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A B S T R A C T

Although goji berry with many main biological activity components is a nutritional medicinal and
edible plan and widespread in the northeast of China, its current development also faces a new
challenge of overcapacity. So this study was largely focused to investigate the optimal extraction
process conditions (extraction water proportion, acidic pH regulating reagent, adjusted pH,
extraction temperature, extraction time) for goji berry with increased yield. Box Behnken
experimental design (BBD) was used to model the mathematical model of the relationship be-
tween the three main influence of pivotal extraction parameters (extraction pH, extraction time
and extraction temperature) selected by the single factor experiments on the responses of goji
berry pectin yield (%). Morover the predicted models were adequately fitted to the real experi-
mental data (18.507 % ± 0.275 %, P < 0.001) for all the response variables within a short time.
The maximum yield of pectin was sufficiently obtained with optimal conditions of the best water-
goji ratio of 20:1, extraction pH of 2.2 adjusted by hydrochloric acid, extraction time of 80 min at
76 ◦C. Interesting, as thickener, goji berry pectin does not only improve the health benefits of
yogurt in some studies have reported, but it also improves its sensory properties and viscosity of
the yogurt in this paper. It will effectively improve the efficiency of obtaining goji berry pectin,
which will provide strong experimental evidence for the widespread application of goji berry
pectin. Although goji berry pectin does not have significant advantages in sensory evaluation and
yogurt viscosity, it has been proven in some studies to have good functionality in terms of
nutrition. This provides a good idea for the development of functional foods urgently needed in
the current aging society. Goji berry will be an effective alternative source of pectin on health
food industry on large scale. In addition, this paper also provides a feasible approach to effec-
tively solve the problem of goji berry overcapacity.

Abbreviations: BBD, Box Behnken experimental design; ddH2O, Distilled and deionized water; HCl, hydrochloric acid; H2SO4, sulphuric acid;
HNO3, nitric acid; ANOVA, analysis of variance; 3-DRS, three-dimensional response surface.
* Corresponding author.
** Corresponding author. College of Food and Health, Jinzhou Medical University, Jinzhou, Liaoning, 121001, China.
E-mail addresses: gengli777@126.com (L. Geng), zhoutuntun@163.com (W. Zhou).

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

https://doi.org/10.1016/j.heliyon.2024.e40708
Received 10 September 2024; Received in revised form 18 November 2024; Accepted 25 November 2024

Heliyon 10 (2024) e40708 

Available online 26 November 2024 
2405-8440/© 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

mailto:gengli777@126.com
mailto:zhoutuntun@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e40708
https://doi.org/10.1016/j.heliyon.2024.e40708
https://doi.org/10.1016/j.heliyon.2024.e40708
http://creativecommons.org/licenses/by-nc-nd/4.0/


1. Introduction

In recent years, with the increasing awareness of health care among people, Lycium barbarum (known as goji berry [1] or wolfberry
[2]), which have many important functions, are becoming increasingly important in traditional Chinese medicine [3], so their market
demand as a traditional Chinese medicine [4] and nutritional supplement [5] has been constantly expanding. Currently, it has been
discovered that goji berry contain various nutrients and functional active ingredient, such as carbohydrates, alkaloids, flavonoids,
carotenoids, polypeptides, polyphenols and others [4,6,7]. Modern medical research has proven that goji berry have many biological
activity functions, including immune regulation, anti-inflammation, anti-tumor, nerve protection, anti-aging, antioxidant,
anti-fatigue, hypoglycemic and hypolipidemic, liver protection, protecting myocardial cells, and so on [8]. However, nowadays
approximately 75 %–85 % of goji berry fruits widespread in China are usually stored or consumed directly in dry form [9]. Besides
dried fruits, the main product varieties are goji juice and goji fermented products [10] (including goji fruit wine, goji fruit vinegar, goji
fermented beverages, etc.) [11]. There are not many other types of new goji berry foods or goji berry related products. Therefore,
developing new goji related products or widely using goji ingredients will become more meaningful for expanding the goji health huge
market quickly.

Although Many studies have shown that polysaccharide (e.g. pectin) was the main biological activity component of Chinese herb
[12], the current development of goji berries in China like Shanxi and Liaoning Province also faces a new challenge of overcapacity.
Therefore, this project aims to further develop goji berries and fully utilize them to solve the current problem of surplus goji berries.
Pectin can often be extracted at high temperature by hydrolyzing proto-pectin using acid and isolated by precipitation with alcohol
[13]. Some researches [14] showed that the yield of pectin extracted from Lycium ruthenicum by high-temperature acid method are
significantly higher than other methods, but this method has not been well optimized. Therefore, we hypothesize that some key
procedures (extraction water proportion (v/w), acidic pH regulating reagent, adjusted pH, extraction temperature, extraction time) in
the method of extracting goji berry pectin by high temperature acid hydrolysis with ethanol precipitation should be optimized by
Box–Behnken experimental designs (BBD). It has been widely known that pectin is a polysaccharide contained in the cell walls of plants
and largely used in food industries. So in this paper, the extracted pectin was compared as a yogurt thickener with two known ones to
expand the deep use of goji berry pectin in health food industry (Fig. 1).

2. Materials and methods

2.1. Plant samples and reagents

Whole, freshly cut, the fruits of Lycium barbarum were harvested in September from the Jinzhou Medical University, Jinzhou of
China. The plant material was oven-dried at 50 ◦C and subsequently crushed into powder (the particle size about 0.150 mm and the
moisture for ≤6 %). Milk (purchased from China Huishan Dairy Holdings Company Limited). All solvents used were the analytical
grade solvents, purchased from Hongda Co. (Jinzhou, China) were used throughout the study. Distilled and deionized water (ddH2O)
were prepared by Ultrapure ™ water purification system (DAI Co., Ltd., Shenyang, China).

2.2. Experimental design

The entire experiment was divided into two parts (Fig. 1). The first part was the optimization of the extraction process of goji berry
pectin (the detail procedures described in the blue box), and the second part was the application of goji berry pectin (obtained based on
the optimization in the first part) as a thickener in yogurt (the detail procedures described in the purple box).

Fig. 1. Overall planning of the paper.
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2.3. Pectin extraction and factor design

The extraction program is based on the previous method of extracting pectin in our laboratory [15] and has been improved (the first
part in Fig. 1). By using the index of pectin yield, several main factors (Table 1 I) in the initial screening of pectin extraction process are
identified, which limits the scope of further optimization. When one factor was changed to examine, the other examined factors were
water-goji ratio of 20:1, adjustment pH = 2.0 using hydrochloric acid at 80 ◦C for 70 min.

Optimizing the Acid extraction - alcohol precipitation conditions of pectin from the fruit of goji berry has not been studied yet. In
this study, BBD was constructed to evaluate the effects of the following main factors: pH (factor A, the level is set to1.5 to 2.5),
extraction time (B, 70–90 min) and extraction temperature (C, 70–90 ◦C) (Table 1 II). Quadratic regression models from the 3-factorial
design were set up according to the experimental data with Design Expert (Version 8.0.6).

2.4. Yield of pectin

Goji berry pectin obtained from the first part of the experiment 2.2 was dried overnight in an air-forced oven at 45 ◦C. The yield of
pectin was calculated using equation (1).

Yield of pectin (%)=
W − W0

W1
× 100% equation 1

WhereW is the weight of extracted pectin from the fruit of goji berry and weight paper in g,W0 is the amount of blank paper in g,
and W1 is the weight of goji berry in g.

2.5. Thickener application of goji berry pectin in yogurt and factor design

The main process of producing goji berry pectin yogurt was shown in Part 2 of Fig. 1. Different food thickeners were respectively
goji berry pectin (obtained under optimal conditions by our laboratory), gelatin (Food-grade, HenanWan Bang industrial Co., Ltd) and
agar (Food-grade, Henan Wan Bang industrial Co., Ltd). Successfully prepared different yogurt samples were subjected to viscosity,
sensory evaluation and storage stability determination separately.

2.6. Viscosity measurement

Viscosity measurement was according to Osamu Kurita et al. [16]. Viscosity of yoghurt was measured with a constant 30 Hz by a
sine-wave viscometer (SV-10, A&D, Tokyo, Japan) with a water-jacket assembly (AX-SV-37, A&D) at 25 ◦C.

2.7. Sensory evaluation

The sensory evaluation of yogurt product contained the texture, smoothness, stability, viscosity and uniformity. 0–4 scores were set
followed by the indexes of sensory evaluation, respectively as poor (0 score), medium (1 score), good (2 score), very good (3 score),
and excellent (4 score). Each tested product was tested by 20 sensory professionals, and the average score of each product was the last
sensory score. The sensory evaluation was approved by the Ethics Committee of Jinzhou Medical University and all panelists provided
informed written consent before the experiments.

Table 1
The main factor extraction experimental design.

I. Single factor experimental design

Level
Factors

S1
Reagent

S2 water-goji ratio (v/w) S3 pH S4 time (min) S5 temperature (◦C)

1 Hydrochloric acid 10:1 1.5 50 40
2 Nitric acid 15:1 2.0 60 50
3 Sulphuric acid 20:1 2.5 70 60
4 Citric acid 25:1 3.0 80 70
5 – 30:1 3.5 90 80
6 – 35:1 4.0 100 90
7 – 40:1 4.5 110 100
​ ​ ​ ​ ​ ​
II. Experimental Design of BBD Response Surface
Level

Factors
reagent water-goji ratio (v/w) A pH B time (min) C temperature (◦C)

− 1 – – 1.5 70 70
0 – – 2.0 80 80
1 – – 2.5 90 90

L. Geng et al. Heliyon 10 (2024) e40708 

3 



2.8. Storage stability

The storage stability of finished yogurt product was evaluated at 7 days after storage at 4 ◦C. According to how many were whey
precipitations, several grades were set. No whey separation was 0 score. 1–4 scores were set followed by the amount of whey pre-
cipitation, respectively as very little, little, much and very much.

2.9. Statistical analysis

Data are expressed as mean ± SD (n = 3). Statistical analysis was performed using a one-way ANOVA and was analyzed further by
Tukey HSD test for statistical difference. Different lowercase alphabets in the same column represent significant differences at P ≤

0.05, and different capital alphabets represent significant differences at P≤ 0.01, respectively. All data analyses were conducted using
SPSS 19.0 (SPSS Inc., Chicago, IL, USA) and Design Expert (Version 8.0.6).

3. Results and discussion

3.1. Preliminary screening results of main pectin extraction factors

In order to obtain the main compositional parameters of the goji berry pectin extraction, several parameters were investigated. The
results about the single factor experimental results were showed in Fig. 2 S1 to S5. The optimal key extraction conditions for goji
berries pectin are water-goji ratio of 20:1, adjusting to pH 2.0 with hydrochloric acid (HCl), and extracting at 80 ◦C for 80 min.

In this study, the results showed that in four commonly used in commercial pectin production acid, the best goji berry pectin
extraction reagent was HCl and sulphuric acid (H2SO4) (P < 0.05). Compared with the other three inorganic acids, the extraction rate
of citric acid (an organic acid) is the lowest (P < 0.01). It is similar to the research about the pectin from hot pepper residues or Kiwi
peel obtained with HCl was higher than that extracted with H2SO4 [17] or nitric acid (HNO3) [18]. Then there are also some research
results on pectin extraction that are inconsistent with the results of this paper. The pectin from Fuji apple was more easily obtainable
using citric acid than two inorganic acids (HCl and HNO3) [19]. In the experiment, the effect of pH (Fig. 2 S2), extraction time (Fig. 2
S3) and extraction temperature (Fig. 2 S5) on the pectin of goji berry changed more obviously than other factors. So these three factors
were the major ones to further optimize using response surface methodology.

3.2. Response surface model fitting

In this study, utilized Box-Behnken design (BBD) was applied to arrange and optimize experiment conditions. Combined with the
experimental results in section 3.1, the major factors of pH (A), Time (B) and Temperature (C) were selected to optimize by response
surface experiments. The experimental conditions were a range of pH (1.5–2.5), time (70–90 min) and temperature (70–90 ◦C) to be
tested. The other conditions were extraction reagent for HCl and water-goji ratio of 20:1. The observed responses of 17 experimental
points in the entire design were listed in Table 2 I. The experiments were performed randomly in triplicate.

The results of the analysis of variance (ANOVA) for formulation variables from BBD were showed in Table 2 II. The F-test suggested
that this model was highly significant (model F-value = 26.528) and no significant lack of fit (P > 0.05). Quadratic Model was
obviously significant (P< 0.01). One quadratic parameter (A2 and B2) and two interaction parameters of BC were obviously significant

Fig. 2. Effect of extraction reagent, pH, extraction time, water-goji ratio and extraction temperature on the yield of pectin (%) from goji berry.
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(P< 0.01). These results meant that this model was fitted for this research. The yield of pectin was significantly affected by pH (A) (P<
0.01), followed by time (B) and temperature (C) (P < 0.05).

Based on the central composite design principle of Box-Behnken method, linear, 2FI, quadratic equation, and cubic equation
prediction models were established. The values of R2, adjusted R2 and predicted R2 are analyzed and shown in Table 2 III. The Design
Expert software recommends using a quadratic model (Quadratic), in which determination coefficient R2 is 0.9715＞0.8 (meaning a
well fitted model, P < 0.01), indicating that the predicted results of the model (adjusted R2 = 0.9349) are more in line with the actual
results (predicted R2 = 0.7349). It meant that the calculated model explained 97.2 % of the results and the model was significant to
represent the relationship between yield of pectin from goji berry and the independent variables (pH, extraction time and extraction
temperature). Therefore, it can be concluded that the quadratic model has the smallest deviation (Fig. 3A) and higher fitting degree
(Fig. 3B) than other models.

Table 2
Response surface experimental design, result (I), summary of ANOVA (II), R2 analysis of multiple model (III) and optimum conditions(IV).

I. Response surface experimental design and Result

Independent variables Dependent variables

Run pH
A

Time (min)
B

Temperature (◦C)
C

Yield of pectin (%)
Y

1 2 90 70 16.54
2 2 80 80 18.75
3 2 90 90 17.53
4 2 80 80 18.31
5 2 80 80 18.75
6 2.5 80 90 16.71
7 2 80 80 18.07
8 1.5 90 80 15.92
9 2.5 80 70 18.32
10 2 70 70 17.56
11 2.5 90 80 17.22
12 1.5 80 70 15.74
13 1.5 70 80 14.41
14 1.5 80 90 15.53
15 2.5 70 80 16.49
16 2 70 90 15.76
17 2 80 80 18.64

II. Summary of ANOVA

Sourcea SUMb Dfc MSd F-Value p-value Significant

Model 26.897 9 2.989 26.528 0.0001 **
A-A 6.372 1 6.372 56.565 0.0001 **
B-B 1.118 1 1.118 9.920 0.0162 *
C-C 0.865 1 0.865 7.675 0.0277 *
AB 0.152 1 0.152 1.350 0.2833 ​
AC 0.490 1 0.490 4.350 0.0755 ​
BC 1.946 1 1.946 17.274 0.0043 **
A2 8.056 1 8.056 71.512 <0.0001 **
B2 5.195 1 5.195 46.112 0.0003 **
C2 1.254 1 1.254 11.132 0.0125 *
Residual 0.789 7 0.113 ​ ​ ​
Lack of Fit 0.423 3 0.141 1.543 0.3338 ​
Pure Error 0.366 4 0.091 ​ ​ ​
Cor Total 27.685 16 ​ ​ ​ ​

III. R2 analysis of multiple model
Model Standard deviation R2 Adjusted R2 Predicted R2 ​

Linear 1.22 0.3018 0.1406 − 0.0925 ​
2FI 1.29 0.3953 0.0324 − 0.5726 ​
Quadratic 0.34 0.9715 0.9349 0.7349 Suggested
Cubic 0.3 0.9868 0.9472 ​ Aliased
Regression equations of the fitted quadratic model:

YYield of pectin(%) = − 86.37400 + 32.63700 × A (pH)+1.33458 × B(Time)+0.42233 × C (Temperature) − 0.039000 × AB–0.070000 × AC+6.97500E-003 ×

BC–5.53300 × A2–0.011108 × B2–5.45750E-003 × C2

IV. Optimum conditions and the predicted and experimental values of response under optimum conditions
​ pH

A
Time (min)
B

Temperature (◦C)
C

Yield of pectin (%)
Y

Optimum conditions 2.19 80.04 75.80 18.7411
Modified conditions 2.20 80.00 76.00 18.7399 (predicted)

18.507 ± 0.275 (experiments)
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3.3. Analysis of response surface

Two factors in the quadratic regression equations are graphically analyzed by three-dimensional response surface (3-DRS), whereas
the third factor was at its optimum value [20]. From the 3-DRS curves (Fig. 3C and D E and F), the independent and interaction effects
of extraction conditions on the yield of pectin of goji berry can be seen. Fig. 3 displayed the pectin yield obviously increased with the
pH from 1.5 to 2.2, extraction time from 70 to 80 min and extraction temperature from 70 to 75 ◦C, and decreased with pH from 2.2 to
2.5, time from 80 to 90 min and temperature from 75 to 90 ◦C.

3.4. Optimization of extraction conditions and construction of the fitted quadratic model

The aim of this study was to find the optimization extraction conditions to give the maximum yield of pectin of goji berry by a
convenient and fast experiment (Table 2 IV). Software (Design Expert 8.0.5b) predicted the optimum extraction pH, extraction time

Fig. 3. Response surface of any two extraction factors and other model graphs.
Note: (A) Normal Plot of Residuals. (B) Predicted vs. actual of yield of pectin. (C) Response surface of pH and extraction time. (D) Response surface
of pH and extraction temperature. (E) Response surface of extraction time and extraction temperature. (F) Perturbation of yield of pectin, when
Factor A = 2.19, B = 80.04 and C = 75.80.
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and extraction temperature as 2.19, 80.04 min and 75.8 ◦C, respectively. And the yield of pectin was predicted to 18.7411 % by the
software. After experimental verification, the optimal conditions were pH of 2.2, extraction time of 80 min and temperature of 76 ◦C,
and the actual results (18.507 %± 0.275 %) was very close to the predicted value (18.7399 %), indicating that the optimization model
was reliable in this study. Compared with the pectin content of other berries [21] (strawberry 9.0 ± 0.7 %, redcurrant 8.8 ± 1.3 %,
blackberry 9.1 ± 1.3 %, raspberry 10.9 ± 0.01 %), goji berries contain more pectin. The extraction rate of goji berry pectin in this
paper is higher than that of Ziyang Wu’s extraction of Lycium ruthenicum pectin by three different extraction methods [22] (the
high-temperature water-extracted pectin 3.83± 0.73 %, .high-temperature acid-extracted pectin 6.77± 0.54 % and high-temperature
alkali-extracted pectin 6.19 ± 0.71 %). All of these indicate that this experimental procedure can effectively improve the efficiency of
obtaining goji berry pectin, which will provide strong experimental evidence for the widespread application of goji berry pectin.

3.5. Compared the effect of goji berry pectin, gelatin and agar on the quality of yogurt

The results of Fig. 4 A, B, and C showed that agar increased the viscosity of yogurt most obviously. Compared with the commonly
used thickener, such as gelatin and agar, goji berry pectin had more stable and higher sensory evaluation. The viscosity of yogurt could
rise by the augmented concentration of goji berry pectin. It can form a gel under the sugar and acid conditions in yogurt, thus
increasing the viscosity. The effects of goji berry pectin on the storage stability score and sensory evaluation score of yogurt were good.
Because goji berry pectin has mang strong glycosidic bonds, so its structure remains stable and yogurt adding it is also has a stable
stability. As thickener, goji berry pectin with more nutritious and healthy properties was more suitable added in yogurt. These results
indicate that the addition of goji berry pectin improves its sensory properties and viscosity of the yogurt. This view is similar to some
published researches [23,24].

4. Conclusions

This paper optimizes the key conditions for extracting pectin from goji berry, which are water-goji ratio of 20:1, extraction pH of
2.2 adjusted by hydrochloric acid, extraction time of 80 min and temperature of 76 ◦C, and the maximum amount of pectin obtained is
18.507 %. It will effectively improve the efficiency of obtaining goji berry pectin, which will provide strong experimental evidence for
the widespread application of goji berry pectin. This experiment further proves that the addition of goji berry pectin as thickener
improves its sensory properties and viscosity of the yogurt. Although goji berry pectin does not have significant advantages in sensory
evaluation and yogurt viscosity, it has been proven in some studies to have good functionality in terms of nutrition. This provides a
good idea for the development of functional foods urgently needed in the current aging society. Goji berry will be an effective
alternative source of pectin on health food industry on large scale. In addition, this paper also provides a feasible approach to
effectively solve the problem of goji berry overcapacity.
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