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Cinnamomum cassia Presl., a  member of  the Lau-
raceae family, is  a  widely grown traditional herbal 
medicine in  various tropical and subtropical regions, 

including Guangdong, Guangxi, Fujian, Taiwan, 
and Yunnan. Approximately 80% of  the world's cin-
namon oil, a  yellow or  yellow-brown liquid, comes 
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Abstract: In this study, volatile compounds from Cinnamomum cassia Presl. leaves from different regions of China 
were identified using gas chromatography coupled with mass spectrometry (GC-MS) and Fourier-transform infra-
red (FTIR) spectroscopy combined with chemometrics. The results showed that the essential oil yields greatly varied 
across regions, with the density of oil cells at the accumulation and saturation stages playing a key role in this yield. 
GC-MS analysis revealed a higher content of trans-cinnamaldehyde in samples from the Xijiang River basin (No. 1–8) 
than in those from Baise Guangxi (No. 9). Variable importance in projection analysis identified five differential marker 
components for assessing the geographical origin of C.  cassia leaves: trans-cinnamaldehyde, acetophenone, cis-cin-
namaldehyde, camphor, and α-thujene. Hierarchical cluster analysis, similarity evaluation, and principal component 
analysis from FTIR fingerprinting indicated that essential oil compositions of samples No. 1–6 from the Xijiang River 
basin were closely related. In contrast, the Baise sample (Western Guangxi) significantly differed from the other eight, 
likely due to the geographical distance. Our results indicate that the methods employed are effective for determining 
the geographical distribution and assessing the quality of raw cinnamon in herbal medicine.
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from Guangxi and Guangdong. Extracted from dried 
bark, branches, and leaves of C. cassia, the oil's qual-
ity is mainly determined by  its trans-cinnamaldehyde 
content, an  important quality index (China Pharma-
copeia Commission  2020). Rich in  terpenoids and 
aromatic compounds, the oil of C. cassia has numer-
ous beneficial properties, including antidiabetic, anti-
inflammatory, antioxidant, antiulcer, anti-allergic, 
anticancer, and antibacterial effects (Muhammad and 
Dewettinck 2017; Farag et al. 2022). As a plant-derived 
product, this oil is  often used in  food as  an  additive, 
condiment, and flavoring agent.

Currently, the bark of C.  cassis is  the main source 
of commercial cassia raw materials (Shen et al. 2012). 
With increased demand due to  the wider utilisa-
tion of  C.  cassia oil, other parts of  the plant, such 
as  leaves, rich in  essential oil, are being used as  ad-
ditional resources and also used in  medicine, food 
flavouring, and preservatives (Błaszczyk et  al.  2021). 
Compared to bark and twigs, cassia leaves regenerate 
faster, are abundant, and are cost-effective but under-
used. Therefore, optimising the utilisation of  cassia 
leaves can enhance cinnamon resource efficiency 
and conservation.

However, various factors affect the chemical com-
position of  essential oils, such as  individual genetic 
variation, different parts, growth stages and environ-
mental changes (Li et al. 2020; Thinh and Thin 2023). 
The accumulation of secondary metabolites is highly 
dependent on  environmental factors such as  light, 
temperature, growing location, soil water, soil fer-
tility, and salinity (Jan et  al.  2021). It  has been re-
ported that different geographical locations greatly 
affect the content and composition of  essential oil 
in cinnamon bark and branches (Li et al. 2013a; Cen 
et  al.  2016). Studies have investigated volatile com-
pounds in  cassia leaves, focusing on  variations due 
to different growth ages (Li et al. 2013b) and species 
(Bai et al. 2021), providing valuable data for evaluat-
ing and utilising cassia leaf resources. Unfortunate-
ly, the essential oil yield and chemical composition 
from different locations of  cassia leaves remain un-
known. This study analyses the chemical composition 
of  the essential oil of C. cassia leaves from different 
regions using gas chromatography-mass spectrom-
etry (GC-MS) and Fourier-transform infrared (FTIR) 
spectroscopy combined with chemometrics. Our 
results provide a  practical guide for the rapid de-
termination and quality evaluation of  various types 
of cassia oil and a scientific basis for evaluating and 
rationally using cinnamon plants.

MATERIAL AND METHODS

Plant materials. Samples of cassia leaves were col-
lected 2019 from C. cassia species in the main cinna-
mon-producing areas of the Guangxi and Guangdong 
provinces and identified by Professor Rongjing Zhang 
(South China Agricultural University, Guangzhou, 
China). Voucher specimens were deposited in  the 
herbarium of the Department of Botany at  the South 
China Agricultural University (for details see Table 1).

The preparation of Cinnamomum cassia powder. 
Fresh leaves of C. cassia were randomly collected. Each 
sample contained leaves from three plants. The  sam-
ples were washed with tap water, air-dried till uniform 
weight (about 15  days) at  room temperature, ground 
into 60-mesh powder, and stored in a drying oven.

Extraction of  the essential oils. Essential oils 
were isolated as previously described (Li et al. 2013a). 
The yields of the essential oils were determined in trip-
licate, and the results were expressed as mean values. 
Analysis of  variance (ANOVA) was performed, and 
plots were obtained using Origin software (version 8.0); 
P-levels < 0.05 were considered statistically significant.

Gas chromatography-mass spectrometry analy-
sis. GC-MS  analysis was conducted on  a  7890A  gas 
chromatograph with a  5975C  Plus mass spectrom-
eter (Agilent, United States). Separated using a  fused 
silica capillary Agilent Technology HP-5  MS  column 
with 5% phenyl methyl siloxane (30 m × 0.25 mm in-
ner diameter, 0.1 μm film thickness). Injector and de-
tector temperatures were 150 and 200 °C, respectively. 
The column temperature was initially 100 °C for 4 min, 
then increased to 130 °C at 5 °C·min–1 and maintained 
for 20 min. The  carrier gas, high-purity helium, had 
a  linear velocity of 1.2 mL·min–1 at a 30 : 1  split ratio. 
Electron ionisation was used as the ionisation method, 
with the ion source temperature set at 230 °C. The mass 
spectrometer scanned a mass range of 30–550 atomic 
mass units (AMU) at 1-sec intervals. The essential oil 
of  each sample was prepared with dichloromethane 
to  a  concentration of  10 mg·mL–1, and 1.0 μL  of  this 
solution was introduced into the system for analysis.

Some volatile compounds were identified by  co-
elution with authentic standards and the NIST05 mass 
spectra on an HP-MSD chemical workstation (National 
Institute of Standards and Technology, USA) and cor-
roborated with relevant literature. Quantitative analy-
ses of each essential oil component (expressed as area 
percentage) were carried out using GC-MS  peak 
area normalisation, with results as mean values from 
three injections per sample.
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Fourier-transform infrared spectroscopy. An FTIR 
spectrometer (Nicolet  5700; Thermo Nicolet  Corp., 
USA) was equipped with a  deuterated trigly-
cine sulfate detector. Spectra were recorded from 
400 to 4 000 cm–1 at a resolution of 4 cm–1, a tempera-
ture of 25 °C, and 30% relative air humidity. A quan-
tity of 200 mg dried potassium bromide (KBr) powder 
was accurately weighed to create two transparent blank 
KBr tablets, each approximately 5 mm in diameter and 
1 mm thick. Two microliters of the essential oil of the 
cinnamon sample were sandwiched between these tab-
lets to form a thin liquid film for infrared (IR) spectros-
copy. Five samples were prepared for each region, with 
four random sweeps per sample, yielding 20  spectra. 
The final sample spectrum was the average, with back-
ground, H2O, and carbon dioxide (CO2) interference 
subtracted. Raw spectral data were baseline corrected 
and smoothed using OMNIC  software (version  8.0) 
before undergoing standard normal variate processing 
in Unscrambler software (version 9.7).

Orthogonal partial least squares-discrimi-
nant analysis (OPLS-DA). The  relative percent 
areas of common peaks in the GC-MS fingerprint pro-
files of C.  cassia samples from different regions were 

processed with SIMCA  software (version  14.1) for 
OPLS-DA, determining the predicted variable impor-
tance in projection (VIP).

Similarity evaluation. The  correlation coefficient 
(rcon) between samples' fingerprints was calculated us-
ing the included cosine angle. The  two pieces of  the 
spectrum (the two-dimensional vector) were calculat-
ed and formulated as follows:

( )( ) ( )( )
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= =

= ∑

∑ ∑
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The formula determines the directional cosine be-
tween two infrared spectra where xi  and yi  represent 
the intensity values of  the IR spectra of  two samples, 
denoted as x and y, at the ith variable. Fingerprint pro-
files were evaluated for similarity using SPSS software 
(version 18.0).

Principal component analysis (PCA). PCA  was 
conducted based on  the singular value decomposi-
tion of the data array of the FTIR fingerprints. The first 
several PCA  scores were used to  create a  projection 

Table 1. Cinnamon species and collection sites

Sample 
No. Location Age Longitude  

and latitude

Average  
temperature  

(°C)

Annual  
precipitation  

(mm)

Soil  
type

1 Aicun, Gaoyao,  
Guangdong, China 13 112.388039°E

23.157942°N 20.79 1 671.4 lateritic red

2 Fuhao, Deqing,  
Guangdong, China 12 111.987411°E

23.154303°N 20.79 1 671.4 lateritic red

3
South China  

Agricultural University, 
Guangdong, China

12 113.364723°E
23.159725°N 22.63 1 736.1 grey fluvoaquic

4 Xinli, Wuzhou,  
Guangxi, China 14 111.249219°E

23.414137°N 21.90 1 544.9 lateritic red

5 Huanglin, Cenxi,  
Guangxi, China 12 111.325981°E

22.879412°N 21.90 1 544.9 lateritic red

6 Longxu, Wuzhou,  
Guangxi, China 12 111.252441°E

23.367392°N 21.90 1 544.9 lateritic red

7 Songshan, Yulin,  
Guangxi, China 12 110.491463°E

22.933722°N 22.88 1 405.7 lateritic red

8 Kangtang, Yulin,  
Guangxi, China 11 110.531532°E

22.950361°N 22.88 1 405.7 lateritic red

9 Nongan, Baise,  
Guangxi, China 11 106.247658°E

23.449732°N 22.80 1 070.7 calcareous
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diagram, enabling visual identification of  fingerprint 
similarities. PCA  was performed using Unscram-
bler software.

Preparation of  the semi-thin sections. The  mid-
tissue of mature leaves with normal growth and devel-
opment was cut into 1 × 1 × 0.5 mm pieces and quickly 
immersed in 2.5% paraformaldehyde – 3.0% glutaralde-
hyde fixative [prepared in 0.1 mol·L–1 phosphate-buff-
ered saline (PBS), pH 7.2]. The leaf blade was observed 
using the semi-thin sections method (Li et al. 2013b).

Density of the oil cells. The distribution of oil cells 
was determined using the tissue-clearing method and 
Li et al. (2013b) described. The oil cell density (N·mm–2) 
was calculated as an average from 15 samples.

RESULTS

Distribution and developmental characteristics 
of oil cells in cassia leaves. Oil cells, found in roots, 
stems, fruits, and leaves of  the plants from the Lau-
raceae family, are primary sites for essential oil bio-
synthesis, secretion, and storage (Li et al. 2013b; Cen 
et al. 2021). These oil cells, larger than the surrounding 
parenchyma cells, were predominantly in  the sponge 

tissue (Figure 1A). Most cells' degraded cytoplasm and 
nucleus suggest that they were at a late stage of devel-
opment (Figure 1A).

The modified whole tissue clearing method reported 
by Li et al. (2013b) was used to observe morphological 
characteristics of oil cells. The morphological changes 
during oil production, formation, and accumulation 
were observed (Figure  1B–C), oil cell development 
could be divided into five stages: oilless, formation, ac-
cumulation, saturation, and degradation (Figure 1a–e). 
These stages show that oil droplets are the largest and 
essential oil accumulation is the highest during the ac-
cumulation and saturation stages (Figure  1c  and  1d). 
The  oil droplets started degrading at  the degradation 
stage, darkening to black (Figure 1e). So in this study, the 
oil cell densities were counted at the accumulation and 
saturation stages characterised by the highest oil con-
centration (Figure 2B). Sample No. 5 had the highest oil 
cell density (4.8 N·mm–2) at the accumulation and satu-
ration stages, followed by sample No. 6 at 4.10 N·mm–2, 
while samples No. 7 and 8 had the lowest oil cell densi-
ties of 2.86 and 2.93 N·mm–2, respectively.

Yields of essential oil analysis. The yield of essen-
tial oils extracted from C.  cassia leaf samples via hy-

Figure 1. (A) Transverse section of a leaf, the distribution of oil cells in cassia leaves from nine samples (1–9); 
(B–C) observation of the dynamic process of essential oil in the oil cells of cassia leaves using improved tissue clear-
ing method; (a) oilless stage; (b) oil at formation stage; (c) oil at accumulation stage; (d) oil at saturation stage; (e) oil 
at degradation stage
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drodistillation varied greatly between regions, ranging 
from 0.51 to 1.34% (Figure 2A). The highest yield was 
1.34% from sample No. 5, followed by No. 6  (0.92%), 
No.  4  (0.89%), No.  3  (0.85%), and No.  2  (0.83%). 
The lowest yields were from samples No. 7 and 8 from 
Rongxian County at 0.51% and 0.55%, respectively.

Gas chromatography-mass spectrometry anal-
ysis of  essential oil from leaves of  Cinnamo-
mum  cassia  of  different regions. The  chemical 
composition of  essential oils is  influenced by  many 
factors, including genetic and environmental factors, 
developmental stages, formation sites, and extrac-
tion methods (Li  et  al.  2020). In  this study, the typi-
cal GC-MS profile of  the essential oils from the twig 
of  cinnamon plants is  shown in  the Electronic Sup-
plementary Material (ESM, Figure  S1). Thirteen 
common peaks, consisting of  34  components, were 
identified in  all samples, representing 80.05–95.54% 
of  the total oils (Table  2). The  most abundant com-
ponent was trans-cinnamaldehyde (54.76–65.91%). 
The  analysis showed that volatile compounds were 
different in  different regions. For  example, trans-
cinnamaldehyde content was higher in  Guangdong 
(60.65–65.91%) compared to Guangxi (50.36–60.38%). 
Additionally, other compounds like ethylben-
zene (3.32–5.78%), styrene (2.44–5.91%), α-thujene 
(2.14–7.76%), cedrene (1.98–5.80%), acetophenone 
(1.61–8.21%), camphor  (1.47–3.76%), and benzalde-
hyde (0.81–1.43%) were also found in varying amounts. 
Samples No. 1 and 2 had high benzaldehyde content, 
at 1.43% and 1.32%, respectively, while samples No. 3, 
4, 5, 8, and 9 contained little to no benzaldehyde.

An orthogonal partial least square discriminant 
analysis (OPLS-DA) was developed using the 
13  common components as  y-variables and differ-
ent regions as x-variables. The model fit indices were 
R2

X = 0.502 and R2
Y = 0.917, while the model predic-

tion index (Q2) was  0.874. Values of  the coefficient 
of  determination (R2) and Q2  exceeding 0.5  indi-
cate acceptable model fit results (Yun et  al.  2021). 
The  OPLS-DA  (Figure  3A) effectively differentiated 
samples from different regions. Thus it could be used 
for region identification of C. cassia. VIP values were 
derived from the thirteen common peaks and then 
ranked (Figure  3B). The  results demonstrated that 
the VIP  values for peaks C14  (trans-cinnamalde-
hyde), C5 (acetophenone), C13 (cis-cinnamaldehyde), 
C8 (camphor), and C3 (α-thujene) exceeded 1.0. This 
suggests that these five components can serve as dis-
tinctive markers for determining the geographical ori-
gin of cinnamon.

Fourier-transform infrared fingerprints of  es-
sential oils. Essential oil, a complex mix, was analysed 
using FTIR  spectroscopy to  provide structural evi-
dence and information about functional groups. This 
study recorded spectra from 400 to 4 000 cm–1 (ESM, 
Figure S2). The IR characteristic fingerprint peaks for 
the cinnamon samples are mostly 1 800–600 cm−1 (Fig-
ure 4A). As  illustrated in Figure 4A, the FTIR finger-
prints of  the nine samples share many similar peaks 
within the 1 800–600 cm–1  range of  the infrared 
characteristic absorption spectra. Several features 
were extracted from the typical spectrum of C. cassia 
presented in  Figure  4B. Thus, the dominant strong 

Figure 2. (A) Yields (% w/w dry basis) of essential oils of different cinnamon leaves from different regions and (B) the oil 
density at the accumulation and saturation stages from different regions

a–f – the columns having different lowercase letters are significantly different (P < 0.05)
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and broad peaks at 1 675 and 1 626 cm–1 correspond 
to aldehyde carbonyl C=O stretching vibration, which 
is  consistent with the high content of  cinnamalde-
hyde and other aldehydes in the essential oil. The peak 
at  1 450 cm–1  corresponds to  the bending vibra-
tion absorption of  an  alcohol C-OH  moiety; the one 
at  1 248 cm–1  indicates the presence of  the aromatic 
acid ester C-O-C  symmetric expansion and phenolic 
C-OH  groups, while the peak at  1 124 cm–1  is  as-
sociated with C-O  stretch vibration. The  peak 
at  973 cm–1  is  assigned to  the bending vibration ab-
sorption of  C-H. Our results match with cinnamon 
bark oil FTIR  data (Li  et  al.  2013a), indicating the 
chemical complexity and diversity of  the essential oil 
of cinnamon (Figure 4).

Cluster analysis and similarity analysis of  Fou-
rier-transform infrared fingerprint of  Cinnamo-
mum cassia leaves. C. cassia leaf samples from nine 
locations underwent cluster and similarity analysis 
for their chemical composition. As shown in Figure 5A, 
these samples were divided into three clusters. Samples 
No. 1–6 clustered together, with samples No. 1–3 (from 
Guangdong province) forming a subcluster. These sam-
ples, from Guangdong (samples No. 1–3) and Guangxi 
(samples No.  4–6) provinces, share similar climatic 
and soil environments due to their location in the Xi-
jiang River basin, reflected in  their similar chemical 
compositions. Samples No.  7  and  8  (Yulin, Guangxi) 
formed another cluster, while sample No.  9  (Baise, 
Guangxi) stood as a single cluster. The similarity anal-

Figure 3. (A) Orthogonal partial least squares-discriminant analysis score plot and (B) variable importance in projec-
tion (VIP) diagram of Cinnamomum cassia from different regions

ID – thirteen common peaks

Figure 4. (A) Infrared spectra of essential oils from nine samples and (B) the typical infrared spectra of Cinnamo-
mum cassia
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ysis (Figure  5B) consistently indicated that samples 
No. 1–6 had the highest similarity value (above 0.921). 
Sample No.  9  (Baise, Guangxi) had lower similarity 
values when compared with other samples, especially 
with samples No. 5 (Cenxi, Guangxi) and No. 7 (Ron-
gxian, Guangxi): 0.735 and 0.813, respectively.

Principal component analysis of  Fourier-trans-
form infrared fingerprint of  Cinnamomum  cassia 
leaves. We selected the 1 800–600 cm–1 band for the 
fingerprint spectral analysis to  better identify the in-
terrelationships among the research objects and ap-
plied a  PCA. As  shown in  Figure  6, the scatter plot 
was derived from the IR  spectra of  different samples 

of  C.  cassia after PCA  of  the principal components 
PC1  and  PC2. The  former had a  variance contribu-
tion of  85.65% and was the most important compo-
nent, while the latter contributed to the variance with 
12.32%. The  positions of  the IR  spectra of  different 
C.  cassia samples on  the scatter plot corresponded 
to  their geographical distances. Sample No.  9  (Baise, 
Guangxi) was notably distant from the other samples 
on  the PC2  scatter plot, suggesting significant dif-
ferences. The  IR  spectral characteristics of  samples 
No. 7 and 8 (Yulin, Guangxi) were grouped, presum-
ably due to their cultivation sites' geographical and en-
vironmental proximity.

Figure 5. (A) Rescaled distance cluster combine and (B) similarity analysis constructed from Fourier-transform infra-
red spectroscopy for nine samples

Figure 6. The scattered scores plot of infrared spectra of nine Cinnamomum cassia samples

PC – principal component
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DISCUSSION

Environmental and secretory structure influences 
on Cinnamomum cassia leaf oil accumulation. Es-
sential oil yields are influenced by  climate variation, 
ecological environments, and growth conditions at the 
different cultivation sites (Li et al. 2020). The essential 
oil yields from nine samples of  C.  cassia leaves were 
significantly different in the present study. The highest 
yield was obtained from sample No. 5 (1.34%), followed 
by samples No. 6 (0.92%), No. 4 (0.89%), No. 3 (0.85%), 
and No.  2  (0.83%). Samples No.  7  and  8  (Rongxian 
County) had the lowest oil yields (0.51% and 0.55%, 
respectively). This variance could be attributed to fac-
tors such as climate, soil, altitude, and cultivation tech-
niques,  as  well as  the developmental characteristics 
and density of oil cells (Figueiredo et al. 2008).

Oil cells are the primary secretory structures within 
the cinnamon plant for the synthesis and accumula-
tion of  essential oils, and these secretory structures 
also influence the accumulation of  the oils produced. 
The  environment often influences the development 
and distribution of  secretory structures. Plant vola-
tiles is  produced in  specialised secretory structures 
that minimise the risk of  autotoxicity while allow-
ing for the presence of high levels of metabolic com-
ponents where defence and/or attraction are critical 
(Figueiredo et al. 2008). Cen et al. (2021) reported that 
the thickness of the phloem affected the density of oil 
cells and, thus, the content of  essential oil in  cinna-
mon twigs. Similarly, oil production is closely related 
to  the development of  oil cells in  cinnamon leaves 
(Li et al. 2013b, 2016). These results revealed that oil 
cell density and essential oil yield at  the accumula-
tion and saturation stages were positively correlated. 
For example, sample No. 5 with the highest oil cell den-
sity (4.8 N·mm–2) at  the accumulation and saturation 
stages also had the highest essential oil yield (1.34%). 
Conversely, samples No. 7 and 8 with the lowest oil cell 
density (2.86  and 2.93 N·mm–2, respectively), yielded 
the least oil (0.52% and 0.55%, respectively). This con-
firms that essential oil yield is  linked to  the density 
of oil cells (Li et al. 2013b, 2016), which can vary with 
plant age, development stage, growing season, and en-
vironment (Figueiredo et al. 2008; Li et al. 2013a, b).

Geographic variation influences on  the compo-
sition of  Cinnamomum  cassia leaf oil. Numerous 
reports indicate that the yield and composition of vola-
tiles vary geographically, which determines the exist-
ence of  different chemotypes/chemical races in  some 
species. Thin et al. (2023) found that the composition 

of  Dasymaschalon rostratum leaf oil in  Vietnam was 
quite different from that in China. The chemical com-
positions of  Cinnamomum verum can be  varied de-
pending on  the geographical distribution.  It has been 
reported that C.  verum leaf essential oils cultivated 
in different regions reveal the existence of four chemo-
types (eugenol, eugenol and safrole, benzyl benzoate, 
and linalool) (Xavier et al. 2022). Previous work revealed 
that yields and compositions of essential oils from cassia 
bark and twigs vary significantly based on their origins 
(Li et al. 2013a; Cen et al. 2021), which may be related 
to environmental conditions such as altitude, sunlight, 
and soil type, as  well as  to  cultivation conditions (Fi-
gueiredo et al. 2008). In this study, the content of trans-
cinnamaldehyde (50.36%) in sample No. 9  from Baise 
is significantly lower than that of the other eight sam-
ples (57.76–65.91%) near Xijiang River basin, espe-
cially of samples No. 1–6. C. cassia, a plant that thrives 
in  tropical and subtropical climates, is predominantly 
found in  the warm Xijiang River and rarely in  other 
regions (Li and Yi 1985). The area's temperature, rain-
fall, and sunlight are ideal for C.  cassia, which grows 
well in  the prevalent acidic lateritic red soil, resulting 
in  good-quality oil. Conversely, Baise, located in  the 
western part of  Guangxi near Yunnan province, has 
calcareous soil and low annual precipitation and offers 
a climate and environment less favorable for the growth 
of C. cassia. These factors may affect the biosynthetic 
pathway of plants, thus affecting the production and ac-
cumulation of trans-cinnamaldehyde content.

The quality standard of a single component or sev-
eral components is no longer sufficient to control the 
overall quality of  medicinal materials. FTIR  finger-
printing is  a  comprehensive and quantifiable method 
to  explore the complexity of  medicinal materials, 
which can effectively reflect the comprehensive effect 
of  the active components of  medicinal materials and 
evaluate the quality of medicinal materials as a whole. 
It  has been widely used in  the identification of  spe-
cies origin and different habitats (Li  et  al.  2013a). 
The  results of  cluster analysis similarity analysis, and 
PCA  based on  FTIR  in  this study showed that sam-
ples No.  1–6  share similar climatic and soil environ-
ments due to their location in the Xijiang River basin, 
which is  reflected in  their similar chemical composi-
tions. Obtaining medicinal plant-derived compounds 
is  a  systematic process influenced by  factors such 
as  climate, soil nutrients, and root microorganisms 
(Su  et  al.  2023). Sample No.  9  from Baise, situated 
in  western Guangxi near Yunnan, is  geographically 
distant from the other sampled locations. Its unique 
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climate and soil environments (calcareous soil) may 
contribute to the vastly different chemical composition 
of the corresponding oil. Localised variations in chem-
otype distributions were reported for thyme popula-
tions; the essential oils of  Thymus caespititius from 
four populations growing just 200 m apart on S. Jorge 
Island, Azores exhibited significant chemical polymor-
phism, likely due to genetic and edaphic factors (Perei-
ra et al. 2003). Our result indicates a strong association 
between the chemical composition of C. cassia leaf oil 
and cultivation regions.

CONCLUSION

GC-MS analysis demonstrated that C. cassia leaves 
from different regions have a  similar abundance 
of  trans-cinnamaldehyde (55.27–65.57%). Howev-
er, leaves from Guangdong province had a  slightly 
higher content of  trans-cinnamaldehyde than those 
from Guangxi province, especially from the distant 
region of Baise, Guangxi. These results reveal the in-
fluence  of  the geographical environment on  the es-
sential oil yield and chemical composition of C. cassia 
leaves. By combining GC–MS and FTIR with chemo-
metrics, the essential oil compounds were effectively 
classified, identified, and differentiated among the 
nine samples of C.  cassia leaves, demonstrating their 
varying chemical compositions. The results presented 
herein provide a  comprehensive evaluation of  cinna-
mon  quality and an  optimised method for medicinal 
herb quality control.
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