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Abstract 

Mushrooms (Pleurotus ostreatus) are rich in nutrients, such as minerals, vitamins, amino acids, 

carbohydrate. They have thin and porous epidermal structure with high respiration rate comparing to 

other fruits and vegetable. They are highly perishable and lose quality very quickly right after 

harvesting. Mushroom shelf-life is usually short under normal handling and distribution. Therefore, 

mushrooms must be taken care to maintain their freshness and commercial value. Chitosan has been 

found to be non-toxic, biodegradable, biofunctional, biocompatible, antimicrobial and antifungal 

activities. Lemongrass essential oil has stability properties of water vapor permeability of films made 

based on chitosan. Xanthan gum is one biopolymer promising for food packaging. Our present research 

focused on the effect of chitosan-lemongrass essential oil-xanthan gum coating on the shelf life of white 

mushroom (Pleurotus ostreatus). Results revealed that a composite of chitosan-lemongrass essential oil-

xanthan gum coating (2.0%: 2.5%: 2.0%) could maintain the quality and extend the shelf-life of 

mushroom for 7 days of storage.  
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Introduction 

Mushroom (Pleurotus ostreatus) is highly 

perishable under ambient storage. It has 

various nutritional components, including 

bioactive elements, and polysaccharides (such 

as mannose and trehalose), antioxidants, 

dietary fiber, ergosterol, vitamin B1, B2 and 

C, folates, niacin and minerals. Owing to its 

high respiration rate, its rapid postharvest 

degradation and quality retention are the key 

economic issue [1].  

After only 1 day of storage at ambient 

temperature, the cap was opened and colored, 

stem was elongated, and texture became soft 

and spongy, resulting in shortening the shelf-

life of mushroom [2].  There are several 

parameters that measure the mushroom 

quality such as whiteness, cap development, 

stripe elongation, ripe spore, texture, 

respiration rate, mannitol content, weight 

loss and microbial deterioration [3]. There 

are several studies to extend the shelf-life of 

mushrooms such as modified atmosphere 

packaging (MAP) [4, 6], controlled 

atmosphere storage [3], coating [7, 9], sorbitol 

[4].Chitosan, a linear polysaccharide 

consisting of (1, 4)-linked 2-amino-deoxy-β-D-

glucan, is a deacetylated derivative of chitin.  

Chitosan as an edible coating has been used 

in the storage of agricultural commodities. 

After coating with chitosan, surface of post-

harvest product is sinny. The respiration rate 

and weight loss rate are controlled with 

higher firmness.  

Moreover, protective enzyme the activities 

are maintained at higher level and the cell 

membrane are nearly intact. Apart from that, 

chitosan coating has other preventive effects 

against microorganism to limit decay. By this 

effectiveness, more phytonutrients are also 

reserved [10]. Lemongrass (Cymbopogon 

citratus) is a perennial herb, with a strong 

lemon-like aroma [11]. Wannissorn et al 

[12].Reported that citral is the main active 

component of lemongrass oil, giving it a 

http://www.jgpt.co.in/
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characteristic odor [13]. Lemongrass 

essential oil (LMO) and its main component, 

citral, are hydrophobic compounds and show 

antimicrobial activity against 

enterohemorrhagic E. coli O157:H7 which is 

comparable to the effect observed for oregano 

oil and only surpassed by thyme oil [14]. 

Lemongrass essential oil can be considered as 

suitable substitutes for chemical additives for 

use in the food industry due to their 

antimicrobial properties [15] and the 

tendency to replace synthetic antifungal 

agents [16, 17, 9].  

Combining edible coating and essential oils 

receives a lot of interest today. This 

combination offers double benefits; first, the 

coatings help to limit the respiration process, 

reduce a weight loss during storage; second, 

this method helps to reduce the amount of 

essential oil used while their antifungal 

effects are maintained [18], limit a sensory 

impact caused by essential oils. Cymbopogon 

citratus has been added in formulations of 

chitosan films [19].  

Xanthan gum, synthesized as an 

exopolysaccharide by Xanthomonas 

campestris, its use as a stabilizer, thickener 

or emulsifier. It forms a highly viscous 

solution in cold or hot water at low 

concentration with excellent stability over a 

wide range of pH and temperature and it is 

also resistant to enzymatic degradation [20]. 

The effect of xanthan gum coating was 

studied on minimally processed prickly pear 

[21], fresh-cut apples [22, 23], mushroom 

[24].  

There were several studies mentioned to the 

application of coating to prolong mushroom 

shelf-life during preservation. Effect of 

modified atmosphere packaging on the shelf-

life of coated, whole and sliced mushrooms 

was examined. The whiteness of whole 

mushrooms varied significantly with the type 

of coating [5].  

The effect of chitosan coating in fresh-cut 

mushroom preservation, including 

microbiological, enzyme activities, color 

characteristics and chemical quality 

attributes, was examined. Fresh-cut 

mushrooms were treated with aqueous 

solution of 0.5, 1 and 2 g chitosan/100 mL, 

placed in polyethylene bags, and then stored 

at 4C. Application of chitosan coating delayed 

discoloration associated with reduced enzyme 

activities of polyphenoloxidase, peroxidase, 

catalase, phenylalanine ammonia lyase and 

laccase, as well as lower total phenolic 

content. Also, it reduced enzyme activities of 

cellulase, total amylase and α-amylase. 

Microbiological development of the fresh-cut 

mushroom treated with chitosan coating was 

also inhibited compared to the control [8].  

The effect of chitosan-oil coating on the 

postharvest quality and shelf life of shiitake 

(Lentinus edodes) mushrooms stored at 4 ± 

1°C for 16 days was investigated.  The results 

indicate that treatment with chitosan-oil 

coating maintained tissue firmness, inhibited 

increase of respiration rate, and reduced 

microorganism counts, such as yeasts and 

molds and pseudomonad, compared to control 

treatment.  

The efficiency was better than that of thyme 

oil treatment or chitosan coating. Shiitake 

mushrooms treated with chitosan-oil coating 

also exhibited significantly higher levels of 

total phenolics, flavonoids, as well as 

individual phenolic compounds than control. 

Sensory evaluation proved the efficacy of 

chitosan-oil coating by maintaining the 

overall quality of shiitake mushroom during 

the storage period [9].  

Freshness of mushrooms (Agaricus bisporus) 

was related to the internal atmosphere 

composition during modified atmosphere 

packaging (MAP) experiments using 

polyvinyl chloride (PVC) wrap, polyethylene-

1 (PE-1) and PE-2 films. The whiteness of 

whole mushrooms varied significantly with 

the type of coating (chitosan and CaCl2), but 

not with the type of packaging films.  

It was evident that the extent of darkening in 

whole mushroom was greater than in sliced 

ones after coated. PE-2 packaging combined 

with coating treatment was the most 

effective to improve the preservation of 

mushrooms stored at 12 °C up to 7 days and 

satisfy consumer acceptance [23].  

In the present study, we focused on the 

application of power ultrasound to treat 

crushed red dragonfruit pulp, to look for an 

increase of alcohol content, a reduction of the 

maceration time needed for the extraction of 

phenolic and volatile compounds in its 

winemaking. The effect of chitosan (CH) (1%) 

along with guar gum (GG) (5, 15, and 25%) 

on the quality of shiitake mushroom  
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(Lentinus edodes) stored at 4 ± 1 °C for 

16 days was investigated [24]. In our current 

research, we examined the effect of chitosan-

lemongrass essential oil-xanthan gum 

coating on the shelf life of white mushroom 

(Pleurotus ostreatus) during 7 days of 

preservation. 

Materials and Method  

Material 

Mushrooms were collected from Can Tho city, 

Vietnam. After collecting, they must be 

conveyed to laboratory within 2 hours. 

Chitosan, commercial grade, deacetylation 

greater than 80% and less than 0.5% 

insoluble material; lemongrass essential oil, 

xanthan gum, acetic acid were acquired from 

Van Dai Phat Co. Ltd.  

Researching Procedure 

Mushrooms were coated a composite 

prepared by different formular (chitosan %: 

lemongrass essential oil %: xanthan gum %) 

as follow: N1 (1.5%: 1.5%: 2.0%), N2 (2.0%: 

1.5%: 2.0%), N3 (2.5%: 1.5%: 2.0%), N4 (2.0%: 

2.0%: 2.0%), N5 (2.0%: 2.5%: 2.0%), N6 (2.0%: 

2.0%: 2.5%), N7 (2.0%: 2.0%: 3.0%). In order 

to verify the optimal coating formula, 

samples were daily taken to analyze weight 

loss, firmness, total plate count and sensory 

score during 7 days of storage at normal 

ambient temperature.  

Physico-chemical and Biological 

Analysis 

Weight loss was determined by measuring 

the weight change during storage by the 

original weight. Weight was measured on day 

0 and day 7 of storage.  Firmness (N) was 

determined by penetrometer. Total plate 

count (cfu/g) of treated mushroom was 

numbered by 3M-Petrilm.  Sensory score was 

evaluated by a group of 12 members using 9 

point-Hedonic scale. 

Statistical Analysis  

The experiments were run in triplicate with 

three different lots of samples. Data were 

subjected to analysis of variance (ANOVA) 

and mean comparison was carried out using 

Duncan’s multiple range test (DMRT). 

Statistical analysis was performed by the 

Stat graphics Centurion XVI. 

Result & Discussion 

Weight Loss (%) of Coated Mushroom 

during Preservation 

The reason causing weight loss of post-

harvest mushroom is transpiration and the 

substrate consumption of respiration. After 

water loss, the textures of mushroom turn 

soft from crisp. Their taste decreases, and 

their resistant ability against physical and 

microbial damage also come down [25]. After 

coating with chitosan on the surface of fruit 

and vegetable, more water in the tissue of 

fruit and vegetable were reserved [26, 27]. 

Thus, good character and commercial value 

of post-harvest fruit and vegetable are 

effectively maintained.  Aerobic respiration is 

essential for post-harvest agricultural 

products to maintain their own character.  

The nutrients are consumed as substrate in 

respiration. A decline nutrient and 

commercial value happen. Properly limiting 

the respiration rate is very important to 

prolong the shelf life of post-harvest 

agricultural product [28]. In our experiment, 

weight loss (%) of coated mushroom during 

preservation was presented in table 1. It’s 

clearly concluded that formula N5 (2.0%: 

2.5%: 2.0%) was appropriated for coating of 

mushroom. 

 

Table 1: Weight loss (%) of coated mushroom by different formula during preservation 

Storage 

(day) 

N1 N2 N3 N4 N5 N6 N7 

 

 

0 0 0 0 0 0 0 0 

1 2.19±0.03a 2.03±0.00ab 2.01±0.02b 1.91±0.01bc 1.86±0.03d 1.89±0.01c 1.87±0.00cd 

2 2.35±0.01a 2.28±0.02ab 2.25±0.00b 2.03±0.00bc 1.99±0.02d 2.01±0.00c 2.00±0.03cd 

3 2.48±0.00a 2.39±0.01ab 2.31±0.00b 2.15±0.03bc 2.07±0.01d 2.12±0.03c 2.09±0.02cd 

4 2.69±0.02a 2.57±0.03ab 2.50±0.01b 2.31±0.04bc 2.20±0.00d 2.26±0.04c 2.23±0.03cd 

5 2.82±0.00a 2.72±0.04ab 2.65±0.03b 2.64±0.01bc 2.49±0.02d 2.53±0.01c 2.51±0.01cd 

6 2.97±0.03a 2.86±0.02ab 2.81±0.00b 2.73±0.00bc 2.57±0.03d 2.64±0.00c 2.62±0.00cd 

7 2.05±0.02a 2.94±0.03ab 2.88±0.02b 2.87±0.02bc 2.71±0.01d 2.78±0.02c 2.74±0.02cd 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference 

between them was not significant (α = 5%) 
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The chitosan film thickness should be 

suitable. The permeability cannot be 

effectively adjusted if the coating is too thin, 

or the CO2 was accumulated if the film is too 

thick. And high concentration of CO2 may 

cause anaerobic respiration generating 

ethanol to damage product tissue.  One study 

evaluated the effectiveness of edible coating 

using chitosan with lemongrass and thyme 

essential oils to improve the quality and 

extending the shelf life of strawberries 

during storage. Edible coating reduced 

weight loss and delayed the change in 

anthocyanin content and microbiological 

growth. The results showed that coatings 

maintained firmness, total acidity, ascorbic 

acid and overall acceptability of strawberry 

fruits [29]. 

Firmness (N) of Coated Mushroom 

during Preservation 

Firmness is an important sensory 

characteristic of agricultural product. The 

cell membrane plays an important role in 

maintaining cell structure and function of 

mushroom. Important parameters of cell 

membrane integrity are permeability and 

malonaldehyde. The cell membrane 

permeability increases once being damaged, 

causing the electrolyte leakage rate to 

increase [30]. Malonaldehyde, one of final 

products in lipid peroxidation reaction, can 

severely harm cell membrane. During post 

harvest, their firmness will decrease due to 

water evaporation, pectin degradation, 

nutrient consumption [31].  

Much free radical in the cell accumulates and 

harms to cell membrane. Chitosan coating 

can control the transpiration, and then more 

water is maintained. The product cell 

reserves the larger swelling pressure and 

higher firmness [32]. After coating with 

chitosan, the increase of the cell membrane 

permeability and MDA content can be 

restrained [10].In our experiment, firmness 

(N) of coated mushroom during preservation 

was presented in Table 2. It’s clearly 

concluded that formula N5 (2.0%: 2.5%: 2.0%) 

was appropriated for coating of mushroom. 

 

Table 2: Firmness (N) of coated mushroom by different formula during preservation 

Storage 

(day) 

N1 N2 N3 N4 N5 N6 N7 

0 2.46±0.03a 2.46±0.03a 2.46±0.03a 2.46±0.03a 2.46±0.03a 2.46±0.03a 2.46±0.03a 

1 1.95±0.02d 2.07±0.03cd 2.11±0.01c 2.24±0.03bc 2.41±0.01a 2.31±0.03b 2.37±0.03ab 

2 1.84±0.00d 1.99±0.01cd 2.03±0.02c 2.13±0.01bc 2.35±0.00a 2.24±0.01b 2.31±0.01ab 

3 1.75±0.01d 1.91±0.02cd 1.95±0.01c 2.05±0.02bc 2.29±0.02a 2.15±0.00b 2.27±0.00ab 

4 1.68±0.03d 1.84±0.01cd 1.87±0.02c 1.99±0.00bc 2.21±0.03a 2.04±0.02b 2.22±0.02ab 

5 1.59±0.02d 1.75±0.00cd 1.79±0.01c 1.88±0.02bc 2.14±0.01a 1.98±0.00b 2.17±0.00ab 

6 1.50±0.00d 1.68±0.03cd 1.68±0.03c 1.79±0.01bc 2.07±0.02a 1.83±0.01b 2.12±0.01ab 

7 1.42±0.01d 1.57±0.02cd 1.61±0.00c 1.70±0.03bc 2.00±0.00a 1.74±0.00b 2.03±0.03ab 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between 

them was not significant (α = 5%) 

 

In  vitro studies  indicated  that  the  

essential  oils  lemongrass  (LO)  inhibited  

the growth  of Colletotrichum  

gloeosporioides. the  naturally  infected 

avocado cultivars from LO + MAP treatment 

significantly reduced the incidence of 

anthracnose, gray pulp, vascular browning, 

weight loss, loss of fruit firmness and showed 

acceptable taste, flavor, texture and higher 

overall acceptance after ripening at 25oC 

followed by cold storage at 10oC for 18 days 

[33].  

Total Plate Count (cfu/g) of Coated 

Mushroom during Preservation 

The post-harvest mushrooms are vulnerable 

by spoilage microorganisms, and lead to 

decay. After chitosan coating, microbes has 

less chance to contact mushrooms, thus 

making tem free from microbe’s invasions 

[34]. Even if the coated mushroom is infected, 

disease incidence is greatly reduced 

[35].After coating mushroom with chitosan, 

respiration rate would be decreased. Free 

radicals also reduced, and the disease 

resistance could be noted significantly.  

Nutritional composition such as soluble solid, 

polyphenol, vitamin c and flavone are 

preserved in utmost level [36]. In our 

experiment, total plate count (cfu/g) of coated 

mushroom during preservation was 

presented in table 3. It’s clearly noted that 

formula N5 (2.0%: 2.5%: 2.0%) was 

appropriated for coating of mushroom. 
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Table 3: Total plate count (cfu/g) of coated mushroom by different formula during preservation 

Storage 

(day) 

N1 N2 N3 N4 N5 N6 N7 

 

 

0 6.78x106a 6.78x106ab 6.78x106b 6.78x106bc 6.78x106d 6.78x106c 6.78x106cd 

1 3.12x106a 2.71x106ab 1.03x105b 9.43x105bc 1.57x105d 6.45x105c 4.22x105cd 

2 1.87x106a 9.82x105ab 7.95x105b 6.21x105bc 7.59x104d 3.73x105c 1.45x105cd 

3 7.85x105a 6.54x105ab 4.32x105b 3.79x105bc 4.12x104d 1.25x105c 8.79x104cd 

4 4.79x105a 3.57x105ab 1.86x105b 8.97x104bc 1.27x104d 6.40x104c 5.71x104cd 

5 2.15x105a 1.04x105ab 9.17x104b 6.42x104bc 8.56x103d 3.19x104c 1.98x104cd 

6 8.24x104a 6.86x104ab 5.33x104b 2.19x104bc 4.34x103d 1.85x104c 8.32x103cd 

7 5.46x104a 4.53x104ab 2.38x104b 1.03x104bc 2.18x103d 8.77x103c 5.39x103cd 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference 

between them was not significant (α = 5%). 

 

The effects of different concentrations (0.1%, 

0.3% and 0.5%, w/v) of lemongrass essential 

oil incorporated into an alginate-based 

[sodium alginate 1.29% (w/v), glycerol 1.16% 

(w/v) and sunflower oil 0.025% (w/v)] edible 

coating on the respiration rate, physico-

chemical properties, and microbiological and 

sensory quality of fresh-cut pineapple during 

16 days of storage (10 ± 1 °C, 65 ± 10% RH) 

were evaluated.  

The results show that yeast and mould 

counts and total plate counts of coated 

samples containing 0.3 and 0.5% (w/v) 

lemongrass were significantly (p < 0.05) 

lower than other samples [37]. Cassava 

starch-based edible coating incorporated with 

lemongrass essential oil (1%) was applied by 

spraying and dipping methods to preserve 

papaya MJ9 during storage at room 

temperature.  

The addition of lemongrass essential oil (1%) 

significantly inhibited the microbial growth 

on papaya MJ9 by reducing the value of total 

yeast and mold as compared to the control. 

Eeight loss, total soluble solid, vitamin C, 

and total titratable acid, papaya MJ9 with 

cassava starch-based edible coating 

incorporated with lemongrass essential oil 

(1%) had the lower values than control [38]. 

One study examined the effect of lemongrass 

oil (Cymbopogon citratus), citronella oil 

(Cymbopogon winterianus) and cajeput oil  

 

 

(Melaleuca leucadendron) against Aspergillus 

niger by the agar diffusion method. Alginate 

(1 % w/v) combines with lemongrass oil (5 µl 

/ml) maintained the antifungal effect after 14 

days of preservation [39]. 

Sensory Score of Coated Mushroom 

during Preservation 

Mechanical, barrier, and color properties of 

banana starch edible films incorporated with 

nanoemulsions of lemongrass (Cymbopogon 

citratus) and rosemary (Rosmarinus 

officinalis) essential oils was evaluated. 

Essential oils’ nanoemulsions have a 

plasticizing effect increasing the film’s water 

vapor permeability, transparency, and 

elongation at break, while the hydrophobic 

nature of the essential oils lead to a decrease 

in their water solubility [40]. The effect of 

essential oil (AE) lemongrass (Cymbopogon 

citratus) at concentrations of 0.05, 0.1 and 

0.25% by physico-chemical, mechanical and 

barrier properties on chitosan films was 

investigated.  

The results showed that films made with the 

essential oil of Cymbopogon citratus at 

concentrations of 0.1 and 0.25% Tween show 

a significant impact on the film thickness 

with respect to control and films with 0.05% 

AE [41]. In our experiment, sensory score of 

coated mushroom during preservation was 

presented in Table 4. It’s clearly noted that 

formula N5 (2.0%: 2.5%: 2.0%) was 

appropriated for coating of mushroom. 

 

Table 4: Sensory score of coated mushroom by different formula during preservation 

Storage 

(day) 

N1 N2 N3 N4 N5 N6 N7 

 

 

0 8.49±0.02a 8.49±0.02a 8.49±0.02a 8.49±0.02a 8.49±0.02a 8.49±0.02a 8.49±0.02a 

1 7.81±0.03d 7.89±0.01cd 8.03±0.03c 8.12±0.01bc 8.35±0.00a 8.21±0.01b 8.27±0.01ab 

2 7.72±0.01d 7.81±0.02cd 7.94±0.00c 8.04±0.02bc 8.31±0.03a 8.16±0.00b 8.20±0.03ab 

3 7.67±0.02d 7.73±0.03cd 7.87±0.00c 7.95±0.03bc 8.24±0.01a 8.09±0.03b 8.12±0.02ab 

4 7.58±0.00d 7.65±0.02cd 7.79±0.03c 7.88±0.01bc 8.19±0.02a 8.01±0.01b 8.05±0.00ab 
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5 7.49±0.00d 7.57±0.01cd 7.71±0.02c 7.81±0.00bc 8.13±0.00a 7.93±0.01b 8.00±0.01ab 

6 7.40±0.01d 7.48±0.00cd 7.63±0.02c 7.74±0.02bc 8.07±0.01a 7.86±0.03b 7.93±0.02ab 

7 7.31±0.03d 7.40±0.03cd 7.56±0.01c 7.68±0.01bc 8.01±0.02a 7.80±0.02b 7.85±0.00ab 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference 

between them was not significant (α = 5%) 
 

Xanthan gum based edible coating plus 

cinnamic acid may contribute to reduce the 

surface browning and enhance the shelf-life 

of fresh-cut ‘Nashpati’ and ‘Babughosha’ for 4 

days and 8 days, respectively at 4oC [20]. 

Flaxseed gum (FSG) in combination 

with lemongrass essential oil (LGEO) was 

investigated for coating of ready-to-

eat pomegranate arils. Coatings containing 

LGEO were effective in reducing total plate 

count and yeast and mold populations. 

Increasing LGEO concentrations in the 

coatings resulted in more decline in microbial 

populations.  

Reduced weight loss occurred in coated 

samples as compared to uncoated (control) 

sample. Coated samples showed a gradual 

decrease in ripening index in contrast with 

control where a significantly higher decline 

was observed. Total soluble solids, pH and 

titratable acidity significantly varied over the 

storage period. Color change (ΔE) for control 

increased steeply over the storage time in 

comparison to coated samples [42, 43]. The 

effect of chitosan (CH) (1%) along with guar 

gum (GG) (5, 15, and 25%) on the quality of 

shiitake mushroom (Lentinus edodes) stored 

at 4 ± 1 °C for 16 days was investigated. The 

results indicated that shiitake mushroom 

coated with CH 1% + GG 15% maintained 

higher tissue firmness, and slowed the rate of 

declines in soluble protein and ascorbic acid, 

as well as increases in total soluble solids, 

reducing sugar, malondialdehyde (MDA), and 

electrolyte leakage. Similarly, the effect of 

CH 1% + GG 15% coating in improving the 

overall quality of shiitake mushroom was 

identified through sensory evaluation. 

Conclusion 

Chitosan coating is beneficial to maintaining 

the storage quality and prolonging the shelf 

life of postharvest fruits and vegetables, 

which is always used as the carrier film for 

the antimicrobial agents. Appropriate coating 

can delay development of postharvest 

deterioration and senescence of this highly 

perishable commodity. In this research, we 

found that chitosan-lemongrass essential oil-

xanthan gum coating would probably have 

wide prospect in the preservation of 

mushroom to extend its shelf-life during 

storage. From this approach, the added value 

of mushroom would be enhanced. 
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