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1 Introduction
Goji berry (Lycium barbarum L.) belongs to the Solanaceae 

family. Its fruit is a Chinese herb with both medicinal and food 
functions. Its applications in clearing the liver and improving 
eyesight, lowering blood glucose and enhancing beauty have a 
history of more than 500 years (Muatasim et al., 2018; Jin et al., 
2013; Zhou et al., 2018). Goji berry is usually consumed in the 
form of dry products. Research shows that the extract of Goji 
berry has many functions. Extracts have been shown to protect 
against neurodegeneration in the retina of a rat OH model 
(Chan et al., 2007). The flavonoid fraction in Goji berry was 
the most effective at scavenging DPPH and ABTS+ free radicals, 
chelating metal ions and reducing power, while the zeaxanthin 
fraction and polysaccharides showed the most pronounced 
effect in scavenging hydroxy free radicals and superoxide anions, 
respectively (Wang et al., 2010). A larger amount of research 
focuses on the efficacy of Goji berry polysaccharide and its 
complex. The Goji berry polysaccharides can compensate for the 
decline in total antioxidant capacity, immune function and the 
activities of antioxidant enzymes, and thereby reduce the risks 
of lipid peroxidation accelerated by age-induced free radicals 
(Li et al., 2007). The polysaccharide–protein complex from goji 
berries can activate T cells, and it also has a hypoglycemic effect 
(Zou et al., 2010; Potterat, 2010; Chen et al., 2008). However, the 
drying process can cause the loss of nutrients. The type of berries 
available in the fresh fruit markets in Central and Northern 
Europe is increasing each year (Jatoi et al., 2017; Schiassi et al., 
2020), and the nutritional value and sensory acceptance of berries 
are highly valued (Costa et al., 2019; Schiassi et al., 2020). Goji 
berries with a high nutritional value are considered to be the 
latest “super foods” or “super fruits” due to their unique taste and 

functions (Kafkaletou et al., 2017). Fruit coproducts, made of 
peels, seeds and pulp, discarded during the industrial processing, 
contain lots of health beneficial compounds (Silva et al., 2020), 
therefore, the significant differences of nutritional components 
and storability among varieties are particularly important in the 
selective drying, juicing and extraction of effective ingredients 
of berries (Jasmi et al., 2020; Manochai et al., 2018).

The goji berries fruits have a double “S” curve as they develop, 
indicating that the contents of soluble total sugar, reducing 
sugar, total acids, vitamin C, soluble proteins, polysaccharides, 
carotenoids and other nutrients can reveal a sharp increase up 
to a peak level at a certain developmental period (Zhao et al., 
2015). Therefore, poor storability is the greatest problem 
thwarting the marketization of fresh goji berries. The fresh goji 
berries can turn brown during storage at room temperature for 
2-3 days. Although the flesh of brown goji berries is still edible, 
the commercial value of the fruits has already been compromised 
(Jatoi et al., 2017).

Currently, most studies on the preservation of goji berries 
are focused on the change in storage conditions or the treatments 
with exogenous substances. The major methods for the 
preservation of goji berries include physical methods, such as 
low-temperature refrigeration, modified atmosphere refrigeration, 
heat treatment, radiation preservation, and pressure-reducing 
preservation (Jatoi et al., 2018; Ozturk et al., 2019; Ban et al., 
2015); chemical methods, such as plant growth regulators and 
chemical preservatives (Bulens et al., 2012; Barberis et al., 2019); 
and biological methods, such as biological extracts from natural 
substances (Li et al., 2018; Zhang et al., 2018). However, these 
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methods are still limited to the research stage and have not 
been widely used in practical production. Therefore, it is still a 
substantial problem to explore effective and low-cost processing 
for the technology to keep goji berries fresh on a large-scale 
(Shi et al., 2016).

During studies on the storage of fruits and vegetables, the 
difference in the storability between varieties has attracted more 
attention, with the exception of traditional preservation methods 
(Obianom et al., 2019). Studies have shown a large difference 
in the major and minor metabolites from different varieties of 
red cherries after harvesting, in the contents of components 
in different varieties of potatoes during storage, and in the 
storability of different varieties of grapes (Kiprovski et al., 2018; 
Gancarz, 2018; Cefola et al., 2018). Typically, the varieties that 
mature late store better than the varieties with medium or early 
maturity. The period during storage in which different varieties of 
litchi can be kept fresh is significantly different (Su et al., 2019). 
Japanese scientists have also discovered a type of “stone peach,” 
with a high degree of fruit hardness, brittle flesh, the ability to 
hang on the tree for a long time and to resist softening after 
harvest (Hayama et al., 2006). Other Solanaceous species, such 
as peppers and tomatoes, with high storability have also been 
selected (Huang et al., 2018). The investigation of the storage 
time of fresh fruits from 35 varieties of goji berries during the 
preliminary study of this project indicated that the storage time 
of fresh fruits from different varieties that stored the best was 
more than eight days during storage at 6 °C compared with 
that of the varieties that stored poorly. Therefore, studying the 
storability of fresh fruits from the perspective of varieties can not 
only reduce cost and is suitable for practical production but can 
also result in a breakthrough in storage time, which will become 
a new way to explore the storability of fresh goji berries fruits. 
In this study, fresh fruits from 31 varieties of goji berries were 
used as materials to study the correlation between the storability 
and fruit quality of fresh fruits, which will provide a theoretical 
basis for developing fresh goji berries as a marketable fruit.

2 Materials and methods
2.1 Raw materials of goji berries

The varieties of goji berries tested (Table 1) were selected from 
the Chinese national goji berries resources (latitude 38°38’50”, 
longitude 106°9’13”). The summer fruits were picked on July 
10, 2018, and the autumn fruits were picked on September 26, 
2018. The storability of goji berries was determined within 2 h 
after harvesting. The appearance quality index was evaluated 
within 12 h after harvesting, and the intrinsic quality index was 
determined within 48 h.

2.2 Analytical methods for storability

A total of 50 mature and pest-free fresh goji berries fruits 
of each variety were harvested and then placed in a box to keep 
them fresh. The box had a bottom dimension of 10 cm × 20 cm, 
with the fruit evenly distributed at the bottom surface without 
squeezing each other. Each variety was tested in triplicate. 
The boxes to keep the fruit fresh were placed in a 6 °C cabinet 

with no additional air flow. The decay rate and decay index were 
determined every 24 hours (Equations 1 and 2).

( ) ( )Decay rate %   the number of  decay fruits / 50   100%= × 	 (1)

Storability  1  decay rate= − 	 (2)

Based on the degree of the surface decay of fresh fruits, they 
were divided into six grades (Figure 1). The decay index (%) = 
(decay degree × the number of decay fruits at this degree) / (the 
highest degree × total fruit number) × 100%.

•	 Grade 0: Fresh fruit surface is intact;

•	 Grade 1: A little mildew or decay occurred on the surface 
of fresh fruits, but it did not cover more than 1/5 of the 
surface area of the fruits.

•	 Grade 2: Some of the fresh fruits were mildewed or spoiled, 
ranging from 1/5 to 2/5.

•	 Grade 3: Some of the fresh fruits were mildewed or decayed, 
ranging from 2/5 to 3/5.

•	 Grade 4: Some of the fresh fruits were mildewed or 
decayed, ranging from 3/5 of the surface area to 4/5 of 
the surface area.

•	 Grade 5: There are numerous rotten fruit or surfaces that 
have rotted – between 4/5 of the fruit surface area and the 
whole fruit surface area.

2.3 Measurement of fruit physical indicators

Fruit handle-pulling strength: Ten fresh fruits were selected 
by the quadruple method, and the fruit handle-pulling strength 
of each fruit was determined using a force meter (Aidelberg 
2016 HP series push-pull force meter, Shanghai, China), 
and the average fruit handle-pulling strength was calculated. 
The 100-grain weight parameter: One hundred fresh fruits 
were selected by the quadruple method, and the 100-grain 
weight was determined using an electronic balance (Beijing, 
China) with three replicates to calculate the average 100-grain 
weight. Color difference: Ten fresh fruits were screened by the 
quadruple method, and the color values ​of each fresh fruit at 
two symmetric points were measured by a color difference meter 
(CM-5, Osaka, Japan), and the average value was calculated. 
Hardness: Ten fresh fruits were screened using the quadruple 
method. The hardness was measured one by one using a texture 
analyzer (US FTCTMS-PRO) with the installment of a 10N 
force sensor and needle probe, as well as a puncture program. 
The setting for the maximum force of the parameter was 8N 
(force sensing of 80%); the range was 10N; the triggering force 
was 0.05N; the measuring speed was 30 mm·min-1; the puncture 
distance was 7 mm; the returning speed was 60 mm·min-1, and 
the returning distance was 15 mm. The average hardness was 
calculated. Adhesiveness, cohesiveness, chewiness and elasticity: 
Ten fresh fruits of uniform size were selected from each variety, 
and the adhesiveness, cohesiveness, chewiness and elasticity 
were measured singly using a texture analyzer.
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2.4 Determination of fruit components

The contents of the goji berries polysaccharides, total sugar, 
betaine, flavonoids, total acids and vitamin C were analyzed by the 
Ningxia Agricultural Products Quality Monitoring Center of China.

Determination of soluble solids: Ten fresh fruits were 
screened by the quadruple method; the surface was rinsed with 
distilled water, and the fresh fruits were ground and evenly 
mixed. The homogenous mixture from the fresh fruits was 

Table 1. The storability of 31 varieties of goji berries with their corresponding rank list.

Varieties
Decay rates (%) Storability 

rank
Selection of 

varieties48 h 72 h 96 h 120 h 144 h 168 h
14-87 2 ± 0 2 ± 1.00 2 ± 1.00 4 ± 1.73 4 ± 1.73 14 ± 2.64 1
14-20 0 0 0 0 8 ± 2.44 14 ± 3.46 2 √

16-14-5-4 0 2 ± 0 2 ± 1.00 4 ± 1.41 8 ± 1.73 26 ± 2.00 3 √
14-401 2 ± 0 2 ± 0 4 ± 1.58 4 ± 1.41 10 ± 1.73 26 ± 2.00 4 √

16-1-4-3 6 ± 0 6 ± 1.58 6 ± 1 8 ± 1.73 10 ± 1.73 18 ± 2.00 5 √
09-02 0 4 ± 1.00 4 ± 1.00 6 ± 1.58 14 ± 1.73 26 ± 2.64 6

14-2-3-20 0 0 2 ± 1 4 ± 1.73 16 ± 2.00 30 ± 2.64 7 √
14-104 0 2 ± 0 2 ± 1.41 6 ± 1.00 16 ± 1.58 32 ± 2.83 8

16-1-3-5 0 2 ± 0 2 ± 1.00 4 ±  ± 1.33 16 ± 1.66 28 ± 2.23 9 √
16-16-7-6 0 2 ± 0 2 ± 0 6 ± 1.58 16 ± 2.00 30 ± 2.00 10

Ningqi No.1 0 0 4 ± 1.41 6 ± 2.23 18 ± 1.73 28 ± 2.64 11 √
F1-14-1 4 ± 0 6 ± 1.58 6 ± 1 8 ± 1.41 20 ± 1.58 36 ± 2.44 12

Jingqi No.4 0 0 0 4 ± 1.58 22 ± 2.64 13
Ningqi No.5 8 ± 1.41 10 ± 1.73 10 ± 1.64 16 ± 2.00 22 ± 2.83 14 √

14-402 0 2 ± 1.00 4 ± 1.58 6 ± 1.58 24 ± 2.44 15 √
14-404 6 ± 1.58 6 ± 1.58 6 ± 1.41 8 ± 1.00 24 ± 2.23 16

14-4-4-13 6 ± 1.73 10 ± 2.23 10 ± 1.73 14 ± 2.00 24 ± 2.83 17
14-Z-222 0 4 ± 1.00 8 ± 1.58 10 ± 1.73 26 ± 2.23 18

Z46 2 ± 0 2 ± 0 2 ± 1.00 8 ± 1.73 26 ± 2.44 19
13-11 0 2 ± 0 10 ± 1.73 16 ± 1.58 28 ± 2.23 20
14-16 0 2 ± 0 2 ± 1.58 6 ± 2.00 28 ± 1.73 21 √

16-23-8-10 0 6 ± 1.58 8 ± 2.23 10 ± 1.73 28 ± 2.83 22
404 0 2 ± 0 2 ± 1.00 6 ± 1.41 28 ± 1.73 23
Z44 0 0 2 ± 0 8 ± 1.73 28 ± 3.46 24 √
405 0 2 ± 0 2 ± 1.00 10 ± 2.23 30 ± 2.64 25

13-19 16 ± 1.58 20 ± 1.41 28 ± 2.23 28 ± 2.64 32 ± 2.64 26
16-16-9-2 2 ± 0 6 ± 2.00 6 ± 2.23 12 ± 1.41 32 ± 2.83 27 √

Z168 2 ± 0 2 ± 1.00 6 ± 1.73 18 ± 2.64 32 ± 1.64 28 √
F1-14-5 0 4 ± 1.00 6 ± 1.00 10 ± 2.23 34 ± 1.73 29

16-23-7-8 0 2 ± 1.00 8 ± 1.73 32 ± 2.64 40 ± 3.46 30
Ningqi No.7 32 ± 2.64 40 ± 2.23 48 ± 2.83 52 ± 3.46 52 ± 3.46 31

Figure 1. Classification of the Decay Degree of Fresh Fruits of Lycium barbarum L.
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dripped on the prism surface of a hand-held sugar meter (Japan 
ATAGO Aiqi) with zero adjustment to determine the content 
of soluble solids. The average value was calculated using three 
measurements.

2.5 Statistical analysis

All the tests were repeated three times in each group 
when no specific instructions were provided. All the data were 
analyzed with a one-way ANOVA and Pearson correlation 
analysis (two-tailed test) using SPSS 23.0 (IBM, SPSS, Armonk, 
NY, USA). The data were subjected to regression analysis 
using SIMCA-P 11.5 (Umetrics,Malmo, Sweden) to establish a 
histogram of regression coefficients and importance indicators. 
The difference was considered significant at P < 0.05, and every 
significant difference was evaluated at P < 0.01.

3 Results
3.1 Initial screening of storability

The fresh fruits from some varieties began to decay 96 h after 
harvesting, and the decay rates of some varieties after harvesting 
for 168 h reached more than 50%, thereby losing their commercial 
value. The decay rates of the fresh fruits at 144 h after harvest were 
used to calculate the storability of 31 varieties of goji berries with 
a corresponding rank list (Table 1). The results show a significant 
difference in storability for the fresh fruits from different varieties. 
The varieties with higher rank, such as “14-87” and “14-20,” required 
more than 8 days to reach decay rates similar to the varieties with 
a lower rank, such as “16-23-7-8” and “Ningqi No. 7.” Therefore, 
the increase in the decay rate of fresh goji berries fruits was in 
the range of 48-192 h after harvesting.

According to the classification of 31 varieties, the fresh 
fruits from 13 varieties were screened to represent excellent, 

medium and poor storability to explore the correlation between 
storability and fruit quality (Table 1).

3.2 Correlation analysis

The correlation analysis between the storability of fresh 
fruits from 13 varieties at different harvesting stages (summer 
and autumn fruits) and 16 factors (100-grain weight, maximum 
single fruit weight, fruit hardness, fruit handle-pulling strength, 
soluble solids, color difference L*, color difference a*, color 
difference b*, cohesiveness, elasticity, adhesiveness, chewiness, 
total acids, vitamin C, betaine, and flavonoids) was conducted, 
as shown in Tables 2 and 3.

The decay rate reflects the breakage rate of fresh fruits. 
Regardless of the size of the decay area, damage will increase the 
decay rate. The decay index is calculated based on the size of decay 
area; thus, it reflects the development of the speed of decay after 
the fresh fruits were damaged. The storability of the summer fruits 
calculated by the decay rate of goji berries revealed a significantly 
positive correlation with the content of flavonoids. In contrast, the 
storability calculated by the decay index exhibited a significantly 
negative correlation with color difference b* and the content of 
total acids. Therefore, it was hypothesized that the fruit damage 
should be related to the amounts of flavonoids, and the decay 
rate after injury should be related to the color difference b* and 
total acids. As for the autumn fruits, the storability calculated by 
the decay index correlated significantly with fruit adhesiveness, 
indicating that fresh fruits with high adhesiveness had a relatively 
slower development rate of decay after injury.

3.3 Partial least squares regression analysis

The partial least squares regression analysis integrates the 
advantages of principal component analysis, canonical correlation 

Table 2. Correlation between the storability and fruit quality of summer fruit.

Y1 Y2 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15
Y1 1 1
X1 0.144 0.069 1
X2 0.092 0.206 -0.04 1
X3 0.101 0.052 -0.017 -0.146 1
X4 0.217 0.246 -0.078 0.203 0.186 1
X5 0.008 0.31 -0.052 0.158 -0.306 0.296 1
X6 -0.185 -0.182 0.236 0.172 -0.763** 0.009 0.299 1
X7 -0.178 -0.235 -0.014 0.269 -0.824** -0.053 0.173 0.920** 1
X8 -0.491 -0.644* -0.284 -0.188 0.084 0.273 0.262 0.118 0.095 1
X9 0.229 0.172 0.227 -0.333 0.173 0.491 0.581* 0.092 -0.126 0.408 1
X10 0.115 -0.008 0.074 -0.096 0.176 0.301 0.468 0.107 -0.053 0.655* 0.669* 1
X11 0.167 0.164 -0.122 -0.021 0.718** 0.42 0.101 -0.323 -0.445 0.376 0.406 0.687** 1
X12 0.171 0.096 -0.093 -0.07 0.630* 0.415 0.146 -0.231 -0.36 0.488 0.489 0.803** 0.980** 1
X13 -0.309 -0.560* -0.127 0.119 0.198 0.058 -0.527 -0.107 0.117 0.309 -0.329 -0.056 0.083 0.094 1
X14 0.037 0.174 -0.05 -0.117 -0.265 -0.449 0.294 -0.065 0.009 -0.133 0.067 0.082 -0.252 -0.221 -0.194 1
X15 0.224 0.124 -0.212 0.077 -0.498 0.482 0.628* 0.468 0.517 0.415 0.507 0.459 -0.013 0.103 -0.108 0.112 1
X16 0.579* 0.292 -0.24 -0.263 0.026 0.418 -0.246 -0.042 0.076 -0.053 0.231 0.074 0.146 0.18 0.145 -0.035 0.401
*P < 0.05; **P < 0.01. X1: 100-grain weight; X2: maximum single fruit weigh; X3: fruit hardness; X4: fruit handle-pulling strength; X5: soluble solids; X6: color difference L*; X7: color 
difference a*; X8: color difference b*; X9: cohesiveness; X10: elasticity; X11: adhesiveness; X12: chewiness; X13: total acids; X14: vitamin C; X15: betaine; X16: flavonoids; Y1: decay 
rate; Y2: decay index.
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analysis and linear regression analysis, and it is applicable to the 
analysis of the 13 groups of data and 16 indicators used in this 
study. The partial least squares regression analysis was used to 
test the correlation between the fruit quality and storability in 
more detail and to verify the relationship between causality and 
the contribution of the variables.

Storability calculated by the decay rates of summer fruits

Figure 2 shows that the storability of summer fruits positively 
correlates with the contents of flavonoids and betaine and 
negatively correlates with color difference b* and total acids, 
which indicated that there were large regression coefficients for 
the flavonoids and color difference b*.

The top eight weight coefficients ranked as flavonoids > color 
difference b* > total acids > cohesiveness > fruit handle-pulling 
strength > adhesiveness > chewiness > betaine.

Storability calculated by the decay index of the summer fruits

Figure  3 shows that the storability of summer fruits 
negatively correlates with the color difference b* and total acids 
and positively correlates with the flavonoids and soluble solids 
contents, with large regression coefficients for the total acids 
and color difference b*.

The top eight weight coefficients rank as color difference 
b* > total acids > soluble solids > flavonoids > fruit handle-
pulling strength > color difference a* > cohesiveness > maximum 
single fruit weight.

Storability calculated by the decay rate of autumn fruits

Figure 4 shows the positive correlation between the storability 
and flavonoids and elasticity with larger regression coefficients.

Table 3. Correlation between the storability and fruit quality of autumn fruit.

Y3 Y4 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15
Y3 1 1
X1 -0.245 -0.038 1
X2 -0.29 -0.293 -0.04 1
X3 0.145 0.287 -0.017 -0.146 1
X4 0.309 0.308 -0.078 0.203 0.186 1
X5 0.238 0.208 -0.052 0.158 -0.306 0.296 1
X6 -0.169 -0.305 0.236 0.172 -0.763** 0.009 0.299 1
X7 -0.191 -0.364 -0.014 0.269 -0.824** -0.053 0.173 0.920** 1
X8 0.291 0.05 -0.284 -0.188 0.084 0.273 0.262 0.118 0.095 1
X9 0.45 0.488 0.227 -0.333 0.173 0.491 0.581* 0.092 -0.126 0.408 1

X10 0.674* 0.599* 0.074 -0.096 0.176 0.301 0.468 0.107 -0.053 0.655* 0.669* 1
X11 0.553 0.581* -0.122 -0.021 0.718** 0.42 0.101 -0.323 -0.445 0.376 0.406 0.687** 1
X12 0.614* 0.612* -0.093 -0.07 0.630* 0.415 0.146 -0.231 -0.36 0.488 0.489 0.803** 0.980** 1
X13 -0.147 -0.172 -0.127 0.119 0.198 0.058 -0.527 -0.107 0.117 0.309 -0.329 -0.056 0.083 0.094 1
X14 0.304 0.335 -0.05 -0.117 -0.265 -0.449 0.294 -0.065 0.009 -0.133 0.067 0.082 -0.252 -0.221 -0.194 1
X15 0.467 0.297 -0.212 0.077 -0.498 0.482 0.628* 0.468 0.517 0.415 0.507 0.459 -0.013 0.103 -0.108 0.112 1
X16 0.579* 0.555* -0.24 -0.263 0.026 0.418 -0.246 -0.042 0.076 -0.053 0.231 0.074 0.146 0.18 0.145 -0.035 0.401

*P < 0.05; **P < 0.01. Y3: decay rate of autumn fruit; Y4: decay index of autumn fruit.

Figure 2. Regression coefficients of the storability and fruit quality of fresh summer fruits (Evaluation of the decay rate).
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The top eight weight coefficients rank as flavonoids > elasticity 
> chewiness > adhesiveness > vitamin C > cohesiveness > betaine 
> color difference b*.

Storability calculated by the decay index of autumn fruits

Figure 5 shows the positive correlation between storability 
and the contents of flavonoids and vitamin C with larger 
regression coefficients.

The top eight weight coefficients ranked as flavonoids 
> chewiness > vitamin C > elasticity > adhesiveness > 
cohesiveness > color difference b* > fruit hardness.

It is worth noting that, in the simple correlation analysis, the 
content of vitamin C was positively correlated with storability 
but did not reach a significant level. In contrast, elasticity and 
adhesiveness correlated significantly positively with storability. 
Similarly, the histogram of the importance indices also showed 

Figure 3. Regression coefficients of the storability and fruit quality of fresh summer fruits (Evaluation of the decay index).

Figure 4. Regression coefficients of storability and fruit quality of fresh autumn fruits (Evaluation of the decay rate).

Figure 5. Regression coefficients of storability and fruit quality of fresh autumn fruits (Evaluation of the decay index).
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the weight coefficients as vitamin C > elasticity > adhesiveness, 
so there may be a higher correlation between vitamin C and 
storability calculated by the decay rate of autumn fruits, which 
will require further experimental verification.

4 Discussion
goji berries exhibits infinite inflorescence, with multiple 

blossoms and fruit periods in a year (Hu, 2014). The fruits are 
divided into summer fruits and autumn fruits according to the 
periods during which the fruits ripen. The fruits that ripen from 
mid-June to early July are called summer fruits; the fruits that 
ripen from mid to late September to early October are called 
autumn fruits. The appearance and nutrient composition in 
the fresh goji berries fruits vary at different harvesting periods 
(Yang, 2019). The results from this study indicate that for summer 
fruits, color difference b*, total acids and soluble solids are more 
likely to affect the storability of the fresh fruits. However, for 
autumn fruits, physical properties, such as elasticity, chewiness 
and adhesiveness, more easily affect the storability of fresh fruits, 
which may be related to the different decay styles of autumn and 
summer fruits. Even if the storage temperature is the same, the 
summer and autumn fruits still exhibit different manners of 
decay. For example, the summer fruits can initially reveal mold 
spots and then whole fruit decay, while the autumn fruits initially 
soften and then sequentially shrink and mold. The reasons for 
these phenomena require further experiments for verification.

Regardless of whether the fruit ripened in the summer or 
autumn, there is a significant correlation between the content of 
flavonoids and the storability of the fresh fruits. Flavonoids are 
important active components of goji berries and can improve 
blood circulation and enhance immunity. In addition, they 
have anti-bacterial, anti-inflammatory, anti-oxidation and anti-
aging properties. These compounds have been used as natural 
pigments, antioxidants, and antibacterial agents in the food 
industry, medicine, cosmetics and other industries (Ali et al., 
2019; Jarial et al., 2018). Berries contain much higher levels of 
flavonoids than fresh fruits. The lower content of flavonoids in the 
fresh goji berries may be one of the major reasons for the poor 
storability of the fresh fruits when compared with other berries 
(Bowen et al., 2018). They are not only water-soluble flavonoid 
glycosides but are also alcohol-soluble flavonoid aglycones, as 
well as comprising other compounds in the associated complex 
system (Yao et al., 2011). Currently, the main flavonoids isolated 
from goji berries are quercetin rhamnose dihexoside, quercetin-
3-o-rutoside, luteolin, acacia-7,0-α-l-rhamnosyl(1,6)-β-D-
glucoside, 5,7,3’-trihydroxy-6,4’, 5’trimethoxyflavone, among 
others. Different flavonoids may vary in their biological effects 
(Mocan et al., 2014, 2015). Currently, it is not known whether 
one or several flavonoids affect the ability of the goji berries 
fresh fruit to be stored for long periods. Therefore, the flavonoids 
should be analyzed in more detail to provide purified compounds 
for additional study.

Simultaneously, it has been reported that the content of 
flavonoids in the goji berries changed significantly during 
different development stages (Wang et al., 2013). The content of 
flavonoids in the unripe fruits is significantly higher than that in 
the mature fruits, so the content of flavonoids in different stages 

of the goji berries may reflect the maturity of fruits (Wang et al., 
2013). Li et al. (2019) showed that flavonoid biosynthesis affected 
anthocyanin biosynthesis during fruit ripening. Therefore, further 
study could also explore the relationship between the flavonoid 
content and fruit maturity of different strains and explore the 
correlation between flavonoids and the ability of the fresh goji 
berries to maintain its quality during long-term storage.

According to the storability calculated by the decay rate and 
decay index, the positive and negative correlations between fruit 
quality and storability of fresh fruits are consistent. The storability 
calculated by the decay rate of the summer fruits is significantly 
negatively correlated with the color difference b* and total acids. 
The color difference b* represents the yellowness value of fruits, 
that is, the large yellowness value and high total acid content 
can result in poor storability. The fruit epidermis functions to 
resist bacterial invasion (Ali et al., 2019). The decay rate of the 
fruit increases once the bacteria invade. A negative correlation 
with the storability calculated from the decay index indicates 
that a high total acid content will accelerate the decay rate of 
the fresh fruits after the peel is damaged. A positive correlation 
with the storability calculated from the decay rate indicates that 
content high in flavonoids will help to resist bacterial invasion 
from the peel.

5 Conclusions
The storability of different varieties of fresh fruits varies 

greatly, and the fruit quality also has different effects on storability. 
The storability of summer goji berries is more closely related 
to the intrinsic quality of the fresh fruits, and the storability of 
the autumn goji berries is more significant than the physical 
properties of fresh fruits. Through simple correlation analysis and 
partial least squares correlation analysis, it has been concluded 
that the storability calculated by the decay rate is significantly 
positively correlated with the content of the flavonoids in the 
summer goji berries. The storability calculated by the decay index 
is significantly negatively correlated with the color difference b* 
and total acids in summer goji berries. Similarly, the storability 
calculated by the decay rate is significantly positively correlated 
with the content of flavonoids, chewiness and elasticity of autumn 
goji berries. The storability calculated by the decay index is 
significantly positively correlated with the content of flavonoids 
and the chewiness of autumn goji berries.

The storability is explained by fruit quality, which is suitable 
for selecting varieties of edible goji berries, and is beneficial to 
the market development of these fruits, thereby increasing the 
marketization for this new kind of “super fruit”.
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