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Abstract: The main aim of this research was to apply biopolymer coatings on osmotically 

dehydrated mushrooms and monitor their quality during storage. Mushrooms were osmotically 

dehydrated in sugar beet molasses (80% dry matter) under optimized conditions (45 °C for 5 

hours), as previously reported elsewhere. Two different biopolymers were chosen: chitosan, a 

polysaccharide polymer, and zein, a protein polymer. A non-treated mushroom sample was chosen 

as a control sample. The mushroom samples were analysed for sugar and protein content, as well 

as water loss and microbiological profile. An increase in sugar content was the most noticeable in 

the osmotically dehydrated mushrooms compared to the control sample due to the use of molasses 

as a hypertonic solution. The contribution of used biopolymer coatings to the sugar and protein 

content of the coated and osmotically treated mushrooms was negligible. Chitosan coating 

contributed to better storage stability of treated mushrooms by lowering the moisture loss and 

microbial count. For this reason, chitosan treated sample was chosen for further examination 

related to the evaluation of its baking potential as a filling in a traditional stuffed pie-like layered 

bakery product-burek. Burek was stuffed with fresh mushrooms, osmotically treated mushrooms or 

osmotically treated mushrooms coated with chitosan. The sensorial assessment proved that control 

burek and burek samples with osmotically dehydrated mushrooms coated with chitosan were the 

most preferred groups based on odour and overall impression.   
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INTRODUCTION 

Mushrooms are a valuable horticultural crop 

because of their nutritional value, as well as me-

dicinal qualities such as anti-inflammatory, car-

diovascular, anticancer, antiviral, antibacterial, 

etc. (Karimirad, Behnamian & Dezhsetan, 2018; 

Wang et al., 2021). Mushrooms are high in pro-

tein and carbohydrate, low in fat, contain nine 

essential amino acids and are a rich source of 

vitamins B and D (Rathore, Prasad & Sharma, 

2017; Cardwell, Bornman, James & Black, 

2018; Samsudin & Abdullah, 2019). Agaricus 

bisporus mushroom is a popular food item 

worldwide, accounting for 30% of total mush-

room production. Because there is no protective 

cuticle layer on the skin of Agaricus bisporus, it 

is prone to physical and microbiological harm 
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(Zhang, Pu & Sun, 2018). Due to high meta-

bolic activity, high respiratory rate, high 

moisture content (85%–95%), enzymes active-

ties and dehydration (Kumar, Singh & Singh, 

2013; Zhang et al., 2018), mushrooms are pe-

rishable foods with a limited shelf life and tend 

to lose quality immediately after harvest (Jiang, 

2013). All of the listed reactions promote micro-

bial attack and enzymatic browning, resulting in 

fast senescence (Wrona, Bentayeb & Nerín, 

2015). The shelf-life of A. bisporus mushrooms 

is about 1–3 days when stored at room 

temperature that could be prolonged to 5–7 days 

when stored at 0–2 °C (Diamanto-poulou & 

Philippoussis, 2015; Xu, Tian, Ma, Liu & 

Zhang, 2016).  

As a result, it is necessary to use proper presser-

vation techniques to extend the postharvest sto-

rage period and maintain mushroom quality 

(Gholami, Ahmadi & Farris, 2017). Osmotic de-

hydration is a solid-liquid contact operation in-

volving the immersion of food products in hy-

pertonic solutions (Pacheco-Angulo, Herman-

Lara, García-Alvarado & Ruiz-López, 2016). 

This procedure results in partial dewatering of 

food material and simultaneous solute uptake 

from the solution into the product (da Silva 

Junior, da Silva, de Farias Aires, Aires & de 

Castro, 2017). Osmotic dehydration is usually a 

pretreatment procedure that is frequently fol-

lowed by additional drying methods such as air 

drying, deep fat frying, freeze-drying, etc., to 

produce a higher-stability final product with re-

duced water content (Khan, 2012; Phisut, 2012). 

These food products are defined as minimally 

processed, high-quality products with prolonged 

shelf life. They are becoming more popular be-

cause their qualities are comparable to those of 

fresh food products, with the additional advan-

tage of more extended shelf-life (Qiu, Zhang, 

Tang, Adhikari & Cao, 2019). However, the mi-

crobiological load of osmo-dehydrated food 

products is a major problem for their impro-

vement, since it may affect the shelf life, parti-

cularly that of cut fruits (Castelló, Igual, Fito & 

Chiralt, 2009). Biopolymer coating application 

is a viable option for lowering a microbial load 

and postharvest losses, thereby providing added 

value to food products. 

Biopolymers have attracted a lot of interest in 

the packaging industry because of their availa-

bility, ease of processability and biodegrada-

bility, making them viable alternatives to fos-

sil-based plastics (Rangaraj, Rambabu, Banat & 

Mittal, 2021). Biopolymer coatings have been 

regarded as an effective alternative method to 

extend the commercial shelf life of food pro-

ducts because the major ingredients of edible 

coatings, such as proteins, lipids, and polysac-

charides, are mainly made from various agri-

cultural products and food processing wastes 

and by-products (Šuput, Lazić, Popović & Hro-

miš, 2015; Vieira et al., 2016; Maqbool, Ali, 

Alderson, Zahid & Siddiqui, 2011). In addition, 

green technologies are gaining popularity due to 

their environmental benefits and safety for hu-

man health (Wang et al., 2021). Biopolymer 

coating application represents powerful emer-

ging technology that can prevent the food pro-

ducts from mechanical damage, lower lipid oxi-

dative changes, maintain microbiological con-

trol, reduce volatiles loss, preserve sensory pro-

perties, etc. (Alemán et al., 2016; Qiu et al., 

2019). The application of alginate edible coa-

ting maintained mushrooms’ firmness, delayed 

discolouration and inhibited the loss of soluble 

solids concentration, total sugars and ascorbic 

acid of mushrooms (Jiang, 2013). Chitosan-glu-

cose coating-maintained tissue firmness, re-

duced microbial counts and inhibited the in-

crease of respiration rate in mushrooms within 

16 days of storage at 4 °C (Jiang, Feng & Li, 

2012). Mohebbi, Ansarifar, Hasanpour and 

Amiryousefi (2012) proved that aloe vera and 

gum tragacanth edible coatings minimized 

mushroom weight loss, colour changes and tex-

ture softening during 13 days of cold storage at 

4 °C.  

Chitosan, a linear polysaccharide, is considered 

an interesting material in food packaging be-

cause of its non-toxic, bacteriostatic, fungistatic, 

anti-cancer properties, good biodegradability 

and biocompatibility characteristics, as well as 

naturally occurring and quick gelling ability 

(Karimirad et al., 2018). Zein is a class of 

alcohol-soluble prolamin storage protein in 

corn. Pure zein is clear, odourless, tasteless, 

hard, water-insoluble, and edible, which was ap-

proved as generally recognized as safe (GRAS). 

In addition, corn zein is a relatively hydro-

phobic and thermoplastic material with ex-

cellent film-forming properties and can be used 

as a good renewable and biodegradable material 

for food packaging applications (Zhang et al., 

2015). Chitosan and zein biopolymer coatings 

were prepared and applied on the osmotically 

dehydrated mushrooms, whose quality was mo-

nitored during storage. 
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In the light of these considerations, the present 

study was undertaken to complete two tasks. 

The first task was to investigate the effect of 

biopolymer coatings on the quality and storage 

stability of osmotically dehydrated mushrooms 

in sugar beet molasses. Sugar beet molasses was 

chosen for its high content of solids and rich nu-

tritional composition (Šarić et al., 2016). A pre-

vious study investigated by Šuput et al. (2020) 

revealed that optimal processing parameters for 

dehydration in sugar beet molasses were: pro-

cess time of 5 hours, process temperature of 45 

°C and molasses concentration of 80%. Chito-

san and zein were chosen as coating bases.  

The second task was to evaluate the baking per-

formance of treated mushrooms as a filling in a 

popular baked food, burek (börek) – a tradition-

nal pie-like dish stuffed with savoury fillings. 

Three burek types were prepared: 1) with fresh 

mushrooms, 2) with osmotically dehydrated 

mushrooms, and 3) with osmotically dehydrated 

mushrooms coated with a biopolymer with the 

best-preserving properties. The prepared burek 

samples were assessed for proximate analysis 

and sensory acceptance. 

MATERIALS AND METHODS 

Materials  

Commercial chitosan powder from crab shells, 

middle viscous, was purchased from Sigma-

Aldrich Chemical Co. (USA), while purified 

zein, was purchased from Acros Organics 

(Belgium). Acetic acid (glacial 99.5%) was 

provided by Macron (USA) and ethanol (96%) 

by Reahem (Serbia). Polyethylene glycol PEG 

400  was procured from Alfa Aesar (Germany). 

Sugar beet molasses (pH 8.2 and 80% dry 

matter) was procured from the sugar factory 

Crvenka (Serbia). 

Experimental design 

The experiment involved 4 groups of treat-

ments/samples: 

K – control sample: non-treated mushrooms;  

OD – mushrooms osmotically treated in 

molasses; 

OD+C – osmotically treated mushrooms coated 

with chitosan film; 

OD+Z – osmotically treated mushrooms coated 

with zein film. 

After the treatments, the mushrooms were ana-

lysed for quality changes during a 10-day sto-

rage period. The mushroom samples were pa-

cked in polypropylene bags in an air atmos-

phere and stored in the refrigerator at 4 °C. The 

samples were examined on the 1
st
, 2

nd
, 4

th
, 7

th
 

and 10
th
 day of storage. 

The treated mushrooms with the best storage 

stability were chosen for further examination 

related to their baking potential as a filling in a 

traditional stuffed pie-like bakery product-

burek. 

Osmotic dehydration 

Fresh mushrooms (Agaricus bisporus) were 

bought at a local greengrocery and processed 

the same day. Osmotic dehydration was perfor-

med by the method previously described by Šu-

put et al. (2020): Mushrooms were cleaned, 

dried with a cloth and sliced into 5 mm-slices 

before being immersed in sugar beet molasses 

diluted to 80% concentration in a 1:5 weight 

ratio (mushrooms:molasses). Osmotic dehydra-

tion was carried out for 5 hours in a constant-

temperature chamber (KMF 115 l, Binder, 

Germany) at 45 °C under atmospheric pressure. 

Every 15 min, the osmotic solutions with mush-

rooms were stirred to provide better homo-

genization, considering the amount of diffused 

water from the samples. After removal from the 

solution, the mushroom samples were quickly 

cleaned with tap water and absorbed from ex-

cess water. 

Biopolymer coating preparation and appli-

cation 

Chitosan film-forming solution was prepared by 

dissolving chitosan powder in acetic acid (1% 

volume concentration) to reach a chitosan mass 

per volume ratio of 10 kg/m
3
. The solution was 

left stirring overnight on a magnetic stirrer to 

dissolve chitosan.  

Zein was dissolved (10% w/v in 85% ethanol) 

and 0.5 g PEG 400/g zein was added as a plas-

ticizer and stirred until complete dissolution. 

The film-forming solution was heated in a water 

bath at 80 °C for cca 5 minutes. 

Mushroom samples were separately immersed 

in both biopolymer solutions for 1 min and left 

to drain for 3 min. The dipping procedure was 

repeated 3 times. The control osmotic dehy-

drated sample was not coated. After immersion, 

the samples were left in the strainer for half an 

hour to drain off the excess film solution and 

then packaged. The mushroom samples were 

packed in polypropylene bags in an air atmos-
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phere and stored in the refrigerator. The samples 

were examined on the 1
st
, 2

nd
, 4

th
, 7

th
 and 10

th
 

day of storage.  

Methods for mushroom quality determi-

nation  

Weight loss 

Weight loss was calculated as the percentage of 

weight loss with respect to the initial weight. 

The weight of five mushrooms from each 

package was determined at the initial time and 

sampling times. Weight loss was determined 

gravimetrically using the following formula: 

WL (%) = (m1 - m2)/m1 × 100%, 

where m1 is the initial mass of mushrooms 

before storage (g), and m2 is the mass of 

mushrooms at each sampling time (g). The re-

sults were expressed as the percentage loss of 

initial weight. 

Protein content  

The protein content was determined according 

to the method SRPS ISO 937:1992. 

Microbiological analysis 

The presence of Enterobacteriaceae was de-

termined according to SRPS ISO 21528-2:2017. 

The determination of Escherichia coli, presence 

was performed on the basis of the standard 

SRPS ISO16649-2:2008.  The determination of 

Salmonella spp.  was made according to the 

standard SRPS EN ISO 6579:2017. The pre-

sence of Listeria monocytogenes was deter-

mined according to the standard SRPS EN ISO 

11290-2:2017.  The number of yeasts and molds 

was determined according to the standard SRPS 

ISO 21527-2:2011.  

Burek preparation 

The basic dough was prepared according to the 

formula 700 g of dough with 300g of filling. 

Dough was prepared with extra white, wheat 

flour (type 400, ash content max. 0.45% dry ba-

sis, coarse granulation) with the addition of 

1.5% salt, 1% sugar and 3% sunflower oil for 

kneading plus oil to brush on the pastry and 

40% of water (percentages on dough basis), at a 

temperature of 15 °C. Dough was mixed in a 

high-speed spiral mixer (Prominent & Leading 

Manufacturer, Muzaffarnagar) for 5 min. The 

dough was divided into four parts and formed 

into balls. Afterwards, the dough was subjected 

to relaxation for 20 min and then stretched out 

all over the table by hand.  During stretching, 

the thickness of the dough was progressively 

reduced to 3 mm.  

Burek filling was prepared by 15-min stewing at 

90 
0
C of chopped onion and treated mushrooms. 

The filling was seasoned with cca. 12 g of a 

mixture of salt and pepper. The dough was 

stretched, filled with 300 g mushroom filling 

and shaped. The burek was then baked in a 

bakery oven at 200-210 °C, 15-20 minutes and 

cooled down for 20 minutes at room tem-

perature. The samples were analyzed fresh, im-

mediately after baking. The control burek 

sample was prepared with non-treated mush-

rooms. 

Methods for burek quality determination 

Nutritional composition and energy value 

Fat content (according to Weibull and Stoldt) 

was determined according to method No. 2.4. of 

the National rulebook of standard methods (Pra-

vilnik, 1988.  Protein content was determined 

according to the Kjeldahl method (method No. 

2.3.); NaCl content was determined according to 

the method No. 2.6. and total sugar content (ac-

cording to Luff-Schoorl) was determined in 

accordance with the method No 2.9 of the afore-

mentioned rulebook. Energy value was calcu-

lated using the conversion factors (Pravilnik, 

2018). 

Sensory evaluation  

Sensory evaluation of burek filled with mush-

rooms was carried out by a semi-trained panel 

of 10 assessors with extensive experience and 

training in sensory methodology. The sensory 

test was performed in tasting booths with pro-

perly controlled environment conditions (ISO, 

2007).  

Samples were evaluated immediately after ba-

king. Drinking water was provided for palate 

cleansing between each sample. Four 2‐hr ses-

sions were devoted to techniques and practice in 

attributes generation. The attributes were gene-

rated and chosen based on their uniqueness and 

objectivity.  

Descriptive terms developed in the assessment 

of sensory quality and intensity of each property 

were developed using terms from the lexicon of 

SRPS ISO 5492 (2000) - Sensory analysis-Vo-

cabulary. The sensory list attributes considered 

and the descriptor definitions according to Ho-

zová, Kukurová, Turicová and Dodok (2002) 
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Table 1. 

Descriptors for sensory evaluation of burek 

Descriptor (attribute) Definition (characteristics) 

Product appearance (shape and volume)  

5    regular, well-formed 

4    regular, slightly formed 

3    slightly regular, slightly formed 

2    irregular 

1    deformed 

Top surface appearance  

5   golden-brown, fragile, smooth 

4   darker or lighter, less- fragile, smooth 

3   darker or lighter, medium-fragile, smooth 

2   darker or lighter, medium-fragile, fine-cracked 

1   very dark or light, non-fragile, more cracked 

Internal appearance-crumb structure  

5   soft, fluffy, puffy layers 

4   soft, fluffy, slightly puffy layers 

3   soft, fluffy, undesirable merged layers  

2   slightly thick merged layers 

1   very thick merged layers  

Odour  

5   characteristic, harmonizing with mushrooms stuffing 

4   less harmonizing with mushrooms stuffing 

3   slightly harmonizing with mushrooms stuffing 

2   odd intense caramel-like from molasses 

1   strongly disagreeable, odd caramel-like from molasses 

Taste  

5   delicious, very agreeable pie-like, harmonizing with 

mushrooms stuffing 

4   delicious, lightly harmonizing with mushrooms stuffing 

3   strong expressive, sweet taste of molasses  

2   slightly disagreeable, salty, intense, caramel–like from 

molasses 

1   strongly disagreeable, odd 

Overall impression  

5   very agreeable, quite satisfactory  

4   suitable, insignificant deviations 

3   visible deviations 

2   large deviations 

1   unacceptable 

 

with some modifications are presented in Table 

1. Using a 5-point hedonic scale, according to 

which the maximum value of 5 points cor-

responds to the highest degree of the evaluated 

product’s quality whereas the lowest degree of 

the evaluation expressed by 1 point demon-

strated its fundamental qualitative deficiencies, 

the quality of burek was evaluated according to 

the QDA method (Hozová et al., 2002). The 

evaluated parameters were the following: shape, 

surface appearance, internal appearance, odor, 

taste and overall impression.  

Statistical analysis 

The results were analyzed by one-way analysis 

of variance (ANOVA) using Statistica Ver. 

12.0., StatSoft Inc., (Tulsa, OK, USA) to deter-

mine significant differences between samples. 

All analysis were performed in 3 replicants. Sig-

nificance testing was performed by Tukey’s 

test, and the differences were considered statis-

tically significant when the p-value was < 0.05. 

RESULTS AND DISCUSSION 

Influence of OD treatments and coating 

application on mushroom quality  

Weight loss 

Due to the lack of a protective epidermal 

structure, weight loss, the key predictor of 

mushroom storage quality, is mainly related to 

respiration and moisture evaporation via the 



Danijela Z. Šuput et al., Influence of biopolymer coatings on the storage stability of osmotically dehydrated mushrooms,  

Food and Feed Research, 49 (1), 53-65, 2022 

surface (Huang, Qian, Jiang & Zheng, 2019; 

Louis et al., 2021). This parameter is critical, as 

fruit and vegetables with a weight loss of 

greater than 4–6% (of their initial weight) 

showed evident withering or shrivelling sym-

ptoms (Bico, Raposo, Morais & Morais, 2009). 

Fig. 1 depicts the weight loss differences 

between the treated and non-treated mushrooms 

during a 10-day storage period. Due to 

continuous moisture loss over time, weight loss 

increased with storage time for all tested 

samples. After ten days of storage, the OD+C 

samples showed the lowest weight loss (3.3%), 

followed by OD+Z (3.8%), OD (6%), and 

finally, the control sample (11.4%).  

Protein and sugar content 

The protein and sugar contents of treated 

mushrooms were determined to test whether 

biopolymer coatings affect their content since 

chitosan is a polysaccharide and zein is a 

protein. Changes in protein and sugar content 

during the storage period are shown in Table 2. 

A statistically significant difference in protein 

and sugar content was observed between the 

control sample (K) and the rest of the other 

samples (OD, OD+C, OD+Z). Storage period 

(time) did not significantly influence protein 

and sugar content. 

According to the obtained results, lower protein 

content was observed in osmotically dehydrated 

samples compared to the control non-dehydra-

ted sample, which is in agreement with previous 

findings (Šuput et al., 2020). Sugar solid gain 

occurred during dehydration in sugar beet 

molasses along with protein leakage into the 

molasses solution, which, as a counter-current 

flow, resulted in lower protein values. Within 

the group of dehydrated samples, protein 

content during storage ranged from 16.47-

18.60% d.m. (d.m.-dry matter). Discretely 

higher protein content values were in the sample 

of osmotically dehydrated mushrooms coated 

with zein, which is a consequence of the very 

protein nature of this biopolymer. 

Sugar content was the lowest in the control 

sample. The highest increase in sugar content 

was observed between the control sample and 

all other osmotically dehydrated mushroom 

samples due to molasses impact, which is in 

agreement with previous findings (Šuput et al., 

2020).  

Microbiological analysis 

High water content and a neutral pH in mush-

rooms provide an ideal medium for microbial 

growth (Zhang et al., 2018). The results of 

microbiological assays showed that E. coli, 

Salmonella spp. and Listeria monocytogenes 

were not detected in any of the examined 

sample groups. Table 3 presents results related 

to the total counts of yeasts and moulds as well 

as Enterobacteriaceae. 

 

 
Figure 1. Weight loss for control mushroom samples (K), osmotically dehydrated mushroom samples (OD), 

osmotically dehydrated mushroom samples coated with zein (OD+Z) and osmotically dehydrated mushroom 

samples coated with chitosan (OD+C)  
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Table 2.  
Protein and sugar content in control mushroom samples (K), osmotically dehydrated mushroom samples (OD), 

osmotically dehydrated mushroom samples coated with chitosan (OD+C) and osmotically dehydrated mushroom 

samples coated with zein (OD+Z)   

Storage 

period 

(days) 

Protein content (%d.m.) Sugar content (%d.m.) 

K OD OD+C OD+Z K OD OD+C OD+Z 

1 
23.21± 

1.10 
b 

16.99± 

0.84
 a
 

16.42± 

0.80 
a
 

18.60± 

0.95 
a
 

27.35± 

1.35 
a 

37.82± 

1.90
 b
 

38.00± 

1.87
 b
 

37.58± 

1.89
 b
 

2 
23.01± 

1.13 
b 

16.72± 

0.86 
a
 

16.47± 

0.83 
a
 

17.21± 

0.87 
a
 

27.47± 

1.39 
a
 

37.85± 

1.87
 b
 

37.96± 

1.90
 b
 

37.81± 

1.85
 b
 

4 
23.32± 

1.16
  b

 

17.08± 

0.82 
a
 

16.67± 

0.83 
a
 

17.70± 

0.85 
a
 

27.21± 

1.33 
a
 

37.95± 

1.88
 b
 

38.11± 

1.88
 b
 

37.87± 

1.86
 b
 

7 
23.34± 

1.14 
b
 

17.19± 

0.87 
a
 

16.89± 

0.85 
a
 

17.23± 

0.82 
a
 

27.06± 

1.35 
a
 

37.90± 

1.86
 b
 

38.16± 

1.91
 b
 

37.92± 

1.90
 b
 

10 
23.51± 

1.13
 b
 

17.20± 

0.81 
a
 

16.88± 

0.83 
a
 

17.35± 

0.84 
a
 

27.49± 

1.38 
a
 

37.94± 

1.89 
b
 

38.21± 

1.89
 b
 

38.00± 

1.89
 b
 

a-b Different letters in superscript for data set regarding each chemical response (protein and sugar content) indicate 

statistically significant difference among means, at level of significance of p<0.05 (based on post-hoc Tukey (HSD) test) 

 

The control sample had the highest value of 

cfu/g for yeasts and moulds and ranged between 

4·10
3
 and 4.8·10

3,
 respectively, during the en-

tire storage period. The control sample only in 

the last sampling (10
th
 day) had a statistically 

significant increase in yeast and moulds com-

pared to other samples, i.e., storage period (ti-

me) had a statistically significant influence on 

yeast and moulds increase in the last sampling. 

In OD and OD+Z samples, there was a sta-

tistically significant increase in yeasts and 

moulds on the 4
th
 day of storage. The sample 

OD+C stands out concerning a statistically sig-

nificant decrease in the number of yeasts and 

moulds after the 4
th
 day, which was below the 

detection limit. This is in agreement with pre-

vious studies, that also proved that chitosan-ba-

sed coatings could prolong the postharvest life 

of some fruits and vegetables: strawberries (Per-

dones, Sánchez-González, Chiralt & Vargas, 

2012), bananas (Maqbool et al., 2011), cherry 

(Xin, Chen, Lai & Yang, 2017), plum (Kumar, 

Sethi, Sharma, Srivastav & Varghese, 2017), 

kiwifruit (Kaya, Česonienė, Daubaras, Les-

kauskaitė & Zabulionė, 2016). Similar results 

were obtained when examining Enterobac-

teriaceae.  

Enterobacteriaceae of the control sample 

continuously increased during time achieving 

the maximum value (9·10
5
 cfu/g) on the 10

th
 

day of storage. Storage period (time) statis-

tically significantly affected the growth of 

Enterobacteriaceae in K and OD samples at 

each sampling point. Statistically significantly 

lower count of Enterobacteriaceae in all dehy-

drated mushroom samples were found compa-

red to the control sample.  

The application of biopolymer coating had a 

statistically significant contribution to the mi-

crobiological stability of the tested mushroom 

samples. The lowest count of Enterobac-

teriaceae was recorded in OD+C and OD+Z 

samples, in the range from <10 to 91000 cfu/g 

and in the range from 93000 to 200000 cfu/g, 

respectively. In osmotically dehydrated mush-

rooms with zein coating (OD+Z) statistically 

significant increase in Enterobacteria count 

occurred after 10 days of storage. In the OD+C 

sample, a statistically significant decrease in the 

number of Enterobacteria was observed after 4 

days of storage, while after 7 days the values 

fell below the detection limit, which revealed 

chitosan's significant inhibitory effects on the 

growth of these microorganisms. Chitosan again 

manifested antimicrobial activity compared to 

the zein-coated mushroom samples. A similar 

effect was achieved by Wang et al. (2021) when 

applying chitosan/zein films loaded with lemon 

essential oil on mushrooms (A. bisporus). There 

are many other studies that manifest anti-

microbial properties of biopolymer films/coa-

tings. Louis et al. (2021) achieved antimicrobial 

activity using alginate-based coating during the 

16-day shelf-life of mushrooms (A. bisporus). 

Han et al. (2015) applied poly (lactic acid) 

biopolymer film for mushroom quality pre-

servation. 

Quality of burek stuffed with filling prepared 

from the treated mushrooms  

According to the achieved antimicrobial effect, 

accompanied with the lowest weight loss, the 

osmotically dehydrated mushroom samples with 

chitosan coating (OD+C) were selected as an 
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ingredient for filling in a traditional pie-like ba-

ked product-burek. 

Nutritional composition and energy value 

The nutritional composition and energy value of 

burek prepared with fresh mushrooms (con-

trol), with osmotically dehydrated mushrooms 

(OD) and osmotically dehydrated mushrooms 

coated with chitosan (OD+C) were presented in 

Table 4. The obtained results indicated uniform 

values for fat, protein and salt content in all 

tested samples. The only significant difference 

was observed in total sugar and carbohydrate 

contents in the samples of burek prepared with 

osmotically dehydrated mushrooms (with and 

without chitosan coating) in relation to the 

control. Significantly higher amount of carbo-

hydrates in molasses-treated mushrooms re-

sulted in a significantly higher energy value of 

burek, in comparison to the control.  

The effect of chitosan coating on the chemical 

composition of the burek was not statistically 

significant compared to the control sample. 

Sensory evaluation 

Figure 2a represents the appearance of mush-

rooms, prepared according to the described me-

thodology, and as such prepared to be a filling 

for burek, while in Figure 2b burek, as a final 

product, was shown. Figure 2b shows the ex-

ternal appearance and well as cross-sections of 

the prepared burek. In each figure label, 1 refers 

to the control sample (K), label 2 refers to (bu-

rek with) osmotically treated mushrooms (OD) 

and label 3 refers to (burek with) osmotically 

treated mushrooms with chitosan coating 

(OD+C). The QDA results of burek samples are 

depicted in Fig. 3, Panel members evaluated 

product appearance (shape and volume) and top 

surface appearance as typical, for all three sam- 

 

Table 3.  
Microbiological analysis for mushrooms (control mushroom (K), osmotically dehydrated mushroom (OD), 

osmotically dehydrated mushroom coated with zein (OD+Z) and osmotically dehydrated mushroom coated with 

chitosan (OD+C)) in different storage periods 

Storage 

period 

(days) 

Total counts 

 

Yeasts and molds 

(cfu/g) 

Enterobacteriaceae 

(cfu/g) 

K OD OD+C OD+Z K OD OD+C OD+Z 

1 
4000± 

100
g 

500± 

100
b,c 

500± 

100
b,c 

<100± 

0
a 

310000± 

10000
e,f 

190000± 

10000
d 

91000± 

1000
b 

93000± 

1000
b 

2 
4000± 

200
g
 

500± 

0
b,c

 

300± 

100
a,b 

<100± 

0
a 

390000± 

20000
g 

270000± 

20000
e 

91000± 

2000
b 

120000± 

10000
b,c 

4 
4000± 

100
g
 

900± 

100
d,e

 

<100± 

0
a 

800± 

100
c,d

 

570000± 

20000
f 

260000± 

10000
e 

1100± 

100
a
 

130000± 

10000
b,c 

7 
4300± 

200
g
 

1000± 

100
d-f 

<100± 

0
a 

1000± 

100
d-f

 

730000± 

30000
i
 

340000± 

30000
f,g 

<10± 

0
a
 

170000± 

10000
c,d

 

10 
4800± 

200
h 

1300± 

200
f 

<100± 

0
a 

1200± 

200
e,f

 

900000± 

30000
j 

350000± 

20000
f,g

 

<10± 

0
a 

200000± 

20000
d
 

a-j Different letters in superscript for each data set regarding each microbiological response  indicate statistically significant 

difference among means, at the level of significance of p<0.05 (based on post-hoc Tukey’s HSD test) 

 

Table 4.  
Nutritional composition and energy value of burek prepared with fresh mushrooms (control), osmotically 

dehydrated mushrooms (OD) and osmotically dehydrated mushrooms coated with chitosan (OD+C)   

Parameter Control OD OD+C 

Fat content (%) 12.38±0.58 
a
 11.53±0.55 

a
 10.18±0.45

 a
 

Protein content (%) 5.99± 0.04
 a
 6.36±0.30

 a
 6.63±0.32 

a
 

Total carbohydrates (%) 23.30±0.30
 b
 43.20±2.2

 a
 39.80±1.89

 a
 

Total sugar (%) 1.44±0.05
 b
 5.36±0.24

 a
 5.21±0.22

 a
 

Salt content (g/100g) 1.32±0.04
 a
 1.69±0.06

 a
 1.86±0.06

 a
 

Energy value (kcal/100g) 228.40±13.42
 b
 302.01±12.50

 a
 277.34±13.50

 a
 

a-bDifferent letters in superscript in a row indicate statistically significant difference between values, at the level of 

significance of p<0.05 (based on post-hoc Tukey HSD test) 
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 Figure 2a.  The appearance of mushrooms prepared for burek filling: 1. Control sample (K); 2. 

Osmotically dehydrated mushrooms (OD); 3. Osmotically dehydrated mushrooms with chitosan coating (OD+C) 

 
Figure 2b. The external appearance and cross-sections of the prepared burek 1. Control burek sample (K); 2. 

Burek with osmotically dehydrated mushrooms (OD); 3. Burek with osmotically dehydrated mushrooms coated 

with chitosan (OD+C) 

0
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3
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5
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appearance (shape
and volume)
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appearance
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Odour

Taste

Overal impression

K

OD
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Figure 3. QDA chart of burek prepared with fresh mushrooms (control, K), osmotically dehydrated mushrooms 

(OD) and osmotically dehydrated mushrooms coated with chitosan (OD+C) 
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ples. In terms of internal appearance, panellists 

observed a soft, fluffy structure but with the 

occurrence of undesirable sticky, merged layers 

in all three examined samples. The obtained re-

sults indicate that the OD burek sample achie-

ved the weakest sensory acceptance concerning 

control (K) and OD+C samples. Further, the 

control group K and OD+C were the most pre-

ferred groups based on odour and overall im-

pression. 

CONCLUSIONS 

In this paper, the positive effects of osmotic de-

hydration and biopolymer coatings on maintain-

ning the quality and prolonging the shelf life of 

mushrooms (A. bisporus) were confirmed. The 

osmotically dehydrated (OD) mushrooms in 

molasses, as the hypertonic solution, were mi-

nimally processed, very similar to the fresh 

ones, and exerted prolonged shelf life. The ob-

tained osmotic (semi) products (OD mush-

rooms) had reduced moisture content, which 

contributed to their stability. A step further in 

increasing the stability of the mushroom semi-

product was the application of biopolymers 

(zein and chitosan).  

The application of biopolymer coatings was an 

effective way to control the microenvironment 

by reducing the rate of respiratory metabolism 

and inhibiting microbial growth. Chitosan pro-

ved to be more efficient in preserving quality 

compared to zein.  

The baking performance of treated mushrooms 

as fillings in a pie-like, stuffed, layered pastry 

(burek) was evaluated. The performances of un-

treated mushrooms (in the control burek), OD 

mushrooms and chitosan-coated OD mush-

rooms were compared. Results proved that con-

trol burek and burek samples with osmotically 

dehydrated mushrooms coated with chitosan 

were the most preferred groups based on odour 

and overall impression.  

In conclusion, most studies on edible coatings 

for food packaging applications have been limi-

ted to laboratory investigations. A further step 

should be scaling up to commercial applica-

tions. 
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Sažetak: Glavni cilj ovog istraživanja je primena biopolimernih premaza na osmotski 

dehidrirane pečurke i praćenje njihovog kvaliteta tokom skladištenja. Pečurke su osmotski 

dehidrirane u melasi šećerne repe (80% suve materije) pod optimizovanim uslovima koji 

su prethodno objavljeni drugde (45 °C tokom 5 sati). Izabrana su dva različita 

biopolimera: hitozan, koji je polisaharidni biopolimer, i zein, proteinski biopolimer. Kao 

kontrolni uzorak odabran je netretiran uzorak pečuraka. U uzorcima pečuraka je određen 

sadržaj šećera i proteina, gubitak vode i mikrobiološki profil. Prinos šećera je bio 

najuočljiviji u osmotski dehidriranim uzorcima pečuraka u poređenju sa kontrolnim 

uzorkom, zbog upotrebe melase kao hipertoničnog rastvora. Doprinos primene 

biopolimernih premaza sadržaju šećera i proteina bio je zanemarljiv. Najveći doprinos na 

smanjenje gubitka vlage i mikrobiološkoj stabilnosti tj. bolju skladišnu stabilnost 

pečuraka imao je biopolimerni premaz od hitozana. Zbog toga je uzorak pečurki sa 

hitozanskim omotačem izabran za dalje ispitivanje njegove primenljivosti kao punjenja u 

u tradicionalnom pekarskom proizvodu bureku. Burek je pripremljen od svežih pečuraka, 

osmotski tretiranih pečuraka i osmotski tretiranih pečuraka premazanih hitozanom. 

Senzorna ocena pokazala je da su kontrolni uzorak bureka i uzorak bureka sa osmotski 

dehidriranim pečurkama premazanim hitozanom bili najprihvatljiviji uzorci na osnovu 

mirisa i ukupnog utiska.  

Ključne reči: тelasa, pečurke, zein, hitozan, stabilnost skladištenja, burek, senzorska 

svojstva 
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