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Abstract: The article is devoted to the effect of pretreatment with a 
solution of carrageenan on the enzymatic activity of cherry fruits in the 
period of storage. For the purpose of research between 2019-2020, the fruits 
of the Alpha and Pamiat of Artemenko cherry varieties of the same color 
were selected, sorted, washed and dried, covered with a solution that 
included carrageenan (1−2 g/100 ml of solution), glycerin (0.6 g/100 ml of 
solution) according to the options: without treatment (control) and treated 
with carrageenan solutions of 1% and 2% concentration. Cherry fruits were 
immersed in a pre-prepared solution, kept for 1-2 minutes, removed, allowed 
to drain and dried at the flow of air created artificially by a fan.  
Experimental and control samples of fruits were placed in boxes and stored 
at a temperature of 1.0±0.5° C and a relative humidity of 95.0±1.0%. The 
most effective was the treatment of cherry fruits with a 2% solution of 
carrageenan, which made it possible to reduce the activity of antioxidant 
enzymes catalase by 38.5–35.7% and superoxidedismutase (SOD) by 
9.5−11.1%. Between the antioxidant enzymes (CAT, SOD, APX) of cherry fruit, 
close correlations (r = 0.86, r = 0.82) were established and the regression 
equation was derived.  
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1. Introduction 
 
Cherry fruits begin to deteriorate 

already at the stage of harvesting and 
storage, which causes significant product 
losses. Almost 25-45% of fruits are lost on 
the way of transportation and storage as a 
result of overripe, softening, weight loss, 

disease development and microbiological 
spoilage [8], [10].  An important factor 
that prevents microbiological spoilage of 
fruits is their proper storage and 
packaging [29]. 

The existing plant protection products 
adversely affect the environment, since 
they use synthetic non-biodegradable 
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packaging materials [5], [14]. The use of 
synthetic films, due to their insolubility, 
now causes significant environmental 
pollution [13], [26]. The solution to this 
issue is the use of edible biodegradable 
films and coatings, which consist of 
natural substances that are 
biodegradable, applied in a thin layer to 
the fruit and thus provide protection 
against moisture and function as a gas 
barrier. 

According to EU Directive No. 95/2/EC of 
1995 and EU Regulation 1333/2008, edible 
coatings consist of food ingredients, food 
additives, substances in direct contact 
with food, or food packaging. They are 
included in the edible part of the products 
and therefore must meet all the regulated 
requirements for the components 
contained in the food.   Therefore, now 
there are a number of current innovations 
and developments to preserve the quality 
of fruits. These include the use of natural 
compounds, food coatings and films, 
active packaging, nanotechnology etc. 
[27], [30-32]. Most often, polysaccharides, 
chitosan and alginates are used as food 
coatings [6]. These are polymeric 
carbohydrates consisting of 
monosaccharides interconnected by 
glycosidic bonds. 

These compounds are widely available 
in nature, are part of algae, plants, 
microorganisms and animals [17].  

Since the end of the XX century, given 
the global trends in combating 
environmental pollution and the current 
problem of putting into operation 
innovative environmentally friendly 
materials, edible coatings are increasingly 
used to preserve the quality of various 
food products. They have several 
advantages over widely used synthetic 
polymer packaging. After application to 

the product, edible coatings become an 
integral part and are consumed with it. 

Carrageenan is a natural polysaccharide 
of Irish moss (Chondrus Crisp) and certain 
types of red algae that form gels at low 
concentrations in water [3] and are used 
to store fruits [16].  An increase in the 
duration of storage of fruits leads to a 
decrease in the content of nutrients, 
including enzymes in fruits (sweet cherries 
and jujubes) [15], [37]. Enzymes affect 
oxidative damage to the membrane, 
which is the result of aging of the fruit 
[18]. Enzymes, including 
ascorbateperoxidase, are involved in the 
transfer of hydrogen peroxide [25]. 
Catalase is one of the important enzymes 
that protects the cell from oxidative 
damage, by reducing the passage of 
oxidative processes [37]. 

Processing fruits before storage with 
chitosan polysaccharide, salicylic acid, 
reduces oxidative stress, improves fruiting 
and slows down the aging of fruits after 
storage.  Chitosan coating delays fetal 
aging, which is associated with enzymatic 
and non-enzymatic antioxidant systems 
[1], [4], [23]. 

The non-enzymatic antioxidant system 
of fruits, in particular cherries and 
cherries, includes phenols and 
antioxidants. Enzymes such as catalase, 
peroxidase and superoxide dismutase 
(CAT, APX and SOD) are fundamental for 
oxygen absorption and prevention of cell 
oxidation [23]. The enzyme catalase 
exhibits an antioxidant effect and 
catalyzes the decomposition of hydrogen 
peroxide into water and oxygen, reducing 
the harmful effects caused by free 
radicals. The enzyme superoxidedismutase 
plays an important role in protecting cells 
from cancer diseases [9]. 
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The pre-processing of fruits before 
storage affects their enzymatic activity. 
The treatment with a solution of chitosan 
of peach fruit leads to a change in 
polyphenoloxidase, which first increases 
storage and then decreases it. Peroxidase 
is an antioxidant enzyme that catalytically 
decomposes hydrogen peroxide in lignin 
biosynthesis. The peroxide activity in fruits 
treated with chitosan is higher than in 
untreated fruits [12], [33]. 

Oxidative stress in plant cells involves 
the accumulation of free radicals, reactive 
oxygen forms (ROS), such as a superoxide 
radical. ROS is generated in plant cells, 
due to metabolism in reactions catalyzed 
by oxidase and lipoxygenase. As a result of 
β oxidation of fatty acids, they are 
constantly removed by the enzymatic and 
non-enzymatic systems. Consequently, the 
ROS content in plant cells depends on 
their producing systems and the removal 
mechanism. Non-enzymatic compounds 
include reduced forms of ascorbate, 
tocopherols, phenols, alkaloids, and 
enzymatic mechanisms – superoxide 
dismutase, catalase, peroxidase, 
ascorbatperoxidase. Despite the presence 
of these systems, oxidative damage occurs 
in plant cells due to the inefficient disposal 
of ROS under stressful conditions and is 
associated with aging during storage. 

A low concentration of malonic 
dialdehyde may be associated with the 
synergistic effect of chitosan with salicylic 
acid. Chitosan enhances the activity of 
catalase in cherries. Oxidative stress and 
the accumulation of oxygen and hydrogen 
peroxide and the protection from it 
depend on the presence of antioxidant 
enzymes such as superoxidedismutase, 
catalase, ascorbatperoxidase, preventing 
its appearance [28], [34], [36]. 

 

2. Materials and Methods 
2.1. General Information 
 

For the experimental studies, between 
2019-2020, the fruits of cherries of the 
Alfa and Pamiat of Artemenko varieties of 
the same color were selected, sorted, 
washed and dried. The prototypes were 
covered in a solution that included 
carrageenan (China, Fengchen group Co., 
Ltd), 1−2 g/100 ml of solution, glycerin 
(Poland, Bioagra-Oli S.A.) 0.6 g/100 ml of 
the solution according to the options: 
without treatment (control) and treated 
with carrageenan solutions of 1 and 2% 
concentration. To dissolve, the mixture 
was heated at 80°C stirring for 30 minutes 
and then cooled. The fruits of cherries 
were immersed in the prepared solution, 
kept for 1-2 minutes, removed, allowed to 
drain and dried by a flow of air created 
artificially by a fan.  Experimental and 
control samples of fruits were placed in 
boxes and stored at a temperature of 
1.0±0.5° C and a relative humidity of 
95.0±1.0% [20].  The preparation and 
selection of samples for analysis was 
carried out according to DSTU ISO 874-
2002 [7]. 

In the period of storage, the activity of 
the enzyme catalase and 
аscorbatperoxidase and superoxide-
dismutase of cherry fruit was determined. 
The criterion for the end of the fruit 
storage period was a weight loss of no 
more than 6% [20]. The repetition of the 
experiment is threefold.  
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The catalase, ascorbateperoxidase and 
superoxidedismutase  antioxidant 
enzymes’ activity which was determined 
in  pulp and peel tissue samples (4 g) was 
initially prepared by homogenizing fruit 
tissue (peel or pulp) in a pre-cooled 0.1 M 
potassium phosphate buffer (pH 7.0). The 
mixture was centrifuged at 12,000× g, at 
4°C, for 20 minutes [24]. 

The catalase (CAT) activity was assayed 
according to Xing et al. [35] with 
modifications. The reaction system 
consisted  of  0.5 mL enzyme extract  of 2 
mL sodium phosphate buffer (50 mM) and 
0.5 mL H2O2 (40 mM). The decomposition 
of H2O2 was measured by the decline in 
absorbance at 240 nm using a 
spectrophotometer. The CAT activity was 
expressed as U mol/min. 

The ascorbateperoxidase (APX) activity 
was assayed according to Nakona and 
Asada [22]. The reaction solution included 
0.1 M phosphate buffer (pH 7.0), 5 mM 
ascorbate, 0.5 mM H2O2, and the enzyme 
extract.  Indicators were recorded at 290 
nm using a spectrophotometer (UVvis).  

The superoxidedismutase (SOD) activity 
was analysed according to Misra and 
Fridovich [18]. The reaction mixture was 
200 mg of fresh tissue which was 
homogenized in a 5 ml (100 mM) K-
phosphate buffer (pH 7.7) containing 
ethylenediaminetetraacetic acid (EDTA) 
(0.1 mM), 0.1% triton X-100 and 2% 
polyvinyl pyrrolidone. Then the extract 
was filtered through muslin cloth and 
centrifuged at 22000 × g for 10 min at 4-
8°C. Then, the reaction mixture was 
dialyzed against the cold extraction buffer 
for 4 h with a carbonate/bicarbonate 
buffer. The mixture in a total volume of 3 
ml contained a 50 mM sodium 
carbonate/bicarbonate buffer (pH 9.7), 0.1 

mM EDTA, 0.6 mM epinephrineand 
enzyme. The adrenochrome formation in 
the next 4 min was recorded at 475 nm in 
a spectrophotometer.  

 
2.2. Statistical Analysis 
 

Data were expressed  as  mean  ±  
standard deviation; for mathematical data 
processing the value of p<0.05  was  
regarded  as  statistically  significant. Two-
way analysis of variance (ANOVA) was 
used to deter-mine the significance of 
differences. The statistical analyses were 
performed STATISTICA 6 to V. F. 
Moyseychenko [19] and the program 
"Excel 2000". 

 
3. Results and Discussions 

 
Thus, after 15 days storage of cherry 

fruit, the activity of the enzyme catalase 
decreased by 46-50% (Figure 1). 

When treated with a 1 and 2% solution 
of carrageenan, the decrease in enzyme 
activity after 15 days was less – 40 and 
42.9% and 23 and 28.6%, respectively, its 
lowest activity after 28 days of fruit 
storage was treated with a 2% solution of 
carrageenan – 35.7 and 38.5 %. Studies by 
Lin et al. [11] have established smaller 
losses of physicochemical components 
during storage of fruits treated by a 
solution of carrageenan. Due to the fact 
that a semi-permeable film is formed on 
the surface of the fruit, which is a barrier 
to the passage of oxygen and carbon 
dioxide in the fruit. The activity of 
ascorbatperoxidase during the entire 
storage period of control increased by 
15.8-17.1% (Figure 2). 
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a. b. 

 

Fig. 1. Change in catalase activity in 
cherry fruits of Alfa (a.) and Memory of 
Artemenko (b.) varieties treated with 
carrageenan solution before storage 

(LSD05=0.03) 
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Fig. 2. Change in the activity of the enzyme 
ascorbatperoxidase in the fruits of cherries 

of varieties Alpha (a.) and Memory of 
Artemenko (b.), treated with a solution of 
carrageenan before storage (LSD 05 = 2.4) 

     
Significant increases in its activity were 

observed in cherry fruits treated with 1 
and 2% carrageenan solution by 31.4-

44.3% and 18.4-26.3%, respectively, after 
15 days and by the end of storage by 42.1-
58.6%. As can be seen from Figure 3, the 
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content of ascorbic acid during storage 
decreased, while the activity of 
ascorbateperoxidase (APX), increased in 
the entire storage period. Moreover, its 

accumulation took place more actively for 
seven to eight days of storage and by the 
end of this period it was more stable. 

 

  
a. b. 

 

Fig. 3 Change in the enzyme superoxide 
dismutase in the fruits of cherries of 
varieties Alpha (a.) and Memory of 

Artemenko (b.), treated with a solution of 
carrageenan before storage 

(LSD 05 = 0.2), 2019−2020 

In contrast, in the treated cherries with 
a solution of carrageenan, the growth of 
APX took place within 10 to 15 days 
according to the Alpha variety, while the 
Pamiat of Artemenko variety was stable 
and increased rapidly by the end of 
storage.  The antioxidant stress of the fruit 
during storage is prevented by the activity 
of the enzyme superoxidedismutase 
whose activity, during the storage of fruits 
in the control version decreased by 16.7-
20.0% (Figure 4). 

Slightly smaller changes were in cherry 
fruits treated with 1 and 2% carrageenan 
solution by 2.5-5.0% and 2.4-4.8%, 
respectively, and by the end of storage 
by 4.8-11.9%. Moreover, the lowest 

activity (LSD) in the fruits of cherries 
treated with a 2% solution of 
carrageenan was 9.5-11.1%. Similar 
trends were established on strawberry 
fruits treated with sodium alginate, 
which had higher antioxidant activity and 
superoxidedismutase activity [2]. 

 Strong correlations have been 
established between the activity of 
antioxidant enzymes and the rice 
regression equation has been derived 5. 

Thus, a strong correlation was 
established between the activity of 
catalase and superoxidedismutase                              
(r = 0.86±0.001), as well as between the 
activity of ascorbatperoxidase and 
superoxidedismutase (r = 0.82±0.002). 



O. VASYLYSHYNA et al.: Enzymatic Activity of Sour Cherry Fruits during Storage  … 161 

 

  

a. b. 

Fig. 4 Correlation dependences of the activity of SOD enzymes on the activity of CAT (a.), 
APX (b.) 

  
4. Conclusions 
 

So, the most effective was the 
treatment of cherry fruits with a 2% 
solution of carrageenan, which made it 
possible to reduce the activity of 
antioxidant enzymes catalase by 38.5-
35.7% and superoxidedismutase (SOD) by 
9.5-11.1%. The activity of 
ascorbateperoxidase (APX) was more 
stable throughout the storage period. 
Between the antioxidant enzymes (CAT, 
SOD, APX) of cherry fruit, close 
correlations (r = 0.86, r = 0.82) were 
established and the regression equation 
was derived. 
 
References 
 
1. Arceo-Martínez, Ma, Jimenez Mejia, 

R., Salgado-Garciglia, R. et al., 2019. In 
vitro and in vivo anti-fungal effect of 
chitosan on post-harvest strawberry 
pathogens. In: Agrociencia, vol. 53(8), 
ID article 1297. 

2. Aryou, E., Sudabeh, B., 2020. 
Nanocomposite coating based on 
sodium alginate and nano-ZnO for 
extending the storage life of fresh 
strawberries (Fragaria × ananassa 
Duch.). In: Journal of Food 
Measurement and Characterization, 
vol. 14(7), pp. 1012-1024. DOI: 
10.1007/s11694-019-00350-x. 

3. Bidyuk, D.O., Dusenok, D.K., Pertseva, 
F.V. et al., 2018. Substantiation of 
technological parameters for 
obtaining gels based on 
polysaccharides of various origins. In: 
Bulletin of NTU "KhPI", vol. 9,                                
pp. 172-178. DOI: 10.20998/2413-
4295.2018.09.25. 

4. Chang, X., Lu, Y., Li, Q. et al., 2019. 
The combination of hot air and 
chitosan treatments on 
phytochemical changes during 
postharvest storage of 'Sanhua' plum 
fruits. In: Foods, vol. 8(8), ID article 
338. DOI: 10.3390/foods8080338. 

5. Dominguez-Martinez, B.M., Martinez-



Bulletin of the Transilvania University of Brasov • Series II • Vol. 16(65) No. 1 – 2023   
 
162 

Flores, H.E., Berrios, J.J. et al., 2017. 
Physical characterization of 
biodegradable films based on 
chitosan, polyvinyl alcohol and 
opuntia mucilage. Journal of Polymers 
and the Environment, vol. 25(3),                       
pp. 683-691. DOI: 10.1007/s10924-
016-0851-y. 

6. Fritz, A.R.M., Fonseca de Matos, J., 
Trevisol, T.C. et al., 2019. Active, eco-
friendly and edible coatings in the 
post-harvest – a critical discussion. In: 
Polymers for Agri-Food Applications, 
pp. 433-463. DOI: 10.1007/978-3-030-
19416-1_22. 

7. Fruits and vegetables are fresh. 
Sampling DSTU ISO 874-2002. 
[Effective from 2003.10.01]. 

8. Golding, J., 2017. Review of 
international best practice for 
postharvest management of sweet 
cherries. Hort Innovation – NSW 
Department of Primary Industries, 
project no. CY1700, 92 р.  

9. Gür, T., Karahan, F., Demir, H. et al., 
2019. A study of the activity of certain 
antioxidant enzymes in cherry fruits. 
In: Biosciences and Biotechnology 
Research Asia, vol. 16(4), pp. 725-729. 
DOI: 10.13005/bbra/2788. 

10. Lehtonen, M., Kekäläinen, S., Nikkilä, 
I. et al., 2020. Active food packaging 
through controlled in situ production 
and release of hexanal. In: Food 
Chemistry: X, vol. 5, ID article 100074. 
DOI: 10.1016/j.fochx.2019.100074.   

11. Lin, M.G., Lasekan, O., Saari, N. et al., 
2018. Effect of chitosan and 
carrageenan-based edible coatings on 
post-harvested longan (Dimocarpus 
longan) fruits CyTA. In: Journal of 
Food, vol. 16(1), pp. 490-497. DOI: 

10.1080/19476337.2017.1414078. 
12. Liu, Y., Du, X.L., Li, X.Y. et al., 2019. 

Effects of Cryptococcus laurentii and 
chitosan on postharvest decay and 
storage quality in stored peaches. In: 
African Journal of Food Science and 
Technology, vol. 10(2), pp. 29-37. DOI:  
10.14303/ajfst.2019.006. 

13. Lopez-Rubio, A., Fabra, M.J., 
Martinez-Sanz, M. et al., 2017.  
Biopolymer-based coatings and 
packaging structures for improved 
food quality. In: Hindawi Journal of 
Food Quality, vol. 2017, ID article 
2351832. DOI: 10.1155/2017/ 
2351832. 

14. Maftoonazad, N., Badii, F., 2009. Use 
of edible films and coatings to extend 
the shelf life of food products. In: 
Recent Patents on Food, Nutrition 
and Agriculture, vol. 1(2), pp. 162-
170. DOI: 10.2174/ 
2212798410901020162. 

15. Martinez-Romero, D., Alburquerque, 
N., Valverde, J.M. et al., 2006. 
Postharvest sweet cherry quality and 
safety maintenance by aloe vera 
treatment: a new edible coating. In: 
Postharvest Biology and Technology, 
vol. 39(1), pp. 93-100. DOI: 
10.1016/j.postharvbio.2005.09.006. 

16. Meindrawan, B., Suyatma, N.E., 
Wardana, A.A. et al., 2018. 
Nanocomposite coating based on 
carrageenan and ZnO nanoparticles to 
maintain the storage quality of 
mango. In: Food Packaging Shelf Life, 
vol. 18, pp. 140-146. 

17. Merino, D., Casalongué, C., lvarez, V., 
2017. Polysaccharides as eco-
nanomaterials for agricultural 
applications. Handbook of 

https://doi.org/10.1016/j.postharvbio.2005.09.006


O. VASYLYSHYNA et al.: Enzymatic Activity of Sour Cherry Fruits during Storage  … 163 

Ecomaterials, pp. 1-22. DOI: 
10.1007/978-3-319-48281-1_124-1. 

18. Misra, H.P., Fridovich, I., 1972. The 
role of superoxide anion in the auto-
oxidation of epinephrine and a simple 
assay for superoxide dismutase. In: 
The Journal of Biological Chemistry, 
vol. 247(10), pp. 3170–3175. 

19. Mittler, R., 2002. Oxidative stress, 
antioxidants and stress tolerance. In: 
Trends Plant Science, vol.  7(9),                       
pp. 405-410.  DOI: 10.1016/s1360-
1385(02)02312-9. 

20. Moiseichenko, V.F., 1992. Basics of 
scientific research in fruit growing, 
vegetable growing, viticulture and 
storage technology of fruit and 
vegetable products. NMK VO 
Publishing House, Kyiv, Ukraine,                     
362 p. 

21. Naichenko, V.M., 2001. Workshop on 
the technology of storage and 
processing of fruits and vegetables 
with the basics of commodity science: 
study guide. FADA LTD Publishing 
House, Kyiv, Ukraine, 211 p. 

22. Nakona, Y., Asada, K., 1981. Hydrogen 
peroxide scavenged by ascorbate-
specific peroxidase in spinach 
chloroplast. In: Plant and Cell 
Physiology, vol. 22(5), pp. 867-880. 
DOI: 
10.1093/oxfordjournals.pcp.a076232. 

23. Pasquariello, M.S., Patre, D.D., 
Mastrobuoni, F. et al., 2015. Influence 
of postharvest chitosan treatment on 
enzymatic browning and antioxidant 
enzyme activity in sweet cherry fruit. 
In: Postharvest Biology and 
Technology, vol. 109, pp. 45-56. DOI: 
10.1016/j.postharvbio.2015.06.007. 

24. Pochinok, H.N., 1976. Methods of 

biochemical analysis of plants. 
Naukova Dumka Publishing House, 
Kyiv, Ukraine, 334 p. 

25. Priss, O.P., Zagorko, N.P., 2016. 
Influence of heat treatment with 
biologically active substances on the 
functioning of the system of low 
molecular weight antioxidants during 
storage of pepper fruits. In: Bulletin of 
NTU "KhPI", vol. 12, pp. 169-175. DOI: 
10.20998/2413-4295.2016.12.25. 

26. Radev, R.S., 2017. Influence on the 
polysaccharides to cover the duckling 
and radiant at the screening of fruit 
and greenchuts. Izvestia. In: 
Decommissioning on the Economic 
University, Varna, vol. 61(3),                                
pp. 248-266. 

27. Romanazzi, G., Feliziani, E., Bautista, 
B.S. et al., 2017. Shelf life extension of 
fresh fruit and vegetables by chitosan 
treatment. In: Critical Reviews in Food 
Science and Nutrition, vol. 57(3),                           
pp. 579-601. DOI: 10.1080/ 
10408398.2014.900474. 

28. Tijero, V., Teribia, N., Munné-Bosch, 
S., 2016. Hormonal cross-talk in the 
regulation of ripening and over-
ripening in sweet cherries. Actas 
Portuguesas de Horticultura. IX 
Simpósio Ibérico de Maturação e Pós 
Colheita, vol. 28, pp. 10-8.  

29. Valero, D., 2017. Maintenance of 
sweet cherry quality attributes as 
affected by innovative postharvest 
treatments. In: Acta Horticulturae, 
vol. 1161, pp. 475-482. DOI: 
10.17660/ActaHortic.2017.1161.76.  

30. Vargas, M., Pastor, C., Chiralt, A. et 
al., 2009. Recent advances in edible 
coatings for fresh and minimally 
processed fruits. In: Critical Reviews in 

https://doi.org/10.1093/oxfordjournals.pcp.a076232


Bulletin of the Transilvania University of Brasov • Series II • Vol. 16(65) No. 1 – 2023   
 
164 

Food Science and Nutrition, vol. 48(6), 
pp. 496-511.  DOI: 
10.1080/10408390701537344. 

31. Vasylyshyna, O., 2020. Changing the 
antioxidant activity of cherry fruits 
during storage by means of pre-
treatment with polysaccharide 
compositions. In: Bulletin of the 
Transilvania University of Brasov, 
Series II, vol. 13(62), no. 2,                        
pp. 157-164. DOI: 10.31926/ 
but.fwiafe.2020.13.62.2.14. 

32. Vasylyshyna, О.V., 2018. The quality 
of sour cherry fruits (Prunus cerasus 
L.), treated with chitosan solution 
before storage. In: Acta Agriculturae 
Slovenica, vol. 111(3), pp. 633-637. 
DOI: 10.14720/aas.2018.111.3.11. 

33. Wang, S.Y., Gao, H., 2013. Effect of 
chitosan-based edible coating on 
antioxidants, antioxidant enzyme 
system, and postharvest fruit quality 
of strawberries (Fragaria ananassa 
Duch.). In: Food Science and 
Technology, vol. 52(2), pp. 71-79. DOI: 
10.1016/J.LWT.2012.05.003. 

34. Xiang, H., Sun-Waterhouse, D., Ruan, 
Z., 2019. Business fermentation-
enabled wellness foods. A fresh 
perspective Published. In: Food 
Science and Human Wellness. Vol. 
8(3), pp. 203-243. DOI: 
10.1016/j.fshw.2019.08.003. 
 
 
 
 
 
 
 
 
 

35. Xing, Y., Li, X., Xu, Q. et al., 2011. 
Effects of chitosan coating enriched 
with cinnamon oil on qualitative 
properties of sweet pepper (Capsicum 
annuum L.). In: Food Chemestry,                   
vol. 124(4), pp. 1443-1450. DOI: 
10.1016/j.foodchem.2010.07.105. 

36. Youzuo, Z., Meiling, Z., Huqing, Y., 
2015. Postharvest chitosan-g-salicylic 
acid application alleviates chilling 
injury and preserves cucumber fruit 
quality during cold storage. In: Food 
Chemistry, vol. 174, pp. 558-563. DOI: 
10.1016/j.foodchem.2014.11.106. 

37. Zeraatgar, H., Davarynejad, G.H., 
Moradinezhad, F. et al., 2018. Effect 
of salicylic acid and calcium nitrate 
spraying on qualitative properties and 
storability of fresh jujube fruit 
(Ziziphus jujube Mill.). In: Notulae 
Botanicae Horti Agrobotanici,                       
vol. 46(1), pp. 138-147. DOI:  
10.15835/nbha46110743. 

https://doi.org/10.1016/j.fshw.2019.08.003
https://doi.org/10.1016/j.foodchem.2010.07.105

