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Abstract
Factorial design and Response Surface Methodology (RSM) were used to model the recovery of polyphenols from Schinus 
molle L. peel (SM) by solvent extraction. Experiments carried out according to a Central Composite Design (CCD) allowed 
evaluation of the effects of temperature, extraction time, solvent composition and solid to liquid ratio on the yield of polyphe-
nol. Statistical analysis showed that temperature was the most influential factor. A reduced polynomial model was developed 
by the stepwise regression method. The model was checked by performing validation experiments both inside and outside 
the factorial region. A very good agreement was observed between experimental and calculated extraction yields, thus sup-
porting the use of the model to quantitatively describe the recovery of polyphenols from SM.
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Abbreviations
RSM	� Response surface methodology
SM	� Schinus molle
CCD	� Central composite design
DPPH	� 1,1-diphenyl-2-picrylhydrazyl
TPC	� Polyphenol compounds yield
GAE	� Gallic acid equivalent
DM	� Plant dry matter
X1	� The non-coded values for temperature
X2	� The non-coded values for time
X3	� The non-coded values for solvent extraction
X4	� The non-coded values for solid to liquid ratio
A	� Absorbance
IC50	� Inhibition concentration at 50%
(T)	� Factor temperature
(p)	� Factor solid to liquid ratio
(S)	� Factor solvent composition

(t)	� Factor time of extraction
DF	� The degree of freedom
SS	� The sum of squares
F	� The F-value
P	� The P value
SE	� Standards errors
t	� The T-value

1  Introduction

The genus Schinus is native to South America. Schinus molle 
L. (Anacardiaceae) (pepper tree) is native to South Brazil, 
Uruguay, Bolivia, Perú and Central Argentina and has been 
cultivated throughout Europe. It was introduced in Tuni-
sia, as an ornamental plant, by French colonizers in the late 
1900s. Schinus molle L. is a quick-growing evergreen tree 
(8–10 m high), with perennial foliage that loses one-third of 
its leaves per year. The fruit is a greenish drupe that when 
mature, turns pink or light brown, depending on the area 
where it grows [1].

As a food ingredient, fruits of Schinus molle have been 
used in many countries as a substitute for black pepper 
and to prepare alcoholic drink and beverages. In Peru, 
molle fruit were soaked in water, sugar added, and then 
the mixture treated in specific vessels to obtain chicha 
de molle, which is drunk during certain festivities [2, 3]. 
Substantial data have shown that Schinus molle possesses 
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anti-bacterial, anti-viral, antifungal, anti-inflammatory, 
anti-tumoral, anti-spasmodic, analgesic and anti-depres-
sant properties [2, 4]. Other uses were also reported to 
treat fever, cough, colds, bronchitis, tuberculosis, asthma, 
conjunctivitis, ophthalmia, stomach pain (gastrointestinal 
disorders) and hemorrhoids. It has also been used for the 
treatment of toothache, rheumatism, menstrual disorders, 
respiratory and urinary tract infection [2, 5, 6]. In addition, 
Schinus molle L. extracts obtained with various solvents 
and its essential oil possess anti-bacterial, anti-fungal, 
antioxidant, insecticidal, analgesic, cytotoxic and tryp-
anocidal properties [6, 7]. The essential oils and extracts 
obtained from many plants have recently gained popularity 
and scientific interest because of their use in the food, drug 
and perfumery industries [2]. These biological activities 
of Schinus molle were attributed to a wide array of bioac-
tive components such as phenolic acids: gallic, caffeic, 
syringic, p-coumaric, trans-Ferulic and Quinic, as well 
as flavonoids including: Rutin, Hyperoside, Luteolin-7-O-
glucoside, Quercetrin, Quercetin, Kaempferol, Naringenin, 
Apigenin [5]. Quantity and quality of plant extracts were 
dependent on and many factors including type of solvent, 
temperature, time, solid to liquid ratio and particle size 
of the solute contribute to the efficacy of the extraction 
process. In classical optimization experiments only one 
factor is variable at a time and this method was called as 
one-factor-at-a-time approach. This technique was tedi-
ous, expensive, consuming and often fails to elaborate the 
interaction effects between variables. Response surface 
methodology (RSM) is a useful method to evaluate the 
effects of multiple factors and their interactions on one or 
more response variables. RSM can effectively be used to 
find a combination of factor levels that produce an opti-
mum response.

Therefore, the main goal of this research was to optimize 
a quick and low cost method in order to prepare a phenolic 
rich extract from Schinus molle L. peel growing in Gafsa 
(South of Tunisia). In addition, the response surface meth-
odology (RSM) was applied to find the optimal conditions 
for the extraction with regard to four independent variables 
including: solvent composition (ethanol–water), tempera-
ture, extraction time and solid to liquid ration of dry matter 
plant.

2 � Experimental

2.1 � Chemical and Reagents

Folin–Ciocalteu reagent, sodium carbonate anhydrous 
(Na2CO3), gallic acid and 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) were purchased from Fluka (Buchs, Switzerland).

2.2 � Plant material

Schinus molle L. peels (500 g) from adult trees was collected 
randomly on March 2018 from an experimental plantation in 
Zarroug Province (a city in the south-west of Tunisia, Gover-
norate of Gafsa, 34° 3′8.899″ North, 8°28′26.072″ East). The 
samples were air-dried at room temperature (20 ± 2 °C) for 
1 week. Samples were identified by Dr Abdessatar Ghobtane 
and according to the morphological description presented in 
Tunisian flora [8]. Voucher specimens were deposited, under 
the number SM2018, in the herbarium of the Department of 
biology of the Faculty of Sciences of Gafsa (Tunisia).

2.3 � Plant Extraction

2.3.1 � Maceration

For the extraction process, 10 g of plant material were placed 
into glass bottle containing 100 mL of extraction solvents 
under continuous agitation. The extraction temperature var-
ied between 40 and 60 ± 1 °C, time extraction ranged from 
40 to 120 min, solvent proportion (ethanol–water 40 to 60% 
(v/v)) and solid to liquid ratio (5 to 7.5 g/mL) were predeter-
mined using the experimental design summarized in Table 1 
[9]. Some research conducted the choice of parameters for 
example the research conducted by Azrie et al. [10] showed 
that water due to a higher polarity factor elutes more phe-
nolic compounds from the solid than ethanol. Ethanol was 
chosen as solvent due to its different molecular structure, is 
more effective in eluting such compounds as chlorogenic 
acid and flavonoids [11]. The mixture of water and ethanol 
provides higher polyphenol extraction efficiency than the use 
of these solvents separately. Galván d’Alessandro et al. [12] 
and Virot et al. [13] studying the solubility of polyphenols in 
various mixtures of water and ethanol achieved the highest 
solubility of these compounds in a 50% ethanol solution.

2.3.2 � Determination of Total Phenolics

Total Phenol content (TPC) was determined according to the 
Folin–Ciocalteu method as described before by Yahyaoui 

Table 1   Uncoded and coded Levels of variables for the experimental 
design

Independent parameters Factor levels

XJ − 1 0 1
X1 (T) Temperature (°C) 40 50 60
X2 (t) Time (min) 60 90 120
X3 (S) Ethanol proportion (%) 40 50 60
X4 (p) Solid to liquid ratio (g/mL) 5 7.5 10
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et al. [14] with some modification. Briefly, 300 μL sample 
of extract diluted in methanol (2 mg/5 mL) were added to 
1.5 mL of Folin–Ciocalteu reagent (10/100). After 1 min, 
1.2 mL of aqueous sodium carbonate (7.5%) was added. The 
mixture was vortexed and allowed to stand at room tempera-
ture with exclusion of light for 120 min. The absorbance 
was read 760 nm, using a UV–Visible spectrometer (BECK-
MAN DU 800). The total phenolic content in the extract was 
calculated from the calibration curve, using gallic acid as a 
standard, and the results were expressed as mg of gallic acid 
equivalents (mg GAE) per g of plant dry matter (DM). Three 
determinations were performed on each sample. For gallic 
acid, the curve of absorbance A versus concentration C of 
gallic acid as mg/mL is described by the equation Eq. (1):

2.3.3 � Experimental design for the Response Surface 
Methodology

The optimization of phenolics compounds extraction was 
carried out using RSM. The three level four-factor rotatable 
central composite design (CCD) consisting of 28 experi-
mental runs with three replicates at the center point. The 
independent variables were the temperature (X1,  °C), time 
(X2, min), ethanol proportion (X3,  %, v/v ethanol/water) 
and solid to liquid ratio (X4, g/mL). As displayed in the 
Table 1, three levels of values for each independent param-
eter were presented in their original and coded forms. Yield 
of phenolic coupounds extraction was chosen as the response 
of the design experiments Table 2.

A second-degree polynomial equation from RSM was 
used and given below Eq. (2).

where Y is the response (dependent variables); b0, b1, b2, 
b3, b11, b22, b33, b44, b12, b13 and b14 are the regression 
coefficients for intercept, linear, quadratic and interaction 
terms; X1, X2, X3 and X4 were the non-coded values for 
temperature, time, solvent extraction and solid to liquid ratio, 
respectively. Based on the variance analysis, the regression 
coefficients of individual linear, quadratic and interaction 
terms were calculated.

2.4 � Antiradical Activity

Antiradical activity was evaluated using 1, 1-diphenyl-
2-picrylhydrazyl free radical (DPPH) with some modifi-
cations [14, 15]. Aliquots (1.5 mL) of various dilutions of 

(1)C = 8.9321A + 0.0102
(

r2 = 0.9987
)

(2)
y = b0 +

∑4

i=1
bi Xi +

∑4

i=1
bii Xi2 +

∑3

i=1

∑4

j=i+1
bij Xi Xj the plant extracts were mixed with 1.5 mL of methanolic 

DPPH solution (0.2 mM). The mixtures were incubated 
for 30 min at 25 °C, then the absorbance at 520 nm was 
measured using a UV–Visible spectrometer (BECKMAN 
DU 800). The absorbance in the presence of plant extract 
was recorded as Asample while the absorbance of the control 
reaction was recorded as Ablank. The free radical-scaveng-
ing activity of each solution was then calculated as inhibi-
tion percentage as follows Eq. (3):

Antiradical activity was expressed as IC50 (mg/mL), 
defined as the concentration of the extract required to 
cause a 50% decrease in initial DPPH concentration. 
Ascorbic acid was used as positive control. All measure-
ments were performed in triplicate.

(3)% Inhibition =

[

A(blank) − A(sample)

A(blank)

]

× 100

Table 2   Experimental design and response values

N°exp X1 X2 X3 X4 Y (TPC expressed 
as mg GAE/g DM)

1 − 1 − 1 − 1 − 1 163.85
2 1 − 1 − 1 − 1 145.04
3 − 1 1 − 1 − 1 239.34
4 1 1 − 1 − 1 151.47
5 − 1 − 1 1 − 1 332.55
6 1 − 1 1 − 1 150.93
7 − 1 1 1 − 1 280.30
8 1 1 1 − 1 98.34
9 − 1 − 1 − 1 1 77.49
10 1 − 1 − 1 1 203.49
11 − 1 1 − 1 1 148.76
12 1 1 − 1 1 188.43
13 − 1 − 1 1 1 188.03
14 1 − 1 1 1 138.00
15 − 1 1 1 1 191.64
16 1 1 1 1 101.00
17 − 1 0 0 0 129.53
18 1 0 0 0 94.50
19 0 − 1 0 0 102.08
20 0 1 0 0 83.05
21 0 0 − 1 0 77.07
22 0 0 1 0 86.21
23 0 0 0 − 1 118.80
24 0 0 0 1 86.00
25 0 0 0 0 67.80
26 0 0 0 0 65.51
27 0 0 0 0 68.57
28 0 0 0 0 69.17
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2.5 � Statistical Analysis

All results were expressed as means ± standard deviations 
and all experiments were done in triplicate. The experimen-
tal data was analyzed by Nemrodw software.

3 � Results and Discussion

3.1 � Optimisation of TPC Extraction Yield

Fitting the model. The phenolic compounds extraction of S. 
molle extracts was further improved through RSM approach. 
The Experimental data and responses were reported in 
Table 2. The independent factors used in the design were 
extraction temperature (X1), extraction time (X2), ethanol 
proportion (X3) and solid to liquid ratio (X4). The extrac-
tion yield of TPC was the responses. The model provided a 
good fit to the data, with coefficient of determination (R2), 
adjusted-R2 and prediction-R2 equal to 0.982, 0.962 and 
0.859, respectively. In this investigation, a greater model fit 
was obtained. The determination coefficient of responses is 
near to 0.9, proving a good representation of the variability 
of the factors by the models. It is important to note that 
the model was considered accurate and reliable as the R2 is 
superior to 0.75 [16]. A comparison between experimental 
and calculated extraction yields is shown in Fig. 1.

Analysis of residuals indicated no apparent departures 
from basic ANOVA assumptions, i.e., normally distrib-
uted errors with constant variance and independent of one 

another. Furthermore, the lack of fit was not significant 
(p = 0.181, see Table 3), which further supports the model 
adequacy to describe the experimental data.

3.1.1 � Response Surface Analysis for Total Phenolics 
Content (TPC)

The results obtained during the optimization of the process 
showed that the amount of TPC varied considerably between 
65.51 ± 0.67 and 332.55 ± 3.59 mg GAE/g DM (Table 4). 
The highest amount was obtained with experiment num-
ber 5 while the lowest was obtained with experiment num-
ber 26 (50% of ethanol proportion with 7.5 mg/mL solid 
to liquid ratio, 50° C and 90 min) and 5 (40% of ethanol 
proportion with 7.5 mg/mL as a solid to liquid ratio, 50° 
C and 90 min). The linear effect of extraction temperature 
(ρ < 0.001) and solid to liquid ratio (ρ < 0.001) was found 
statistically significant. Different empirical models (linear, 
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Fig. 1   Comparison between experimental (Y exp) and calculated (Y calc) polyphenol extraction yields (TPC). The dashed lines delimit 
the ± 10% deviation band

Table 3   Analysis of variance for the regression model

DF the degree of freedom, SS the sum of squares, F F-value, P 
P-value

Coefficient DF SS MS F P

Regression 14 121571 8683.6 3379.6 < 0.01
Residual error 13 2267.21 174.4
Lack-of-it 10 2259.50 225.9 87.938 0.181
Pure error 3 7.708 256.9
Total 27 126105.418
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two-factor interaction, quadratic and cubic) were tested for 
their ability to fit the experimental data listed in Table 5. 
For all independent variables tested, the quadratic effect of 
extraction temperature, solid to liquid ratio and solvent was 
statistically significant (ρ < 0.001).

Therefore, the polynomial equation for TPC response 
came as Eq. (4):

From the estimated regression coefficients, we could con-
clude that:

•	 The main factors temperature (T), solid to liquid ratio (p) 
and solvent composition (S) were all significant and have 
effect on polyphenols recovery. The ethanol proportion 

(4)

TPC = 69.574 + 26.683T + 9.559S + 19.887p

+ 41.233T × T + 31618p × p − 12.271T

× t − 35.203T × S − 17.273t × S + 30.954T

× p − 10.12p

had a positive linear effect, which means that the use of 
higher ethanol proportion give higher TPC in the extract. 
In contrast, extraction temperature had a negative effect. 
These results could be explained as reported by Silva and 
co-workers [17]. They mentioned that some flavonoid 
compounds were thermo-sensitive, that high tempera-
ture leads to the flavonoid compounds decomposition, 
mainly flavan-3-ol and derivatives as well as anthocya-
nin, which required keeping the temperature extraction 
below at a certain limit. To conclude, it is likely that our 
extract contained thermo-sensitive flavonoids as phenolic 
compounds. On the other hand, our results were not in 
accordance with those presented by Liu et al. [18] who 
cited that extraction of phenolic compounds from plant 
material could be carried out at high temperatures more 
than 60 °C.

	   As reported previously by Kasmi et al. [19], the phe-
nolic compounds content of the various S. molle fruits 
extracts, this research team noted that ethyl acetate 
extract was the richest (123.7 ± 1.7 mg GAE/g DW), 
followed by methanol (86.2 ± 2.3 mg GAE/g DW) and 
ethanol extracts (82.5 ± 1.6 mg GAE/g DW). The lowest 
value was 9.8 ± 0.4 mg GAE/g DW in hexane extract. 
They also mentioned that flavonoids were detected in 
schinus molle fruit extracts. The results showed a strong 
variation of composition with the extraction solvent. The 
ethanol extract being the richest (74.6 ± 2.54 mg QE/g 
DW). Methanol and ethyl acetate extracts showed the 
lowest value with 4.3 ± 0.15 and 1.7 ± 0.04 mg QE/g 
DW, respectively. Hexane extract contained no flavo-
noids. The amount of total phenolics extracted with 
aqueous solutions from schinus molle fruits was 7.6 mg 
of GAE/g DW [20]. In other investigations on schinus 
molle, Yueqin et al. [21] and Ono et al. [22] had identi-

Table 4   Total phenolic contents and antiradical activity of different 
schinus molle L. peel extracts

N°exp TPC (mg GAE/g DM) IC50 (mg/mL)

1 163.85 71
2 145.04 73
3 239.34 60
4 151.47 71
5 332.55 56
6 150.93 72.6
7 280.3 60.8
8 98.34 75.2
9 77.49 82
10 203.49 65
11 148.76 70
12 188.43 68
13 188.03 67
14 138.00 75
15 191.64 72.1
16 101.00 77
17 129.53 78.5
18 94.50 77.1
19 102.08 79
20 83.05 80
21 77.07 80.3
22 86.21 78.4
23 118.80 76.3
24 86.00 80
25 67.80 81
26 65.51 81.7
27 68.57 80.3
28 69.17 79

Table 5   Estimates of the regression coefficients together with stand-
ards errors (SE), T -value (t) and p-value (p)

T Temperature expressed in  °C, t extraction time expressed in min-
utes, S ethanol proportion expressed as  %, v/v ethanol/water, p: liq-
uid–solid ration expressed in g/mL

Coefficient Effect Value SE T P

b0 – 69.574 0.554 125.52 < 0.001
b1 T − 26.683 0.378 − 70.62 < 0.001
b3 S 9.559 0.378 25.30 < 0.001
b4 P − 19.877 0.378 − 52.61 < 0.001
b11 T x T 41.233 0.998 41.31 < 0.001
b44 p x p 31.618 0.998 31.68 < 0.001
b12 T x t − 12.271 0.401 − 30.62 < 0.001
b13 T x S − 35.203 0.401 − 87.84 < 0.001
b23 t x S − 17.273 0.401 − 43.10 < 0.001
b14 T x p 30.954 0.401 77.24 < 0.001
b34 S x p − 10.120 0.401 − 25.25 < 0.001
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fied the biflavonoids chamaejasmin, agathisflavone and 
tetrahydroamentoflavone as well as the dihydroflavonol 
engeletin and the flavonol quercetin-3-rhamnoside.

	   Little is known about the polyphenol content of the 
schinus molle peel extracts, therefore in this study we 
found that for them:

•	 Temperature (T) and solid to liquid ratio (p) affected the 
response through both a linear and a quadratic term.

•	 There was a positive interaction between (T) and (p), 
suggesting that temperature had less pronounced effect 
on polyphenols recovery at higher solid to liquid ratio; 
but the interaction were negative between temperature 
(T) and time of extraction (t) also between (T) and (S) 
suggesting that temperature had less effect on polyphe-
nols recovery when time of extraction and composition 
of solvent with ethanol were pronounced.

•	 The interaction were negative between composition of 
solvent (S) and (t) also between (S) and (p) suggesting 
that composition of solvent had less effect on polyphe-
nols recovery when time of extraction and solid to liquid 
ratio were pronounced.

•	 binary interaction coefficient between (t) and (p) was not 
significant, indicating that each of them exerted its effect 
independently of the other.

Figures 2, 3, 4 showed the response surface plots resulting 
from Eq. (4). The response variable was plotted as a func-
tion of two factors varying in the factorial part of the design 
(–1 ≤ xi ≤ + 1) while setting the others to their center-point 
values. From Fig. 2, the strong effect of solvent composition 
and the positive, though less pronounced, effect of tempera-
ture on polyphenol recovery was evident. These effects could 
be explained by considering that the extraction kinetics was 

negatively affected by temperature. Examination of Fig. 3 
confirmed a slight negative effect of temperature and extrac-
tion time was not significant on polyphenol recovery. Finally, 
from Fig. 4, we noted that the solid-to-liquid ratio (p) has a 
negative effect on polyphenol extraction. This was a conse-
quence of the enhancement of mass transfer of released poly-
phenols into the solvent caused by less solid-to-liquids ratios.

3.1.2 � Optimization and Validation of the Optimal 
Conditions

Response surface methodology was enabled to evaluate the 
effects of variables process (temperature, time, solvent com-
position and solid to liquid ratio) and their interaction on 
response of TPC extraction yield. In addition, it has been 
found that RSM was a powerful tool for optimizing experi-
mental conditions to maximize the response variables [23]. 
Extraction of schinus molle peel part was optimized in order 
to determine the maximum of TPC extraction yield. Opti-
mum extraction conditions were established according to 
the desirability function. To conclude, the model showed 
that the optimum extraction condition for TPC extraction 
yield response came as: duration of extraction of 60 min, 
an extraction temperature of 40° C, an ethanol proportion 
of 60% and a solid to liquid ratio of 5 g/mL. Under these 
conditions, TPC value was 332.55 mg GAE/g DM.

3.2 � DPPH Radical Scavenging Activity

Antiradical activity of schinus molle extracts was proved 
by the extract concentration providing 50% scavenging 
(IC50) that listed in Table 4. Overall all the schinus molle 
peel extracts showed antiradical activity ranging from 56 

Fig. 2   Response surface plot (2D and 3D) showing the effect of temperature (T) and solvent composition (S) on TPC extraction yield (y). Other 
conditions: t = 90 min, p = 7.5 g/mL
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to 81.7 mg/mL. Schinus molle extracts obtained with run 5 
showed the best radical scavenging activity with the smallest 
IC50 value (56 mg/mL). While, run 26 showed a weaker free 
radical scavenging activity (IC50 value 81.7 mg/mL). The 
mean IC50 value of all the prepared extracts was 73.83 mg/
mL. A good correlation between total phenolic contents and 
the IC50 value was found with a R2 value of 0.935 (Fig. 5). 
Generally extract samples that contained more phenolic 
compounds contents showed better radical scavenging 
activity (less IC50). The synthetic antioxidant, ascorbic 
showed good radical scavenging activity with IC50 values of 
5.5 ± 0.26 mg/mL. The results of the present study indicated 
that phenolic compounds were powerful scavengers of free 

radicals as demonstrated by a good correlation between TPC 
and DPPH radical scavenging activity (Fig. 5). Some reports 
in the literature depicted the strong correlation between phe-
nolic compounds contents and antiradical activity. The anti-
radical activity of essential oils and extracts was attributed 
to the presence of phenolic compounds. [19, 24]

4 � Conclusion

The response surface methodology was successfully 
employed to optimize the extraction of phenolic compounds 
from schinus molle peel. The second-order polynomial 

Fig. 3   Response surface plot (2D and 3D) showing the effect of temperature (T) and time of extraction (t) on TPC extraction yield (y). Other 
conditions: S = 50%, p = 7.5 g/mL

Fig. 4   Response surface plot (2D and 3D) showing the effect of temperature (T) and solid to liquid ratio (p) on TPC extraction yield (y). Other 
conditions: S = 50%, t = 90 min
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model gave a satisfactory description of the experimental 
data. An optimized condition for maximum extraction of 
polyphenol extracts was determined. Solvent ratio, solid to 
liquid ratio and temperature were the most important factors 
affecting extraction of phenolic compounds. Results of the 
present study indicate a good correlation between total phe-
nolic contents and DPPH radical scavenging activity. This 
study can be useful in the development of industrial extrac-
tion processes, including further studies concerning the opti-
mal number of sequential steps to enhance the efficacy of a 
large-scale extraction system. These results demonstrate that 
the schinus molle peel parts were rich in natural phenolic 
compounds that could replace synthetic compound and used 
as a source of natural product.
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