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Table 1 Comparison of the mean changes in the amount of TSS of the edible mushroom solution during

storage.
Treat/day 1 4 7 10 13
Control 3.70£C%0.00 4.06+B%.02  6.80£A%025 3.66=C°0.00  3+£D%.00

CMC coating 3.60£C%0.02 3.964BC°0.35 6.80+A0.01 4.33+B%.1  3.56+C%0.5

CMC coating and Nano emulsion 5 33, pay 1 370,85 12 6.804A%.15 4.06:B°057 3.70+B°.18
Thyme essential oil 200 ppm

CMC coating and Nano emulsion 5 g, a9 56648009 67644000  5.564B%0.02  4.73+C°0.03
Thyme essential oil 300 ppm

CMC coating and Nano emulsion 5 ,c\ a0 55308%0,01  6.7046A%.00  5.604B0.00  5.16£C%0.01

Thyme essential oil 400 ppm

a-b: Different letters in each column show significant differences (p <0.05)
A-B: Different letters in each row show significant differences (p <0.05)
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Table 2 Comparison of the average changes of the edible mushroom tissue during storage

emulsion Thyme essential oil

Treat/day 1 4 7 10 13
Control 1334.33+tA%0.30  785.33+B%0.01 719.33+B%0.30  473.33+C°0.13  248+DY.05
CMC coating 1673.33+A%0.01  960/07+B™0.00 904+B%0.00 580/7+C0.00  394.3+C*0.00
CMC coating and Nano
emulsion Thyme essential oil ~ 1321.7+A%0.00  1015.7£AB™0.01  795/3+BC%0.30  527.7£C°0.35  476+C™0.30
200 ppm
CMC coating and Nano
emulsion Thyme essential oil ~ 1424.3+A™0.01 1109.3+AB™030 872.3+BC%0.33  631+C"0.00  615.3+C"0.30
300 ppm
CMC coating and Nano

1581.3+A%0.33
400 ppm

1266.3+AB"0.00

1141.3+BC*0.01  983.3+BC*0.30

a-b: Different letters in each column show significant differences (p <0.05)
A-B: Different letters in each row show significant differences (p <0.05)
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Table 3 Comparison of the average changes of the edible mushroom tissue during storage
Treat/day 1 4 7 10 13
L*
Control 7833+D0.25 79.60+B°0.70 79.26+C°0.00 78.33+D0.70  74.90+E‘0.00
CMC coating 81.03+C0.00 81.16+B™0.00 81.16+B°0.25 81.03+C0.00 77.63+D.25
CMC coating and Nano emulsion ¢, 3, yab 55 83 5048%0.00  82.83£C°0.00 82.03+D™0.70  80£E®0.00
ppm Thyme essential oil 200
CMC coating and Nano emulsion g3 g, ya 09 §550+B%0.70  8536-C*0.00 83.90+4D025  82.50+E%0.00
Thyme essential oil 300 ppm
CMC coating and Nano emulsion ¢4 76,1 70 858348000  85.70:C%0.25 84.76:D0.00 82 46+E'0.25
Thyme essential oil 400 ppm
a-b: Different letters in each column show significant differences (p <0.05)
A-B: Different letters in each row show significant differences (p <0.05)
L *: brightness (white)
Table 4 Comparison of the average changes of the edible mushroom tissue during storage
Treat/day 1 4 7 10 13
a*
Control 2.63+C%0.02  3.10£B%.00 3.10£B%.02 3.10£B%.02  3.63+A°0.00
CMC coating 2.86+C"0.00 3.10£B°0.02  3.10£B"0.02  3.10+B"%0.00  3.63+A"0.00
CMC coating and Nano emulsion ) g\ 1o 1 3 102¢%0.00  3.10£C°0.00 336£B™0.02  3.90+A™0.02
Thyme essential oil 200 ppm
CMC coating and Nano emulsion 5 1. a9 09 3.102C%0.00 336£B%0.02 336£B™0.00 4.16:A%.02
Thyme essential oil 300 ppm
CMC coating and Nano emulsion 5 1. s 09 3634C°0.01  3.63£C°0.00  3.674B0.02  4.16£A%.00

Thyme essential oil 400 ppm

a-b: Different letters in each column show significant differences (p <0.05)
A-B: Different letters in each row show significant differences (p <0.05)

* red

AL



YVAA Clbigonyl AV oy AVe e dﬂl;\} Gu‘gr}l&

Table 5 Comparison of the average changes of the edible mushroom tissue during storage

Treat/day 1 4 7 10 13
b*

Control 5.76+E’0.70  6.03+D"0.20 6.30£C™0.01 6.30£C™0.00 6.56+A%0.05

CMC coating 5.76+D"0.01  6.30+C™0.00 6.30+C™0.00 6.30+C™0.02 6.56+A"0.05

CMC coating and Nano emulsion
Thyme essential oil 200 ppm
CMC coating and Nano emulsion
Thyme essential oil 300 ppm
CMC coating and Nano emulsion
Thyme essential oil 400 ppm

6.30£D®0.01 6.56=C™0.70 6.56£C%0.75 6.56=C%0.05 7.33:A™0.00
6.56£D%0.00 6.83=C*0.00 6.86+B%0.01 6.86£B%.11 7.33+A*0.13

6.83+tE°0.70  7.10£B%0.11  7.10+B%0.10  7.10£B%0.00  7.56£A.00

a-b: Different letters in each column show significant differences (p <0.05)
A-B: Different letters in each row show significant differences (p <0.05)
b * yellow

Table 6 Comparison of the average changes of the edible mushroom tissue during storage

Treat/day 1 4 7 10 13
AE *
Control 83.06:A0.05 79.93+B0.90  79.60+C°0.6  78.76+D°0.01  75.30+E"0.30
CMC coating 84.50+A™0.1 81.46+B™0.01 81.06+C°0.6  80.43+D°0.00 78.03+E™0.00

CMC coating and Nano emulsion
ppm Thyme essential oil 200
CMC coating and Nano emulsion
Thyme essential oil 300 ppm
CMC coating and Nano emulsion
Thyme essential oil 400 ppm

86+A0.5 84.06+B°0.5  82.80+C°0.5 81.20+D™0.23  79.20+E’0.20
87.33+A%0.30 84.26+B%.06 83/80+C’0.8 82.80+D™0.80 80.83+E%0.10

87.96+A .00 86.13£B°0.10 85.03+C"0.00 84.10£D.13  80.90+E"0.00

a-b: Different letters in each column show significant differences (p <0.05)
A-B: Different letters in each row show significant differences (p <0.05)
AE * color variations
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The use of edible coatings to protect food has increased dramatically in recent years. In this study, the
pileus of button mushroom Agaricus bisporus was coated with 1% carboxymethyl cellulose and essential
oil nanoemulsion of Zataria multiflora at three concentrations of 200, 300 and 400 mg/Il and stored at 8 °
C for 2 weeks. Then weight loss, brix, texture strength and solution color were investigated. Button
mushroom coated with essential oil nano-emulsion showed a significant difference in weight loss from
that of control. The results showed that Increasing the concentration of nanoemulsion reduced the weight
loss of the pileus. Also, the amount of moisture loss in the pileus is similar to the trend of weight loss.
Therefore, the nano-emulsion coating reduced the drying process in the pileus. Tissue strength was
increased with increasing concentrations of nano-emulsion oils compared to control , and the best
concentration was 300 and 400 mg/l. The brix was increased until the seventh day and decreased at the
end of the durability period , with the lowest concentration at 400 mg/l. Also, two parameters L and AE
were suitable at 400 mg/l of nanoemulsion oil concentration.

Keywords: Carboxymethylcellulose; Zataria multiflora; Button mushroom, Agaricus bisporus;
Nanoemulsion
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