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ABSTRACT: Juniper berry is an important medicinal plant used in pharmaceutical and petrochemical
industries thanks to its strong antioxidant potential, which is attributed to the presence of phenolic
compounds. In this study, four different solvents, namely, aqueous acetone, aqueous ethanol, aqueous
NaOH, and water, were used in the extraction process with a view to optimize and determine the poly-
phenolic contents in the juniper berry using ultraviolet (UV) spectrophotometry. Many experiments were
performed at different solvent concentrations, time, temperature, and liquid—solid ratio. The models to
evaluate the effects and the optimum of these variables on the polyphenols extraction using the response
surface methodology (RSM) were developed. The predicted values of the polyphenol content of juniper
berry were thus highly correlated with costly measured values (SECV = 0.14 and R* = 0.97), and the
optimal conditions of extraction were determined for the different solvents. Following the numerical opti-
mization, the maximum predicted polyphenol contents obtained under the optimum extraction conditions
are as follows: 17.57% for 58 °C extraction temperature, 78.5 min extraction time, 60% acetone concen-
tration, and 29.8 liquid—solid ratio for the aqueous ethanol extraction; 20.68% for 71.46 °C extraction
temperature, 79.2 min extraction time, 21.9% ethanol concentration, and 26.4:1 liquid—solid ratio for the
aqueous acetone extraction; 34.51% for 96.4 °C extraction temperature, 37.7 min extraction time, 1.48% NaOH concentration, and
15.2:1 liquid—solid ratio for the aqueous NaOH extraction; and 9.8% was obtained under the optimum extraction conditions of
69 °C extraction temperature, 126 min extraction time, and 23:1 liquid—solid ratio for the water extraction. The GC—MS analysis of
the chemical composition of juniper Berry revealed 60 identified components that represent 97.43% of the sample. The predominant
fraction was monoterpene representing 80.87% especially for a-pinene (39.12%), f-pinene (12. 68%), and myrcene (12.92%). In the
other fraction of sesquiterpene representing 16.54%, the predominant components were f-caryophyllene (4.41%) and germacrene
D (4.23%).

Polyphenol content (%)

Polyphenol content (%)

the Mediterranean countries. One of the main reasons is the
low extracted content of the phenolic compounds, due to
inappropriate extraction technologies and the high reactivity of
such compounds.'”'* A detailed literature survey showed that
of the several process variables that affect the extraction of
polyphenol from juniper,'>'® only a few have been studied.
In such cases, a sizeable number of factors had been studied; they

1. INTRODUCTION

Medicinal plants are largely used in various pharmaceutical and
petrochemical industries. They are rich in bioactive compounds
especially polyphenols that can contribute to improving human
health. Thanks to their antioxidant properties and multiple
biological activities, there is a growing interest in the research
of polyphenols.'* Numerous studies have shown that poly-

phenols in the juniper berry mostly comprise of flavonoids.
Such compounds have antioxidant activities, which could scav-
enge free radicals, prevent free-radical formation, and prevent
lipid peroxidation.”™® Many of the phenolic compounds have
been determined by the liquid chromatography—mass spec-
trometer in the Juniperus species found in Mediterranean
countries. However, relatively less information is available
regarding their phenolic content.” The major challenge affect-
ing the juniper berry utilization for treating antioxidant pro-
duction is that samples from various sources have to be analyzed
for their chemical constituents each time in order to use it
appropriately.'”'" The classical chemical analytical methods
are time-consuming and costly; there is, therefore, the need for
a rapid and inexpensive method of determination.'” In spite of
the publication of numerous research reports, juniper berry has
not known worldwide commercial applications, especially in
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were varied one at a time,'” making it impossible to investigate
722 The objectives of the study were
to rapidly determine the quantities of phenolics in juniper
using UV—visible spectroscopy and to optimize the extraction
of phenolics from juniper using the response surface meth-
odology (RSM) and select the adequate models for the deter-
mination of the polyphenols content for the experiments per-
formed in the research project RG-20 101.

their interaction effects.
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Figure 1. Effect of extraction solvent concentration (aq ethanol/
acetone: 1 = 10%, 2 = 20%, 3 = 40%, 4 = 60%, S = 80%, and 6 =
100%; aq NaOH: 1 = 0.05%, 2 = 0.1%, 3 = 0.2%, 4 = 0.5%, § = 1.5%,
and 6 = 2%) on polyphenol content.
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Figure 2. Effect of the liquid—solid ratio on polyphenol content.
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Figure 3. Effect of extraction time on polyphenol content.

2. MATERIALS AND METHODS

The classical spectrophotometry ultraviolet (UV)-—visible
method is widely used to measure total phenolic content in
plant materials and wastewater. This method is based on the
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Figure 4. Effect of the extraction temperature on polyphenol content.
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Figure S. Effect of extraction stage number on polyphenol content.

Table 1. Codes and Actual Levels of the Independent
Variables for the Design of the Experiment

code levels

independent variables symbols -2 -1 0 1 2
extraction temperature (°C) T 40 45 SO S5 60
extraction time (min) t 30 60 90 120 150
solvent composition (%) C 20 40 60 80 100
liquid—solid ratio \4 10 15 20 2§ 30

chemical reduction of polyphenols in an alkaline medium to
form a blue chromophore complex that can be quantified by
visible light spectrophotometry at 760—765 nm.'”'" Many
studies have been elaborated on the advantages and dis-
advantages of routinely using this method. Moreover, most of
them seem to agree that although these methods are easy to
perform, low cost, and applicable in most laboratories, they
remain not sufficiently accurate.”® In addition, the reagents
used in the UV—visible method do not react specifically with
only polyphenols; instead, they react with any reducing
substance like ascorbic acid and aromatic amines.'® Conse-
quently, many researchers have chosen to use this method as
an indicative tool of total reduction capacity and not for
specific quantification. However, these methods stay consid-
ered useful for quick and prior screening of numerous samples,
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Table 2. Analysis of Variance of Optimization Models When
Polyphenol Content Is Maximized Using Different
Solvents”

sum of mean p value
solvent source  squares df square Fvalue (prob > F)
aqueous model 28697 7 41 12.92 <0.0001
ethanol gy 178 R 0.8189
mean 14.36
CV % 1241
aqueous model 78.17 4 19.54 4.76 0.0061
acetone gy 2.03 R? 0.4527
mean 10.45
CV % 19.4
aqueous model 28831 10  28.83 2.81 0.0296
NaOH  gp, 321 R 0.6227
mean 24.5
CV % 13.08
water model 222 6 0.37 542 0.0078
S.D. 0.26 R? 0.7474
mean 9.04
CV % 2.88

“S.D.: standard deviation; CV %: coefficient of variance; F value: Fisher’s
statistical value; p value: probability value; df: degree of freedom.

and for many applications, a simple measure of the total amount
of polyphenols is enough.'’"* juniper berries were obtained
from plantation stands. They were dried at 30 °C for 48 hiin a
convection oven, ground in a Wiley mill to the 100—250 ym

particle size, sealed in a plastic bag, and stored at room tem-
perature in order to ensure the minimum change or variability
between samples used for extraction experiments and to avoid
degradation of phenolic compounds. The chemicals used were
of analytical grade (>97%) and all were procured from Sigma—
Aldrich.

Two grams of dried powder of the sample was macerated in
20 mL of solvent. The extraction was carried out in a shaking
incubator (ROTINA 380R centrifuge, Hettich) at S000 rpm.
The organic phases were collected for further analysis. The
colorimetric reaction was monitored via UV spectrophotom-
etry (Shimadzu) and the Folin—Ciocalteau reagent was used as
an oxidizing agent.

The experimental design was divided into two major parts.
First, single-factor experiments were performed to determine
the appropriate range of conditions for phenolic extraction
from juniper berry, namely, extraction temperature, extraction
time, solvent composition, solid—liquid ratio, and a number of
extraction stages. Each independent variable was varied over a
range, whilst keeping the others constant. Second, the optimi-
zation of phenolic compound extraction was carried out using
the RSM.”*™* For this study, the Box-Behnken factorial design
of RSM was used to evaluate the optimum level and interaction
effects of four major influencing factors on the content of poly-
phenol viz., extraction temperature (T), extraction time (%),
solvent composition (C), and liquid—solid ratio (V) using aqueous
acetone, aqueous ethanol, aqueous sodium hydroxide, and
water extractions. The range and levels of the variables along

Table 3. Comparison of Experimental and Predicted Values Using Box—Behnken Design for the Four Independent Variables
on the Content of Polyphenol from Aqueous Acetone Extraction

extraction temperature (°C) extraction time (min)

test N T t
1 S0 90
2 50 90
3 50 920
4 45 120
S 50 150
6 S0 90
7 55 120
8 5SS 120
9 NY 90
10 SS 60
11 45 120
12 45 120
13 60 90
14 45 60
15 50 30
16 S5 60
17 S5 60
18 45 120
19 55 60
20 S0 90
21 40 90
22 S0 90
23 45 60
24 45 60
25 45 60
26 5SS 120
27 SS 120
28 50 90

solvent composition (%)

C

20
100
60
40
60
60
40
80
60
40
40
80
60
80
60
80
40
80
80
60
60
60
40
40
80
40
80
60

27992

liquid—solid ratio  experimental value (%) predicted value (%)

14 content eq 1
20 9 9.61
20 10 10.23
20 13 10.11
25 13 12.57
20 13 13.57
20 10 10.23
25 9 8.61
15 12 14.19
10 7 10.11
25 8 9.61
15 8 10.23
15 7 8.52
20 9 7.90
25 14 14.19
20 10 8.52
25 13 11.11
15 12 10.23
25 11 11.73
15 9 8.61
30 7 8.73
20 13 12.69
20 15 12.69
15 12 10.23
25 7 7.02
15 11 10.23
15 7 7.02
25 11 11.11
20 6 6.90
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with the experimental design observed and predicted have
been represented, and a polynomial equation was adopted to
evaluate the effect of each independent variable on the
response.

The percentage of polyphenolic content of juniper berries is
obtained from a literature review.'> The meaningful interpre-
tation of calibration results depends greatly on the accuracy
and precision of the wet chemical analysis of the samples. The
polyphenol content varied from 9.2—15.4% with a mean and
standard deviation of 11.82% and 1.15%, respectively.'*'®

The calibration model for the polyphenol content was
accurate with R* = 0.96, and the slope of the calibration curve
was close to 1.0, indicating a good calibration and prediction.
This curve will be used for all experiments performed in
research project RG-20 101.

3. RESULTS AND DISCUSSION

3.1. Results from Single-Factor Extraction Experi-
ments. At the beginning of this study, the essential factors,
namely, the liquid—solid ratio, extraction temperature, solvent
concentration, and time of contact, were investigated to deter-
mine the appropriate experimental ranges, which were then
used for the optimization process.

3.1.1. Selection of the Solvent Concentration Range. For
the efficient extraction, the polarity of the extraction solvent
should closely match that of the target compounds, and mixing
solvents of different polarities can be used to extract a broad
range of compounds. In this study, the percentage of the phe-
nolic compounds in the extracts increased with the increasing
concentration of organic solvent in water. The phenolic con-
tent reached a maximum when the acetone and ethanol
concentrations were each 60% (Figure 1).

In the industrial process, low boiling solvents like acetone
and ethanol are easy to use and cheaper to recover. Conse-
quently, 80 and 100% concentrations for both solvents were
included in the optimization process. In the case of aqueous
NaOH, concentrations beyond 1.5% contained lower amounts
of phenolics than that obtained for the least concentrated sol-
vent. Hence, the concentration range of 0.05 to 1.5 was selected
for the optimization process.

3.1.2. Selection of Liquid—Solid Ratio Range. Using 60%
aqueous ethanol as the solvent at a temperature of 80 °C for
60 min extraction time (Figure 2) showed that if ratios were
chosen above 30:1, where a maximum of 14.2% polyphenol
content was obtained, then the quantity of phenolic com-
pounds extracted remained the same or fell off.

The high solubility of polyphenols in hydroalcoholic solu-
tions, especially in a glycosidic linkage, may explain the absence
of significant variability at the higher ratios. As a result, the
liquid—solid ratio ranging from 10 to 30 was chosen for the
optimization design.

3.1.3. Selection of Extraction Time Range. Many samples
can retain analytes within pores or other structures. Increasing
the contact time at high temperatures can allow these com-
pounds to diffuse into the extraction solvent. Figure 3 presents
the amount of polyphenol extracted from juniper berry using
different extraction times. For all the solvents except aqg NaOH,
an extraction time around 150 min resulted in the highest
polyphenol content. However, an extraction time of 90 min
was noted for aqg NaOH.

Longer extraction time decreased the total polyphenol
extracted, possibly because of some loss of phenolic com-
pounds via oxidation and these products might polymerize into

Polyphenol content (%)
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Figure 6. (a) Response surface plots showing the percentage of
polyphenol content from aqueous acetone extraction at varying
extraction temperatures and extraction times (C = 60%, V = 20).
(b) Response surface plots showing the percentage of polyphenol
content from aqueous acetone extraction at varying solvent con-
centrations and extraction temperatures (f = 90 min, V = 20).
(c) Response surface plots showing the percentage of polyphenol
content from aqueous acetone extraction at varying solvent
concentrations and extraction times (T = 50 °C, V = 20).

insoluble compounds. Again, Fick’s second law of diffusion
estimates that final equilibrium among the solute concen-
trations in the solid matrix and in the bulk solution will be
attained after a certain period.'® ' Therefore, the range of
extraction time chosen for the optimization study was 30 to
150 min.

https://dx.doi.org/10.1021/acsomega.0c03396
ACS Omega 2020, 5, 27990—28000


https://pubs.acs.org/doi/10.1021/acsomega.0c03396?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c03396?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c03396?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c03396?fig=fig6&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.0c03396?ref=pdf

ACS Omega

http://pubs.acs.org/journal/acsodf

Table 4. Comparison of Experimental and Predicted Values Using the Box-Behnken Design for the Four Independent
Variables on the Content of Polyphenol from Aqueous Ethanol Extraction

extraction temperature (°C)  extraction time (min)

test N T t C
1 60 90 20
2 60 90 100
3 60 90 60
4 50 120 40
S 60 150 60
6 60 90 60
7 70 120 40
8 70 120 80
9 60 90 60
10 70 60 40
11 S0 120 40
12 S0 120 80
13 80 90 60
14 S0 60 80
15 60 30 60
16 70 60 80
17 70 60 40
18 50 120 80
19 70 60 80
20 60 90 60
21 40 90 60
22 60 90 60
23 S0 60 40
24 50 60 40
25 S0 60 80
26 70 120 40
27 70 120 80
28 60 90 60

solvent composition (%)

liquid—solid ratio  experimental value (%) predicted value (%)

14 content eq2
20 12 15.15
20 12 15.47
20 10 15.31
25 19 12.58
20 14 17.77
20 13 15.31
25 14 20.16
15 16 16.31
10 13 11.90
25 19 19.50
15 10 10.97
15 20 13.53
20 13 16.89
25 19 14.48
20 18 12.85
25 17 17.26
15 14 14.29
25 15 15.14
15 10 12.05
30 16 18.72
20 16 6.53

20 15 15.31
15 13 6.71

25 19 11.92
15 12 9.27

15 15 18.55
25 17 17.92
20 12 15.31

It must be noted that the polyphenol content from the
aqueous acetone extraction was significantly higher than that of
the water extraction. This could probably be due to the hydro-
Iytic nature of water that aids the breaking of phenolic bonds
and the acetone possibly being available to ensure effective
contact with the phenolic compounds and extract them into
solution. A similar reason could be given to aqueous ethanol, which
was also found to give higher polyphenol content than water.

3.1.4. Selection of the Extraction Temperature Range. If
the temperature is increased, the viscosity of the solvent is
reduced, thereby increasing the ability to solubilize the target
analytes; the added thermal energy also assists in breaking
analyte bonds and increase diffusion to the surface. In this
study, increasing the aqueous acetone and aqueous ethanol
extraction temperatures to 55 and 70 °C, respectively, resulted
in the maximum amount of polyphenols extracted (Figure 4).
Similarly, temperatures of 90 °C resulted in the maximum
amount of polyphenols in the case of water and aqueous NaOH
extractions. Hence, for each solvent, the temperature range
chosen for the optimization process was from the minimum
temperature in the study to the temperature where the maxi-
mum polyphenol content was obtained.

3.1.5. Selection of the Extraction Stage. Using 60%
aqueous ethanol as a solvent with a liquid-to-solid ratio of
20 at a temperature of 80 °C for a 60 min extraction time, the
maximum polyphenol content (18.2%) was obtained with a
triple-stage extraction. This was not significantly different from
the triple-stage extraction (18%) but significantly different
from the single-stage extraction (13.8%) (Figure 5). Operating

27994

single-stage extractions in multiple cycles result in limited
content gains but substantial increases in cost and time. In this
study, repeating the single-stage extraction twice improves the
extraction content from 13.8 to 17% but doubles the running
time and the solvent volume. A higher extract volume increases
the cost of energy used in extraction operations. Moreover,
single-stage extraction was fixed for the optimization process.

3.2. Optimization of Extraction Conditions Based on
Maximizing Polyphenol Content by the RSM. To analyze
the process of solvent extraction of phenolic compounds and
to determine the optimum operating conditions, the RSM was
used to assess the optimum extraction conditions for each
solvent. The range and levels of the variables along with the
experimental design have been represented in Table 1.

The polynomial models for the estimation of polyphenol
content (Y) in terms of extraction temperature (T), extraction
time (t), solvent composition (C), and liquid—solid ratio (V)
using aqueous acetone, aqueous ethanol, aqueous sodium
hydroxide, and water extractions were fitted as in eqs 1—4. For
each extraction, the objective function was to maximize the
percentage of polyphenol content.

Yeione = 1.64 + 0.03T + 0.02t — 0.52V + 0.01TV (1)
Yopanot = —75.78 + 1.699T + 0.161¢ + 0.364C + 0.881V

— 0.006TC — 0.006Vt — 0.009T" (2)
Yigdroside = —12.1 + 0.42T — §21C + 146V — 0.02TV
+ 7.23C* (3)

https://dx.doi.org/10.1021/acsomega.0c03396
ACS Omega 2020, 5, 27990—28000
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Y,

water

=924 + 0.1T + 0.54t + 0.24V — 0.8Tt + 0.7SVT
— 0.78T* 4)

For each of the approximating functions in eqs 1—4, the
analysis of variance shows a model F value to be 4.76, 12.92,
2.81, and 5.42, respectively. The model R* of the approx-
imating functions were different from each other, with the
Y.thanol function having the highest R? value of 0.82 followed by
Yiater Yhydroxide a0d Yicerone With respective R? values of 0.74,
0.62, and 0.45 (Table 2). This implies that each model is
validated and can be used in the studied range.”

The extraction design variables effect on the polyphenol
content in actual and predicted values using aqueous acetone
as the extraction solvent is given in Table 3. The results of the
ANOVA and model coeflicients are calculated and presented
in Table 2. The response surface plots between the aqueous
acetone extraction time and temperature are shown in Figure 6a.
The content of polyphenol increased at higher extraction tem-
peratures and time at a constant solvent concentration and
liquid—solid ratio of 60% and 20:1, respectively. At a temper-
ature of 51 °C and 96 min extraction time, the polyphenol
content was 11.4%, and the maximum polyphenol content of
16% occurred at 60 °C and 149 min extraction temperature
and time.

The effects of acetone concentration and extraction temper-
ature on the polyphenol content are illustrated in the response
surface at the constant extraction time and liquid—solid ratio of
90 min and 20:1, respectively (Figure 6b). It showed that an
increase in the acetone concentration at a high extraction
temperature resulted in a gradual increase in the polyphenol
content. At a solvent concentration of 52% and an extraction
temperature of 54 °C, the percentage of polyphenol content
was found to be 12.2%. The responses observed for the effect
of the extraction time and solvent concentration at a fixed
temperature of 60 °C and a liquid—solid ratio of 20 indicated
that a general direction of increased time ensures maximum
polyphenol content, whilst the concentration has no significant
effect (Figure 6¢). At a solvent concentration of 55% and
extraction time of 71 min, the percentage of polyphenol
content was found to be 10.3%. Using numerical optimization,
the maximum predicted polyphenol content of 17.57% was
obtained under the optimum extraction conditions of 58 °C
extraction temperature, 78.5 min extraction time, 60% acetone
concentration, and the 29.8 liquid—solid ratio. The same
results are obtained in the literature review.'>”*

The extraction design variables effect on the polyphenol
content in actual and predicted values using aqueous ethanol as
the extraction solvent is given in Table 4. The results of the
ANOVA and model coefficients are presented in Table 2. The
response surface plots between the aqueous ethanol extraction
time and temperature are shown in Figure 7a. The percentage
content of polyphenol increased at higher extraction temper-
atures and time at the constant solvent concentration and
liquid—solid ratio of 60% and 20:1, respectively. At a tem-
perature of 53.2 °C and 78.4 min extraction time, the poly-
phenol content was 12.7%, and the maximum polyphenol
content of 18.9% occurred at 74 °C and 149 min extraction
temperature and time, respectively. The effects of ethanol
concentration and extraction temperature on the polyphenol
content are illustrated in the response surface at the constant
extraction time and liquid—solid ratio of 50 min and 20:1,
respectively (Figure 7b). It showed that an increase in the
ethanol concentration at a high extraction temperature resulted
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Figure 7. (a) Response surface plots showing the percentage of
polyphenol content from aqueous ethanol extraction at varying
extraction temperatures and times (C = 60%, V = 20). (b) Response
surface plots showing the percentage of polyphenol content from
aqueous ethanol extraction at varying solvent concentrations and
extraction temperatures (¢ = 90 min, V = 20). (c) Response surface
plots showing the percentage of polyphenol content from aqueous
ethanol extraction at varying liquid—solid ratios and extraction
temperatures (t = 90, C = 60%).

in a gradual increase in the polyphenol content. At a solvent con-
centration of 61.2% and an extraction temperature of 53.4 °C,
the percentage of the polyphenol content was found to be 13.3%.

The responses observed for the effect of the extraction
temperature and liquid—solid ratio at a fixed time of 90 min
and a solvent concentration of 60% indicated that a general
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Table 5. Comparison of Experimental and Predicted Values Using the Box-Behnken Design for the Four Independent
Variables on the Content of Polyphenol from Aqueous NaOH Extraction

extraction temperature (°C)

extraction time (min)

solvent composition (%)

test N T t C
1 80 45 0.05
2 80 45 1.50
3 80 45 0.50
4 60 60 0.10
S 80 90 0.50
6 80 45 0.50
7 90 60 0.10
8 90 60 1.00
9 80 45 0.50
10 90 30 0.10
11 60 60 0.10
12 60 60 1.00
13 100 45 0.50
14 60 30 1.00
15 80 15 0.50
16 90 30 1.00
17 90 30 0.10
18 60 60 1.00
19 90 30 1.00
20 80 45 0.50
21 40 45 0.50
22 80 45 0.50
23 60 30 0.10
24 60 30 0.10
25 60 30 1.00
26 90 60 0.10
27 90 60 1.00
28 80 45 0.50

liquid—solid ratio

experimental value (%)

predicted value (%)

14 content eq3
20 20 19.73
20 28 27.01
20 28 25.10
25 27 27.01
20 28 22.19
20 23 27.32
25 26 24.85
15 27 23.56
10 26 24.75
25 18 27.21
15 27 24.85
15 30 27.32
20 27 24.75
25 21 23.56
20 23 23.56
25 24 24.55
15 25 23.56
25 19 23.56
15 28 27.21
30 25 23.56
20 28 25.34
20 25 24.55
15 33 32.81
25 15 19.73
15 22 24.12
15 25 22.19
25 18 20.01
20 20 22.03

direction of increased temperature and liquid—solid ratio
ensures maximum polyphenol content (Figure 7c). At a liquid—
solid ratio of 20.3:1 and an extraction temperature of 57 °C, the
percentage of the polyphenol content was found to be 14.5%.
From the numerical optimization, the maximum predicted poly-
phenol content of 20.68% was obtained under the optimum
extraction conditions of 71.46 °C extraction temperature, 79.2 min
extraction time, 21.9% ethanol concentration, and the 26.4:1
liquid—solid ratio. The same results are obtained in the
literature review.’

The extraction design variables impact on the polyphenol
content in actual and predicted values using aqueous NaOH as
the extraction solvent is given in Table S, with the results of the
ANOVA and model coeflicients presented in Table 2. The
response surface plots between the aqueous NaOH concen-
tration and extraction temperature are shown in Figure 8a. The
percentage content of polyphenol increased at higher concen-
trations and extraction temperatures at the constant extraction
time and liquid—solid ratio of 52.5 min and 20:1, respectively.
At a temperature of 69 °C and 1.2% solvent concentration, the
polyphenol content was 25.5%, and the maximum polyphenol
content of 34.5% occurred at 100 °C and 1.5% extraction
temperature and concentration, respectively.

The effects of time and extraction temperature on poly-
phenol content are illustrated in the response surface at the con-
stant concentration and liquid—solid ratio of 0.78% and 20:1,
respectively (Figure 8b).

It showed that the content of polyphenol was less affected by
time and slightly increased by increasing the temperature when

27996

the concentration and liquid—solid ratio were kept constant at
0.78% and 20, respectively. At an extraction temperature of
31 °C and time of 41 min, the percentage of polyphenol con-
tent was found to be 20.3%. The responses observed for the
effect of the extraction time and solvent concentration at a
fixed temperature of 60 °C and a liquid—solid ratio of 20 indicated
that a general direction of increased concentration ensures
maximum polyphenol content, whilst time has less effect
(Figure 8c). At an extraction time of S1 min and concentration
of 1%, the percentage of polyphenol content was found to be
24.8%. From the numerical optimization, the maximum pre-
dicted polyphenol content of 34.51% was obtained under the
optimum extraction conditions of 96.4 °C extraction temper-
ature, 37.7 min extraction time, 1.48% NaOH concentration,
and the 15.2:1 liquid—solid ratio. The same results are
obtained in the literature review.”*°

The extraction design variables effect on the polyphenol
content in actual and predicted values using water as the extrac-
tion solvent is given in Table 6. The results of the ANOVA and
model coeflicients are presented in Table 2. The response
surface plots between the extraction time and liquid—solid
ratio are shown in Figure 9a. The percentage content of poly-
phenol increased at higher extraction temperatures and liquid—
solid ratio at the constant temperature of 70 °C. At an extrac-
tion time of 73.6 min and a 21.6:1, liquid—solid ratio, the poly-
phenol content was 9.1%, and the maximum polyphenol content
of 10.7% occurred at 148 min and the 30:1 liquid—solid ratio.

The effects of time and extraction temperature on the
polyphenol content are illustrated in the response surface plots

https://dx.doi.org/10.1021/acsomega.0c03396
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Figure 8. (a) Response surface plots showing the percentage of
polyphenol content from aqueous NaOH extraction at varying solvent
concentrations and extraction temperatures (f = S2 min, V = 20).
(b) Response surface plots showing the percentage of polyphenol
content from aqueous NaOH extraction at varying extraction tem-
peratures and times (C = 0.78%, V = 20). (c) Response surface plots
showing the percentage of polyphenol content from aqueous NaOH
extraction at varying solvent concentrations and extraction times
(T =60 °C, V =20).

at the constant liquid—solid ratio of 20:1 (Figure 9b). It shows
that an increase in the extraction time and temperature
resulted in the increased polyphenol content. At an extraction
temperature and time of 56.1 °C and 75.8 min, respectively,
the polyphenol content was found to be 8.8%. The responses
observed for the effect of the extraction temperature and

Table 6. Comparison of Experimental and Predicted Values
Using the Box-Behnken Design for the Four Independent
Variables on the Content of Polyphenol from Water
Extraction

extraction liquid—
temperature  extraction solid experimental  predicted
°C) time (min) ratio value (%)  value (%)
test N T t Vv content eq 4
1 80 90 20 9.5 9.83
2 90 120 25 9.5 9.43
3 80 90 10 9.4 9.19
4 90 60 15 8.6 8.79
S 90 90 30 8.6 8.65
6 80 90 20 9.4 9.19
7 90 60 25 8.5 8.57
8 60 60 15 8.9 8.95
9 100 90 20 8.8 8.89
10 90 120 15 8.8 8.92
11 80 30 20 9.8 9.46
12 40 90 20 8.4 8.66
13 60 120 15 9.2 9.03
14 80 90 20 9.4 9.19
15 60 120 25 9.1 9.22
16 80 150 20 9.4 9.19
17 80 90 20 9.2 9.27
18 60 60 25 8.6 8.36

liquid—solid ratio at a fixed time of 90 min indicated that an
increase in temperature ensures maximum polyphenol content
(Figure 9c). At an extraction temperature of 51.7 °C and
liquid—solid ratio of 16.4:1, the polyphenol content was found
to be 8.8%. From the numerical optimization, the maximum
predicted polyphenol content of 9.8% was obtained under the
optimum extraction conditions of 69 °C extraction temper-
ature, 126 min extraction time, and a 23:1 liquid to solid ratio.

3.3. Identification and Quantification of the Chemical
Composition by the GC—MS Analysis. The GC—MS
analysis was performed utilizing a GCMS-QP2010 (Shimadzu,
Japan) on a fused silica capillary column (30 m X 0.32 mm)
with a bonded stationary phase (5%-diphenyl-95%-dimethyl).
The film thickness of the stationary phase was 0.25 pm. The tem-
perature program was set at 2 min at 60 °C, and then from 60 to
280 °C at 12 °C/min, the injector temperature was 280 °C.
The carrier gas helium with the split ratio of 1:17 and a flow
rate of 1.8 mL/min was utilized.

The components were identified by comparing their GC
relative retention times (RT), linear retention indices (RI),
and the MS fragmentation pattern of a single compound with
those from the NIST mass spectra libraries. Furthermore, the
relative contents of the sample components were computed as
the average of the GC peak areas obtained in triplicate. A mix-
ture of a homologous series of aliphatic hydrocarbons C9—C25
was directly injected into GC—MS under the abovementioned
conditions to calculate the retention indices of the peaks in the
chromatogram. The samples were collected from Zaghouan
(Tunisia), and the standards used in the analysis were from
Fisher Scientific.

By the means of the GC—MS method, the juniper berry
samples were analyzed and 60 different components were
identified (Table 7).

The composition was dominated by monoterpenes (a-pinene:
39.12%, sabinene: 8.87%, f-pinene: 12.68%, myrcene: 12.92%,
limonene: 2.23%) and sesquiterpenes (f-caryophyllene: 4.41%,
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a-humulene: 1.05%, germacrene D: 4.23%, 6-cadinene: 1.35%,
germacrene B: 1.34%).

The present study shows that the composition of the juniper
berries is rich in monoterpenes. Comparing the composition
with the results obtained from various regions in Europe and
other Mediterranean countries” > indicates the variation in
the amounts of several constituents, especially for monoterpene
components. This is attributed to some factors like geographical
location, degree of ripeness, age, etc.3 733

Polyphenol content (%)

4. CONCLUSIONS

For a rapid and accurate determination of the total polyphe-
nolic content in juniper berry, the colorimetric reaction was
measured by UV spectrophotometry (model Shimadzu), and
the Folin—Ciocalteau reagent was used as an oxidizing agent.
It was found that the Box-Behnken design of experiments ade-
quately represents the extraction of the polyphenols from the
juniper using aqueous acetone, aqueous ethanol, aqueous NaOH,
and water as the extracting solvents. A good correlation between
the responses, along with the extraction design variables mainly
temperature, time, solvent concentration, and liquid—solid ratio,
have been studied in an attempt to optimize the polyphenol
content that will be suitable for polyphenol—formaldehyde resins,
pharmaceutical, and petrochemical applications. The obtained
models will be used in the estimation of the polyphenol content
during the different tasks of the project RG-20 101.

Polyphenol content (%)

15000 <~ 7 e

12000 ' The predicted values of the polyphenol content of juniper
9000 ?f‘_"\‘\: ~ 000 were highly correlated with the costly measured values of

B: Time (min) e '}:?0 % A Temp (°C) polyphenol content (R* = 0.97); the polyphenol content of
o juniper varied from 9.2—15.4% with a mean and standard

(b) deviation of 11.82 and 1.15%, respectively. Finally, the optimal

conditions of extraction were determined for various solvents
employed in this study.

The GC—MS analysis of the chemical composition of
juniper berry revealed 60 identified components that represent
97.43% of the sample. The predominant fraction was mono-
terpene representing 80.87% especially for a-pinene (39.12%),
f-pinene (12. 68%), and myrcene (12.92%). In the other fraction
of sesquiterpene representing 16.54%, the predominant com-
ponents were f-caryophyllene (4.41%) and germacrene D (4.23%).
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Table 7. Chemical Compositions of Juniper Berry Analyzed by GC—MS

retention linear retention  percentage retention linear retention  percentage
pic N identification time (RT) index (RI) (%) pic N identification time (RT) index (RI) (%)
1 tricyclene 3.17 918 0.07 S camphene 3.65 947 0.24
2 a-thujene 3.26 924 0.79 6  thuja-2,4(10)-diene 3.74 953 0.01
3 a-pinene 3.42 933 39.12 7  sabinene 4.10 975 8.87
4 a-fenchene 3.63 946 tr 8  f-pinene 4.17 979 12.68
27998 https://dx.doi.org/10.1021/acsomega.0c03396
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Table 7. continued

retention linear retention  percentage retention linear retention  percentage

pic N identification time (RT) index (RI) (%) pic N identification time (RT) index (RI) (%)
9 myrcene 4.45 996 12.92 35 sibirene 19.17 1391 0.18
10  a-phellandrene 4.69 1009 0.15 36 f-caryophyllene 20.28 1407 4.41
11 A3-carene 4.69 1009 0.15 37  p-copaene 21.10 1417 0.05
12 a-terpinene 4.87 1020 0.37 38 y-elemene 21.51 1421 0.15
13 para-cymene 5.07 1030 0.16 39 aromadendrene 21.51 1421 0.15
14  limonene 5.10 1032 223 40  cis-p-farnesene 22.56 1434 0.07
15 p-phellandrene S.13 1034 0.43 41  a-humulene 22.98 1439 1.05
16  trans-f-ocimene 5.46 1052 0.01 42 trans-f-farnesene 24.19 1454 0.45
17  y-terpinene 5.64 1062 0.69 43 y-muurolene 24.66 1460 0.09
18  cis-sabinene hydrate 6.00 1082 0.01 44  germacrene D 25.25 1467 423
19  terpinolene 6.11 1088 0.67 4S5  [f-selinene 25.76 1473 0.19
20 para-cymenene 6.33 1100 0.02 46  a-selinene 25.94 1475 0.08
21 linalool 6.65 1113 0.07 47  eremophilene 27.17 1490 0.3
22 a-campholenal 7.16 1132 0.03 48  a-muurolene 27.31 1492 0.3
23 trans-pinocarveol 7.56 1147 0.03 49  y-cadinene 28.19 1502 0.41
24 camphor 7.68 1151 tr S50  d-cadinene 28.89 1512 1.3
25  borneol 8.40 1178 tr 51 a-cadinene 29.94 1526 0.07
26  terpinen-4-ol 8.68 1189 0.88 52  germacrene B 31.60 1549 1.34
27  para-cymen-8-ol 9.19 1205 tr S3  caryophyllene oxide 33.44 1574 0.02
28  a-terpineol 9.34 1209 0.12 54 a-cedrol 35.17 1598 tr
29  verbenone 9.71 1217 tr S5 7-cadinol 37.28 1645 0.03
30  carvacrol methyl ether 10.81 1242 0.03 56  7-muurolol 37.41 1648 0.03
31 bornyl acetate 12.72 1285 0.12 $7  a-muurolol 37.54 1651 tr
32 a-cubebene 15.68 1337 0.39 58  a-cadinol 37.65 1654 tr
33 a-copaene 17.35 1363 0.43 59  meta-camphorene 46.74 1949 0.02
34 f-elemene 18.60 1382 0.77 60  para-camphorene 47.46 1978 0.01
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