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Abstract

Litsea cubeba is an important aromatic oil plant. Litsea cubeba pericarp essential oil has various physiological activities such
as antibacterial activity, antioxidant capacity, etc., and is widely used. Its main ingredient is citral, which is the raw material
for the synthesis of many precious spices. For the purpose of increasing yield, researchers have conducted many studies on
the extraction of essential oil from pericarp of Litsea cubeba. But the extraction process still has room for optimization. In
this study, Litsea cubeba fruits were subjected to an optimized method of hydrodistillation to increase the yield and biologi-
cal activity of pericarp essential oils. Three-factor and three-level orthogonal experimental design was performed (fruit
preservation time, distillation voltage and fruit microwave pretreatment time) to optimize the process. According to the
results of orthogonal experiments, the highest yield of essential oil can be obtained after the fruit has been preserved for
9 days without microwave pretreatment and the distillation voltage is 220 V. The extracted essential oils were analyzed
by gas chromatography-mass spectrometry (GC—MS), which indicated that their main components were 2,6-Octadienal,
3,7-dimethyl-, (E)-, 2,6-Octadienal, 3,7-dimethyl-, (Z)-, 1-Heptanol and 1-Octanol. GC-MS results showed that the relative
content of citral in the extracted essential oil was the highest after the fruit was preserved for nine days without microwave
pretreatment and the distillation voltage was 150 V. Changes in the process will not significantly affect the main component
types of essential oils, but will significantly affect the relative content of the same components.
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to August. L. cubeba is a sunny tree species, mostly growing
on sunny slopes, cutting sites, fire sites, thickets and sparse
forests, with an altitude of about 300~ 1000 m. L. cubeba is
dioecism, anemophily and has the low requirement of site
conditions, can grow very well in the slope of barren soil or
the top of the hill [2].

The whole plant of L. cubeba contains oils, and the yields
of oils in different organs are different [3]. The highest oil
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yield of all the organs is the fruit. The essential oils yield of
fresh fruit is 3.0% to 6.0% [4]. L. cubeba pericarp essential
oil is a light yellow translucent oily liquid with a smell simi-
lar to lemon oil. A number of studies [3, 5-9] have suggested
that L. cubeba pericarp essential oil has a broad spectrum of
antibacterial activity, and has inhibitory effects on a variety
of common bacteria and fungi, such as Candida albicans,
Escherichia coli, Aspergillus flavus, Penicillium, yeast, etc.
Studies have suggested that L. cubeba pericarp essential oil
has a strong antioxidant capacity [5, 10, 11]. L. cubeba peri-
carp essential oil has an antiasthmatic effect and the affec-
tive component is citral [12]. The antiallergic activity of
L. cubeba pericarp essential oil has been demonstrated in
animal experiments [13]. Yang [14] found that L. cubeba
pericarp essential oil has the function of repelling insects in
his study when the concentration is 10 g/kg, the killing rate
of Sitophilus zeamais and Trogossitidae reaches 100%. Sev-
eral studies [15—17] have also found that L. cubeba pericarp
essential oil has antithrombotic and antiarrhythmic effects.
With so many functions, L. cubeba pericarp essential oil is
widely used in many fields, such as the synthesis of high-
grade spices, pharmaceutical applications, food additives
and so on. The synthesis of high-grade spices is the main
way of L. cubeba pericarp essential oil application, which is
generally made into 85% ~97% citral, and then used in the
synthesis of various spices [18]. In recent years, the world’s
perfume industry has developed rapidly. According to statis-
tics from Leffingwell & Associates [19], the world’s perfume
industry’s yield value increased from the US $ 7.8 billion in
1990 to the US $ 26.3 billion in 2017. In particular, synthetic
fragrances are found to be unsafe, and natural fragrances are
becoming more and more optimistic for consumers, which
has led to the continuous increase in the price of L. cubeba
pericarp essential oil, which is now 300,000 to 400,000 yuan
per ton [20].

So far, many methods have been used to extract L.
cubeba pericarp essential oils, including hydrodistilla-
tion (HD) [21], solvent extraction (SE) [22], compression
method [23], enzymatic assisted extraction (EAE) [24],
supercritical fluid extraction (SFE) [25], and microwave-
assisted extraction (MAE) [26]. Among all these methods,
HD method, solvent extraction and compression method
are traditional methods for extracting L. cubeba pericarp
essential oil [27]. The disadvantages of these traditional
methods are time-consuming, high operating tempera-
ture, degradation of target compounds, low yields and
high energy consumption. Current research on enzymatic
assisted extraction method of L. cubeba is rare, it only
appeared in Xie’s research [24], EAE method is a new
method of extracting plant essential oil by using enzyme-
hydrolysis reaction to destroy the structure of the cell
wall of plant tissue so that the effective components in
the tissue cell can be dissolved in the solvent [28]. The

advantage of this method is that biological enzymes (e.g.,
cellulase, pectinase, etc.) can decompose plant tissue
under mild conditions, which can save extraction time,
improve yield and reduce the destruction of active com-
ponents. The disadvantage is the high cost. Du et al. [29]
optimized the extraction process of the essential oil of L.
cubeba by the vacuum distillation technology combined
with the response surface method under the ultrasonic-
assisted method. Under the optimal process conditions,
the yield of essential oil was 6.94%, and the content of
essential oil citral It also reached 87.65%.

but did not indicate the characteristics of the method.
Supercritical fluid extraction is a relatively advanced and
effective physical extraction method in the twenty-first cen-
tury. The extraction of L. cubeba pericarp essential oil with
this method has advantages that are unmatched by traditional
methods such as convenient and fast operation. However,
using this method requires expensive equipment and not
suitable for large-scale production. In recent years, MAE
method has emerged in the extraction of natural products
with the advantages of simple equipment, low cost, saving
reagents, shortening time, improving efficiency, and better
extraction effect of volatile components such as volatile oils
[30, 31]. Liu et al. [32] used MAE to extract L. cubeba peri-
carp essential oil, with an average yield of 8.38% and the
highest yield of 8.6%, 2.46% higher than the hydrodistil-
lation method, which is also the highest yield of L. cubeba
essential oil reported at present. Qiu et al. [33] used the
MAE method to extract the pericarp essential oil from L.
cubeba in the research. The research results showed that
MAE improved the yield by more than 50% compared with
the traditional HD method.

The MAE method is environmentally friendly and safe,
has high yield and low cost, and maybe put into large-
scale production. Hien et al. [34] studied the use of RSM
to optimize microwave-assisted hydrodistillation (MAHD)
to extract pomelo oil and found that hydrodistillation time,
irradiation power and plant/liquid ratio are factors that affect
the yield. Mollaei et al. [35] optimized the yield through the
central composite design of the response surface method-
ology using three variable factors (hydrodistillation time,
irradiation power and plant/liquid ratio) in their research.

So far, there are a few studies on the optimization of the
extraction technique of L. cubeba pericarp essential oil by
MAHD. In our research, MAE method was used as pretreat-
ment, and the effects of fruit preservation time (FPT), distil-
lation voltage (DV), and microwave pretreatment time (MP)
on the extraction of L. cubeba by HD were explored. The
aim of our research is to analyze the yield and components
of the pericarp essential oils to study the differences from
traditional HD, and also to determine the optimal combina-
tion of levels of three factors: FPT, DV and MP, to opti-
mize the HD process of extracting the L. cubeba pericarp
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essential oil, and provide a reference for subsequent research
and production.

Materials and methods
Plant material

Experiment seedlings were transplanted from the nursery
of Central South University of Forestry and Technology,
planted in 2010, the planting density is 4 m*3 m; Fertilized
280 g compound fertilizer (46.4% urea, 18% superphos-
phate, 100% potassium carbonate, the ratio is 3: 2: 2) per
plant; weeding twice a year.

All the L. cubeba fruit used in the research was collected
at the end of August when the outer skin of the fruit is cyan,
lustrous and wrinkle-free, and when the outer skin can be
peeled off with fingers. And the fruits were preserved in the
refrigerator, the temperature is 4 °C.

Hydrodistillation

All experiments used HD method to extract the pericarp
essential oil of the L. cubeba and the distillation process
was heated with a 1000 mL. DZTW temperature-regulat-
ing heating mantle (produced by Beijing Yongguangming
Medical Instrument Co., Ltd.). Microwave pretreatment is
performed with domestic microwave oven (P70D20N1P-
G5(W0), Galanz, China, 20L), and the full output power is
700 W. Briefly, fruits were placed in a 1000 mL round bot-
tom flask equipped with a Clevenger apparatus, and distilled
with 1000 mL of pure water for 2 h. The pericarp essential
oil yield (%) was calculated according to the below equation:

The amount of the pericarp essential oil (g)

Yield (%) =
teld (%) The amount of fruit (g)

X 100

Single-factor experiments

In our study, we set up three single-factor (FPT, DV and
MP) with five-level experiments under the same conditions
(Plant/liquid ratio 1:10; distillation for 2 h). When conduct-
ing single-factor experiments, the other factors are con-
trolled as FPT is 2 days, DV is 150 V and no MP and the
levels were shown in Table 1.

Orthogonal experimental design

In our study, a three-factor (FPT, DV and MP) with the
three-level test was conducted based on the results of single-
factor experiments (Choose the three levels with the highest
acquisition rate). Their levels were set to 3 days, 6 days and
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Table 1 Single-factor five-level experiment design and three-factor
three-level experiment design

Factors FPT (d) DV (V) MP (s)
Levels Symbols 1 250 0
1 3% 220% 10*
2 6* 150%* 30*
3 9% 100%* 60*
13 50 90

Symbols mean the serial number of levels in three-factor three-level
experiment design the difference is significant (P <0.02)

*Is the levels of the three-factor three-level experiment

9 days; 100 V, 150 V and 220 V; 0 s, 10 s and 30 s (Table 1).
The orthogonal experimental design is shown in Table 3.

Gas chromatography-mass spectroscopy (GC-MS)

Take 0.05 mL of the pericarp essential oil, makeup to
a 10 mL volumetric flask with anhydrous hexanol, pass
through a 0.22 pm filter membrane, and reserve for GC-MS.
Three replicates were determined for each sample.

Gas chromatographic conditions: Chromato-
graphic column HP-5MS quartz capillary column
(30 mx0.25 mm X 0.25 pm); Programmatic heating: Initial
temperature of the column is 50 °C. After holding for 2 min,
heat up to 125 °C at a rate of 3 °C/min and keep 1 min, then
heat up to 250 °C at 15 °C/min for 5 min; the carrier gas is
high-purity helium (99.999%); pre-column pressure, flow
rate, injection volume, scan time, injector temperature, and
split ratio are 50 kPa, 1 mL/min, 1 pL, 4 min, 220 °C, 1:40,
respectively.

Mass spectrometry conditions: Ion source is EI source;
ionization voltage is 70 eV; mass scanning range: 30-550
amu; quadrupole temperature is 150 °C; ion source tempera-
ture is 230 °C; interface temperature is 260 °C.

Data analysis

The software used for data analysis was IBM SPSS Statistic
21. Statistical analysis was performed on the data obtained
from three single factor experiments by one-way analysis of
variance (ANOVA), and the significant difference between
the mean values was determined by least significant differ-
ence (LSD) test (P <0.05). The Spearman’s rank correlation
coefficient was used to analyze the correlation between the
factor and yield of L. cubeba pericarp essential oil extrac-
tion by HD (P < 0.05 is significant correlation), and a linear
regression equation was listed.
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Results and discussion

According to previous studies [36—38], microwave power,
hydrodistillation time, and plant/liquid ratios may affect
the yield of microwave assisted hydrodistillation on a vari-
ety of plant essential oil, including L. cubeba. Most of
these studies carried microwave assistant during hydro-
distillation. Different from previous studies, this research
innovatively attempts to use microwave as a pretreatment
on L. cubeba fruits before extracted by hydrodistillation;
and for the first time, the effect of factors on the steam

Fig.1 Effect of FPT, DV and

distillation extraction process of L. cubeba pericarp essen-
tial oil was studied.
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Table 2 Result of the yield of L. cubeba pericarp essential oil in three
single factor experiments (FPT, DV, and MP)

FPT(d) Yield (%) DV(V) Yield (%) MP(s) Yield (%)
1 1.5181¢ 50 1.3029¢ 0 1.5181°
3 1.5667° 100 1.5819° 10 1.4892¢
6 1.5702° 150 1.5687¢ 30 1.5221°
9 1.7705% 220 1.5760° 60 1.3547¢
13 1.4219¢ 250 1.4165¢ 90 1.3380°

a~°Represent the differences between the data. the same letter means
the difference is not significant, and the different letters mean the dif-
ference is significant (P <0.02)

essential oil is 1.5181%. As the FPT was extended to 3 days,
the yield increased significantly, reaching 1.5667%, which
was 3.2% higher than the 1 days level. When the FPT was
further extended to 6 d, it is shown that the yield had a slight
increase, which was not significant. When the reservation
time was 9 days, the yield increased significantly, reaching
1.7705%, which was the highest of the five levels and 16.6%
higher than the 1 days level. When the FPT exceeded 9 days,
the yield began to decrease significantly. At 13 days, the
yield was 1.4219%, which was much lower than the 1 days
level. From the results of the single factor experiment of FPT
(Fig. 1), with the increase of the FPT, the yield of L. cubeba
pericarp essential oil increased, and it reached the highest at
9 days level, and then began to decline. The result was not
only be affected by FPT but also by preservation conditions.
From the current experimental results, the FPT is within
the range of 1-9 days. Increasing the FPT can increase the
yield of L. cubeba pericarp essential oil. This is contrary
to the general law. Under normal circumstances, the yield
of plant essential oils will decrease as the FPT increases.
For example, in the study of Wu and Xu [39], regardless of
the storage conditions, the yield of L. cubeba essential oil
decreases with the FPT. At present, the research on the effect
of FPT on the essential oil of L. cubeba pericarp has focused
on the effect on the components [26, 40]. The effect on the
yield has not been reported. The reason for this result is cur-
rently unknown, and further studies are needed. However,
referring to the research of Chen [41], it can be guessed that
this change may be related to the maturity of the fruit; it is
possible that the L. cubeba in this study has not yet fully
matured; during the nine-day preservation process, the fruit
continues to mature. Therefore, the yield of fruit essential oil
increases with the increase of MPT. Chen [41] studied the
effect of fruit maturity on the extraction yield and chemical
composition of L. cubeba essential oils. He found that the
yield of immature fruit essential oil was 2.75%, the yield of
mature fruit essential oil was 2.79%, and the essential oil
yield of overripe fruit was 2.79%. The dynamic change of
essential oil yield with fruit maturity in Chen’s study is simi-
lar to the dynamic change of essential oil yield with FPT in
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this study, so we can further guess that the decrease in yield
when FPT increases from 9 to 13 days is caused by overripe
of fruits. There is a critical time around 9 days when the
fruit is fully mature and the yield of essential oil reaches
the highest value. This requires more experiments to verify.

In the single-factor experiment with DV as the factor,
under the condition that the FPT is kept at 2 days and no MP
there was a significant difference between the five levels, the
experimental results (Fig. 1 and Table 2) are as follows: The
yield of distillation at a voltage of 50 V is 1.3029%, which is
the lowest of the five levels. When the voltage increased to
100 V, the yield increased greatly, reaching 1.5819%, which
was the highest of the five levels, which increased by 21.4%
compared with the 50 V level. As the voltage continues
to increase, the yield fluctuates. When the voltage rises to
150 V, the yield drops to 1.5686%, a significant decrease.
As the voltage continues to increase, the yield fluctuates.
When the voltage rises to 150 V, the yield drops signifi-
cantly to 1.5686%. When the voltage increased to 220 V,
the yield increased significantly. In the process of increasing
the voltage from 220 to 250 V, the yield decreased signifi-
cantly, by 10.1% compared with the 220 V level. From the
single-factor experiment results (Fig. 1), the DV did have a
significant effect on the yield of L. cubeba pericarp essential
oil. With the increase of DV, yield first increases sharply
from 50 to 100 V, then stopped increasing, and then fluc-
tuated from 100 to 150 V to 220 V, and finally decreased
sharply. In this study, the instrument used for HD is a tem-
perature-regulating heating mantle. The change in voltage
affects the temperature during distillation, and voltage and
temperature are positively correlated. According to research
records, the higher the voltage, the higher the distillation
temperature, and the earlier the oil released during distil-
lation. Since all experimental distillation times are 2 h, the
earlier the oil is released, the longer the oil extracted would
last, which directly increases yield. Moreover, according
to a mechanism mentioned by Zhang et al. [42] and Soran
et al. [43]: High temperature reduced the viscosity of water,
which helped heat to penetrate cells faster. In this case, some
temperature-sensitive metabolites may break down, which
in turn affects the yield and quality of the pericarp essential
oils. This can explain why as the voltage rises, the yield rises
sharply, then no longer rises and fluctuates, and finally drops
sharply. From the current experimental results, the DV is in
the range of 50-220 V. Increasing the DV can increase the
yield of L. cubeba pericarp essential oil.

In the single factor experiment with the MP as the factor,
keeping the FPT at 2 days and the DV at 150 V, there was
a significant difference between the five levels, the experi-
mental results (Fig. 1 and Table 2) are as follows: Yield of
L. cubeba pericarp essential oil without MP was 1.5181%;
the yield of fruit after 10 s MP was reduced to 1.4892%,
which was significantly reduced by 1.9% compared with
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that without MP. After a longer MP, it was shown that the
yield increased significantly between 10 and 30 s of MP,
increasing to 1.5221%. With the further extension of the
MP, the yield has greatly reduced, after MP for 60 s, it has
decreased to 1.3547%, which is 11.0% compared with the
previous level. After 90 s of MP, it has been significantly
reduced again to 1.3380%, Which is the lowest of the five
levels. From the results of the single factor experiment of
the MP (Fig. 1), the MP did have a significant effect on the
yield of L. cubeba pericarp essential oil. Compared with no
MP, after 10 s of pretreatment, the yield of the L. cubeba
pericarp essential oil reduced; when the time was extended
to 30 s, the yield increased, but as the time further increased,
the yield began to continue to decline. Mollaei et al. [35]
found that the temperature increase caused by microwave-
induced molecular motion may reduce the yield of the peri-
carp essential oils: the electromagnetic waves of microwaves
heat water in plant cells and cause plant cell walls to rupture,
which can explain the reason why there was a fall between
0 and 10 s. As pretreatment time increased, the destruction
of plant cell walls intensified, more and more essential oils
escape from the cells, which increases the yield in a short
time (10-30 s) and the yield reached the highest. When the
MP continues to increase, the dissolution rate of impurities
gradually increases due to the excessive rupture of the cell
wall, and the yield of essential oils decreases, which is con-
sistent with Wu’s view [44]. Besides, MP increased the vola-
tility of the pericarp essential oils in vegetable oils or some
temperature-sensitive metabolites may decompose, which
affects the content and quality of the pericarp essential oils.
Due to the mechanism above, the MP is not stable for the
increase of yield, and after too long pretreatment time, it
shows that the yield is greatly weakened. From the current
results, MP has small improvement in improving the yield
of L. cubeba pericarp essential oil extracted through HD; the
MP should be accurately controlled at about 30 s, otherwise,
the change of time will reduce the yield.

Multi-factor experiment
The extracted pericarp essential oil contents

In order to optimize the extraction process of L. cubeba peri-
carp essential oil, an orthogonal experiment of L9(33) was
carried based on the results of single-factor experiments.
The experimental results are shown in Table 3. The results
of the nine experiments vary greatly. The smallest is the No.
3 experiment, only 1.3292%, which is only 68.1% of the
average yield of the nine experiments; the largest is the No.
7 experiment, which reached 2.4479%, it is 25.4% higher
than the average yield and is near twice the result of the No.
3 experiment. It shows that the optimization potential of HD
extraction process of L. cubeba pericarp essential oil is huge.

From Table 3, it is shown that the maximum k values
of the three factors (FPT, DV and MP) are k3, k1, and k1,
respectively, the levels they represent are 9 days, 220 V and
0 s. Therefore, the best HD extraction process for L. cubeba
pericarp essential oil was: FPT of 9 days, DV of 220 V, and
no MP. The largest of the “r” values of the three factors is
the FPT, which indicates that the FPT is the most important
factor of the HD extraction process of L. cubeba pericarp
essential oil among the three factors. Followed by the factor
of the MP, and the last was DV.

Components of extracted pericarp essential oil

GC-MS analysis was used to detect the composition of L.
cubeba pericarp essential oil from orthogonal experiments
to study the effects of different extraction processes on the
components of the pericarp essential oil. After analysis of
the pericarp essential oil samples of each experiment, it was
found that each sample contained 15-20 components, and
only the components with the relative content ranked in the
top 4 and the relative content greater than 8% were men-
tioned (Fig. 2). The relative contents of the other compo-
nents were all below 3%. The results are shown in Table 4.
The main types of components were not significantly differ-
ent among samples. The three components with the highest
relative content were 2,6-Octadienal, 3,7-dimethyl-, (E)-,
2,6-Octadienal, 3, 7-dimethyl-, (Z)-and 1-Heptanol. The
only difference is that Octel chloroformate (9.157%) has
the fourth-highest relative content in experiments No. 1 and
1-Octanol has the fourth-highest relative content in experi-
ments No. 2-9. The different extraction process of L. cubeba
pericarp essential oil has significant effects on the relative
content of each component. For component 2,6-Octadienal,
3,7-dimethyl-, (E)-, the difference between the results of
each experiment is significant, the average of all experi-
mental results is 30.986%, and the highest relative content
is experiment No. 8 (33.049%), the lowest is experiment No.
6 (28.013%), the difference is 5.036%. For the components
2,6-Octadienal, 3,7-dimethyl-, (Z)-, the difference between
No. 4 and No. 5 is not significant, and there is no difference
between No. 7 and No. 9, the differences between the results
of other experiments are all significantly, the average of all
experimental results was 25.696%, the highest relative con-
tent was experiment No. 8 (27.447%), and the lowest was
experiment No. 2 (23.953%), a difference of 3.494%. For
component 1-Heptanol, the difference between the results
of each experiment is significant, the average of all experi-
mental results is 11.710%, the highest relative content is
experiment No. 5 (12.847%), and the lowest is experiment
No. 9 (10.540%), the difference is 2.307%. For component
1-Octanol, only the differences between the experimental
results of No. 7 and No. 8 were not significant, and the dif-
ferences between each of the other experimental results
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were significant. The average of all experimental results was
9.191%, and the highest relative content was experiment No.
5 (10.078%), the lowest is experiment No. 9 (8.653%), the
difference is 1.425%. Factors influencing the component of
L. cubeba pericarp essential oil extracted through HD.
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From the results of GC-MS analysis, it can be known
that the main compositions of the L. cubeba pericarp essen-
tial oil extracted from the nine pericarp essential oil extrac-
tion processes are basically the same, and the four compo-
nents with the highest relative content are 2,6 -Octadienal,
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Table 3 Results of pericarp essential oil yield of the orthogonal
experiment

No Factors Yield of pericarp
essential oil (%)

FPT (d) DV (V) MP (s)

1 1 1 1 1.9336

2 1 2 2 1.5667

3 1 3 3 1.3292

4 2 1 2 1.8735

5 2 2 3 1.7236

6 2 3 1 2.0951

7 3 1 3 2.4479

8 3 2 2 2.4234

9 3 3 2 2.1808

Kk, 1.6098 2.0850 2.1507

k, 1.8974 1.9046 1.8737

ks 2.3507 1.8684 1.8336

r 0.7409 0.2166 0.3171

The numbers “1, 2, 3” in the table are the serial number of levels
(see Table 1 for the specific values). “k” is the mean of the results
of all the same level numbers in each factor, and “r” is the difference
between the largest “k” value and the smallest “k” value within the
same factor

Table4 The main components and their relative content of the L.
cubeba pericarp essential oil from the orthogonal experiment

No Relative content (%)

2,6-Octadienal, 2,6-Octadienal, 1-Heptanol 1-Octanol

3,7-dimethyl-, 3,7-dimethyl-,

(B)- @-
1 30279 25.340¢ 11.863¢ -
2 29.462" 23.9538 12.153¢ 9.316°
3 302118 24.757¢ 11.258¢ 9.179¢
4 31592 25.776° 11.733¢ 9.457°
5 31.372° 25.747¢ 12.847° 10.078*
6  28.013 24.335° 11.484f 8.653¢
7 32.241° 26.966° 12.337° 9.040°
8  33.049° 27.447 11.177" 9.054°
9 32.654° 26.944° 10.540 8.752f

a-iRepresent the differences between the data. the same letter means
the difference is not significant, and the different letters mean the dif-
ference is significant (P <0.02)

3,7-dimethyl-, (E)-, 2,6-Octadienal, 3,7-dimethyl-, (Z)-,
1-Heptanol and 1-Octanol, which means that these nine
processes will not affect the type of the main compounds
of the L. cubeba pericarp essential oil significantly. Among
them, the citral (2, 6-octadienal, 3,7-dimethyl-, (E)- and 2,
6-octadienal, 3,7-dimethyl-, (Z)-) occupied the majority,
which was consistent with previous studies [40, 45, 46], but
the situation that 1-heptanol and 1-octanol became the main
components was not found in previous studies. It can also be

known from the results that the effects of different processes
on the relative content of the same component are signifi-
cantly different. It can be clearly seen that the content of cit-
ral in the pericarp essential oil extracted in the experiments
No. 7-9 is greater than that in other experiments. Accord-
ing to the results, among the nine experiments, the relative
content of citral in the pericarp essential oil extracted in
experiment No. 8 was the highest, so the level combine of
FPT of 9 days, the DV of 150 V, no microwave pre-treatment
is the best process to produce L. cubeba pericarp essential
oil with high citral content among the 9 processes. Accord-
ing to Tables 1 and 3, it can be seen that the experimental
materials of experiments No. 7-9 are L. cubeba fruit pre-
served for 9 days, which indicates that preservation in the
refrigerator for 9 days can increase the citral relative content
of the L. cubeba pericarp essential oil. The factor of FPT
has the greatest influence on the component of L. cubeba
pericarp essential oil. But this is inconsistent with the results
of previous studies: Han [37] and Fu [26] both found that
with the increase of FPT, the citral content in L. cubeba
essential oil decreased. The difference with the results of
previous studies may be caused by two reasons: one is that
the FPT is not long enough, and short-term preservation
will not affect the composition of essential oils. In Han’s
research, the fruits were preserved until they shriveled; in
Fu’s research, the fruits were preserved for six months, and
their fruits were preserved for too long. The second is that
the L. cubeba fruit in this study is not yet fully mature, and
gradually approaches maturity during preservation. Chen
[41] studied the effect of L. cubeba fruit maturity on the
extraction yield and chemical composition of essential oils.
He found that the essential oil citral content extracted from
immature fruits was 68%, and the essential oil citral content
extracted from mature fruits was 78%. The citral content of
the essential oil extracted from overripe fruits is 74%. This
may explain why the essential oil citral content increased as
the FPT increased in this study. Therefore, proper extension
of FPT of L. cubeba fruit can increase the citral content of
the essential oil, but not too much, otherwise the quality of
the essential oil will decline. More research needs to be done
to explore how long L. cubeba fuirt can be preserved without
reducing the quality of its essential oils and the exact time of
MPT that can obtain the highest quality essential oil.

Correlation analysis between yield and three factors
in single-factor experiments

After correlation analysis using Spearman’s rank correlation
coefficient, the correlation between yield and three factors
(FPT, DV, and MP) was learned. As Table 5 shows, the cor-
relation coefficient between FPT and yield is —0.016, and
the significant value is 0.954. This shows that the relation-
ship between the two is negative, and the correlation is very
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Table 5 Result of Spearman’s rank correlation analysis between fac-
tors and the yield of L. cubeba pericarp essential oil extraction by HD
method

Factors FPT DV MP

Yield  Correlation coefficient -0.016  0.098 —0.687""
Sig. (2-tailed) 0.954 0.728 0.005
Number 15 15 15

**Means the correlation is significant at the 0.01 level (2-tailed)

small, and the correlation is very insignificant. The corre-
lation coefficient between DV and yield is 0.098, and the
significant value is 0.728. This shows that the relationship
between the two is a positive correlation, and the correlation
is small and not significant. The correlation between MP
and yield is — 0.687, with a significant value of 0.005. This
shows that the relationship between the two is a negative
correlation, the correlation is large and extremely significant.
The linear regression equation calculated by IBM SPSS Sta-
tistic 21 software is: y =1.529-0.02x.

Improved processing technology

Based on the results of three single-factor experiments, three
best levels of yield of L. cubeba pericarp essential oil for
each factor was selected to perform an orthogonal experi-
ment, and then predicted the optimal level combination
for yield to optimized L. cubeba pericarp essential oil HD
extraction process. From the results of orthogonal experi-
ments (Table 3), the fruit yield time, DV, and microwave
pre-treatment time were 9 days, 220 V, and O s, respectively,
the “k” values are highest and the yield reaches the maxi-
mum. From the results of GC-MS analysis (Table 4), the
fruit yield time, DV, and microwave pre-treatment time were
9 days, 150 V, and O s, respectively, the citral content of
L. cubeba pericarp essential oil reaches the maximum. In
addition, the process has room for improvement. The level
setting of the two factors of FPT and DV can also be opti-
mized to explore a better L. cubeba pericarp essential oil HD
extraction process.

Conclusion

We studied the effects of FPT, DV and fruit MP on extract-
ing essential oil of L. cubeba by HD method, optimized the
process, and analyzed the differences of essential oil com-
ponents obtained by different processes. Among the three
factors, the FPT and the DV within a certain range (1 days
-9 days; 50-220 V) have a positive effect on the yield of
the pericarp essential oil, and the MP of fruit has a nega-
tive effect on the yield of the pericarp essential oil; The

@ Springer

duration of fruit placement has the greatest effect on increas-
ing yield, followed by the DV. Then, under the influence of
these three factors, the process of HD method to extract the
essential oil of L. cubeba pericarp has the highest yield: the
fruit is preserved for 9 days, the DV is 220 V, and no MP.
The extraction condition with the highest content of citral is
9 days preserved, 150 V DV is, and no MP. Therefore, the
former process should be used for mass production of essen-
tial oil of L. cubeba pericarp, and the latter should be used
for the production of essential oil with high citral content. In
addition, changes in the process will not significantly affect
the main component types of essential oils, but will signifi-
cantly affect the relative content of the same components.
Microwave pretreatment can increase the yield of essential
oil from L. cubeba pericarp, but too long a pretreatment time
will reduce the yield. In addition, short-term preservation of
L. cubeba fruit can increase the yield of essential oil in the
pericarp and the content of citral, but the long-term preser-
vation will reduce the yield and citral content. It is worthy of
further research on how to preserve L. cubeba and how long
the preservation can increase yield and quality.
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