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Abstract

In this study, shiitake mushrooms were dried by hot air, vacuum and freeze drying methods and theire
physical properties were compared. Since the pore size affects the amount of absorption, the characteristics of
water sorption were investigated at various humidities and temperatures. Results showed that the freeze dried
product had the greatest pore area and the highest absorption capacity. However, all the dried samples

showed similar quality. The browning degr
temperatures. Among these drying metho

were severely changed with increased relative humidities and
the freeze drying gave the greatest change in browning degree.

The GAB monolayer moisture contents of the dried shiitake mushroom were 5.3~7.7%. The prediction model
was also provided using parameters such as relative humidity, temperature and pore area.
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Table 1. Conditions for HPLC analysis of nucleotides
and their related compounds of dried shiitake mashroom

powder

Items Conditions

Column p-Bondapak Cis (3.9 mm i.d. X 30.0 cm)
Mobile phase 1% triethylamine - phosphoric acid (pH 6.5)
Flow rate 2.0 ml/min

Chart speed 0.5 cm/min

Detector UV detector (254 nm)
Temperature 40°C
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Table 2. Water sorption isotherm equations to fit dried
shiitake mushroom powder

Reference Equation
Iglesias & Chirife™ In(M + VM? + M, ) =bAw +p
Bradley™ 1 _ggM
4 In Aw KZKI
Kuhn®™ M= m:w +b
Caurie™ InM=InA-rAw
Halsey™ Aw = exp (~M")
Henderson"” 1 - Aw = exp (~-KM")
. Aw

O (13) -

swin M=a ( - Aw }
Mizral i(lg) Aw = b+M

a+M

M: Equilibrium moisture content
Aw: Water activity

Mys: M at Aw=0.5
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by Ande
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Table 3. mmﬂuammm
powder by different dryiey

Hot air

Vacuum Freeze

drying drying drying
Total pore area  3.13 m?, 628 m'g 1157 m2/g
Average pore 13569 8480 A 5157 A
dismeter
Bulk density  0.4228 g/mL 0.3881 g/mL 0.3669 g/mL

Porosity 31.4% 40.1% 53.4%
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Table 4. Proximate composition of dried shiitake mush-
room powder by different drying methods {unit: %)

Moisture Fat Protein Caborhydrate Ash

Hot air drying 681 1.89 1735 70.07 3.88
Vacuum drying 536 1.76 17.84 70.76 4.28
Freeze drying 512 176 18.12 69.98 4.01
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Table 5. Nucleotides conteniis of dried shiltake mushroom

Table 6. Tots] phenol contents of dried shiltake mush-

powder for dMlerent drying méthods by HPLC snalysis room by different drving wethods
Nudeotide (mg%) ' - "Totl phendlics W)
5-AMP 5.GMP  5-XMP Hot air drying 2196

P , Vacuum drying 2853
Hot air drying 19.79 6.17 26.42 : :
Vacuum drying 20.14 6.54 21.58 Freeze drying 2998
Freeze drying 15.62 3.14 29.61
5'-AMP: Adenosine 5'-Monophosphate
5".GMP : Guanosine 5'-Monophosphate HE

5-XMP : Xanthosine 5'-Monophosphate
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Table 7, Changes of browning degree on the equlibrium moisture content of dried shiitake mushroom powder by

dmmtdrym!mahodsatmﬁomwmwnm

Hot air drying Vacuum drying Freeze drying
5°C 20°C 35°C 5°C 20°C 35°C 5°C 20rC 35°C
Control 0.062 0.050 0.029

11% 0.089 0.091 0.094 0.067 0.075 0.078 0.046 0.053 0.072
32% 0.096 0.096 0.103 0.076 0.088 0.089 0.056 0.074 0.078
51% 0.097 0.106 0.109 0.083 0.098 0.102 0.065 0.089 0.117
67% 0.099 0.101 0.115 0.090 0.103 0.122 0.108 0.121 0.132
75% 0.095 0.129 0.133 0.098 0.132 0.135 0.112 0.143 0.151
84% 0.104 0.156 0.141 0.108 0.134 - 0.127 0.159 -
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Fig. 2. Changes in moisture content of the samples
under various buridities at 5°C.
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Fig. 3. The isotherm curve of shiitake mushreom by
different drying metheds at 5, 20 and 35°C. B~—M: Hot
air drying, @—@: Vaccum drying, A—aA.: Freeze drying
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Fig. 4. GAB plot for determination of the monolayer
moisture content of Hot air drying at 20°C.

Table 8. Monolayer value of dried shiitake mushroom
powder by different drying methods

Monolayer value

Drying methods Temp. (g water/g solid)
Hot air drying 5°C 0.0675
20°C 0.0636
35°C 0.0535
Vacuum drying 5°C 0.0726
20°C 0.0673
35°C 0.0621
Freeze drying 5°C 0.0773
20°C 0.0713
35°C 0.0648
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Fig. 5. Determination of enthalpy of wetting for various
moisture contents of shiitake mushroom powder by freeze

dring.

Table 9. Enthalpy of sorption of dried shiitake mushroom
as a function of meisture content

Enthalpy of sorption (Kcal/mol)

Moisture content

(%, d.b.) Hot air Vacuum Freeze
drying drying drying

6 2.001 2203 3.29

12 0.604 0.583 0.982
18 0.292 0.225 0.332
24 0.123 0.185 0,211

23 2.203 Kcal/mols} TZE 23 3.29 Kcal/mol¥
ot A veldeny o 9d) o R 246404
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Table 10. Goodness of fit, expressed as mean relative percentual deviation (P) of the various equations as applied to
the experimental sheorption isotherms in shiitake mushroom powder

P* (%)
Bradley Kuhn Cauric  Halsey Henderson Oswin  Mizrahi Iglesias & Chirife

— 5C 1805 6.41 11.59 3.64 17.17 9.78 776 12.79
};:’ytm“: 20°C 2022 6.70 14.59 6.30 18.80 11.95 491 15.06
BC 212 574 15.76 6.72 21.10 13.48 6.94 17.05
Average 19.83 6.28 13.98 5.55 19.02 11.73 6.53 14.96
5°C 2010 4.81 13.51 492 18.65 11.15 6.17 14.47

Vd“r‘y"i‘l‘l‘;‘ 200C 2009 4.99 14.23 3.96 18.64 11.61 352 1467
35°C 2243 343 18.24 6.72 2322 16.10 436 19.65
Average 20.87 441 15.32 52 20.17 12.95 4.68 16.26
$°C 1713 3.90 1227 4.62 17.30 1057 5.07 13.10

m 20°C 19.38 2.49 13.08 5.40 17.97 11.01 4.60 13.90
35°C  19.76 4.68 15.17 6.73 20.38 13.22 579 16.29
Average 18.75 3.69 13.5 5.58 18.55 116 5.15 14.43

*P(%): mean relative percentual deviation
_ 100 2 |Mi-Mi*|
P =5 & i
Mi=experimental moisture content

Mi*=moisture content on the curve representing isotherm equations

n=number of data point

Table 11. Correlation coefficients for the equilibrium moisture content prediction by humidity, temperature and

porosity

Coefficient

Humidity

Temperature

Porosity

Total pore area

Equilibrium moisture content 0.8961

-0.0860

0.0887

0.0899




136 Al EeAA A 31A Al 1E (1999)

Table 12. Wmhummrmm&e

Mna/ln (H)+b in M+c In @)+d

a b ¢ d R
Parameter coefficients -5.213 -1.557 0.4474 3.99 0.989

M: Moisture content (d.b., %)

H: Relative Humidity (R.F./100)
T: T

lempesature ("C)
P: Total pore area (m”/g)
R*: Multiple determination coefficient
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