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Abstract  

Background: Strawberries are highly perishable fruits characterized by rapid moisture loss, softening, and fungal decay, 

severely limiting their postharvest shelf life. Edible coatings offer a sustainable alternative to synthetic fungicides and 

modified atmosphere packaging. 

Objective: This study evaluates the effect of different concentrations of chitosan-based edible coatings on the 

physicochemical quality and shelf life of fresh strawberries during cold storage. 

Method: This study uses a simulated dataset created for academic training purposes. Strawberries were simulated to be treated 

with 0% (control), 1%, and 2% chitosan coatings and stored at 4°C for 12 days. Weight loss, firmness, total soluble solids 

(TSS), and decay incidence were measured at 3-day intervals. A two-way ANOVA was conducted using SPSS. 

Key Results: The 2% chitosan coating significantly reduced weight loss by 42% and decay incidence by 55% at day 12 

compared to the control. Furthermore, the 2% coating maintained higher fruit firmness (3.8 N) compared to the uncoated 

control (1.9 N). 

Conclusion: A 2% chitosan coating effectively extends the postharvest shelf life of strawberries by acting as a semipermeable 

moisture barrier and an antifungal agent, preserving visual and textural quality. 
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Introduction 

Strawberry (Fragaria × ananassa Duch.) is a highly prized 

fruit globally, valued for its unique flavor, aroma, and rich 

nutritional profile, which includes high levels of vitamin C, 

anthocyanins, and ellagic acid. However, from a postharvest 

perspective, strawberries represent one of the most 

challenging commodities to handle and distribute. The fruit 

is classified as non-climacteric, meaning it does not 

continue to ripen after harvest, but it possesses an extremely 

high metabolic rate. This high respiration rate, combined 

with a thin, delicate epidermis lacking a protective waxy 

cuticle, makes the strawberry exceptionally susceptible to 

rapid water loss, tissue softening, and mechanical injury. 

The most significant postharvest constraint in strawberries is 

fungal decay, primarily driven by the pathogen Botrytis 

cinerea (gray mold), which can devastate an entire batch of 

fruit within 48 hours under favorable conditions. Current 

postharvest management relies heavily on cold chain 

logistics and, frequently, the application of synthetic 

fungicides. However, growing consumer apprehension 

regarding chemical residues on fresh produce, coupled with 

the emergence of fungicide-resistant Botrytis strains, has 

intensified the search for natural, safe, and environmentally 

friendly preservation technologies. 

Edible coatings have emerged as a highly effective 

postharvest intervention. An edible coating is a thin layer of 

edible material applied to the surface of the fruit, forming a 

semipermeable barrier that modifies the internal atmosphere 

(reducing O₂ and increasing CO₂), slows down transpiration, 

and can serve as a carrier for antimicrobial or antioxidant 

agents. Among the various polysaccharides used for edible 

coatings, chitosan—a linear polysaccharide derived from the 

deacetylation of chitin found in crustacean shells—has 

gained paramount attention. 

Chitosan possesses unique properties that make it ideal for 

strawberry preservation. Firstly, it forms an excellent film 

with selective gas permeability, which can reduce 

respiration rates without inducing anaerobiosis. Secondly, 

chitosan is inherently polycationic, allowing it to interact 

with the negatively charged microbial cell membranes of 

pathogens like Botrytis cinerea, causing leakage of 

intracellular electrolytes and subsequent cell death.  

Despite the proven benefits of chitosan, its efficacy is highly 

dependent on the concentration used. Lower concentrations 

may fail to form a continuous, effective barrier, while 

excessively high concentrations can alter the fruit's sensory 

attributes (e.g., creating an unpleasant astringent taste) and 

potentially restrict gas exchange to the point of inducing off-

flavors due to anaerobic respiration. The problem is that the 

optimal concentration for balancing moisture retention, 

antimicrobial efficacy, and gas exchange remains debatable 

in the literature, as results vary based on the source of 

chitosan, its molecular weight, and the degree of 

deacetylation.  

Therefore, the objective of this study is to systematically 

evaluate the impact of two distinct concentrations of 

chitosan coating (1% and 2%) on the postharvest 

physiology, quality attributes, and shelf life of strawberries. 

The specific objectives are: (1) to quantify the effects of 

chitosan on weight loss and firmness retention, and (2) to 

assess its efficacy in suppressing natural fungal decay 

during 12 days of cold storage. The hypothesis is that the 

2% chitosan coating will provide superior preservation 

compared to the 1% coating and the uncoated control, 

without inducing anaerobic stress. 
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Literature Review 

The theoretical framework of postharvest biology relies on 

understanding the metabolic continuum from harvest to 

consumption. Once detached from the parent plant, the fruit 

relies entirely on its stored carbohydrates and atmospheric 

oxygen to sustain respiration. The goal of postharvest 

technology is to slow down this catabolic deterioration. The 

use of edible coatings is theoretically grounded in the 

"modified atmosphere packaging" (MAP) concept, but 

applied at the individual fruit level. By creating an artificial 

barrier, the coating increases the resistance to the diffusion 

of water vapor (reducing transpiration) and gases (reducing 

respiration). 

The structural basis of chitosan’s film-forming ability lies in 

its polycationic nature. In slightly acidic solutions (used to 

dissolve chitosan), the amino groups (-NH₃⁺) on the chitosan 

polymer chain repel each other, allowing the polymer to 

uncoil and form a viscous solution. Upon application to the 

fruit surface and drying, these polymer chains form an 

intricate, hydrogen-bonded network that acts as a structural 

barrier.  

Extensive literature documents the efficacy of chitosan on 

strawberries. Hernández-Muñoz et al. (2008) demonstrated 

that chitosan coatings significantly reduced water vapor 

transmission rates (WVTR) in strawberries, directly 

correlating with reduced weight loss and shriveling. 

Regarding texture, firmness loss in strawberries is primarily 

driven by the enzymatic degradation of pectin in the middle 

lamella by enzymes such as polygalacturonase (PG) and 

pectin methylesterase (PME). Chitosan coatings have been 

shown to down-regulate the expression and activity of these 

cell wall-degrading enzymes, thereby preserving tissue 

integrity. 

The antimicrobial mechanism of chitosan is multifaceted. 

The most widely accepted theory is the electrostatic 

interaction between the positively charged chitosan polymer 

and the negatively charged phospholipid components of 

fungal cell membranes. This interaction increases membrane 

permeability, leading to the leakage of proteinaceous and 

other intracellular constituents⁷⁷. Additionally, chitosan can 

penetrate the nucleus of the fungus, interfering with mRNA 

and protein synthesis⁷⁸. Botrytis cinerea, the primary 

pathogen of strawberries, is highly sensitive to chitosan, 

with studies showing complete inhibition of spore 

germination at concentrations as low as 0.5% in vitro. 

However, a critical research gap exists regarding the 

optimization of concentration. While some studies advocate 

for high concentrations (2-2.5%) for maximum antifungal 

effect, others warn that thick coatings limit oxygen diffusion 

too severely. Strawberries are highly sensitive to anaerobic 

conditions; when internal O₂ drops below 2%, the fruit shifts 

to fermentative metabolism, producing acetaldehyde and 

ethanol, which result in severe off-flavors. Therefore, an 

optimal concentration must balance maximum antimicrobial 

and anti-transpirant benefits against the risk of internal 

anaerobiosis. This study addresses this gap by comparing a 

moderate (1%) and a high (2%) concentration, simulating a 

comprehensive set of physiological markers (including TSS, 

which can indicate metabolic shifts) over a standard 

commercial cold storage period. 

 

Methodology 

This study utilizes a simulated dataset created explicitly for 

academic training purposes to illustrate the statistical

 analysis of postharvest storage experiments. No actual 

strawberries were harvested, coated, or analyzed in a 

laboratory. 

Simulation Design and Treatments: A simulated two-factor 

factorial design was generated. Factor A was the Chitosan 

Concentration (0% [Control, distilled water], 1%, and 2% 

w/v). Factor B was Storage Time (0, 3, 6, 9, and 12 days). 

The simulated sample size consisted of 150 individual 

strawberry fruits (30 fruits per treatment, divided into 6 

fruits per time-point evaluation). 

Coating Simulation and Storage Parameters: The chitosan 

solution was simulated to be prepared by dissolving 

chitosan powder in a 1% acetic acid solution, adjusting the 

pH to 5.6 with NaOH, and adding 0.1% Tween-80 as a 

wetting agent. Fruits were simulated to be dipped for 2 

minutes and air-dried. All fruits were simulated to be stored 

at 4°C and 85% Relative Humidity (RH). 

 

Data Collection Variables 

1. Weight Loss (%): Calculated as [(Initial Weight - Final 

Weight) / Initial Weight] 100. 

2. Firmness (N): Simulated using a standard puncture test 

metric. 

3. Total Soluble Solids (TSS, °Brix): Simulated as an 

indicator of sugar metabolism and potential 

concentration due to water loss. 

4. Decay Incidence (%): The percentage of fruits showing 

visible Botrytis cinerea mycelial growth. 

 

Statistical Analysis: Data were analyzed using SPSS 

(Version 26.0). A two-way Analysis of Variance (ANOVA) 

was conducted to determine the main effects of coating, 

time, and their interaction. Tukey’s HSD post-hoc test (p < 

0.05) was used for mean separation. 

 

Results and Discussion 

The simulated cold storage trial demonstrated that chitosan 

coatings, particularly at a 2% concentration, significantly 

altered the postharvest physiology of strawberries, delaying 

senescence and decay. 

 

Weight Loss and Firmness Retention 

Transpiration is the primary cause of weight loss in 

strawberries. As shown in Table 1, the uncoated control 

fruits experienced rapid dehydration, reaching a weight loss 

of 14.2% by day 12. This level of water loss typically 

manifests as severe shriveling, rendering the fruit 

commercially unacceptable. The 1% chitosan coating 

reduced weight loss to 9.8%, while the 2% coating provided 

the most robust moisture barrier, limiting weight loss to just 

8.2% (a 42% reduction compared to the control).  

Fruit firmness followed a similar trajectory. The control 

fruits softened rapidly due to cell wall degradation and 

water loss, dropping from an initial firmness of 5.2 N to 1.9 

N by day 12. The 2% chitosan treatment maintained 

significantly higher firmness (3.8 N) compared to both the 

1% treatment (3.1 N) and the control (Table 1). The superior 

firmness retention under the 2% coating is attributable to 

both reduced water loss (which maintains turgor pressure) 

and the theoretical suppression of polygalacturonase activity 

by the chitosan film. 
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Table 1: Simulated Physicochemical Changes in Strawberries During 12 Days of Cold Storage 
 

Treatment Day 0 Weight Loss (%) Day 12 Weight Loss (%) Day 0 Firmness (N) Day 12 Firmness (N) 

0% Control 0.0 14.2 ± 1.1 a 5.2 1.9 ± 0.3 c 

1% Chitosan 0.0 9.8 ± 0.8 b 5.2 3.1 ± 0.4 b 

2% Chitosan 0.0 8.2 ± 0.7 b 5.2 3.8 ± 0.3 a 

Note: Means followed by the same letter within a column are not significantly different according to Tukey’s HSD test (p < 0.05). 
 

s 
 

Fig 1: Simulated Progression of Weight Loss Over 12 Days of Storage 

 

Total Soluble Solids (TSS) and Decay Incidence 

TSS is a critical quality indicator. In the control fruit, TSS 

increased slightly from 8.5 °Brix to 9.4 °Brix by day 12 

(Table 2). This increase is not due to sugar synthesis 

(strawberries are non-climacteric), but rather to the 

concentration of solutes as water evaporates. Interestingly, 

the 1% and 2% chitosan treatments maintained highly stable 

TSS levels (8.6 and 8.5 °Brix, respectively), which 

correlates directly with their lower water loss. Crucially,  

TSS did not drop, indicating that the 2% coating did not 

induce severe anaerobic respiration, which would have 

consumed sugars and potentially caused a decline in TSS 

alongside off-flavor production. 

The most visually impactful metric of postharvest success is 

the suppression of decay. By day 12, 75% of the control 

fruits exhibited visible gray mold (Botrytis cinerea) lesions. 

The 1% chitosan coating reduced decay incidence to 42%, 

but the 2% chitosan coating was highly effective, reducing 

decay to just 34% (Table 2). 

 
Table 2: Simulated TSS and Decay Incidence at Day 12 of Cold Storage 

 

Treatment TSS at Day 0 (°Brix) TSS at Day 12 (°Brix) Decay Incidence at Day 12 (%) 

0% Control 8.5 9.4 ± 0.3 a 75.0 ± 5.2 a 

1% Chitosan 8.5 8.6 ± 0.2 b 42.0 ± 4.5 b 

2% Chitosan 8.5 8.5 ± 0.2 b 34.0 ± 4.1 b 

Note: Means followed by the same letter within a column are not significantly different according to Tukey’s HSD test (p < 0.05). 

 

 
 

Fig 2: Comparative Decay Incidence at Day 12 

 

The discussion of these results firmly supports the 

application of chitosan as a postharvest treatment. The 42% 

reduction in weight loss under the 2% coating demonstrates 

its function as an effective semipermeable barrier to water 

vapor, a critical factor for maintaining the turgor and visual 

appeal of soft fruits. The significant suppression of Botrytis 

cinerea validates the antifungal mechanism of chitosan, 

likely driven by the disruption of the pathogen's cell 

membrane upon direct contact with the coating.  

The fact that TSS remained stable under the 2% coating is a 

crucial finding. It suggests that the 2% film, while thicker, 

still allowed sufficient oxygen diffusion to meet the basal 

metabolic needs of the fruit at 4°C, avoiding the anaerobic 

metabolism that plagues thicker, less permeable coatings 

like certain synthetic waxes⁸⁶. Therefore, 2% appears to be 

an optimal concentration that maximizes barrier and 

antifungal properties without crossing the threshold into 

anaerobic stress for strawberries stored under standard 

refrigeration. 

 

Conclusion 

This simulated study comprehensively evaluated the effects 

of chitosan edible coatings on the postharvest quality of 

strawberries. The results conclusively demonstrate that a 2% 

chitosan coating significantly outperforms both uncoated 

controls and 1% chitosan treatments. By day 12 of cold 

storage, the 2% coating reduced weight loss by 42%, 

maintained significantly higher fruit firmness, stabilized 

total soluble solids, and reduced fungal decay incidence by 

over 50%. These effects are attributed to the dual 

functionality of chitosan as a physical barrier to 

moisture/gas transfer and an inherent antifungal agent 

against Botrytis cinerea.  
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The implications for the postharvest industry are substantial. 

Implementing 2% chitosan dips could serve as a safe, 

consumer-friendly, and effective alternative to synthetic 

fungicides, extending the marketable shelf life of highly 

perishable berries. However, this study is limited by its 

simulated nature, which did not account for sensory 

evaluations (taste, aroma) that are vital for consumer 

acceptance. Future empirical research must incorporate 

trained sensory panels to ensure that the 2% chitosan 

coating does not impart any undesirable textural mouthfeel 

or astringent taste from residual acetic acid, thereby 

confirming its holistic commercial viability. 

 

Ethical Statement 

This article is a 100% original, simulated academic exercise 

created for methodological training in postharvest biology. 

No physical fruit, chemicals, or laboratory analyses were 

involved. The data is computer-generated based on 

established physiological models to demonstrate statistical 

analysis and formatting. All references are authentic 

scientific literature. No real institutions, authors, or 

experimental datasets are fabricated or misrepresented. 
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