
Arabian Journal of Chemistry (2021) 14, 103328
King Saud University

Arabian Journal of Chemistry

www.ksu.edu.sa
www.sciencedirect.com
ORIGINAL ARTICLE
Cinnamomum camphora leaves as a source of

proanthocyanidins separated using microwave-

assisted extraction method and evaluation of their

antioxidant activity in vitro
* Corresponding authors at: College of Life Sciences, Jiangxi

Normal University, Nanchang 330022, China.

E-mail addresses: zaizhiliu@hotmail.com (Z. Liu), zouzrjxnu@163.

com (Z. Zou).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

https://doi.org/10.1016/j.arabjc.2021.103328
1878-5352 � 2021 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/).
Zaizhi Liu a,*, Hualan Li a, Yanlong Qi b, Zheng Zhu a, Dai Huang a, Ke Zhang a,

Jun Pan
a
, Lan Wen

a
, Zhengrong Zou

a,*
aCollege of Life Sciences, Jiangxi Normal University, Nanchang 330022, China
bKey Laboratory of High-Performance Synthetic Rubber and Its Composite Materials, Changchun Institute of Applied
Chemistry, Chinese Academy of Sciences, Renmin Road, Changchun 130022, China
Received 8 June 2021; accepted 9 July 2021
Available online 17 July 2021
KEYWORDS

C. camphora;

Proanthocyanidins;

Microwave-assisted extrac-

tion;

Optimization;

Antioxidant activity
Abstract Cinnamomum camphora is a notable tree species of great significance to human beings.

Proanthocyanidins (PCs) were separated from C. camphora leaves using microwave assisted extrac-

tion (MAE) method. Four variables of the MAE procedure were studied using the Box-Behnken

design of response surface method. The results demonstrated that the optimal extraction conditions

were: ethanol concentration of 77%; liquid/solid ratio of 20 mL/g, microwave time of 18 min, and

microwave power of 530 W to achieve an actual yield of 81.56 ± 2.03 mg/g for C. camphora PCs.

Extraction kinetic study results indicated that MAE is the most efficient method for C. camphora

leaf PCs extraction under the obtained conditions in comparison to the reference methods (heat

reflux extraction, ultrasound extraction, and Soxhlet extraction), by which the highest yield of

PCs and the volumetric mass transfer coefficient were obtained in the shortest extraction time.

Antioxidant activity study revealed that C. camphora leaf PCs could be used as a natural alternative

to the synthetic commercial antioxidants.
� 2021 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

Proanthocyanidins (PCs) are polyphenolic compounds with high

molecular weight, which derivate from the polymerization of flavan-

3-ols (Neto et al., 2020). Thanks to their potential antioxidant activity

(Jayaprakasha et al., 2001; Liu & Yang, 2018), antimicrobial activity

(Allaker & Douglas, 2009; de Moura Martins et al., 2020), and low

toxicity (Yamakoshi et al., 2002), PCs have been used as food additives

in the food industry to replace the traditional synthetic chemicals as
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Fig. 1 The apparatus of MAE.
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stabilizers added in cooking oils and meats (Taghvaei & Jafari, 2015;

Lau & King, 2003). Moreover, PCs have exhibited great beneficial

effects against various diseases such as anti-tumor (Olaku et al.,

2015), cardiovascular diseases (Pons et al., 2014), asthma (Li et al.,

2017), anti-obesity (Pascual-Serrano et al., 2018).

Cinnamomum camphora is a large broad-leaved evergreen tree spe-

cies belonging to the Lauraceae family, which has been extensively cul-

tivated in China for over two thousand years as a valuable timber and

aromatic tree (Babu et al., 2003). C. camphora has been used in Chi-

nese folk medicine to treat diseases (Shi et al., 2016; Hamidpour

et al., 2013). Nowadays, it has attracted much attention on the utiliza-

tion of C. camphora leaf essential oil, as this essential oil is widely

applied as a food additive and the major ingredient in pharmacy,

domestic chemical, flavors and perfume (Chen et al., 2020; Tian

et al., 2021). In return, large amount of deoiled leaf residues produced

as by-products every year and generally disposed in a way that bring

about a higher environmental impact (Ritchie and Roser, 2017).

Meanwhile, a previous study has pointed out that reasonably harvest-

ing C. camphora leaves could facilitate sustaining good conditions for

growth (Chen et al., 2016). Therefore, the deoiled C. camphora leave

residues are ideal materials for PCs extraction. Osawa et al. (2011)

have identified the chemical structures of C. camphora PCs, however,

there is no study on the separation of PCs from C. camphora leaves

and evaluation of their bioactivities. Herein, it is of great significance

to extract C. camphora leaf PCs and explore their antioxidant

activities.

The techniques employed to recover PCs from plant materials can

be concluded into two categories: traditional and untraditional meth-

ods. The traditional methods include heat reflux extraction (HRE),

Soxhlet extraction (SE), and maceration extraction, while the later

includes microwave assisted method (MAE), ultrasound assisted

method (UAE), and supercritical fluid extraction (Papagiannopoulos

et al., 2002; Liu et al., 2017; Neto et al., 2020; Da Porto et al.,

2014). The MAE method is commonly applied among these techniques

thanks to its easy operation, saving energy and time, and reduction in

solvent (Qin et al., 2021; Sánchez-Camargo et al., 2021). Nonetheless,

the study regarding the isolation of PCs from C. camphora leaves using

MAE is yet to be reported. Many parameters in MAE process can

affect the target compounds yield, including solvent concentration,

extraction time and temperature, liquid/solid ratio, and microwave

power (Sharma et al., 2020; Liu et al., 2021). Herein, it is to screen

and optimize the performing conditions during the MAE process to

obtain the desirable responses (Pinela et al., 2016). Response surface

methodology (RSM) is a statistical-based methodology that employs

quantitative data to analyze and fit multinomial quadratic equation

to optimize the condition of factors and predict the desirable response

(Hwang et al., 2002). RSM has been employed to optimize the separa-

tion process and predict PCs’ maximum extraction yield from plant

materials (Bhuyan et al., 2015; Zhao et al., 2020).

In the present study, MAE was employed to separate PCs from C.

camphora leaves. Four process factors (ethanol concentration, liquid/-

solid ratio, and microwave time and power) were investigated via a

Box-Behnken design (BBD) of RSM to obtain the optimal conditions

for PCs extraction. Meanwhile, the antioxidant activity of PCs was

studied in vitro. The results would provide the basis for the further

practical applications of C. camphora leaf PCs.

2. Materials and methods

2.1. Chemicals and material

2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s-
triazine (TPTZ), 6-hydroxy-2,5,7,8-tetramethylchroman-2-car

boxylic acid (Trolox) used for the antioxidant assays are pur-
chased from Sigma–Aldrich (St. Louis, MO, USA). All the
other chemicals and reagents were procured from Aladdin
Reagent (Shanghai, China) and used in the experiments with-
out further purification.

C. camphora leaves were obtained from Jiangxi Normal

University campus (Nanchang, China) and identified by Prof.
Zhengrong Zou (Jiangxi Normal University, China). Fresh C.
camphora leaves were dried in the darkness for 7 days at

around 25 �C and then grinded. Before MAE of PCs, the leaf
powders were decreased three times by macerating for 4 h with
the addition of 2 L petroleum ether (boiling range 60–90 �C)
and then filtered. The supernatant was condensed under a vac-
uum to recover petroleum ether while the defatted materials
were dried again and stored in a closed desiccator for further
experiments.

2.2. MAE apparatus

A domestic WP700SL23 microwave oven (Guangdong Galanz

Enterprise Co., Ltd., China) was employed in the MAE pro-
cess to extract C. camphora leaf PCs. The preestablished
microwave time and power can be changed by rotating the

control panel as introduced in our previous research (Liu
et al., 2018), as shown in Fig. 1. The laboratory used MAE
apparatus was equipped with a Clevenger condenser and con-

nected with a glass flask by a hole pre-dug on the top of the
microwave oven. During the MAE process, polytetrafluo-
roethylene was used to avoid microwave leakage by wrapping
the external upper part of the glass flask around the hole. The

rectangular of the microwave oven bath’s interior size was
215 mm � 350 mm � 330 mm. The extraction apparatus
worked at a normal pressure operating at a frequency of

40 kHz. Based on the previous study (Lucchesi et al., 2007;
Feki et al., 2021), nominal microwave powers (120, 230, 385,
540, and 700 W) were employed to describe the parameters

in the MAE process.
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2.3. Extraction and determination of C. camphora leaves PCs

2.3.1. Extraction of PCs of C. camphora leaves

The de-oiled leaf powders of C. camphora leaves (5 g) were

transferred into glass flask and then extracted under different
conditions by MAE. The effects of MAE factors, including
ethanol concentration, liquid/solid ratio, microwave time,
and microwave power on the yield of PCs from C. camphora

leaves were studied using single experimental trials to obtain
the suitable ranges for the following optimization by BBD.
Afterwards, the suspension liquids were filtered and then

stored in a refrigerator at 4 �C before measuring the PCs con-
tents in the extracts.

2.3.2. Experimental design and optimization

The independent or interactive effects of variables in the
extraction process could determine the extraction efficiency
(Sabino et al., 2021). Therefore, BBD was applied to investi-

gate the factors: ethanol concentration (A), liquid/solid ratio
(B), microwave time (C), and microwave power (D). Table 1
demonstrated the levels of the code and the real variables

and the complete experimental design, which contains 29 runs
(5 replicates are the central points). The experimental data was
fitted using a second-order polynomial equation (Eq. (1)):

Y ¼ b0 þ
Xk

i¼1

biXi þ
Xk

i¼1

biiX
2
ii þ

Xv

i

Xk

j

bijXiXj ð1Þ
Table 1 Coded and real levels of BBD and the predicted and obse

Runa A B C

1 100 (+1) 20 (0) 20 (+1

2 75 (0) 20 (0) 20 (+1

3 50 (-1) 25 (+1) 15 (0)

4 50 (-1) 20 (0) 15 (0)

5 75 (0) 20 (0) 20 (+1

6 50 (-1) 20 (0) 20 (+1

7 50 (-1) 15 (-1) 15 (0)

8 75 (0) 25 (+1) 15 (0)

9 75 (0) 15 (-1) 15 (0)

10 50 (-1) 20 (0) 10 (-1)

11 100 (+1) 25 (+1) 15 (0)

12 100 (+1) 20 (0) 15 (0)

13 75 (0) 15 (-1) 10 (-1)

14 75 (0) 25 (+1) 10 (-1)

15 100 (+1) 20 (0) 15 (0)

16 75 (0) 20 (0) 10 (-1)

17 75 (0) 20 (0) 15 (0)

18 100 (+1) 20 (0) 10 (-1)

19 75 (0) 20 (0) 15 (0)

20 75 (0) 20 (0) 15 (0)

21 75 (0) 20 (0) 15 (0)

22 50 (-1) 20 (0) 15 (0)

23 75 (0) 20 (0) 10 (-1)

24 100 (+1) 15 (-1) 15 (0)

25 75 (0) 20 (0) 15 (0)

26 75 (0) 25 (+1) 15 (0)

27 75 (0) 25 (+1) 20 (+1

28 75 (0) 15 (-1) 20 (+1

29 75 (0) 15 (-1) 15 (0)

a A: Ethanol concentration, %; B: Liquid/solid ratio, mL/g; C: Microw
where b0, bi, bii, and bij are variables, k is the number of the

tested variables, Xi and Xj are the independent variables, and
Y is the predicted response.

2.3.3. Determination of PCs

The Vanillin assay method was employed to determine PCs
content with some modifications (Sun et al., 1998). The sample
solution (1 mL) was blended with 1.5 mL of hydrochloric acid

and 3 mL of 40 mg/mL vanillin in methanol (w/v). A control
group was performed by replacing the vanillin solution with
methanol to calibrate the absorbance by non-vanillin reactive
substances to exclude the effect of the interference effect

(e.g., anthocyanins). After incubation in water bath
(20 ± 1C�) for 15 min, the absorbance of the samples and con-
trol groups was determined at 500 nm and their difference was

applied to measure the PCs in C. camphora leaves, which was
conveyed as mg grape PCs/g samples (dry weight). Calculation
of PCs was on the basis of a generated calibration curve using

grape PCs (y = 3.284 � �0.0046, R2 = 0.9979).

2.4. Extraction kinetic model of MAE and the reference methods
for C. camphora leaf PCs

On the basis of previous studies (Wongkittipong, et al., 2004;
Handayani et al., 2008), mass transfer is the mechanism con-
trol for the solid–liquid extraction process. Herein, the extrac-

tion kinetic model of Fick’s law, namely the following first-
rved responses.

D Yield (mg/g)

Predicted Actual

) 385 (0) 75.83 75.51

) 230 (-1) 65.45 66.61

385 (0) 73.61 73.23

540 (+1) 73.55 73.44

) 540 (+1) 77.67 78.37

) 385 (0) 68.35 67.05

385 (0) 68.44 70.06

540 (+1) 78.18 79.18

540 (+1) 72.96 72.38

385 (0) 69.99 70.06

385 (0) 73.03 71.61

230 (-1) 66.96 67.11

385 (0) 69.34 69.31

385 (0) 71.84 72.22

540 (+1) 72.47 72.42

230 (-1) 65.24 64.73

385 (0) 75.68 74.41

385 (0) 66.08 67.14

385 (0) 75.68 75.43

385 (0) 75.68 76.40

385 (0) 75.68 75.91

230 (-1) 62.32 62.42

540 (+1) 69.76 68.79

385 (0) 72.58 73.16

385 (0) 75.68 76.24

230 (-1) 67.4 67.74

) 385 (0) 76.21 76.29

) 385 (0) 73.09 72.76

230 (-1) 67.00 65.75

ave time, min; D: Microwave power, W.
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order equation Eq. (4) was employed to plot the extraction
kinetics:

Y ¼ Ye½1� expð�KL � a � tÞ� ð2Þ
where Y and Ye (mg/g) are the yields of C. camphora leaf PCs

at any time in bulk liquid and reaching the extraction equilib-
rium; KL _sa is the volumetric mass transfer coefficient; t (min)
represents the extraction time.

HRE, UAE, and SE were employed as the reference meth-
ods for C. camphora leaf PCs extraction, and they were com-
pared to MAE. HRE and SE were carried out at 1000 W for

4 h in a digital heating unit, jacket at an operation power of
1000 W for 4 h. The UAE was carried out in a digital water
bath oscillator (Kunshan, Jiangsu) at a nominal power of

250 W for 1 h. The other extraction conditions were the same
as the obtained optimal conditions.

2.5. Antioxidant activity

2.5.1. Scavenging ability on DPPH free radicals of PCs

The scavenging activities on DPPH radicals of PCs were per-

formed based on the method proposed in the previous study
(Liu & Yang, 2018). A 25 mg/L DPPH solution was prepared
using anhydrous ethanol. 3.9 mL of DPPH solution was mixed
Fig. 2 Effects of ethanol concentration (a), liquid/solid ratio (b), mic

C. camphcra leaves.
with 0.1 mL of sample solutions of different concentrations
(0.05, 0.1, 0.2, 0.3, 0.4, 0.5 mg/mL), respectively. Afterward,
the mixtures were placed at 20 �C for 30 min and then mea-

sured at 517 nm. The blank group included 3.9 mL of DPPH
solution and 0.1 mL of ethanol. Vitamin C (VC), butylated
hydroxytoluene (BHT) and butylated hydroxytoluene (BHA)

were investigated as the positive controls. The formula of
DPPH radical scavenging activity of samples was presented
as follows:

Scavenging activityð%Þ ¼ ðA0 � A1Þ=A0 � 100% ð3Þ
where A1 refers to the absorbance of the sample group, A0

refers to the absorbance of the blank group.

2.5.2. Ferric reducing antioxidant power (FRAP) of PCs

The FRAP assay is performed based on the previously pub-
lished study (Oyaizu, 1986). The FRAP stock solution was pre-
pared by mixing of 300 mM acetate buffer (25 mL, pH 3.6),

10 mM TPTZ solution (2.5 mL) and 20 mM FeCl3_s6H2O solu-
tion (2.5 mL) and was incubated at ambient temperature
(37 ± 2 ◦C) for 30 min. The sample solution (0.15 mL) was
blended with the FRAP stock solution (2.85 mL), placed in

the darkness for 30 min, and determined at 593 nm. VC,
BHT, and BHA were used as the positive controls. Trolox
rowave time (c) and microwave power (d) on the yield of PCs from
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was employed to plot a standard curve with concentrations
ranging from 37.5 to 600 mM. The FRAP was conveyed as
mM Trolox equivalents per gram PCs.
2.5.3. Reducing power of PCs

The reducing power of PCs was investigated on the basis of a
previous study (Oyaizu, 1986). One milliliter of the sample

solutions (0.03–0.15 mg/mL) was combined with 2.5 mL of
0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% K3Fe
(CN)6 and then the tubes were capped and incubated at

50 �C for 20 min. Afterward, 2.5 mL of 10% trichloroacetic
acid was added in reaction mixtures and then the mixtures
were centrifuged (3000g) for 10 min. The upper supernatant

(2.5 mL) was blended with 2.5 mL of distilled water and
0.5 mL of 0.1% FeCl3 and then measured at 707 nm. The
blank groups were prepared using ethanol solution to replace

the sample solutions, VC, BHT, and BHA were investigated
as the positive controls.
2.6. Statistical analysis

Design Expert 8.0 software (Stat-Ease, Minneapolis, USA)
was employed to carry out BBD. Analysis of variance
(ANOVA) investigated the significance of differences in the

C. camphora leaf PCs yield. All assays were proceeded in trip-
licate (n = 3). The actual values of each run input into BBD
were conveyed as the mean values based on the built-in default

settings in Design Expert 8.0 software. The other data was
given as the mean values ± standard deviation.
Table 2 Analysis of variance (ANOVA) for the experimental resul

Source Sum of squares Degrees of freedom Mean sq

Modela 504.90 14 36.06

A 9.52 1 9.52

B 23.66 1 23.66

C 49.37 1 49.37

D 210.17 1 210.17

AB 5.57 1 5.57

AC 32.38 1 32.38

AD 8.15 1 8.15

BC 0.096 1 0.096

BD 5.78 1 5.78

CD 14.82 1 14.82

A2 64.78 1 64.78

B2 2.34 1 2.34

G2 39.14 1 39.14

H2 88.51 1 88.51

Residual 16.99 14 1.21

Lack of fit 14.42 10 1.44

Pure error 2.57 4 0.64

Cor totalb 521.89 28

Std. Dev.c Mean C.V.d % Press R2

1.1 71.58 1.54 87.07 0.9675

a A: Ethanol concentration, %; B: Liquid/solid ratio, mL/g; C: Microw
b Cor Total: Totals of all information corrected for the mean.
c Std. Dev.: Standard deviation.
d C.V.: Coefficient of variation.
f * Signifcant at P � 0.05, ** Signifcant at P � 0.01, *** Signifcant at
3. Results and discussion

3.1. Single factor experimental analysis

3.1.1. Effect of ethanol concentration on PCs yield

The solubility of target compounds in the solvent strongly con-
nects to the extraction efficiency in separation science (Lovrić
et al., 2017). Hence, ethanol concentration was investigated to

clarify its effect on the procedure for plant PCs extraction.
Ethanol concentration was varied between 0 and 100% against
water as liquid/solid ratio, microwave time, and power were
kept at 20 mL/g, 15 min, and 385 W, respectively. The results

demonstrated that the highest yield of PCs was obtained at an
ethanol concentration of 75% (74.96 ± 2.50 mg/g) as depicted
in Fig. 2a. The further increase in ethanol concentration led to

a significant decrease in C. camphora leaf PCs yield. This is
likely due to two reasons: on the one hand, an increase in etha-
nol concentration led to the decrease of polarity, and hence

giving rise to the insufficient extraction of oligomeric PCs
(Murga et al., 2000); on the other hand, a high concentration
of ethanol can promote the conversion of proanthocyanidins
into anthocyanidins (Gao et al., 2020). A similar phenomenon

was also observed in the previous studies (Downey & Hanlin,
2010; Bosso et al., 2016). Therefore, the range of ethanol con-
centration was determined from 50% to 100% in the subse-

quent optimization study.

3.1.2. Effect of liquid/solid ratio on PCs yield

The effect of liquid/solid ratio on the C. camphora leaf PCs

yield was also investigated. The yield of PCs was measured
ts.

uare F value P value Prob > F Inferencef

29.72 < 0.0001 ***

7.85 0.0141 *

19.50 0.0006 ***

40.69 < 0.0001 ***

173.22 < 0.0001 ***

4.59 0.0502 ns

26.68 0.0001 ***

6.72 0.0213 *

0.079 0.7825 ns

4.77 0.0465 *

12.22 0.0036 **

53.39 < 0.0001 ***

1.93 0.1869 ns

32.26 < 0.0001 **

72.95 < 0.0001 ***

2.25 0.2262 ns

Adjusted R2 Predicted R2 Adequate precision

0.9349 0.8332 20.014

ave time, min; D: Microwave power, W.

P � 0.001, ns Not signifcant.



Fig. 3 Diagnostic plots for model adequacy checking. Normal

plot (a), residuals vs. run number (b), and predicted vs. actual (c).
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by varying liquid/solid ratio between 10 and 30 mL/g at fixed
50% of ethanol concentration, 15 min of microwave power,
and 385 W of microwave power. As presented in Fig. 2b, it

was seen that the PCs significantly raised with initially increas-
ing of liquid/solid ratio. Nevertheless, when the liquid/solid
ratio increased from 25 mL/g to 30 mL/g, the PCs yield

showed a nonsignificant increase. Hence, the range between
15 and 25 mL/g was used for the next optimization
investigations.

3.1.3. Effect of microwave time on PCs yield

Microwave time is a crucial parameter in the extraction pro-
cess of MAE. Inadequate microwave time, either shorter or

longer microwave time, can change the yield of target com-
pounds from the plant matrix. This is because the underexpo-
sure or overexposure of plant materials under microwave

radiation could decrease the extraction yield of target compo-
nents. Thus, the effect of microwave time on C. camphora leaf
PCs yield was investigated within the range of 5 to 25 min as
shown in Fig. 2c; and the other variables including ethanol

concentration, liquid/solid ratio, and microwave power were
maintained at 50%, 20 min, and 385 W, respectively. PCs yield
was observed and obviously increased as microwave time func-

tion increased from 5 to 15 min and followed by a significant
decline when the microwave time exceeded 15 min. This phe-
nomenon demonstrated the dissolution process of target com-

pounds from solid to the solvent stopped as the longtime
exposure to microwave radiation triggered degradation
(Alara and Abdurahman, 2019). The range of microwave time

was then determined from 10 to 20 min for further
optimization.

3.1.4. Effect of microwave power on PCs yield

On the basis of the previous study (Dahmoune et al., 2014),
microwave irradiation is triggered by the dissemination of elec-
tromagnetic energy and can promote the mass transfer coeffi-
cient between the extraction solvent and the plant materials.

For that reason, microwave power was changed within
120 W, and 700 W was kept at 50% of ethanol concentration,
20 mL/g of liquid/solid ratio, and 20 min of microwave time.

The PCs yield increased with an enhancement of microwave
power from 120 W to 385 W, and a further increase in micro-
wave power did not significantly enhance PCs yield. Still, an

apparent decrease of over 540 W of microwave power
(Fig. 2d). The reduction in PCs beyond 540 W could be attrib-
uted to the effect of the excessive microwave irradiation origi-

nated from improved power. Therefore, the range of
microwave power from 230 to 540 W was screened for the sub-
sequent optimization process.

3.2. Process optimization of experiments by BBD

3.2.1. Model fitting and regression coefficients

BBD is autonomous without any influences on the abovemen-
tioned screening proposals. Three levels of each variable are
usually recommended, whereas runs in which all variables

simultaneously at lower or higher points are not included,
building a design with fewer trials and thus more economical



Fig. 4 3-D response surface plots from BBD. (a) The interactive influences of ethanol concentration (A) and microwave time (C) on PCs

yield from C. camphcra leaves while fixing liquid/solid ratio and microwave power at the middle level of 20 mL/g and 385 W; (b) the

interactive influences of the ethanol concentration (A) and microwave power (D) on PCs yield from C. camphcra leaves while at the

average liquid/solid ratio (20 mL/g) and microwave time (15 min); (c) the interactive influences of liquid/solid ratio (B) and microwave

power (D) on C. camphcra leaf PCs yield while fixing ethanol concentration (A) and microwave time at the middle level of 75% and

15 min; and (d) the interactive influences of microwave time (C) and power (D) on C. camphcra leaf PCs yield while fixing ethanol

concentration (A) and liquid/solid ratio (B) at the middle level of 75% and 20 mL/g.
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(Massart et al., 1997). Twenty-nine runs associated with four
variables, namely ethanol concentration (A), liquid/solid ratio
(B), microwave time (C), and microwave power (D) of MAE,
were carried out for the further optimization of the PCs extrac-

tion process using BBD to obtain the optimal conditions as
presented in Table 1. The regression analysis was carried out
to study the actual responses acquired from the experiments,

and a quadratic regression model equation was finally gener-
ated as given in Eq. (4):

Y ¼ 2:62þ 0:74� Aþ 1:02� Bþ 0:60� Cþ 0:11�D

þ 0:02� AC� 3:68� 10�4 � ADþ 1:55� 10�3

� BDþ 2:48� 10�3 � CD� 5:05� 10�3 � A2

� 0:02� B2 � 0:10� C2 � 1:54� 10�4 �D2 ð4Þ
The model significance and suitability were tested by anal-
ysis of variance (ANOVA) for the response. The regression
coefficients of the developed model including the intercept, lin-
ear, quadratic, and interaction terms were investigated and

submitted to a significance test. P value was applied to exam-
ine the significance of each coefficient. P values less than 0.05
demonstrate the corresponding term is significant. The

ANOVA analysis results of the PCs yield are given in Table 2.
A good connection was observed between the PCs yield and
the process variables as evidenced by a coefficient of determi-

nation (R2) of 0.9675; the values of adjusted R2 (0.9349) also
showed an excellent agreement to that of predicted R2

(0.8332). Furthermore, coefficient of variance (C.V.% =

1.54) implied a good reproducibility of the developed model.
The model F value of 29.72 with a P value of 0.2262 for lack
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of fit all implied that the developed model is significant,
indicating that the model can be applied to further analyze
of the correlations of variables within the boundaries used.

ANOVA results revealed that all four individual factors were
significant model terms, while with respect to the interactions
between variables and only the interactions of liquid/solid

ratio (B) versus ethanol concentration (A) and microwave time
(C) were nonsignificant terms.

3.2.2. Investigation of model adequacy

Three diagnostic plots of the developed model, including nor-
mal plot, residuals vs. run number, and predicted vs. actual.
Fig. 3a showed that the residuals follow a normal distribution

and were distributed mainly in the straight line. Therefore, the
error of the developed secondary model was normally and
identically distributed (Sekhar et al., 2021). The residuals vs.

run number plot (Fig. 3b) showed a random distribution of
data points in the range of �3 to 3 surround the central line,
which implied that the developed quadratic model built inter-
action between the causal parameters of the MAE method and

the PCs yield. The actual responses obtained based on experi-
mental trails were depicted against the predicted response
(Fig. 3c). This plot aims to seek out a value or a cluster of val-

ues that the developed model could not easily predict. It was
observed that the predicted values by the developed model
have a linear relation with the actual values. Briefly, the three

diagnostic plots indicated that the developed model has a good
capacity to optimize the MAE process for PCs extraction from
C. camphora leaves.
Fig. 5 Mass transfer kinetics curves of microwave-assisted

extraction (MAE) and reference methods for extraction of C.

camphcra leaf PCs.

Table 3 Experimental data, the fits of mass transfer kinetic model

Method Y fitted (mg/g) Y experiment (mg/g

MAE 84.39 ± 1.55 81.56 ± 2.03a

UAE 75.54 ± 2.06 73.91 ± 1.94b

HRE 72.59 ± 1.72 69.91 ± 1.67b

SE 67.30 ± 1.99 65.25 ± 1.88c
3.2.3. Effects of MAE conditions on PCs through RSM

Fig. 4a showed the 3-D response surface plots for the yield of

PCs with varying ethanol concentration (A) and microwave
time (C) while fixing liquid/solid ratio (B) and microwave
power (D) at the middle level of 20 mL/g and 385 W, respec-

tively. The depicted plot showed that the PCs yield increased
gradually as the ethanol concentration and microwave time
increased, but they all exhibited a curvature as further

increased. The highest extracted PCs yield was 76.55 mg/g
and occurred at an ethanol concentration of 84% and at a
microwave time of 18 min. The 3-D response surface plot
was obtained for the yield of PCs with varying ethanol concen-

tration (A) and microwave power (D) at the average liquid/-
solid ratio (B) and microwave time (C) as shown in Fig. 4b.
It can be observed that ethanol concentration and microwave

power showed a quadric effect on PCs yield and the maximum
yield (76.86 mg/g) of PCs can be obtained when ethanol con-
centration and microwave power were 75% and 472 W, respec-

tively. Fig. 4c depicted the interactive influence of liquid/solid
ratio (B) and microwave power (D) on the PCs yield; by
improving microwave power from 230 to 500 W, the C. cam-

phora leaf yield of PCs tends towards increase with liquid/solid
ratio enhancing to optimum values and then gradually
decreased. Fig. 4d and Table 2 showed a strong interaction
between microwave time (C) and power (D) significantly influ-

encing PCs yield. By increasing the microwave time to 18 min
and microwave power to 501 W, the optimum PCs yield of
77.97 mg/g was achieved from C. camphora leaves. The syner-

getic effect between microwave time and power can be illus-
trated by improving the extraction system temperature,
increasing the extraction yield. Based on the previous study

(Alara et al., 2021), an increase of microwave power or micro-
wave time enables keeping the temperature in the microwave
oven at high levels, giving rise to the maximum extraction

yields.

3.2.4. Method validation

RSM has performed the process optimization of the PCs

extraction process on the developed quadric regression equa-
tion. The optimal MAE conditions with a predicted yield of
79.79 mg/g for C. camphora leaf PCs were obtained as:
76.90% of ethanol concentration, 19.68 mL/g of liquid/solid

ratio, 18.39 min of microwave time, and 525.59 W of micro-
wave power. The validation experiments were performed three
times with the slight modifications of the optimal conditions

(77% of ethanol concentration, 20 mL/g of liquid/solid ratio,
18 min of microwave time, and 530 W of microwave power)
to verify the accuracy and acceptance of the MAE process.

A mean yield of 81.56 ± 2.03 mg/g was obtained for C. cam-
phora leaf PCs extraction, which indicated that the obtained
conditions by BBD are reliable.
and the fitted parameters Ye and KL�a.
) KL�a R2 Adjust R2

0.1629 0.9992 0.9990

0.0710 0.9922 0.9914

0.0133 0.9969 0.9961

0.0102 0.9975 0.9969



Fig. 6 Antioxidant activity of PCs from C. camphcra leaves. (a) DPPH radical scavenging activity, (b) ferric scavenging activity, and (c)

reducing power.
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3.3. Comparison with the reference methods and kinetic study

Extraction kinetic curves were depicted to compare the behav-
iors of different methods on C. camphora PCs extraction as
presented in Fig. 5. MAE possessed significantly higher PCs

yield in the function of shortest extraction time than those of
SE, HRE, and UAE. The results also demonstrated that
MAE is the most effective method, with the extractive effec-
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tiveness improving 10.35%, 16.67%, and 25.00% compared to
UAE, HRE, and SE, respectively. The fitted parameters of Y
fitted and kL�a were investigated using the nonlinear fit of

Eq. (3) to the actual experimental data and summarized in
Table 3. High R2 and adjust R2 (>0.99) for the MAE and
three reference methods denoted that the selected first-order

kinetic model could fit the extraction processes for C. cam-
phora PCs. The parameter kL�a of MAE was dramatically
higher than those of the three reference methods. This is prob-

ably owing to that the extraction system temperature influ-
ences the diffusivity coefficient, and the microwave oven
temperature increase quickly in a short time under microwave
irradiation (Feki et al., 2021). Meanwhile, the increased diffu-

sivity coefficient increased the mass transfer rate of PCs from
solid to liquid. The majority of PCs are isolated within
20 min by MAE, while the reference methods needed a longer

time to reach the extraction equilibrium. Hence, the proposed
approach is a potential candidate for the separation of PCs
from C. camphora leaves.

3.4. Antioxidant activity

3.4.1. DPPH radical-scavenging activity

The DPPH free radical could receive an electron or hydrogen
radical and transform into a stable diamagnetic molecule
(Soares et al., 1997). The DPPH stock solution was prepared

with a maximum absorbance of 0.84 at 517 nm. Its purple
color usually fades when DPPH solution is mixed with the
antioxidant reagents, leading to a decrease in absorbance at

517 nm (Ma et al., 2012). As depicted in Fig. 6a, the scaveng-
ing activity of all the samples increased with the increase of
their concentrations, and the DPPH scavenging influence

decreased in that order: BHA > PCs > VC > BHT.

3.4.2. FRAP

The antioxidant potential of C. camphora leaf PCs was inves-

tigated for their ability to convert the TPTZ-Fe3+ complex
into the PTZ-Fe2+ complex. The FRAP conveyed by Trolox
equivalent antioxidant capacity and the FRAP of PCs, BHA,

BHT and VC were given in Fig. 6b. The results obviously
demonstrated that the PCs from C. camphora leaves possessed
the highest FRAP to those of BHA, BHT, and VC. The results
indicated that C. camphora leaf PCs had strong FRAP in com-

parison to the commercial antioxidants.

3.4.3. Reducing power

Reducing power trials were performed as an indicator to esti-
mate the antioxidant activity of C. camphora leaf PCs. The
existence of reductants in the mixed solution gives rise to the
conversion of Fe3+ or ferricyanide into Fe2+ and then Fe2+

is detected by measuring the absorbance at 707 nm
(Ardestani and Yazdanparast, 2007). As shown in Fig. 6c,
the reducing power of C. camphora leaf PCs and the reference

groups all improved linearly with an increase in their concen-
tration. PCs showed a little bit weaker reducing power than
the reference samples.

4. Conclusion

In this study, MAE was applied for the separation of C. camphora leaf

PCs. The RSM of BBD was employed to optimize the MAE process.

The optimal extraction conditions were achieved with a predicted yield
of 79.79 mg/g as follows: ethanol concentration of 77%; liquid/solid

ratio of 20 mL/g, microwave time of 18 min, and microwave power

of 530 W. Extraction kinetic curves were depicted using a first-order

kinetic model and the results implied that MAE possessed the highest

yield and volumetric mass transfer coefficient than the reference meth-

ods (SE, HRE, and UAE) for PCs extraction from C. camphora leaves

under the obtained conditions. Compared to the commercial antioxi-

dants, C. camphora leaf PCs showed strong antioxidant activity

in vitro which could be applied as promising natural antioxidants in

the food industry.
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