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Purpose: Unfortunately, the quick quality loss in strawberry fruit decreases its 

marketability. The purpose of this study is to investigate the effects of pre- and post-harvest 

treatments on the enhancement of fruit storability. Research method: Pre-harvest 

treatment of calcium chloride (Ca) 2% and nano calcium (nCa) 0.01%, and post-harvest 

treatments of Chitosan (CH) 1% and Carboxymethyl cellulose (CMC) 1% on strawberry 

storability were investigated for 15 days and under 95% relative humidity at 1 ˚C. Traits of 

fruits such as weight loss, firmness, decay amount, total soluble solid, anthocyanin 

concentration, total phenol, ascorbic acid and antioxidant activity were measured. Findings: 

15 days after treatment, treated samples showed decreased weight loss (WL), which was 

18% for the untreated sample and 12% for treated samples. A delayed decline in firmness 

was observed in treated samples and nCa+CH treatment had the highest firmness 15 days 

after cold storage. Fruit decay was the most in the control sample and the least in Ca+CH 

treatments. Total soluble solids and anthocyanin increased in control, but remained stable 

in treated samples. Total phenol (TP) amount was the least in control. CH treated samples 

had the highest level of TP. Ca+CMC treated samples gradually showed higher level of 

vitamin C (AA) than other treatments. Research limitations: There was not limitations. 

Originality/Value: These results proved that using edible coatings of CMC and CH, and 

pre-harvest treatment with Ca and nCa increase the storability of strawberry, and can be 

used commercially to increase storage time. 
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INTRODUCTION 

 

Strawberry (Fragaria × ananassa) is a flowering fruit (angiosperm) belongs to the Rose 

family (Rosaceae). This genus has 20 other species (Chandler et al., 2012).  Strawberry is a 

rich source of beneficial compounds like vitamin C, Vitamin A, β-Carotene and phenolic 

compounds such as anthocyanin and antioxidants (Sogvar et al., 2016a, 2016b). However, the 

storage life of strawberry is short, and fruit softness, physiological disorders and pathogen 

infections quickly decrease its quality (Vu et al., 2011). Strawberry is infected by pathogens 

during storage. Botrytis cinerea, Rhizopus sp. and Cladosporium are major causes of fungi 

infection of this fruit (Maas, 2004; Sommer et al., 1992). Up to now, several methods have 

been investigated to increase the shelf life of strawberry: using low storage temperature, 

chemical treatments, modified atmosphere, moisture and ethylene absorbent, radiation and 

using edible coatings (Bahmani et al., 2022). Strawberry is commercially treated by 

fungicides of thiabendazole and azoxystrobin to control post-harvest decay, notwithstanding 

the harmful effects of these compounds on humans and the environment (Hosseini et al., 

2020). Consequently, pre and post-harvest treatments using natural antimicrobial 

preservatives appears essential to control physiological processes and microbial infection (Lin 

et al., 2007). However, pre-harvest treatments have more important effects than post-harvest 

treatments because preharvest treatments can improve fruit quality, but postharvest treatments 

can only maintain fruit quality (Arah et al., 2015). Edible coatings can be served as a 

protective layer for declining respiration, transpiration, microbial growth and changes in fruit 

color (Embuscado et al., 2009). As a result, they can increase the storability of fruits and 

vegetables by decreasing mechanical damages at harvest and postharvest processes to 

improve the fruit marketability (Seyed et al., 2021). 

Cellulose-derived edible coatings have been widely used to postpone maturity and 

maintain fresh crops such as pear (Zhou et al., 2008) cherry (Yaman et al., 2002) and other 

fruits. CH based edible coatings have recently attracted considerable attention because of their 

increasing fruits and vegetables shelf life, and their characteristics such as nontoxicity, 

biodegradability and eco-friendly nature (Bagheri et al., 2021). CH is a natural liner 

heteropolysaccharide with more than one repeating unit (Felicia et al., 2022), and with β-

(1→4)-linked D-glucosamine and N-acetyl-D-glucosamine bonds that have antimicrobial 

(Aghababaei et al., 2022) and antifungal  (Vitti et al., 2024) properties. CH attaches to the 

cellular membrane, and penetrates into the cell combining with RNA, DNA and other 

intracellular macromolecules; consequently, interferes with microbial metabolism such as 

mRNA synthesis (Wu et al., 2022). In addition, using its reactive groups, CH limits 

microorganism growth (Felicia et al., 2022). Using this compound causes the activation of 

crucial enzymes of the defense mechanisms of fruit such as Phenylalanine ammonia-lyase 

(Fajardo et al., 1995). By forming a layer around the fruit, CH decreases the respiration rate 

by declining the permeability of oxygen and carbon dioxide. Also, CH inhibits harmful 

microbial growth in fruit and controls the rate of fruit decay. Scientists believe that CH can 

affect the quality of fruits, vegetables and sliced fruit (Jianglian et al., 2013). 

Another noted edible coating is CMC. CMC is an anionic long-chain polymer derived 

from cellulose (Ruan et al., 2019). This linear polymer has a heavy molecular weight and is 

water-soluble; its pure compound is whiteish cream and a free-flowing powder. CMC-derived 

edible coatings are non-toxic, biodegradable, nonallergic, tasteless, and odorless (Koushesh 

Saba et al., 2016; Wu et al., 2022). Interestingly, CMC has antisenescence and antifungal 

properties that postpone fruit maturation, maintain fruit firmness and decreases fermentation 

in fruit tissues (Tesfay et al., 2017). This compound limits gas exchange between fruit and the 

environment; therefore, it is necessary for the regulation of oxygen and water in the fruit. In 
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addition, it is commercially available and cheap (Panahirad et al., 2019). Up to now, CMC has 

served in research focusing on fruits such as plum, peach, papaya, pear, mandarin, tomato, 

avocado, grape, cucumber, and sweet cherry (Panahirad et al., 2021). 

Other important compounds that were used in this study were calcium and nano calcium. 

Calcium is an essential element in the fruit cell wall and organelle biosynthesis. Ca also forms 

pectin in plants, and calcium bridges by interaction with carboxyl groups, and finally 

maintaining fruit structure (Eroğul et al., 2024). It also decreases physiological failures and 

fruit cell wall decomposition (Liu et al., 2017). Ca decreases metabolism and respiration rate 

in fruit which further maintains fruit. Up to now, this element has served to maintain fruits 

and vegetables (Gao et al., 2019). An increase in Calcium content of the fruit brings about 

post-harvest tolerance to diseases such as grey mould (Dunn et al., 2004).  Nano calcium is a 

commercialized form of the calcium, which has not widely been used to investigate its 

impacts on fruit storage life. 

The goal of this study is to investigate coincident effects of pre-harvest treatments of Ca 

and nCa and post-harvest treatments of CH and CMC on the storage life of strawberry fruit 

(Fragaria X ananassa Duch.) at 95% humidity and 1 ˚C. 

 

MATERIALS AND METHODS 

 

Plant material  

In 2022, one-year-old strawberry shrubs from a farm with furrow irrigation were chosen, and 

were irrigated two times a week; the ridges were 70 cm wide and 15 m long, and the distance 

between shrubs was 20 cm. Four days before harvest, fruits were given pre-harvest treatments 

in a commercial orchard in Shian village in Eastern Zhavarud rural district, in the Central 

District of Sanandaj County, Kurdistan Province, Iran (35°10'15.8"N 46°45'59.0"E, 2400 m 

above sea level, and with 244.4 mm annual precipitation). When 75 % of the fruit surface was 

red, strawberry (Fragaria ananassa CV. 'Parous') fruits were harvested. The fruit was given 

post-harvest treatments in the horticultural sciences laboratory at the University of Kurdistan, 

Sanandaj, Iran. 

 

Treatments 

In this study, fruits were given three pre-harvest treatments, which were calcium chloride 2% 

(w/v), nano calcium 0.01% (w/v), and distilled water as a control sample. 3 blocks were 

created, which were 47 m long, and every block was divided into three 15 m long areas, in 

every area, one of the treatments was given 3 days before harvesting. Similarly, three post-

harvest treatments were given to the fruit, which was chitosan 1% (CH), carboxymethyl 

cellulose 1% (CMC), and distilled water. Finally, 5 treatments were provided including: 

control, calcium chloride 2% + carboxymethyl cellulose 1% (Ca+CMC), calcium chloride 2% 

+ chitosan 1% (Ca+CH), nano calcium 0.01% + carboxymethyl cellulose 1% (nCa+CMC), 

and nano calcium 0.01% + chitosan 1% (nCa+CH). The experiment was arranged in a 

randomized complete block design (RCBD) at 95% humidity and 1 ˚C with 5 treatments and 

three replications and at least 21 fruits for each treatment. 

 

Weight loss (WL) 

All fruits were weighed on the day of harvesting (W1) and at 0,1,3,6,9,12 and 15 days after 

storage (W2) using a digital balance (A&D FX2000i, Japan), and WL was calculated using 

the following equation (1) (Sogvar et al., 2016a): 

 

WL= (W1 – W2)/ W1 × 100                (1) 
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Firmness 

To measure the fruit firmness, five fruits of each replicate were used. The firmness of two 

opposite sides of fruits was evaluated by a texture analyzer machine (Santam, STM-1, Iran) at 

a constant speed of 20 mm/min. Eventually, average firmness replicates were reported as 

newton (N) (Sogvar et al., 2016a). 

 

Fruit decay and total soluble solids (TSS) 

Fruit decay was evaluated by a numerical scoring index (Lin et al., 2013). The 0-4 scale was 

served to define decay rate: 0=none, 1=slight (about 5 % decay), 2=moderate (5-20 % decay), 

3=moderate severe (20-50 % decay), and 4=extreme (> 50 % decay). Finally, the decay rate 

was calculated by the following equation (2): 

 

Decay= ((% fruits with minimal decay × 1) + (% fruits with mild decay × 2) + (% fruits with 

mildly severe decay × 3) + (% fruits with maximal decay × 4))/5           (2) 

 

Fruit juice was served to analyze TSS by a digital refractometer (Brix 0–32 %, Atago, Japan). 

 

Total anthocyanin concentration (TAC) 

Fruit juice was extracted to evaluate TAC by the pH differential method (Cheng et al., 1991) 

with two specific buffers (pH=1: 15.21 mL hydrochloric acid 0.2 N and 4.16 mL potassium 

chloride 0.2 N, and pH=4.5: 21.12 mL hydrochloric acid 1 N and 48.96 mL sodium acetate 1 

M). 0.5 g of fruit was homogenized and added to each buffer, centrifuged and the absorbance 

of samples was measured by spectrophotometer (UV-2100, New Jersey) at 510 and 700 nm in 

implied buffers. Then, TAC was expressed as mg/kg of pelargonidin-3-glucoside using the 

following equation (3): 

 

A = pH 1.0 (A 510 nm-A 700 nm) - pH 4.5 (A 510 nm – A 700 nm) 

 

TAC (mg/Kg) = (A/22400a) (103) (433.2b)              (3) 

 

a= absorbance of pelargonidin-3-glucoside 

b= molecular weight of pelargonidin-3-glucoside 

 

Ascorbic acid (AA) measurement 

About 2 mL infiltrated fruit extract was mixed with 2 mL stabilizing trichloroacetic acid 

(0.5M), titrated with 2,6-dichlorophenolindophenol (DCPIP) and the AA amount was 

expressed as mg/100 g fresh weight (AC, 1990). 

 

Determination of total phenol (TP) concentration 

0.25 g of fruit was homogenized and added to methanol-distilled water-HCl 80-19-1 % (v/v) 

solution and centrifuged. Folin-Ciocalteu reagent was used to evaluate TP amount, and 

absorbance was measured at 750 nm (Singleton et al., 1999). 

 

Antioxidant capacity (AC) 

For evaluating AC, the radical scavenging method of 2,2-diphenyl-1-picryl-hydrazyl (DPPH) 

was served (Sanchez-Moreno), and absorbance (at 515 nm) of the samples were obtained by 

Unico UV- 2100, USA spectrophotometer. According to the below equation, the percentage 

of inhibition of DPPH radical was stated as result. 

 



 
Tashan et al./J. HORTIC. POSTHARVEST RES., 9(2), JUNE 2026                                  

 

306 
 

AC = (A DPPH – A sample/ A DPPH) ×100              (4) 

 

Statistical analysis 

Data were analyzed by SAS 9.4 software (SAS Institute Inc., Cary USA) by the ANOVA 

method. Storage period (days) and treatments were variables of the investigation. Mean 

values were evaluated and described as mean ± standard error (n = 3). To investigate 

treatments, the least significant difference (LSD) test at P value 0.01 was applied.  

 

RESULTS AND DISCUSSION 

Weight loss (WL) 

The most WL was for untreated samples 15 days after storage which was 18.64% g fresh 

weight, but there were no significant differences among treated samples. Nonetheless, the 

impact of CH+nCa on decreasing weight loss was more than other treatments (Fig. 1A). The 

WL of fruit during storage is due to losing water because the fruit on the harvesting day 

contains so much water which evaporates during storage (Vasey, 2006). Edible coatings form 

layers around the fruit that inhibit evaporating water from the fruit surface; therefore, limiting 

weight loss in fruit tissues (Rikhotso et al., 2019). CH acts as a semipermeable layer creating 

an appropriate atmosphere around the fruit and reducing WL (Pizato et al., 2022). According 

to a study, the positive impacts of CH+Ca were greater than the effects of CH or Ca alone 

(Chong et al., 2015). Also, the effects of nCa on declining weight loss were more than Ca 

(Ranjbar et al., 2020) which was in correspondence with this study, and it seems that nCa is 

more effective than Ca. In the present study, the impact of CH on maintaining fruit weight 

was more than CMC, this result is in contrast with the (Rikhotso et al., 2019) study. Studies 

have shown that Ca acts as a secondary messenger in cell signaling, and increases cell 

division; consequently, decreasing fruit WL (Saure, 2005). According to a study (Hussain et 

al., 2012), nCa was more effective than Ca in maintaining fruit weight, which was reportedly 

due to more absorption of nCa by the fruit than that of Ca. In contrast, in the present study, 

the effects of Ca on declining WL were more than that of nCa that is maybe due to the low 

release of Ca2+ ions by nano calcium in comparison to calcium chloride that brings about 

higher and quick effect of calcium chloride (Gupta et al., 2025; Haydar et al., 2024). 
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Fig. 1. Weight loss (A) and firmness (B) in strawberry fruit untreated, treated with 2 % Ca+ 1 % CMC, 2 % Ca+ 1 

% CH, 0.01 % nCa+1 % CMC and 0.01 % nCa+1 % CH. Fruit stored at 4 ± 1 °C up to 15 days. Data represent the 

means ± SE, n = 3. 
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Firmness 

Firmness initially increased and subsequently decreased during cold storage. The highest 

amount of firmness except for one of the days was observed in nCa+CH treatment which was 

4.43 N on the first day and then increased to 4.77 N on the sixth day after storage, then 

decreased to 2.77 on the 15th day. The least firmness was observed in the control sample 15 

days after treatment which was 1.1 N (Fig. 1.B). According to a study, the impact of CH 2% 

on firmness was more than CH 2% + Ca 1% (Silva et al., 2015). In another study, the impact 

of CH+Ca on the firmness of strawberry tissues was more than CH (Ribeiro et al., 2007). A 

decline in the firmness of strawberry is due to loss of cell wall firmness that is improved by 

several enzymes such as pectin methylesterase, cellulase, and polygalacturonase, and CH 

decreases their activity. CH attaches to the pectin of the cell wall, and forms complexes that 

inhibit the attachment of pectinolytic enzymes such as polygalacturonase to pectin; therefore, 

maintains pectin in the fruit cell wall (Saleem et al., 2021). CMC by its chemical structure 

maintains fruit firmness. It forms hydrogen bonds in the surface and inner tissues of the fruit, 

and maintains fruit firmness (Arnon et al., 2015). CH decreases oxygen amount in the fruit, 

thus decreasing the activity of metabolic processes, and maintaining fruit firmness (Jiang et 

al., 2020). Ca brings about the firmness of the fruit cell wall and middle lamella structures; in 

other words, during fruit maturation pectin methyl-esterase enzyme produces more pectin 

carboxyl group, and Ca increases cell wall firmness by attaching to these groups (Çezik et al., 

2024; Lara et al., 2004). 

 

Fruit decay 

Colour is one of the essential determinants of the consumer acceptance, which indicates fruit 

freshness. The rate of deterioration of fruit shows infection, and the presence of insects in the 

region (Chen et al., 2011). In this study, fruit decay increased during storage time, and the 

highest decay amount was observed in the untreated samples which were 58.33%. Moreover, 

the Ca+CH treatment showed the least decay (Fig. 2). Fruit decay is often created by fungi, 

but edible coatings, especially nano coatings, decrease water and oxygen supply, thus 

Fig. 2. Decay changes in strawberry fruit untreated, treated with 2 % Ca+ 1 % CMC, 2 % Ca+ 1 % CH, 0.01 % 

nCa+1 % CMC and 0.01 % nCa+1 % CH. Fruit stored at 4 ± 1 °C up to 15 days. Data represent the means ± SE, 

n = 3. 
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decreasing humidity around the fruit, and limiting fungi growth (Yang et al., 2010). The 

antibacterial properties of CH decreases bacterial growth and reduces fruit decay 

(Tharanathan et al., 2003). Edible coatings and calcium chloride inhibit the growth of 

mesophilic bacteria; therefore, decreasing fruit decay (Alharaty et al., 2020). With its 

antifungal properties, CMC inhibits fungal growth and decreases fruit decay (Li et al., 2023; 

Panahirad et al., 2019). Studies have shown that different untreated fruits such as loquat, 

grape, kiwi, and peach have been infected with fungi (Du et al., 1997; Romanazzi et al., 

2002). In addition, some amount of fruit decay is due to the browning and yellowing of fruits, 

which is due to the oxidation of phenolic compounds by oxidase enzymes, and as a result of 

oxidase activity, melanin is produced and changes fruit color. Ca inhibits the oxidation of 

phenolic compounds by phenol oxidase which limits melanin production, and helps maintain 

the fruit color (Ranjbar et al., 2020). 

 

Total soluble solids (TSS) 

TSS increased in the untreated sample, and on the first and fifteenth days was 6.5 and 7.9, 

respectively. But in treated samples, TSS increased at first and then decreased; it was 6.2 for 

all treatments on the harvesting day, then reached 7.48, 7.11, and 7.9 on the sixth day for 

Ca+CMC, nCa+CMC, and nCa+CH, and decreased to 7.01, 7.2 and 6.6 at the fifteenth day, 

respectively (Fig. 3). In a study, in the first two days, TSS increased and then decreased (Li et 

al., 2021). In mature fruit, carbohydrates such as glucose, fructose, sucrose, and small 

proportion of soluble proteins form TSS amount. Generally, TSS affects the sweetness of the 

fruit (Hadiwijaya et al., 2020). During storage time and maturation, polyuronides and 

hemicelluloses of the cell wall gradually solve and TSS decreases (Tanada-Palmu et al., 

2005). Furthermore, water loss leads to an increase in TSS. Increment in TSS is a sign of fruit 

maturation. In addition, during storage, organic matters break down into sugars, and sugars 

involve in respiration cycle, further increasing TSS amount (Pizato et al., 2022). Studies have 

shown that the use of CMC edible coating (Kumar et al., 2018), and the addition of calcium 

chloride reduce TSS amount (Koushesh Saba et al., 2016). Ca and nCa reduce respiration, 

metabolism, and monosaccharide and polysaccharide hydrolysis, postpone fruit maturation, 

and decrease TSS amount (Amini et al., 2016; Ranjbar et al., 2018). Edible coatings of CMC 

and CH limit water loss in fruit, and inhibit TSS amount in fruit (Sogvar et al., 2016b). CH 

decreases respiration and catabolic processes, and postpones the increment of TSS amount 

(Kumar et al., 2017). Studies have shown that CH impacts on delaying respiration is more 

than that of CMC (Shahbazi, 2018). Lots of factors control TSS amount in harvested fruit. In 

this study, the level of TSS increased in untreated samples that maybe were due to water loss, 

but from the day 9th edible coatings showed their effect on limiting water loss. 
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Total anthocyanin concentration (TAC) 

TAC changes during storage were not significant. TAC amounts in untreated samples 

increased during the time, and were 0.12 g/kg on the harvesting day and increased to 0.19 

g/kg 15 days after harvest (Fig. 4A). According to previous studies, TAC biosynthesis 

pathway continues after harvesting, and anthocyanins are synthesized in the anthocyanin and 

flavonoid pathways, resulting in an increased amount of anthocyanin. As a result, TAC 

amounts in mature fruit are higher (Cordenunsi et al., 2005). On the other hand, anthocyanin 

increase is possible during fruit storage because of further water loss, physiological stress, 

higher senescence, and cell membrane degradation. Nevertheless, in the present study, 

anthocyanin amounts remained stable meaning that using edible coating and treatments limits 

either increment or decline in anthocyanin amounts (Nguyen et al., 2020). In a study, the 

amount of TAC in Chitosan-treated strawberry at first increased, and then decreased (Eshghi 

et al., 2014). Anthocyanin pigments create red and blue colours in crops, and every change in 

their amounts is due to the oxidation of phenolic compounds by POD and PPO enzymes, and 

continued of biosynthesis during storage (Li et al., 2021). Studies have shown that Ca and 

nCa reduce anthocyanin amounts (Ranjbar et al., 2020). Ca reduces ethylene production and 

cellular transpiration in fruit; consequently, postpones fruit maturation, and senescence. In 

other words, Ca decreases anthocyanin amount, so inhibits color changes related to 

maturation (Cheour et al., 1991). Similarly, CMC and CH suppress cellular respiration and 

retard TAC synthesis, thus postpone fruit maturation. The results of the present study are in 

correspondence with (Kumar et al., 2017; Liu et al., 2014) studies, in another study (Amiri et 

al., 2022) TAC amount remained stable in uncoated samples, but increased in coated samples. 

 

 

 

 

 

Fig. 3. Total solids soluble (TSS (°Brix)) in strawberry fruit untreated, treated with 2 % Ca+ 1 % CMC, 2 % 

Ca+ 1 % CH, 0.01 % nCa+1 % CMC and 0.01 % nCa+1 % CH. Fruit stored at 4 ± 1 °C up to 15. days. Data 

represent the means ± SE, n = 3. 
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Ascorbic acid (AA) 

In this study, AA amount decreased during storage, and its amount was 64.33 g/kg on the 

harvesting day and reached 33.66 g/kg 15 days after storage. But by utilizing edible coatings 

and the addition of Ca or nCa the decline in AA became less Fig. 4B. During storage, the 

amount of AA increases given that in the presence of O2 autoxidation of AA will occur, 

therefore its amount increases (Sayyari et al., 2022). This result is in correspondence with 

several other studies (Sayyari et al., 2022; Zhang et al., 2015). AA is one of the nutritional 

elements in fruits and vegetables, and one of the most important fruit antioxidants which 

neutralize reactive oxygen species and free radicals during fruit storage, and its amount 

decreases during storage (Ahmadi Soleimanie et al., 2020; Seyed et al., 2021). Water loss 

increases oxidation activity in fruit, which decreases AA amount (Nunes et al., 1995). 

However, the use of edible coatings and Ca retarded AA degradation (Koushesh Saba et al., 

2016). CMC and CH decrease AA degradation by reducing oxygen and enzymatic activity in 

fruit (Freire et al., 2005). Both edible coatings of CH and CMC maintain AA amounts in fruit 

by limiting gas exchange. In other words, due to low permeability to O2, CH and CMC 

decrease the activity of AA oxidation enzymes and maintain AA content (Li et al., 2021; 
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Fig. 4. Total anthocyanin content (A), ascorbic acid (B), total phenol (C) and antioxidant capacity (D) in strawberry 

fruit untreated, treated with 2 % Ca+ 1 % CMC, 2 % Ca+ 1 % CH, 0.01 % nCa+1 % CMC and 0.01 % nCa+1 % CH. 

Fruit stored at 4 ± 1 °C up to 15 days. Data represent the means ± SE, n = 3. 
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Tokatlı et al., 2021). Studies have shown that using Ca increases AA amount in apple. 

Limiting oxygen exchange in fruit delays oxidation processes and decreases AA degradation 

(Poovaiah, 1986), also Ca prevents loss of antioxidants such as ascorbic acid in fruits (Amiri 

et al., 2022). Recent studies have shown that AA amount decreased in both treated and 

untreated samples while CMC+Ca treated apples showed less decline in AA, and the most 

decline was observed in untreated samples (Koushesh Saba et al., 2016). 

 

Total phenol (TP) and antioxidant capacity (AC) 

The highest TP was observed in the nCa+CH treatment, which was 3.07 g/kg on the third day 

of storage. TP amount continuously decreased in untreated samples while in treated samples 

its amount increased by the first 3 days of storage, and then decreased. This result is flatly in 

contrast to the study by (Popescu et al., 2022), in which the TP amount of CH-based 

treatments first decreased and then increased. In the present study, the TP amount in treated 

samples was greatly more than in untreated samples. Its amount in CH treatments was more 

than in CMC treatments (Fig. 4C). Phenol has a crucial effect on taste, color, acidity, 

bitterness, and astringency. Also, absorbing reactive oxygen species during maturation has an 

essential role as an antioxidant (Swallah et al., 2020). After harvest, TP decreases due to 

oxidation reactions (Ali et al., 2021), and cellular structure destruction (Bahmani et al., 2022). 

Edible coatings create a protective layer on the surface of the fruit that decrease oxygen, and 

increase carbon dioxide around the fruit; consequently, postponing fruit maturation and 

lowering fruit aging. In addition, a decline in oxygen amount around the fruit decreases the 

availability of polyphenol oxidase, so decreases the oxidation rate (Jiang et al., 2001), and 

retards TP decline. Using Ca and nCa increase cell wall polysaccharides, thus increasing cell 

wall firmness in fruit, which decrease consumption and oxidation of phenolic compounds by 

the cell wall. Moreover, Ca postpones aging in fruit, causing a decline in TP consumption by 

the cell wall. Furthermore, Ca indirectly decreases phenol oxidase activity (Ranjbar et al., 

2018; Ranjbar et al., 2020). Also, it has been reported that in CH-treated fruit phenylalanine 

ammonia-lyase has more activity (Romanazzi et al., 2002). During storage, AC decreased in 

untreated samples, and 84.66% at the harvesting day to 65.33% 15 days after storage while in 

treated samples it decreased from about 85% at the harvesting day to about 72% 15 days after 

storage; nevertheless, there was no significant difference between treated samples (Fig. 4D). 

Studies have shown that berries are rich sources of natural antioxidants (Wang et al., 1996). 

Free radicals and reactive oxygen species increase in fruit during storage and maturation (Tian 

et al., 2013), which increase senescence, cell membrane damage, and fruit tissue decay. 

Antioxidant compounds neutralize free radicals and free oxygen species, as a result, their 

amount decreases during storage and maturation (Spinardi, 2004). Ca treatment maintains 

antioxidants, and retards antioxidant decline (Pareek, 2017). Recent studies on strawberry 

have shown that the addition of 3 or 4% of calcium chloride to nano chitosan increases 

antioxidant maintenance in strawberry (Nguyen et al., 2020). It has been shown that nCa is 

more effective than Ca in maintaining antioxidants (Ranjbar et al., 2018). CMC and CH 

protect the antioxidant capacity of fruit (Amiri et al., 2021; Kumar et al., 2017). They 

decrease membrane permeability and subsequently decrease gas exchange, which decrease 

oxidation and increase antioxidant protection. Furthermore, CMC itself inhibits antioxidant 

degradation enzymes, and also, degrades H2O2 and reduces the production of H2O2 and O2 

(Amiri et al., 2021). On the other hand, CH has a great affinity to bond with metals because of 

its free amino groups, as a result, it has antioxidant activity (Tokatlı et al., 2021).  
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CONCLUSION 

 

This study showed that the application of pre-harvest treatments of Ca or nCa and post-

harvest treatments of CH or CMC retarded fruit WL, limited decline in fruit firmness, 

decreased fruit decay, inhibited increment of TSS, limited decline in vitamin C, TP, and AC. 

According to this study, these treatments increase the storage life of strawberry. But there was 

no significant difference among treated samples. Nonetheless, the impacts of CH were more 

than CMC in increasing fruit storability, but between the Ca and nCa treated samples; Ca was 

more effective for some traits, while nCa was more effective for others. For example, in the 

percentage of fruit waste firmness, the Ca+CH treatment was more effective, whereas in WL 

and TP, nCa was more effective than Ca. Finally, the obtained results indicate that the impact 

of CH on increasing fruit storability is greater than that of CMC. 
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