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Abstract: The essential oils and polysaccharides from guava leaves have important functions. In
the process of microwave extraction of plant essential oils and polysaccharides, pretreatment with
lithium salts solution is helpful to increase the extraction rate. The experiment was conducted using a
single factor method. Results were optimized by principal component analysis and response surface
optimization. The optimal conditions were: LiCl dosage 45 µmol, microwave time 40 min, liquid-
solid ratio 10, homogenization time 4.2 min, liquid-material ratio 10, and microwave irradiation
power 700 W. The highest yield of essential oil and polysaccharide were 10.27 ± 0.58 mL/kg dry
weight (DW) and 50.31 ± 1.88 g/kg·DW, respectively. Three verification experiments showed that
the extraction rate of the microwave method was higher than that of the traditional heating method.
In addition, the bacteriostatic zones reached the maximum 23.7 ± 0.11 mm when the concentration
was 40 µL/mL, and the above results have practical significance.

Keywords: microwave hydro distillation; essential oil; bacteriostatic; polysaccharide; lithium salts

1. Introduction

In the process of separating natural products from plants, enzymolysis-assisted ex-
traction is a good substitute for traditional extraction methods [1], however, the limitation
of enzymolysis is that the specificity of the enzyme is a disadvantage, and the actual
production cost of the enzyme is expensive [2].

Metal salt (metal ion) solutions are often added during extraction to increase the
extraction rate of plant functional components. It has been reported that microwave heating
of metal salt solutions can effectively absorb and transfer energy [3]. Metal salt solutions of
different concentrations are composed of organic and inorganic ions [4]. Metal salts have
attracted attention due to their excellent physical and chemical parameters [5]. At the same
time, essential oils (EOs) are widely used in the separation of natural functional components,
and the extraction technology of polysaccharide compounds [6] and EO compounds [7] in
plant cell walls. EOs are a combination of volatile compounds existing in plant leaf cells.
Polysaccharides are the molecules that constitute cellulose and hemicellulose [8] and are
also the internal skeleton of plant raw materials [9]. Previous research experiments by
Khursheed et al. showed that metal salt solutions have been successfully used to dissolve
cellulose [10]. Therefore, we speculate that it is feasible to use lithium salt solution as
a substitute for traditional enzyme-assisted extraction. In the pretreatment process, the
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lithium salts solution can effectively destroy the part of the plant cell wall and release
more active ingredients, which helps to improve the yield of active ingredients in the
extraction process.

Guava (Psidium guajava L.) is a plant of the Myrtaceae (Rhodomyrtus tomentosa) fam-
ily [11], which is native to the Mexican region of North America and has strong adaptability
to climate conditions, especially in dry environments [12]. Guava leaves are elliptical or
oval, 50–120 mm long, and 30–50 mm wide. The leaves are rich in functional components.
Guava is an edible fruit whose leaf is widely used in tea and drinks [13] and is also recog-
nized as a high-quality medical material in the world, which is now widely cultivated in
southern China [14]. Diseases have continuously and significantly impacted crop yield.
For instance, the economic losses caused by plant scab, bacterial wilt, and soft rot are the
largest in recent years [15].

A variety of compounds are present in essential oils, Freitas, P.R. et al. have identified
monoterpene α-pinene and limonene as bioactive secondary metabolites with antibacterial
properties [16]; The synergistic mechanism of compounds has a potential functional role.
As an efflux pump, of natural products Compounds and its importance of therapeutic
potential. Freitas, P. et al. used D-limonene in the production of many products, Such
as cosmetics and condiments [17]. In this context, studies have shown that essential oils
are an important source of bioactive compounds and have the potential to overcome the
mechanism of antibiotic resistance [18].

EO also has local anesthesia and anti-inflammatory functions [19] and antitumor
effects [20]. In guava leaves, there are numerous polysaccharides, which are functional
natural products [21] as are a large number of polysaccharides. Guava leaf polysaccharides
have a variety of biological and pharmacological activities and exist naturally in plant roots,
leaves, and other parts [6]. Luo et al. studied a variety of active functions of guava leaf
polysaccharides, including cholesterol-lowering activity [21] immune activity, stimulating
activity, and anti-pancreatic cancer activity [22]. At the same time, studies have reported
that polysaccharides have various physiological functions in clinical practice and can
also prevent diabetes [23]. Therefore, people should pay more attention to these natural
compounds due to their potential application value and economic value.

There are many separation technologies for natural products, such as solvent extrac-
tion [24], hydro distillation [25,26], and ultrasonic extraction [7]. Among these technologies,
solvent extraction is widely used to extract natural products from plant leaves to char-
acterize their physical and chemical properties [27], however, solvent extraction easily
leads to residual organic solvents, and poor enzyme stability tends to reduce extraction
efficiency [21]. Ultrasonic extraction has obvious noise pollution [28]. Because of the long
heating time and complicated separation process in the direct heating method, the yield of
the individual ingredients is low. The above traditional methods are limited in their appli-
cation for the actual separation of natural products and may degrade active compounds as
well as limit the choice of solvents [29].

Microwave-mediated hydro distillation with salts addition (MMHSA) is a new tech-
nology recently developed for extraction and separation, the highly regarded performance
of this technology is attributed to its time saving and no noise pollution [30]. Microwave
irradiation can improve the transfer of heat energy in a very short time, destroy the cell
wall and increase the permeability of the protoplasm layer to extract inclusions [31,32]. Mi-
crowave energy can promote the infiltration of plant materials into capillary fibers, improve
the water absorption capacity of plant materials and improve extraction efficiency [33]. Ra-
diation heating can work in a very short time. Molecular dipole migration can be induced
by microwave radiation, which is considered the cause of hydrogen bond rupture in the
plant cell wall [34]. After the EO was obtained, the polysaccharide in the leaves can be
obtained directly by ethanol solution precipitation based on the remaining residue [35].
Ethanol precipitation is simple and easy and will not cause a waste of resources. The EO
is sufficiently isolated in the cell under the coordinated action of microwaves and salt
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solutions, and the polysaccharides were separated by ethanol in the same guava leaves
without wasting the extracted substrate, thus providing a good energy-saving effect.

Principal Component Analysis (PCA) is a method of transforming a set of potentially
correlated variables into a set of linearly uncorrelated variables through orthogonal trans-
formation, which can reduce the dimension of the data space studied [36]. This method can
be used to filter out the main factors in a large amount of data, identify whether there is a
significant difference exists between different variables, and understand the relationships
among a large number of variables in a great system by the lesser variables that do not
lose much information [37,38]. Therefore, we tried to compare the extraction efficiency
of traditional heating reflux extraction with MMHSA method, which used lithium salt
solution to pretreat guava leaves. Compared with previous methods, MMHSA is expected
to obtain higher EO and polysaccharides synchronously, to obtain a broader prospect in
the exploration of natural product separation.

2. Materials and Methods
2.1. Materials and Reagents

Fresh guava leaves were purchased from farmers’ manor in Meizhou City, Guangdong
Province, identified by Pro. Hesheng Yang of Jiaying College, the leaves were dried at
25 ◦C in the shade for 7 days, pretreated by a grinder, and divided into small pieces with a
length of 10 mm for later use.

Anhydrous lithium chloride, Lithium hydroxide, Lithium acetate, Lithium nitrate, and
Lithium sulphat (purity ≥ 99%, BASF Biotechnology Co., Ltd., Hefei, China); Anhydrous
ethanol; purity ≥ 99% (Fuyu Chemical Co., Ltd., Tianjin, China); deionized water (Jiaying
University); n-hexane; purity ≥ 99%, (Guangfu Ltd., Tianjin, China); anhydrous sodium
sulfate (purity ≥ 99%, Fuchen Chemical Reagent Company, Tianjin, China).

2.2. Apparatus

The structure of the microwave extraction device used in the experiment is shown
in Figure 1 The device is composed of three parts: microwave heating, EO collection, and
condensed reflux. maximum microwave radiation output power is 700 W, and the inside of
the microwave oven cavity is 600 mm × 550 mm × 560 mm (Xintuo Analytical Instrument
Co., Ltd., CW-2000, Shanghai, China). The power can be adjusted continuously as needed,
the maximum power is 700 W under normal pressure, and the temperature is controlled by
an external knob. The irradiation power can be varied with actual needs.
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2.3. Experimental Process

Fresh guava leaves were dried and weighed to calculate the moisture content and then
cut into strips of 10 mm × 20 mm. Prepare different concentrations of lithium solution, and
add 30 g dried guava leaves in a round-bottomed flask, guava leaves were pretreated at
room temperature for a certain amount of time and placed in a 500 mL round-bottomed.

The extracted structure is shown in Figure 1, EO was extracted under different con-
ditions, and the yield was calculated. Gas chromatographic-mass spectrometry (GC-MS)
was used to analyze the composition of EOs. The obtained supernatant was concentrated
to one-third of the original volume, a certain proportion of ethanol was added and the
mixture was mixed well, then allowed to stand for 12 h, eluted with deionization three
times, and the precipitate was dried to obtain guava leaf polysaccharide, and the yield was
calculated by weighing.

2.4. Principal Component Analysis Process

Principal component analysis was used to reduce the dimensionality of single-factor
experimental data. PCA plots were drawn by Origin 9 to analyze the variation trend of
each variable on PC1 and PC2, and confidence intervals were used to test the reliability of
sample statistical parameters. In general, PC1 can best reflect the direction of data change
in the multidimensional space, and PC2 is perpendicular to PC1 and can best reflect the
direction of the remaining data change. The projection of each factor on the PC axis is the
load coefficient, which can be used to judge the influence value of this variable on the PC,
and then the corresponding factor index is reflected by each principal component.

2.5. Essential Oil Detection Conditions

According to the results of RSO, three validation experiments were carried out to obtain
EO sample A with lithium salts, sample B of EO by the heating reflux method, and sample C
without lithium salts. The methods were tested by gas chromatography/mass spectrometry
(Agilent −7000 GC/MS, Palo Alto, CA, USA) for composition determination: Take 0.5 mL of
the EO sample, dissolve in 500 times the volume of n-hexane, and determine the EO compo-
nents through 0.22 µm filter membrane extraction (Column specifications: 25 m × 0.2 mm
quartz capillary column OV-101; Column temperature: 40–200 ◦C; Column pressure: 0.8
kg/cm2; Heating rate: 10 ◦C/min; Gasification temperature: 250 ◦C; Carrier gas: Helium,
injection 1 µL; the electron energy is 70 eV, and the ion source temperature is 250 ◦C).

2.6. Bacterial Culture

The S. acidiscabies strains, R. solanacearum strains, and E. carotovora subsp carotovora
borgey strains were provided by College of Life sciences, Northeastern Agricultural Uni-
versity, China. The antibiotic (Ampicillin: Rifampicin-1:1) solution was mixed evenly with
1 mL each from for use in subsequent experiments. Diluted with LB medium to a certain
concentration for backup. The antibacterial activity of the EO was evaluated with the filter
sheet diffusion method. 10 µL bacterial suspension of 108 CFU/mL was evenly applied on
the LB medium with a 0.8 mm filter paper placed at the center of the medium. The pipette
with 10 µL GLEO solution (1.25–40 µL/mL in 0.1% Tween-80) was dropped on the filter
paper, replacing 0.1% with Tween-80 as a negative control. The plates were inverted and
incubated at a temperature of 37 ± 1 ◦C for 12 h, and the diameter of the inhibitory region
was measured and recorded.

3. Results and Discussion
3.1. Each Parameter on the Extraction Yield
3.1.1. Influence of Lithium Salt Addition on Yield

As is shown in Figure 2, the leaves are treated with different types of lithium salts
solutions in a unit of time, and the relationship between the extraction rate and different
treatment conditions is discussed. Through screening, the extraction rate of the raw materi-
als pretreated with lithium chloride was the highest, with EOs of 5.1 mL/kg dry weight
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(DW) and polysaccharides of 27.8 g/kg·DW; the extraction rates of EOs and polysaccha-
rides obtained after lithium sulfate treatment are the smallest, which are 1.21 mL/kg·DW
and 12 g/kg·DW, respectively, in addition, the optimal amount of lithium salt is 45 µmol,
possibly because compared with other lithium salts, lithium chloride has the strongest
damaging effect on plant cell walls during the pretreatment process, increasing the number
of active ingredients spilled, this is consistent with the study of Hassanvand et al. [39].
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of essential oil, (b) the effect of the amount of lithium on the yield of essential oil.

3.1.2. Each Parameter on the Yield of EO and Polysaccharide

As is shown in Figure 3a, When the liquid-to-solid ratio was 4–8, the extraction rates
of EOs and polysaccharides continued to increase with a rapid trend, and the increase
in extraction rate decreased when the ratio of liquid to solid was 8. An appropriate
proportion was beneficial to increase the extraction rate and reduce energy consumption.
Therefore, when the solid-to-liquid ratio was 8, the yields of EOs and polysaccharides were
7.3 mL/kg·DW and 37.5 g/kg·DW, respectively.
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The extraction rates of polysaccharides and EOs are positively correlated with ra-
diation power (Figure 3b). Under an irradiation power of 700 W, the yields of EOs and
polysaccharides were 7.6 mL/kg·DW and 38.6 g/kg·DW, respectively, and numerous
active components were released from leaf cells, thus increasing the yield of EOs and
polysaccharides [40].

The yield of EO and polysaccharides was positively correlated with extraction time.
When the microwave irradiation time is 10–20 min, the EO and extraction rate show a
regular step increase (large range). When the extraction time was 40–60 min, the increase
in the extraction rate decreased, and the target substance obtained in the first 40 min was
almost 85% (Figure 3c). With the extension of time, the extraction rate will still increase,
but the increased amplitude decreases. Therefore, 40 min was selected as the best condition
for the next study [41].

3.1.3. Kinetic Analysis

The kinetic data for MMHSA are first-order and second-order fitted kinetic curve
models (Figure 4), which provide a graph for discussing the extraction yield under different
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microwave times and microwave power conditions. First, with increasing microwave time
and power, the yield curve trends of EOs and polysaccharides were the same. As shown
in Figure 4a, the yield of EO increased rapidly to 5 mL/kg·DW within 15 min. As time
goes by, the yield curve gradually slows down, which may be due to the low-power and
short-term extraction of the outflow of EO in the cell after a period. The continuous heating
and time increase will help to further separate the effective ingredients in the leaves. A
yield of approximately 8.8 mL/kg·DW was obtained in 40 min, but the extraction rate
obtained in 60 min did not increase significantly; therefore, the optimal yield of EO was
approximately 40 min.
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Compared with EOs, the yield of polysaccharides is higher (Figure 4b). According to
the second-order kinetic model fitting, the yield of polysaccharides is positively correlated
with time and power, which is consistent with the yield curve of EOs. The yield of
polysaccharides varies significantly under different power conditions. When the extraction
power is 700 W, the yield is the largest; when the extraction time is within 40 min, the yield
of polysaccharides increases significantly, reaching a maximum of 44.6 mg/kg·DW, but as
the extraction time continues to extend, the increase in the extraction rate of polysaccharides
will decrease, which may cause heat accumulation due to continuous microwave irradiation,
leading to gelation of cells, so the outflow of EOs and polysaccharides will decrease [42].
Therefore, we choose the kinetic curve as 700 W, with 40 min as the next step of optimization.

3.2. Correlation Analysis

In the correlation analysis of essential oil yield (Figure 5a), the correlation coefficient
between lithium mole number and liquid-solid ratio, microwave power, and microwave
time is close to 1, that is, the correlation is very high. Similarly, the correlation coefficient
between microwave power and microwave time is close to 1. Lithium salts showed a
significant negative correlation with other single factors, which may be related to the ion
amount of different lithium salts, while other single factors were positively correlated, such
correlation characteristics can also be reflected in the yield of polysaccharides extracted by
microwave (Figure 5b). In the yield of polysaccharides, microwave power and microwave
time were also highly correlated. However, the correlation coefficient between liquid-solid
ratio and microwave power and microwave time was larger than that in the yield of essen-
tial oil, and the correlation coefficient between the mole number of lithium and liquid-solid
ratio, microwave power, and microwave time was smaller than that in the yield of essential
oil, the above rules are consistent with those described by Xiaoqian Du et al. [43]. Because
every single factor between the essential oil and polysaccharide yield has a significant
correlation, to further filter out the most useful data in all experimental data information,
the next step we will use the PCA method will be more high correlation between the single
factor into unrelated minority variables, to analyze the characteristics of essential oil and
polysaccharide.
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3.3. Principal Component Analysis

The contribution value of the first principal component (PC1) is 89.3%, the contribu-
tion value of the second principal component (PC2) is only 10.4%, and the cumulative
contribution rate of the two is 99.7%. The first two principal components can represent
the information characteristics of 99.7% of the original data. In PC1, the liquid-solid ratio
had the highest correlation, followed by microwave time and microwave power, and the
correlation between these two factors was extremely high; therefore, we can consider that
PC1 represents the information characteristics of the yield of EOs and polysaccharides,
which were mainly affected by the above three factors.

The contribution rate of PC2 was 10.4%. Different types of lithium salts had the
highest correlation with the new independent variables of PC2 in all experimental factors.
Similarly, the information represented by PC2 is the yield characteristics of EOs and
polysaccharides affected mainly by the types of lithium salts. This change is related to
the inherent characteristics of the different types of lithium salts in the extraction process
of the EOs and polysaccharides. From the change of score value of PC2, PC2 is affected
mainly by the type of lithium salt, and the sample values (e1–e5, p1–p5) corresponded to
the influence characteristics of LiCl, LiOH, LiAc, LiNO3, and Li2SO4 on the yield of EOs
and polysaccharides, respectively. The yield of LiCl was the largest, so its corresponding
score of PC2 was also the largest, and the smallest score was that of Li2SO4. Therefore, the
main type of lithium salt selected in our experiment was LiCl.

Figure 6 shows that the points representing polysaccharides changed greatly, while
the point change of EO was not obvious, which may be because the yield of EOs was lower
than that of polysaccharides overall. With the increase in the single-factor variable, the
yield increased slowly and approached a value, and the rate of increase decreased. By
plotting confidence intervals, the different values can be seen to have a certain theoretical
basis, so the central tendency of polysaccharides and EOs also represents regularity. From
the change of the PC1 score value, with the increase of any single factor, the value of PC1
will increase, but the trend is stable. As the levels of each factor increased, the yield of
EO and polysaccharides also increased and tended to reach an extreme directional value.
PC1 accounted for 89.3% of the contribution rate of PCA [44]. Therefore, the three most
influential factors of the extraction rate were the liquid-solid ratio, irradiation time, and
microwave power. We chose these three factors for further research [36].

3.4. The Response Surface Optimization (RSO) Optimization Process

We used Design-Expert (Version 8.0, Stat-Ease, Inc., Minneapolis, MN, USA) to design
single-factor experimental results based on previous experiments: X1: solid–liquid ratio, X2:
microwave power, and X3: microwave time. The yields of Y1: EO and Y2: polysaccharide
was used as response values. A total of 17 treatment groups were designed (Tables 1 and 2).
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Table 1. Box-Behnken design (BBD) with experimental value for a total yield of EO (mL/kg·DW), analysis of variance (ANOVA) for response surface quadratic
model; “*”is significant and “**” is extremely significant.

Run

BBD Experiments ANOVA

X1 X2 (w) X3 (min) YEO
(mL/kg·DW)

Source of
Variation

Sum of
Squares

Degree of
Freedom

Mean
Square

F-
Value p-Value

1 8 700 45 9.61 Model 24.21 9 2.69 88.32 <0.0001 **
2 10 700 40 9.89 X1 13.91 1 13.91 456.79 <0.0001 **
3 6 700 40 6.33 X2 4.98 1 4.98 163.41 <0.0001 **
4 8 385 45 7.45 X3 1.22 1 1.22 39.95 0.0004 **
5 8 540 40 7.95 X12 0.55 1 0.55 18.19 0.0037 **
6 6 385 40 5.95 X22 0.35 1 0.35 11.45 0.0117 *
7 8 540 40 8.11 X32 0.3 1 0.3 9.69 0.0170 *
8 8 540 40 7.98 X1X2 0.93 1 0.93 30.57 0.0009 **
9 10 385 40 7.58 X1X3 1.88 1 1.88 61.62 0.0001 **

10 6 540 45 6.28 X2X3 0.12 1 0.12 4.02 0.0849
11 8 700 35 8.33 Residual 0.21 7 0.03
12 10 540 45 10.33 Lack of fit 0.16 3 0.05 3.7 0.1193
13 8 385 35 6.87 Pure error 0.05 4 0.0105
14 6 540 35 7.02 Corrected total 24.42 16

15 10 540 35 8.33 Credibility analysis of the regression equations

16 8 540 40 8.21 Index mark Standard
deviation Mean CV% Press R2 Adjust R2 Predicted R2 Adequacy

precision

17 8 540 40 8.19 Y 0.17 7.91 2.21 2.6 0.9913 0.98 0.8937 34.151
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Table 2. Box-Behnken design (BBD) with experimental value for a total yield of polysaccharides (g/kgDW), analysis of varance (ANOVA) fo response surface
quadratic model.

Run

BBD Experiments ANOVA

X1 X2 (w) X3 (min) Ypolysaccharides
(g/kg·DW)

Source of
Variation

Sum of
Squares

Degree of
Freedom

Mean
Square

F-
Value p-Value

1 8 700 45 46.23 Model 1397.94 9 155.33 86.13 <0.0001
2 10 700 40 48.9 X1 812.45 1 812.45 450.50 <0.0001
3 6 700 40 22.96 X2 84.05 1 84.05 46.60 0.0002
4 8 385 45 36.29 X3 71.70 1 71.70 39.76 0.0004
5 8 540 40 43.49 X12 25.35 1 25.35 14.06 0.0072
6 6 385 40 21.85 X22 5.64 1 5.64 3.13 0.1203
7 8 540 40 44.56 X32 9.73 1 9.73 5.40 0.0531
8 8 540 40 44.51 X1X2 271.77 1 271.77 150.69 <0.0001
9 10 385 40 37.72 X1X3 31.99 1 31.99 17.74 0.0040

10 6 540 45 23.15 X2X3 54.46 1 54.46 30.20 0.0009
11 8 700 35 35.18 Residual 12.62 7 1.80
12 10 540 45 44.93 Lack of fit 8.90 3 2.97 3.19 0.1462
13 8 385 35 31.48 Pure error 3.72 4 0.93
14 6 540 35 21.48 Corrected total 1410.56 16

15 10 540 35 38.51 Credibility analysis of the regression equations

16 8 540 40 42.2 Index mark Standard
deviation Mean CV% Press R2 Adjust R2 Predicted R2 Adequacy

precision

17 8 540 40 43.48 Y 1.34 36.88 3.64 148.21 0.9911 0.9795 0.8949 27.729
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3.4.1. Influence of Lithium Salt Addition on Yield

We use response surface analysis to fit the data in Table 1 and obtain the regression
equation:

Y = 43.65 + 10.08X1 + 3.24X2 + 2.99X3 + 2.52X1X2 + 1.19X1X3 + 1.56X2X3 − 8.03X1
2 − 2.76X2

2 − 3.60X3
2 (1)

The optimization analysis of EO yield revealed that the p value was extremely sig-
nificant (p < 0.01). The missing term is p = 0.119 > 0.05 (not significant), indicating that
unknown factors have little influence on the experiment, so the error can be ignored.
R2 = 0.99, R2 adj = 0.98 and CV% = 2.21% < 3% of the model. These data generated by the
response surface fit the experiment well. X1X2 and X1X3 of the primary term, secondary
term and interaction term had extremely significant effects on the yield of EO (p < 0.01),
while X2X3 of the interaction term had no significant effect (p > 0.05). According to the
permutation of the f value X1 > X2 > X3, the effect of the solid-liquid ratio on EO yield was
the most significant.

3.4.2. Effects of RSO Parameters on the Yield of Polysaccharides

Data analysis of RSO for polysaccharide yield is shown in Table 2 According to the formula:

Y = 43.65 + 10.08X1 + 3.24X2 + 2.99X3 + 2.52X1X2 + 1.19X1X3 + 1.56X2X3 − 8.03X1
2 − 2.76X2

2 − 3.60X3
2 (2)

From the analysis results of polysaccharide yield, p = 0.0001 < 0.01 indicated that the
model was extremely significant. p = 0.1462 < 0.05 was not significant, indicating that the
experimental error was small (other factors had little interference with the experiment) and
could be ignored. R2 = 0.99, CV% = 3.64, indicating a high degree of model fitting. The
results showed that the model could accurately measure the effects of the above factors on
the yield of polysaccharides.

3.4.3. Influence of Response Surface Optimization Factors on Yield

The EO rate gradually increases as the ratio of material to liquid increases from 6–10,
and the microwave power increases from 385–700 W (Figure 7a). A higher solid-liquid
ratio is generally believed to be conducive to providing more target substances, and higher
microwave power is conducive to destroying the structure of the oil coating. Figure 7b
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discusses the relationship between the yield of EO and the ratio of solid to liquid and
extraction time. When the extraction time was from 35–45 min, the yield of EO was
not obvious, but when the ratio of solid to liquid ranged from 6–10, the yield of EO
increased significantly.
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Figure 7. Response surface diagram of the influence of various factors on the yield of EO; (a) The
influence of microwave power and liquid-solid ratio on the extraction rate of EO; (b) The influence of
microwave time and liquid-solid ratio on the extraction rate of EO; (c) The influence of microwave
time and microwave power on the extraction rate of EO; (d) The influence of microwave power and
liquid-solid ratio on the extraction yield of polysaccharides; (e) The influence of microwave time
and liquid-solid ratio on the extraction yield of polysaccharides; (f) Effects of microwave time and
microwave power on the extraction yield of polysaccharides.

With a solid-liquid ratio from 6–10 and an increase in the microwave power from
385–700 W, the polysaccharide extraction rate gradually increased (Figure 7d), and the
optimum extraction conditions appeared. A higher solid–liquid ratio is generally believed
to be helpful to provide more targets, a higher irradiation power is conducive to the
destruction of the structure of wrapped polysaccharides, and a more intense microwave
treatment condition is conducive to the extraction of polysaccharides. Therefore, extraction
of polysaccharides in the range of 9–10 in the ratio of material to liquid and 637–700 W in
microwave power is necessary. Figure 7e shows that with an increase in the solid–liquid
ratio from 6–10 and microwave time from 35–45 min, the polysaccharide extraction rate
gradually increased, and the optimal extraction conditions appeared, indicating that the
combination interval with a higher solid-liquid ratio and microwave time was favorable for
the extraction of polysaccharides. With increasing microwave power from 385–700 W and
microwave time from 35–45 min, the extraction rate of polysaccharides gradually increased
(Figure 7f), and the optimal interval appears under the extraction conditions [40].

The results showed that the microwave power and microwave time were favorable
for the extraction of polysaccharides. Therefore, it is necessary to extract polysaccharides in
the microwave power range of 637–700 W and microwave time range of 41–43 min.

3.4.4. Validation Test

Within the test range of various factors, with the yield of EO and polysaccharides
as the optimization objectives, the optimal process parameters were analyzed. The op-
timal conditions for each indicator were a solid–liquid ratio of 9.73, microwave power
of 658 W, and microwave time of 43 min. The yields of EO and polysaccharides were
10.45 mL/kg·DW and 50.65 g/kg·DW, respectively. Under these conditions, the yields of
EO and polysaccharide were 10.27 ± 0.58 mL/kg·DW and 50.31 ± 1.88 g/kg·DW, respec-
tively, which were not significantly different from the predicted values (p > 0.05) and could
be further extracted according to the modified conditions.
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3.5. Comparison with Reference Techniques

The traditional electric heating sleeve extraction method adopts glass fiber and metal
heating lines, which require a certain time to heat. The glass vessels are embedded in a
sleeve and exposed to air, resulting in energy loss, and the temperature cannot be controlled
uniformly. Compared with the traditional method of heating extraction, MMHSA using
high-frequency electromagnetic waves makes the material within the molecule collide
under the effect of an electric field, the electromagnetic energy enters as heat energy,
the microwave heating penetrating ability increases the temperature quickly, there is a
small heat loss, the operation is convenient, and the EO yields using this method are
excellent. Compared with the above two experimental methods, it is obvious that the
extraction efficiency of microwaves is higher than the extraction efficiency of traditional
methods [45,46].

3.6. Analysis of EOs Compounds

The EO from guava leaves was detected by gas chromatography/mass spectrometry,
including the identified components and relative area [47]. A total of 76 components were
detected. EO extracted with lithium salt (EOa) contained 51 components; extracted EO
without lithium salt (EOb) contained 44 components, and EO extracted by heating mantle
(EOc) contained 42 ingredients (Table 3). The main components in the EO extracted by
these three methods were l-caryophyllene, l-calamenene, 1,4,7-cycloundecatriene, 1,5,9-
aromandendrene and globulol, but the relative abundance (RA) % of each volatile com-
ponent was significantly different. The EOc process is a process of distilling fresh plant
materials by heating them at the bottom of the flask through resistance. The materials are
not heated evenly, and the extraction efficiency is relatively low. EOb microwave-assisted
heating uses ambient radiation heating to heat materials evenly through water vapor. Com-
paratively speaking, the extraction range is more uniform, with better thermal penetration
and high solvent water content in the system. EOa is the metal ion lithium chloride added
based on EOb, so the extraction rate increased significantly. Each of the three processes has
its own characteristics, but there are certain differences in the content of EO.

As is shown in Figure 8, the contribution rate of the first principal component (PC1) is
92.2%, the contribution rate of the PC2 is 4.4%, and the cumulative contribution rate of the
first two principal components is 96.6%, which can represent the change information of
data. The vertical projection of EOa on the PC1 axis was the largest, followed by EOc and
EOb. The variation of PC1 value had the greatest correlation with variable EOa (extraction
method), followed by EOc and EOb. From the PC2 axis, EOc and EOb are in the positive
direction of the PC2 axis, and the positive vertical projection of EOc is the largest on the
PC2 axis, while EOa is in the negative axis, and the negative vertical projection is the largest
on the PC2 axis, indicating that the change of PC2 value is greatly affected by EOa and EOc
extraction methods. Each component can be roughly divided into four categories. The first
category is the chemical components near the origin, whose PC1 and PC2 values are small,
indicating that the content of such chemical components is small or close to zero, and is not
affected by the three extraction methods. The second category was chemical components
with a large PC1 value and close to 0 PC2 value, such as L-Caryophyllene, Globulol, and
L-calamenene. The contents of these chemical components were all high under the three
extraction methods, and EOa was the highest, followed by EOc and EOb. The third type is
located in the first quadrant, and the PC1 value is small, but the PC2 value is large. These
compounds are greatly affected by extraction methods, while the content is little or zero
under EOa methods, such as alpha-copaene, Tau-cadinol and alpha-cadinol. The fourth
category is located in the fourth quadrant, with a small PC1 value and a large absolute
value of PC2. These chemical components are also greatly affected by extraction methods.
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Table 3. GC-MS detection of essential oil composition results.

No. A Components Molecular
Formula RI B CAS

Number RA (%) C

EO a EO b EO c

1 Benzaldehyde C11H14O 1022 000100-52-7 0.09 0.30 0.14
2 D-limonene C10H16 1079 005989-27-5 0.32 8.06 0.45
3 Alpha-terpineol C10H18O 1241 000098-55-5 0.11 0.17 0.10

4 Cyclohexasiloxane,2,2,4,4,6,6,8,8,10,10,12,12-
dodecamethyl- C12H36O6Si6 1343 000540-97-6 0.16 - 0.40

5 A-cubebene C15H24 1362 017699-14-8 0.42 0.38 0.07
6 Eugenol C10H12O2 1367 000097-53-0 1.19 - -
7 (+)-Cyclosativene C15H24 1374 022469-52-9 - - 0.14

8
Tricyclo (4).4.0.02,7]dec-3-ene,1,3-dimethyl-8-(1-

methylethyl)-,
(1R,2S,6S,7S,8S)

C15H24 1381 003856-25-5 9.66 - -

9 Tricyclo (6.3.0.0(2,4) undec C20H34O2Si 1396 1000152-25-6 - - 0.06
10 A-gurjunene C15H22 1402 000489-40-7 1.43 1.50 1.97
11 l-caryophyllene C15H24 1410 000087-44-5 28.36 24.06 24.46

12
1,6-Cyclodecadiene,1-methyl-5-methylene-8-(1-

methylethyl)-,
(1E,6E,8S)-

C15H24 1416 023986-74-5 0.22 - -

13 1H-Cyclopropa[a]naphthalene,1a,2,3,5,6,7,7a,7b-
octahydro-1,1,7,7a-tetramethyl- C15H24 1419 017334-55-3 0.10 0.27 0.12

14 Aromandendrene C15H24 1424 000489-39-4 5.18 4.68 0.76
15 Cis-muurola-3,5-diene C15H24 1431 1000365-95-4 0.22 0.23 0.15
16 Humulene C15H24 1434 006753-98-6 3.91 - 3.44
17 Alloaromadendrene C15H24 1439 025246-27-9 1.97 1.75 1.80
18 (+)-epi-bicyclosesquiphellandrene C6H10O6 1447 054274-73-6 0.99 - -
19 Gamma-muurolene C15H24 1449 030021-74-0 1.17 - 1.20
20 Naphthalene,1,2,3,4,4a,5,6,8a-octahydro-4a, C15H24 1458 000473-13-2 - 0.78 -
21 Azulene,1,2,3,3a,4,5,6,7-octahydro-1,4-dimethyl-7 C15H24 1463 022567-17-5 2.11 - -
22 Cis-alpha-bisabolene C15H24O 1466 029837-07-8 1.83 1.41 -
23 Beta.-bisabolene C15H24 1471 000495-61-4 0.96 0.78 0.96
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Table 3. Cont.

No. A Components Molecular
Formula RI B CAS

Number RA (%) C

EO a EO b EO c

24 (-)-g-cadinene C15H24 1476 039029-41-9 0.97 1.07 -
25 l-calamenene C18H20 1483 000483-77-2 11.47 8.87 10.82

26 Naphthalene,1,2,3,4,4a,7-hexahydro-1,6-dimethyl-
4-(1-methylethyl)- C12H16 1489 016728-99-7 2.81 2.49 2.66

27 Alpha-calacorene C15H20 1497 021391-99-1 0.27 - -
28 Epiglobulol C26H28O7 1514 1000150-05-1 1.29 1.19 -

29 1H-Cycloprop[e]azulen-4-ol,
decahydro-1,1,4,7-tetramethyl- C15H26O 1518 000552-02-3 - - 0.65

30 Globulol C15H26O 1532 000489-41-8 11.31 9.04 10.69
31 Ledol C15H26O 1544 000577-27-5 4.10 3.78 4.48

32 Naphthalene,1,2,3,4,4a,7-hexahydro-1,6-dimethyl-
4-(1-methylethyl)- C15H24 1560 016728-99-7 2.33 2.57 -

33 Tau-cadinol C15H26O 1571 005937-11-1 2.59 7.97 6.96
34 Copaene C15H24 1573 003856-25-5 - 1.09 -

35 Naphthalene,1,2,3,5,6,7,8,8a-octahydro-1-methyl-
6-methylene-4-(1-methylethyl)- C15H24 1580 150320-52-8 0.02 - -

36 Alpha-cadinol C15H26O 1581 000481-34-5 0.02 - 3.39

37 2,6,10-Dodecatrien-1-ol,3,7,11-trimethyl-,
1-acetate, (2E,6E)- C17H28O2 1630 004128-17-0 - 0.03 -

38 Eucalyptol C10H18O 1682 000470-82-6 - - 0.08
39 Phenol,4-(1,1-dimethylethyl)-2-methyl- C11H16O 1738 000098-27-1 - - 0.03
40 3,7-dimethyl-, acetate, (z)-6-octadien-1-ol C12H20O2 1770 000141-12-8 - - 0.06
41 Alpha-Copaene C15H24 1781 1000360-33-0 - - 8.71
42 1H-cyclopenta (1,3)cyclopropa (1,2 C15H24 1816 013744-15-5 - - 0.24
43 Selina-3,7(11)-diene C15H24 1821 006813-21-4 - - 0.07
44 Naphthalene, decahydro-4a-methyl C15H24 1858 017066-67-0 0.73 - 0.10
45 Naphthalene,1,2,4a,5,6,8a-hexahydro-4, C15H24 1877 000483-75-0 0.92 - -

46
Tricyclo

(5.4.0.02),8undec-9-ene,2,6,6,9-tetramethyl-,
(1R,2S,7R,8R)

C15H24 1894 005989-08-2 - - 0.18

47 1,1,5-Trimethyl-1,2-dihydrona C21H24N2O 1897 1000357-25-8 - - 0.28
48 Epiglobulol C26H28O 1914 1000150-05-1 1.28 - -
49 6,10-dodecatrien-1-ol, 3,7,11-trimethyl-2 C15H26O 2031 004602-84-0 0.65 0.66 -
50 Heptaldehyde C7H14O 2176 000111-71-7 0.01 0.01 -
51 6,6-trimethyl-(1 theta)-bicyclo [3.1.1]hept-2-en C10H16 2201 007785-70-8 - 0.05 -
52 1-octen-3-ol C8H16O 2234 003391-86-4 0.01 0.01 -
53 Beta-pinene C10H16 2235 000127-91-3 - 0.01 -
54 3-Cyclohexadiene, 2-methyl-5-(1-methylethyl)-1 C10H16 2257 000099-83-2 - 0.02 -
55 1,3-Cyclohexadiene,1-methyl-4-(1-methylethyl)- C10H16 2268 000099-86-5 0.01 0.01 0.01
56 P-isopropyltoluene C10H14 2375 000099-87-6 0.02 0.01 0.03
57 Trans-beta-ocimene C10H16 2486 003779-61-1 0.17 0.11 -
58 Beta-ocimene C10H16 2596 013877-91-3 0.02 0.01 -
59 G-terpinene C10H16 2626 000099-85-4 - - 0.03
60 Terpinolene C10H16 2749 000586-62-9 - - 0.03
61 Linalool C10H18O 2857 000078-70-6 - 0.02 -
62 3,4-dimethyl-2,4,6-octatriene C10H16 2881 057396-75-5 - - 0.03

63 3-cyclohexen-1-ol,4-methyl-1-(1-methylethyl)-,
(1R)- C10H18O 2931 020126-76-5 - - 0.02

64 4-acetylbenzoic acid C9H8O3 2938 000586-89-0 0.04 0.01 -
65 2,6-octadien-1-ol, 2,7-dimethyl- C10H18O 2968 022410-74-8 0.01 0.01 -
66 Pyrazine, trimethyl(2-methylpropyl)- (9CI) C11H18N2 3008 046187-37-5 0.02 0.01 -

67 2,2-dimethyl-3-methylene-, (1R)-bicyclo
(2.2.1)heptane C10H16 3052 005794-03-6 - - 0.01

68 Cis-beta-guaiene C15H24 3065 087745-31-1 - - 0.02
69 (+)-cyclosativene C15H24 3075 022469-52-9 0.14 0.07 -



Separations 2022, 9, 162 15 of 18

Table 3. Cont.

No. A Components Molecular
Formula RI B CAS

Number RA (%) C

EO a EO b EO c

70 Isoledene C15H24 3079 1000156-10-8 0.07 0.01 -
71 Alpha-bourbonene C15H24 3088 1000293-01-9 - 0.01 -
72 1,4,7,-cycloundecatriene, 1,5,9,... C15H24 3134 1000062-61-9 3.48 2.42 -
73 Ylangene C15H24 3194 014912-44-8 0.14 0.02 -

74
Bicyclo

undec-4-ene,4,11,11-trimethyl-8-methylene-,
(1R,4Z,9S)-

C15H24 3207 000118-65-0 0.06 -

75 G-selinene C15H24 3218 000515-17-3 0.61 0.41 -

76 2,6,10,14-hexadecatetraen-1-ol,
3,7,11,15-tetramethyl C20H34O 3346 007614-21-3 - 0.01

A Compounds listed in order of elution from HP-5MS capillary column; B Retention indices relative to C11–C21
n-alkanes on HP-5MS capillary column; C Relative area percentage (peak area relative to the total peak area, %); EO
a: EO extracted with lithium salt; EO b: EO extracted without lithium salt; EO c: EO extracted by heating mantle.

3.7. Bacteriostatic Activity of EO

When the concentration reached 40 µL/mL, the bacteriostatic zones are 23.7 ± 0.11 mm,
21.1 ± 0.09 and 20.1 ± 0.05 mm (As is shown in Table 4), respectively. The positive control
substance (antibiotics) on the bacteria inhibition is equally obvious. which may be due to
the fact that EO contains terpenoids with a large number of hydrophobic groups, which
can dissolve lipid compounds on the cell membrane and lead to their dissolution and
outflow in the cell, thus damaging the cell structure. It is worth noting that ampicillin
and EOs have some similarities in bacteriostatic principle. Rifampicin is an antibacterial
agent that interferes with the key enzyme of RNA synthesis, thus inhibiting the synthesis of
bacterial RNA and blocking the RNA transcription process, making it difficult for bacteria
to proliferation [44]. Therefore, the significant bacteriostatic activity of EOs is inseparable
from their rich chemical composition.

Table 4. Inhibition of EO on different species of bacteria.

A B (mm) Samples

Positive EO Samples Blank

SA 23.7 ± 1.1 a
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Table 5. Correlation analysis (EO concentration and inhibition zone size).

SA RS ECCB

Pearson correlation 0.863 * 0.817 * 0.841 *
Significance (bilateral) 0.027 0.047 0.036

* There was a significant correlation at the level of 0.05.

4. Conclusions

In this study, we discuss mainly the MMHSA synchronous extraction of EO and
polysaccharides from guava leaves. During the extraction process, we discussed the influ-
ence of different lithium salts on the extraction rate. The single factor method was used to
discuss and verify the effect of different factors on the extraction rate. Principal Component
Analysis (PCA) showed that the most significant effects on EO and polysaccharide yield
were solid–liquid ratio, microwave time, and irradiation power, the maximum yield of EO
is 10.27 ± 0.58 mL/kg·DW, and the yield of polysaccharides is 50.31 ± 1.88 g/kg·DW. The
above studies indicated that EO extracted method had a development prospect.
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