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Effects of Thermal Treatment and Freezing Storage Period on Physicochemical
and Nutritional Characteristics of Shiitake Mushrooms
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Abstract Freezing is one of the main processes to extend the shelf life of foods. Before freezing, a thermal treatment is
normally required to control the food quality. In this study, shiitake mushrooms were heated with boiling water and with
superheated steam. After the thermal treatments, the samples were continuously frozen by an individual quick freezing
(IQF) process, and put them into air-containing or vacuum packaging. Samples were stored at —12, —18 and —24°C for 24
weeks, and their physicochemical properties were determined. The lightness of the samples treated with boiling water and
superheated steam was decreased by 12 and 15%, respectively, than that of the control. The hardness of all the samples
rapidly increased after heat treatment. The contents of organic acids in the superheated steam treated samples were higher
than those in the boiling water treated samples. Therefore, superheated steam treatment of samples may be a candidate

thermal treatment to preserve frozen shiitake mushrooms.
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Fig. 1. The lightness changes of shiitake mushrooms depending on the freezing storage period and storage temperature. A, Boiling water
immersion treated and air-containing packaged mushrooms; B, Boiling water immersion treated and vacuum packaged mushrooms; C,
Superheated steam treated air-containing packaged mushrooms; D, Superheated steam treated and vacuum packaged mushrooms; —12, —18 and
—24°C were represented storage temperature. The lightness of raw mushrooms, 88.86+3.90; Data were represented as the mean values (#>5).
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Table 1. The changes in the color value of boiling water treated shiitake mushrooms by thermal treatment depending on the freezing

storage period

Storage Storage period (weeks)
Treatments”  temperature

(°C) 1 2 4 12 24
-12 0.51+0.78* -0.88+0.49** -1.22+0.50 -0.85+1.23* 0.05+1.01*
BA -18 -0.44+0.73* -0.46+1.02** 0.13+0.13* -0.41£0.45* -3.25+0.37°8
CIE % -24 -0.66+0.75* -0.77+0.73* -1.41£0.41*4 -0.84+0.44* 0.60+0.36*

a
-12 0.07+£0.27* -1.34+0.78* -0.56+0.05" -1.19+0.76* -1.17+1.44%
BV -18 0.46+0.53* -1.27+£0.73* 0.07+0.40 -1.30+0.86™ -1.37+0.82%
-24 0.38+0.45" -0.36+0.75 -0.10+0.25% -1.49+0.68* -0.43+0.72%
-12 11.90+0.33* 14.14£1.41% 14.65+1.08"* 14.95+0.94** 19.97+1.43*
BA -18 12.12+0.56* 14.62+0.33** 13.69+0.42*4 13.04£2.14* 17.94+1.46*
CIE b+ -24 11.89+0.19" 13.43+2,03™* 12.67+0.72* 13.32+2.20™* 15.35+1.33®
-12 12.11+0.78" 15.36+0.33™* 13.30+2.38™ 12.66+1.45" 18.59+2.23
BV -18 12.60+1.19% 15.00+0.56™ 13.60+0.94 14.20+0.10°* 19.30+1.55*
-24 12.36+0.79* 14.30+0.19** 13.28+1.86™ 14.66+£1.99* 15.99+1.17*
-12 6.47+0.19* 6.04+1.54* 7.61+£7.45% 10.28+3.89* 9.84+0.97*4
BA -18 3.41+1.80" 3.95+1.05™8 5.61+5.89™* 9.96+5.55™* 7.49+0.56"
E‘?;?fil color -24 3.5042.76* 2.99+1.04* 3.87+£5.17* 4.13+1.91* 4.15+£1.57
ifference

(AE) -12 7.12+£0.70* 4.01+£1.48* 7.45+1.48% 4.68+3.29* 8.14£3.07*
BV -18 5.66+2.13™4 3.29+1.00" 5.89+2.04™4 4.31£1.90" 8.43+2.00™
-24 5.14+0.42* 3.07+£1.80* 5.17+3.98* 5.33+£0.64* 4.08+1.14*

YBA, Boiling water immersion treated and air-containing packaged mushrooms; BV, Boiling water immersion treated and vacuum packaged

mushrooms

2Raw mushrooms, CIE L*, 90.38, CIE a*, 0.33, CIE b*, 9.82; Boiling water immersion treated mushrooms, CIE L*, 78.88, CIE a*, -0.48, CIE b*, 12
**Means with the same letter in a row are significantly different (p<0.05).
ACMeans with the same letter in a column are significantly different (p<0.05).
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Table 2. The changes in the color value of superheated steam treated shiitake mushrooms by heat treatment depending on the freezing

storage period

Storage Storage period (weeks)
Treatments”  temperature
(°C) 1 2 4 12 24
-12 2.11+0.31 1.30+0.31%® 1.54+1.31% 1.46+0.87* 1.60+0.65%®
SA -18 2.74+£0.61** 1.19+0.61%8 0.56+0.36%* 0.65+1.37 2.35+0.49%A8
CIE o+ 24 1.45+0.80 3.38+0.80** 1.94+2.13% 1.57+0.71% 2.89+0.67*
a
-12 1.93+0.88* 1.11£0.27 0.80+£0.99** 1.22+0.79* 2.02+0.57*
N\Y% -18 2.10£0.94* 0.12+0.79* 0.97+0.37* 1.55£0.35% 1.70+£0.24*
-24 1.41+0.08* 0.71+0.49* 1.22+0.39* 1.13+£0.37* 1.97+0.14*
-12 12.35+1.21%8 15.92+1.21% 13.99+1.12% 14.56+1.14% 17.88+2.97%4
SA -18 15.20+1.77%* 16.72+£1.77%* 15.85+0.57%4 14.28+0.88 17.65+0.70°
CIE b -24 14.51+0.52%8 17.07+0.52% 14.37+1.55% 14.64+0.16** 17.86+2.05%
-12 13.57+0.60°* 15.52+0.75%* 15.40+2.60>" 17.59+1.55%4 19.80+£1.75*
SV -18 14.21+2.35% 14.23+£1.15* 14.11+£1.69* 13.32+1.23% 17.16£2.13*
-24 12.92+0.43* 16.64+0.71* 13.12+0.93* 13.86+0.82% 20.45+1.33%
-12 5.68+0.84* 2.57+1.51%® 4.94+3.16" 5.62+2.53* 6.43+2.97*
SA -18 3.28+0.66%8 5.12+1.02%4 4.23+1.91%4 4.7541.62%4 5.17+1.68*4
(Tﬁ?l color 24 1.74+1.25% 3.97+0.85%AB 5.2242.08* 2.61+1.46%4 4.49+2 .14
ifference
(AE) -12 6.31£0.19 2.81+1.45% 4.55+0.78* 4.8942.73% 6.59+1.43%
SV -18 3.65+3.2208 5.03+1.09* 2.42+0.94% 2.45+1.00% 448+1.63*
24 2.08+0.55" 5.21£1.59™A 1.83+1.01" 2.42+£0.994 7.03+1.11%

USA, Superheated steam treated and air-containing packaged mushrooms; SV, Superheated steam treated and vacuum packaged mushrooms
PRaw mushrooms, CIE L*, 90.38, CIE a*, 0.33, CIE b*, 9.82; Superheated steam treated mushrooms, CIE L*, 66.56, CIE a*, 1.75, CIE b*, 14.14
“*Means with the same letter in a row are significantly different (p<0.05).
A“Means with the same letter in a column are significantly different (p<0.05).
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Fig. 2. The hardness changes of shiitake mushrooms depending on the freezing storage period and storage temperature. A, Boiling water
immersion treated and air-containing packaged mushrooms; B, Boiling water immersion treated and vacuum packaged mushrooms; C,
Superheated steam treated air-containing packaged mushrooms; D, Superheated steam treated and vacuum packaged mushrooms; -12, -18 and -
24°C were represented storage temperature. The hardness of raw mushrooms, 32.1+4.6 N; Data were represented as the mean values (7>5).
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Fig. 3. The pH changes of shiitake mushrooms depending on the freezing storage period and storage temperature. A, Boiling water
immersion treated and air-containing packaged mushrooms; B, Boiling water immersion treated and vacuum packaged mushrooms; C,
Superheated steam treated air-containing packaged mushrooms; D, Superheated steam treated and vacuum packaged mushrooms; -12, -18 and -
24°C were represented storage temperature. The pH of raw mushrooms, 5.80; Data were represented as the mean values (7>5).
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