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Abstract The essential oil yield and composition of the dif-
ferent growth stages of C. verum leaves were investigated.
The results indicated that the density of the oil cells and the
degree of oil accumulation were closely related to the essential
oil yield. The leaves of the 2-year-old branches contained the
highest density of oil cells (10.17 n/mm?), and the oils were
largely accumulated, which coincided with the highest oil
yield (5.81 %). The oils were less accumulated in leaves 1-4
collected from the annual branches and were mostly
disintegrated in the leaves collected from the 4-year-old
branches, resulting in lower oil yields (3.04 and 2.98 %, re-
spectively). Eugenol was primarily found in the leaves collect-
ed from the 1-year- old branches, and the eugenol content
decreased with the leaf growth. The results indicated clearly,
that the leaves collected from the 1- and 2-year-old branches
should be preferably chosen as the raw materials for the ex-
traction of high-quality essential oils or eugenol. These results
provide reference information for the rational utilization of
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cinnamon resources. Our research indicated that GC-MS
and FTIR techniques, combined with microscopy, has been
proved to be an effective strategy for assessment of essential
oil quality for use in cinnamon plants.

Keywords C. verum leaf - Oil cell - Essential oils - GC-MS -
FTIR

Introduction

Cinnamomum verum J. Presl belongs to the Lauraceae family.
This species occurs naturally in Sri Lanka and southern India
and in the Tenasserim Hills of Myanmar (De Guzman and
Siemonsma 1999). C. verum, C. cassia, C. burmanii and
C. loureirii are the most important aromatic plant resources
in international trade. C. verum is one of the world’s finest
spices and is primarily exported as “cinnamon quills”
(Wijesekera 1978). Sri Lanka is the traditional producer and
exporter of C. verum, and the United States, Russia, Germany,
the Netherlands and Japan import large quantities of C. verum
oil every year (Ravindran et al. 2004). In China, C. verum was
successfully introduced and is now widely cultivated in the
Guangxi, Guangdong, Hainan and Taiwan provinces.

The chemical composition of C. verum is different from
those of other cinnamon species. In addition, both the cinna-
mon bark and leaf contain important medicinal substances.
The major constituent in the bark oil is cinnamic aldehyde.
However, eugenol is a major constituent of leaf oil, and
C. verum is also one of the main plant sources of eugenol
(Mallavarapu et al. 1995). Currently, C. verum essential oil
exhibits antioxidant and antibacterial activities (Moarefian
et al. 2013). C. verum essential oil is commonly used as a
raw material for treating gastrointestinal disturbance and loss
of appetite (WHO 1999). In addition, C. verum oils have been
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widely used in various types of desserts, condiments, teas and
flavoring agents (Jayaprakasha et al. 2007).

The essential oil yield and quality are affected by the dif-
ferent ages, habitats, species (Li et al. 2013a) and parts (Deng
et al. 2014) as well as the different proportions of mature and
juvenile leaves (Li and Madden 1995). In addition, the essen-
tial oil yield and trans-cinnamaldehyde content are significant-
ly different at various development stages of the cassia leaves
(Lietal. 2013b). Therefore, these internal and external factors
directly influence the economic benefits and quality of the
products. In addition, both the leaf size and shape are impor-
tant factors for essential oil synthesis and accumulation of
aromatic plants (Gang et al. 2001; Sangwan et al. 2001). Joy
et al. (1998) analyzed the correlations between the fresh leaf
yield, leaf oil yield and eugenol yield and determined that the
eugenol content was not directly correlated with leaf oil yield
and fresh leaf yield. The leaves of C. verum are the main raw
material used for eugenol production. Therefore, it is impor-
tant to investigate the variations of eugenol content and qual-
ity in the C. verum leaves to improve the quality and economic
benefit of using C. verum leaves. To determine the effect of the
growth stages of C. verum leaves on the yields and composi-
tions of essential oils, GC—MS and FTIR spectra, combined
with microscopy were used for the detection of the essential
oil, and the results provided comprehensive information of the
essential oil compositions during the leaf growth of C. verum.
These analytical techniques will be useful for the quality as-
sessment of C. verum. The current study provides valuable
data for resource assessment and the rational utilization and
harvest of C. verum leaves.

Materials and Methods
Materials

Fourteen-year-old C. verum trees have lush leaves, high oil
yields and a high eugenol content (Li et al. 2013a). There-
fore, we collected not mechanically wounded leaves from
14-year-old C. verum trees for this study. Leaves at different
growth stages were collected and assessed based on the bud
scale scars. The first leaf is the closest to the stem apex of a
juvenile branch and so on until the seventh leaf. The age of
the branches is determined by the number of bud scale scars
plus 1. The leaves of the 5-year-old branches withered and
fell on the 14-year-old C. verum trees. Therefore, the leaf
samples were collected from branches between 1 and 4 years
old. Fresh leaves (1530 leaves) of per sample were ran-
domly collected from 5 individual plants of C. verum for
each analysis. The plants were identified by Fana Wei
(Guangxi Institute of Botany, Guilin, China). For details,
please refer to Table 1.
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Table 1  C. verum materials

Sample no. Different parts Date
1 1-1 The 1 leaves of the 1-year-old branches 2012.5
1-2 The 2 leaves of the 1-year-old branches 2012.5
1-3 The 3 leaves of the 1-year-old branches 2012.5
1-4 The 4 leaves of the 1-year-old branches 2012.5
2 2-1 The 5 leaves of the 1-year-old branches 2012.5
2-2 The 6 and 7 leaves of the 1-year-old branches  2012.5
The leaves of the 2-year-old branches 2012.5
4 The leaves of the 3-year-old branches 2012.5
The leaves of the 4-year-old branches 2012.5

Sample Preparation and Essential Oil Extraction

The Fresh leaves were collected from the plants. Samples were
clearly washed in distilled water and treated by air drying. The
volatile oils of C. verum leaves were obtained by
hydrodistillation in accordance with the method in Pharmaco-
poeia of the People’s Republic of China (China Pharmacopeia
Commission 2010). Fifteen grams of C. verum leaf powders
were precisely weighed and mixed with 200 mL of distilled
water, and subsequently heated at 100°C for 5 h. Methylene
dichloride was used to extract volatile compounds from the
water phase three times. The Methylene dichloride fraction
was dehydrated over anhydrous sodium sulphate and filtered.
After most of the distillate was steamed at vapor bath in fuming
cupboard, the concentrated solution was transfered in a dried
test tube, yellow volatile oils were obtained and weighed, the
essential oils were kept at 4°C and until further use.

GC-MS Analysis

GC-MS analysis was performed on a gas chromatograph
7890A (Agilent, American) interfaced with a 5975C Plus mass
spectrometer (Agilent, American). A fused silica capillary
Agilent Technology HP-5 ms (5 % phenyl methyl siloxane)
column (30 m*0.25 mm i.d., film thickness 0.1 pm) was used
for the separation. The injector temperature was 150 °C, and the
detector temperature was 250 °C. The initial temperature was
kept at 100 °C for 4 min, and the temperature was gradually
increased to 130 °C at a rate of 5 °C /min and was then held for
20 min at 130 °C. The linear velocity of the helium carrier gas
was 1.2 mL'min”" at a split ratio of 30:1; EI was used as the ion
source, and the ion source temperature was 230 °C. The sector
mass analyzer was set to scan from 30 to 550 amu, scan time,
1 s. Diluted samples (15 pgmL ") were prepared using meth-
ylene dichloride, and 0.6 uL samples were injected for analysis.

The compounds identification were confirmed by the com-
parison of the elution order of the compounds with their rela-
tive retention indices. The retention indices were calculated
for all volatile constituents using a n-alkanes homologous
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series. In addition, their EI-mass spectra were compared with
the National Institute of Standards and Technology
(NISTO05.LIB) library spectra and the literature (Adams
2001). Finally, the identity of the indicated phytochemicals
was confirmed by comparison with available authentic
samples.

FT-IR Analysis

An FTIR spectrometer (A Nicolet 5700 from Thermo Nicolet
Corp.) was used that was equipped with a deuterated
triglycine sulfate (DTGS) as a detector. IR spectra were re-
corded in the 400-4000 cm ' range with a resolution of
4 cm™'. The room was kept at a controlled ambient tempera-
ture (25 °C) and relative humidity (30 %).

Precisely weighed, dry KBr powder (200 mg) was made
into two pieces of transparent blank KBr tablets that were
approximately 5 mm in diameter and approximately 1 mm
in thickness. Volatile oils (2 puL) were coated on the KBr
tablets to form thin liquid films for infrared spectrometry anal-
ysis. The sample measurements were replicated 5 times with 4
scans each for a total of 20 spectra, and then the average chart
was taken as a last sample spectrum. The background air
spectrum, water vapor and CO, interference were subtracted
from these spectra. After baseline correction and smoothing
were performed using the OMNIC 8.0 software, the spectrum
data were imported in Unscrambler 9.7 software to standard-
ize the normal variations.

Tissue Clearing

The distribution of oil cells was observed using the method of
tissue clearing (Platt-Aloia and Thomson 1992). The leaf
blade was dissociated using a modified version of the tissue
clearing method (Li et al. 2013b). The medium of the intact
leaf was divided into 1 cmXx 1 cm pieces. All of the samples
were placed into a 5 % sodium hydroxide solution and main-
tained at 60 °C for 2472 h followed by washing with distilled
water. Next, the specimens were fixed in a hydrogen dioxide
solution for 5—-10 min to remove the color followed by wash-
ing with distilled water. The samples were subsequently
stripped from the lower epidermis. After staining with Sudan
II1, the samples were observed using a Leica DMLB micro-
scope. The density of the oil cells was examined and digitally
recorded. The density (n/mm?®) (n means number of oil cells)
and the diameter (1um) of the oil cells were counted, measured
and averaged from15 samples.

Statistical Analysis
Statistical analysis of the yield of essential oil, the chemical

and enzyme activity were performed using SPSS 18.0 (SPSS
Inc., Chicago, USA). The measured values were expressed as
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a mean+standard deviation (SD), n=3. The unpaired Stu-
dent’s t-test at a probability of 5 % was used to compare the
obtained data for differences due to different developmental
stages for the leaves of C. verum.

Hierarchical Clustering Analysis

Hierarchical clustering is a cluster analysis method that seeks
to build a hierarchy of clusters (Buchgraber et al. 2004). Hi-
erarchical cluster analysis and Euclidean distance were ap-
plied in this study. To establish the distance matrix for the
chromatographic area and samples for the cluster analysis
for the GC-MS, the relative absorbency was selected as a
measurement for the cluster analysis in the FTIR. The cluster
analysis and dendrogram were performed with SPSS version
18.0 software (SPSS Inc., Chicago, USA).

Results
Essential Oil Yields

We investigated the yield of essential oils in leaves of different
ages. As shown in Fig. 1, C. verum leaves contained a high oil
yield, and there were apparent differences in the oil content
among C. verum leaves of different ages. The highest oil yield
was obtained from the leaves from the 2-year-old branches
(5.81 %) followed by leaves 5-7 collected from the 1-year-
old branches (4.95 %). The leaves collected from the 3-year-
old branches only contained 3.10 % oil. Leaves 1—4 collected
from the 1-year-old branches had 3.04 % oil, and the leaves
collected from the 4-year-old branches contained the lowest
yield with only 2.98 % oil.
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Fig. 1 Yields (% w/w) of essential oil from different developmental
stages for the leaves of C. verum. The columns with different lowercase
letters are significantly different (P<0.05). (1: The 1-4 leaves of the 1-
year-old branches; 2: The 5-7 leaves of the 1-year-old branches; 3: The
leaves of the 2-year-old branches; 4: The leaves of the 3-year-old
branches; 5: The leaves of the 4-year-old branches)
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To study the correlation of the essential oil yields with the
growth stages of the C. verum leaf, we used a modified method
in which the leaves were stained with Sudan III after clearing
the tissue, and then, the essential oils were stained bright yellow
or red color and observed under a light microscope. The oil
droplets had not only accumulated in the oil cells (Fig. 2, 13—
16) but also in common mesophyll cells (Fig. 2, 17). Our ob-
servations revealed that the yield of the essential oils was cor-
related with the density of the oil cells and the degree of oil
accumulation. The first leaves from the 1-year-old branches
had a low density of oil cells (i.e., 4.64 n/mm?) (Fig. 3), and
oils exhibited a lower accumulated in the main vein (Fig. 2, 1)

Fig. 2 The variation in the
development of essential oils in
the oil cells of C. verum leaves
(Sudan III staining) 1-6.
Distribution of essential oils in
main vein cells of C. verum
leaves. 1. 1 leaf of the 1-year-old
branches; 2. 4 leaves of the 1-
year-old branches; 3. 6 leaves of
the 1-year-old branches; 4. The
leaves of the 2-year-old branches;
5. The leaves of the 3-year-old
branches; 6. The leaves of the 4-
year-old branches. 7-12.
Distribution of essential oils in the
mesophyll cells of C. verum
leaves. 7. 1 leaf from the 1-year-
old branches; 8. 4 leaves from the
1-year-old branches; 9. 6 leaves
from the 1-year-old branches; 10.
The leaves from the 2-year-old
branches; 11. The leaves from the
3-year-old branches; 12. The
leaves from the 4-year-old
branches. 13—14. Oil cells in the
mesophyll; 15-16. Oil cells in the
main vein; 17. Essential oils in the
common mesophyll cells. The
arrows indicate oil droplets

and mesophyll cells (Fig. 2, 7). Only a few oils were stained
yellow or red (Fig. 2, 7). The density of oil cells increased to
7.26, 8.62 and 9.29 n/mm? (Fig. 3) in leaves 2—4, and the oil
accumulation also began to increase (Fig. 2, 8). In general, a
lower density of oil cells resulted in a lower oil yield (3.04 %)
in leaves 1-4 collected from the annual branches. As the leaves
developed, oils formed and accumulated, and numerous oils
were stained red and yellow in the main vein and mesophyll
cells of the six leaves from the 1-year-old branches (Fig. 2, 3
and 9), which resulted in a sharp increase in the essential oil
yield (4.95 %). In the mature leaves collected from the 2-year-
old branches, the highest number of oil cells was found in the
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The density of oil cells (nlmm2)

Samples

Fig. 3 The density of oil cells at different developmental stages for the
leaves of C. verum. (1-1: The 1 leaves of the 1-year-old branches; 1-2:
The 2 leaves of the 1-year-old branches; 1-3: The 3 leaves of the 1-year-
old branches; 1—4: The 4 leaves of the 1-year-old branches; 2—1: The 5
leaves of the 1-year-old branches; 2-2: The 6 and 7 leaves of the 1-year-
old branches; 3: The leaves of the 2-year-old branches; 4: The leaves of
the 3-year-old branches; 5: The leaves of the 4-year-old branches)

main vein where the oils were stained red (Fig. 2, 4), and the
density of oil cells in the leaf reached a maximum at 10.17n/
mm? (Fig. 3), which coincided with the highest oil yield
(5.81 %). The oils in the leaves collected from the 3- and 4-
year-old branches began to degrade, and the oils were stained
reddish brown (Fig. 2, 5 and 6; 11 and 12). The essential oil
yields significantly decreased (3.10 and 2.98 %, respectively)
even though there was a high density of oil cells (Fig. 3).

GC-MS Fingerprint of C. verum Leaves at Different
Growth Stages

To reveal the variations in the chemical composition of the oils
during C. verum leaf growth, we analyzed the oil composi-
tions of the C. verum leaves using GC-MS. The identified
components are listed in Table 2, the GC-MS analysis of the
oils in leaves 1-4 collected from the 1-year-old branches,
leaves 57 collected from the 1-year-old branches and the
leaves collected from the 2-, 3- and 4-year-old branches
allowed the identification of 26, 29, 27, 29 and 28 compo-
nents, respectively, representing 97.05-99.50 % of the total
oil. Our results revealed obvious differences in the oil constit-
uents of C. verum leaves with different ages. The results indi-
cated that the content of eugenol gradually decreased with the
development of the leaves. Leaves 1-4 collected from the
annual branches contained the highest eugenol content
(93.69 %), while the leaves collected from the 4-year-old
branches contained the lowest content of eugenol (89.98 %)
(Table 2). In addition, C. verum leaf oils also contained rela-
tively high amounts of trans-cinnamaldehyde. The highest
trans-cinnamaldehyde content was observed for the leaves
from the 2-year-old branches followed by leaves 5—7 from
the 1-year-old branches and the leaves from the 3-year-old
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branches. Leaves 1-4 from the annual branches contained
the lowest content of trans-cinnamaldehyde (i.e., only
1.68 %) (Table 2). In addition, the C. verum leaf oils contained
high amounts of benzenepropanal (1.03-1.65 %), trans-
caryophyllene (0.40-0.81 %), clovene (0.41-0.90 %) and
hexadecanoic acid (0.31-0.55 %). In addition, the content of
spathulenol, clovene and benzyl benzoate increased with the
development of the leaves, while the content of gurjunene
decreased with the development of the leaves. A small amount
of cinnamy! acetate and cinnamic acid was detected in the
leaves collected from the 1-year-old branches. Thereafter,
their content decreased to a very small amount or was not
detected for older leaves.

To more directly observe the differences in the essential oil
components of C. verum leaves at different growth stages, the
oil components were analyzed using a hierarchical cluster for
the five samples. As shown in Fig. 4, sample No. 1 (leaves 1-4
from the 1-year-old branches) was distinguished as a cluster
because it was obviously different from the other four sam-
ples. Sample No. 2 (leaves 5-7 from the 1-year-old branches)
and sample Nos. 3 and 4 (the leaves from the 2- and 3-year-old
branches) were classified as a cluster due to their small dis-
tance coefficient, which indicated that the oil compositions of
these three samples were the most similar.

FT-IR Fingerprints of the Leaves of C. verum at Different
Growth Stages

The FT-IR spectrum shows an overall overlap of the character-
istic absorption peaks for all of the functional groups (Cai et al.
2006). To further determine the accumulation of the volatile
chemical compositions of the C. verum leaves, the five samples
were studied using IR characteristic fingerprints and the results
are shown in Fig. 5a. The IR characteristic fingerprint peaks for
all of the samples are primarily in the range of 1800-600 cm
(Fig. 5a). A typical spectrum for the C. verum leaves is shown
in Fig. 5b, and several characteristic peaks were observed in
this spectrum including peaks at 1604, 1511 and 1432 cm ',
which correspond to the stretching vibration of the benzene
ring. The peak at 1367 cm ' is due to the C-H bending vibra-
tions. The more intense peaks at 1271 and 1233 cm™' corre-
spond to the bending vibrations of the phenol OH group and
the stretching vibrations of C-O, which is due to high levels of
eugenol in the volatile oil of the C. verum leaves. The peaks at
1150 and 1035 cm ! are attributed to the stretching vibrations
of C-O. The peaks at 913 and 816 cm™ ' are attributed to the
aromatic ring, and the peaks at 748 and 646 cm ™" are due to the
benzene ring=CH vibrations. As shown in Fig. 5a, the spectra
for the five samples in the range of 1800600 cm ™' are quite
similar. However, the volatile oil compounds of the five sam-
ples are complex and diverse.

It is difficult to identify the differences in the components
of the samples because the chemical composition fingerprints
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Table 2 Chemical compositions of the essential oil from the different developmental stages for the leaves of C. verum

No Compound RI° Relative content (%)" Identification
1 2 3 4 5
1 P-cymene 1021 - tr tr tr - e, f
2 Heptanoic acid 1056 tr tr tr tr tr e, f
3 L-phellandrene 1032 tr tr - tr tr e, f
4 Benzenepropanal 1162 1.09£0.05¢c  1.47+0.08° 1.05+0.01° 1.65+0.05° 1.03+0.02° e f
5 Linalool 1078 - tr tr tr tr e, f
6 Linalyl propionate 1082 - 0.11+0.01 0.110.01° 0.110.02° 0.10£0.03* e, f
7 Borneol 1187 - - tr tr tr e, f
8 Cis-cinnamaldehyde 1215 tr 0.11£0.01* tr tr tr e, f
9 Trans-cinnamaldehyde 1235 1.68+0.01° 3.91+0.06° 4.21+0.03* 3.59+0.08° 3.30+0.02¢ e f, g
10 Eugenol 1356 93.69+1.16*  91.10+0.83°  91.03£0.74°  90.98+0.43°  89.98+0.66° ¢, f, g
11 Copaene 1379 0.12+0.01° tr tr tr tr e, f
12 Cinnamyl acetate 1393 0.15+0.06° 0.11+0.02* - - - e, f
13 Trans-caryophyllene 1417 0.81+0.08°  0.46+0.07°  0.51+0.06°  0.46+0.01°  040+0.03° ¢, f
14 Cinnamic acid 1422 0.20+0.01° 0.10+0.02° tr tr tr e, f
15 o-Humulene 1447  0.17+0.02 0.11£0.01°°  0.10£0.03™  0.11£0.02®®  tr e f
16 o-Methoxycinnamaldehyde 1454 0.10£0.02°°  026+0.04*  0.14+£0.02° 0.10£0.01° ¢, f
17 Ledene 1486 0.17+0.02°% 0.14+0.03% tr tr tr e, f
18 Gurjunene 1490 0.10£0.02*  tr tr tr tr e f
19 «-Cadinene 1537 tr tr tr® tr tr e f
20 Spathulenol 1552 0.11+0.01° 0.12£0.01*  0.12+£0.02°°  0.15£0.01®®  0.17+0.01° e f
21 Clovene 1586 041001  0.42+0.02° 0.48+£0.01¢  0.65+0.01°  0.90+0.01° e f
22 Humuladienone 1607 0.11£0.02° 0.10£0.01° - 0.11+0.01° 0.16+0.04* e f
23 Bisabolol 1615  tr 0.10+0.03% tr tr tr e, f
24 Benzyl benzoate 1668  tr tr 0.10£0.01*  0.11£0.04° 0.12+0.01* e, f
25 Phenethyl benzoate 1676 0.11+0.01* tr tr tr tr e f
26 Isocalamendiol 1715 tr tr tr tr tr e, f
27 Butyl phthalate 1746  tr tr tr tr tr e, f
28 Hexadecanoic acid 1978 031001  0.44+0.03° 0.55+0.02* 0.51£0.01®  0.55+0.01° e f
29 Ferruginol 1984 tr tr 0.10+0.01° tr 0.11+0.01* e, f
30 Phytol 2042 0.1740.01°  0.10+0.01¢ 0.21+0.01° 0.10+0.01¢ 0.13+0.01° e f
Total 99.50 99.16 98.71 98.53 97.05

e: RI=Retention indices based on a homologous series of normal alkanes. f: Comparison of mass spectra with MS libraries and retention times; g: co-
injection with authentic compounds; h: The data are expressed as the mean+SD. The bars sharing the same small letter within a line did not share
significant differences at p<0.05; —: not detected. tr (trace): relative content<0.1 %.

overlap significantly. To more directly determine the differ-
ences in the components of the C. verum leaves, the data from
the IR spectra of the five samples were selected for hierarchi-
cal cluster analysis. As shown in Fig. 6, sample No. 1 (leaves
1-4 from the 1-year-old branches) was placed in its own cat-
egory because it was significantly different from the other four
samples. Sample Nos. 2—4 (leaves 5-7 from the 1-year-old
branches and the leaves from the 2- and 3-year-old branches)
were distinguished as a cluster due to their small distance
coefficient. These results further confirmed the results obtain-
ed from the GC-MS hierarchical cluster analysis.

Comparative Analysis of the IR Characteristic Peaks
and Eugenol Content

Because eugenol is the major component in C. verum oil, pure
eugenol standard samples (Sigma-Aldrich, Co., USA) were
compared with the oils of the C. verum leaf samples in this
study (Fig. 5¢). By comparing the IR spectra of the eugenol
standards with the samples, the peaks at 1604, 1511, 1432,
1367, 1271, 1035, 913, 816 and 748 cm ' corresponded to
peaks in the 5 samples (Figs. 5b and c). The peak height and
width represents the absorption strength of the components.
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Fig. 4 Cluster dendrogram constructed from the GC-MS data for the 5
samples. (1: The 1-4 leaves of the 1-year-old branches; 2: The 5-7 leaves
of the 1-year-old branches; 3: The leaves of the 2-year-old branches; 4:
The leaves of the 3-year-old branches; 5: The leaves of the 4-year-old
branches)

The primary absorption peaks for eugenol, which were the
highest and widest, were located at 1604, 1511, 1432, 1367,
1271 and 1233 cm . The peaks at 1604, 1511 and 1432 cm '
correspond to the stretching vibrations of the benzene ring,
The peaks of 1271 and 1233 cm™" correspond to the bending
vibrations of the phenol OH group and the stretching vibra-
tions of C-O, respectively. Because the absorption peaks in the
original spectra overlap with various other chemical compo-
nents, it is difficult to analyze the differences in the eugenol
content using these peaks. Therefore, the peaks at 1604, 1511,
1432, 1367, 1271 and 1233 cm ' were analyzed by curve
fitting using Gaussian bands, and ten peaks were fitted
(Figs. 7a and b). According to the Lambert-Beer Law,

Rescaled Distance Cluster Combine
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!
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|

Sample No.
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Fig. 6 Cluster dendrogram constructed from the FT-IR data for the 5
samples. (1: The 1-4 leaves of the 1-year-old branches; 2: The 5-7
leaves of the 1-year-old branches; 3: The leaves of the 2-year-old
branches; 4: The leaves of the 3-year-old branches; 5: The leaves of the
4-year-old branches)

Lorenz-Fonfria and Padros (2004) used curve fitting to ana-
lyze the area percentage (A%). Typically, this relative content
can be used to analyze each functional group in the samples.
To compare the differences in relative eugenol content, we
studied the relative content of eugenol based on the relative
absorption peak areas at 1513, 1463, 1429 and 1269 cm™' for
the five samples. The results indicated that sample No. 1
(leaves 1-4 from the 1-year-old branches) exhibited the
highest relative content at peaks of 1513, 1463 and
1429 cm™" (33.32 %) and 1269 cm™' (25.15 %). Therefore,
sample No. 1 contained a higher eugenol content. The relative
content of eugenol decreased with the growth of the leaves.
Sample No. 5 (the leaves from the 4-year-old branches) had

Fig. 5 (a) IR spectra of the
volatile oils from different
developmental stages of the
leaves of C. verum; (b) Typical IR 8
spectra of the C. verum; (¢) IR c
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the lowest relative content of eugenol (Table 3). The results
obtained were identical to those obtained by GC-MS.

Discussion

Variation Characteristics of Essential oil Yields
from C. verum Leaves

In general, leaf age and traits have a significant influence on
the oil content (James and Bell 1995). The important charac-
teristics of essential oil production and accumulation are high-
ly influenced by the physiology of the plant and therefore
depend on its developmental stage (Singh et al. 1989;
Sangwan et al. 2001). Volatile compounds primarily accumu-
late in mature leaves. After this point, the accumulation of
essential oils will cease, and the content of essential oils de-
creases due to evaporation or degradation of the oils (List et al.
1995; Fischer et al. 2011). Therefore, the oil yield of adult
leaves is consistently higher than that of juvenile leaves (Li
and Madden 1995; Li et al. 1996). Indeed, young and old
leaves contained lower essential oil yields in cinnamon com-
pared with the mature leaves of cinnamon (Ravindran et al.
2004; Li et al. 2013b). New or “flush” leaves contain no oil.
Young leaves have a low oil content, and mature leaves have

B
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the highest cinnamon oil content (Lawrence and Farbman
1984). Recently, our results revealed that the oil yields were
closely associated with the oil cell ontogeny and the develop-
mental stage of cassia leaves. In particular, the distribution
density of oil cells and the degree of accumulation of the oils
have a significant influence on the oil yield and quality (Li
et al. 2013b). The present study revealed that C. verum leaves
had a higher essential oils yield, and substantial differences in
the yield of essential oils at differently growth stage leaves of
C. verum were observed. The juvenile leaves (leaves 1-4 from
the 1-year-old branches) exhibited a low density of oil cells,
and oils were less accumulated in the main vein and meso-
phyll cells, which had a markedly low oil yield. The density of
the oil cells continuously increased in the mature leaves
(leaves 5—7 from the 1-year-old branches and the leaves from
the 2-year-old branches), and the oils were largely accumulat-
ed and contained the highest oil yield in leaves 5—7 from the 1-
year-old branches and the leaves from 2-year-old branches.
The leaves from the 3- and 4-year-old branches were in the
aging stage where the content of essential oils rapidly de-
creased due to evaporation or degradation of the oils (List
et al. 1995). These observations were in agreement with the
results reported by Li et al. (2013b). A conservative balanced
relationship between the developmental stages of leaves and
oil accumulation in cinnamon has been demonstrated.

Table 3  Relative decomposed band areas of C. verum leaves after curve fitting under 17801530 cm™'

Sample No. Areas of absorption peak Relative content

1605 cm™ 1513 cm™' 1463 cm™' 1429 cm™' 1365 cm ™' 1269 cm ' 1234 cm ' 1204 em ' Agsist 146741430%  A1269%
1 5.054 15301 4.094 5.781 6.577 19.006 9.672 10.080 33.32 25.15
2 7.042 14.552 1.495 4398 6.182 14.607 9.451 10.569 29.94 21.39
3 7.268 11.468 1.004 5.238 6.343 9.892 8.007 10.488 29.81 16.65
4 6.534 9.646 0.826 4445 6.134 8.789 7.205 9.506 28.11 16.56
5 7.382 8.179 0.001 4.499 5.380 7.908 7.941 10.763 24.36 15.19
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In addition, the oil yields of C. verum leaves (2.98-5.81 %)
are higher than those of C. cassia leaves (0.54-2.12 %) (Li
etal. 2013b), which may be due to the high density of oil cells
and the common mesophyll cells participating in the synthesis
of the essential oils.

Formation and Variation of Compositions in Essential
Oils from C. verum Leaves

Plants synthesize various secondary metabolites via photosyn-
thesis during the growth process and also synthesize different
compounds in different organs or at different growth stages
(Jayaprakasha and Jagan Mohan Rao 2011; Kaneria et al.
2012). Some reports indicated that the variation in the essential
oil composition is related to the age of the leaves (Zygadlo et al.
1994; Gershenzon et al. 2000; Dudai et al. 2001; Santos-
Gomes et al. 2005). Argyropoulou et al. (2007) reported that
the different growth stages showed significant differences in
the percentages of the geranial, neral and limonene from leaves
of Lippia citriodora H.B.K. (Verbenaceae). Amaral et al.
(2015) observed that the linalool content in young leaves was
consistently higher than that of old leaves of Nectandra
megapotamica (Spreng.) Mez. The bark and leaf are the main
medicinal parts of C. verum. Cinnamaldehyde is the primary
component of cinnamon bark oils (52.0-83.0 %), and eugenol
is the primary component of cinnamon leaf oils (65.0-96.0 %)
(Paul and Sahoo 1993; Mallavarapu et al. 1995; Sahoo et al.
2000). The differences between the primary compositions of
cinnamon bark and leaves result in the unique value of the
commodity. It has been confirmed that the leaves are the first
location in the synthesis of eugenol (Neish 1960), and the barks
contribute very little to the biosynthesis of eugenol (Ravindran
et al. 2004). Eugenol is one of the main phenylpropenes. In the
biosynthetic pathway of the EO, certain compounds are derived
from each other (Koeduka et al. 2006). It is documented that
eugenol, the precursor of methyleugenol, was predominant in
younger leaves, where as methyleugenol predominated in the
older leaves (Dudai et al. 2002). Fischer et al. (2011) demon-
strated that eugenol levels were higher in younger leaves
(53 %), and methyleugenol levels predominated in older leaves
(68 %). Linalool was higher in younger leaves than in mature
leaves. Hence, this suggested that eugenol converted into
methyleugenol and linalool decreased as leaf mature. More-
over, it is demonstrated that the essential oil composition in
an individual leaf is mostly affected by the leaf position on
the stem (Fischer et al. 2011). However, eugenol synthesis
and its variation at different growth stages in the leaves of
C. verum remain unknown. Insight into these processes has
important practical significance for obtaining high quality oils.
Our research indicated that the eugenol content from C. verum
leaves differed greatly at different growth stages. The content
of eugenol decreased with the development of the leaves.
Based on the variations in eugenol content, it appears that the
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eugenol was primarily formed in the juvenile leaves (leaves 1—
4 from the 1-year-old branches) of C. verum, and then, the
eugenol synthesis decreased with the growth stages. These re-
sults are in agreement with previous reports that eugenol grad-
ually decreased with progress of development stage of the leaf
(Dey and Choudhuri. 1983; Fischer et al. 2011). Our study
demonstrated that eugenol was primarily synthesized in leaves
1-4 collected from the 1-year-old branches. Furthermore, eu-
genol may be evaporated or degraded in the leaves of branches
that are more than 3 years old. Further studies on the genes and
key enzymes regulating the biosynthesis of eugenol could pro-
vide insight into the biosynthesis of eugenol and provide valu-
able information for the artificial regulation of eugenol
biosynthesis.

Conclusions

The use of GC-MS and FT-IR, combined with microscopy to
analyze the volatile oil compounds of C. verum leaves, can
effectively evaluate the 5 samples. The content of the primary
components of essential oils directly influences the oil quality
grades and commodity values, while cinnamon leaf oil is
graded according to the eugenol content (Ravindran et al.
2004). Based on analysis of the variations in oil yields and
compositions, leaves 5-7 collected from the 1-year-old
branches and the leaves collected from the 2-year-old
branches should be chosen as the raw material for extraction
of high quality C. verum oils or eugenol. The highest eugenol
content was observed for leaves 1-4 collected from the 1-
year-old branches, which could be used as the raw materials
for extraction of elite eugenol. Our results revealed that
C. verum contains higher oil yields (2.98-5.81 %) and eugenol
contents (89.98-93.69 %) and indicated that the Guangxi
province is a suitable cultivation site for C. verum develop-
ment and utilization. Based on leaves 1-4 collected from the
1-year-old branches, which are the predominant site of euge-
nol synthesis, we propose that strengthening the cultivation
and management of young leaves will facilitate the synthesis
of eugenol. The results provide reference information for the
rational utilization of cinnamon resources and the harvest of
cinnamon leaves. In addition, these results have important
practical significance for improving the quality grades and
economic benefit of cinnamon leaves, and the techniques used
in this study can provide a comprehensive evaluation for cin-
namon quality.
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