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Abstract

In this study, the potential of various freezing and thawing combinations was investigated for frozen storage of
mushroom (Lentinula edodes). Lentinula edodes were sliced (5x5x50 mm) and then blanched in boiling water for
1 min. Samples were frozen by either natural air convection freezing (NCF, -24°C), air-blast freezing (ABF, -45°C),
or liquid nitrogen freezing (LNF, -100°C). Frozen Lentinula edodes were thawed to a central temperature of 4°C
using either flowing water thawing (FT, 10°C), microwave thawing (MT, 400 W), sonication thawing (ST, 40 kHz,
10°C), or natural air convection thawing (NT, 20+5°C). In LNF Lentinula edodes, MT showed the most rapid thaw-
ing within 2.5 min followed by ST (30 min), FT (37 min), and NT (75 min). Quality attributes were evaluated by
thawing loss, texture (hardness), water content, water holding capacity, pH, and color. A combination of LNF and
MT induced the lowest thawing loss among tested combinations of each freezing and thawing. Thawing loss of fro-
zen Lentinula edodes by LNF method was the lowest by MT. pH values NT of ABF method were significantly
higher than blanched Lentinula edodes. In our study, MT minimized the quality changes of frozen Lentinula edodes

when it was combined with ABF or LNF.
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Fig. 1. Freezing curve of water blanched carrot (LNF: Liquid
nitrogen freezing, ABF: Air blast freezing, CF: Conventional
freezing).
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Fig. 2. Thawing curve according to thawing methods. (A) Natural air convection thawing, (B) Flowing weter thawing, (C) Sonification
thawing, (D) Microwave thawing. "CF: Conventional freezing, ABF: Air blast freezing, LNF: Liquid nitrogen freezing.
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Fig. 3. Effect of different freezing and thawing methods on
thawing loss of mushroom (All samples were frozen until -12°C
(ABF, NF), -100°C (LNF) and thawed until 4°C of sample’s core
temperature).

DACMeans with different superscript letters within same freezing
type are significantly (p<0.05) by Duncan’s multiple range test. >*
"Means with different superscript letters within thawing method are
significantly different (p<0.05) by Duncan’s multiple range test.
LNF: Liquid nitrogen freezing, ABF: Air blast freezing, CF:
Conventional freezing, NT: Natural air convection thawing, FT:
Flowing water thawing ST: Sonification thawing, MT: Microwave
thawing.
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Fig. 4. Effects of different freezing and thawing method on pH
of mushroom (All samples were frozen until -12°C (ABF, NF),
-100°C (LNF) and thawed until 4°C of sample’s core tem-
perature).

DAPMeans with different superscript letters within all sampels are
significantly different (p<0.05) by Duncan’s multiple range test.
Y**Means with different superscript letters within same thawing
method are significantly different (»p<0.05) by Duncan’s multiple
range test. LNF: Liquid nitrogen freezing, ABF: Air blast freezing,
CF: Conventional freezing, NT: Natural air convection thawing,
FT: Flowing water thawing ST: Sonification thawing, MT:
Microwave thawing.
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Fig. 5. Effects of different freezing and thawing method on
water content of mushroom (All samples were frozen until -
12°C (ABF, NF), -100°C (LNF) and thawed until 4°C of
sample’s core temperature).

DAPMeans with different superscript letters within all samples are
significantly different (p<0.05) by Duncan’s multiple range test.
Y*Means with different superscript letters within same thawing
method are significantly different (p<0.05) by Duncan’s multiple
range test. LNF: Liquid nitrogen freezing, ABF: Air blast freezing,
CF: Conventional freezing, NT: Natural air convection thawing,
FT: Flowing water thawing ST: Sonification thawing, MT:
Microwave thawing.

a37t JhLee et al.,
2015). THA] HallA] Adwol ?7& | 4535 AAd CF~
S sl &4 Hol S A e gl S

ERE
SR WE 2L aE AP F By nrge B

90
= uCF EABF OLNF
=
S’
£ 80
2
ABCa? AB
§' ABC ABa éBC
70
o0
= ABCa
= BCDY b
= Db
D
-
=
B 50 T T
Control NT FT ST MT
Thawing type

Fig. 6. Effects of different freezing and thawing method on
water hold capacity of mushroom (All samples were frozen
until -12°C (ABF, NF), -100°C (LNF) and thawed until 4°C of
sample’s core temperature).

DAPMeans with different superscript letters within all samples are
significantly different (p<0.05) by Duncan’s multiple range test.
2"®Means with different superscript letters within same thawing
methods are significantly different (p<0.05) by Duncan’s multiple
range test. LNF: Liquid nitrogen freezing, ABF: Air blast freezing,
CF: Conventional freezing, NT: Natural air convection thawing,
FT: Flowing water thawing ST: Sonification thawing, MT:
Microwave thawing.
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Fig. 7. Effects of different freezing and thawing method on
hardness of mushroom.

DA“EMeans with different superscript letters within all sampels are
significantly different (p<0.05) by Duncan’s multiple range test. >*
"Means with different superscript letters within same thawing
method are significantly different (»<0.05) by Duncan’s multiple
range test. LNF: Liquid nitrogen freezing, ABF: Air blast freezing,
CF: Conventional freezing, NT: Natural air convection thawing,
FT: Flowing water thawing ST: Sonification thawing, MT:
Microwave thawing.
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Table 1. Effects of different freezing and thawing method on total color difference of mushroom

Freezing system Thawing system Lightness Redness Yellowness Total color difference
Control 78.6644.1548P9 -0.910.53¢ 13.6+2.06°

NT" 77.342.224BCPb) -0.78+0.37°¢ 16.11=1.394 3.53£1.47%

CFY FT 75.26+2.715¢P° -0.47+0.54"B¢ 13.6741.48°™ 3.93+2.37%F
ST 77.342.14BCPP -0.512:0.83"5¢ 14.8441.7748% 2.74+1.94"8
MT 78.0141.61485¢Ps -1.03+0.54% 14.0241.355¢P° 1.96+1.04"
NT 80.55+2.254 -0.67+0.455¢ 15.11£1.7548% 3.33+1.59*®

ABF FT 80.62+2.354P -0.540.4448< 14.03+1.675>° 3.1+£1.53%®
ST 80.98+2.03" -0.85+0.29¢ 15.75%1.344 3.67+1.45%
MT 76.3+1.25°% -0.4240.34"5¢P 14.6241.08"BCP 2,791,348
NT 77.7143.8545€0® -0.95+0.31¢ 13.4+0.95" 3.63+£1.42%

LNF FT 774426045 0.360.65 15.94+1.96"% 3.78+2.18%
ST 75.03+1.76™ -0.83+0.54¢ 13.43£1.12¢ 3.88+1.58""
MT 79.5541.984BCP: 0.312:0.69"% 16.07+1.524% 3.61+1.23"%

DThawing was finished at 4°C of core temperature of sample (NT: Natural air convection thawing, FT: Flowing thawing, ST: sonification thawing, MT:

Microwave thawing).

IFreezing was done at -12°C of core temperature of sample (CF: Conventional freezing, ABF: Air blast freezing, LNF: Liquid nitrogen freezing)
-PMeans with different superscript letters in a row are significantly different (»<0.05) by Duncan’s multiple range test.
“Means with different superscript letters within different thawing method at same freezing system are significantly different (p<0.05) by Duncan’s

multiple range test.
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