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Purpose: The aim of this study was to investigate the effects of 
nano-chitosan and chitosan coating on physico-chemical properties 
of strawberries during storage. Research methods: Fresh 
strawberries were coated with different concentrations of chitosan 
(1%, 1.5%. 2%) or nano-chitosan (0.2%, 0.4%, and 0.8%) and stored 
in 20C for 21 days. Findings: Coating strawberry with 0.2% and 0.4% 
nano-chitosan preserved the overall quality index of the fruit up to 
21 days. The treatments reduced weight loss, retained firmness, 
titratable acidity and L-ascorbic acid, significantly retarded 
malondialdehyde production and inhibited polyphenol oxidase 
activity of the stored fruit. The 0.2% nano-chitosan treatment 
reserved total soluble solid and total anthocyanin content better 
than the 0.4% nano-chitosan. Although 2% chitosan coating showed 
the positive effects, the overall quality index of the coated fruit was 
reduced below the acceptable level after 18 days, shorter as 
compared to the others coated with the lower concentrations of 
nano-chitosan. Research limitations: Nano-chitosan, showing to be 
the effective coating material in this study, is not popular traded in 
the industry. Originality/Value: The combination of 0.2 % nano-
chitosan coating and storing fresh strawberry at 2°C preserved the 
quality of fruits up to 21 days. The much lower concentrations of 
nano-chitosan showed higher positive effects as compared to the 
higher concentrations of chitosan. This would help to reduce the 
cost of postharvest handlings for the strawberry industry.  
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INTRODUCTION 
 
Strawberry, a nutritive fruit containing high phytochemicals, vitamins, and minerals, is a 
highly perishable non-climacteric fruit due to the high rate of respiration, leading to a shorter 
shelf life after harvesting (Almenar et al., 2007; Hernández-Muñoz et al., 2008).  

Chitosan, the N-deacetylated derivative of chitin, mainly found in shrimp skeleton and 
recognized as safe by the U.S. FDA (2001), is soluble in acid conditions to form the colloid 
complex, a suitable material for food packaging. Chitosan has potential in controlling plant 
diseases (Kumar, 2000) including activity against infection caused by bacteria, mold and 
other pathogens (Goy et al., 2009). Besides, chitosan had shown the antioxidant properties 
coming from the donation of hydrogen or lone pair of the electron from their structure 
(Rajalakshmi et al., 2013). Chitosan coatings have been proved to be applicable for 
prevention the losses of weight, titratable acidity, total soluble solid and bioactive compounds 
in fruit and vegetables during storage (Gol et al., 2013; Kerch, 2015). The quality, 
permeability, and storability of chitosan coating have been proved as beneficial effects on 
fruits such as strawberry (Hernández-Muñoz et al., 2006; Hernández-Muñoz et al., 2008), 
papaya (Bautista-Baños et al., 2003), and tomato (El Ghaouth et al., 1992). 

Recently, nanotechnology has shown the significant results for application in 
pharmaceutical and food industries, including the food packaging. Nano-based materials are 
found to be capable of enhancing the barrier properties such as strength, stiffness, or heat 
resistance of the packaging materials (Silvestre et al., 2011). However, there are a very few 
researches studying effects of nano-chitosan coating on fresh fruit storage, particularly on 
strawberry. Nanoparticles of chitosan have shown the more exceptional antifungal ability 
defending the varieties of microorganism than chitosan particles (Goy et al., 2009). Nano-
chitosan based coating has better barrier properties to the internal gas atmosphere and more 
optimize in the permeability of coating on fruit (Lorevice et al., 2012). 

The main purpose of this research was to study the effects of nano-chitosan, and chitosan 
coating on the postharvest quality of strawberries. The results from this study would be a 
useful database for further researches involving edible coating in the post-harvesting 
technology for fruit. 

MATERIALS AND METHODS 
 
Materials 
 
Sample preparation 
Strawberries (Fragaria x ananassa Duch.) were harvested from the orchard in Lamdong 
province, Vietnam in September 2017 when reached the market maturity stage. 

Strawberry was washed under tap water to remove contaminants before being dipped into 
chitosan (1%, 1.5%, 2%) and nano-chitosan solutions (0.2%, 0.4%, 0.8%) for 1 min. The fruit 
then drained on stainless steel racks for 30 min at room temperature (Han et al., 2005). The 
nano-pure water (Barnstead EasyPure II, ThermoScientific, USA) treated fruit were used as 
control samples. The treated samples were stored at 2°C and tested after each 3-day intervals 
(Brat et al., 2007).  
 
Edible coating formulations 
Chitosan solution was prepared by dissolving chitosan powder (Sigma-Aldrich, St. Louis, 
MO, USA) in 1% acetic acid solution (Merck Chemicals Ltd., Darmstadt, Germany) (Han et 
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al., 2005). Meanwhile, the nano-chitosan solution was supplied by Dalat Nuclear Research 
Institute, Vietnam (NRI) with the particle size was at 250 nm.  
 
Analytical methods 
Measurement of the overall quality index 
The visual quality scores of samples were evaluated by the trained people following the score 
and description in Figure 1. 

Measurement of weight loss (%) 
Strawberry was weighed after being coated, 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 as follow (1):  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 (%) = 𝑚𝑚1−𝑚𝑚2
𝑚𝑚1 𝑥𝑥 100                                                    (1) 

Where m1: the weight of sample before storage (g), m2: the weight of the sample after storage 
intervals (g) 

 
 

Fig. 1. The overall rating chart of strawberry showing photographs of strawberry at different stages of visual 
deterioration correspond with subjective scores and descriptions 
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Measurement of firmness (N) 
The firmness of strawberry was measured following the method of Hernández-Muñoz et al. 
(2006), using a Digital Fruit Hardness Tester (FR- 5120, Lutron electronic enterprise Co., 
LTD., Taiwan). 

Determination of total soluble solid (%) and titratable acidity (%) 
The juice of strawberry after slightly squeezing was used for measuring the total soluble solid 
(TSS), using the digital refractometer (RX- 5000, Atago Co., LTD., Japan) (Hernández-
Muñoz et al., 2008). The results were expressed as a percentage. 

According to AOAC (1990), 10 g puree of strawberry was mixed with 50 mL distilled 
water and filtered. Titratable acidity (TA) of samples was measured using the titrate method 
with 0.1M NaOH. The endpoint reading during titration was monitored by pH meter (HI 
9126, Hanna Instruments Inc., Romania) and the results were expressed as grams of citric 
acid per 100 g fresh weight of strawberry and calculated as the below formula (2): 

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑔𝑔 100 𝑔𝑔−1) = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 (𝑚𝑚𝑚𝑚)×0.1 𝑀𝑀×0.064

10 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 × 100                        (2) 

Measurement of antioxidant capacity by DPPH method (%) 
Antioxidant capacity of strawberry was determined using 1,1-diphenyl-2-picryl-hydrazyl 
(DPPH) (Sigma-Aldrich Pte. Ltd., St. Louis, MO, USA) (Hangun-Balkir & McKenney, 
2012). The absorbance of samples was measured at 517 nm, using a UV-VIS 
spectrophotometer (GENESYS 10 UV-Vis, Thermo Fisher Scientific, Inc., USA). The 
antioxidant capacity was expressed as the percentage of DPPH radical scavenging capacity 
(3):  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑠𝑠𝑠𝑠𝑎𝑎𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 =  (𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)
𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑥𝑥 100                                                     (3) 

Where A control: the absorbance of control, A sample: the absorbance of sample 
 
Determination of L-ascorbic acid (mg 100g-1) 
According to Kapur et al. (2012), 5g of strawberry was homogenized with 50mL of 
metaphosphoric acid - acetic acid solution. This mixture was centrifuged at 1937 × g in 15 
min at 27oC 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 oC in 3h. The 
absorbance of samples was measured at 512 nm after adding 5 mL of chilled 85% H2SO4.  
 
Determination of total anthocyanin content (mg 100g-1) 
The predominant anthocyanin in strawberry was pelargonidin-3-glucoside. For measuring the 
absorbance of the total anthocyanin content (4) in strawberry, the pH differential method was 
applied (Cordenunsi et al., 2003). Briefly, 5g of the sample was extracted with 0.025 M 
potassium chloride buffer, pH 1.0 at 50 oC in 3h and then centrifuged at 2142 × g for 20 min 
at 4 oC. The sample solution was diluted using two buffers: 0.025 M potassium chloride 
buffer (pH 1.0) and 0.4 M sodium acetate buffer (pH 4.5) (Yang et al., 2010). Each diluted 
solution had recorded the absorbance at 496 nm and 700 nm.  

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚
𝐿𝐿 ) =  𝐴𝐴×𝑀𝑀𝑀𝑀×𝐷𝐷𝐷𝐷×1000

𝜀𝜀×1                            (4) 
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Where A: the absorbance of diluted sample, A= (A496 – A700) pH 1.0 - (A496 – A700) pH 4.5, MW: 
molecular weight , DF: dilution factor, ε: the molar absorptivity of 15600M-1 cm-1 (Giusti et 
al., 1999).  
 
Determination of total phenolic content (mg GAE 100g-1)  
Total phenolic content (TPC) in strawberry was determined using Folin-Ciocalteu assay 
(Boeing et al., 2014). The samples were extracted using acetone:water (7:3 v/v) (Merck 
Chemicals Ltd., Darmstadt, Germany). The absorbance of sample was recorded at 765 nm. 
The results were expressed as milligram gallic acid equivalent per 100g fresh weight (mg 
100g-1).  

Determination of malondialdehyde (μmol g-1) 
Malondialdehyde (MDA) content was determined using the 2-thiobarbituric acid (Merck 
Chemicals Ltd., Darmstadt, Germany) (TBA) reaction (Yang et al., 2010). The sample was 
homogenized with ice-cold 0.1% trichloroacetic acid (Sigma-Aldrich Pte. Ltd., St. Louis, 
MO, USA) (TCA) in a cooled mortar and pestle. The supernatant collected from 
centrifugation of the mixture at 2142 × g for 10 min at 4oC was thoroughly mixed with 10% 
TCA containing 0.25% TBA and incubated at 95 oC in 3 min. The absorbance was recorded at 
532 nm and 600 nm. The concentration of lipid peroxides together with oxidatively modified 
proteins of fruit were quantified in terms of MDA level using an extinction coefficient of 155 
mM−1cm−1 and expressed as μmol g-1 (Yang et al., 2010). 

Polyphenol oxidase assay (Unit g-1) 
Polyphenol oxidase extraction was based on a method of (Holzwarth et al., 2012). Strawberry 
purée was stirred continuously with cold acetone (−20 °C) for 5 min. The mixture was filtered 
using filter paper Whatman No.2 (GE- Healthcare, Chicago, Illinois, USA) before mixing the 
solution collected 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 was measured at 420 nm. The reaction time was 2 mins, and the activity was 
expressed in units with one unit = 0.001*ΔA420/min/g fresh weight (Zhang & Xingfeng, 
2015). 

Statistical analysis 
The statistical results were analyzed using the Minitab statistical software (Version 17.0, 
Minitab Pty Ltd., Australia) with Fisher’s one-way ANOVA and expressed as means ± S.D 
with p< 0.05 as significant differences at confidence intervals of 95%. 
 

RESULTS AND DISCUSSION 
 
The overall quality index  
During storage at 2 oC, all samples showed the loss of visual appearances (Fig. 2). However, 
the storage-life of coated strawberries was much longer than that of the control. This could be 
due to barrier properties of chitosan protecting the fruit from physical, chemical, and 
biological deterioration (Kester & Fennema, 1986). Overall, the higher overall appearance of 
coated strawberry correlated with the lower level of dehydration and darkening during storage 
(Hernández-Muñoz et al., 2008). Increasing nano-chitosan concentrations seemed to decrease 
the overall quality index of fruit (Fig. 2a). In contrast, the increase of chitosan concentrations 
showed positive effects on prolonging the shelf life of strawberries (Fig. 2b). Moreover, with 
higher concentrations of chitosan at 1.5% and 2%, the quality of strawberries was reduced to 
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Where A: the absorbance of diluted sample, A= (A496 – A700) pH 1.0 - (A496 – A700) pH 4.5, MW: 
molecular weight , DF: dilution factor, ε: the molar absorptivity of 15600M-1 cm-1 (Giusti et 
al., 1999).  
 
Determination of total phenolic content (mg GAE 100g-1)  
Total phenolic content (TPC) in strawberry was determined using Folin-Ciocalteu assay 
(Boeing et al., 2014). The samples were extracted using acetone:water (7:3 v/v) (Merck 
Chemicals Ltd., Darmstadt, Germany). The absorbance of sample was recorded at 765 nm. 
The results were expressed as milligram gallic acid equivalent per 100g fresh weight (mg 
100g-1).  

Determination of malondialdehyde (μmol g-1) 
Malondialdehyde (MDA) content was determined using the 2-thiobarbituric acid (Merck 
Chemicals Ltd., Darmstadt, Germany) (TBA) reaction (Yang et al., 2010). The sample was 
homogenized with ice-cold 0.1% trichloroacetic acid (Sigma-Aldrich Pte. Ltd., St. Louis, 
MO, USA) (TCA) in a cooled mortar and pestle. The supernatant collected from 
centrifugation of the mixture at 2142 × g for 10 min at 4oC was thoroughly mixed with 10% 
TCA containing 0.25% TBA and incubated at 95 oC in 3 min. The absorbance was recorded at 
532 nm and 600 nm. The concentration of lipid peroxides together with oxidatively modified 
proteins of fruit were quantified in terms of MDA level using an extinction coefficient of 155 
mM−1cm−1 and expressed as μmol g-1 (Yang et al., 2010). 

Polyphenol oxidase assay (Unit g-1) 
Polyphenol oxidase extraction was based on a method of (Holzwarth et al., 2012). Strawberry 
purée was stirred continuously with cold acetone (−20 °C) for 5 min. The mixture was filtered 
using filter paper Whatman No.2 (GE- Healthcare, Chicago, Illinois, USA) before mixing the 
solution collected 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 was measured at 420 nm. The reaction time was 2 mins, and the activity was 
expressed in units with one unit = 0.001*ΔA420/min/g fresh weight (Zhang & Xingfeng, 
2015). 

Statistical analysis 
The statistical results were analyzed using the Minitab statistical software (Version 17.0, 
Minitab Pty Ltd., Australia) with Fisher’s one-way ANOVA and expressed as means ± S.D 
with p< 0.05 as significant differences at confidence intervals of 95%. 
 

RESULTS AND DISCUSSION 
 
The overall quality index  
During storage at 2 oC, all samples showed the loss of visual appearances (Fig. 2). However, 
the storage-life of coated strawberries was much longer than that of the control. This could be 
due to barrier properties of chitosan protecting the fruit from physical, chemical, and 
biological deterioration (Kester & Fennema, 1986). Overall, the higher overall appearance of 
coated strawberry correlated with the lower level of dehydration and darkening during storage 
(Hernández-Muñoz et al., 2008). Increasing nano-chitosan concentrations seemed to decrease 
the overall quality index of fruit (Fig. 2a). In contrast, the increase of chitosan concentrations 
showed positive effects on prolonging the shelf life of strawberries (Fig. 2b). Moreover, with 
higher concentrations of chitosan at 1.5% and 2%, the quality of strawberries was reduced to 
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an acceptable level after 18 days. Meanwhile, the lower nano-chitosan concentrations (0.2% 
and 0.4%) maintained the quality of the fruit until 21 days. 

Weight loss   
The weight loss of uncoated berry was 8.84% at 12th day. This data was significant (p<0.05) 
higher than those of coated samples (Fig. 3). Among coated samples, after 15 days of storage, 
the lowest weight loss was observed from the 2% chitosan treatment, while the highest value 
was recorded in the 1% chitosan one (2.65% vs 7.57%) (Fig. 3b). There were insignificant 
differences (p>0.05) found in 0.2%, 0.4% NCS and 1.5%, 2% CS samples after 18th day. In 
this study, chitosan and nano-chitosan coating layers worked as the physical barriers to 
prevent dehydration and shriveling and therefore reduced weight loss of fruit. 
 
Firmness  
During nine days of storage, there were increases in the firmness of coated strawberries and 
control sample. At 12th day, the firmness of the uncoated strawberry was rapidly decreased to 
1.73N, ranked as the lowest value (Fig. 4). Generally, chitosan coating slowed down the 
respiration rate of fresh fruit and vegetables (Hernández-Muñoz et al., 2006), consequently 
delayed the fruit ripening (Velickova et al., 2013). The coating also controlled the loss of 
moisture from the fruit and therefore retained the texture of fruit (Han et al., 2004). After 21 
days of storage, the coating strawberry with 0.2% NCS was the most effective treatment in 
preventing the loss of fruit firmness.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Effects of coating on the overall quality index of strawberry coated with (a) nano-chitosan; (b) chitosan 
and stored at 2 °C 
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Fig. 3. Effects of coating on the weight loss percentage of strawberry coated with (a) nano-chitosan; (b) chitosan 
and stored at 2 °C 
 
Total soluble solids, titratable acidity and L-Ascorbic acid  
There were decreases in total soluble solids of all samples during storage (Table 1a). This 
reduction could be explained by the hydrolysis of sucrose during the respiration of fruit (Yang 
et al., 2010). The similar phenomenon was recorded in coated apple (Baldwin et al., 2011) 
and coated strawberry with chitosan (Vargas et al., 2006). 

By comparison with the initial value, no significant differences in titratable acidity values 
of both coated and uncoated strawberries were observed (p<0.05) (Table 1b). These results 
agreed with findings of Hernández-Muñoz et al. (2008), who had proved coating strawberry 
did not change titratable acidity after storage at 10 oC. 

The concentrations of L-ascorbic acid (L-AA) in the control sample and strawberries 
treated with chitosan and nano-chitosan were shown in Table 1c. At 12th day, there was a 
decrease of L-AA in uncoated strawberry; meanwhile, it remained in 0.2% NCS and 0.8% 
NCS coated strawberry (p<0.05). This loss of vitamin C might occur due to the high 
respiration rate of strawberry (Gol et al., 2013). Also, coating treatments had been reported to 
prevent the degradation of  L- AA in fruit (Gol et al., 2013). It could be expected from the 
current study that nano-chitosan and chitosan coating would delay the loss of vitamin C in 
strawberries. 
 

0

2

4

6

8

10

12

14

0 3 6 9 1 2 1 5 1 8 2 1

W
ei

gh
t l

os
s (

%
)

Control
0.2 % NCS
0.4% NCS
0.8% NCS

0

2

4

6

8

10

12

14

0 3 6 9 1 2 1 5 1 8 2 1

W
ei

gh
t l

os
s (

%
)

Storage time (Days)

Control
1% CS
1.5% CS
2% CS

a 

b 



17

 
 
Botanical products for post-harvest management of perishable produce 

 

 
JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 3(1) MARCH 2020      

resorcylic acid, trans-cinnamaldehyde, thymol, and vanillin) against Escherichia coli O157: H7. 
Food Control, 60, 447-454. https://doi.org/10.1016/j.foodcont.2015.08.022. 

Kupwade, S. R., Manglani, N. S., Wadkar, S. S., Inamdar, F. R., Shete, C. C., & Ghosh, J. S. (2017) 
Antimicrobial activity of Lemon peel extract against the bacteria belonging to the 
Genus Xanthomonas. International Journal of Pharmaceutical Sciences Review and Research, 
45(2), 251-254. https://doi.org/10.22159/ijcpr.2017v9i4.20962 

Lucera, A., Costa, C., Conte, A., & Del Nobile, M. A. (2012). Food applications of natural 
antimicrobial compounds. Frontiers in Microbiology, 3, 287. 

        https://doi.org/10.3389/fmicb.2012.00287. eCollection 2012 
Malasri, S., Tiapradit, P., Russell, S., Poonpurmsiri, P., Tarkarnviroj, C., Pourhashemi, A., Moats, R., 

& Hudson, B. (2015) Insulation effectiveness of rice hull. International Journal of Advance 
Packaging Technology, 3(1), 158-168. https://doi.org/10.23953/cloud.ijapt.20 

Mari, M., Leoni, O., Lori, R., & Cembali, T. (2002) Antifungal vapour-phase activity of allyl 
isothyocyanates against Penicillium expansum on pears. Plant Pathology, 51, 231-236. 

        https://doi.org/10.1046/j.1365-3059.2002.00667.x  
McClements, D. J., & Rao, J. (2011). Food-grade nanoemulsions: formulation, fabrication, properties, 

performance, biological fate, and potential toxicity. Critical Review Food Science and Nutrition,  
51(4), 285-330. https://doi.org/10.1080/10408398.2011.559558 

Mishra, B., & Khatkar, B. S. (2009). Studies on post-harvest quality and physiology of coated ber 
(Zizyphus mauritiana Lamk) fruit. Journal of Food Science and Technology (Mysore), 46(5), 
455-458.  

Mohanty, S., Ramesh, S., & Muralidharan, N. P. (2017). Antimicrobial efficacy of apple cider vinegar 
against Enterococcus faecalis and Candida albicans: An in vitro study. Journal of Advanced 
Pharmacy Education and Research, 7(2), 137-141.  

Mustafa, E. , Noah, A. , Beshay, K. , Sultan, L. , Essam, M. & Nouh, O. (2015). Investigating the 
Effect of Various Nanomaterials on the Wettability of Sandstone Reservoir. World Journal of 
Engineering and Technology, 3, 116-126. https://doi.org/10.4236/wjet.2015.33013. 

Neri, F., Mari, M., Meniti, A. M., & Brigati, S. (2006). Activity of trans-2-hexenal 
against  Penicillium expansum in ‘Conference’ pears. Journal of Applied Microbiology 100, 
1186-1193.  https://doi.org/10.1111/j.1365-2672.2006.02873.x 

Nguyen, V. T. A., Le, T. D., Phan, H. N., & Tran, L. B. (2017). Antibacterial activity of free fatty 
acids from hydrolyzed virgin coconut oil using lipase from Candida rugosa. Journal of Lipids, 1-
7. https://doi.org/10.1155/2017/7170 

Prasad, K., & Stadelbacher, G. J. (1974). Effect of acetaldehyde vapor on postharvest decay and 
market quality of fresh strawberries. Phytopathology, 64, 948-951. https://doi.org/10.1094/phyto-
64-948 

Raorane, G. P. (2003). Studies on growth, flowering, fruiting and some aspect of harvest handling of 
kokum (Garcinia indica choisy). M.Sc. Thesis. Dr. Balasaheb Sawant Konkan Krishi 
Vidyapeeth, Dapoli, District. Ratnagiri. 

Quirós-Sauceda, A. E., Ayala-Zavala, J.F., Olivas, G. I., & González-Aguilar, G.A. (2014). Edible 
coatings as encapsulating matrices for bioactive compounds: a review. Journal of Food Science 
and Technology, 51(9), 1674-1685. https://doi.org/10.1007/s13197-013-1246-x 

Ranjan, S., Dasgupta, N., Chakraborty, A. R., Samuel, S. M., Ramalingam, C., Shanker, R., & Kumar, 
A. (2014). Nanoscience and nanotechnologies in food industries: opportunities and research 
trends. Journal of Nanoparticle Research, 16(6), 2464. https://doi.org/10.1007/s11051-014-2464-
5.  

Saxena, R., Liquido, N. J., & Justo, H. B. (1981). Natural pesticides from the neem tree (Azadirachta 
indica). Proceeding of International Neem Conference Rattach Engem, Germany. 

Sembdner, G., & Parthier, B. (1993). The biochemistry and the physiological and molecular actions of 
jasmonates. Annual Review of Plant Physiology and Plant Molecular Biology, 44, 569-589. 
https://doi.org/10.1146/annurev.pp.44.060193.003033 

Shilling, M., Matt, L., & Rubin, E. (2013). Antimicrobial effects of virgin coconut oil and its medium-
chain fatty acids on Clostridium difficile. Journal of Medicinal Food, 16(12), 1079-1085.  
https://doi.org/10.1089/jmf.2012.0303. 

 
Nano-chitosan, chitosan coating on the postharvest quality of strawberry 

 

                                                                                                                                                                             
JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 3(1) MARCH 2020                                                                     

                                                        
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Effects of coating on the weight loss percentage of strawberry coated with (a) nano-chitosan; (b) chitosan 
and stored at 2 °C 
 
Total soluble solids, titratable acidity and L-Ascorbic acid  
There were decreases in total soluble solids of all samples during storage (Table 1a). This 
reduction could be explained by the hydrolysis of sucrose during the respiration of fruit (Yang 
et al., 2010). The similar phenomenon was recorded in coated apple (Baldwin et al., 2011) 
and coated strawberry with chitosan (Vargas et al., 2006). 

By comparison with the initial value, no significant differences in titratable acidity values 
of both coated and uncoated strawberries were observed (p<0.05) (Table 1b). These results 
agreed with findings of Hernández-Muñoz et al. (2008), who had proved coating strawberry 
did not change titratable acidity after storage at 10 oC. 

The concentrations of L-ascorbic acid (L-AA) in the control sample and strawberries 
treated with chitosan and nano-chitosan were shown in Table 1c. At 12th day, there was a 
decrease of L-AA in uncoated strawberry; meanwhile, it remained in 0.2% NCS and 0.8% 
NCS coated strawberry (p<0.05). This loss of vitamin C might occur due to the high 
respiration rate of strawberry (Gol et al., 2013). Also, coating treatments had been reported to 
prevent the degradation of  L- AA in fruit (Gol et al., 2013). It could be expected from the 
current study that nano-chitosan and chitosan coating would delay the loss of vitamin C in 
strawberries. 
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Table 1. Effects of chitosan and nano-chitosan concentrations on total soluble solid, titratable acidity and L-
ascorbic acid of strawberry stored at 2 °C  

Data are expressed as mean ± SD. ES: end of shelf life. Values with different letters (a-e) within column, (A-E) with row are 
significantly different (P<0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Effects of coating on the firmness of strawberry coated with (a) nano-chitosan; (b) chitosan and stored at 
2 °C 

 Initial 3d 6d 9d 12d 15d 18d 21d 
(a) Total soluble solids (%) 
Control 7.4 ± 0.4aA 7.1 ± 0.5cdA 5.7 ± 0.3abcB 5.8 ± 0.8aB 5.2 ± 0.5aB ES ES ES 
0.2% NCS 7.4 ± 0.4aA 7.6 ± 0.3bcA 6.1 ± 0.3abB 5.7 ± 0.5aBC 5.3 ± 0.2aC 5.9 ± 0.5abBC 5.6 ± 0.2aBC 5.3 ± 0.3aC 
0.4% NCS 7.4 ± 0.4aB 9.7 ± 0.5aA 5.8 ± 0.3abcC 5.6 ± 0.7aC 5.3 ± 0.1aC 5.3 ± 0.3bC 5.3 ± 0.9aC 4.4 ± 0.4bD 
0.8% NCS 7.4 ± 0.4aA 7.1 ± 0.5cdAB 6.2 ± 0.7aBC 5.1 ± 0.6aD 5.3 ± 0.3aD 5.9 ± 0.7abCD ES ES 
1% CS 7.4 ± 0.4aA 6.1 ± 0.4dB 5.4 ± 0.1cBC 5.0 ± 0.6aC 5.3 ± 0.2aC 5.5 ± 0.5abBC ES ES 
1.5% CS 7.4 ± 0.4aB 9.1 ± 1.7aA 5.4 ± 0.2bcC 5.3 ± 0.2aC 5.0 ± 0.7aC 5.3 ± 0.3bC 6.1 ± 0.3aC ES 
2% CS 7.4 ± 0.4aB 8.7 ± 0.9abA 5.7 ± 0.2abcCD 5.4 ± 0.3aD 5.3 ± 0.2aD 6.2 ± 0.1aC 5.4 ± 0.1aD ES 
(b) Titratable acidity (%) 
Control 0.20 ± 0.00aBC 0.33 ± 0.06abA 0.30 ± 0.00abAB 0.17 ± 0.06aC 0.20 ± 0.10bBC ES ES ES 
0.2% NCS 0.20 ± 0.00aC 0.33 ± 0.06abA 0.30 ± 0.00abAB 0.20 ± 0.00aC 0.20 ± 0.00bC 0.27 ± 0.06abcB 0.20 ± 0.00abC 0.20 ± 0.00aC 
0.4% NCS 0.20 ± 0.00aBC 0.27 ± 0.06bAB 0.30 ± 0.00abA 0.17 ± 0.06aC 0.20 ± 0.00bBC 0.27 ± 0.06abcAB 0.30 ± 0.10aA 0.27 ± 0.06aAB 
0.8% NCS 0.20 ± 0.00aB 0.33 ± 0.06abA 0.33 ± 0.06aA 0.17 ± 0.06aB 0.20 ± 0.00bB 0.23 ± 0.06bcB ES ES 
1% CS 0.20 ± 0.00aBC 0.30 ± 0.00abA 0.30 ± 0.00abA 0.17 ± 0.06aC 0.23 ± 0.06abB 0.20 ± 0.00cBC ES ES 
1.5% CS 0.20 ± 0.00aC 0.33 ± 0.06abA 0.27 ± 0.06bB 0.20 ± 0.00aC 0.30 ± 0.00aAB 0.30 ± 0.00abAB 0.27 ± 0.06abB ES 
2% CS 0.20 ± 0.00aDE 0.37 ± 0.06aA 0.30 ± 0.00abABC 0.23 ± 0.06aCDE 0.27 ± 0.06abBCD 0.33 ± 0.06aAB 0.17 ± 0.06bE ES 
(c) L- Ascorbic acid (mg 100g-1) 
Control 53.1 ± 0.7aA 39.7 ± 1.5bB 41.8 ± 0.2cB 44.4 ± 5.1abB 42.1 ± 2.8eB ES ES ES 
0.2% NCS 53.1 ± 0.7aAB 50.2 ± 0.1aB 43.0 ± 5.8cCD 40.3 ± 4.1bcD 51.4 ± 1.4abAB 47.6 ± 0.8abBC 44.3 ± 1.4aCD 56.5 ± 5.34aA 
0.4% NCS 53.1 ± 0.7aA 51.2 ± 3.9aAB 49.2 ± 1.1aAB 41.1 ± 3.0abCD 46.4 ± 3.0cdeBC 39.8 ± 4.7cD 38.0 ± 4.1aD 48.8 ± 4.34aAB 
0.8% NCS 53.1 ± 0.7aAB 48.0 ± 6.2aBC 40.1 ± 3.0cD 45.5 ± 0.3aCD 54.6 ± 2.1aA 43.8 ± 1.9bcCD ES ES 
1% CS 53.1 ± 0.7aA 31.9 ± 1.5cC 52.9 ± 1.9aA 35.5 ± 2.3cC 44.5 ± 3.6deB 33.6 ± 1.1dC ES ES 
1.5% CS 53.1 ± 0.7aA 48.3 ± 6.5aABC 44.0 ± 1.8bcC 44.7 ± 0.1abC 46.6 ± 2.8cdBC 50.6 ± 1.2aAB 38.2 ± 2.6aD ES 
2% CS 53.1 ± 0.7aAB 54.1 ± 1.8aA 48.4 ± 2.4abC 41.36 ± 1.63abD 49.0 ± 0.5bcBC 50.7 ± 1.2aABC 42.3 ± 5.4aD ES 
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Table 2. Effects of chitosan and nano-chitosan concentration on total phenolic, total anthocyanin, 
malondialdehyde content, antioxidant capacity and polyphenol oxidase activity of strawberry stored at 2 °C 

Data are expressed as mean ± SD.  ES: end of shelf life. Values with different letters (a-e) within column, (A-E) with row are 
significantly different (P<0.05). 

Total phenolic content, total anthocyanin content and malondialdehyde content 
The phenolic concentration of uncoated samples increased until reaching the peak at 12th day; 
meanwhile, those of coated samples fluctuated during storage (Table 2a). This could be due to 

 Initial 3d 6d 9d 12d 15d 18d 21d 

(a) Total phenolic content (mg 100g-1) 

Control 159 ± 14.9aE 217.5 ± 8.6aD 348.0 ± 0.8aB 266.7 ± 1.43bC 383.6 ± 34.3aA ES ES ES 

0.2% NCS 159 ± 14.9aB 160.1 ± 9.6eB 252.1 ± 29.5bcA 253.8 ± 11.9bcA 275.2 ± 5.8cA 173.0 ± 11.7cB 131.1 ± 14.2cC 131.1± 14.2bC 

0.4% NCS 159 ± 14.9aCD 173.6 ± 7.2dCD 253.6 ± 9.0bcB 337.4 ± 2.3aA 312.2 ± 58.1bcA 157.5 ± 13.2dCD 144.2 ± 14.7cD 193.4 ± 9.1aC 

0.8% NCS 159 ± 14.9aC 203.0 ± 1.6bcB 235.0 ± 23.9cAB 240.1 ± 6.9cdAB 272.8 ± 43.3cA 142.6 ± 0.0eC ES ES 

1% CS 159 ± 14.9aC 207.5 ± 1.9abB 206.7 ± 1.2dB 203.1 ± 2.6eB 264.0 ± 29.2cA 217.0 ± 0.0bB ES ES 

1.5% CS 159 ± 14.9aE 215.9 ± 1.5aC 264.7 ± 6.6bB 264.8 ± 27.8bB 378.8 ± 8.7aA 220.4 ± 1.1bC 189.5 ± 3.0bD ES 

2% CS 159 ± 14.9aE 192.5 ± 6.1cD 269.1 ± 1.1bB 224.7 ± 5.5dC 336.7 ± 7.4abA 239.3 ± 0.0aC 228.5 ± 17.4aC ES 

(b) Total anthocyanin content (mg 100g-1) 

Control 15.4 ± 1.0aAB 15.6 ± 5.5aAB 11.8 ± 0.4cB 17.3 ± 1.6bcA 12.4 ± 1.4bB ES ES ES 

0.2% NCS 15.4 ± 1.0aB 12.6 ± 2.9abC 19.2 ± 1.0aA 15.2 ± 0.8cdB 12.0 ± 0.2bCD 11.2 ± 0.7aCD 13.3 ± 0.8aBC 10.1 ± 1.3aD 

0.4% NCS 15.4 ± 1.0aB 12.8 ± 4.4abB 14.9 ± 1.7bB 20.4 ± 1.9aA 13.7 ± 0.7bB 9.2 ± 1.1bcC 8.4 ± 0.7cC 7.3 ± 0.1bC 

0.8% NCS 15.4 ± 1.0aBC 14.0 ± 3.5abCD 13.7 ± 1.4bcCD 19.6 ± 0.8aA 17.1 ± 1.0aAB 10.9 ± 1.1abD ES ES 

1% CS 15.4 ± 1.0aAB 15.3 ± 1.1aAB 14.0 ± 3.6bcAB 15.7 ± 1.8cdA 12.4 ± 0.4bB 8.0 ± 0.7cC ES ES 

1.5% CS 15.4 ± 1.0aA 8.8 ± 1.3bD 11.7 ± 0.2cC 14.5 ± 0.8dAB 12.6 ± 2.9bBC 8.7 ± 0.7cD 7.2 ± 0.6cD ES 

2% CS 15.4 ± 1.0aB 13.8 ± 0.9abB 14.6 ± 0.3bcB 18.3 ± 0.3abA 9.3 ± 0.4cC 10.9 ± 1.5abC 10.9 ± 1.9bC ES 

(c) Malondialdehyde (µmol g-1)  

Control 39.7 ± 3.8aD 45.6 ± 4.6abcCD 50.6 ± 6.1cBC 56.2 ± 0.0bB 77.8 ± 0.6aA ES ES ES 

0.2% NCS 39.7 ± 3.8aE 49.6 ± 1.8abD 63.9 ± 1.9aABC 68.3 ± 0.5aA 65.3 ± 3.2bAB 58.3 ± 6.6aBC 60.9 ± 2.3aBC 57.7 ± 1.3aC 

0.4% NCS 39.7 ± 3.8aD 40.3 ± 2.2cD 53.5 ± 2.6bcB 57.9 ± 6.0bAB 54.8 ± 2.0cB 45.4 ± 2.8bcCD 62.9 ± 3.9aA 50.8 ± 2.7bBC 

0.8% NCS 39.7 ± 3.8aB 52.6 ± 4.5aA 57.8 ± 0.8bA 52.4 ± 4.0bcA 50.6 ± 7.5cAB 54.0 ± 9.0abA ES ES 

1% CS 39.7 ± 3.8aB 42.7 ± 6.6bcAB 41.7 ± 2.7deAB 48.4 ± 2.4cdAB 40.8 ± 3.0dAB 49.4 ± 1.8bcA ES ES 

1.5% CS 39.7 ± 3.8aB 50.4 ± 6.6abA 36.8 ± 0.9eB 44.9 ± 5.8cdAB 37.9 ± 1.5dB 49.9 ± 2.1bcA 51.6 ± 1.1bA ES 

2% CS 39.7 ± 3.8aC 50.1 ± 2.1abAB 44.8 ± 2.4dBC 42.2 ± 6.1dBC 43.2 ± 2.3dBC 43.7 ± 2.0cBC 56.2 ± 6.7abA ES 

(d) Antioxidant capacity (%)  

Control 83.2 ± 2.4aA 82.8 ± 1.9abA 83.2 ± 2.0abA 83.2 ± 2.0aA 69.3 ± 0.0cB ES ES ES 

0.2% NCS 83.2 ± 2.4aA 83.7 ± 1.8abA 81.5 ± 2.4abAB 77.5 ± 1.9cBC 76.1 ± 4.2bC 75.8 ± 3.3bC 78.1 ±2.5abBC 75.9 ± 3.5aC 

0.4% NCS 83.2 ± 2.4aABC 85.6 ± 1.7abA 84.4 ± 3.2aAB 80.4 ± 1.1bBC 79.2 ± 1.0abCD 79.0 ± 3.4abCD 79.6 ± 3.0abBCD 75.2 ± 5.1aD 

0.8% NCS 83.2 ± 2.4aAB 86.0 ± 2.1abA 84.4 ± 3.2aAB 81.9 ± 0.4abAB 82.8 ± 7.1aAB 79.5 ± 1.0abB ES ES 

1% CS 83.2 ± 2.4aAB 85.5 ± 2.5abA 76.9 ± 7.4bB 80.6 ± 1.6bAB 80.7 ± 1.1abAB 82.2 ± 2.9aAB ES ES 

1.5% CS 83.2 ± 2.4aAB 88.4 ± 2.6aA 83.6 ± 3.9abAB 80.2 ± 0.0bBC 78.7 ± 4.2abBC 77.3 ± 6.2abBC 75.8 ± 3.1bC ES 

2% CS 83.2 ± 2.4aA 80.3 ± 8.6bA 80.2 ± 2.0abA 80.3 ± 0.9bA 80.2 ± 1.1abA 80.7 ± 0.6abA 80.2 ± 1.3aA ES 

(e) PPO activity (U g-1)  

Control 2.4 ± 0.1aE 11.5 ± 1.6abD 50.6 ± 1.0aA 38.0 ± 0.0aB 15.9 ± 2.0abC  ES  ES  ES 

0.2% NCS 2.4 ± 0.1aF 13.0 ± 1.6aB 16.7 ± 2.1deA 13.5 ± 0.0cB 7.5 ± 0.0abD 5.0 ± 0.7dE 4.5 ± 0.8aE 10.8 ± 0.9aC 

0.4% NCS 2.4 ± 0.1aF 10.7 ± 1.2bBC 14.1 ± 3.1eB 33.8 ± 2.4aA 6.5 ± 0.6abDE 8.2 ± 0.0bCD 5.5 ± 1.2aDEF 3.9 ± 1.3bEF 

0.8% NCS 2.4 ± 0.1aB 4.0 ± 0.3dcB 35.9 ± 1.0bA 32.5 ± 8.6aA 4.4 ± 0.9bB 6.1 ± 0.0cB  ES  ES 

1% CS 2.4 ± 0.1aC 2.9 ± 1.6dC 17.4 ± 1.7dB 23.55 ± 0.9bA 3.1 ± 0.6bC 2.9 ± 0.0eC  ES  ES 

1.5% CS 2.4 ± 0.1aD 6.5 ± 0.0cC 23.2 ± 0.3cB 25.9 ± 0.6bA 6.5 ± 3.4abC 5.3 ± 0.4dC 4.8 ± 0.2aC  ES 

2% CS 2.4 ± 0.1aE 4.2 ± 0.0dD 15.5 ± 1.7fC 20.2 ± 0.4bA 10.1 ± 0.0aA 10.9 ± 0.0aB 2.7 ± 0.6bE  ES 
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Table 2. Effects of chitosan and nano-chitosan concentration on total phenolic, total anthocyanin, 
malondialdehyde content, antioxidant capacity and polyphenol oxidase activity of strawberry stored at 2 °C 

Data are expressed as mean ± SD.  ES: end of shelf life. Values with different letters (a-e) within column, (A-E) with row are 
significantly different (P<0.05). 

Total phenolic content, total anthocyanin content and malondialdehyde content 
The phenolic concentration of uncoated samples increased until reaching the peak at 12th day; 
meanwhile, those of coated samples fluctuated during storage (Table 2a). This could be due to 

 Initial 3d 6d 9d 12d 15d 18d 21d 

(a) Total phenolic content (mg 100g-1) 

Control 159 ± 14.9aE 217.5 ± 8.6aD 348.0 ± 0.8aB 266.7 ± 1.43bC 383.6 ± 34.3aA ES ES ES 

0.2% NCS 159 ± 14.9aB 160.1 ± 9.6eB 252.1 ± 29.5bcA 253.8 ± 11.9bcA 275.2 ± 5.8cA 173.0 ± 11.7cB 131.1 ± 14.2cC 131.1± 14.2bC 

0.4% NCS 159 ± 14.9aCD 173.6 ± 7.2dCD 253.6 ± 9.0bcB 337.4 ± 2.3aA 312.2 ± 58.1bcA 157.5 ± 13.2dCD 144.2 ± 14.7cD 193.4 ± 9.1aC 

0.8% NCS 159 ± 14.9aC 203.0 ± 1.6bcB 235.0 ± 23.9cAB 240.1 ± 6.9cdAB 272.8 ± 43.3cA 142.6 ± 0.0eC ES ES 

1% CS 159 ± 14.9aC 207.5 ± 1.9abB 206.7 ± 1.2dB 203.1 ± 2.6eB 264.0 ± 29.2cA 217.0 ± 0.0bB ES ES 

1.5% CS 159 ± 14.9aE 215.9 ± 1.5aC 264.7 ± 6.6bB 264.8 ± 27.8bB 378.8 ± 8.7aA 220.4 ± 1.1bC 189.5 ± 3.0bD ES 

2% CS 159 ± 14.9aE 192.5 ± 6.1cD 269.1 ± 1.1bB 224.7 ± 5.5dC 336.7 ± 7.4abA 239.3 ± 0.0aC 228.5 ± 17.4aC ES 

(b) Total anthocyanin content (mg 100g-1) 

Control 15.4 ± 1.0aAB 15.6 ± 5.5aAB 11.8 ± 0.4cB 17.3 ± 1.6bcA 12.4 ± 1.4bB ES ES ES 

0.2% NCS 15.4 ± 1.0aB 12.6 ± 2.9abC 19.2 ± 1.0aA 15.2 ± 0.8cdB 12.0 ± 0.2bCD 11.2 ± 0.7aCD 13.3 ± 0.8aBC 10.1 ± 1.3aD 

0.4% NCS 15.4 ± 1.0aB 12.8 ± 4.4abB 14.9 ± 1.7bB 20.4 ± 1.9aA 13.7 ± 0.7bB 9.2 ± 1.1bcC 8.4 ± 0.7cC 7.3 ± 0.1bC 

0.8% NCS 15.4 ± 1.0aBC 14.0 ± 3.5abCD 13.7 ± 1.4bcCD 19.6 ± 0.8aA 17.1 ± 1.0aAB 10.9 ± 1.1abD ES ES 

1% CS 15.4 ± 1.0aAB 15.3 ± 1.1aAB 14.0 ± 3.6bcAB 15.7 ± 1.8cdA 12.4 ± 0.4bB 8.0 ± 0.7cC ES ES 

1.5% CS 15.4 ± 1.0aA 8.8 ± 1.3bD 11.7 ± 0.2cC 14.5 ± 0.8dAB 12.6 ± 2.9bBC 8.7 ± 0.7cD 7.2 ± 0.6cD ES 

2% CS 15.4 ± 1.0aB 13.8 ± 0.9abB 14.6 ± 0.3bcB 18.3 ± 0.3abA 9.3 ± 0.4cC 10.9 ± 1.5abC 10.9 ± 1.9bC ES 

(c) Malondialdehyde (µmol g-1)  

Control 39.7 ± 3.8aD 45.6 ± 4.6abcCD 50.6 ± 6.1cBC 56.2 ± 0.0bB 77.8 ± 0.6aA ES ES ES 

0.2% NCS 39.7 ± 3.8aE 49.6 ± 1.8abD 63.9 ± 1.9aABC 68.3 ± 0.5aA 65.3 ± 3.2bAB 58.3 ± 6.6aBC 60.9 ± 2.3aBC 57.7 ± 1.3aC 

0.4% NCS 39.7 ± 3.8aD 40.3 ± 2.2cD 53.5 ± 2.6bcB 57.9 ± 6.0bAB 54.8 ± 2.0cB 45.4 ± 2.8bcCD 62.9 ± 3.9aA 50.8 ± 2.7bBC 

0.8% NCS 39.7 ± 3.8aB 52.6 ± 4.5aA 57.8 ± 0.8bA 52.4 ± 4.0bcA 50.6 ± 7.5cAB 54.0 ± 9.0abA ES ES 

1% CS 39.7 ± 3.8aB 42.7 ± 6.6bcAB 41.7 ± 2.7deAB 48.4 ± 2.4cdAB 40.8 ± 3.0dAB 49.4 ± 1.8bcA ES ES 

1.5% CS 39.7 ± 3.8aB 50.4 ± 6.6abA 36.8 ± 0.9eB 44.9 ± 5.8cdAB 37.9 ± 1.5dB 49.9 ± 2.1bcA 51.6 ± 1.1bA ES 

2% CS 39.7 ± 3.8aC 50.1 ± 2.1abAB 44.8 ± 2.4dBC 42.2 ± 6.1dBC 43.2 ± 2.3dBC 43.7 ± 2.0cBC 56.2 ± 6.7abA ES 

(d) Antioxidant capacity (%)  

Control 83.2 ± 2.4aA 82.8 ± 1.9abA 83.2 ± 2.0abA 83.2 ± 2.0aA 69.3 ± 0.0cB ES ES ES 

0.2% NCS 83.2 ± 2.4aA 83.7 ± 1.8abA 81.5 ± 2.4abAB 77.5 ± 1.9cBC 76.1 ± 4.2bC 75.8 ± 3.3bC 78.1 ±2.5abBC 75.9 ± 3.5aC 

0.4% NCS 83.2 ± 2.4aABC 85.6 ± 1.7abA 84.4 ± 3.2aAB 80.4 ± 1.1bBC 79.2 ± 1.0abCD 79.0 ± 3.4abCD 79.6 ± 3.0abBCD 75.2 ± 5.1aD 

0.8% NCS 83.2 ± 2.4aAB 86.0 ± 2.1abA 84.4 ± 3.2aAB 81.9 ± 0.4abAB 82.8 ± 7.1aAB 79.5 ± 1.0abB ES ES 

1% CS 83.2 ± 2.4aAB 85.5 ± 2.5abA 76.9 ± 7.4bB 80.6 ± 1.6bAB 80.7 ± 1.1abAB 82.2 ± 2.9aAB ES ES 

1.5% CS 83.2 ± 2.4aAB 88.4 ± 2.6aA 83.6 ± 3.9abAB 80.2 ± 0.0bBC 78.7 ± 4.2abBC 77.3 ± 6.2abBC 75.8 ± 3.1bC ES 

2% CS 83.2 ± 2.4aA 80.3 ± 8.6bA 80.2 ± 2.0abA 80.3 ± 0.9bA 80.2 ± 1.1abA 80.7 ± 0.6abA 80.2 ± 1.3aA ES 

(e) PPO activity (U g-1)  

Control 2.4 ± 0.1aE 11.5 ± 1.6abD 50.6 ± 1.0aA 38.0 ± 0.0aB 15.9 ± 2.0abC  ES  ES  ES 

0.2% NCS 2.4 ± 0.1aF 13.0 ± 1.6aB 16.7 ± 2.1deA 13.5 ± 0.0cB 7.5 ± 0.0abD 5.0 ± 0.7dE 4.5 ± 0.8aE 10.8 ± 0.9aC 

0.4% NCS 2.4 ± 0.1aF 10.7 ± 1.2bBC 14.1 ± 3.1eB 33.8 ± 2.4aA 6.5 ± 0.6abDE 8.2 ± 0.0bCD 5.5 ± 1.2aDEF 3.9 ± 1.3bEF 

0.8% NCS 2.4 ± 0.1aB 4.0 ± 0.3dcB 35.9 ± 1.0bA 32.5 ± 8.6aA 4.4 ± 0.9bB 6.1 ± 0.0cB  ES  ES 

1% CS 2.4 ± 0.1aC 2.9 ± 1.6dC 17.4 ± 1.7dB 23.55 ± 0.9bA 3.1 ± 0.6bC 2.9 ± 0.0eC  ES  ES 

1.5% CS 2.4 ± 0.1aD 6.5 ± 0.0cC 23.2 ± 0.3cB 25.9 ± 0.6bA 6.5 ± 3.4abC 5.3 ± 0.4dC 4.8 ± 0.2aC  ES 

2% CS 2.4 ± 0.1aE 4.2 ± 0.0dD 15.5 ± 1.7fC 20.2 ± 0.4bA 10.1 ± 0.0aA 10.9 ± 0.0aB 2.7 ± 0.6bE  ES 
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the breakdown of the cell structure of the fruit senescence (Macheix & Fleuriet, 1990) and the 
formation of phenolic complexes during non-enzymatic reactions (Nunes et al., 2005). In this 
study, the fluctuation of total anthocyanin during storage period was recorded and explained 
below might also be correlated with the changes of TPC in strawberry. 

The anthocyanin concentrations (TAC) of all fruit samples fluctuate during storage (Table 
2b). It might be explained that the anthocyanin synthesis occurred in the initial stage of fruit 
storage via flavonoid and anthocyanin pathways (Ananga et al., 2013). TAC accumulated to 
the peak before it started the degradation stage correlating with cell breakdown of the fruit 
senescence process (Macheix & Fleuriet, 1990). As the cell was de-structured, the pigments, 
mostly anthocyanins, were degraded and reduced (Nunes et al., 2005). The effect of chitosan 
coating on delaying the decrease of anthocyanin content was recorded by Kerch et al. 
(2011). In overall, coating strawberry with 0.2% was the most effective one in maintaining 
TAC of fruit during storage.  

It could be seen that the malondialdehyde (MDA) value in the uncoated sample stored at 
2oC was significantly increased (p<0.05) after 12 days of storage (Table 2c). However, 
coating strawberry with CS and NCS showed a better effect in delaying MDA production than 
the control treatment. The coating materials could be productive tools for preventing 
postharvest oxidative damage during cold storage, worked as a barrier to the oxygen 
responsible for lipid peroxidation, thereby maintaining the membrane integrity (Petriccione et 
al., 2015).  

 
Antioxidant capacity  
After 12 days of storage, there were significantly higher in antioxidant capacity of coated 
fruits in compared with the uncoated one (Table 2d). Therefore, coating strawberry with CS 
and NCS could be suggested to maintain the antioxidant capacity in strawberries. This could 
be explained by the formation of a protective barrier on the surface of the fresh fruit, reducing 
water evaporation and inhibiting decline of antioxidant activity (Kou et al., 2014).  
 
Polyphenol oxidase  
Polyphenol oxidase activity of all samples increased during storage (Table 2e). The coating 
materials could act as a semi-permeable barrier against oxygen responsible for polyphenol 
oxidase reaction (Petriccione et al., 2015). The inhibitory effect of chitosan coating on PPO 
activity was consistent with a previous study on sweet cherry (Pasquariello et al., 2015). After 
15 days, coating strawberry with 1% chitosan showed the most effective on inhibiting the 
PPO activity (p<0.05). Besides, in terms of NCS coating, coating fruit with 0.4% NCS greater 
remained the value of polyphenol oxidase after 21 days as compared with the 0.2% NCS one. 

 
CONCLUSION 

 
In the present study, chitosan and nano-chitosan working as physical barriers brought positive 
effects in preserving the strawberry quality. However, coating fruit with 0.2% NCS was the 
most effective treatment than the others on maintaining the overall quality index, firmness, 
total anthocyanin content, total soluble solid, L-ascorbic acid contents and antioxidant 
capacity of strawberries.   
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Purpose: The tea plant is one of the most important products in the 
northern region of Iran, and plays an essential role in the region's 
economy. Since today many tea plants in the region are being 
destroyed for various reasons, so having information about the 
genetics of those trees helps design breeding programs to reach 
appropriate plants for specific purposes. Research Method: SRAP 
markers, using eight primer combinations, were used to study the 
genetic relationships of 27 tea plant samples. Findings: In total, 
these eight combinations produced 41 scorable bands, 70.63% of 
which were polymorphic. The calculated PIC for all combinations 
was from 0.23 to 0.43 at an average of 0.36. Data analysis was 
performed by NTSYS software using Jaccard's similarity coefficient 
to determine the amount of similarity and the dendrogram was 
drawn based on UPGMA. Based on molecular data, the range of 
similarity between samples varied from 0.393 to 0.933. Samples 
were divided into five groups at a similarity level of 0.65. The fifth 
group (E) was divided into four subgroups at a similarity level of 
0.75. Research limitations: Application of another marker system 
such as SSR and AFLP can help to understand the relationships of 
samples better. Originality/Value: In general, the study of genetic 
diversity showed that the SRAP marker could be useful in identifying 
polymorphic regions and estimating genetic distances and 
germplasm management in tea plants. 
 
 


