure 18)  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

Figure 17:Transverse section in M.officinalis L. leaves. 

(A)Entire transverse section,(B)A magnified section of the lamina,(C) A magnified section of the midrib. U.ep,Upper 
epidermis;Col,collenchyma;Par., parenchyma cells;V.B,vascular bundle;Hr.,hairs; L.ep, lower epidermis; X.y.,xylem 

vessel;Ph.,phloem Pal.,palisade cells; Sp.,spongy cells. 
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Figure18: Transverse section in M.officinalis L. petiole. 

(A)Entire transverse section,(B)A magnified section of the hairs,(C) A magnified section of the vascular bundle 
Ep.,epidermis;Co.,cortex;V.B;vascular bundle;X.v,xylem vessel;Ph., phloem;m.r,medullary rays;Hr.,hairs.   

 

Figure 19: Isolated elements of the leaves and petiole of M.officinalis L. 
(A)Upper epidermis (B) Upper epidermis with stomata (C)Capitate hair,(D)Lower epidermis showing anomocytic 

stomata,(E)Multicellular non-glandular hair,(F) Multicellular non-glandular hair,(G)Spiral xylem vessels,(H)Labiaceous 
hair,(I)unicellular non-glandular hair. 
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The section showed that the petiole consists of 
the epidermis consists of 1 or 2 layers of 
tangential cells; some non-glandular hairs appear 
in the epidermis surface. The cortex consists of 2 
rows of parenchymatous cells with wavy wall 
upwards, and 6-7 rows wavy walled 
parenchymatous cells downwards. The pericycle 
is absent. The vascular tissue consists of a 
bicollateral vascular bundle in the center of the 
transverse section, which divided to 2 unequal 
parts. The phloem consists of sieve elements, 
fibers and phloem parenchyma. The xylem is 
endarch located underneath the phloem and the 

isolated elements showed lignified vessels some 
of them are narrow with spiral thickening and 
some with wider with annular thickening. Also, 2 
abnormal or excess collateral vascular bundles 
were found in the both projected ends of the 
transverse section. The pith is absent. 

The stem 
The transverse section shows that the outline 

is square shaped and consists of a layer of 
epidermis of tangential cells followed by the cortex 
layer (Figure 20).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 
 

Figure 20:Transverse section in the stem of M.officinalis L.. 

 Ep.,epidermis;Co.,cortex;Cam,cambium;X.v,xylem vessel;Ph., phloem;Pi,pith. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

Figure 21:Isolated elements of the stem of M.officinalis L. 

A)Epidermis showing stomata,(B)Epidermis showing various capitate hairs, (C)Non-glandular hair, (D)Spiral xylem 

vessels.,(E)Sclereides,(F)Capitate hair, (G) Annular xylem vessels. 
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The cortex formed of 1-2 layers of small 
collenchymatous cells from the lateral both sides. 
While, the both sides upward and downward 
consists of 4-5 rows of parenchymatous wavy 
walled cells. Next to cortex the pericyclic layer 
takes place and is formed of a continuous ring of 
single row of lignified fibers with narrow lumen. 
The vascular tissue consists of a continuous layer 

of open collateral vascular bundle separated by 
cambium and transversed by medullary rays. The 
vascular bundle appears more prominent and 
occupied more large space on the four corners of 
the vascular bundle. The phloem forms a 
continuous ring and consists of phloem elements 
formed of sieve tubes, companion cells, phloem 
fibers. The phloem fibers (

 
Figure ) are with slightly lignified walls, narrow 
lumens, acute tapering apices surrounded by a 
sheath of parenchymatous cells containing prisms 
of calcium oxalate. The xylem is endarch and 
formed of radially arranged xylem vessels. The 
xylem vessels are wide, lignified with spiral 
thickening. The pith takes a very wide large 
portion of the total stem diameter. Consists of 
large, polygonal, thin walled, with wide 
intracellular spacesparenchymatous cells. 

CONCLUSION 
In summary, Investigation of both the 

macroscopical and microscopical features of 
C.verum, C. camphora and M. officinalis leaves 
represents a good method in the identification of 
this plant species.  

GC/MS analysis of the saponifiable matters of 
M.officinalis L. leaves, allowed the estimation of 
total 13 fatty acids were classified as: Seven 
unsaturated fatty acids represented 53.8% of the 
identified fatty acids and six compounds were 
identified as saturated fatty acids (46.2%). 
Palmitic acid (13.6%), Methyl palmitate (12.03%) 
and Heptatriacontan-1-ol (2.22%) were the major 
saturated fatty acids while Methyl Linolenate 
(74.65%), Methyl 6-octadecenoate (5.62%) and 
Linoleic acid methyl ester (3.23%) were the major 
unsaturated fatty acids in the leaves of 
M.officinalis L. Also, Eight compounds were 
identified in unsaponifiable matters. y,y-Carotene-
16-ol (0.58%) represent the major hydrocarbon 
compound which estimated in unsaponifiable 
matters. In addition to triterpenes and sterols 
(87.5%) from which Astaxanthin (1.04%), 
Stigmast-5-en-3-ol, Oleate (0.81) and 
Spheroidenone (0.51%) the major identified 
compounds from the leaves of M.officinalis L.. 

GC/MS of the saponifiable matters of C. 
verum J.Presl and C. camphora L. leaves, 
revealed the presence of total 25 fatty acids were 
classified as: Eleven unsaturated fatty acids 
represented 44% of the identified fatty acids and 
fourteen were identified as saturated fatty acids 
(56%). Methyl palmitate (51.9%) and 
Tetratetracontane (19.7%) were the major 

saturated fatty acids while Oleic acid methyl ester 
(25.45%) and Methyl Oleate (10.63%) were the 
major unsaturated fatty acids in the leaves of C. 
verum J.Presl and C. camphora L. respectively. 
Also, 22 compounds were identified in 
unsaponifiable matters. Hydrocarbons 
represented 40% of the identified compounds 
from which 5-phenylundecane (9.43%) and 
Phytadiene (2.03%) were the major compounds 
from C. verum J.Presl and C. camphora L. leaves, 
respectively. In addition to triterpenes and sterols 
(60%) from which Stigmast-5-en-3-yl (9Z)-9-
octadecenoate (0.77%) and 6-Nitrocholesteryl 
acetate (0.78%) the major identified compounds 
from C. verum J.Presl and C. camphora L. leaves, 
respectively. 
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