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Purpose: Recently, there are researches showed positive effects of 
nano-chitosan in prolonging the postharvest quality and shelf life of 
strawberry, however, influences of storage temperatures on the 
nano-chitosan coated fruit have been overlooked. Therefore, in this 
work, changes of physiological traits of strawberry (Fragaria × 
ananassa Duch.) coated with 0.2% nano-chitosan and stored at 
different temperatures were studied. Research Method: Strawberry 
was coated with 0.2% nano-chitosan and stored at different 
temperatures (2°C, 5°C, 10°C and 25°C) for 12 days. The effects of 
temperatures on the coated fruits were tested by measuring visual 
quality, weight loss, antioxidant properties, malondialdehyde 
content, firmness, total soluble solid, polyphenol oxidase activity in 
three days intervals. Findings: After storing 0.2% nano-chitosan 
coated strawberry at four different temperatures, 2°C showed the 
most effective one as maintaining the overall quality of strawberry 
higher than the acceptable/marketable level after 12 days; 
meanwhile, fruits stored at 25°C were quickly decayed after 3 days. 
The treatments at low temperatures (2°C, and 5°C) significantly 
reduced weight loss, maintained firmness, total soluble solid, 
polyphenol oxidase activity and malondialdehyde content of the 
stored fruits. Limitations: Nano-chitosan has not been widely traded. 
Originality/Value: Coating strawberry with nano-chitosan and 
storing at 2°C effectively maintained the postharvest quality of 
strawberry as well. This treatment is quite simple and would be 
useful for stakeholders in the strawberry supply chain.   

mailto:nvhha@hcmiu.edu.vn
http://creativecommons.org/licenses/by/4.0/
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INTRODUCTION 

 

Strawberry (Fragaria × ananassa Duch.) is high perishable non-climacteric fruit. Besides, its 

attractive color and flavor, strawberry is also containing a great variety of bioactive 

compounds including antioxidants, anthocyanins, vitamins, and minerals. However, it has 

short shelf life and high sensitivity to storage conditions (Hernández-Muñoz et al., 2008). In 

uncontrolled conditions the fruit is easy to be decayed by microorganism such as mold or 

bacteria. 

Temperature is one of the critical parameters monitoring fruit and vegetable storage 

quality. Storage life of fresh strawberry may be within a day at room temperature (Mercantila, 

1989) or 5-10 days at 0°C (SeaLand, 1991) or less than 5 days at 4°C (Han et al., 2004).  

Chitosan, the N-deacetylated derivative of chitin, mainly found in shrimp skeleton, have 

potential in controlling plant diseases (Kumar, 2000) including activities against infection 

caused by bacteria, mold, and other pathogens (Goy et al., 2009). Recently, it has been found 

that nano-chitosan provided positive effects in prolonging the quality and shelf life of 

strawberry as compared to chitosan (Nguyen & Nguyen, 2020). Nano-based materials are 

found owning the properties of enhancing the barrier such as strength, stiffness or heat 

resistance (Silvestre et al., 2011). In addition, nanoparticles of chitosan have shown the 

greater antifungal ability defensing the varieties of microorganism than chitosan particles 

(Goy et al., 2009). Besides, nano-chitosan based coating has higher barrier properties to the 

internal gas atmosphere and more optimize in permeability of coating on fruits (Gardesh et 

al., 2016; Lorevice et al., 2012; Nguyen & Nguyen, 2020; Nguyen et al., 2020).  

Nowadays, there are several postharvest approaches studied to prolong the shelf life of 

strawberry such as cold storage (Martínez et al., 2018), X-ray irradiation (Yoon et al., 2020), 

ozon treatment (Nayak et al., 2020), atmosphere cold plasma treatment (Rana et al., 2020) and 

edible coating (Jiang et al., 2020; Nguyen & Nguyen, 2020; Nguyen et al., 2020), however, 

studying about storage of the coated berry at different temperatures seems to be lacking in 

literature.     

The main purpose of this research was to investigate effects of storage temperatures on 

the postharvest quality of nano-chitosan coated strawberry. The results from this current work 

would be a useful database for further researches involving edible coating in the post-

harvesting technology for fruits, particularly strawberry.  

 

MATERIALS AND METHODS 
 

Sample preparation 

Strawberry (Fragaria × ananassa Duch.) that reached the ready-to-eat stage was harvested 

from the orchard in Lamdong province, Vietnam. Damaged fruits were discarded. The chosen 

fruits must have over 75% of red color as well as the absence of mechanical damaged. The 

fruits were rinsed in tap water to remove contaminants before treatments. 

 

Edible coating formulation  

The 0.2% nano-chitosan solution was supplied by Dalat Nuclear Research Institute (NRI) 

with the particle size was at 250nm.  

 

Experimental design 

The experimental design was followed Nguyen and Nguyen (2020) with some modifications. 

At first, strawberries were dipped into 0.2% nano-chitosan solutions for 1 min and then 

drained on stainless steel racks for 30 mins (Han et al., 2005). Then, the coated fruit were 
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stored at four different temperatures (2, 5, 10, and 25°C) for 12 days. The physico-chemical 

parameters of coated samples were tested after each 3-day intervals (Brat et al., 2007).  

 

Measurement of the overall quality index 

The overall quality index was a critical parameter for evaluating the storage life and 

acceptable level of strawberry. Visual quality scores of samples evaluated using 1-5 rating 

scale (           Table 1). The overall appearance of strawberry was based on the description of 

color, firmness, weight loss, and shriveling rate in rating scale from 1 to 5 where; 1= very 

poor; 2= poor; 3=acceptable for marketability; 4=good; 5= excellent (Nguyen & Nguyen, 

2020). When one of attribute equaled 3 or lower, the treatments were stopped.  

Measurement of weight loss (%)  

The weight loss of strawberry was measured using a top loading balance (TXB- 622L, 

Shimadzu Co, LTD., Japan). The weight loss was the differences between the initial weight 

and the weight recorded after each storage intervals (Hernández-Muñoz et al., 2008).   

The percentage of weight loss was calculated (1):  

 

Weight loss (%) =
m1−m2

m1
x 100                                                                                                                         (1) 

 

Where m1 weight of sample before storage (g), and m2 weight of sample after storage 

intervals (g).  

Measurement of firmness (N) 

According to Hernández-Muñoz et al. (2008), the firmness of strawberry was measured by 

texture analysis using a Digital Fruit Hardness Tester (FR- 5120, Lutron electronic enterprise 

Co., LTD., Taiwan). The maximum penetration force (N) was assessed during tissue breakage 

as the measurement value of firmness. The depth was 2 mm and the cross-head speed was 2 

mm.s−1.  

Determination of total soluble solid (%) and titratable acidity (%) 

The total soluble solid content of strawberry was measured using the digital refractometer 

(RX- 5000, Atago Co., LTD., Japan) (Hernández-Muñoz et al., 2008). The results of TSS 

were expressed as a percentage. 

According to AOAC (1990),  sample was prepared by mixing 5g puree of strawberry with 

50 mL distilled water. Titratable acidity (TA) of samples was assessed using the titrate 

method with 0.1M NaOH. The endpoint reading (pH 8.1) during titration was monitored by 

pH meter (HI 9126, Hanna Instruments Inc., Romania). The results of TA test were expressed 

as grams of citric acid per 100 g fresh strawberry and calculated using the follow formula (2): 

 

% Titratable Acidity (TA) =
Volume of NaOH (ml) ×0.1 M ×0.064

10 g of sample 
 × 100                                                                   (2) 

 

Measurement of antioxidant capacity by DPPH method (%) 

Antioxidant capacity (Ac) of strawberry was determined following the methods of  Hangun-

Balkir and McKenney (2012) using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) (Sigma-Aldrich 

Pte. Ltd., St. Louis, MO, USA). The absorbance of control sample and sample were measured 

at 517 nm, using (GENESYS 10 UV-Vis, Thermo Fisher Scientific, Inc., USA). The results of 

Ac were expressed as the percentage of DPPH radical scavenging capacity using the 

following formula (3):  
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           Table 1. Visual quality scores and descriptors for strawberry (Nguyen & Nguyen, 2020) 

 
 

 

% DPPH scavening =  
(Acontrol−Asample) 

Acontrol 
x 100                                                                                                  (3) 

Where Acontrol the absorbance of control, Asample the absorbance of sample. 

Determination of L-Ascorbic acid (mg.100g-1)   

According to Kapur et al. (2012), sample was prepared by homogenizing with 

metaphosphoric acid - acetic acid solution. This mixture was centrifuged at 4000 x g in 20 

min at 25°C using centrifugation (UNIVERSAL 320R, Andreas Hettich GmbH & Co. KG, 

Germany). Then, 4 ml supernatant was mixed with 0.23 mL of 3% bromine water, 0.13 mL of 

10% thiourea (Sigma-Aldrich Pte. Ltd., St. Louis, MO, USA), 1 ml of 2,4-dinitrophenyl 

hydrazine (Sigma-Aldrich Pte. Ltd., St. Louis, MO, USA) and incubated 37°C for 3hrs. The 

absorbance of samples was measured at 512 nm, using UV-VIS spectrophotometer 

(GENESYS 10 UV-Vis, Thermo Fisher Scientific, Inc., USA) after adding 5mL of chilled 

85% H2SO4.  

Determination of total anthocyanin content (mg.100g-1) 

Pelargonidin-3-glucoside was the most predominant anthocyanin presented in strawberry.  

The total anthocyanin content (TAC) of strawberry was measured as the pH  differential 

method using a UV-VIS spectrophotometer (GENESYS 10 UV-Vis, Thermo Fisher 

Scientific, Inc., USA) (Cordenunsi et al., 2003). Briefly, 5g of sample was extracted with 

0.025M potassium chloride buffer, pH 1.0 at 50°C in 3h and then the mixture was centrifuged 

at 5000 rpm for 20 min at 4°C using centrifugation (UNIVERSAL 320R, Andreas Hettich 
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GmbH & Co. KG, Germany). The sample solution was diluted follow the dilution factor, 

using two buffers: 0.025M potassium chloride buffer (pH 1.0) and 0.4M sodium acetate 

buffer (pH 4.5) (Yang et al., 2010). Each diluted solution had recorded the absorbance at 496 

nm and 700 nm.  

Total anthocyanin content was calculated following the equation (4) (Giusti & Wrolstad, 

2001):  

 

Total anthocyanin content (
mg

L
) =  

A×MW×DF×1000

ε×1
                                                                                          (4) 

 

Where A the absorbance of diluted sample, A= (A496 – A700) pH 1.0 - (A496 – A700) pH 4.5, 

MW the molecular weight ,DF the dilution factor, and ε the molar absorptivity of 15600 

(Giusti et al., 1999). 

Determination of total phenolic content (mg.100g-1)   

Total phenolic content (TPC) in strawberry was determined using Folin- Ciocalteu assay 

(ISO:14502, 2005). The samples were extracted by using 70% acetone (Merck Chemicals 

Ltd., Darmstadt, Germany). The absorbance of sample was recorded at 765nm, using the UV-

VIS spectrophotometer (GENESYS 10 UV-Vis, Thermo Fisher Scientific, Inc., USA). In 

addition, gallic acid used as a standard substance. The results were expressed as mg Gallic 

acid equivalent per 100g fresh weight (mg.100g-1).  

Determination of Malondialdehyde (μmol.g-1)  

According to Yang et al. (2010), malondialdehyde (MDA) content of fruit was determined 

basing on the 2- thiobarbituric acid (Merck Chemicals Ltd., Darmstadt, Germany) (TBA) 

reaction. Briefly, the sample was homogenized with of ice-cold 0.1% trichloroacetic acid 

(Sigma-Aldrich Pte. Ltd., St. Louis, MO, USA) (TCA). The supernatant collected from 

centrifugation of the mixture at 5000 x g for 10 min at 4°C was thoroughly mixed with 10% 

TCA containing 0.25% TBA and incubated at 95°C in 3 min. The absorbance of the sample 

was recorded at 532 nm and 600 nm, using UV-VIS spectrophotometer (GENESYS 10 UV-

Vis, Thermo Fisher Scientific, Inc., USA). The concentration of lipid peroxides together with 

oxidatively modified proteins of fruit were thus quantified in terms of MDA level using an 

extinction coefficient of 155 mM−1·cm−1 and expressed as μmol.g-1. 

Polyphenol oxidase assay (U.g-1) 

Polyphenol oxidase (PPO) extraction was based on a described method of Holzwarth et al. 

(2012) described with some modifications. Samples were prepared by stirring strawberries 

continuously with cold acetone (−20°C) for 5 min. The mixture was filtered using filter paper 

Whatman No.2 (GE- Healthcare, Chicago, Illinois, USA). Then, the sample was mixed with 

40 mmol.l-1 catechol (Sigma-Aldrich Pte. Ltd., St. Louis, MO, USA) and 0.1 mol.l-1 

phosphate buffer (pH 6.5) (Merck Chemicals Ltd., Darmstadt, Germany). The absorbance of 

PPO was measured at 420nm, using UV-VIS spectrophotometer (GENESYS 10 UV-Vis, 

Thermo Fisher Scientific, Inc., USA). The reaction time for PPO was 2 mins, and the activity 

was expressed in units with one unit = 0.001*ΔA420/min/g fresh weight (FW) (Zhang & 

Xingfeng, 2015). 

Statistical analysis 

All statistical analyses were performed using the Minitab statistical software (Version 18.0, 

Minitab Pty Ltd., Australia). The statistics data were analyzed by comparing the means of 

different levels of single factors using one-way ANOVA. The statistical results were 

expressed as means ± S.D with p < 0.05 as significant differences.  
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RESULTS AND DISCUSSION 

 

The overall quality index  

An overall rating table (Table 1) was built to illustrate different deteriorative stages of 

strawberry with corresponding scores and descriptions of the overall quality index based on 

the fruit visual appearance and freshness (Nunes & Cecilia, 2015).      

The overall quality index of strawberry had mentioned as one of critical features to 

evaluate the quality, especially the assessment of customer (Hardenburg et al., 1986). 

According to the statistics in Fig. 1A, the higher storage temperature caused the higher loss of 

the overall quality. Indeed, the overall quality index of strawberry at 25°C decreased below 

the acceptable level rapidly after 2nd day. Meanwhile, at 5°C and 2°C, the quality of berries 

maintained over 9 days and 12 days, respectively. It had been proven in a research of Nguyen 

and Nguyen (2020), nano-chitosan coating extended the storage life of strawberry until 21 

days and enhanced the physico-chemical quality as weight loss, firmness or titratable acidity.  

Li and Kader (1989) reported that temperature had direct effects on respiration rate and 

biological reactions. The higher temperature, the higher respiration rate. This leads to 

increasing water loss, reducing turgidity and consequently causing shriveling and faster 

depletion of nutrients (Ayala-Zavala et al., 2004). Besides, lower storage temperatures 

positively affected the fruit quality and decreased the fungal decay incidence (Ayala-Zavala et 

al., 2004). It could be suggested from the present study that 2°C should be considered as the 

suitable temperature for maintaining the overall quality of nano-chitosan coated strawberry. 

Weight loss (%) 

All fruits had gradually increased weight losses throughout the storage time (Fig. 1B). The 

weight loss was roughly 4% when fruits stored at 25°C after 3 days. This value was 

significantly (p<0.05) higher than those of the samples stored at the lower temperatures (Fig. 

1B). The weight loss of sample at 2°C at 12nd day was approximately 2.5% showing the 

positive impact in lower the reduction while those at 10°C had lost the same value after 6 

days of storage (Fig. 1B). However, strawberry stored at 2°C and 5°C showed the 

insignificant difference (p>0.05) for 9 days. As surrounding temperature strongly impact the 

rate of respiration, the weight loss would much depend on the storage temperature 

(Hernández-Muñoz et al., 2008). It is clearly that a higher temperature caused a higher 

percentage of weight loss (Nunes et al., 1998). Furthermore, prolonging storage time caused 

the increment of weight loss. The gradually increase of this value by time was showed in 

samples stored at all temperatures (Fig. 1B). Nano-chitosan coating was proven to prevent the 

dehydration on the surface of strawberry by working as physical barriers (Nguyen & Nguyen, 

2020), therefore, consequently reducing weight loss. In this present study, cold storage 

temperature from 2°C to 5°C is recommended for preventing weight loss of 0.2% nano-

chitosan coated strawberry. 

Firmness (N) 

It could be seen from Fig. 1C, reduction of firmness in fruit occurred faster when fruit were 

stored at higher temperatures. Indeed, the firmness of strawberry stored at 25°C reduced 

remarkably, from 3.0 N to 0.73 N after 3 days, meanwhile at 2°C and 5°C, the firmness was 

insignificantly changed after 9 dyads and 12 days, respectively. It was reported that 

strawberry was softened during storage due to the activities of pectin methylesterase 

hydrolyzing the middle lamella of the cell walls (Perkins‐Veazie, 2010). According to 

Hernández-Muñoz et al. (2008), cold storage help to suppress or delay the enzyme activities, 

therefore effectively preventing fruit softening.  However, there were slight increases of 

firmness found in fruit stored at 2°C and 5°C for 9 days and 6 days, respectively. This could 
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be related to increasing pectin viscosity (gelling behavior) in structure of cell wall during 

storage (Shin et al., 2007). The solubilization of pectin under the activities of β-galactosidase 

and pectin methylesterase during fruit ripening changed the bonding between some polymers 

was directly related to fruit softening and fruit firmness (Brummell, 2006; Brummell & 

Harpster, 2001; Goulao et al., 2012). 

 

 

 
Fig. 1. Effects of storage temperature combined with 0.2% nano-chitosan on overall quality index (A), weight 

loss (B) and firmness (C) of strawberry stored at 2°C (--), 5°C (-◼-), 10°C (-•-) and 25°C (-•-). The error bars 

represent standard deviations of triplicate assays with the confidence interval of 95 %. 

 

 

Acceptable level 

A 

B 

C 
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Total soluble solids (TSS), titratable acidity (TA) and L-Ascorbic acid     

Total soluble solids (TSS) of strawberry stored at different temperatures were shown in Table 

2. TSS value of strawberry stored at 2°C, 5°C, and 10°C were remained at the initial value (p 

< 0.05) after 12 days, 9 days and 6 days, respectively (Table 2). However, at 25°C, total 

soluble solid content rapidly decreased to 4.2 % at the 3rd day when fruits start to be rotten. In 

general, the temperature was an important factor affecting TSS of fruit during storage. Ayala-

Zavala et al. (2004) found that the carbohydrate of strawberry was conserved when stored 

fruit at cold temperature. The decrease of TSS value could be explained by sucrose hydrolysis 

and the utilization of the reducing sugars during fruit respiration (Yang et al., 2010). The 

higher temperature and respiration rate, the higher loss of TSS used for metabolic activity 

(Ayala-Zavala et al., 2004; Cordenunsi et al., 2003). According to Nguyen and Nguyen 

(2020), strawberries treated with nano-chitosan did not showed significant differences in TA 

and TSS compared to the untreated one.  

As obtained for titratable acidity (TA) from Table 2, at different temperatures, expect 

25°C, the storage duration significantly affected to the amounts of TA in fruit. They increased 

from the initial value and then decreased before deteriorated. Storing strawberry at 2°C again 

showed to be the most effective temperature in maintaining the TA of the fruits. Indeed, after 

9 days, the value remained twice as higher as the initial amounts. It has been reported that 

changing of titratable acidity during storage was related to the attainment of maturity and 

ripening of strawberry (Maftoonazad et al., 2008; Yang et al., 2010) or mango (Islam et al., 

2013).    

 At all temperatures, the highest amounts of L-AA in strawberry were observed at the first 

3 days (Table 2). However, the highest L-AA levels could not be achieved by lowering the 

temperature. Indeed, although having a short shelf life for only 3 days, the fruits stored at 

10°C and 250C contained the highest amounts of L-AA as compared to those preserved at 2°C 

and 5°C at the same storage interval. Storing the fruits at 5°C showed the efficiency in 

preventing the loss of L-AA after 9 days (Table 2). Meanwhile, lowering stored temperature 

to 2°C significantly reduced (p<0.05) the L-AA value after 9 days compared to the 5°C. The 

changes of L-AA might due to the synthesis from D-galacturonic acid released from cell wall 

pectin (Nguyen et al., 2020). Pectin is a crucial cell wall component of building blocks whose 

release D-galacturonic acid upon enzymatic hydrolysis process during fruit ripening (Liu et 

al., 2018). Therefore, significant higher contents of L-AA in strawberries stored at 10°C and 

25°C (Table 2) could be relevant to significant lower firmness of fruit stored at those 

temperatures as compared to those stored at 2°C and 5°C (Fig. 1C). This observation 

supported for a reported study of Sahari et al. (2004). The maintenance of ascorbic acid 

content in fruit and vegetables directly related to temperature management of  fruit after 

harvest, cultivars and storage durations  (Kalt et al., 1999; Lee & Kader, 2000). 

 

Total phenolic content (TPC), total anthocyanin content (TAC) and malondialdehyde 

(MDA)  

During storage at different temperatures, TPC of the fruit reduced gradually (Table 3), but no 

significant changes (p>0.05) were observed between temperatures at the same storage days, 

except 10°C at 3rd day. However, there were significant decreases (p<0.05) of TPC were 

detected the same temperatures at different storage duration. Although 2°C was the most 

effective temperature in maintaining the overall quality of strawberry, there was almost 60% 

of TPC reduction observed after 12 days. The decrease of TPC occurred as the normal 

ripening processes of non-damaged fruit changing the cell membrane permeability in phenolic 

metabolism. Furthermore, the decrease of TPC in strawberry likely reflected the rising of PPO 

activity (Petriccione et al., 2015). Low storage temperature damaged the cell wall of 

strawberry and released PPO inside (Valenzuela et al., 2017). According to Nunes et al. 
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(2005), the more PPO contained, the more enzymatic browning reaction occurred leading the 

oxidation of phenolic compounds. TPC of strawberry stored at 25°C was the highest value in 

comparison with other temperatures at the 3rd day (Table 3). Similarly, this phenomenon was 

recorded as strawberry stored at 20°C in a study of Shin et al. (2007). It could be concluded 

that the total phenolic contents in strawberry were significantly affected by the storage 

temperature and storage time. Nunes et al. (2005) stated that the decrease in TPC might be 

partly a consequence of the degradation of anthocyanin content. The same observation was 

recorded in this study (Table 3).  

The anthocyanin was the major component in strawberry that contributed to the red color 

of fruit (Timberlake & Bridle, 1982). There was the significant decrease (p<0.05) in the 

anthocyanin concentration of strawberry stored at all storage temperature (Table 3). The 

decrease of anthocyanin concentration was also recorded when ‘Oso Grande’ and ‘Mazi’ 

cultivar stored at 6°C (Cordenunsi et al., 2003) or strawberry handled at 7.5°C during 12 days 

(Ayala-Zavala et al., 2005). It has been reported that TAC changes during fruit storage depend 

on the initial amount relating to cultivar (Cordenunsi et al., 2003) and the oxidation of 

anthocyanin (Ivanova et al., 2012). At the end of storage time, fruit stored at 2°C showed the 

significant effects (p<0.05) in delaying the degradation of TAC compared to 5°C at 9th day. It 

is obviously that temperature and storage time significantly affected TAC of strawberry.  

The level of lipid peroxides in the progress of fruit ripening was measured through MDA, 

a secondary end product of oxidative lipid degradation (Hodges et al., 1999). For the 

preservation of fruit and vegetables, ROS accumulation was able to cause oxidative damage 

to membranes, lipids, proteins and nucleic acids, forming toxic products such as MDA (Yang 

et al., 2010). Following the data in Table 3, the significant increases of MDA (p<0.05) were 

observed in fruit stored at 2°C and 5°C. The higher temperature might promote faster the 

production of MDA. Srivalli et al. (2003) reported that heat stress led to a loss of cellular 

homeostasis accompanied by the formation of ROS. The high-temperature stress also 

interfered with the degradation of tissues and changed the intensity of oxidative processes 

(increased the ROS level) (Savicka & Škute, 2010).  
   

 
Table 2. Effects of storage temperature combined with 0.2% nano-chitosan on total soluble solid (a), titratable 

acidity (b), and L-ascorbic acid (c) of strawberry. 

Data are expressed as mean ± S.D, ES: end of shelf life. Values with different letters (a-e) within column, (A-E) with row 

are significantly different (p<0.05). 

 

 Initial Day 3   Day 6 Day 9 Day 12 

Total soluble solid (°Brix) 

2°C 6.3 ± 0. 5aA 7.3 ± 0. 7aBC 6.6 ± 0.2aAB 8.2 ± 0.5aC 7.2 ± 0.9B 

5°C 6.3 ± 0. 5aA 7.2 ± 0.3aB 6.2 ± 0.1abA 6.8 ± 0.4bAB ES 

10°C 6.3 ± 0. 5aA 6.7 ± 0.6aA 5.5 ± 0.6bB ES ES 

25°C 6.3 ± 0. 5aA 4.2 ± 0.1bB ES ES ES 

Titratable acidity (%) 

2°C 0.2 ± 0. 0aA 0.3 ± 0.1bB 0.4 ± 0.0aC 0.4 ± 0.0aC 0.1 ± 0.0D 

5°C 0.2 ± 0. 0aA 0.4 ± 0. 0bC 0.4 ± 0.1aC 0.3 ± 0.0aB ES 

10°C 0.2 ± 0. 0aA 0.6 ± 0.1aB 0.3 ± 0.1aA ES ES 

25°C 0.2 ± 0. 0aA 0.1 ± 0.0cB ES ES ES 

L-Ascorbic acid (mg.100g-1)  

2°C 34.8 ± 0.8aA 40.4 ± 1.4bB 19.9 ± 2.5aD 26.2 ± 2.1bC 23.7 ± 1.3C 

5°C 34.8 ± 0.8aA 41.2 ± 0.7bB 23.3 ± 4.7aC 37.9 ± 0.8aAB ES 

10°C 34.8 ± 0.8aA 50.7 ± 1.3aB 26.0 ± 3.3aC ES ES  

25°C 34.8 ± 0.8aA 53.1 ± 6.8aB ES ES ES  
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Table 3. Effects of storage temperature combined with 0.2% nano-chitosan on total phenolic content (a), total 

anthocyanin content (b), malondialdehyde (c), antioxidant capacity (d), and polyphenol oxidase activity (e) of 

strawberry. 

 Initial Day 3 Day 6 Day 9 Day 12 

Total phenolic content (mg.100g-1)  

2°C 252.1 ± 0.3aA 184.8 ± 23.8bAB 175.9 ± 7.7aB 174.4 ± 52.1aBC 101.8 ± 27.8C 

5°C 252.1 ± 0.3aA 201.4 ± 11.8abAB 165.6 ± 34.3aB 141.4 ± 33.6aB ES 

10°C 252.1 ± 0.3aA 147.3 ± 18.1cB 168.3 ± 56.5aAB ES ES 

25°C 252.1 ± 0.3aA 236.3 ± 21.0aA ES ES ES 

Total anthocyanin content (mg.100g-1)  

2°C 16.7 ± 2.2aA 6.9 ± 2.2bC 9.1 ± 1.2aBC 11.2 ± 0.8aB 6.5 ± 0.8C 

5°C 16.7 ± 2.2aA 9.6 ± 0.2abB 9.6 ± 2.5aB 8.4± 1.2bB ES 

10°C 16.7 ± 2.2aA 12.5 ± 2.5aAB 10.1 ± 3.9aB ES ES 

25°C 16.7 ± 2.2aA 12.8 ± 1.6aB ES ES ES 

Malondialdehyde (µmol.g-1)  

2°C 34.0 ± 3.0aA 58.3 ± 6.4cC 61.0 ± 6.0aC 63.1 ± 6.1bC 82.8 ± 18.2B 

5°C 34.0 ± 3.0aA 46.3 ± 5.2dC 60.2 ± 9.1aD 79.02 ± 4.9aB  ES 

10°C 34.0 ± 3.0aA 67.1 ± 8.2bB 72.4 ± 16.0aB ES ES 

25°C 34.0 ± 3.0aA 72.1 ± 8.0aB  ES ES ES 

Antioxidant capacity (%)   

2°C 73.4 ± 0.1aA 79.8 ± 3.1aB 76.2 ± 4.9aAB 52.0 ± 1.3aC 49.1 ± 2.1C 

5°C 73.4 ± 0.1aA 70.7 ± 5.5bA 72.0 ± 3.8aA 49.0 ± 2.2aB  ES 

10°C 73.4 ± 0.1aA 73.5 ± 1.9abA 69.1 ± 0.6aB ES ES 

25°C 73.4 ± 0.1aA 68.6 ± 6.3bA  ES ES ES 

Polyphenol oxidase activity (U.g-1)   

2°C 12.6 ± 0.0aA 8.3 ± 0.0aC 9.4 ± 0.4aB 9.8 ± 0.1aB 6.3 ± 0.3D 

5°C 12.6 ± 0.0aA 8.6 ± 0.9aB 7.8 ± 0.1bB 2.6 ± 0.1bC  ES 

10°C 12.6 ± 0.0aA 3.8 ± 0.5bB 3.9 ± 0.1cB ES ES 

25°C 12.6 ± 0.0aA 1.3 ± 0.0cB  ES ES ES 

Data are expressed as mean ± S.D, ES: end of storage life. Values with different letters (a-e) within column, (A-

E) with row are significantly different (p<0.05). 

 

Antioxidant capacity   

Several previous studies have shown that strawberry was a good source of natural 

antioxidants (Wang et al., 1996). The antioxidant capacity of strawberry stored at 2°C, 5°C, 

10°C and 25°C was shown in Table 3. The antioxidant capacity of strawberry stored at 2°C, 

5°C declined after the 6th day and remained until 12th day. Cordenunsi et al. (2005) explained 

that the decrease in antioxidant activity was correlated with a higher content of 

dehydroascorbic acid and a decrease in ascorbic acid (Table 2). However, the antioxidant 

capacity of fruit stored at different temperatures was the insignificant difference (p>0.05). It 

showed that temperature did not affect the antioxidant capacity of strawberry. This supported 

the reported study of Shin et al. (2008).  

Polyphenol oxidase   

The enzymatic browning reaction, oxidized these phenolic compounds, was one of the most 

important cause of color deterioration in fruit. The enzyme related to this was polyphenol 

oxidase (PPO) (Yang et al., 2010). In Table 3, the value of PPO content in strawberry at 5°C 

and 2°C increased to the maximum of 8.6 U g-1 at the 3rd day and 9.4 U g-1 at the 9th day, 

respectively. This increase of PPO activity directly related to the decrease of TPC and TAC 

(Table 3). Petriccione et al. (2015) had observed the same phenomenon that the decrease of 

TPC in strawberry likely reflected the rising of PPO activity. Low storage temperature might 

be damaged strawberry cell and released more PPO enzyme in the initial stage of storage 

(Valenzuela et al., 2017). However, PPO was inactivated when storage in low temperature in 

long time and it started to rapidly decline PPO activity for lengthening the shelf life (Yang et 

al., 2010). According to the overall quality index of strawberry (Fig. 1a), 2°C showed the 
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most effective one to maintain the overall quality of strawberries and inhibit the PPO activity 

during storage.  

 

CONCLUSIONS 
 

In the present study, 0.2% nano-chitosan coated strawberries were stored at four different 

temperatures for investigating effects of temperature on their physico-chemical quality. As 

discussed above, lowering storage temperature was the effective way to prolong strawberry’s 

storage life, prevent the decrement of firmness and the weight loss. Besides, the MDA content 

delayed, PPO content was inactivated and the loss of TSS in strawberry was also reduced 

when storing at 2°C. The TPC synthesis was favored at 5°C but an additional decrease in 

temperature did not improve the final amount of this compound. However, the low 

temperature brought the negative effects during storage in TAC and L-AA content of 

strawberry causing the reduction of anthocyanin content and vitamin C. The antioxidant 

capacity of strawberry was not affected by temperature. Therefore, strawberry stored at 2°C 

had the greater effect on physico-chemical properties of fruit than others storage temperatures.  
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