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Abstract

The changes in fruit color development, fruit quality, reactive oxygen species
(ROS) metabolism, and phenolic metabolism of strawberries during storage at 15°C,
25°C and 35°C were evaluated to explore the key internal factors resulting in the
fruit discoloration. The high storage temperatures aggravated fruit discoloration as
indicated by the decrease of L*, a* and b* values, and accelerated weight loss of postharvest strawberry fruit. The fruit under higher temperature treatments induced more
productions of superoxide anion (O2•- ) and hydrogen peroxide content (H2O2), more
accumulation of Malondialdehyde (MDA) and lower antioxidant enzyme activities including Superoxide Dismutase (SOD) and Catalase (CAT). For phenolic metabolism,
the high storage temperature increased the levels of anthocyanins, total flavonoids
and phenolics, and enhanced the activities of relative enzymes including Polyphenol
Oxidase (PPO) and Peroxidase (POD) in postharvest strawberry fruit. Further data
correlation analysis indicates that anthocyanins accumulation was the most important
factor leading to fruit discoloration of post harvest strawberries, followed by ROS and
weight loss. Based on present study, the results suggest that fruit color of post harvest
strawberry could be maintained through the ways including delay of the anthocyanins accumulation, maintenance of antioxidant activity and reduction of the water loss
during storage.
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Introduction
Strawberry (Fragaria × ananassa) is one of the most
popular berry fruits due to its high content of essential nutrients
and phytochemicals, which are proved to be beneficial for human health[1,2]. Besides, strawberry has an attractive red color
and flavor, which influence the choice of consumers and strawberry marketability[3]. The appearance of food products is the
major importance to consumers with regard to both acceptability
and preference. The color of fruit products is generally accepted
as one of the most relevant quality parameters[4]. Discoloration
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of strawberry is undesirable because it results in the loss of fresh
color and glossiness in fruit[5]. It has been reported that the strawberries harvested at fully red stage may become darken during
storage, making the appearance overripe, dull, and less appealing[6-8].
Fruit color is generally influenced by the internal factors such as pH value, phenolics, Reactive Oxygen Species
(ROS), and sugar, as well as the external factors such as light,
temperature, oxygen, and metal ions. Temperature is one of most
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important external factors that significant influence the fruit color. Several studies have reported that the lower temperature induced more accumulation of red pigments in pears and apples
than that by the higher temperature. The effects of temperature
may depend upon the maturity of the fruit[9,10]. In pineapple fruit,
elevating temperature treatment altered the color of the skin and
pulp of fruit ripened in low-temperature seasons to be more red
and yellow, as well as enhanced the fruit quality and production of aroma compounds[11]. In previous study, we noted that the
higher storage temperature accelerated fruit discoloration of the
harvested strawberry. However, it has not been not clear for what
are the key internal factors influencing color of the harvested
strawberry fruit during storage under different temperatures.
The objectives of present study were to investigate the
changes of fruit color, quality attributors, ROS metabolism, and
phenolic metabolism in harvested strawberry fruit, and further
addressed relationships among the internal factors and color
changes of strawberry fruits in order to explore the key internal
factors influencing color quality of postharvest strawberry fruit
under different storage temperature.

Materials and Methods
Materials and treatment
Strawberry fruits (Fragaria × ananassa cv. Sweet charlie) were obtained from the greenhouse of the experimental
station in the Hubei Academy of Agricultural Sciences, Hubei
province, China. Strawberries were harvested at commercial
maturity and placed in egg plastic plates, and then transferred
immediately to the laboratory. The selected fruits were uniform
in size and color, and free of visible physical injury or disease,
and then divided into three groups and stored at 150C, 250C, and
350C individually.
Determination of fruit quality attributes: The surface color of strawberry was evaluated on two opposite sides of nine
fruits using a chromameter (CR-400 Minolta, Tokyo, Japan) and
expressed as L*, a* and b* values using the CIE Lab System.
Weight loss was determined before storage (A) and after storage
(B), and the weight loss was calculated as (A − B)/A × 100%[12].
Total soluble solids were determined by measuring the refractive
index of fruit juice with a hand-held refractometer, and the results were expressed as percentage[13]. Titratable acidity content
was measured by titrating 50 mL of the filtered liquid to pH 8.1
with 0.1 M NaOH, and calculated as percent citric acid[14]. Vitamin C content was determined using molybdenum blue spectrophotometry method and the results were expressed as mg 100 g-1
fresh weight (FW)[15].
Extraction and measurement of total anthocyanin: The total
anthocyanin contents were measured using a modified pH differential method[16]. One gram of fresh fruits was mixed with 6
mL methanol containing 0.01% hydrochloric acid followed by
centrifugation at 40C and 6,000 rpm for 20 min. The absorbance
of each 100 μL extract was assessed using a DU800 spectrophotometer (Beckman Coulter, Fullerton, CA, U.S.) at 510 nm
and 700 nm in buffers of pH 1.0 and pH 4.5. The results were
expressed as pelargonidin 3-O-glucoside chloride equivalent on
a fresh weight basis, mg 100 g-1 FW. Anthocyanin concentration
was calculated using the following equation:
www.ommegaonline.org
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A = (A510 - A700) pH1.0 - (A510 - A700) pH4.5
with a molar extinction coefficient of cyanidin-3-galactoside of
2.69 × 104.
Extraction and measurement of total flavonoids and total
phenolics: Total flavonoids were determined by a colorimetric
assay with slight modification[17]. One gram of fruit was mixed
with 6 mL 80% ethanol/H2O solution at 40C in the dark for 24 h,
and then centrifuged for 20 min at 12,000 rpm. The supernatant
(0.5 mL) was mixed with 0.3mL 8% NaNO2, 0.3 mL 10% Al
(NO3)3, 2 mL 2 M NaOH, and 4.9 mL ethanol, and then incubated for 10 min. The absorbance of the solution was assayed at
λ510nm by using DU800 spectrophotometer (Beckman, USA). The
total flavonoids contents were calculated with rutin as standard,
and expressed as mg 100 g−1 FW.
Total phenolics were determined by the method of
Folin–Ciocalteu procedure with some modifications[18]. Five
hundred milligrams of strawberry fruit were homogenized and
immersed in 5 mL of extraction with a solution of methanol/
water/ hydrochloric acid (80:20: 0.1; V/V/V) for 2 h, and then
centrifuged at 12,000 rpm for 20 min. The supernatant of 0.4 mL
was mixed with 0.7 mL Folin-Ciocalteus reagent and incubated
for 5 min at room temperature. Afterward, 1.5 mL of 12% NaCO3 was added to the mixture, and incubated for 2h in the dark
2
at room temperature. The absorbance was measured by spectrophotometer at 760 nm. The results are expressed as gallic acid
equivalent on a fresh weight basis, mg 100 g-1 FW.
Determination of O2•- production and H2O2 content: To determine O2•- production, 2 g of strawberries was homogenized
with 4 mL of 50 mM phosphate buffer (pH 7.8). The mixtures
were centrifuged at 6000 rpm for 10 min at 4°C. Then the O2•in strawberries were measured according to the method of Fang
(2016)[19]. NaNO2 was used for standard curve. The results were
expressed as μg g−1 FW.
H2O2 content was determined according to the method
of Fang (2016)[19] with some modifications. Strawberry samples
(2.5 g) were homogenized with 5 mL of cold acetone. The mixtures were centrifuged at 6000 rpm for 10 min at 40C. Then 1 mL
of the supernatant was mixed with 0.1 mL of titanium reagent
(5% Ti(SO4)2 in HCl) and 0.2 mL of 250 g L−1 ammonia solution,
and washed five times with acetone by resuspension, drained,
and re-dissolved in 5 mL of 2 mM H2SO4. The absorbance of the
solution was measured at 410 nm. The H2O2 content was calculated as μmol g-1 FW.
MDA determination
To measure MDA content, 0.5 g of strawberry samples
was ground with 5 mL of 5% TCA in an ice bath and centrifuged at 6000 rpm for 10 min at 40C Supernatant was used for
determining MDA content according to the method of Liu et al.
(2013)[20]. The absorbance of the supernatant was measured at
532 nm, 600 nm, and 450 nm. The MDA content (μ mol g-1 FW)
was calculated by the following formula:
MDA content = 6.45 × (A532 - A600) - 0.56 ×A450
Determination of antioxidant enzyme activities
SOD activity was measured according to the method
of Giannopolitis and Ries (1977)[21]. One gram strawberries was
ground with 5 mL of 50 mM phosphate buffer (pH7.8) containInt J Food Nutr Sci
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taining 1% PVPP. After centrifugation at 5000 rpm for 5 min at
40C, the supernatant was used to determine PPO activity. The reaction mixture containing 250 μL catechol (20 mM) and 0.5 μL
of extract was shaken gently at 300C. The absorbance at 410 nm
(Check whether it is 420 nm?) was recorded. One unit of PPO
was defined as the amount of enzyme that caused an increase in
absorbance of 0.01 per minute. The PPO activity was expressed
as U mg-1 protein.

ing 1% PVPP and centrifuged at 8000 rpm for 20 min at 40C.
The reaction mixture (3 mL) contained 50 mM phosphate buffer
(pH 7.8), 130 mM methionine, 750 µM nitroblue tetrazolium
(NBT), 100 µM EDTA-Na2, 20 µM riboflavin and 0.1 mL of
enzyme extract. The mixture was illuminated by 4000 LX light
at 300C for 10 min, and then measured the absorbance at 560 nm.
One unit (U) of SOD was defined as the amount of enzyme required to inhibit the initial rate of NBT photo reduction by 50%.
The SOD activity was expressed as U mg−1 protein.
The CAT activity was measured according to the method of Beers et al. (1952)[22]. One gram strawberry sample was
ground with 2 mL of 0.1 M phosphate buffer (pH 7) in an ice
bath. After centrifugation at 6000 rpm for 10 min at 40C, the
supernatant was used to determine CAT activity. The assay was
initiated by adding 0.4 mL of extract to the reaction mixture
containing 0.8 mL water, 1.5 mL 0.1 M phosphate buffer (pH
7) and 0.3 mL 0.1 M H2O2 at 300C. The absorbance at 240 nm
was then determined for 3 min. One unit of CAT was defined as
the amount of enzyme that caused a decrease in absorbance of
0.1per minute. CAT activity was expressed as U mg−1 protein.
The POD activity was determined by the method of
Hammerschmidt et al. (1982)[23]. The strawberry samples of
1.5g were ground with 2 mL of 0.2 M phosphate buffer (pH 6.8)
containing 1% PVPP. After centrifugation at 5000 rpm for 5 min
at 4°C, the supernatant was used to determine POD activity.
The reaction mixture containing 250 μL of 25 mM guaiacol in
phosphate buffer (pH 6.8), 19 mL of 30% H2O2 and 0.5 μL of
extract was shaken gently at 300C. The absorbance at 470 nm
was recorded at intervals of 15s for 3 min. One unit of POD was
defined as the amount of enzyme that caused a change in absorbance of 0.01 per minute. The POD activity was expressed as U
mg−1 protein.
The PPO activity was determined by the method of Sulaiman et al. (2015)[24]. One and half grams strawberry sample
were ground with 4 mL of 0.2 M phosphate buffer (pH 6.8) con-

Statistical analysis
Statistical analysis was performed using SPSS software
(version 19.0; SPSS Inc. Chicago, IL, USA). Data from experiments were expressed as mean ± standard deviation. Pearson
correlations coefficients were estimated among fruit quality and
physiological parameters and values of L* and a* of postharvest
strawberries.

Results
Effect of storage temperature on color of strawberry fruit
Fruit color is the major quality factor that reflects the
fruit ripeness and indicates a fresh-market value of products[25].
In present study, the skin color of strawberry stored at different temperatures was evaluated by determining the changes in
L*, a*, and b* values. As shown in (Figure. 1A), the L* values
of strawberries generally decreased during storage, and consequently the fruit color turned to darker red color. Increasing
storage temperatures accelerated the decrease of L* values, especially for the fruit stored at 35°C. The values of a* and b* had
similar change tendency with the L* value. The b* values decreased greatly after 2 days storage (Figure.1B, 1C). The results
demonstrated fruit color of postharvest strawberry fruit became
dark red, and lost glossiness during the storage period, especially at high storage temperatures that could aggravate the fruit discoloration.

Figure 1: Fruit colorimetric parameters: L*(A), a*(B) and b* (C) values of postharvest strawberries during storage at 150C (
) respectively. Vertical bars represent the standard deviation of three replicates.
and 350C (
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Effect of storage temperature on quality characteristics of strawberry fruit
Weight loss had a negative effect on the visual appearance, resulting in superficial shriveling and less bright color[7]. There
was a continuous increase in the weight loss during storage. The more weight losses were observed when fruit stored at higher temperatures, especially at 35°C. At the 8th day, the weight losses of strawberry fruit at 15°C, 25°C and 35°C were up to 11.21 ± 1.02%,
28.83 ± 2.22%, 45.88 ± 2.63 %, respectively. As shown in (Table 1), the total soluble solids of strawberry fruit increased slightly
at first and then decreased. The fruit stored at 35°C and 15°C had higher total soluble solids in comparison with the fruit stored at
25°C. The titratable acidity of the fruit at 25°C remained stable, while those of the fruit stored at 15°C and 35°C slightly increased
and kept higher levels during storage. Vitamin C contents of the strawberry fruit in this study ranged from 56.10 ± 0.980 mg 100 g-1
FW to 80.26 ± 1.741 mg 100 g-1 FW. Elevated storage temperature could increase vitamin C content in strawberry especially for the
fruit stored at the highest temperature of 35°C.
Table 1. Quality attributes of postharvest strawberries during storage at 15°C, 25°C and 35°C, respectively.
Storage time (d)
1

2

3

4

5

6

7

8

(%)

Weight loss

Total soluble solids Titratable acid
(%)
(mg 100 g-1FW)

Vitamin C
(mg 100 g-1FW)

15°C

0.000

7.30 ± 0.100

2.44 ± 0.015

56.10 ± 0.980

25°C

0.000

7.30 ± 0.100

2.44 ± 0.015

56.10 ± 0.980

35°C

0.000

7.30 ± 0.100

2.44 ± 0.015

56.10 ± 0.980

15°C

1.80 ± 0.140

7.23 ± 0.058

2.50 ± 0.042

51.39 ± 1.185

25°C

3.43 ± 0.392

7.77 ± 0.058

2.32 ± 0.052

57.22 ± 2.315

35°C

5.78 ± 0.729

7.47 ± 0.058

2.35 ± 0.011

55.44 ± 1.576

15°C

3.74 ± 0.418

7.37 ± 0.058

2.44 ± 0.039

55.23 ± 1.182

25°C

6.93 ± 1.004

7.60 ± 0.100

2.21 ± 0.061

62.58 ± 1.307

35°C

11.38 ± 1.097

7.83 ± 0.058

2.90 ± 0.023

64.29 ± 1.234

15°C

5.20 ± 0.516

7.47 ± 0.058

2.75 ± 0.013

58.12 ± 0.993

25°C

10.05 ± 1.520

7.27 ± 0.058

2.41 ± 0.026

60.11 ± 0.943

35°C

16.51 ± 1.725

7.87 ± 0.058

2.82 ± 0.010

66.45 ± 1.539

15°C

6.50 ± 0.571

7.63 ± 0.058

2.68 ± 0.012

59.45 ± 1.594

25°C

13.46 ± 2.160

7.20 ± 0.100

2.56 ± 0.045

65.85 ± 1.125

35°C

22.38 ± 2.121

8.33 ± 0.058

2.83 ± 0.028

68.40 ± 1.761

15°C

8.02 ± 0.708

7.30 ± 0.100

2.80 ± 0.039

56.45 ± 1.182

25°C

17.68 ± 2.834

7.07 ± 0.058

2.62 ± 0.029

66.20 ± 0.369

35°C

30.55 ± 2.356

8.03 ± 0.058

2.78 ± 0.049

78.42 ± 0.417

15°C

9.56 ± 0.804

7.27 ± 0.058

2.87 ± 0.036

59.83 ± 1.204

25°C

23.48 ± 2.109

6.67 ± 0.058

2.40 ± 0.035

68.44 ± 1.716

35°C

38.16 ± 2.704

7.57 ± 0.058

2.92 ± 0.058

75.61 ± 1.395

15°C

11.21 ± 1.023

7.37 ± 0.058

2.75 ± 0.043

60.39 ± 1.853

25°C

28.83 ± 2.222

6.53 ± 0.058

2.36 ± 0.030

62.18 ± 0.604

35°C

45.88 ± 2.625

7.83 ± 0.058

2.84 ± 0.063

80.26 ± 1.741

Each value is the mean ± SD, n = 5 replicates for Total soluble solids and n = 3 replicates for weight loss,

Effect of storage temperature on phenolic metabolism of strawberry fruit
The contents of anthocyanin of strawberry fruit under different storage temperature are presented in (Figure. 2A) Noticeable anthocyanin accumulations were observed during storage. The storage temperatures and durations significantly influenced the
anthocyanin contents in strawberry fruit. Anthocyanin levels of strawberry fruit stored at 35°C were significant higher than those in
the fruits stored at 15°C and 25°C.
As shown in Figure.2, the total flavonoids in the fruits increased during the period of storage. The fruits stored at 25°C and
35°C had higher total flavonoids level than those of the fruits stored at 15°C (Fig. 2B). Total phenolics showed the similar increment
trend as the total flavonoids of strawberry fruit, the higher storage temperature resulted in more phenolics accumulation in the fruits
(Figure.2C).
		
The PPO is a major contributor to the browning of fresh strawberry fruit. As shown in (Figure.2D), the PPO activity in the strawberry fruit stored at 25°C and 35°C were increased greatly and then declined after six days of storage. For the fruits
stored at 15oC, the PPO activity remained stable before sixth days, and then increased gradually until the end of storage. The results
showed quite evident that samples stored at higher temperature (35°C) had higher PPO activities during storage.

www.ommegaonline.org

84

Int J Food Nutr Sci

| Volume 4: Issue 2

Postharvest Changes of Strawberry and their Relationships
to Fruit Discoloration

Figure 2: Concentrations of total anthocyanins(A), total flavonoids(B) and total phenolics(C) and activity of peroxidase(D) of postharvest straw), 250C (
) and 350C (
) respectively. Vertical bars represent the standard deviation of three replicates.
berries during storage at 150C (

Figure 3: Productions of superoxide radical(O2•-)(A), hydrogen peroxide (H2O2)(B), accumulation of malondialdehyde (MDA) (C)
and activities of Superoxide dismutase (SOD)(D), catalase (CAT) (E) and peroxidase (POD)(F) in strawberries during storage at 150C (
), 250C (
) and 350C (
) respectively. Vertical bars represent the standard deviation of three replicates.
Peng, L., et al.
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Effects of temperature on ROS metabolism in strawberry
fruit
The effects of storage temperatures on the ROS production and activities of related enzymes in Strawberry fruit were
measured, and the results are shown in (Figure.3). The O2•- production (Figure. 3) and H2O2 content (Figure. 3B) in strawberry
fruit increased throughout the storage (Figure. 3 A, B). The fruit
stored at the higher temperature kept higher level of both ROS,
especially for the O2•- . Consequently, MDA contents (Figure.
3C) in strawberry fruit accumulated consistently, and elevated
storage temperatures resulted in more MDA accumulation in
strawberry fruit.
The SOD activities of the strawberry fruit stored at
15°C and 25°C increased slightly at the beginning of storage,
and then decreased gradually (Figure.3D). However, the SOD
activity in the fruit stored at 35°C exhibited a decreasing tendency, which was maintained at lower level during storage compared to the fruit stored at 15°C and 25°C. The storage temperatures also affected the CAT activity that is responsible for
eliminating H2O2 in plant tissue. During storage the CAT activity
slightly decreased from 2.52 U mg-1 protein to 2.36 U mg-1 protein at 15°C, while the CAT activity stored at 25°C and 35°C
markedly decreased from 2.52 U mg-1 protein to 1.63 U mg-1
protein and 0.98 U mg-1 protein, respectively. The POD activities
(Figure.3F) in the fruit stored at 25°C and 35°C remarkably increased after 4 d and 6 d of storage, respectively. Comparatively,
the POD activity in the fruit stored at 150C remained a stable and

low level throughout the storage Therefore, high temperatures
could induce the overproduction of ROS, which could lead to
MDA accumulation. Strawberry fruit
The relationships of fruit color and physiological and quality
parameters of strawberry fruit
The Pearson correlation coefficients among the fruit
colors and physiological and quality parameters are presented in
(Table 2). The weight loss, contents of vitamin C, anthocyanin,
the total flavonoids, the total phenolics, the activities of POD,
PPO, levels of O2•- , H2O2 and MDA were negative correlated to
the values of L* and a*. Activities of SOD and CAT were positively correlated with values of L*and a*. For the fruit stored the
35°C, the correlation coefficients among weight loss, ascorbic
acid, anthocyanin, total flavonoids, total polyphenol, SOD, O2•,
H2O2, and MDA to the values of L* and a* were up to 0.9 at
P < 0.01. Anthocyanin had highest correlation coefficients with
values of L* and a*, followed by ROS, total polyphenol, vitamin
C and weight loss. For the fruit stored at 250C, only anthocyanin, SOD, O2•- and MDA had significant influence on the fruit
color, and their correlation coefficients were greater than 0.9 at
P < 0.01. Among physiological and quality parameters with values of L* and a*, the fruits stored at 150C exhibited the lowest
correlation coefficients compared with the fruits stored at 250C
and 350C. These results indicate that storage temperatures could
influence the correlation among the color and physiological and
quality parameters in strawberry fruit.

Table 2. Pearson correlation coefficients and significance of fruit color and internal factors of postharvest strawberries during storage at 15 °C, 25
°C and 35 °C respectively.
L*
Weight Loss
Total soluble solids

a*

15 °C

25°C

35 °C

15 °C

25 °C

35 °C

-0.758**

-0.828*

-0.931**

-0.881**

-0.893**

-0.948**

0.2712

0.729*

-0.5762

0.4342

0.854**

-0.4028

Titratable acid

-0.609*

-0.27

-0.888**

-0.640*

-0.3378

-0.820*

Vitamin C

-0.836**

-0.776*

-0.944**

-0.857**

-0.742*

-0.927**

Anthocyanin

-0.806**

-0.952**

-0.981**

-0.904**

-0.946**

-0.974**

Total flavonoids

-0.0666

-0.892**

-0.953**

-0.2861

-0.838**

-0.949**

Total polyphenol

-0.706*

-0.918**

-0.972**

-0.792**

-0.867**

-0.906**

SOD

0.4746

0.931**

0.958**

0.688*

0.973**

0.911**

CAT

0.4757

0.763*

0.865**

0.607*

0.7012

0.741*

POD

-0.658*

-0.5913

-0.819*

-0.5606

-0.6977

-0.884**

PPO

-0.6014

-0.831*

-0.926**

-0.671*

-0.843**

-0.830*

O2•-

-0.768**

-0.917**

-0.967**

-0.867**

-0.907**

-0.976**

H2O2

-0.728*

-0.722*

-0.963**

-0.678*

-0.753*

-0.950**

MDA

-0.793**

-0.969**

-0.961**

-0.90 8**

-0.957**

-0.969**

Note: * Significant at P < 0.05, ** Significant at P < 0.01

Discussions
The temperature is most important environmental factor in the postharvest life of fruit because of it has tremendous impacts
on the rate of biological processes, including development of red color and softening of fruit. The present study focused on the key
internal factors affecting the fruit color of postharvest strawberry fruit under different storage temperatures. The main physiological
and quality characteristics of strawberry fruit stored at different temperatures were evaluated. Increases in L*, a* and b* values of
strawberry fruit suggest that fruit color gradually became dark red and lost the glossiness, and the discoloration could be aggravated
by elevating storage temperature. The similar results were reported in postharvest cherry and mangostana fruit[25-28].
Anthocyanins have been proposed as important compounds in tolerance response of plant to abiotic stress and their acwww.ommegaonline.org
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cumulation is also an important biological event during fruit
ripening. Anthocyanin accumulation was observed during the
storage of plum, grape and strawberry fruit, and high temperatures could result in acceleration of its accumulation[29-33]. In the
present study, anthocyanin accumulation with a temperature-dependent mode was observed in the harvested strawberry fruit
To explore the possible relationship between fruit discoloration
and anthocyanin accumulation, Pearson correlation analysis was
performed and the results indicate that anthocyanin content had
significant negative correlation with L* and a* values of postharvest strawberry fruit, further analysis revealed that correlation
coefficient of anthocyanin to L* value was the highest among all
the tested physiological and quality parameters. Goncalves et al.
(2007)[34] also found L*, a*, b*, chroma and hue angle correlated negatively (P < 0.001) with the total anthocyanins levels in
the sweet cherry fruit. In addition, we found that the correlation
of anthocyanins to L* value at higher storage temperatures was
more significant in strawberry fruit during storage. The results
suggest that anthocyanin accumulation might be the most important internal factor leading to the discoloration of postharvest
strawberry fruit during storage, Water loss from the fruit had
diverse effects on the visual appearance, resulting in superficial
shriveling and less bright color[7]. In this study, the weight loss
of strawberry fruit increased significantly during storage, and
the high temperature promoted the more weight losses of the
fruit. Statistical analysis results showed that the weight loss had
significant negative correlations with values of L* and a*, meanwhile the negative correlation was enhanced with the increment
of the storage temperature. These results suggest the weight loss
was the one of the key factors leading to discoloration of postharvest strawberry, especially in the high temperature environment.
The ROS accumulations are considered as an important cause of cellular oxidation and consequent membrane lipid peroxidation, linking to fruit ripening and senescence[35]. In
present study, there were significant increase of the O2•-, H2O2
levels in strawberry fruit during storage, and the high storage
temperatures triggered more ROS production. The over-produced ROS induced membrane lipid peroxidation and MDA
accumulation. Recent studies have shown that browning development in harvested fruits and vegetables might be attributed
to the accumulation of ROS, lipid peroxidation of membrane,
and the damage of cellular membrane structure[36-38]. Moreover,
the outburst of ROS stimulated the phenolics accumulations as
well as the increments of PPO and POD activities in fruit, which
led to browning of strawberry fruit. Further statistical analysis
showed levels of the O2•-, H2O2, MDA, total polyphenol, and
PPO activity had significantly negative correlations with L*
and a* values of strawberry fruit, and the correlations are more
significant at higher storage temperature. The accumulations of
ROS in the strawberry fruit during storage enhanced membrane
lipid peroxidation, which interrupted cellular compartmentalization and led to the contact of PPO with phenolics substrates, and
consequently induced browning and darkening of strawberry
fruit. Such processes of browning and darkening could be aggravated by higher storage temperature.
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Conclusion
This study demonstrated that fruit color of postharvest
strawberry fruit became dark red and lost the glossiness during
storage, and higher temperature aggravated of the process of discoloration. Further statistics analysis indicates that anthocyanins
might be the most important internal factors leading to postharvest strawberry discoloration. ROS accumulations accelerated
the oxidization of phenolic compounds and resulted in the fruit
browning, which acted as another key factor related with the discoloration of strawberry fruit during storage. In addition, weight
loss also had a close relation to the fruit discoloration. Higher
temperature aggravated the changes of these key factors, which
could exert many impacts on the fruit color. Based on present
study, the results suggest that fruit color of postharvest strawberry fruit could be maintained by means of delaying the accumulation of anthocyanins, maintaining the antioxidant activity, and
reducing the water loss during storage.
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