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Introduction

Excessive human exposure to chemicals in agricultural practices contribute to the production of unhealthy
and environmentally destructive products. For this reason, natural coatings are used to prevent adverse changes in
the quality of various products. Natural coatings can be a barrier on the outer surface of food to prevent the loss of
aromatic compounds, and moisture content and provide the possibility of selective natural exchange of some gases
and increase shelf life post harvest. Considering the economic importance of button mushrooms and the need to
provide optimal solutions to increase shelf life post harvest, the present study was conducted to investigate the
effect of natural coatings based on chitosan nanoparticles and nanohydroxyapatite on increasing the shelf life of
button mushrooms.

Materials and Methods

For this purpose, the effect of these coatings was evaluated in a factorial experiment in the form of a completely
randomized design with three repetitions to prevent adverse changes in button mushroom quality. Button
mushrooms were covered with different concentrations of chitosan nanoparticles (zero, 1% and 2%) and
nanohydroxyapatite (0, 40, 80 mg) for 28 days. The mushrooms that were prepared for coating were divided into
9 groups. One sample without coating and 8 samples were coated with different percentages of chitosan
nanoparticles and nanohydroxyapatite and coded. All mushroom sampless were immersed in each of the coating
solutions for five minutes. The mushrooms were then taken out of the solutions and placed on the mesh basket (at
room temperature) for 15 to 30 minutes so that the additional amount of coating material drips. Then the
mushrooms were weighed individually and six numbers were transferred in three replicates in single-use plastic
containers with perforated lids. Then they were transferred to the refrigerator. The control sample was immersed
in distilled water for 5 minutes instead. The data was measured on days 0, 7, 14, 21 and 28. After coating, the
characteristics of total phenol, flavonoid, antioxidant capacity, total protein, ascorbic acid content, and electrolyte
leakage of mushrooms were recorded and analyzed during 28 days of storage.

Results and Discussion
Based on the results, the highest amount of total phenol, flavonoid, antioxidant capacity, ascorbic acid content,
total protein, and the lowest amount of electrolyte leakage were obtained in 1% nano chitosan coating containing
40 mg of nanohydroxyapatite during 28 days of storage. In the control treatment (without coating), the lowest
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amount of total phenol, flavonoid, antioxidant capacity, ascorbic acid content, total protein, and the highest amount
of electrolyte leakage were obtained during 28 days of storage.

Conclusion

Due to the high perishability of button mushroom, its maintenance is very important. Coating is considered as
one of the methods of keeping quality of button mushrooms. The purpose of this study was to evaluate the effect
of natural coating based on chitosan nanoparticles and nanohydroxyapatite on the total phenolic, flavonoid,
antioxidant capacity, ascorbic acid content, electrolyte leakage, and total protein of mushrooms on zero, 7, 14, 21,
and 28 day, in order to maintain quality and increase the shelf life of button mushroom. For this purpose, the
coating of chitosan nanoparticles (zero, 1%, 2%), nanohydroxyapatite (zero, 40, 80 mg), and the combination of
chitosan nanoparticles with nanohydroxyapatite in the mentioned concentrations were used. Finally, according to
the findings of this study, it can be stated that coating with 1% nano chitosan containing 40 mg of
nanohydroxyapatite can increase the shelf life of button mushroom up to 14 days post harvest, with increased
marketability.
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Fig. 1. FESEM micrograph of prepared chitosan nanoparticles
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Table 1- Variance analysis of the effect of nanochitosan and nanohydroxyapatite, on shelf life after harvesting
button mushroom

o st Cudg w51
Oy gl of S5 Sigighd Sl R0 Folan Comby
Sources of change Total phenol Flavonoid FRAP Ieakag)(/e Total protein Vitamin C
D)?y 4 10758.73** 5069.43** 0.077** 0.59** 0.838** 0.000012**
"’l’.’:"% o 2 10059.58** 10716.63** 0.00018** 0.29** 1.147** 0.0000077**
Nanochitosan
Sl “"S”“\"b?ﬂ}_ 2 2037.31** 1748.46** 0.017** 0.056** 0.129** 0.0000018**
Nano hydroxyapatite
ol $U 59, 8 153878  13633%%  0.0037** 0.054% 0.082%x 0.00000067*
Day* Nanochitosan
Sl Sopmslinig, g gy pgek 41,24 0.0023%* 0.011%* 0016+« 000000030
Day*Nano hydroxyapatite
ST (S um 5355 5 .
Nanochitosan*Nanohydrox ~ 4 426.006%*  35122%%  0.0086** 0.004% 0013+« 000000005
yapatite
oS 93 gl 3928 9,
Sy 16 70.30% 7.16% 0.0021%* 0,001 0.0007++  0.00000001*
Day*Nanochitosan*Nano
hydroxyapatite
Eur.;r 90 0.059 0.19 0.0000060 0.000013 0.00014 0.00000
K 13 _ _ _ _ _ _
Total 4
ot - 0.061 0.99 0.716 1.35 1.68 117

Coefficient ofVariation

] I3 mo g Mo yd i 9 S (6 bl o 53 I3 xe i 4 NS g 8 i

Clale b oS gl (S5 el ey BB b oS ol s
S oo Ayt ) ol S g9l g a0 S

o352 ¢ ST olgs b dlse Sl golms Sl (36 arie 2B
Lol slacdplie Lol sog)S il (S & cul S5 L sl
slal gy 5 Slos b )8 ( IS joboas (Louis et al., 2021) s
Jé 8yl S il (Dokhanieh & Aghdam, 2016) 1)l z,18 4
mp O slogrd 4 e &S Wgd AwSTPPO lwgs Wil o o
ol 5B bl 5l s o il CoMe 5 ol lgieds oS g
e o 1) s mslienSy Bl o el (538 i
djlain b 4 oaiS wST loyony (sla STy HLisl b gg
g led oy &S Cawl oais 5135 (Dokhanieh & Aghdam, 2016)
55 L3y (Gjlwo 3 1 )l D92 by Waogee ST i (slgiee
Camargo & ) s oo (s (gloizme (iol58l 4 oo Ji8 pannd gslio
.(Dunoyer, 2016

 and ns are respectively significant at the statistical level of one and five percent and insignificant
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Fig. 2. Evaluation of coating with nanochitosan and nanohydroxyapatite on the total phenolic content of button mushroom

samples
Different letters above the columns indicate significant difference (p<0.05)
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Fig. 3. Evaluation of coating with nanochitosan and nanohydroxyapatite on the flavonoid content of button mushroom

samples
Different letters above the columns indicate significant difference (p<0.05)
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Fig. 4. Evaluation of coating with nanochitosan and nanohydroxyapatite on the content of antioxidant capacity of button
mushroom samples
Different letters above the columns indicate significant difference (p<0.05)
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Fig. 5. Evaluation of coating with nanochitosan and nanohydroxyapatite on ascorbic acid content of button mushroom

samples
Different letters above the columns indicate significant difference (p<0.05)
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Fig. 6. Evaluation of coating with nanochitosan and nanohydroxyapatite on the electrolyte leakage content of button

mushroom samples
Different letters above the columns indicate significant difference (p<0.05)
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