Arabian Journal of Chemistry (2023) 16, 104996

King Saud University

Sommion [ Arabian Journal of Chemistry

King Saud University

www.ksu.edu.sa
www.sciencedirect.com

ORIGINAL ARTICLE

Chemical composition and antifungal activity of
Cinnamomum camphora chvar. Borneol essential
oil obtained using solvent-free microwave-assisted
method

Check for
updates

Hualan Li*', Haibin Liao ™', Yanxin Li*, Yanlong Qi", Haiyan Ni?,
Zhengrong Zou ", Zaizhi Liu ™"

4 College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China
> Key Laboratory of Synthetic Rubber, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Renmin
Road, Changchun 5625, China

Received 2 January 2023; accepted 10 May 2023
Available online 16 May 2023

KEYWORDS Abstract  Cinnamomum camphora chvar. Borneol is an important commercial tree species in China
Cinnamomum camphora as its essential oil contains abundant endo-borneol. Hydrodistillation (HD) is a mainstream tech-
chvar. Borneol; nique for the separation of C. camphora chvar. Borneol essential oil. The shortcomings of HD
Essential oil; include low extraction efficiency, high energy consumption, and long extraction time, emphasizing
Solvent-free microwave the need for the application of a fast and efficient procedure for recovering C. camphora chvar. Bor-
extraction; neol essential oil. To determine the optimal conditions for the effective extraction, solvent-free
Endo-borneol; microwave-assisted extraction (SFME) was used in conjunction with the Box-Behnken response

Optimization;

! o surface design. The optimal conditions resulted in a maximum essential oil yield of 42.03 £+ 1.56
Antifungal activity

mg/g. These results showed that SFME is an efficient, green, and economical method for obtaining
essential oil with a higher proportion of endo-borneol compared to HD. Furthermore, C. camphora
chvar. Borneol essential oil exhibited remarkable inhibitory activity against the five Fusarium spp.
species that cause potato dry rot. The results could provide useful information regarding the
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comprehensive utilization of C. camphora chvar. Borneol essential oil as a new botanical pesticide in
agriculture and food production.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Endo-borneol, also known as natural borneol, is a highly sought-after
compound in conventional Chinese medicine due to its antimicrobial
activity, anti-inflammatory activity and neuroprotective effect (Cai
et al., 2008; Chen et al., 2015; Chen et al., 2019). Endo-borneol can alle-
viate pain and swelling and is thus often applied to cure topical inju-
ries, such as joint pain, burns, and muscle pain (Wang et al., 2017).
Endo-borneol was once mainly extracted in the trunks of Dipterocarpus
turbinatus (Li and He, 2017), which is now endangered due to overhar-
vesting. Cinnamomum camphora chvar. Borneol was identified as a
chemotype of C. camphora in Jian city (Jiangxi province) and Xin-
huang town (Hunan province) in South China (Shi et al., 1989; Xie
et al., 2019). Endo-borneol is the predominant component of C. cam-
phora chvar. Borneol essential oil (Shi et al., 2013; Xie et al., 2019),
and is considered to be a new source of endo-borneol. It is widely cul-
tivated in Southern China as an important industrial crop. As of 2021,
around 10,000 ha of land in the Jiangxi and Hunan provinces are used
for C. camphora chvar. Borneol plantations (Mo et al., 2021).

C. camphora chvar. Borneol essential oil is primarily isolated using
hydrodistillation (HD), which has been favored due to low costs and
ease of operation, however, the extraction process generally involves
a long extraction time, requires a high energy input, and generates a
low yield (Chen et al., 2016). As this extraction method cannot keep
up with the high demand for plant essential oils, alternative efficient
and green extraction approaches are urgently needed. Neutral
cellulase-assisted steam distillation has been employed to extract C.
camphora chvar. Borneol essential oil and appeared to be a more effec-
tive method associating with higher yield and shorter processing time
than HD (Yu et al., 2019). However, this method has the disadvantage
of long enzymatic durations and enzymatic treatments generally incur
high costs. Recently, solvent-free microwave-assisted extraction
(SFME) has attracted more and more attention for obtaining plant
essential oils. Araujo et al. (2021) reported that SFME is a feasible
and environmentally-friendly extraction method that produces less
waste, involves no extra solvent, and has low energy consumption,
short extraction time, and high extraction efficiency. In the process
of SFME, the directions of heat conduction and mass transfer were
from inside to outside, which can greatly improve the extraction effi-
ciency. As for HD, the direction of heat convection was in the opposite
direction (namely from outside to inside). The in situ water contained
within plant cells is directly heated by microwave radiation, which
induces high temperatures and pressures in the inner plant cells, lead-
ing to the destruction of plant cytoderm and the release of essential oils
(Chen et al., 2011; Benmoussa et al, 2019; Franco-Vega et al, 2019).
Furthermore, the SFME process is environmentally friendly and the
essential oil obtained is pure and does not require additional solvent
(Khalili et al., 2018).

Potatoes, a staple food with high nutritional value, are one of the
world’s largest agricultural crops. Potatoes are easily infected by fungi,
which are responsible for various plant fungal diseases. Potato dry rot
(PDR) is a devastating post-harvest disease that occurs worldwide and
is mainly caused by Fusarium spp. (Gachango et al., 2011). It was
reported that potato tubers could be affected by PDR during storage
or in the fields with the related losses ranging between 6 and 25%,
and even as high as 60% (Wang et al., 2020a). Previous studies
reported that there were frequent outbreaks of PDR in the northern
regions of China, which are mainly caused by Fusarium avenaceum,
Fusarium sporotrioides, Fusarium culmorum, Fusarium trichothecioides,
and Fusarium solani (Min et al., 2010). It is worth noting that some

members of Fusarium spp. even generate toxins that are poisonous
to humans and animals (Bojanowski et al., 2013; Choi et al., 2021;
Zabka et al., 2014), such as fumonisin, which can cause brain damage
in animals, liver toxicity, possesses carcinogenic effects, and may even
be capable of triggering esophageal cancer (Reddy et al., 2010). Today,
synthetic chemical fungicides are still the primary way in which PDR is
controlled worldwide due to their effective inhibition of fungal activity,
ease of operation, and low input (Hang and Woodams, 2003;
Gachango et al., 2011; Wang et al., 2015). However, this method has
led to severe problems, such as the increasing resistance of fungi, toxic
residues, environmental pollution, and soil damage (Peters et al., 2008;
Wang et al., 2020b). A safer and more effective way to control PDR is
urgently needed. Plant essential oils have enormous potential as natu-
ral bacteriostatic agents against plant fungi pathogens (Mahmoud
et al., 2010; Smeriglio et al., 2017). However, the antifungal bioactivity
of C. camphora chvar. Borneol essential oil has not yet been
investigated.

In this work, SFME was applied in the extraction of C. camphora
chvar. Borneol essential oil and Box-Behnken response surface design
was resorted to determine the optimal conditions that led to the max-
imum yield. HD was also conducted to compare the two methodolo-
gies. The chemical composition of the obtained essential oils was
analyzed using gas chromatography-mass spectrometry (GC-MS).
The in vitro antifungal activity of C. camphora chvar. Borneol essential
oil against five species of Fusarium spp. was also studied.

2. Materials and methods

2.1. Plant material and chemicals

The fresh leaves of C. camphora chvar. Borneol were bought
from Jiangxi Tianxiang Incense Material Co., Ltd. (Fuzhou,
China). and then cut into pieces (around 1 cm x 1 cm) before
extraction. Potatoes were purchased from a supermarket. F.
avenaceum, F. sporotrioides, and F. culmorum were bought
from the CGMCC (Beijing, China). F. trichothecioides was
acquired from Prof. Fenglan Li (Northeast Agricultural
University, China), and F. solani was obtained from the
CCTCC (Wuhan, China). Tween 80, D-Glucose, agar powder,
and nystatin were bought from Shanghai Titan Technology
Co., LTD (Shanghai, China).

2.2. Extraction of essential oil by SFME and HD

The SFME apparatus employed for C. camphora chvar. Bor-
neol essential oil separation consisted of a microwave oven,
an oil-water separator, and a reflux condenser (Fig. 1). Before
C. camphora chvar. Borneol fresh leaves were immersed in dis-
tilled water to reach different moisture contents according to a
previous study (Benmoussa et al., 2018). The moisture content
was calculated by dividing the mass of water contained in
leaves by the mass of leaves after immersing treatment. The
dry weight of fresh leaves was measured by placing a certain
mass of leaves into a drying oven and dried at 50 °C for
48 h. Microwave power levels and durations could be adjusted
using the relevant button on the microwave oven. As the
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Fig. 1
SFME.

A schematic diagram of the instrumental set up using

extraction system temperature come up to the water boiling
point during the extraction process, the in situ water within
the leaves containing the essential oil was evaporated, trans-
ferred, and condensed at the reflux condenser before finally
being gathered in the oil-water separator. The bottom layer
of water in the immiscible solution was discarded while the
essential oil in the upper layer was collected in a brown sample
bottle and placed at 4 °C for subsequent analysis and experi-
mentation. The essential oil yield was calculated in terms of
milligrams of essential oil per gram of sample (dry weight),
and described in Eq. (1):

y="1
M,

(1)
where Y (mg/g) is the C. camphora chvar. Borneol essential oil
yield; M; (mg) is the quality of the C. camphora chvar. Borneol
essential oil; M, (mg) is the quality of C. camphora chvar. Bor-
neol leaves (dry weight).

A Clevenger apparatus was used for the HD process. This
was linked to an essential oil extractor. A total of 200 g of fresh
C. camphora chvar. Borneol leaves were placed into a 2 L
round-bottom flask and extracted for 4 h using an electric
jacket at 1 kW of rating power with a corresponding tempera-
ture of 200 °C. All other steps were the same as described in the
SFME process.

2.3. Experimental design

A Box-Behnken design (BBD) was performed to investigate
the interactions between the independent variables, optimize
SFME process conditions and achieve the greatest extraction
yield. Three independent variables — moisture content (A),
microwave time (B) and microwave power (C) — were run
at three levels by BBD as shown in Table 1. The independent
variables were coded as —1, 0, and 1 to represent the low, cen-
tral, and high levels, respectively. A total of 17 experimental
runs involving 12 free combinations and 5 center points were
generated through BBD. The quadratic polynomial equation
model was used to depict the SFME process for extracting
C. camphora chvar. Borneol essential oil and described in
Eq. (2):
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where Y is the C. camphora chvar. Borneol essential oil yield;
Bo, Bi, Bii, and By signify the relevant regression coefficients
of the intercept, linearizer, quadric, and interactivity; and X;
and X; are the independent variables, respectively.

2.4. Kinetic model

According to the theory proposed by Handayani et al. (2008),
the extraction rate of essential oil is primarily controlled by the
mass transfer of the target compounds from the raw materials
to the bulk solvent. In accordance with Fick’s law, a first-order
kinetic model was used to describe the extraction process

(Eq. (3)):
Y=Yl —exp(—K. X o x 1)] (3)

where Y is the yield of C. camphora chvar. Borneol essential oil
at any time in the bulk liquid; Y, (mg/g) is the yields at equi-
librium; K; x o represent the volumetric mass transfer coeffi-
cient; and ¢ refers to microwave time (min).

2.5. Chemical composition of essential oil analysis

The chemical composition of the obtained C. camphora chvar.
Borneol essential oil was analyzed by a Thermo Trace-1300
ISQ-GC-MS spectrometer (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). It is coupled with an HP-5MS capillary
column that has an internal diameter of 30 m x 0.25 mm and a
film thickness of 0.2 pym. The column oven was programmed
with a beginning temperature of 60 °C (maintained for
5 min), then increased to 120 °C (maintained for 5 min) at a
rate of 10 °C/min, before being subsequently increased to
200 °C (held for 5 min) at 10 °C/min, and ultimately rising
to 280 °C (held for 15 min) at 10 °C/min. The temperatures
for injector and detector were set to 230 °C and 280 °C, respec-
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Table 1 Coded and real levels of screened parameters and observed responses.

Run® A B C Yield (mg/g)
Actual Predicted
1 60 (0) 20 (—1) 700 (+ 1) 38.97 38.25
2 60 (0) 20 (—1) 380 (—1) 28.39 28.70
3 60 (0) 30 (+1) 380 (—1) 39.79 40.52
4 70 (+1) 30 (+1) 540 (0) 39.72 39.29
5 50 (—1) 30 (+1) 540 (0) 33.53 33.55
6 70 (+1) 25 (0) 380 (—1) 35.07 34.78
7 70 (+1) 20 (—1) 540 (0) 32.12 32.10
8 70 (+1) 25 (0) 700 (+ 1) 32.14 32.88
9 50 (=1) 20 (=1) 540 (0) 31.57 32.00
10 60 (0) 25 (0) 540 (0) 39.19 40.02
11 50 (—1) 25 (0) 700 (+ 1) 33.59 33.89
12 60 (0) 25 (0) 540 (0) 40.68 40.02
13 60 (0) 25 (0) 540 (0) 38.51 40.02
14 60 (0) 25 (0) 540 (0) 40.35 40.02
15 60 (0) 25 (0) 540 (0) 41.39 40.02
16 60 (0) 30 (+1) 700 (+1) 35.24 34.92
17 50 (=1) 25 (0) 380 (—1) 28.78 28.04
% A: Moisture content, %; B: Microwave time, min; C: Microwave power, W.
tively. The flow rate of carrier gas (the helium) was I mL/min. | ... rate(%) = d. —d, < 100 )

Samples were injected at a 1:2 split ratio. The MS was per-
formed at 70 eV with a scanning range of 50-500 amu in EI
mode. The chemical composition of C. camphora chvar. Bor-
neol essential oil was identified by comparison to the mass
spectral patterns and retention indices in the NIST0S5 mass
spectral library.

2.6. In vitro antifungal activity of C. camphora chvar. Borneol
essential oil

Assays of mycelial growth and spore germination were per-
formed to evaluate the antifungal activity of C. camphora
chvar. Borneol essential oil against Fusarium spp. Minimum
inhibitory concentration (MIC) refers to the lowest concentra-
tion that completely inhibited mycelial growth, while ECs,
refers to the concentration required for the inhibition of
50% mycelial growth as calculated by linear regression.

2.6.1. Mycelial growth assay

The antifungal experiments were performed using the agar
incorporation method with slight modifications (Yakhlef
et al., 2020). Due to its hydrophobicity, the stock essential
oil solution was prepared by dissolving essential oil in a
5% of tween-80 solution. A certain volume of the stock
essential solution was added to the potato dextrose agar med-
ium (PDA) before coagulation; the mixture was transferred
into Petri dishes after homogenization. Some tween-80 solu-
tion and nystatin samples were added to the medium as neg-
ative and positive control, respectively. Fungal discs
(approximate 5 mm in diameter) of each strain were moved
from the peripheries of the seven-day-old cultures and inocu-
lated aseptically in the center of Petri plates filled with the
solidified medium. The inoculated Petri plates were covered
with sealing film and placed in a biochemical incubator at
25 + 2 °C for 7 days. After incubation, the diameter of each
colony was measured to calculate their inhibition rates as
described in Eq. (4):

where d. is the mean value of the diameter of the mycelial

growth in the control set and d, is the mean value the diameter
of the mycelial growth in the tested sets.

2.6.2. Spore germination assay

The effects of C. camphora chvar. Borneol essential oil on spore
germination in the five Fusarium spp. were assessed in the
potato dextrose broth as described by previous study (Li and
Xue, 2014). The stock essential oil solution and the spore sus-
pension of each strain were added to a 50 mL tube containing
PDB, then placed in a shock water bath (60 rpm) held at a con-
stant temperature of 25 + 2 °C for 8 h. The samples were mea-
sured using an LW100B light microscope (Shanghai Baowei
Photoelectric Technology Co., LTD). After incubating for
2 h, a minimum of 200 spores per replicate were examined
microscopically to determine the germination rate.

2.7. Statistical analysis

Design Expert 8.0 software (Stat Ease Inc., Minneapolis, MN,
USA) was employed to perform BBD. An analysis of variance
(ANOVA) was calculated using OriginPro 2018 software (Ori-
ginLab Corporation, Northampton, MA, USA). All assays
were performed triple and the results were presented as the
mean + standard deviation except for data that was imported
into the Design Expert 8.0 software without standard
deviation.

3. Results and discussion
3.1. Single-factor experiment

3.1.1. Influence of moisture content on essential oil yield

The influence of moisture content on C. camphora chvar. Bor-
neol essential oil yield was evaluated in SFME by varying the
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Fig. 2  Effects of moisture content (a), microwave time (b), and microwave power (c) on the yield of C. camphora chvar. Borneol essential
oil.

moisture content between 30% and 70% with the microwave The diffusion of essential oil was dependent on the evapora-
time and power maintained at 20 min and 380 W, respectively. tion speed of in situ water, and hence low moisture contents
Fig. 2a, shows that the yield increased gradually as moisture resulted in low essential oil yields (Filly et al., 2014). Based
content increased from 30 to 60%. However, the yield on previous studies, high moisture contents may hydrolyze
decreased as the moisture content steadily exceeded 60%. some volatile constituents; however, low moisture contents
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could decrease the evaporation velocity of the in situ water,
leading to the insufficient extraction of plant essential oil
(Mellouk et al., 2016; Cui et al., 2019). Thus, moisture contents
between 50% and 70% were employed for further
optimization.

3.1.2. Influence of microwave time on essential oil yield

Microwave irradiation time is a key variable in the isolation of
essential oil. The influence of microwave time (10-30 min) on
C. camphora chvar. Borneol essential oil yield was investigated
with moisture content and microwave power held at 50% and
380 W, respectively. Fig. 2b, shows that yields improved grad-
ually as microwave time enhanced from 10 to 25 min. How-
ever, further increase in microwave time did not result in any
obvious increase in yield. To save on operating time and
energy consumption, a microwave time ranging between 20
and 30 min was used for the subsequent optimization.

3.1.3. Influence of microwave power on essential oil yield

An appropriate level of microwave irradiation plays an impor-
tant role in the essential oil extraction process. High micro-
wave power may burn the biomass and pyrolyze the essential
oil, while low microwave power will not be able to maximize
the extraction of the essential oil (Chouhan et al., 2019). The
influence of microwave power on yield in the SFME process
was studied under the different microwave power as described
in Fig. 2c. The results revealed that the highest microwave
power did not give rise to the high yield; instead, the highest
yield was observed at a microwave power of 540 W. When
the plant materials are subjected to the high pressures and tem-
peratures generated by microwave power, plant cell cytoderms

can be easily destroyed and consequently release essential oil
(Mellouk et al., 2016). Thus, a range of microwave power
between 380 and 700 W was used for follow-up experiments.

3.2. Optimization of SFME

3.2.1. Model fitting and regression coefficients

To study the significance and probable interactions between
the three factors (4 of moisture content, B of microwave
power, and C of microwave time) in SFME, experiments were
performed based on the experimental runs generated by BBD.
The actual and predicted C. camphora chvar. Borneol essential
oil yields obtained from 17 runs of the BBD were presented in
Table 1. ANOVA was conducted to measure the significance
of the factors on the extraction yield; these results are pre-
sented in Table 2. In accordance with the actual parameters,
the quadratic polynomial regression equation obtained with
the Design Expert 8.0 software is presented below (Eq. (5)):

Y(mg/g) = —277.09 + 5.504 4 3.93B + 0.34C + 0.034B
—1.23x107°4C — 4.81 x 1073BC — 0.044>
—0.058* — 1.27 x 107*C? (5)

The factors significance was assessed by their F-value and p-
value, where a high F-value coupled with a low p-value indi-
cated a significant effect (Pongsumpun et al., 2020). The clas-
sification of the extremely significant (p < 0.001) factors
was: A > BC > C° > B. The linear term of 4 and the inter-
active term of AC was highly significant (p-value < 0.01);
while other coefficients of the model (C, 4B, and B?) were sig-
nificant (p-value < 0.05). On the basis of the ANOVA results

Table 2 Analysis of variance (ANOVA) for the experimental results®.

Source Sum of squares Degree of freedom Mean square F value P value
Model® 287.55 9 31.95 27.02 0.0001***

A 17.12 1 17.12 14.48 0.0067**

B 38.15 1 38.15 32.26 0.0008***

C 9.46 1 9.46 8.00 0.0255*

AB 7.95 1 7.95 6.72 0.0358%*

AC 15.03 1 15.03 12.71 0.0092%%*

BC 57.34 1 57.34 48.48 0.0002%***
A? 85.10 1 85.10 71.96 < 0.0001***
B 7.04 1 7.04 5.95 0.0447*

c? 41.75 1 41.75 35.30 0.0006***
Residual 8.28 7 1.18

Lack of fit 2.89 3 0.96 0.71 0.5927

Pure error 5.39 4 1.35

Cor total® 295.83 16

Credibility analysis of the regression equations

Std. Dev.! Mean CV.% % Press R? Adjust R? Predicted R Adequacy precision
1.09 35.83 3.04 54.65 0.9720 0.9360 0.8153 14.9660

* p < 0.05, significant; ** p < 0.01, highly significant; *** p < 0.001, extremely significant.

? The results were obtained with the Design Expert 8.0 software.

® 4: Moisture content, %; B: Microwave time, min; C: Microwave power, W.

¢ Totals of all information corrected for the mean.
4 Standard deviation.
¢ Coefficient of variation.
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(Table 2), the developed model was accurate and satisfactory,
possessing a R’ of 0.9720, an adjusted R’ of 0.9360, and a p-
value of 0.5746 for the lack-of-fit (Belhachat et al., 2018).

3.2.2. Response surface analysis

To clarify the interactions between the three factors on C. cam-
phora chvar. Borneol essential oil yield, three-dimensional
response surface methodology (RSM) graphs were produced
(Fig. 3). Fig. 3a, shows that increases in both moisture content
and microwave time resulted in improvements in yield. The
highest yields were obtained at a microwave time of 28 min
and a moisture content of 63%. As shown in Fig. 3b, the essen-
tial oil yield fluctuated with varying of microwave power and
moisture content, with the maximum yield obtained at a
microwave power of 460 W and a moisture content of 45%.
To enhance mass transfer velocity and improve the essential
oil yield without destroying the composition of the essential
oils, middling levels of microwave power (540 W) and moisture
content (60%) are preferable as the polar properties of the
in situ water could facilitate its connection to the microwave
irradiation (Kapadiya et al., 2018). However, extreme micro-
wave power could result in the hydrolysis and fractional con-
densation of biomass and consequently result in a decline in
the yield and quality of the essential oil (Cui et al., 2019). As
exhibited in Fig. 3c, microwave time and power exhibited
quadradic influences on yield as these two variables were
increased. Microwave power exhibited both positive and neg-
ative effects on yields. Microwave irradiation accelerated the
evaporation velocity of the in situ water to induce the diffusion
of the essential oil (Peng et al., 2021). However, a low micro-
wave power could not completely extract all essential oil from
the plant materials, while a high microwave power led to the
decomposition or the combustion of the plant’s essential oils.

3.2.3. Method validation

RSM was carried out on the quadratic regression equation
that described the process optimization of SFME for C. cam-
phora chvar. Borneol essential oil extraction. In a predicted
maximum extraction yield of 42.22 mg/g, the optimal condi-
tions of SFME for essential oil isolation were determined to
be: 65% moisture content, 30 min microwave time, and
451 W microwave power. The validation assays were per-
formed in triplicate while slightly modifying the microwave
power (450 W of microwave power) to validate the precision
and acceptability of the SFME procedure for essential oil
extraction. A mean yield of 42.03 £+ 1.56 mg/g was obtained,
which indicated that the optimal conditions provided by BBD
were reliable.

3.3. Extraction kinetic studies of SFME and HD

The mass transfer kinetic model was employed to describe the
experimental data and the results of the C. camphora chvar.

<

Fig. 3 The three-dimensional and contour surface plots from
BBD. (a) The interactive effects of moisture content and
microwave time on extraction; (b) the interactive effects of
moisture content and microwave power on extraction; and (c)
the interactive effects of microwave time and power on extraction.
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Borneol essential oil yield evolution varying from extraction
time are presented in Fig. 4. The high R? value indicates that
the mass transfer kinetic model appropriately described the
entirety of both the SFME and HD processes. The K;-a value
of SFME, which represents the extraction rate, was clearly
greater than that of HD. The main reason was that the diffu-
sion of essential oil was influenced by the inner temperature of
the extraction system. The primary benefit of SFME is that the
extraction system temperature could be quickly achieved by
microwave irradiation. Only 30 min of microwave time was
needed to reach the extraction equilibrium point of C. cam-
phora chvar. Borneol essential oil in the process of SFME,
which is significantly shorter than the time required for HD
(180 min). This was similar to the SFME process to extract
the essential oil of Tunisian cumin seed (Benmoussa et al.,
2018).

3.4. Chemical compositions analysis of C. camphora chvar.
Borneol essential oil

The GC-MS analysis of C. camphora chvar. Borneol essential
oil allowed for the identification of 25 compounds; these are
presented in order of elution from the column (retention
times), and account for 99.79 + 0.79% of the total essential
oil (Table 3 and Fig. 5). Volatile compounds were ranked
based on their relative abundance in terms of their percentage
of the total peak area. The C. camphora chvar. Borneol essen-
tial oil extracted by SFME contained 23 volatile compounds
with an overall percentage of 99.79%, while the essential oil
extracted by HD contained 21 compounds with a total per-
centage of 99.82%. Endo-borneol, a-linalool and camphor
were the three main components contained within the C.
camphora chvar. Borneol essential oil extracted by SFME
and HD. Specifically, the C. camphora chvar. Borneol essen-
tial oil extracted by SFME contained a higher proportion
of endo-borneol (80.08%) compared to the essential oil
extracted by HD (72.01%). In contrast, neutral cellulase

assisted-steam distillation just yielded 10 mg/g of C. cam-
phora chvar. Borneol essential oil with a relative percentage
of endo-borneol of around 10% (Yu et al., 2019); these values
were much lower than those obtained in this study. The dif-
ferences in the yield and the major constituent content of C.
camphora chvar. Borneol essential oil are likely due to the
geographic area, harvest season, climate, and even the char-
acteristics of the plant soil (Brahmi et al., 2016; Yakhlef
et al., 2020). Furthermore, it was observed that the C. cam-
phora chvar. Borneol essential oil was rich in oxygenated
compounds and contained small amounts of terpene hydro-
carbons. Particularly, the compounds (bornyl acetate,
caryophyllene oxide, humulene epoxide and globulol)
detected under SFME but not in HD were all oxygenated
compounds, and the C. camphora chvar. Borneol essential
oil that was isolated by SFME possessed a much higher per-
centage of oxygenated components than when isolated by
HD. This phenomenon may be due to HD having a longer
extraction time than SFME, in which oxygenated compounds
were thermally decomposed and hydrolyzed to generate ter-
penes hydrocarbons (Ferhat et al., 2006).

3.5. Environmental impact

The environmental impact of the separation of C. camphora
chvar. Borneol essential oil by the SFME process was evalu-
ated and compared to HD in the aspect of electricity consump-
tion and the amount of CO, emission. According to Ma et al.
(2012), the progress for producing 1 kW-h electricity by burn-
ing fuels will discharge 800 g of CO, into the atmosphere.
Meanwhile, the electricity consumption was calculated by mul-
tiplying the electricity power by time. Table 3 shows that the
SFME process was more environmentally friendly than HD
as evidenced by the lower electricity energy consumption
(0.23 kW-h compared to 4 kW-h) and carbon emissions
(184 g versus 3200 g), which were ten times higher in HD than
in SFME. This indicates that SFME is an economic, green,
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Table 3 Chemical composition of essential oil from C. camphora chvar. Borneol leaves by GC-MS analysis.

No.” Retention time (min) Compounds CAS number Molecular formula  Relative peak area (%) RI°  Identification
SFME HD
1 6.79 o-Pinene 02437-95-8 CioHie 0.19 0.27 917 RIS, MS!
2 6.98 L-a-Pinene 07785-26-4 CioHie ND* 4.73 934  RI, MS
3 7.36 Camphene 00079-92-5 CioHie 0.37 3.23 936  RI, MS
4 7.97 o-Phellandrene 00099-83-2 CioHig 0.42 0.59 966  RI, MS
5 8.05 4-thujene 03387-41-5 CioHie 0.29 1.68 973 RI, MS
6 8.36 a-Myrcene 01686-30-2 CioHie 0.15 1.38 986  RI, MS
7 9.12 p-Cymene 00099-87-6 CioHis ND 0.54 992  RI, MS
8 9.22 Limonene 00138-86-3 CioHie 0.39 3.62 995 RI, MS
9 9.28 Eucalyptol 00470-82-6 CoH;30 0.78 1.29 1028 RI, MS
10 10.45 a-Terpinene 00099-86-5 CioHie 0.48 0.32 1057 RI, MS
11 10.64 a-Linalool 00078-70-6 CoH;30 5.40 3.93 1062 RI, MS
12 11.55 Camphor 00076-22-2 C0H;60 3.21 3.58 1110 RI, MS
13 12.08 endo-Borneol 00507-70-0 CoH;30 80.08 72.01 1134 RI, MS
14 12.25 Terpinen-4-ol 00562-74-3 CoH;50 1.37 0.55 1140 RI, MS
15 12.53 a-Terpineol 00098-55-5 CoH;30 2.57 0.75 1170 RI, MS
16 14.08 Geraniol 00106-24-1 CoH;50 0.53 0.23 1224 RI, MS
17 15.18 Bornyl acetate 00076-49-3 C12H00, 0.21 ND 1261 RI, MS
18 19.22 Caryophyllene 00087-44-5 CisHyy 0.38 0.25 1390 RI, MS
19 19.94 Humulene 06753-98-6 CisHyy 0.52 0.34 1420 RI, MS
20 20.48 Germacrene D 23986-74-5 CsHyy 0.23 0.19 1442 RI, MS
21 20.76 Elixene 15423-57-1 CisHyy 0.38 0.10 1535 RI, MS
22 22.24 Caryophyllene oxide 01139-30-6 Cy5sH»40 0.60 ND 1548 RI, MS
23 22.41 Guaiol 00489-86-1 C5H60 0.53 0.24 1593 RI, MS
24 22.63 Humulene epoxide 19888-34-7 C5sH»40 0.34 ND 1577 RI, MS
25 23.27 Globulol 51371-47-2 C5sHy60 0.37 ND 1598 RI, MS
Total (%) 99.79 99.82
Oxygenated compounds (%) 95.99 82.9
Terpene hydrocarbons (%) 3.8 16.38
Others (%) 0 0.54
Extraction time (min) 30 240
Electric consumption (kW-h) 0.23 4
CO, produced (g) 184 3200

% Compounds listed in order of elution from HP-5MS capillary column.

° Retention indices relative to C11-C21 n-alkanes on HP-5MS capillary column.

¢ Tentative identification by comparison with RI on HP-5MS capillary column with literature data.
9 Confirmed by comparison with mass data obtained from NIST05 mass spectra library.

¢ Not detected.

and efficient technique for the extraction of C. camphora
chvar. Borneol essential oil.

3.6. In vitro antifungal activity of C. camphora chvar. Borneol
essential oil

The antifungal activity of C. camphora chvar. Borneol essential
oil on the mycelial growth and spore germination rates of five
pathogenic fungi was investigated—the results are given in
Table 4 and Fig. 6. The MIC values of C. camphora chvar.
Borneol essential oil for the complete inhibition of mycelial
growth and spore germination of the pathogens were found
to be 1-2 mg/mL and 0.75-1.25 mg/mL, respectively. In partic-
ular, C. camphora chvar. Borneol essential oil showed excellent
inhibitory activity against the mycelial growths and spore ger-

minations of the five pathogenic fungi as evidenced by their
low ECs values (<1 mg/mL). The inhibition patterns of the
five tested pathogenic fungi after being treated with essential
oil at ECsq values (Fig. 6A2—E2) also proved that C. camphora
chvar. Borneol essential oil exhibited remarkable antifungal
activity against F. culmorum, F. solani, F. trichothecioides, F.
sporotrioides and F. avenaceum compared to the negative
(Fig. 6A1-El) and the positive control sets (Fig. 6A3-E3).
Table 4, shows that C. camphora chvar. Borneol essential oil
exhibited relatively higher inhibitory activity against spore ger-
minations than mycelial growths for the five tested pathogenic
fungi.

The antifungal activity of C. camphora chvar. Borneol
essential oil against the five pathogenic fungi is likely a con-
sequence of its high endo-borneol content, an oxygenated
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Fig. 5 Total ion chromatograms and the major constituents of C. camphora chvar. Borneol essential oil extracted by SFME and HD.
Insert: chemical structural formulas of the main compounds and their corresponding relative percentages in C. camphora chvar. Borneol

essential oil extracted by SFME and HD.

Table 4 Antifungal activity of C. camphora chvar. Borneol leaf essential oil against five fungi.

Fungal strain Mycelial growth

Spore germination

MIC" (mg/mL)

ECs” (mg/mL)

MIC (mg/mL) ECso (mg/mL)

F. culmorum 1.00 0.44
F. solani 2.00 0.87
F. trichothecioides 1.25 0.52
F. sporotrioides 1.25 0.66
F. avenaceum 1.00 0.56

0.75 0.28
1.25 0.38
1.00 0.28
1.00 0.35
0.75 0.32

% Minimum inhibitory concentration resulting in complete inhibition of mycelial growth.
° Effective concentration resulting in 50% inhibition of mycelial growth or spore germination as determined by linear regression.

monoterpene (Cosentino et al., 1999; Castilho et al., 2012;
Kasrati et al., 2014). Marei and Abdelgalei (2018) reported
that six monoterpenes resulted in the inhibition of the myce-
lial growth of eight phytopathogenic fungal species and noted
that antifungal activity largely depends on the specific com-
pounds and the species of the fungus. Meincken et al.
(2005) pointed out that Mentha piperita oil demonstrated a
high inhibitory effect against microorganisms, because oxy-
genated monoterpenes constituents can destroy their cell
membrane, cell permeability and interrupting cell prolifera-
tion. Research by Gao et al. (2021) showed that endo-
borneol has remarkable antifungal activity against plant
and animal pathogenic fungi. Furthermore, Chang and Li
(2000) reported that endo-borneol exhibited good inhibitory

activity against Aspergillus niger by disrupting its cell struc-
ture and causing the fungal dissolution. Generally speaking,
the dominant components of the plant essential oils are good
reflections of their biological activities, and the intensity of
their effects is primarily dependent on their concentration
as well as whether they were assayed alone or contained in
essential oils (Hajlaoui et al., 2009). In contrast, the propor-
tions of the other compounds are likely to modulate the
activity of the main constituents. Previous studies have shown
that other oxygenated monoterpenes, such as a-linalool, cam-
phor, o-terpineol, and caryophyllene oxide, can also facilitate
the antimicrobial activity of C. camphora chvar. Borneol
essential oil (Sonboli et al., 2006; Kasrati et al., 2014;
Stevic¢ et al., 2014; Yakhlef et al., 2020).
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Fig. 6 The inhibition patterns for the mycelial growths of the five tested pathogenic fungi and after treated with C. camphora chvar.

Borneol essential oil (A2-E2) and nystatin (C3-E3).
4. Conclusion

In this study, SFME was optimized for the separation of C. camphora
chvar. Borneol essential oil using single-factor experiments and BBD-
based RSM. The optimal SFME conditions yielded 42.03 + 1.56 mg/
g at 65% moisture content, 30 min microwave time, and 450 W micro-
wave power. Compared to HD, SFME is a faster, more efficient and
greener method of C. camphora chvar. Borneol essential oil extraction
with a higher extraction efficiency and less harmful impacts on the
environment. GC-MS results indicated that the essential oil extracted
by SFME contained a higher percentage of oxygenated compounds
than HD. The results of in vitro antifungal assays suggested that C.
camphora chvar. Borneol essential oil has the potential to be used as
preparatory material for a safe, eco-benign fungistatic agent for the
management of fungal plant diseases caused by Fusarium spp.

Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgement

The authors thank the financial supports by National Natural
Science Foundation of China (31860189 and 31760099), and
Jiangxi Provincial Department ofEducation Postgraduate
Innovation Fund (YC2021-S271) .

References

Araujo, A.R.T.S., Périno, S., Fernandez, X., Cunha, C., Rodrigues,
M., Ribeiro, M.P., Jordao, L., Silva, L.A., Rodilla, J., Coutinho,
P., Chemat, F., 2021. Solvent-free microwave extraction of Thymus

mastichina essential oil: influence on their chemical composition
and on the antioxidant and antimicrobial activities. Pharmaceuti-
cals 14 (8), 709.

Belhachat, D., Mekimene, L., Belhachat, M., Ferradji, A., Aid, F.,
2018. Application of response surface methodology to optimize the
extraction of essential oil from ripe berries of Pistacia lentiscus
using ultrasonic pretreatment. J. Appl. Res. Med. Aromat. Plants.
9, 132-140.

Benmoussa, H., Elfalleh, W., He, S., Romdhane, M., Benhamou, A.,
Chawech, R., 2018. Microwave hydrodiffusion and gravity for
rapid extraction of essential oil from Tunisian cumin (Cuminum
cyminum L.) seeds: optimization by response surface methodology.
Ind. Crop. Prod. 124, 633-642.

Benmoussa, H., Farhat, A., Romdhane, M., Bouajila, J., 2019.
Enhanced solvent-free microwave extraction of Foeniculum vulgare
Mill. essential oil seeds using double walled reactor. Arab. J. Chem.
12 (8), 3863-3870.

Bojanowski, A., Avis, T.J., Pelletier, S., Tweddell, R.J., 2013.
Management of potato dry rot. Postharvest Biol. Technol. 84,
99-109.

Brahmi, F., Adjaoud, A., Marongiu, B., Porcedda, S., Piras, A.,
Falconieri, D., YalaouiGuellal, D., Elsebai, M.F., Madani, K.,
Chibane, M., 2016. Chemical composition and in vitro antimicro-
bial, insecticidal and antioxidant activities of the essential oils of
Mentha pulegium L. and Mentha rotundifolia (L.) Huds growing in
Algeria. Ind. Crop. Prod. 88, 96-105.

Cai, Z., Hou, S., Li, Y., Zhao, B., Yang, Z., Xu, S., Pu, J., 2008. Effect
of borneol on the distribution of gastrodin to the brain in mice via
oral administration. J. Drug Target. 16 (2), 178—184.

Castilho, P.C., Savluchinske-Feio, S., Weinhold, T.S., Gouveia, S.C.,
2012. Evaluation of the antimicrobial and antioxidant activities of
essential oils, extracts and their main components from oregano
from Madeira Island. Portugal. Food Control. 23 (2), 552-558.

Chang, S., Li, Y., 2000. Observation of cell ultrastructure in
suppurative otitis media treated with borneol and application.
China J. Chin Materia Med. 25 (5), 306-308.


http://refhub.elsevier.com/S1878-5352(23)00458-6/h0005
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0005
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0005
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0005
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0005
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0005
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0010
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0010
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0010
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0010
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0010
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0015
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0015
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0015
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0015
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0015
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0020
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0020
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0020
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0020
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0025
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0025
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0025
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0030
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0030
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0030
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0030
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0030
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0030
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0035
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0035
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0035
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0040
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0040
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0040
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0040
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0045
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0045
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0045

12

H. Li et al.

Chen, Q., Hu, Z., Yao, F.Y., Liang, H., 2016. Study of two-stage
microwave extraction of essential oil and pectin from pomelo peels.
LWT - Food Sci. Technol. 66, 538-545.

Chen, J., Li, L., Su, J., Chen, T., 2015. Natural borneol enhances
bisdemethoxycurcumin-induced cell cycle arrest in the G2/M phase
through up-regulation of intracellular ROS in HepG2 cells. Food
Funct. 6 (3), 740-743.

Chen, Z., Xu, Q., Shan, C., Shi, Y., Wang, Y., Chang, R., Zheng, G.,
2019. Borneol for regulating the permeability of the blood-brain
barrier in experimental ischemic stroke: preclinical evidence and
possible mechanism. Oxidative Med. Cell. Longev., 2936737

Chen, X., Zhang, Y., Zu, Y., Fu, Y., Wang, W., 2011. Composition
and biological activities of the essential oil from Schisandra
chinensis obtained by solvent-free microwave extraction. LWT -
Food Sci. Technol. 44, 2047-2052.

Choi, J.H., Nah, J.Y., Lee, M.J., Jang, J., Lee, T., Kim, J., 2021.
Fusarium diversity and mycotoxin occurrence in proso millet in
Korea. LWT - Food Sci. Technol. 141, 110964.

Chouhan, K.B.S., Tandey, R., Sen, I.LK., Mehta, R., Mandal, V., 2019.
A unique model of gravity assisted solvent free microwave based
extraction of essential oil from mentha leaves ensuring biorefinery
of leftover waste biomass for extraction of nutraceuticals: towards
cleaner and greener technology. J. Clean. Prod. 225, 587-598.

Cosentino, S., Tuberoso, C.I., Pisano, B., Satta, M., Mascia, V.,
Arzedi, E., Palmas, F., 1999. In vitro antimicrobial activity and
chemical composition of Sardinian Thymus essential oils. Lett.
Appl. Microbiol. 29 (2), 130-135.

Cui, Q., Wang, L., Liu, J., Wang, H., Guo, N., Gu, C., Fu, Y., 2019.
Rapid extraction of Amomum tsao-ko essential oil and determina-
tion of its chemical composition, antioxidant and antimicrobial
activities. J. Chromatogr. B. 1061, 364-371.

Ferhat, M.A., Chemat, F., Meklati, B.Y., Smadja, J., 2006. An
improved microwave Clevenger apparatus for distillation of
essential oils from orange peel. J. Chromatogr. A. 1112, 121-126.

Filly, A., Fernandez, X., Minuti, M., Visinoni, F., Cravotto, G.,
Chemat, F., 2014. Solvent-free microwave extraction of essential oil
from aromatic herbs: from laboratory to pilot and industrial scale.
Food Chem. 150, 193-198.

Franco-Vega, A., Ramirez-Corona, N., Lopez-Malo, A., Palou, E.,
2019. Studying microwave assisted extraction of Laurus nobilis
essential oil: Static and dynamic modeling. J. Food Eng. 247, 1-8.

Gachango, E., Kirk, W., Hanson, L., Rojas, A., Tumbalam, P., Shetty,
K., 2011. First report of in vitro fludioxonil-resistant isolates of
Fusarium spp. causing potato dry rot in Michigan. PLANT DIS.
95, 228.

Gao, Y., Li, Y., Luo, Y., Qu, Z., 2021. Research progress on
pharmacological action of D-borneol. Drugs Clinic. 36, 1537-1540.

Hajlaoui, H., Trabelsi, N., Noumi, E., Snoussi, M., Fallah, H., Ksouri,
R., Bakhrouf, A., 2009. Biological activities of the essential oils and
methanol extract of tow cultivated mint species (Mentha longifolia
and Mentha pulegium) used in the Tunisian folkloric medicine.
World J. Microbiol. Biotechnol. 25 (12), 2227-2238.

Handayani, A.D., Sutrisno, Indraswati, N., Ismadji, S., 2008. Extrac-
tion of astaxanthin from giant tiger (Panaeus monodon) shrimp
waste using palm oil: Studies of extraction kinetics and thermody-
namic. Bioresour. Technol. 99 (10), 4414-4419.

Hang, Y.D., Woodams, E.E., 2003. Control of Fusarium oxysporum
by baking soda. LWT - Food Sci. Technol. 36, 803-805.

Kapadiya, S.M., Parikh, J., Desai, M.A., 2018. A greener approach
towards isolating clove oil from buds of Syzygium aromaticum
using microwave radiation. Ind. Crop. Prod. 112, 626-632.

Kasrati, A., Jamali, C.A., Fadli, M., Bekkouche, K., Hassani, L.,
Wohlmuth, H., Leach, D., Abbad, A., 2014. Antioxidative activity
and synergistic effect of Thymus saturejoides Coss. essential oils
with cefixime against selected food-borne bacteria. Ind. Crop. Prod.
61, 338-344.

Khalili, G., Mazloomifar, A., Larijani, K., Tehrani, M.S., Azar, P.A.,
2018. Solvent-free microwave extraction of essential oils from
Thymus vulgaris L. and Melissa officinalis L. Ind. Crop. Prod. 119,
214-217.

Li, L., He, H., 2017. Research status and development trend on
utilization of Borneol camphor resource. Hunan Forestry Sci.
Technol. 44 (3), 90-96.

Li, X., Xue, H., 2014. Antifungal activity of the essential oil of
Zanthoxylum bungeanum and its major constituent on Fusarium
sulphureum and dry rot of potato tubers. Phytoparasitica 42, 509—
517.

Ma, C., Yang, L., Zu, Y., Liu, T., 2012. Optimization of conditions of
solvent-free microwave extraction and study on antioxidant
capacity of essential oil from Schisandra chinensis (Turcz.) Baill.
Food Chem. 134, 2532-2539.

Mahmoud, G.A., Eitobgy, K.M.K., Abo Ei Seoud, M.A., 2010.
Utilisation of biocides for controlling pest attacks on potato tubers.
Arch. Phytopathol. Plant Prot. 3, 251-258.

Marei, G.I.K., Abdelgalei, S.A.M., 2018. Antifungal potential and
biochemical effects of monoterpenes and phenylpropenes on plant
pathogenic fungi. Plant Prot. Sci. 54 (1), 9-16.

Meincken, A., Holroyd, D.L., Rautenbach, M., 2005. Atomic force
microscopy study of the effect of antimicrobial peptides on the cell
envelope of Escherichia coli. Antimicrob. Agents Chemother. 49
(10), 4085-4092.

Mellouk, H., Meullemiestre, A., Maache-Rezzoug, Z., Bejjani, B.,
Dani, A., Rezzoug, S.A., 2016. Valorization of industrial wastes
from French maritime pine bark by solvent free microwave
extraction of volatiles. J. Clean. Prod. 112, 4398-4405.

Min, F., Wang, X., Hu, L., Wei, Q., Dong, X., Li, F., Li, H., Liu, W.,
Guo, M., 2010. Identification of species and pathogenicity of the
Fusarium on potato in Heilongjiang Province. Plant Prot. 36 (4),
112-115.

Mo, K., Wu, B., Li, J., Jiang, Y., 2021. Development status of
camphor tree resources chemical processing and utilization indus-
try. Biomass Chem. Eng. 55 (1), 15-22.

Peng, X., Yang, X., Gu, H., Yang, L., Gao, H., 2021. Essential
oil extraction from fresh needles of Pinus pumila (Pall.) Regel
using a solvent-free microwave-assisted methodology and an
evaluation of acetylcholinesterase inhibition activity in vitro
compared to that of its main components. Ind. Crop. Prod.
167, 113549.

Peters, R.D., Platt, H.W., Drake, K.A., Coffin, R.H., Moorehead, S.,
Clark, M.M., Al-Mughrabi, K.I., Howard, R.J., 2008. First report
of fludioxonil-resistant isolates of Fusarium spp. causing potato
seed-piece decay. Plant Dis. 92, 172.

Pongsumpun, P., Iwamoto, S., Siripatrawan, U., 2020. Response
surface methodology for optimization of cinnamon essential oil
nanoemulsion with improved stability and antifungal activity.
Ultrason. Sonochem. 60, 104604.

Reddy, K.R.N., Salleh, B., Saad, B., Abbas, H.K., Abel, C.A., Shier,
W.T., 2010. An overview of mycotoxin contamination in foods and
its implications for human health. Toxin Rev. 29, 137.

Shi, W., He, W., Wen, G., Guo, D., Long, G., Liu, Y., 1989.
Study on chemical constituents of the essential oil and
classification of types from Cinnamomum camphora. Acta Bot.
Sin. 3, 209-214.

Shi, S., Wu, Q., Su, J., Li, C., Zhao, X., Xie, J., Gui, S., Su, Z., Zeng,
H., 2013. Composition analysis of volatile oils from flowers, leaves
and branches of Cinnamomum camphora chvar. Borneol in China. J.
Essent. Oil Res. 25 (5), 395-401.

Smeriglio, A., Alloisio, S., Raimondo, F.M., Denaro, M., Xiao, J.B.,
Cornara, L., Trombetta, D., 2017. Essential oil of Citrus
lumiaRisso: phytochemical profile, antioxidant properties and
activity on the central nervous system. Food Chem. Toxicol. 119,
407-416.


http://refhub.elsevier.com/S1878-5352(23)00458-6/h0050
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0050
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0050
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0055
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0055
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0055
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0055
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0060
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0060
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0060
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0060
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0065
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0065
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0065
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0065
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0070
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0070
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0070
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0075
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0075
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0075
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0075
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0075
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0080
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0080
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0080
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0080
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0085
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0085
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0085
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0085
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0090
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0090
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0090
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0095
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0095
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0095
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0095
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0100
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0100
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0100
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0105
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0105
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0105
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0105
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0110
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0110
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0115
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0115
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0115
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0115
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0115
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0120
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0120
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0120
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0120
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0125
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0125
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0130
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0130
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0130
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0135
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0135
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0135
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0135
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0135
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0140
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0140
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0140
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0140
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0145
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0145
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0145
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0150
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0150
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0150
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0150
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0155
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0155
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0155
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0155
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0160
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0160
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0160
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0165
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0165
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0165
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0170
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0170
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0170
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0170
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0175
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0175
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0175
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0175
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0180
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0180
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0180
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0180
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0185
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0185
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0185
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0190
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0190
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0190
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0190
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0190
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0190
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0195
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0195
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0195
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0195
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0200
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0200
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0200
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0200
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0205
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0205
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0205
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0210
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0210
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0210
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0210
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0215
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0215
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0215
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0215
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0220
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0220
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0220
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0220
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0220

Chemical composition and antifungal activity of Cinnamomum camphora chvar. Borneol essential oil 13

Sonboli, A., Sefidkon, F., Yousefzadi, M., 2006. Antimicrobial activity
and composition of the essential oil of Gontscharovia popovii from
Iran. Z. Naturforsch. (C) 61, 681-684.

Stevi¢, T., Beri¢, T., Savikin, K., Sokovi¢, M., Godevac, D., Dimkic,
1., Stankovic, S., 2014. Antifungal activity of selected essential oils
against fungi isolated from medicinal plant. Ind. Crop. Prod. 55,
116-122.

Wang, W., Gao, Y., Min, F., Yang, S., Wei, Q., Guo, M., 2020a.
Reaches advances in and control measures for potato dry rot. Plant
Prot. 46 (5), 6-12.

Wang, X., Jing, S., Liu, Y., Liu, S., Tan, Y., 2017. Diblock copolymer
containing bioinspired borneol and dopamine moieties: synthesis
and antibacterial coating applications. Polymer 116, 314-323.

Wang, W., Min, F., Yang, S., Wei, Q., Guo, M., Gao, Y., Hu, L.,
Shen, W., 2020b. Research progress on potato dry rot disease in
China and its control measures. China Vegetables. 4, 22-29.

Wang, Y., Zhang, G., Jiao, J., Gao, Z., 2015. The inhibition and
disease control effect of 7 kinds of fungicides to potato dry rot

fungus by Fusarium solani. Inner Mongolia Agr. Sci. Technol. 43
(6), 83-85.

Xie, P., He, B., Wang, Y., Zhang, Q., 2019. Standardization of
exploration and utilization of d-borneol type Cinnamomum cam-
phora. Forestry Environ. Sci. 35, 94-100.

Yakhlef, G., Hambaba, L., Pinto, D.C.G.A., Silva, A.M.S., 2020.
Chemical composition and insecticidal, repellent and antifungal
activities of essential oil of Mentha rotundifolia (L.) from Algeria.
Ind. Crop. Prod. 158, 112988.

Yu, H., Ren, X., Liu, Y., Xie, Y., Guo, Y., Cheng, Y., Qian, H., Yao,
W., 2019. Extraction of Cinnamomum camphora chvar. Borneol
essential oil using neutral cellulase assisted-steam distillation:
optimization of extraction, and analysis of chemical constituents.
Ind. Crop. Prod. 141, 111794.

Zabka, M., Pavela, R., Prokinova, E., 2014. Antifungal activity and
chemical composition of twenty essential oils against significant
indoor and outdoor toxigenic and aeroallergenic fungi. Chemo-
sphere 112, 443-448.


http://refhub.elsevier.com/S1878-5352(23)00458-6/h0225
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0225
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0225
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0230
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0230
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0230
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0230
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0230
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0235
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0235
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0235
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0240
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0240
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0240
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0245
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0245
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0245
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0250
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0250
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0250
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0250
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0255
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0255
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0255
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0260
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0260
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0260
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0260
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0265
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0265
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0265
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0265
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0265
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0270
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0270
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0270
http://refhub.elsevier.com/S1878-5352(23)00458-6/h0270

	Chemical composition and antifungal activity of Cinnamomum camphora chvar. Borneol essential oil obtained using solvent-free microwave-assisted methodCinnamomum camphora chvar. Borneol essential oil --
	1 Introduction
	2 Materials and methods
	2.1 Plant material and chemicals
	2.2 Extraction of essential oil by SFME and HD
	2.3 Experimental design
	2.4 Kinetic model
	2.5 Chemical composition of essential oil analysis
	2.6 In vitro antifungal activity of C. camphora chvar. Borneol essential oil
	2.6.1 Mycelial growth assay
	2.6.2 Spore germination assay

	2.7 Statistical analysis

	3 Results and discussion
	3.1 Single-factor experiment
	3.1.1 Influence of moisture content on essential oil yield
	3.1.2 Influence of microwave time on essential oil yield
	3.1.3 Influence of microwave power on essential oil yield

	3.2 Optimization of SFME
	3.2.1 Model fitting and regression coefficients
	3.2.2 Response surface analysis
	3.2.3 Method validation

	3.3 Extraction kinetic studies of SFME and HD
	3.4 Chemical compositions analysis of C. camphora chvar. Borneol essential oil
	3.5 Environmental impact
	3.6 In vitro antifungal activity of C. camphora chvar. Borneol essential oil

	4 Conclusion
	Declaration of Competing Interest
	Acknowledgement
	References


