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Polyphenols from plant sources have received increasing attention due to their diverse biological activities, 
especially in the fields of food and medicine. Pomegranate peel is a potential source of polyphenols and other 
active substances due to its rich content. Most of the current methods for polyphenols extraction from plants 
involve flammable and toxic organic solvents or rely on professional extraction equipment. In order to separate 
polyphenols from pomegranate peel more effectively and environmentally friendly, ultrasonic-assisted cloud 
point extraction (UACPE) method was employed for the extraction operation, and the process parameters were 
also optimized in this study. The results showed that, based on single factor experiment and response surface 
methodology, the optimum extraction was obtained at 1:40 of solid:liquid ratio, 10% (v/v) Triton X-110, 70°C, pH 
4.0 with 14% (w/v) of NaCl for 40 minutes. The maximum extraction yield of polyphenols was 82.37mg gallic acid 
equivalent (GAE)/g, which well matched the predicted value. Therefore, UACPE was an effective method to extract 
polyphenols from pomegranate peel. This method was green and environmentally friendly, and the extractives 
could be used in the field of diet or medicine. 
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Introduction 
 
Pomegranate (Punica granatum L.) plant from 
Punicaceae family has been widely concerned by 
food, pharmaceutic, and chemical processing 
industries due to its multifunctional, high 
nutritional, and bioactive properties in recent 
years [1-3]. Pomegranate fruit consists of three 
parts, the juice, the seeds, and the peels. 
Pomegranate juice can be used as a beverage 
with a whitening effect. Pomegranate seeds can 
be used to extract oil, which is rich in 
pomegranate acid and has the effects of 
antioxidation, anti-inflammation, and anti-
cancer. Pomegranate peels can be used as a 

traditional Chinese medicine, which have the 
effects of antidiarrheal, hemostasis, and 
disinsectization [4]. However, in the deep 
processing of pomegranate, the pomegranate 
peels which account for nearly 40% of the whole 
fruit are mostly directly discarded as "useless" 
leftovers, except only small quantities are used in 
medicine [4]. Pomegranate peels are rich in 
bioactive components such as polyphenols, 
flavonoids, and organic acids. Polyphenol 
compounds have shown a wide range of 
biological activities including antimicrobial, 
antioxidant, antitumor, and have important 
development value in the fields of food and 
medicine [5, 6]. Lintong District of Xi'an City, 
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Shaanxi province, China is the most famous 
pomegranate production area in the country. The 
comprehensive development and utilization of 
pomegranate peel is of great significance to 
waste utilization, environmental protection, and 
local economic development. 
 
The current methods used for polyphenol 
extraction from pomegranate peel mainly 
include conventional solvent extraction method, 
ultrasonic or microwave-assisted extraction 
method, and supercritical extraction method [7-
11]. However, these technologies have many 
disadvantages such as low extraction yield, use of 
a large number of flammable and toxic organic 
solvents, and dependence on professional 
extraction equipment, etc., which are not 
satisfactory for dietary applications [12, 13]. 
Cloud point extraction (CPE) is a novel liquid-
liquid extraction technology that utilizes the 
solubilization and cloud point phenomenon of 
surfactants to enrich the components to be 
separated by replacing organic solvent with 
surfactant aqueous solution [14]. It has the 
characteristics of environmental friendliness, 
simple operation, safety and efficiency, wide 
application range, and easy to enlarge the 
process, and is widely used in the efficient 
extraction of natural active ingredients [15].  
 
Response surface method (RSM) is the most used 
statistical method to solve multivariable 
problems. Through reasonable design and 
experiments, certain data is obtained. Multiple 
quadratic regression equations are used to fit the 
functional relationship between factors and 
response values, and regression equation 
analysis is used to find the best experimental 
conditions [16]. This will significantly reduce the 
workload of experiments, save time, and 
effectively reduce the use of solvents and 
materials. Response surface method has been 
widely used in the optimization of process 
parameters [3, 17].  
 
The purpose of this study is to apply a novel 
ultrasonic-assisted cloud point extraction 
(UACPE) with aqueous solutions of surfactants to 

extract polyphenols from pomegranate peel and 
optimize the extraction process parameters 
including solid/liquid ratio, Triton X-100, salt 
concentration, equilibration time, and 
temperature by single factor experiment and 
response surface method (RSM), employing a 
five-variable, three-level Box–Behnken design 
(BBD). This study would be helpful to further 
research and application of polyphenols from 
pomegranate peels. 
 
 

Materials and methods 
 

Pomegranate peel and reagents 
The pomegranate peel used in this study was 
harvested from a pomegranate fruit forest in 
Lintong District, Xi'an City, Shaanxi province, 
China with the edible part and the aril being 
removed by manual peeling. The collected 
pomegranate peel was placed in a ventilated and 
dry place at room temperature, and was then 
treated by baking to constant weight in an 
electric blast drying oven (Huyue Instrument Co., 
Ltd, Shaoxing, Zhejiang, China) at 55°C. The dried 
pomegranate peel was ground into powder with 
a plant powder extractor (Taisite Instrument Co., 
Ltd, Tianjin, China), and then, screened through a 
sieve with a particle size of 80 mesh and stored in 
a dryer for future experiments.  
 
Ultrasonic-assisted cloud point extraction 
Polyphenols were extracted from pomegranate 
peel in an ultrasonic water bath (Boxun Medical 
Biological Instrument Co., Ltd, Shanghai, China) 
by using modified UACPE method of 
Pavankumar, et al. [18]. Trixton-100 (Shanghai 
McLean Biotechnology Co., Ltd, Shanghai, China) 
was used as a surfactant to separate polyphenols 
from pomegranate peel. The best extraction 
conditions were first screened by using single 
factor method followed by the response surface 
analysis method for further optimization, and 
finally the validation experiment was carried out. 
Briefly, 1 g of pomegranate peel powder was 
added to surfactant Trixton-100 (%, v/v) in 
different concentrations (Table 1) and mixed on 
a thermostatic magnetic stirrer for 30 mins.   The 
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Table 1. Conditions and parameters for single factor experiments. 
 

Extractive conditions   Parameters 
solid:liquid ratio(w/v) 1:30 1:40 1:50 1:60 1:70 
pH 3 4 5 6 7 
Triton X-100(%, v/v) 4 6 8 10 12 
salt concentration (%, w/v) 8 10 12 14 16 
centrifugation time (min) 5 10 15 20 25 
centrifugation speed (rpm) 8,000 9,000 10,000 11,000 12,000 
equilibration time (min) 10 20 30 40 50 
equilibration temperature (°C) 35 45 55 65 75 

 
 
Table 2. Independent variables and levels of response surface experimental design. 
 

Independent variables   Level 
-1 0 1 

A:  solid:liquid ratio(w/v) 1:30 1:40 1:50 
B: Triton X-100 (%, v/v) 6 8 10 
C: salt concentration (%, w/v) 12 14 16 
D: equilibration time (min) 20 30 40 
E: equilibration temperature (°C) 45 55 65 

 
 
mixtures were then incubated in a constant 
temperature water bath ultrasonic instrument at 
different temperatures and times before 
centrifugation at different speeds (Table 1). The 
supernatants were collected and the different 
concentrations of NaCl solutions (Table 1) were 
then added to the supernatants. After 
centrifugation at 6,000 rpm for 20 mins, the 
upper organic phase that contained polyphenols 
was recovered. Three sets of parallel 
experiments were conducted in this study. 
 
Determination of total polyphenol content 
Folin-cicalteau method described by Torres, et al. 
[19] was applied to determine the total 
polyphenols content in pomegranate peel. 
Briefly, 100 μL of sample extract was added into 
a 10 mL disposable centrifuge tube with the same 
volume of Folin-cicalteau reagent (Shanghai 
McLean Biotechnology Co., Ltd, Shanghai, China). 
After fully mixing, 700 μL of 20% Na2CO3 solution 
was added, and then, supplemented by distilled 
water to the final volume of 5 mL. The reaction 
was incubated at room temperature for 30 mins 
under a dark environment before the absorbance 
at 750 nm was measured by using a UV-VIS 

spectrophotometer (Meipuda Instrument Co., 
Ltd, Shanghai, China). Gallic acid (Shanghai 
McLean Biotechnology Co., Ltd, Shanghai, China) 
was employed to make the standard calibration 
curves. The final yield of total polyphenol content 
in the sample was expressed in mg of gallic acid 
equivalent (GAE) per g of pomegranate peel 
powder (mg GAE/g). The yield of total polyphenol 
content was calculated by using the following 
formula. 
 

Y = CV × 1,000 × N/m 
 
where Y (mg GAE/g) was the total polyphenol 
content. C (mg/L) was the polyphenol 
concentration. V (mL) was the solvent volume. N 
was the dilution ratio; m (g) is the weight of 
pomegranate peel powder. 
 
Influence of single factor on extraction yield 
Eight (8) factors including solid-liquid ratio (w/v), 
surfactant concentration (%, v/v), pH, salt 
concentration (%, w/v), equilibrium temperature 
(°C), equilibrium time (min), centrifugation time 
(min), and centrifugation speed (rpm) were 
selected to investigate the influence of each 
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factor on the extraction rate and determine the 
appropriate level of each factor. The specific 
parameters of each single factor were shown in 
Table 1. 
 
Response surface experiment  
In order to further determine the optimal 
extraction conditions of UACPE, based on the 
analysis of the single-factor experimental results, 
five factors that showed the greater impacts on 
the extraction rate were selected including solid-
liquid ratio (A), Trixton-100 (B), NaCl 
concentration (C), equilibrium time (D), and 
equilibrium temperature (E) (Table 2). Under the 
employment of Design Expert 8.0 software (Stat-
Ease Inc., Minneapolis, Minnesota, USA), the 
influence of these five independent variables on 
the total polyphenol content (TPC) was studied 
by using Box-Behnken design.  
 
Statistical analysis 
All the experiments were performed in triplicate 
and the data were analyzed by using SPSS (22.0) 
for Windows (IBM Corp., Armonk, New York, 
USA). Statistical analyses were conducted by one-
way ANOVA. Multiple comparisons versus 
control were completed by using Dunn’s method 
with significance at the P < 0.05 level. 
 
 

Results and discussion 
 
Optimization of UACPE conditions with single 
factor test 
(1) The solid to liquid ratio 
The solid to liquid ratio can be considered as one 
of the critical variables in CPE system. Lesser the 
liquid or solvent content than optimum level 
leads to incomplete extraction of polyphenols, 
while higher solvent volume would be just an 
extraordinary waste [20, 21]. Single-factor 
experiment was performed at varied solid to 
liquid ratio ranging from 1:30 to 1:70 with 8% 
(v/v) Triton X-100. The effect of solid:liquid ratio 
was shown in Figure 1. The responses of TPC 
were gradually increased as the ratio of solid to 
liquid increased from 1:30 to 1:50, which might 
be due to that higher solid to liquid ratio led to an 

increase in solvent volume, which was necessary 
for solubilization of bioactive substances before 
saturation. The maximum TPC was observed in 
the solid to liquid ratio of 1:50. After that, it 
showed an apparent decrease in the ratio of 1:60, 
and 1:70, which might be explained by the lower 
concentration of solute leading to the lower 
extraction yield. Considering comprehensively, 
the solid liquid ratio of 1:30, 1:40, and 1:50 were 
selected as the conditions for further polyphenol 
CPE research in the response surface 
experimental design. 
 

 
 
Figure 1. Effects of solid:liquid ratio on total polyphenol content 
(TPC) extracted from pomegranate peel. 

 
(2) pH values 
The most crucial factor during the extraction 
process in CPE was the system pH. By changing 
the electrical charge form of ionizing molecules 
like polyphenols, pH has significantly influence on 
effective partitioning and surfactant phase 
separation in CPE system [22]. The effect of pH 
on TPC yield was studied by varying pH from 3.0 
to 7.0 at sodium chloride concentration of 12% 
(w/w), 100% (40KHz) ultrasonic power for 30 
mins at 55°C using 8% (v/v) Triton X-100 at 1:50 
solid-liquid ratio. The results were illustrated in 
Figure 2. It was observed that the extraction 
yields increased and then slightly decreased with 
the increasing pH value. At pH 4.0, the yield of 
TPC reached a maximum of 70.96 mg GAE/g. A 
similar trend was also reported by Chen, et al 
using Triton X-114 [23]. Therefore, pH 4.0 was 
selected for the following experiments. 
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Figure 2. Effects of pH on total polyphenol content extracted from 
pomegranate peel. 
 
 
(3) The concentration of Triton X-100 
The concentration of surfactant affects the 
extraction yield and the phase volume ratio 
during phase separation in the CPE system. In 
order to obtain effective cloud formation, 
surfactant concentration higher than the critical 
micelle concentration (CMC) is required [24]. 
Generally, the ratio of aqueous phase volume to 
surfactant rich phase volume increases with the 
decrease of surfactant concentration [12]. The 
effect of Triton X-100 concentration from 4 to 
12% (v/v) was evaluated for maximum TPC 
(Figure 3). When the concentration of surfactant 
increased from 4% to 12%, the extraction yield 
increased first and then decreased, and reached 
the peak at 10% (v/v) of Triton X-100 with the TPC 
of 76.78 mg GAE/g. Therefore, 6%, 8%, and 10% 
(v/v) Triton X-100 were selected as the surfactant 
concentrations for further optimization 
experiment. 
 
(4) Salt concentration 
In order to avoid the loss of thermosensitive 
compounds such as polyphenols due to high 
temperature during the extraction process, ionic 
strength plays an important role [25]. It can 
induce salting out effect in Triton X-100 aqueous 
solution by reducing the cloud point temperature 
of surfactant to achieve effective phase 
separation [26]. The effects of salt (NaCl) 

concentrations from 8 to 16% was investigated 
for the maximum TPC yield (Figure 4). The results 
showed that, when the salt concentration 
increased from 8% to 14%, the yields of TPC 
increased rapidly, which might be related to the 
fact that the electrolyte like NaCl in the micellar 
system helped to increase the number and size of 
micelles, thus promoting the phase separation 
process. When the ion concentration exceeded 
14%, the change of extraction efficiency was 
relatively insignificant. In the response surface 
experiment design, the salt concentrations of 
12%, 14%, and 16% were selected for further 
study. 
 

 
 
Figure 3. Effects of Triton X-100 on total polyphenol content 
extracted from pomegranate peel. 

 
 

 
 
Figure 4. Effects of salt (NaCl) concentration on total polyphenol 
content extracted from pomegranate peel. 
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(5) The centrifugation time and speed  
Centrifugation increases the equilibration and 
reduces the time required for CPE. In general, 
under the condition of insufficient centrifugation 
speed and time, the separation is incomplete. 
However, too long centrifugation time or too 
high centrifugation speed probably leads to 
partial back extraction to the aqueous phase, 
which will reduce the polyphenol yield and CPE 
efficiency [27]. The effects of the centrifugation 
time and speed on the TPC yield were studied in 
the range of 8,000 - 12,000 rpm for 5 - 25 mins. 
The results showed that, within the selected level 
range, the influence trend was not very obvious 
(Figure 5). Therefore, these two factors were 
rarely optimized in the literature. 
 

 
 

 
 
Figure 5. Effects of the centrifugation time and speed on the TPC 
yield. 

(6) Equilibration temperature and time 
 

 
 

 
 
Figure 6. Effects of the equilibration temperature and time on the 
TPC yield. 

 
Temperature is one of the most important 
parameters in cloud point extraction system. 
Theoretically, CPE can only be realized when the 
equilibrium temperature of the extraction 
solution is higher than the cloud point 
temperature of the surfactant. In addition, the 
equilibrium temperature is closely related to the 
formation time of organic molecules and 
surfactant micelles [28]. The influence of 
equilibration time on the CPE yield was studied in 
the range of 10 to 50 mins at room temperature. 
Figure 6 showed that 30 mins equilibration time 
was well enough to obtain maximum yield of TPC 
in CPE system, which was about 76.97 mg GAE/g. 
The effect of equilibration temperature on the 
yield of TPC was investigated at different 
temperatures  varying  from  35°C  to  75°C.  The 
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Table 3. Box–Behnken experimental design and results for yield of TPC. 
 

Run No. 
A B C D E Y 

solid:liquid ratio 
(w/v) 

Triton X-100 
(%, v/v) 

salt concentration 
(%, w/v) 

Eq. time 
(min) 

Eq. Temperature 
(℃) 

TPC 
(mg GAE/g) 

1 50 10 14 50 65 60.01 
2 50 10 14 30 65 64.57 
3 40 10 14 40 65 85.13 
4 30 10 14 40 75 75.01 
5 30 10 14 50 65 65.27 
6 40 12 14 50 65 67.61 
7 40 8 14 40 55 61.03 
8 40 10 16 40 55 58.05 
9 40 12 14 30 65 71.27 

10 40 10 14 50 55 58.81 
11 50 12 14 40 65 59.14 
12 30 10 16 40 65 62.11 
13 50 10 14 40 75 69.35 
14 40 10 16 40 75 65.63 
15 40 10 14 40 65 85.15 
16 40 12 12 40 65 65.27 
17 40 10 12 40 55 67.89 
18 30 10 12 40 65 59.74 
19 30 10 14 40 55 65.17 
20 40 10 12 50 65 65.87 
21 50 10 12 40 65 60.79 
22 40 12 14 40 75 77.58 
23 50 8 14 40 65 54.22 
24 40 10 14 40 65 85.35 
25 40 12 14 40 55 56.79 
26 40 10 14 40 65 85.89 
27 40 8 14 50 65 44.48 
28 40 10 16 50 65 63.69 
29 30 12 14 40 65 61.72 
30 40 8 12 40 65 63.47 
31 40 8 16 40 65 58.98 
32 40 10 14 40 65 79.15 
33 40 12 16 40 65 76.45 
34 50 10 14 40 55 55.13 
35 40 10 14 30 75 76.32 
36 40 10 12 40 75 71.72 
37 40 10 14 40 65 86.16 
38 40 10 14 30 55 62.89 
39 40 10 12 30 65 63.29 
40 40 8 14 40 75 69.62 
41 30 10 14 30 65 58.03 
42 40 10 16 30 65 61.98 
43 40 8 14 30 65 65.79 
44 30 8 14 40 65 73.06 
45 50 10 16 40 65 58.87 
46 40 10 14 50 75 72.48 
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Table 4. Estimated regression model of relationship between response variable (yield of TPC) and independent variables (A, B, C, D, E). 
 

Source Sum of squares df Mean square F value P value  
Model 3390.893 20 169.55 6.95 < 0.0001 ** 

A 90.39 1 90.39 3.7 0.0657  
B 127.578 1 127.58 5.22 0.0310 * 
C 9.42 1 9.42 0.39 0.5399  
D 41.99 1 41.99 1.72 0.2015  
E 528.42 1 528.42 21.66 < 0.0001 ** 

AB 66.09 1 66.09 2.7 0.1123  
AC 4.6 1 4.6 0.19 0.6678  
AD 34.81 1 34.81 1.43 0.2435  
AE 4.796 1 4.796 0.19 0.6613  
BC 61.39 1 61.39 2.51 0.1253  
BD 77.88 1 77.88 3.19 0.0861  
BE 37.21 1 37.21 1.52 0.2283  
CD 0.18 1 0.18 0.0078 0.9305  
CE 3.51 1 3.51 0.14 0.7074  
DE 0.01 1 0.01 0.00059 0.9808  

A^2 1308.35 1 1308.34 53.63 < 0.0001 ** 
B^2 911.51 1 911.51 37.36 < 0.0001 ** 
C^2 951.79 1 951.79 39.01 < 0.0001 ** 
D^2 973.79 1 973.79 39.91 < 0.0001 ** 
E^2 444.58 1 444.57 18.22 0.0002 * 

Residual 609.95 25 24.39    
Lack of Fit 575.1 20 28.76 4.126 0.0612 not significant 
Pure Error 34.85 5 6.97    

*significant (P < 0.05). **very significant (P < 0.01). 

 
 
results showed that the maximum yield of TPC 
(82.12 mg GAE/g) at temperatures 65°C was 
observed. When the temperature exceeds 65°C, 
the TPC yield decreased instead of increasing, 
which might be explained by the degradation of 
polyphenols caused by high temperature. Similar 
observations reported by Luo, et al. [25]. If it is 
kept at a high temperature for a longer time, 
degradation may occur, leading to a decrease in 
TPC yield. Based on the fact, a temperature of 
65°C was selected as the optimum equilibrium 
extraction temperature for further studies.  
 
Optimization of UACPE conditions with 
response surface methodology 
In order to enhance the yield of the target 
compounds, response surface methodology 
(Box–Behnken design) was employed to further 
optimize the extraction conditions of 
polyphenols from pomegranate peels through 

UACPE. Based on the single factor experiments 
results, the relationships among solid:liquid ratio, 
Triton X-100, salt concentration, equilibration 
time and temperature were further optimized by 
using Design Expert 8.0.5. Three values of 
solid:liquid ratio (1:30, 1:40, and 1:50 (w/v)), 
Triton X-100 (6, 8, and 10% (v/v)), salt 
concentration (12, 14, and 16% (w/v)), 
equilibration time (20, 30, and 40 mins), and 
equilibration temperature (45, 55, and 65°C) 
were applied by using a Box-Behnken design. The 
independent variables and levels of experimental 
design (5 factors & 3 levels) were shown in Table 
2. The experimental design and results using 
Design expert 8.0 software were shown in Table 
3. The results of multiple regression analysis 
were shown in Table 4. According to the response 
surface analysis, the regression equation was 
induced as follows. 
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Figure 7. Response surface (3D) showing the effect of different extraction parameters (A: solid:liquid ratio,w/v; B: Triton X-100, % (v/v); C: NaCl 
concentration, % (w/v); D: Eq. time, min; E: Eq.temperature, °C) on the response yield of TPC. 

 



Journal of Biotech Research [ISSN: 1944-3285] 2023; 14:160-170 

 

169 
 

Y = 84.47 - 2.38A + 2.82B - 0.77C - 1.62D + 5.75E 
+ 4.07AB - 1.07AC - 2.95AD + 1.09AE + 3.92BC + 
4.41BD + 3.05BE - 0.22CD + 0.94CE + 0.06DE - 
12.24A2 -10.22B2 - 10.44C2 - 10.56D2 - 7.14E2 
 
Regression model P value was 0.0001 (P < 0.01). 
The difference was statistically significant. The 
influence of five factors on extraction rate was as 
follows: equilibration temperature (E) > Triton X-
100 (B) > solid:liquid ratio (A) > equilibration time 
(D) > salt concentration (C). BD interaction was 
the most significant while DE interaction was the 
weakest. 
 
Through the analysis of Design expert 8.0 
software, the response surface of each factor to 
the extraction rate was obtained, and the results 
were shown in Figure 7. It was predicted that the 
best extraction process was (A) solid:liquid ratio 
1:39.57 g/mL, (B) Triton X-100 10.39% (v/v), (C) 
salt concentration 14.04% (w/v), (D) Eq. time 
39.71 mins, (E) Eq. temperature 69.43°C. 
According to the optimum extraction process 
predicted by response surface software Design 
expert 8.0, in order to facilitate the actual 
experiment, the prediction process was revised 
to (A) solid:liquid ratio 1:40 g/mL, (B) Triton X-100 
10%  (v/v), (C) salt concentration 14% (w/v), (D) 
Eq. time 40 mins, (E) Eq. temperature 65°C for the 
experiment, and the extraction rate was 82.37 
mg GAE/g, which was close to the predicted value 
of 86.08 mg GAE/g. 
 
 

Conclusion 
 
Cloud point extraction is a novel extraction 
technology that utilizes the cloud point principle 
and the solubilization of surfactants to enrich the 
separated components. Using surfactants to 
form micelles in the aqueous phase can increase 
the solubility of the components to be separated, 
and then change the experimental parameters to 
initiate phase separation to achieve the purpose 
of separating the desired components. In this 
study, the cloud point extraction method was 
employed to extract pomegranate peel 
polyphenols. Through single factor and response 

surface methodology optimization, the optimal 
extraction process was obtained as (A) 
solid:liquid ratio 1:40 g/mL, (B) Triton X-100 10%  
(v/v), (C) salt concentration 14% (w/v), (D) Eq. 
time 40 mins, (E) Eq. temperature 65°C, and the 
final extraction rate was up to 82.37 mg GAE/g. 
At the same time, it was found that the extraction 
rate could be improved by changing the 
concentration of surfactant or adjusting the ionic 
strength. The cloud point extraction method, 
which does not use organic solvents, has the 
characteristics of green environmental 
protection and low cost, and is likely to become a 
new green process for the extraction of effective 
components of natural products in the future. 
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