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SUMMARY

I. Title

Development of food material and processed foods from

Flammulina velutipes and Lyophyllum ulmarium

II. Objectives and Importance of the Project

Production of cultivated edible mushrooms continues to

increase because the mushrooms are delicious, nutrious and have
health-stimulating properties. However, It is difficult to process
because the fresh mushroom generally obtain 85~95% moisture.
Therefore, It is necessary to development by convenience food.
The objective of this study was to developed the food
materials and processing technology for Flammulina velutipes

and Lyophyllum ulmarium.

IM. Results of the Project

Section 1. Research of bioactivity and development  of

processed technology from mushrooms

This study was carried out to develop of extraction technology

_12_



for functional active components and determination of combination
ratio for mushroom beverage and granule tea.

Fresh mushroom were extracted by microwave—assisted
extraction(MAE) under different extraction conditions including solvent
and microwave power. Functional activities of Flammulina velutipes
extract and Lyophyllum ulmarium extract including electron donating
ability, nitrite scavenging effect, tyrosinase activities and etc. were
examined.

Functional activities of Flammulina velutipes, exactly, tyrosinase
inhibition activity and nitrite scavenging effect increased as
microwave power Increased during extraction. However, total
phenol content and electron donating ability reached maximum at
the microwave power of 90 W. Total polyphenol content and
electron donating ability increased as extraction time extended up
to 15 min, but the highest tyrosinase inhibition was obtained
after 5 min extraction. Significantly higher tyrosinase inhibition
activity was found in 99% ethanol extract whereas greater nitrite
scavenging effect was observed in the water extract. The
maximum nitrite scavenging effect was found at pH 1.2 and
decreased as pH increased.

In case of functional activities for Lyophyllum ulmarium, total
polyphenol content increased as increasing microwave power up
to 90 W in the water extracts. Electron donating ability increased
with microwave power up to 90 W in 509 ethanol extract and

99% ethanol extract. Tyrosinase inhibition activity and nitrite

_13_



scavenging effect in the extract increased as microwave power
increased during extraction. Total polyphenol content increased as
extending extraction time up to 5 min in the water extract. But
the highest electron donating ability and tyrosinase inhibition
activity was obtained after 10 min extraction. Significantly higher
total polyphenol content and electron donating ability were found
in the water extract whereas greater tyrosinase inhibition activity
and nitrite scavenging effect were observed in 99% ethanol
extract. The maximum nitrite scavenging effect was found at pH
1.2 and decreased as pH increased.

Each of mushroom beverages were made of two type
combination ratios that were used of medicinal plants and fruits.
Combination ratio of A type product on Flammulina velutipes
was mushroom ext.(25%), apple conc.(1.03%) and danggui
ext.(5%), and that of B type product was mushroom ext.(25%),
lemon ext.(4.05%), daechu ext.(16.68%) and maesil flavor(0.2%).
Combination ratio of A type product on Lyophyllum ulmariumm
was mushroom ext.(43.75%), apple conc.(1.03%) and danggui
ext.(1251%), and that of B type product was mushroom
ext(43.75%), lemon ext.(4.05%), daechu ext.(13.80%) and maesil
flavor(0.2%).

Mushroom extract was concentrated to about 60, Brix with

glucose for preparing granule tea.

_14_



Section 2. Development of Techniques to Diversify Food

Products Made from Flammulina velutipes and Lyopyllum

ulmarium

1. The optimization of blanching condition was carried out prior
to drying process. Peroxidase was used as a standard enzyme to
determine optimum blanching conditions of Flammulina velutipes
and Lyophyllum ulmarium. Crude peroxidase extracted from the
raw mushrooms had maximum activity at 10 C~ 15C. Thermal
inactivation of the crude peroxidase followed the first order
kinetics. The activation energy and 2z value of the crude
peroxidase driven from Flammulina velutipes were found to be
59.58 ka/mol and 9.0C while corresponding values were 43.05 lal
/mol and 124°C for Lyophyllum ulmarium. Thus, the best
optimized blanching condition as a pre-treatment of drying
process could be established. The blanching condition of
Flammulina velutipes was 2~3 minutes at 75C or 1 minute at
above 80C and that of Lyophyllum ulmarium is 2 miniutes at 85

C or 1 minute at 90C.

2. The mushroom is dried by means of various drying method
and best drying process which minimize the degree of browning
and maximize the rehydration rate is determined. The drying
devices are hot-air dryer, vacuum dryer and freeze dryer. And

drying temperature of hot-air drying and vacuum drying is 40C
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~70C and the temperature range is 15C ~30T in case of freeze
drying. After all, the drying method which can minimize the
degree of browning and maximize the rehydration rate is the
freeze drying. Consequently, the quality of mushrooms dried by

freeze drying was found to be superior to other drying methods.

3. The optimization of blanching condition was carried out prior
to freezing process. The drip loss and the texture of mushroom
after melting were measured and the optimizing of freezing
temperature and freezing rate was carried out. The drip loss was
decreased due to the increased freezing temperature, fast freezing

rate and slow melting rate.

4. The extraction conditions of p-glucan were optimized. The
parameters considered in the optimization included the ratio of
dried mushrooms to distilled water, extraction temperature and
extraction time. The optimum extraction conditions of B-glucan
extracted from Flammulina velutipes and Lyophyllum ulmarium

were 1:20, 55C, 8 hr and 1:20, 40C, 8 hr, respectively.

5. The mushroom extract was made by extraction process in
order to use as a core material of microcapsule. The extraction
condition of mushroom by ethanol was optimized by using
response surface analysis. The independent variables were the

ratio of dried mushroom to ethanol, extraction temperature and

_16_



extraction time. The dependent variable was the yield of extract.
The optimum condition of Flammulina velutipes extraction was
1:52, 46°C and 547 hr while that of Lyophyllum ulmarium was
1:61, 49C and 4.65 hr. The maximum extract yield of
Flammulina velutipes and Lyophyllum ulmarium was 0.205 g/g

mushroom and 0.223 g/g mushroom, respectively.

6. The encapsulation of each mushroom extract was carried out
and the optimum conditions of it was determined by using
response surface analysis. The independent variables were
amount of dextrin as a wall material and inlet temperature of
spray dryer. The dependent variable was the ratio of
encapsulated extract to 1 g powder. The optimum conditions of
encapsulation of Flammulina velutipes extract was 45 g, 103T
and the amount of extract in 1 g of microcapsule was 0.0824 g.
And the condition of Lyophyllum ulmarium was 39 g, 107C and

the extract was 0.0237 g.

_17_
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FETAE o] 2 wrtg WA EA 2 HHFE =210 AF
1) FE=x2719 9udA
FEZHY dudA da3 v xAY /] microwave power®, F
Z&vid, FEAIE, A5 o &ujnle mE FEEE&S IRl FEX
2 A AP NExpor Fgasic
2) F=x1 HAsE A FAFE HAFAE
ol gl whrteW Al ] mlo]| AR o|H FEZ219 HAFE fste] oH]
ARz E ntgos FARPAGS HAAEAT. S FE34Y sHHS
(X9)Q! microwave power(Xy), FE&1(Xy), FEAIHXs)l digk A3 $
= MAst] ANgER Z+7 59 AR B33 (Table 1)3te] 44 A8l
s 1670 e FEERNE A7 AASA S Table 2 o] 9 wbrte
HAle] 2718 Yel Sk
Table 1. Extraction conditions based on experimental design for extra
ction from Fla-mmulina velutipes and Lyophyllum ulmarium by microw
ave-assisted extraction(MAE)
Extraction condition Level
-2 -1 0 1 2
0 60 90 120 150
0 25 50 75 100
1 3 5 7 10

Xi
Microwave power(watt)

Xi i
Xo EtOH conc.(%)
Extraction time(min)

X3
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Table 2. Central composite design by RSM computer program for the
optimization of extractions conditions for extraction from Flammulina
velutipes and  Lyophyllum  ulmarium by  microwave-assisted
extraction(MAE).

Experiment Microwave EtOH Extraction
number? power(Wt) conc. (%) time(min)
1 60(-1) 25(-1) 3(-1)

2 60(-1) 25(-1) 7( 1)

3 60(-1) 75( 1) 3(-1)

4 60(-1) 75( 1) 7(1)

5 120( 1) 25(-1) 3(-1)

6 120( 1) 25(-1) 7(1)

7 120( 1) 75( 1) 3(-1)

8 120( 1) 75( 1) 7( 1)

9 90( 0) 50( 0) 5( 0
10 90( 0) 50( 0) 5( 0)

11 0(=2) 50( 0) 5( 0)

12 150( 2) 50( 0) 500
13 90( 0) 0(-2) 500
14 90( 0) 100( 2) 500
15 90( 0) 50( 0) 1(-2)

16 90( 0) 50( 0) 10(2)

7 204 Qojr FEES FASH(ZEWSE, V) 33 w¥om =
gstel 747 AARN S AU oA7A A e SYWF) FHUS
Sl @ 24 AARYHe e gk

Y=bo + biXp + boXo+ bsXz + bioXiXe + bisXiXs + byXoXz + buXy” +
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Yeta olE FEd A AREZ AFESETh A AFE3E fructose,
glucose, sucrose % manitol 52 Sigma(USA)AF e HPLC A z%A

S Table 33 2t}

Table 3. Operating conditions of HPLC for free sugar analysis

Instrument Jasco HPLC System(PU-980, Jasco, Japan)
Column Carbohydrate (4.60 x 250 mm, Waters, U.S.A)
Column oven 40 C

Eluent Acetonitrile @ H2O(75 : 25)

Flow rate 1.0 mL/min

Chart speed 2.0 mm/min

Detector RI(RI-1530, Jasco, Japan)

Injection volume  10.0 puL
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gl FFE power® ST whe QAR gadE 4TS e
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o} 120WeF 90Wol A 50% ethanol® 99% ethanol &1l FEoA= A
Zpol 7} glo] winletA HAastdnh 28 FEEuUE 2 u M =2

EYfvE dEe dEhdh

Table 4. Effect of microwave power in microwave—assisted
extraction(MAE) on vyield, total polyphenol content, inhibitory effect of
angiotensin | converting enzyme(ACE) of Flammulina Velutipes'.
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Total o
Inhibitory effect

Power(W) Solvent Yield(%) polyphenol of ACE(%)
content(mg)

Water 4.04 3.67 -

60 50% ethanol 3.85 3.61 -
99% ethanol 3.67 2.86 -

Water 4.65 3.50 -

90 50% ethanol 4.60 2.90 -
99% ethanol 4.28 2.56 -

Water 4.88 3.17 -

120 50% ethanol 4.63 2.88 -
99% ethanol 4.35 2.51 -

"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent.

o) AApse] 28

ppol AR olH powers 60~120W= S7FAI7]WA sgolwAle] Srid

FE g0l W Aol d8& S48kl Fig. 1ol YeEbHAH. Fig. 1914
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A% A gelse AolE welFth F 2807t 2L 0 Y =
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SFiL, 50%o|geo] b ot
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et A v 50% EtOH¥ 99%
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EtOH= 2 ztolS WebliA] gkt

35
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Fig. 1. Effect of microwave power in microwave-assisted extraction(M
AE) on electron donating abilities(EDA) of Flammulina Velutipes”.

—A—, water;, —O—, 50% ethanol; —Il—, 99% ethanol
"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent

2}) Tyrosinase A& =&

o] AR ¢ o]H powerE 60~120W=E Z7FA]7]H A HBolwAle Lwjd
FZd tgt tyrosinase AIMAEES FH3Fe] Fig. 20 YERYATE
tyrosinase Ad &2 powers T7FAIZO wEl =A YElstor, Sujol
e = 2pol S B FATE =, 99% ethanol FE°] 7MY =2 Ad&S
HolFglon ZEFFo] 7ME W& AdES HoFATH 120WellA 99%
ethanol FE&°] 5641% =2 714 =2 Ad&S YeEldon Yz 274
M= 40% olske] Adllas e Sl

_65_



3

5 2
S 2
;'G:) 2 O water
o O
S @ 50 O 50% ethanol
S & W 99% ethanol
=2 a®
o c
c n
c o

¢ 1

— O | |

60 0] 120
Power(W)

Fig. 2. Effect of microwave power in microwave-assisted extraction(MA

E) on inhibitory effect of tyrosinase activity of Flammulina Velutipes”.
"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent
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Fig. 3. Effect of microwave power in microwave-assisted extraction
(MAE) on nitrite scavenging effect of Flammulina Velutipes”.

—A—, water;, —O—, 50% ethanol; —Il—, 99% ethanol
"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent

2) F= powercl| mWE wrig WAl Aglgdd HAE
h 4

ool A2 9ol B powerE 60~120W=2 F7FA71HA whrleniAle] &)

2

FE=Hel g F&S SA3to] Table 50 WYeEAT A7HA] 58

) water, 50% ethanol, 99% ethanol® F*%3 < ©w 25 power =7}l
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wel Frbshe A4S JErdled, 90Wek 120Well A= 2 Zols e
o}

WA ekl 3 waterz2 FEIS W] &) 50% ethanolo] 99%

ethanolZ F& S vl ¥t ¢ =4 yepsto)

powerE S7FA1ZO wiEl F EZEdE e TSR oY water FEE
o] A% ethanol 5% HU H53] F7M8te 4SS WERHAT 90W 2k
=

L water F&E&, 50% ethanol &%, 99%

slo] AR 9 o] B powerE 60~120W= F7HAIZIAA wrhew Ale] &
W FZodo i3 AMNEE Z43to] Table 50 YEFNSITE power 57}

o wel A== Frbeke A4S YEhllen, 99% ethanol® F& S

Table 5. Effect of microwave power in microwave—assisted
extraction(MAE) on vyield, total polyphenol content, inhibitory effect of
angiotensin I converting enzyme(ACE), browning color of

Lyophyllum Ulmarium’.
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Total Inhibitory

Power ) Browning
Solvent Yield(%)  polyphenol effect
(W) Color(0.D)
content(mg)  of ACE(%)

Water 4.20 1.52 - 0.080
60 50% ethanol 418 1.82 - 0.273
99% ethanol 3.83 1.04 - 1.260
Water 4.65 2.26 - 0.086
90 50% ethanol 4.38 1.98 - 0.398
99% ethanol 3.91 1.26 - 2.554
Water 477 2.92 - 0.147
120 50% ethanol 4.41 2.32 - 0.399
99% ethanol 3.93 1.60 - 2.774

"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent.
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Wtk Power S7bel W& mbZbEHAe] AAlEoe2 6% olste #e u
EF AT 9OWol A AAgolsS water FEE0] 4.73%, 50% ethanol®]

4.04%, 99% ethanole] 4.67% ©] At}
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Fig. 4. Effect of microwave power in microwave-assisted extraction(M

AE) on electron donating abilities(EDA) of Lyophyllum Ulmarium'.

—A—, water;, —O—, 50% ethanol;, —Il—, 99% ethanol
"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent
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Fig. 5. Effect of microwave power in microwave-assisted extraction(M

AE) on inhibitory effect of tyrosinase activity of Lyophyllum Ulmariu
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"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent
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Fig. 6. Effect of microwave power in microwave—assisted extraction

(MAE) on nitrite scavenging effect of Lyophyllum Ulmarium".

—A—, water;, —O—, 50% ethanol;, —Il—, 99% ethanol
"MAE was performed for 5min on mixture composed of 20g and 50m¢ of solvent
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Table 5. Effect of irradiation time in microwave—assisted
extraction(MAE) on vyield, total polyphenol content, inhibitory effect of

angiotensin | converting enzyme(ACE) of Flammulina velutipes".
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Total

Time ) Inhibitory effect
(rmin) Solvent Yield(%) polyphenol of AGE(%)
content(mg)

Water 3.94 1.10 -
1 50% ethanol 3.70 2.41 -
99% ethanol 3.52 2.59 -
Water 4.59 1.55 -
2 50% ethanol 4.48 3.53 -
99% ethanol 4.00 291 -
Water 4.65 3.50 -
5 50% ethanol 4.60 2.90 -
99% ethanol 4.28 2.56 -
Water 537 3.54 -
10 50% ethanol 5.28 3.38 -
99% ethanol 4.84 3.10 -
Water 5.46 3.28 -
15 50% ethanol 5.32 3.74 -
99% ethanol 4.89 3.82 -

"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Fig. 7. Effect of irradiation time in microwave-assisted extraction(MA
E) on electron donating abilities(EDA) of Flammulina Velutipes'.

—A—, water; —O—, 50% ethanol; —l—, 99% ethanol
"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Fig. 8. Effect of irradiation time in microwave-assisted extraction
(MAE) on inhibitory effect of tyrosinase activity of Flammulina
Velutipes”'

"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Fig. 9. Effect of irradiation time in microwave—assisted extraction
(MAE) on nitrite scavenging effect of Flammulina Velutipes”.

—A—, water;, —O—, 50% ethanol; —I—, 99% ethanol
"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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extraction(MAE) on yield, total polyphenol content, inhibitory effect of

angiotensin | converting enzyme(ACE), browning color of

Lyophyllum Ulmarium”".

Time ) Total Inhibitory effect  Browning
(min) Solvent Yield(%) - polyphenol of ACE(%)  Color(O.D)
content(mg)
Water 3.42 0.78 - 0.112
1 50% ethanol 3.37 1.32 - 0.231
99% ethanol 2.73 1.12 - 0.823
Water 3.60 1.10 - 0.090
2 50% ethanol 3.87 1.70 - 0.139
99% ethanol 2.88 1.16 - 1.583
Water 4.65 2.26 - 0.086
5  50% ethanol 4.38 1.98 - 0.398
99% ethanol 3.91 1.26 - 2.554
Water 472 2.20 - 0.176
10 50% ethanol 4.42 1.90 - 0.704
99% ethanol 423 1.34 - 2.028
Water 4.79 2.26 - 0.199
15 50% ethanol 4.47 1.88 - 1.011
99% ethanol 4.31 1.48 - 1.915

"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Fig. 10. Effect of irradiation time in microwave-assisted extraction
(MAE) on electron donating abilities(EDA) of Lyophyllum Ulmarium'.

—A—, water;, —O—, 50% ethanol; —l—, 99% ethanol
"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Fig. 11. Effect of irradiation time in microwave-assisted extraction

(MAE) on inhibitory effect of tyrosinase activity of Lyophyllum

Ulmarium”"

1)l\/IAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Fig. 12. Effect of irradiation time in microwave-assisted extraction

(MAE) on nitrite scavenging effect of Lyophyllum Ulmarium".

—A—, water; —O—, 50% ethanol; —Il—, 99% ethanol
"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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il FEolo] gk A s FAste] Table 7 YHEAAT A8 of &
wjo] w7} AFe] wEl AMEE F7EERe™ 99%  ethanol, 50%
ethanol, water A2 =7 YElSth 3 A5 o &vje H|7F 1:25¢Y

o 99% ethanol®] ZME== FASA 7184

Table 7. Effect of sample to solvent ratio in microwave power in
microwave-assisted extraction(MAE) on vyield, total polyphenol content,
inhibitory effect of angiotensin | converting enzyme(ACE), browning
color of Flammulina Velutipes”.

Total Inhibitory ]
. . Browning
Ratio Solvent Yield(%) polyphenol effect of
Color(O.D)
content(mg) ACE(%)
Water 1.46 0.14 - 0.079
1:10  50% ethanol 1.34 0.36 - 0.156
99% ethanol 0.98 0.14 - 0.253
Water 2.58 1.64 - 0.102
155 50% ethanol 2.50 1.42 - 0.214
99% ethanol 2.06 0.94 - 0.424
Water 4.65 3.50 - 0.166
1:25  50% ethanol 4.60 2.90 - 0.306
99% ethanol 428 2.56 - 1.308

"MAE was performed for 90W, 5min on mixture composed of sample (5~20g) and
50mL of solvent.
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Fig. 13. Effect of sample to solvent ratio in microwave—-assisted extra
ction(MAE) on electron donating abilities(EDA) of Flammulina Velutip
es” —A—, water;, —O—, 50% ethanol; —l—, 99% ethanol

"MAE was performed for 90W, 5min on mixture composed of sample(5~20g) and 50mL of sol
vent.
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Fig. 14. Effect of sample to solvent ratio in microwave-assisted extra
ction(MAE) on inhibitory effect of Flammulina Velutipes".

"MAE was performed for 90W, 5min on mixture composed of sample(5~20g) and 50mL of sol
vent.

ethanol &=, 99% ethanol F&=9 opdAtd 27158 27 39.54%,

31.41%, 32.54% oldth. A= of &viu]7} 1: 59F 10 259 749, pH 3.0°]

_86_



pH 1.2 pH 3.0

50 50
o 40T o 40T
£ £
jo Eey jo iy
§;§30 §§é3o t
g g
@ 320 r @ 520 r
2 2
E w0} E w0f g;gzé
=z =z

0 . . 0 . .

10 5 25 10 5 25
Sample to solvent ratio(1:x) Sample to solvent ratio(1:x)
oH 4.2 pH 6.0

50 50
o 401 o 401
£ £
IS Y D~
§§30 §§30 F
g 8
tlnnq—)ZO tlnnq—)ZO r
2 2
= 10 74 = 10
= =z ;;,%‘

o

10 5 25 10 5 25
Sample to solvent ratio(1:x) Sample to solvent ratio(1:x)

Fig. 15. Effect of sample to solvent ratio in microwave-assisted extra
ction(MAE) on nitrite-scavenging effect of Flammulina Velutipes".

—A—, water;, —O—, 50% ethanol;, —Il—, 99% ethanol
"MAE was performed for 90W, 5min on mixture composed of sample(5~20g) and 50mL of sol
vent.
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Table 8. Effect of sample to solvent ratio in microwave power in
microwave-assisted extraction(MAE) on vyield, total polyphenol content,
inhibitory effect of angiotensin | converting enzyme(ACE), browning

color of Lyophyllum Ulmarium".

Total Inhibitory ,
. , Browning
Ratio Solvent Yield(%)  polyphenol effect of
Color(O.D)
contentimg)  ACE(%)
Water 1.72 0.36 - 0.055
1:10  50% ethanol 1.68 0.29 - 0.089
99% ethanol 1.12 0.21 - 0.770
Water 3.48 0.64 - 0.065
1:5 50% ethanol 3.29 0.44 - 0.167
99% ethanol 2.17 0.31 - 0.868
Water 4.65 2.26 - 0.086
1:225  50% ethanol 438 1.58 - 0.398
99% ethanol 3.91 1.26 - 2.554

MAE was performed for 90W, 5min on mixture composed of sample (5~20g) and
50mL of solvent.
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Fig. 16. Effect of sample to solvent ratio in microwave—assisted extra
ction(MAE) on electron donating abilities(EDA) of Lyophyllum Ulmari
um”. —A— : water, —O— : 50% ethanol, —Ill— : 99% ethanol

"MAE was performed for 90W, 5min on mixture composed of sample(5~20g) and 50mL of sol
vent.
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Fig. 17. Effect of sample to solvent ratio in microwave—assisted extra
ction(MAE) on inhibitory effect of tyrosinase activity of Lyophyllum
Ulmarium".

MAE was performed for 90W, 5min on mixture composed of sample(5~20g) and 50mL of solvent.
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Fig. 18. Effect of sample to solvent ratio in microwave—assisted extra

ction(MAE) on nitrite-scavenging effect of Lyophyllum Ulmarium".

—A— : water, —O— : 50% ethanol, —Ill— : 99% ethanol
"MAE was performed for 90W, 5min on mixture composed of sample(5~20g) and 50mL of sol
vent.
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Table 9. Effect of time in conventional extraction(CE) on yield, total
polyphenol content, inhibitory effect of angiotensin | converting
enzyme(ACE), browning color of Flammulina Velutipes".

Time , Total polyphenol Browning
(min) Solvent Yield(%) content(mg) Color(0.D)
Water 3.56 3.62 0.167
60 50% ethanol 3.29 3.14 1.372
99% ethanol 3.01 2.16 0.324
Water 5.20 2.54 0.135
120 50% ethanol 4.76 2.84 1.019
99% ethanol 4.20 2.7 0.245
Water 5.29 4.06 0.153
180 50% ethanal 4.86 3.46 1.087
99% ethanol 4.35 2.40 0.671

CE was performed on mixture composed of 20g and 50mL of solvent.
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Fig. 19. Effect of time in conventional extraction(CE) on electron
donating abilities(EDA) of Flammulina Velutipes".

—A—, water;, —O—, 50% ethanol; —l—, 99% ethanol
CE was performed on mixture composed of 20g and 50mL of solvent.
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Total

Time Solvent Yield(%) polyphenol Browning
(min) content(ma) Color(0.D)
Water 523 2.58 0.113
60 50% ethanol 5.46 1.80 0.598
99% ethanol 3.63 1.44 0.415
Water 5.56 2.84 0.117
120 50% ethanol 5.60 1.94 0.603
99% ethanol 4.11 1.58 1.066
Water 5.57 2.80 0.119
180 50% ethanol 5.62 2.40 0.712
99% ethanol 413 1.86 1.221

CE was performed on mixture composed of 20g and 50mL of solvent.
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Fig. 20. Effect of time in Conventional extraction(CE) on electron

donating abilities(EDA) of Lyophyllum Ulmarium”.

—A—, water;, —O—, 50% ethanol; —l—, 99% ethanol
CE was performed on mixture composed of 20g and 50mL of solvent.
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Table 11. Effect of cooking treatment in microwave—assisted

_98_



extraction(MAE) on EDA, polyphenol content, inhibitory effect of
angiotensin | converting enzyme, inhibitory effect of tyrosinase
activity of Flammulina Velutipes”.

Inhibitory effect

Cooking treatment Total polyphenol
(time) Solvent fent (ma) of
ime content (m
¢ ACE (%)
Water 0.91 -
Blanching
] 50% ethanol 0.31 -
(2min)
99% ethanol 0.56 -
Water 2.18 -
Roasting
) 50% ethanol 2.03 -
(2min)
99% ethanol 1.87 -

"MAE was performed for 90W, 5min on mixture composed of 20g and 50mL of
solvent.
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Fig. 21. Effect of cooking treatment in microwave-assisted extraction
(MAE) on electron donating abilities(EDA) of Flammulina Velutipes".
—A—, water; —O—, 50% ethanol; —Il—, 99% ethanol

)

"MAE was performed for 90W, 5min on mixture composed of 20g and 50mL of solvent.
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Fig. 22. Effect of cooking treatment in microwave—assisted extraction
(MAE) on inhibitory effect of tyrosinase activity of Flammulina Veluti
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Fig. 23. Effect of cooking treatment in microwave-assisted extraction
(MAE) on nitrite—scavenging effect of Flammulina Velutipes”.

—A—, water;, —O—, 50% ethanol; —l—, 99% ethanol
"MAE was performed for 90W, 5min on mixture composed of 20g and 50mL of solvent.
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Table 12. Effect of cooking treatment in microwave-assisted
extraction(MAE) on total polyphenol content, inhibitory effect of
angiotensin | converting enzyme, inhibitory effect of tyrosinase

activity of Lyophyllum Ulmarium"

) Total Inhibitory effect
Cooking treatment
(time) Solvent polyphenol of
ime
content(mg) ACE (%)
Water 1.09 -
Blanching
, 50% ethanol 0.76 -
(2min)
99% ethanol 0.73 -
Water 2.50 -
Roasting
, 50% ethanol 2.02 -
(2min)
99% ethanol 1.66 -

"MAE was performed for 90W, 5min on mixture composed of 20g and 50mL of
solvent.
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Fig. 24. Effect of cooking treatment in microwave-assisted extraction
(MAE) on electron donating abilities(EDA) of Lyophyllum Ulmarium'.

—A—, water;, —O—, 50% ethanol;, —Il—, 99% ethanol
"MAE was performed for 90W, 5min on mixture composed of 20g and 50mL of solvent.
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Fig. 25. Effect of cooking treatment in microwave—assisted extraction
(MAE) on inhibitory effect of tyrosinase activity of Lyophyllum Ulmar
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ium .

"MAE was performed for 90W, 5min on mixture composed of 20g and 50mL of solvent.
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Fig. 26. Effect of cooking treatment in microwave-assisted extraction

(MAE) on nitrite-scavenging effect of Lyophyllum Ulmarium".

—A—, water;, —O—, 50% ethanol;, —Il—, 99% ethanol
"MAE was performed for 90W, 5min on mixture composed of 20g and 50mL of solvent.
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Table 13. Experimental data on yield, electron donating ability, total
polyphenol content, inhibitory effect of tyrosinase activity,
nitrite-scavenging ability(in pH 1.2) and browning color of Flammulina
velutipes extracted by MAE under conditions based on central
composite design for response surface analysis.

fotal inhibitory o
Experimetal  yield electr.on polyphenol effect of Nltrlte.— browning
number” (%) do.n.atmg content tyrosinase scaylengmg color (0.D)
ability(%) g% aclivity(%) ability(%)
1 60.33 17.65 17.00 44.71 18.45 0.239
2 49.54 23.22 20.98 25.78 19.61 0.221
3 32.69 34.10 24.15 22 64 11.75 1.123
4 14.94 36.40 26.15 31.46 19.34 1.498
5 33.45 26.51 19.90 46.43 28.61 0.530
6 46.07 27.27 23.69 34.29 16.62 0.244
7 22.67 37.16 25.87 56.00 23.93 1.648
8 47.47 39.65 28.10 18.18 16.78 1.925
9 56.08 29.95 18.91 46.67 25.41 0.436
10 54.83 33.90 19.36 49.64 27.54 0.525
" 42.99 30.10 11.15 24.00 10.06 0.467
12 32.24 36.35 21.01 23.21 25.26 0.589
13 31.75 25.94 22.64 07.87 16.40 0.597
14 10.23 36.98 27.80 24.07 40.00 2.260
15 30.72 31.54 2397 25.00 22.86 0.557
16 54.71 35.75 24.20 37.29 39.44 0.907

"The number of experimental condition by central composite design.
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Table 14. The second order polynomials for vyield, browning color,
electron donating ability, nitrite scavenging activity, total polyphenol
content, tyrosinase inhibitory effect of Flammulina velutipes extracted
by MAP under different conditions of power, ethanol concentration and
extraction time

Response
S

Second order polynominals R? Significance

Y,=106.647071-0.78005X;+0.111226X,-6.491980X5+0.00
Yield 8810X;X2+0.137417X:Xa+0.013050X,X5-0.002492X*~ 0.9066  0.0170
0.012560X,™-0.45442X5°

Y=2.080840-0.002051X-0.055572X,-0.139696X3+0.000
106X X2-0.000763X 1X5+0.002390X,X5+0.000020127X 02759  0.9673
2+0.000381X°+0.011297X5”

Browning

color

Electron  Y=9.816624+0.060389X+0.2970114X,+0.512386X5-0.00
donating 1100X1X-0.009625X 1 X5-0.003850X-X5+0.0006 10X+ 0.8322  0.0796
ability 0.000079858X5°+0.106795X4"

Nitrite Y= 10.746456+0.466967X-0.499249X,+0.125459X5+0.00
scavengin  0408XXo-0.058104X:X5+0.028175XX5-0.000689X,>~ 0.6720  0.3636
g activity  0.001749%,7+0.422505X 4

Total  Yi=11.865947+0.176252X-0.048189X,-0.905513X5-0.00
polyphenol  0323X;X2+0.000083333XX35-0.008850X2X3-0.000646 0.8611  0.0491
content X2+0.002041X,%+0.159253X5>

Tyrosinase Y;=-32.039628+0.858083X;+0.478556Xx+11.090405X5+0.
inhibitory ~~~ 001642X,X>-0.083021X:X5+0.005175X,X5-0.002934X 0.3859  0.8839
effect ~0.006905X,°-0.455379X 5"
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Table 15. Predicted levels of extraction conditions for the maximum
responses of yield, browning color, electron donating ability, nitrite
scavenging activity, total polyphenol content, tyrosinase inhibitory
effect of Flammulina velutipes by the ridge analysis

) Xi X2 X3
Yn R Pr>F Max.  Morphology
(Power/W) (Et-OH%)  (time/min)
Yield 09066 00170 2690 2772 268 740315 Ssgii'f
BOWNNG 0o7e0 09673 0.1 %96 7e2  lee e
color point
Electron i
donatng 08332 00796 5466 9328 739 40.804449 Ssomf
ability
Nitrite
. saddle
scavenging 0.6720  0.3636 4954 46.82 9.72 39.5963 oot
activity
Total
saddle
polyphenol 08611 00491 8745 9930 543 20912670 o
content
Tyrosinase i
inhibtory 03859 08839 12371 50.12 007 462995 Ssomf

effect
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Fig. 32. Contour map and response surface for the effects of
extraction conditions on tyrosinase inhibitory effect of Flammulina
Velutipes by microwave—-assisted extraction. X1 : micriwave
power(Watt), X2 : Et-OH (%)
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MAP(microwave assisted processing) F=9Hol 23t oAl F=

21s AAgtetr] fste] FE29 54A FEN), AL (Yo),

%z Zd¥E 3(Ys), tyrosinase Aall ZH&(Yy), oFEAA 2AZE(Ys), &
M (Ye) 59 contour mapS superimposing sto] HZ FEZ7A HYE
od&38FA Tl Fig. 33949t Zo] WS xHo| FHH Hie HIAE FEE

o] FAEAHMEHT, Yi~Ye) & o= 39S 49 microwave 47.21
~76.05 watt, &S F= 1025 ~ 4356 %, F=A|7F 572 £ (Table 16)

o] Att.
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Microwave power (Watt)

Et-OH (%)

Fig. 33. Superimposing contour map of optimized conditions
for vyield, electron donating ability(EDA), total phenolics,
inhibitory effect of tyrosinase activity, nitrite—scavenging effect
and browning color of Flammulina Velutipes as funtions of
microwave power, ethanol concentration and extraction
time(5.72 min) by microwave—assisted extraction. (a) vyield, (b)
electron donating ability(EDA), (c) total phenolics, (d) inhibitory
effect of tyrosinase activity, (e) nitrite—scavenging effect, (f)
browning color
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Table 16. Optimum extraction conditions for maximum responses of
yield, electron donating ability(EDA), total phenolics, inhibitory effect
of tyrosinase activity, nitrite-scavenging effect and browning color of
Flammulina Velutipes by superimposing their contour maps

] o Range of Optimum
Extraction condition i . o
optimum condition condition
Microwave power(watt) 4721 ~ 76.05 62
Ethanol conc.(%) 10.25 ~ 43.56 43
Extraction time(min) 5.72 57

(2) d&=x=49] 4

ol\

MAE (Microwave assisted extraction)®yoll &3 WolmAle] A A A

9o FE=xA HAHIgE Hsted 24 EA4E9  contour mape
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(Table 17).

Table 17. Comparison between predicted and observed values of
response variable for ethanol extracts from Flammulina Velutipes at
the given condition within the range of optimum condition

Experimental
Response variable Predicted values" P

values?
Yield (%, d.b.) 48.14 ~ 54.22 56.08
Browning color(Abs. at 420nm) 051 ~ 1.06 0.436
Electron donating ability(%) 20.15 ~ 28.66 29.95
Nitrite scavenging activity(%) 1290 ~ 26.66 11.75
Total polyphenol content(mg%) 17.70 ~ 20.55 21.01
Tyrosinase inhibitory effect(%) 33.33 ~ 43.14 34.29

" Calculated using the predicted equations for response variables.
2 Mean values of triplicate determinations.

ZAGAAD o7 1672 T F2xAY FAEHOR 58
A2tg,  ZeslE B, tyrosinase ANAE, ZAE, o}WAYG 27%
49 33 w2 AXeT FERE Table 180 e ATh o5 Aztg of
gafo] HARAL ANaPon 7 adwsd wE BEWrE 5 48

(Y)), AAFA28(Ye), F Z8 9= 33 (Yy), tyrosinase A 3l 2H-8-(Yy), of
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777822 1As] contour map¥® ¥FEEHES ZHZE e WA (Fig

(Table 19, 20. &9 W3tolA 274 (Table 19)°] R*= 082722 10%
o] FFollA frefdoel G HATE ¥ BWEA S Fote dF5HE AYA
(stationary point)& 5249 %&E & o ojuf QWML X1
microwave power 71.92 watt, 9|82 FT% 4353 %, FEA1ZF 813F ]
UH(Table 20). #olHAle] Hapgolzhg 31 F Zelds e wstolA

1A 2 el R*= 7Zh7 0.8870, 0.80332.2 10%9] F3olA frejdo] A=

Ak HFSRHEA S F3to] o S5¥ g2 H(stationary point) 77} 6.65
% B 808 mg%=E dFEHqow olw QRAWMFR] FEEUL AAEFAZ

£ 2 2 Zods dHEFoA Z+zZE microwave power 119.73 watt 2 90.85

»

watt, o2 ¥ 8947 % @ 70.10 %, FE=A7 6.15% % 9500t

(Table 20). %3 F

e
BN
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2
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(]

3 AAZE tyrosinase
A &g gt wrte WA FEEO g 3Ha 2 Re 747t
0.6165, 0.3469, 0.8033°.= wf-¢- wrgkom fejido] A=A et

Al FEEC nYPE &9 WI= Fig. 349 contour mapd Wh
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polyphenol  content, inhibitory effect of tyrosinase  activity,
nitrite-scavenging ability(in pH 1.2) and browning color of Lyophyllum
Ulmarium extracted by MAE under conditions based on central
composite design for response surface analysis.

inhibitory o
) . electron total Nitrite— )
Experimetal yield ] effect of _ browning
) donating polyphenol ) scavenging
number” (%) tyrosinase - color(0.D)
ability(%) content(mg%) =~ ability(%)
activity(%)
1 3312 350 5.81 154 10.41 0.216
2 3903 428 6.48 1.81 13.08 2.209
3 2151 3% 7.15 5.38 22.20 2.800
4 2065 3% 7.65 6.21 2351 3.005
5 3345 245 6.71 9.76 12.86 2.342
6 207 207 7.03 9.90 15.87 2.467
7 2536 536 7.32 7.14 39.72 2.870
8 2064 664 754 12.66 31.21 3.159
9 56.08 408 5.98 241 38.42 2.104
10 5483 433 5.83 2.27 37.51 2.098
11 429 29 2.99 193 1140 0.780
12 RN24 224 724 2.22 36.68 2.988
13 2175 175 4.25 2.07 1347 1.244
14 1023 523 743 1.83 4058 2.531
15 072 272 6.72 2.16 32.29 1.321
16 5471 371 7.51 2.31 4395 2.688

"The number of experimental condition by central composite design.
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Table 19. The second order polynomials for yield, browning color,
electron donating ability, nitrite scavenging activity, total polyphenol
content, tyrosinase inhibitory effect of Lyophyllum Ulmarium extracted
by MAE under different conditions of power, ethanol concentration and

extraction time

Responses Second order polynominals R2 Significance

~13.692308+0.284993X +1.288060X+6.840250X5-0.
Yield 000088333XX,-0.000313X X-0.007775X:%:-0.0019 0.8272 00857
38X 2-0.014001%,°-0.396713%

-5.206113+0.056724X+0.071329%,+0.866572X35-0.0
Browning color 00360XX2-0.003717X;X5-0.004060X:X;-0.00004200 0.6165  0.4844
7X2-0.000136%,>-0.016487)5"

Y= 4.677630-0.022655X-0.050632X;+0.487825X5+0.00
1228X1X2+0.000271X1X35+0.002175X:X5-0.000255%,° 0.8870  0.0285
~0.000254X,”-0.048908X;”

Electron

donating ability

Nitite Y= 1.097476+0.257882X:+0.179623%+1.461266X3+0.00
scavenging 3330X;X-0.019750X:X5-0.032200%:X5-0.001110X,® 0.3469 09214
activity ~0.002928X,°+0.252248X

Total  Yi=  0.355430+0.074387X:+0.069205X,-0.080215%5-0.00
polyphenol 0232X:X2-0.001313XX5-0.000675X:X5-0.000225%,* 0.8033  0.1178
content ~0.000200%,>+0.030695X”

~0.850060+0.050696X+0.095713%,-0.858119X5-0.0
01350X1%2+0.009500XX5+0.014850X:X5+0.00009018 0.3164  0.9444
0X-0.000263%,-0.053600Xs”

Tyrosinase

inhibitory effect
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Table 20. Predicted levels of extraction conditions for the
maximum responses of yield, browning color, electron donating
ability, nitrite scavenging activity, total polyphenol content,
tyrosinase inhibitory effect of Lyophyllum Ulmarium by the ridge

analysis

Yn R Pr>F X1 X2 x3 Max.  Morpholo
(Power/W) (EtOH%) (time/min) ' phology

Yield  0.8272 0.0857  71.92 43.53 8.13 52499957  max.

Browning saddle
0.6165 0.4844  139.11 25.39 6.23 3.219900 )
color point
Electron
saddle

donating 0.8870 0.0285 119.73 89.47 6.15  6.646435

oint
ability P
Nitrite
, saddle
scavenging 0.3469 0.9214  78.75 36.83 9.83 38.63548 int
oin
activity P
Total
saddle
polyphenol 0.8033 0.1178  90.85 70.10 9.50 8.078903 int
oin
content P
Tyrosinase
- saddle
inhibitory 0.3164 0.9444 145.88 41.59 6.76 9.093213 nt
poin

effect
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Fig. 34. Contour map and response surface for the effects of
extraction conditions on vield of Lyophyllum Ulmarium by
microwave-assisted extraction. X1 : microwave power(Watt), X2
Et-OH (%).
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Fig. 35. Contour map and response surface for the effects of
extraction conditions on browning color of Lyophyllum Ulmarium
by microwave-assisted extraction. X1 : microwave power(Watt),
X2 : Et-OH (%)
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Fig. 36. Contour map and response surface for the effects of
extraction conditions on electron donating ability of Lyophyilum
Ulmarium by microwave—assisted extraction. X1 : microwave
power(Watt), X2 : Et-OH (%)
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Fig. 37. Contour map and response surface for the effects of

extraction conditions on nitrite scavenging activity of Lyophyillum

Ulmarium by microwave-assisted extraction.
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Total polyphenol content(mgd)
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Fig. 38. Contour map and response surface for the effects of
extraction conditions on total polyphenol content of Lyophyllum
Ulmarium by microwave—assisted extraction. X1 : microwave
power(Watt), X2 : Et-OH (%)
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MAE(microwave assisted extraction)® ol <3t wtrlet Al F&H=%
S HAslelr] fleted FEEC 54U &), AATALE(Y0), F
Y9 = (Y, tyrosinase A 2E(Yy), ob At 2AZE(Ys), 24
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EAAMFSHESE Yi~Ys) & SR 39S H$ microwave 53.20 ~
64.01 watt, Jd &S T 60.15 ~ 10275 %, FE=A|Zt 7.77%(Table 21)9]
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Fig. 40. Superimposed contour map of optimized conditions
for yield, electron donating ability(EDA), total phenolics,
inhibitory effect of tyrosinase activity, nitrite-scavenging
effect and browning color of Lyophyllum Ulmarium as
funtions of microwave power, ethanol concentration and
extraction  time(7.77 min) by microwave—-assisted
extraction. (a) yield, (b) electron donating ability(EDA), (c)
total phenolics, (d) inhibitory effect of tyrosinase activity, (e)

nitrite-scavenging effect, (f) browning color
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Table 21. Optimum extraction conditions for maximum responses of
yield, electron donating ability(EDA), total phenolics, inhibitory effect of
tyrosinase activity, nitrite-scavenging effect and browning color of
Lyophyllum Ulmarium by superimposing their contour maps

. . Range of . .
Extraction condition ) . Optimum condition
optimum condition

Microwave power(watt) 60.15 ~ 102.75 81
Ethanol conc.(%) 5320 ~ 64.01 64
Extraction time(min) 777 78

o FAA AFAPS ATsAd. olw L] FHOSZ  microwave

power 81 watt, €= % 64 %, FE=AIF T8RELE sl FEHEES

= g RSMIIHOl 8] S8 @b viwstel o3 WSt FAE @
Er 2E Be @S Ui B2E 949 4842 5% & A

Uh &3 tyrosinase A8 2§, A= 8l obAAY AR A AF

W wEY v WAV Wsid ghe dER LTk
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Table 22. Comparison between predicted and observed values of
response variable for ethanol extracts from Lyophyllum Ulmarium at
the given condition within the range of optimum condition

. ) " Experimental
Response variable Predicted values 2)
values
Yield (%, d.b.) 4471~ 50.89 49.54
Browning color(Abs. at 420nm) 2.57~2.71 2.26
Electron donating ability(%) 4.29~5.01 433
Nitrite scavenging activity(%) 26.25~32.85 26.89
Total polyphenol content(mg%) 6.73~7.55 7.65
Tyrosinase inhibitory effect(%) 9.70~13.02 9.50

! Calculated using the predicted equations for response variables.

2 Mean values of triplicate determinations.

. Jo] @ girtg HAe F&F & 9
1) WolHAe & a& %
7}) Microwave power® F=3&

Microwave powerdZ oAl & F Eds dHF AAToAF,

tyrosinase A &S FEste] Table 23] YEFHAT &2 microwave
power 7t wel R HR Ao Frhste A

ol gl = el WatstA] ekgkem water®

ES
d E=A UeEd & EYds 32 powers S7HA RO ket
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EtOH FZ& &l vl &7 yerst
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Table 23. Effect of microwave power in microwave-assisted
extraction(MAE) on vyield, total polyphenol content, electron donating
ability(EDA), inhibitory effect of tyrosinase activity of Flammulina

Velutipes".
Fower Solvent vield Dol;?;aelnol EDA(%) ll?ligfgiine;;id
W (%, db) content(mg%) activity(%)

water 38.46 3.41 28.72 12.54

60 50% EtOH 36.65 3.67 25.03 17.39

99% EtOH 34.94 2.86 26.38 2154

water 44.27 3.50 30.59 18.75

90 50% EtOH 43.79 2.90 28.44 22.55

99% EtOH 40.75 2.56 29.21 32.35

water 46.46 3.17 30.43 35.21

120 50% EtOH 44.08 2.88 27.27 42.78

99% EtOH 41.41 2.51 29.50 56.41

"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent.
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Table 24. Effect of microwave power in microwave-assisted
extraction(MAE) on nitrite-scavenging effect of Flammulina

Velutipes”
Power
W) Solvent pH 1.2 pH 3.0 pH 4.2 pH 6.0
water 35.41 11.89 9.57 8.18
60 50% EtOH 26.12 6.21 5.24 4.15
99% EtOH 28.54 6.95 5.41 438
water 39.54 14.25 11.24 9.27
90 50% EtOH 31.41 7.48 6.97 5.98
99% EtOH 32.54 8.53 7.31 6.21
water 44 51 17.21 13.27 11.25
120 50% EtOH 37.51 9.26 7.96 7.7
99% EtOH 39.47 9.78 8.58 7.51

"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent.

o 108 oldelM= Al WstelA Ftoem 50% EtOH
EtOH F&=&°l H|&| water F+E=lA F&o] ¥ =4 dHetut. F54

e ZAN weh water FE 20 % Felvs §9e 5E 2EA F
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Table 25. Effect of microwave power in microwave-assisted
extraction(MAE) on vyield, total polyphenol content, electron donating
ability(EDA), inhibitory effect of tyrosinase activity of Flammulina

Velutipes"
Time Viel Total Inhibitory' effect of
(min) Solvent . polyphenol  EDA(%) tyrosinase
content(mg%) activity(%)
water 37.51 1.10 22.12 3.51
1 50% EtOH 35.22 2.41 20.96 8.34
99% EtOH 33.51 2.59 21.35 11.12
water 43.70 1.55 24.41 7.54
2 50% EtOH 42.65 3.53 22.78 11.51
99% EtOH 38.08 2.91 23.53 19.31
water 44.27 3.50 30.59 18.75
5 50% EtOH 43.79 2.90 28.44 22.55
99% EtOH 40.75 2.56 29.21 32.35
water 51.12 3.54 31.89 21.42
10 50% EtOH 50.27 3.38 30.57 25.89
99% EtOH 46.08 3.10 31.40 32.27
water 51.98 3.28 32.06 21.45
15 50% EtOH 50.65 3.74 31.49 25.96
99% EtOH 46.55 3.82 31.52 32.31

"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Table 26. Effect of extraction time in microwave-assisted

extraction(MAE) on nitrite—scavenging effect of Flammulina
)

velutipes1
Time
(min) Solvent pH 1.2 pH 3.0 pH 4.2 pH 6.0
water 35.41 8.57 7.21 6.25
1 50% EtOH 27.69 512 4.15 3.65
99% EtOH 28.98 5.84 4.79 4.01
water 36.17 10.76 8.16 7.74
2 50% EtOH 28.54 7.12 5.53 4.92
99% EtOH 31.14 7.32 6.53 525
water 39.54 14.25 11.24 9.27
5 50% EtOH 31.41 7.48 6.97 598
99% EtOH 32.54 8.53 7.31 6.21
water 4214 18.25 13.85 9.95
10 50% EtOH 32.54 9.18 8.68 8.20
99% EtOH 34.38 10.72 8.49 7.35
water 48.51 22.08 17.40 14.35
15 50% EtOH 34.29 12.35 9.35 8.78
99% EtOH 36.78 15.41 9.51 8.21

"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Table 27. Effect of sample to solvent ratio in microwave power in
microwave-assisted extraction(MAE) on vyield, total polyphenol
content, electron donating ability(EDA), inhibitory effect of tyrosinase
activity of Flammulina Velutipes”.

vield Total Inhibitory effect of

Ratio Solvent . db) polyphenol  EDA(%) tyrgs.inase

content(mg%) activity(%)
water 39.67 0.14 23.41 1.58
1110 50% EtOH  38.38 0.36 20.55 3.16
99% EtOH  37.14 0.14 20.23 3.68
water 40.45 1.64 25.88 4.79
135  50% EtOH  39.62 1.42 23.84 5.85
99% EtOH  39.17 0.94 23.41 7.32
water 44.27 3.50 30.59 18.75
125 50% EtOH  43.79 2.90 28.44 22.55
99% EtOH  40.75 2.56 29.21 32.35

"MAE was performed for 90W, 5min on mixture composed of sample (5~20g) and

50mL of solvent.
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Table 28. Effect of sample to solvent ratio in microwave power in mi
crowave-assisted extraction(MAE) on nitrite-scavenging effec of Fla

mmulina Velutipes”

Ratio Solvent pH 1.2 pH 3.0 pH 4.2 pH 6.0
water 5.88 2.64 1.83 1.01

1110 50% EtOH 8.63 4.28 3.08 2.33
99% EtOH 10.43 10.32 8.59 7.47

water 18.27 6.50 5.65 4.63

1:5 50% EtOH 19.45 7.02 6.59 5.27
99% EtOH 19.53 8.44 7.15 6.10

water 39.54 14.25 11.24 9.27

1125  50% EtOH 31.41 7.48 6.97 5.98
99% EtOH 32.54 8.53 7.31 6.21

"MAE was performed for 90W, 5min on mixture composed of sample (5~20g) and 50 mL of

solvent.
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Table 29. Effect of microwave power in microwave-assisted
extraction(MAE) on vyield, total polyphenol content, electron donating

ability(EDA), inhibitory effect of tyrosinase activity of Lyophyllum
)

Ulmarium'’
Power Vield Total Inhibitory. effect of
W) Solvent %, db) polyphenol  EDA(%) tyrqs.mase
content(mg%) activity(%)
water 39.98 1.52 3.74 0.51
60 50% EtOH 39.79 1.82 2.89 0.77
99% EtOH 36.46 1.04 3.34 1.03
water 44.27 2.26 473 0.87
90 50% EtOH 41.70 1.98 4.04 1.1
99% EtOH 37.22 1.26 467 2.12
water 45.41 2.92 525 2.99
120 50% EtOH 41.98 2.32 4.16 3.15
99% EtOH 37.41 1.60 4.83 5.97

"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent.
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Table 30. Effect of microwave power in microwave—assisted

extraction(MAE) on nitrite-savenging effect of Lyophyllum
)

Ulmarium'
Power
W) Solvent pH 1.2 pH 3.0 pH 4.2 pH 6.0
water 1541 13.89 8.54 5.87
60 50% EtOH  66.61 31.16 24.58 23.87
99% EtOH 9541 43.97 36.80 34.91
water 20.74 16.59 10.70 6.91
90 50% EtOH  87.93 39.03 32.05 31.13
99% EtOH  97.50 49.39 40.07 39.86
water 29.05 18.11 14.11 10.91
120 50% EtOH 9544 53.26 42.86 37.58
99% EtOH  99.97 75.39 55.86 49.28

"MAE was performed for 5min on mixture composed of 20g and 50mL of solvent.
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Table 31. Effect of extraction time in microwave-assisted
extraction(MAE) on yield, total polyphenol content, electron donating

ability(EDA), inhibitory effect of tyrosinase activity of Lyophyllum
1)

Ulmarium
T"T“e Solvent Vield pollg::elnol EDA(%) lnhlti;?ginealtfsiCt °
(min) (%, db) content(mg%) activity(%)

water 32.56 0.78 3.58 0.73

1 50% EtOH  32.08 1.32 3.13 0.95

99% EtOH  25.99 1.12 3.20 1.16

water 34.27 1.10 4.01 1.10

2 50% EtOH  36.84 1.70 3.82 1.20

99% EtOH  27.42 1.16 410 1.56

water 44.27 2.26 4.73 0.87

5 50% EtOH 41.71 1.58 4.04 1.1

99% EtOH  37.22 1.26 4.67 2.12

water 44.93 2.20 7.08 1.33

10 50% EtOH  42.08 1.90 6.26 1.61

99% EtOH  40.27 1.34 6.39 2.85

water 45.60 2.26 7.43 1.69

15 50% EtOH 42.55 1.88 6.44 1.07

99% EtOH  41.03 1.48 6.85 2.99

"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Table 32. Effect of extraction time in microwave-assisted

extraction(MAE) on nitrite—scavenging effect of Lyophyllum
1)

Ulmarium
Time

(min) Solvent pH 1.2 pH 3.0 pH 4.2 pH 6.0

water 16.01 5.84 4.85 3.40

1 50% EtOH 79.18 2410 21.80 19.36

99% EtOH 92.89 4410 42.92 42.79

water 20.10 5.10 3.50 2.29

2 50% EtOH 78.07 29.72 28.16 26.99

99% EtOH 93.09 44.39 41.87 41.84

water 20.74 16.59 10.70 6.91

5 50% EtOH 87.93 39.03 32.05 31.13

99% EtOH 97.50 49.39 40.07 39.86

water 21.35 7.35 5.01 4.36

10 50% EtOH 92.26 49.26 41.98 39.46

99% EtOH 98.39 48.79 42.71 39.13

water 14.47 4.04 3.22 1.73

15 50% EtOH 99.41 50.40 44.81 34.82

99% EtOH 99.88 49.87 47.22 45.89

"MAE was performed for 90W on mixture composed of 20g and 50mL of solvent.
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Table 33. Effect of sample to solvent ratio in microwave power in
microwave-assisted extraction(MAE) on vield, total polyphenol
content, electron donating ability(EDA), inhibitory effect of tyrosinase

activity of Lyophyllum Ulmarium"

Vield Total Inhibitory effect of

Ratio Solvent %, db) polyphenol  EDA(%) tyrosinase

content(mg%) activity(%)
water 31.72 0.36 2.59 -
1:10  50% EtOH 31.68 0.29 1.88 -
99% EtOH 31.12 0.21 2.33 -
water 33.48 0.64 3.50 0.79
1:5  50% EtOH 33.29 0.44 2.37 1.17
99% EtOH 32.17 0.31 3.16 1.60
water 44.27 2.26 4.73 0.87
1:25 50% EtOH 41.70 1.58 4,04 1.1
99% EtOH 37.22 1.26 4.67 2.12

"MAE was performed for 90W, 5min on mixture composed of sample (5~20g) and 50mL of
solvent.
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Table 34. Effect of sample to solvent ratio in microwave power in mi

crowave-assisted extraction(MAE) on nitrite—savenging effect of Lyop

hyllum Ulmarium"

Ratio  Solvent pH 1.2 pH 3.0 pH 4.2 pH 6.0
water 9.42 3.05 2.33 1.66
1110 50% EtOH  30.38 12.55 10.05 9.71
99% EtOH  29.49 11.05 9.72 10.78
water 15.78 4.11 2.58 1.22
1:5 50% EtOH 76.11 32.05 26.36 27.15
99% EtOH  67.22 26.31 21.30 22.71
water 20.75 16.59 10.70 6.91
1225 50% EtOH  87.93 39.03 32.05 31.13
99% EtOH  97.50 49.39 40.07 39.86

"MAE was performed for 90W, 5min on mixture composed of sample (5~20g) and 50mL of

solvent.
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Table 35. Quantitive analysis of solvent in Flammulina velutipes.

Solvent
Sample

Methanol Ethanol

Flammulina velutipes

G B ooEIE FE3 WEA FEEe] ARy

d

Table 36. Quantitive analysis of solvent in Lyophyllum Ulmarium.

Solvent
Sample

Methanol Ethanol

Lyophyllum Ulmarium
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Table 37. Free sugar contents of Flammulina velutipes

Unit: %

Fructose  Gucrose Sucrose Maltose

Water ext. 0.53 0.11
50% EtOH ext. 0.80 _ _ 0.13
75% EtOH ext. 0.92 _ _ 0.12
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Table 38. Free sugar contents of Lyphyllum ulmarium
Unit: %

Fructose  Glucose Sucrose Maltose

Water ext. _ _ _ _
50%EtOH ext. 0.03 0.01 _ 0.36
75% EtOH ext. 0.02 0.02 _ 0.33
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Fig. 48. Yield of Flammulina velutipes according to amount of the
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Table 39. Combination ratio for preparation of Flammulina
velutipes beverage

Unit © g(%)
Content of Flammulina velutipes extract
Ingredient
0.3% 0.5% 0.7% 1.0%
Aammuiina velutipes ext.” 16.70 27.80 38.90 55.60
SugarZ) 6.00 6.00 6.00 6.00
Citric acid 0.10 0.15 0.25 0.35
Distilled water 77.30 66.20 55.10 38.40
sum.? 100.00 100.00 100.00 100.00
pH 3.32 3.44 3.31 3.36

V' Flammulina velutipes ext.: 1.8, brix
% Sucrose : High fructose(80, brix) = 1 : 1
¥ Sum of amount of all ingredients except citric acid
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Table 40. Combination ratio for preparation of Flammulina
velutipes beverage with apple conc.

Unit © g(%)
Content of Apple concentration

Ingredinet
0.3% 0.5% 0.7% 0.9%
Flammulina velutipes ext.” 25.00 25.00 25.00 25.00
Apple conc.? 0.44 0.74 1.03 1.32
Sugar 6.00 6.00 6.00 6.00
Citric acid 0.10 0.10 0.10 0.10
Distilled water 68.56 68.26 67.97 67.68
sum® 100.00 100.00 100.00 100.00
pH 3.68 3.62 3.65 3.63

"V Flammulina velutipes ext. : 2.0, brix
2 Apple conc. : 68, brix
¥ Sum of amount of all ingredients except citric acid
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Table 41. Combination ratio for preparation of Flammulina velutipes

beverage with danggui extracts.

Unit © g(%)
Content of Danggui extract

Ingredient
0.05% 0.10% 0.15% 0.20%
Flammulina velutipes ext.” 25.00 25.00 25.00 25.00
Apple conc.? 1.03 1.03 1.03 1.03
Danggui ext’ 1.67 3.33 5.00 6.70
Sugar 6.00 6.00 6.00 6.00
Citric acid 0.10 0.10 0.10 0.10
Distilled water 66.30 64.64 62.97 61.27
sum® 100.00 100.00 100.00 100.00
pH 3.79 3.83 3.83 3.86

V' Flammulina velutipes ext : 2.0, brix

2 Apple conc. : 68, brix

¥ Daggui ext. : 3.0, brix

# Sum of amount of all ingredients except citric acid
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Table 42. Final combination ratio for Flammulina velutipes beverage

of type A
Unit © (%)
Ingredient Content
Flammulina velutipes ext' 25.00
Apple conc.? 1.03
Danggui ext.” 5.00
Sucrose : High fructose (1 : 1) 6.00
Citric acid 0.10
Distilled water 62.97
Sum” 100.00
V' Flammulina velutipes ext : 2.0. brix
2 Apple conc. : 68, brix
¥ Daggui ext. : 3.0, brix
Y Sum of amount of all ingredients except citric acid
2) dEZFA D gFF5=, 2T 44 855 24
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Table 43. Combination ratio for preparation of Flammulina

velutipes beverage with lemon ext.
Unit : g(%)

Content of Lemon extract

Ingredient
0.1% 0.2% 0.3% 0.4%

Flammulina velutipes ext.”  25.00 25.00 25.00 25.00

Lemon ext.” 1.35 2.70 4.05 5.40
Sugar 6.00 6.00 6.00 6.00
Citric acid 0.05 0.05 0.05 0.05
Distilled water 67.65 66.30 64.95 63.60
sum® 100.0 100.0 100.0 100.0

pH 3.28 3.11 3.01 2.99

V" Aammulina velutipes ext. = 2.0, brix
2 Lemon ext. : 7.4. brix
¥ Sum of amount of all ingredients except citric acid
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Table 44. Combination ratio for preparation of Flammulina velutipes

beverage with daechu ext.

Unit : g(%)
Content of Daechu extract
Ingredient

0.2% 0.4% 0.6% 0.8%

Flammulina velutipes ext.” 25.00 25.00 25.00 25.00
Lemon ext?” 4.05 4.05 4.05 4.05
Daechu ext.” 5.56 11.12 16.68 22.24
Sugar 6.00 6.00 6.00 6.00
Citric acid 0.05 0.05 0.05 0.05
Distilled water 59.39 53.83 48.27 4271
Ssum® 100.00 100.00 100.00 100.00

pH 3.20 3.28 3.33 3.38

" Flammuiina velutipes ext. : 2.0. brix
2 Lemon ext. : 7.4, brix

¥ Daechu ext. : 3.6, brix
4 Sum of amount of all ingredients except citric acid
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Table 45. Combination ratio for preparation of Flammulina velutipes

beverage with maesil flavor

Unit : g(%)
Content of Maesil flavor
Ingredient

0.1% 0.15% 0.2% 0.25%

Aammulina velutipes ext.” 25.00 25.00 25.00 25.00
Lemon ext.? 4.05 4.05 4.05 40.5
Daechu ext.” 16.68 16.68 16.68 16.68
Sugar 6.00 6.00 6.00 6.00
Maesil flavor” 0.10 0.15 0.20 0.25
Citric acid 0.05 0.05 0.05 0.05
Distilled water 48.17 48.12 48,07 48.02
Sum® 100.00 100.00 100.00 100.00

pH 3.25 3.28 3.29 3.29

V' Aammuling veluties ext. = 2.0, brix

? Lemon ext. : 7.4, brix
Daechu ext. : 3.6, brix

Artificial flavor

)
)
3)
4)

)

5)

Sum of amount of all ingredients except citric acid
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Table 46. Final combination ratio for Flammulina velutipes beverages

of type B
Unit © (%)
Ingredient Content
Flammulina velutipes ext.” 25.00
Lemon ext.? 3.75
Daechu ext.” 24.99
Sucrose : High fructose (1 : 1) 6.00
Maesil flavor? 0.25
Citric acid 0.05
Distilled water 65.01
sum® 100.00
V' Aammulina velutipes ext. = 2.0, brix
2 Lemon ext. : 7.4, brix
9 Daechu ext. : 3.6, brix
" Artificial flavor
% Sum of amount of all ingredients except citric acid
2) SbEAl 9 BAR] A 85 AR
b ke 44 g8 FE 44
Wb Mol Ad S8 BEE 3] 98 AAE FE2Ad we *
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Table 47. Combination ratio for preparation of Lyophyllum
ulmarium beverage

Unit : g(%)
Content of Lyophyllum ulmarium extract
Ingredient
0.3% 0.5% 0.7% 1.0%
Lyophyilum ulmarium ext.” 18.75 31.25 43.75 62.50
Sugar’ 6.00 6.00 6.00 6.00
Citric acid 0.10 0.15 0.20 0.25
Distilled water 75.25 62.75 50.25 315
sum® 100.00 100.00 100.00 100.00
pH 3.20 3.33 3.21 344

i Lyophyllum ulmarium ext: 1.6, brix
2 Sucrose : High fructose(80. brix) =1 : 1
¥ Sum of amount of all ingredients except citric acid
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Table 48. Combination ratio for preparation of Lyophyllum ulmarium
beverage with apple conc.

Unit : g(%)
Content of Apple concentration

Ingredient
0.3% 0.5% 0.7% 0.9%
Lyoohvilum ulmarium ext. 43.75 43.75 43.75 43.75
Apple conc.? 0.44 0.74 1.03 1.32
Sugar 6.00 6.00 6.00 6.00
Citric acid 0.15 0.15 0.15 0.15
Distilled water 49.81 49.51 49.22 48.93
sum® 100.00 100.00 100.00 100.00
pH 3.63 3.62 3.58 3.59

Y Lyoohyilum ulmerium ext. = 1.6, brix
2 Apple conc. : 68, brix
9 Sum of amount of all ingredients except citric acid
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Table 49. Combination ratio for preparation of Lyophyllum ulmarium

beverage with danggui extracts.
Unit : g(%)

Content of Danggui extract

Ingredient

0.05% 0.10% 0.15% 0.20%

Lyophvilum ulmarium ext.” 43.75 43.75 43.75 43.75
Apple conc.” 1.03 1.03 1.03 1.03
Danggui ext? 417 8.34 12.51 16.68
Sugar 6.00 6.00 6.00 6.00

Citric acid 0.15 0.15 0.15 0.15
Distilled water 45.05 40.88 36.71 32.54
Sum® 100.00 100.00 100.00 100.00

pH 3.75 3.80 3.85 3.89

V" Lyoptyllum umarium ext : 1.6, brix

)
) Apple conc. : 68, brix
9 Daggui ext. : 1.2, brix
# sum of amount of all ingredients except citric acid

2)
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Table 50. Final combination ratio for Lyophyllum -ulmarium
beverages of type A

Unit © (%)

Ingredient Content
Lyophyllum ulmarium ext” 43.75
Apple conc.? 1.03

Danggui ext’ 1251
Sucrose : High fructose (1 : 1) 6.00
Citric acid 0.15

Distilled water 36.71

sum® 100.00

V' Lyophylum ulmarium ext : 1.6, brix
2 Apple conc. : 68, brix
9 Daggui ext. : 1.2, brix

Y Sum of amount of all ingredients except citric acid
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Table 51. Combination ratio for preparation of Lyophyllum ulmarium

beverage with lemon extracts.

Unit = g(%)
Content of Lemon extract

Ingredient
0.1% 0.2% 0.3% 0.4%
Lyoohvllum ulmarium ext.” 43.75 43.75 43.75 43.75
Lemon ext? 1.35 2.70 4.05 5.40
Sugar 6.00 6.00 6.00 6.00
Citric acid 0.05 0.05 0.05 0.05
Distilled water 48.90 47.55 46.20 4485
Sum 100.00 100.00 100.00 100.0
pH 3.86 3.45 3.32 3.15

V" Lyophyllum urmerium ext. 1.6, brix
? Lemon ext. : 7.4, brix
% Sum of amount of all ingredients except citric acid
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Table 52. Combination ratio for preparation of Lyophyllum
ulmarium beverage with daechu extracts.

Unit © g(%)
Content of Daechu extract
Ingredient

0.2% 0.4% 0.6% 0.8%

Lyophyilum umearium ext.” 43.75 43.75 43.75 43.75
Lemon ext.? 4.05 4.05 4.05 4.05
Daechu ext.” 6.90 13.80 20.70 27.60
Sugar 6.00 6.00 6.00 6.00
Citric acid 0.05 0.05 0.05 0.05
Distilled water 39.30 32.40 25.50 18.60
Sum? 100.00 100.00 100.00 100.00

pH 3.55 3.59 3.61 3.65

K Lyoohyllum uimarium ext. : 1.6, brix
2 Lemon ext. : 7.4, brix
Daechu ext. : 2.9, brix

? Sum of amount of all ingredients except citric acid

3)
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Table 53. Combination ratio for preparation of Lyophyllum ulmarium
beverage with maesil flavor

Unit = g(%)
Content of Maesil flavor
Ingredient

0.10% 0.15% 0.20% 0.25%

Lyootyllum ulmarium ext.” 43.75 43.75 43.75 43.75
Lemon ext? 4.05 4.05 4.05 4.05
Daechu ext.” 13.80 13.80 13.80 13.80
Sugar 6.00 6.00 6.00 6.00
Maesil flavor” 0.10 0.15 0.20 0.25
Citric acid 0.05 0.05 0.05 0.05
Distilled water 32.30 32.25 32.20 32.15
Sum 100.00 100.00 100.00 100.00

pH 3.58 3.55 3.57 3.56

V' Lyoohwilum umearium ext. = 1.6, brix

Lemon ext. : 7.4, brix
Daechu ext. : 2.9, brix
Artificial flavor

N

)
)
3)
4)

)

® Sum of amount of all ingredients except citric acid
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Talble 54. inal combination ratio for Lyophyllum ulmarium
beverages of type B
Unit : (%)
Ingredient Content
Lyophyllum ulmarium ext." 43.75
Lemon ext.? 4.05
Daechu ext” 13.80
Sucrose : High fructose (1 : 1) 6.00
Maesil flavor” 0.20
Citric acid 0.05
Distiiled water 32.20
sum” 100.00

V' Lyopyilum umerium ext. : 1.6, Dbrix
? Lemon ext. : 7.4, brix
¥ Daechu ext. : 2.9, brix

Y Artificial flavor

¥ Sum of amount of all ingredients except citric acid
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Hot water extraction

v

Filtration

v

Mixing

v

Re-Filtration

v

Sterilization

v

Bottling

v

Cooling

v

Product

: Add water to mushroom extract, medicinal plant

and fruits extract at 100 C for 30min

: Filtrate with bag filter

: Mixed Lyphyllum ulmarium ext.

with additional materials

: Filtrate with cartridge filter

:Sterilize at 90 C for 1min

Fig. 51. Process of preparation for Flammulina velutipes and

Lyphyllum ulmarium beverage
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Table 55. Combination ratio for preparation of Flammulina velutipes granulated tea

unit © %

Ingredient Content

Flammulina velutipes” 10.0

Dehydrate glucose 87.5

Apple conc. 04

Type A Danggui ext. 0.6
Citric acid 1.0

Vitamin C 0.5

Sum 100.0

Flammulina velutipes” 10.0

Dehydrate glucose 88.0

Lemon ext. 0.3

Type B Daechu ext. 0.7
Ctric acid 0.7

Vitamin C 0.3

Sum 100.0

Y Flammulina velutipes ext.: 60.0, Brix

Table 56. Combination ratio for preparation of Lyophyllum ulmarium
granulated tea
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Ingredient Content

Lyphyllum ulmarium” 10.0

Dehydrate glucose 87.5

Apple conc. 0.3

Type A Danggui ext. 0.9
Citric acid 0.9

Vitamin C 0.4

Sum 100.0

Lyphyllum ulmarium” 10.0

Dehydrate glucose 88.0

Lemon ext. 0.3

Type B Daechu ext. 0.8
Ctric acid 0.6

Vitamin C 0.3

Sum 100.0

Y Lyphyllum ulmarium ext.: 60.0, Brix
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Hot water extraction| Add water to mushroom extract, medicinal plant
and fruits extract at 100°C for 30min
Filtration : Filtrate with bag filter
Re-Filtration : Filtrate with cartridge filter
v
Concentration : Concentrate beverage (60.0 “Brix)
v
Mixing : Mixed with glucose(88 %)
Granulation : Granulate (15 ~20 mesh)
Drying : Dry(8% moisture) under 40 C
Packing
Product

Fig. 52. Preparation process for granulated teas of Flammulina

velutipes or Lyophyllum ulmarium
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Rehydration ratio= YAz A5t & A=

= i
Z7] FA9 vlzA &tk 500 m Hlo]AZ AFE 100T FH5o

1083 k3] A AA 287 drainA S A5t Fo] A|g T A9
AzxAIRe] 2759 v2A 8, 20 Frge AT A
T AR FACAAM Ax § FAE WM #FS g T FTFELE S48
of FAlSAT

L WEel ok o] F vty wAe] A% V& ME
1) W% AA83AoZA blanching®] A& x7 gx™®
7H A 89 HA T
Mzl 47 WMEE HAEE 7] Y3 FY T A A5 9

blanchingS 3} t}.

1} Blanching &7

422 (TU-20D, TECHNE)E At&3ste] gHFstol A blanching &
Stttk ol ol HAIFE peroxidase®] €A 54& 7122 o] HA
= 40, 50, 60, 70C= 1, 2, 3, 4, 5&%r=, T7Fe HAlS 50, 60, 70, 80,

NC=E 1, 2, 3, 4, 537+ blanching s} ATt
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t}) Crude peroxidase?] %19

Flurkey ¢} Jene H'H-S W] ZA|8tth Blanch3d F+ #AlS

i potassium phosphate buffer(560 mM, pH 553 4]

J\

Homogenizer® 20%37F w23}t 4TCoA  LAE2(12000xg, 30
min), A% 9S JFX(Whatman paper No. 1)Z oJ3}3}e] crude

peroxidaseE FE3IF o™ -40TColA W&s RA3FAH

2}) Crude peroxidase &4 =4

Gorin® Heidema®] WS ®wygsr Z=H3t9ct.  Potassium
phosphate buffer(50 mM, pH 5.5), crude peroxidase, 3 mM H-O,
19 p-Phenylendiaming &3%3}4] 475 molA 3 =5 A3 &4
(T2 E84)s Tk

=

"}) Thermal parameter

el Al @2 crude peroxidase®] &/4dE& F3] decimal reduction
time(D), thermal resistance constant(z), rate constant(k), activation

energy(Ea)s < <o} H Sk

2) o] % wytg BAle] Y dd
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Table 1. Thawing conditions

Methods Conditions

Microwave Thawubg | capacity 700 W, frequency 2450 MHz,

Water thawing 20C water

25C (room temperature), relative humidity

Air thawing
35 * 5%,

: e A Ase] AF e F A5 A
drip loss(%)=—— = T ==

H}) Texture analyzers ©| &3t 539 4
Texture analyzer(TA-X2, Stable microsystem)& ©]-8 3},

A zadE IS 2AR9TP. 271 samples FAHE 2T} R3]
= stoler] #ol= 10 g, Wb 15 g4 A Fsto] AEskad
U AA= Azl Aol diste] 33 wkE AAlgto] HEAE A

7)
3 2o

o

stk Texture analyzer?] A3 =72
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Table 2. Operating conditions of texture alalyzer
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FTAZ AFEE FEEY (1-3)(1-4) beta—d-glucan &S ZolxH 7]
a4 McCleary2}  Glennie-Holmes®] &A% HWWHS o83
(1-3)(1-4) beta-d-glucan assay kit(Megazyme Pty. Ltd., Australia)<
Abgstg o, oo #2833 GOPOD (glucose oxidase / peroxidase

reagent)s= Glucose assay kit(Megazyme Pty. Ltd., Australia)S A&
skt

5) Reagent blank®} glucose standard

Reagent blank —————- =TT 0.1 ml
Sodium acetate buffer 0.1 ml

(50 mM pH 4.0)

GOPOD reagent 3.0 ml

Glucose standard ———- Sodium acetate buffer 0.1 ml
(50 mM pH 4.0)

GOPOD reagent 0.1 ml

Zb W Ale] W& blanching =& A&sto] Al 79 SA #ol H
, WH7be B AlS 0T oA 5%3F blanchingdle] -40

C
TR 243 & 274 A%7|2 AZ%X3s32 hammer mill& 3 3ste] £
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3. Levels of independent

Table

extraction

Levels

Independent variables

Xi

90
60

30 50 70
40 50

30

10
20

Ethanol (mf)

Xy

Extraction temp.(TC)

Xo

1

Extraction time (hr)

X3
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Aol ©HlolElE SAS programl. 2 E74 Ha]®Vse 7w
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3) BT Azel o olgke FFe vlH Aas 4 24

ANEAS Axs7] A& WA 22 30 g& FF HY o2 FF
3le] ethanol solubledt Z} W Al9] extractE AL, o] AL HHf H33}o]
ANEAZ ALE35F1Th Ethanol solubledt core materialg v Al 7 <35}
7] $1%F wall material 2+ dextrin type I(from corn, SIGMA)S A&
St 3L core material® FEI} 8L Eola, e ALEHE
dextrin®] %<& Zo]7] 98 sodium lauryl sulfate® A% A71°08 %

N E A

)
ol

7] 913k @9¢l WMEEA dextrin® %3 spray
dryer?] inlet temperatures 1433, WS W= wall material <F
of ¥ core material®] Yoz MAZ A, FA I A ALl
ols] Hee a3t Inlet temperaturei= 3|24 <l ethanole] F4
3] 3 stE AS Hr] 8] EHbH o2 spray dryingell AMEEE &%
Hop vre 80THH 120T7HA 2] 5etAlolA 28-S Wast4]al, dextrin
o] 42 16 gi¥¥H 80 g7tA 9 s@AR FREEFAT SHST 200 m <
3

ge &8t

j=

I

&% extract 200 mE 4L, 7] dextrin¥} SLS
C

T2 gz 3 B8 A3 A8 &5 $55 10 nl/minsith.
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encapsulation salution cormprassed air

water — ethanol
P

S v
(i extract j)
ethanol
« Sy

dextrin I

extract
ethanol

exhaust

cyclone

Fig. 1. Schematic diagram for the formation of
microencapsulation powder using spray drying

technique.“m

Table 4. Levels of independent variables for spray drying

) Levels
X; Independent variables
-2 -1 0 1 2
X; Dextrin (g) 16 32 48 64 80

X Inlet temperature(TC) 80 90 100 110 120
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THTo Zol HPLCE 43t wall material <toll >3 %  core
material®] $& A3t Core material®d] $& FAH}= HEZE
HPLC 4 Z3 dojA peake #AA WAHOA dextrin, ethanol,
sodium lauryl sulfate®] peak W& S A<gt 33} =53 extractTHe]
peak WA S Bluste] & BEUO extract s=E ALtstAn o=
o]
ol

[r

574 EZT encapsulation®o] o}, Zt7Zte] ME S &4 4 §le

)

Lo 93t MAFEE AA Y encapsulation®] 7] wjEo] AHE 27
o] HFo]l EVlsselr] wolth wAM HAestd B¢ 3
mlell &3AIA 50 w0 injectiondtH L, 33 wHE ZAsltr. HPLC

A Z2AL 7% 1.0 md/min, column(phenomenex, cl8) =% 50T

Me

A g2 210 nm ©] 2, mobile phase & HPLC 4 ZZAd wA #

21 2] 3+ waterE A3t}
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o] W "wrlet Bl Al A peroxidased AL 2%
Hh=th B AFo s 5U pHolA =o] % wkrbe

o] ko] g wkE& ZAS A7 v 2

120 ¢
100 f
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>
S|
(@]
(4]
040
=
S o |
<2
o
0 ——o—
0 20 40 60 80 100
20,
Temperature(C)

Fig. 2. Effect of temperature on
the activity of peroxidase from

flammulina velutipes.
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©
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0 -
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Tenperature( C)

Fig. 3. Effect of temperature on
the activity of peroxidase from

Hgpsizygus marmoreus.
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50mM potassium phosphate buffer(pH 5.5)91 4 p-Phenylendiamin<
7Nd2 SRS o o] B Wby WAle] 2ko] mE Peroxidase &

4 10715C WA Ao 24s B 7 WA A BT 4730
TollA 75%0]3¢] 2745 et

ol WAle] A9 4Te] & &
Rom 50CAA= oF 3% &S Yel= Ao= Ho}
Aatrkal ddE oA 30TCo]F9] 2% FrlolA= E4agdHo] 259
S7kell mls 5435 HATS & F dom 50Tel el g v
FagAol UedS & 5 Ak

E7be WAl Aol ol mAle] BAgA I vz Aart B
oAtk S 4Tl ol WAl T4 KW
Bhlom 40TColdol e a4 44 Hae o
om 70Col ol d e a484dS el

2 Zhe d =843t

Peroxidase®] <ol th3t A FAS dolH 7] fsiA o] AL ¢
Ass 2AR 36 40 ~ 50TCGCNA), 60C ZHzHelA 3, 5, 10, 15,
20min 74 3te] A& peroxidase?] A Fig. 49 2o wrid B
Aol 9 60790T(0TEA)NA o] wAle] H-5-9 Fdg Azt

A-&3to] Fig. 58t 22 23S AUt

o
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>
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=
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©
© 40t
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S %0r
L et
O N
0 5 10 15 20 25
Time(min)
Fig. 4. Thermal inactivation of

Flammulina velutipes Peroxidase at
various temperature in 50mM potassium
phosphate buffer(pH 5.5).

357

——060C
—&—70C
—4—80C
—*%—90C

Relative activity(%)
> o 8 B 8

5 |
0 X X
D 10 20 30
_5 L
Time (min)
Fig. 5. Thermal inactivation of

Hgpsizygus marmoreus Peroxidase at
various temperature in 50mM potassium
phosphate buffer(pH 5.5).
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Table 5. Thermal inactivation datas of crude peroxidase from Flammulina

velutipes and Hgpsizygus marmoreus

Inactivati ,
Mushroom [ O Demin) | 2(C) |K(seex107)| E. (kJ/kg)
temp(C)
50 14.60 2.63
Flammulina 60 6.70 15,55 5.73 1.36x10°
velutipes 65 1.92 19.98
70 0.77 49.89
60 35.85 1.07
H 1 70 16.89 2.27 -
SPSIZysUs 14.89 1.53x10°
marmoreus 75 2.51 15.27
80 1.56 24.52
85 1.05 36.35
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— Ml Hgpsizygus
marmoreus

— A Flammulina

velutipes

05 L

Temperature(T)

Fig. 6. Thermal destruction curves for

inactivation of Flammulina velutipes and

Hgpsizygus marmoreus

ol L wrbet MAle 4 AYY FHORVE DI} WSEEYS

K#k(Table 1)< T3tal o]& D#el == B3t 93 Fig. 5ol EA
sfol olziE zge TaAUY Wel MAML 1555C, WY HAL

14.89C At
a8 b BE S

olZHH ol W witH

Arrhenious plote. 2 YEF | (Fig. 6)

wAe] st UA(E)= 24

1.36x10°k]/kg, 1.53x10°k]J/kg ©|t}.(Table 1)
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-05
0.0027 0. 0.0029 0.003 0.0031 0.0032
15 -
— W Rammulina
25 velutipes
— @ Hoypsizygus
35 aroreus
« 45
<
5.5
-6.5
=75
-85
95 -
1/T(K)

Fig. 7. Arrhenius equation of peroxidase
inactivation in Flammulina velutipes and

Hgpsizygus marmoreus
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9l A3E g o w o] gl whrky B A9 blanching =315 29
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Table 6. Experiment datas for determination of the optimum blanching

condition from Flammulina velutipes and Hgpsizygus marmoreus.

I tivati
Mushroom | 1vao on D(min) | Z('C) |K(sec 'x107| E, (kJ/kg)
temp(C)
. 65 1.9197 1.99
Flammulina -0 L6807 228 )
velutipes i 32.258 ' 6.88>10
75 0.934 411
oo 70 4.06 0.94
armorcus o 21 25.51 1.53 4
marmor _
aroreus 80 1.56 9 45 9.24x10
85 1.05 3.65
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o web GEDEIE ol 8@ Wb wAlY Axb guzs AL
ol S w#H T A9 40T 12 hr o] 7Fg AGsitt & 4 & Aotk &
o] g wksl ApE2 60Tl A2l o] WAL g water/g solidete €8
HaZ ARSI 70CAA Al dukdl FA2 Eoles & 5 At
Table 7. Change of browing degree on the dried Flammulina
velutipes & Lyphyllum cinerascens
Drying Temp o . . o
method |The kind of sample 40T 50T 60C 70C
. . Flammulina 5 555 | 5103 | 0,120 | 0.208
Hot air Browning velutipes
drying degree Lyphvllum ' 955 | 998 | 0.302 | 0323
cinerascens
. Flammulina 5 5001 5 197 | 0165 | 0.172
Vaccum | Browning velutipes
drying degree Lyphvllum ' 70 | 0 997 | 0.313 | 0.342
cinerascens
Temp o o 9 g
The kind of sample 15¢C 20C 25C 30T
Freeze . Flammulina 1) 04 | 0 072 | 0.089 | 0.107
drying Browning velutipes
degree Lyphyllum 1 o151 0.170 | 0.134 | 0.107
cinerascens
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70C
2.836
1.229
30T

25T

60T
1.929 | 2.400

1.424

1.730 | 2.428 | 2.896

50T
1.555
20T

4.552 | 4.509 | 4.747 | 5.963
5.069 | 5.288 | 5.703 | 5.271

3.694 | 3.318 | 4.271

40T
2.376 | 2.601
2.576
1.040
15C

velutipes
Lyphyllum
velutipes
Lyphyllum
Temp
velutipes
Lyphyllum

Temp
The kind of sample

Flammulina
cinerascens
Flammulina
cinerascens
Flammulina
cinerascens

Rehydration
(g water/g solid)
(g water/g solid)

Rehydration
(g water/g solid)

method |The kind of sample
Vaccum | Rehydration

Drying
Hot air
drying
drying
Freeze
drying

Table 8. Change of rehydration on the dried Flammulina

velutipes & Lyphyllum cinerascens
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blanching®l 2]3+ peroxidase?] &S LolH gt &% W4T ~95
Tl w& o] & wt7lg WAlQ] crude peroxidase €4 542 Fig.
12¥  Zt}. 50 mM potassium phosphate buffer(pH 5.5)9 A
p-Phenylendiaming 7] 4= A& w o] °l whrier wAle] 2%
of w2 peroxidase A2 10T ~15C WelA FHuo &4& B2

MAlel A mE 4-30TolA 5%l BA4S verweh Wol

A& AR Wolw Al 40, 50, 60, 70
Al 50, 60, 70, 80, 90C= 1, 2, 3,

H
4, 5%-7F blanching 391 2™ o]u} crude peroxidase®d Atz A

rlo

Fig. 13, 14¢} 2t}

- 235 -



—a— Flammulina velutipes
—&— [ yophyllum ulmarium

100 r

P (@] ]
o (@] o
T T T

Relative activity(%)
N
(@)

0 10 20 30 40 50 60 70 80 90 100
Temperature(C)

Fig. 12. Effect of temperature on the activity of
crude peroxidase from f/lammulina velutipes and

Lyophyllum ulmarium
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Fig. 13. Thermal inactivation of crude peroxidase from Flammulina
velutipes at various temperature by hot-water blanching
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Fig. 14. Thermal inactivation of crude peroxidase from Lyophyllum

ulmarium at various temperature by hot-water blanching
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Peroxidase®] €4 543+ th=7 A4 blanching] o] WAle] 7
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2) Blanching®ll 2] 3 peroxidase] & A &4
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70Col el A 1, w7k WA 80Tl A 53, 90T 17 o]/delH
blanching©] ¢4 ¥t}
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7.97 kcal/mol, 6.55 kcal/mol®]t}.

- 238 -



16 1

¢ Flammulina velutipes
14 - R? = 0.91 ® Lyophyllum ulmarium
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Fig. 15. Thermal destruction curves for inactivation of Flammulina

velutipes and Lyophyllum ulmarium

¢ Flammulina velutipes
2 _ .
R®=0.97 B Lyophyllum ulmarium

R? = 0.91

—2.5
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1/ T (K"

Fig. 16. Arrhenius equation of peroxidase inactivation in Flammulina

velutipes and Lyophyllum ulmarium
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Table 9. Thermal inactivation data of peroxidase from
Flammulina velutipes and Lyophyllum ulmarium by

water blanching

I tivati )
Mushroom | 1vac on Dmin) V| AC) ? | kmin™) ¥ |E, (al/mol) ¥
temp(C)
40 8.30 0.28
59.75
) 50 4.98 0.46
Flammulina 7.97
) 60 3.84 0.60
velutipes
I vonhvll 50 14.21 7411 0.16
FOPRYIUI g 12.10 ' 0.19
ulmarium 6.55
70 6.50 0.35
80 5.94 0.38

1) : Decimal reduction time
2) : Thermal resistance constant
3) : Rate constant

4) : Activation energy

i

whoel L mobe wAle WE A

obeh ol 2zte] WE Lwe stel 5Cel m@ahi Azbw WE
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Table 10. The time to reach -5T
and the freezing rate of Flammulina

velutipes

Feezing | Time to reach Freezing rate
temp -5C (S) (cm/h)
-15T 22560 0.32
-20T 14520 0.50
-35T 9660 0.75

Table 11. The time to reach -5T
and the freezing rate of Lyophyllum

ulmarium
Freezing | Time to reach Freezing rate
temp. -5C(s) (cm/h)
-15T 21840 0.33
-20C 18480 0.39
-35T 12480 0.58

2) W% %7} dripel Pl WXL 9P

Yot dip ol mA= &S =AMkl Fig. 17, Fig. 18%
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drip loss(%)
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freezing temperature
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Fig. 17. Effect of freezing Fig. 18. Effect of freezing
rate on the drip loss of rate on the drip loss of

Flammulina velutipes Lyophyllum ulmarium

Fig. 19, 20°14 a5 gel wet dripe] el @eabds & + Uk

microwave ovens AF&3F &% Wr2lo] 7bA e ko] drips A A

Rtk BARAE AT A3 sEwEel wet dip Fol fe)8 A7

3

32 D
31 r 1
30 ~1B
®
R 29 ]
% 25 | ol
2 g
g o £,
26
25 0
24 — — M w A
M W A
thawing method l‘rBNrngH‘rUd
Fig. 19. Effect of thawing method Fig. 20. Effect of thawing
on the drip loss of Flammulina method on the drip loss of

velutipes Lyophyllum ulmarium
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Table 12. Crude beta glucan from Flammulina velutipes

(unit : g)

Flammulina velutipes

distilled water

(1 20)

(1 35)

Flammulina velutipes

distilled water

Flammulina velutipes

distilled water

(1

50)

40T

40T

40T

1 2 3

1 2 3

1 2 3

3

2 hr
4 hr
6 hr
8 hr
10hr
12hr

0.02 0.03 0.0$ 0.03 0.03 0.0

0.03 0.03 0.04 0.03 0.04 0.0
0.040.050.041 0.04 0.04 0.0
0.050.04 0.0$ 0.05 0.05 0.0
0.050.05 0.0 0.05 0.05 0.0

0.06 0.05 0.0¢ 0.04 0.05 0.0

0.050.04 0.0:

0.040.04 0.0

0.04 0.05 0.0:

0.070.050.0

0.04 0.06 0.0

0.06 0.06 0.0:

0.02 0.02 0.0£ 0.04 0.04 0.0

0.03 0.03 0.0$ 0.05 0.05 0.0
0.02 0.03 0.0$ 0.04 0.04 0.0
F 0.03 0.04 0.04 0.04 0.04 0.0:
0.050.04 0.0t 0.050.05 0.0

0.040.04 0.0$ 0.06 0.05 0.0

0.03 0.03 0.0

0.040.04 0.0:

0.030.04 0.0

0.050.04 0.0:

0.02 0.05 0.0:

0.050.05 0.0:

0.050.050.0:

0.030.04 0.0:

0.030.04 0.0

0.02 0.04 0.0:

0.030.04 0.0:

0.040.04 0.0

0.030.03 0.0

0.040.04 0.0:

0.06 0.06 0.0:

0.050.06 0.0:

0.040.04 0.0:

0.040.04 0.0

0.040.030.03

0.050.040.05

0.030.040.04

0.040.050.04

0.040.06 0.05

0.06 0.05 0.06

Table 13. Crude beta glucan from Lyophyllum

ulmarium

(unit : g)

Lyophyllum ulmarium :

distilled water

Lyophyllum ulmarium :

distilled water

Lyophyllum ulmarium

distilled water

(1 20)

(1 35)

(1 50)

40T

40T

40T

1 2 3

1 2 3

1 2 3

2 hr
4 hr
6 hr
8 hr
10hr
12hr

0.040.03 0.041 0.04 0.04 0.0

0.040.040.0410.04 0.04 0.0
0.04 0.05 0.0$ 0.05 0.05 0.0
0.050.05 0.04 0.06 0.06 0.0
0.050.05 0.0$ 0.06 0.05 0.0

0.050.05 0.0$ 0.04 0.04 0.0

0.050.05 0.0

0.050.05 0.0

0.04 0.05 0.0:

0.050.06 0.0:

0.050.05 0.0:

0.040.05 0.0

0.02 0.03 0.0¢ 0.02 0.02 0.0

0.03 0.03 0.041 0.02 0.02 0.0
0.040.03 0.041 0.04 0.03 0.0
0.06 0.04 0.0$ 0.050.05 0.0
0.06 0.04 0.0¢ 0.06 0.06 0.0

0.04 0.05 0.0$ 0.04 0.04 0.0

0.06 0.05 0.0:

0.04 0.05 0.0:

0.050.04 0.0

0.050.04 0.0

0.040.04 0.0:

0.040.03 0.0

0.050.04 0.0:

0.040.05 0.0

0.040.04 0.0:

0.050.04 0.0

0.040.05 0.0

0.040.04 0.0

0.030.04 0.0:

0.040.04 0.0

0.04 0.05 0.0:

0.050.05 0.0:

0.050.06 0.0:

0.06 0.05 0.0

0.040.030.03

0.040.03 0.04

0.040.040.04

0.040.040.05

0.050.050.05

0.050.040.05
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Fig. 25. Main Effects Plot extracted crude beta-glucan from

Flammulina velutipes
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Main effect plot¥} interaction plot, Factorial desing®l] 2]

Astg 29
Table 14. Analysis of variance table of crude beta-glucan from Flammulina
velutipes
(@ : 0.05, Fixed model)
Source| DF Seq SS Adj SS Adj MS F P
A 0.0006457(0.0006457(0.0003228 8.57 0.000
B 2 0.0015790(0.0015790(0.0007895| 20.97 0.000
C 0.004256810.0042568]0.0008514| 22.61 0.000
AxB 4 0.0016247(0.0016247(0.0004062| 10.79 0.000
AxC 10 10.0016136]0.0016136{0.0001614 4.29 0.000
B=*C 10 10.0007469]0.0007469{0.0000747 1.98 0.042
A=B=C| 20 ]0.0032716]0.0032716{0.0001636 4.34 0.000
Error | 108 ]0.0040667]0.0040667|0.0000377
Total | 161 ]0.0178049

DF: degrees of freedom

SS: adjust sum of square

MS : mean square

A: Flammulina velutipes:distilled water

B: Temperature

C : Extraction time
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Table 15. Analysis of variance table of crude beta-glucan from
Lyophyllum ulmarium
(a @ 0.05, Fixed model)
Source| DF Seq SS Adj SS Adj MS F P
A 2 0.0012679(0.0012679(0.0006340| 22.33 0.000
B 2 0.0000827(0.0000827(0.0000414| 1.46 0.238
C 5 0.0031457(0.0031457]0.0006291| 22.16 0.000
AxB 4 0.0005877(0.0005877(0.0001469| 5.17 0.001
AxC 10 ]0.0004802{0.0004802]0.0000480| 1.69 0.092
B=C 10 10.0019099|0.0019099|0.0001910| 6.73 0.000
A=B=C| 20 ]0.0033309[0.0033309|0.0001665| 5.87 0.000
Error | 108 ]0.0030667|0.0030667|0.0000284
Total | 161 |0.0138716
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beta-d-glucan®] <%=+ 61 mg/g(crude B-glucan) °]4< Ao = 1}

o

o MES 93 TE=A5+ 138 mg/gl(crude B-glucan)el o]l &
&

<A T A Al wet ddS WAste] Table 163 22 2

Y (Yield, g) = —0.421897
+0.008024X,+0.012928X>+0.042162X 3
~0.000010437X;X5-0.000393X 1 X5+0.000168X X3
~0.000051281X,*-0.000143X5°~0.0027X5"

o
M
Me
1%
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=
rlr
i
o
—Y‘—I'
.
lo
B
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Y (yield, g) = 0.205-0.023513W1-0.059005W2-0.99532W3

& eigenvalueZt SFolB2 A 0.206% FHojgto] #rh.

Table 16. Effect of independent variables on yield for extraction

of Flammulina velutipes

No. X; : ethanol(ml) X, : temp.(C) X3 : time (hr) Y : yield (g)

1 30 (-1 30 (-1) 3 (-1 0.1096
2 30 (-1 30 (-1) 7 (D 0.1191
3 30 (-1) 50 (1) 3 (-1 0.1246
4 70 (1) 30 (-1) 7 (D 0.1255
5 70 (D 30 (-1) 3 (-1 0.1369
6 30 (-1 50 (1) 7 (D 0.1896
7 70 (D 50 (1) 3 (-1 0.1856
8 70 (1) 50 (1) 7 (D 0.1456
9 50 (0) 40 (0) 9 (2) 0.1790
10 10 (-2) 40 (0) 5 (0) 0.0979
11 90 (2) 40 (0) 5 (0) 0.1543
12 50 (0) 20 (-2) 5 (0 0.1169
13 50 (0) 60 (2) 5 (0) 0.1851
14 50 (0) 40 (0) 1 (-2 0.1516
15 50 (0) 40 (0) 5 (0) 0.1861
16 50 (0) 40 (0) 5 (0 0.2302
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Fig. 29. Response surface plot for the effect of amount of ethanol
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Y (vield, g) = -0.340134
+0.005593X+0.011369X2+0.047694X 3
+0.000032115X 1 X5-0.000267XX5-0.000217X>X 3
~0.000048125X,*-0.0001X2*-0.0022X5”

YAse et gon,
Y (vield, g) = 0.223-0.020395W1-0.053933W2-0.088022W3

o
M
i
rlr

& eigenvalueZt S0l B2 A 0.2232 Hdjgto] €t

Table 17. Effect of independent variables on yield for extraction of

Lyopyllum ulmarium

No. X; : ethanol(ml) X: : temp.(C) X3 : time (hr) Y : yield (g)

1 30 (-1) 30 (-1) 3 (D 0.1236
2 30 (-1) 30 (-1) 7 (D 0.1524
3 30 (-1) 50 (1) 3 (-1 0.1567
4 70 (D 30 (-1) 7 (1) 0.1455
5 70 (D 30 (-1) 3 (D 0.1540
6 30 (-1) 50 (1) 7 (D 0.1735
7 30 (-1) 50 (1) 3 (D 0.1912
8 70 (1) 50 (1 7 (1) 0.1869
9 50 (0) 40 (0) 9 (2) 0.2098
10 10 (-2) 40 (0) 5 (0) 0.1069
11 90 (2) 40 (0) 5 (0) 0.1747
12 50 (0) 20 (-2) 5 (0) 0.1326
13 50 (0) 60 (2) 5 (0) 0.2029
14 50 (0) 40 (0) 1 (-2) 0.1552
15 50 (0) 40 (0) 5 (0) 0.2148
16 50 (0) 40 (0) 5 (0) 0.2208
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Table 18. Effect of independent variables on Flammulina velutipes

extract content of microcapsulated powder

) Inlet temperature
Sample Dextrin (g) C) Extract (g/g powder)

0.0396
1 48 80 0.0493 0.0386

0.0271
0.0924

2 32 110 0.0666 0.0756

0.0679
0.0632

3 48 120 0.0540 0.0504

0.0342
0.1407

4 48 100 0.0844 0.1060

0.0930
0.0235

5 32 90 0.0219 0.0223

0.0217
0.0127

6 16 100 0.0051 0.0075

0.0049
0.0278

7 64 110 0.0244 0.0248

0.0223
0.0248

8 80 100 0.0272 0.0242

0.0205
0.0315

9 64 90 0.0551 0.0390
0.0304
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Table 19. Effect of independent variables on Lyopyllum ulmarium

extract content of encapsulated powder

) Inlet temperature
Sample Dextrin (g) C) Extract (g/g powder)

0.0017
1 48 80 0.0034 0.0028

0.0033
0.0169

2 32 110 0.0248 0.0182

0.0131
0.0152

3 48 120 0.0076 0.0120

0.0132
0.0314

4 48 100 0.0300 0.0307

0.0307
0.0019

5 32 90 0.0013 0.0013

0.0008
0.0011

6 16 100 0.0008 0.0014

0.0024
0.0018

7 64 110 0.0032 0.0019

0.0009
0.0020

8 80 100 0.0012 0.0016

0.0017
0.0044

9 64 90 0.0033 0.0051
0.0078
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Table 20. Properties of microencapsulated powder

Microencapsulated Microencapsulated
powder powder
of Flammulina velutipes  of Lyopyllum ulmarium
extract extract
Bulk density 0.3141 + 0.0261 g/mé 0.2857 + 0.0495 g/ml
Compaction density 0.4922 + 0.0192 g/m¢  0.3979 £ 0.0246 g/ml
Compaction factor 1.5846 = 0.1262 1.4620 £ 0.2410
Angle of repose 52.35 £ 0.774 ° 50.75 £ 0.759 °
Angle of breaking 36.55 £ 0.867 ° 3495 £ 1.174 °
Difference of angle 15.8 £ 0.942 ° 15.8 £ 1.746 °
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Table 21. The market survey of various functional

foods (F3]

DS A%, 20009)

F573 20004
Zatl(d)  AFE(%) &%)
oF 2 o] 2] 3 68,522,066 34.36 26.48
TN BTS2 = 35,110,009 17.6 35.17
BAAE 11,172,786 5.6 59.39
ARAE 8,836,482 4.43 55.15
A A7 A = 8,693,683 4.36 -20.24
bbb A 6,283,550 3.15 11.68
B Al 7F A 3E 5,254,810 2.63 59.41
i o} 7k 2 F 4,098,782 2.06 384.2
dZA FEAEAE 3,814,626 1.91 -3.19
St 7FE A 2,612,368 1.31 58.86
E R 2,340,902 1.17  115.42
2dAY 7L A F 1,523,450 0.76 69.07
v, e A 1,358,209 0.68 -31.45
A A FS oA A EFdtA ) AFE&S oA =4 2 ol
B B oW FF AY AAE] v B AT
HA #A AL 90d ) o] % FEs Astthrt 954 o] 2+
A AAFS FASL T
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7h WA %=%E a4 instant noodle?] Az

Instant noodle®| 2} 3+ 2 A|ZF Yo FHE A Zg e 5
o] g-3td WS wesd, T2 guse dud A8

material Ao WA FE2E 390 E Hrlste] Hdte] 2

LT

‘Material preparation‘e wheat flour, salt, refined oil

! , mushroom extract powder

‘ Mixing ‘ . approximately 15 min
I

‘Sheeting and rolling‘
i

‘ Rotary cutting ‘
I

‘ Steam cooking ‘
I
Cutting and
half-folding
i
‘ Soup spreading ‘
I

‘ Frying ‘
i

‘ Cooling ‘
I

‘ Packing ‘

Fig. 40. Schematic diagram of instant noodle production
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A7 e, b RAHeR suEE g FAAE WA F

FAE Azd nth WAF FEAG WA FEE A9UE &
3

A=, #Ale] SrRt=

| Material melting |e sugar, salt, egg

!
| Mixing |<— flour, baking powder, emulsifier,
! mushroom extract powder

| Homogenizing |

!

|Deposit and panning|
l

| Baking | © oven (210C — 210T — 2200),
1 10~15 min

| Cooling | : 30~40 min at room temperature
l

| Packing |

Fig. 41. Schematic diagram of mushroom cookie production
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A, AxAFeRAY AEAE FHA7IV] AdME Agstert

W Agze] A9 ARt A o B4 Azl A9t %
< AF3eE Kol FtH(Table 22). A¥Es 9% Azt M4 =2

[e]
&
Eoll M gl FREER A4F JFa AIrF Ao, vhg 3 A

Table 22. Effects of drying method and temperature on rehydration

of the dried Flammulina velutipes & Lyopyllum ulmarium

Drying Temp . R - -
method The kind of sample 40T 50T 60C 70C

Flammulina 3.694 3.318 4.271 2.836

Hot air Rehydration velutipes
drying (g water/g solid) Lyopy%lum 9376 2.601 1929 2.400
ulmarium
Flammulina
Vacuum Rehydration velutipes 2.576 1.730 2.428 2.896
drying (g water/g solid) Lyopy%lum 1040 1555 1424 1.999
ulmarium

Temp . - -
The kind of sample 15C 20T 25T 30T

Freeze . Flammulina ) =00 4 509 4747 5.963
drying  Rehydration velutipes

(g water/g solid)  Lyopyllum o o0 o oag 5709 5979
ulmarium
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Table 23. Effects of drying method and temperature on
browning degree of the dried Flammulina velutipes &

Lyopyllum ulmarium

Drying Temp . ] - -
method The kind of samp 40C 50C 60C 70C

. . Flammulina 495 103 0.120 0.208
Hot air Browning velutipes

drying degree Lyopyllum
ulmarium

Flammulina
Vacuum Browning velutipes

drying  degree  Lvopvllum —o00 (097 (313 0.342
ulmarium

Temp . o o o
The kind of samp I5C 20T 25T 30T

Freeze . Flammulina 516 0 075 0.089 0.107
drying Browning velutipes

degree Lyopyllum
ulmarium

0.292 0.298 0.302 0323

0.088 0.127 0.165 0.172

0.215 0.170 0.134 0.107

o $FEHAA MAFE 49 TUse] blanching F $A A=Y
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minute
11

ez AEHon Ao
162
405
648

Units per hour

340,200
850,000
1,360,000

Units per year

1st year
2nd year
3rd year

Table 24. The quantity of products ordered by year
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AEo] e o] HAS Axsu EHste] Agstt A9
7S SFE JFASE S W, s ol F sk A%<l capsulated

powdert 111,100 g ©lt}. o] &S ALEsH7] s Ax HA 2

o] 2572883 g ol WA Bk Az M BT 2572883 g W =5
3 ol 'S 1,983,000 g& FEAXo Yal 46TColA 55 A7HEe F&
sith, o3 HAS AR solidet extractE gl of 7] A @Al E =

S Az 502,026 g ¢ mushroom extract concentrate += 112,956 g <]
dextrin¥} 502,026 g ¢ =, 753 g 2] sodium lauryl sulfate®} &3t3}o]
5 1z 3 o] A A oF 10%2] &2o] A7|A "k d FAHS
A2 111,100 g ¢ encapsulated powder 7} A€t} AAz T &
dsol= powder L3 F2HAQ1 Fuf Theg AEo]l H ¢ oA &
S0 AAAZHIIEEoRE B s ANY FE o #

NAE Aol Aol AUAZENEES T AT NFOE AN
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Dried
Mushroom |: 2.572.883 ¢

powder

) < 1,983,000 g ethanol

Extraction &

Filtration
\L 1 2,510,130 g extract
Evaporation
\L 1 502,026 g mushroom concentrate

«— dextrin 112,956 g+ water 502,026 g
< sodium lauryl sulfate : 753 g

10% loss Spray— drying

l

Capsule

© 111,100 g

powder

Fig. 43. Powder of mushroom extract producing process flow
chart.(per day)
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material & & 1,111,000 g, WA F=& 3¢9 111,100 g, 85%9]

2l 4= 555500 g, f-3F#121 polysorbate 20 ©] 16,665 g & 23}t}. Raw

0

0
material & &3 W=3to] 35T A 1A 7SS SAA 7T o] W

L

AN
rlo

7 stage rollerE T H3tHA AEF 1 me =4 = JFHAh

oX,
ofl

H omE 50TCAA 2A S Adx2A8Ss AA do] 20 em = AE
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AFstel 234d & AN A E4L 3%2 skl
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365,400¢g

water

Raw materials

l

Dough

l

Dough

forming

l

7 stage roller

l

Drying

l

Cutting

l

Dried noodle

l

Packaging

l

Product

: wheat flour:1,111,000g

. mushroom extract powder:111,100g
— 8.5% saline solution : 555,500g

< polysorbate 20 : 16,665 g

35T, 1lhr

1 mm diameter

1 mm diameter
20cm length

: 1,386,000 g

Fig. 44. Flow chat of dried noodle producing process per day.

Loss during whole process is 3%.
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Table 25. The machine list for process of mushroom extract

encapsulation
. . e Price / unit
Process Machine Units Specification (1,000 Won)
Storage tank (for Weigher
solid) ! (1.5 Kih) 2,000
Level sensor (0.1
kWh)
Storage tank (for Solenoid valve
Raw fluid) ! (0.1 KWh) 7.000
material Feeding pump
(0.75 KWh)
Conveyor belt 1 0.4 KWh 2,500
. . Lifting pump (0.75
Pipe line 1 Kh) 3,000
Electric heater (5
Extractor 1 . kWh) 300,000
Extraction Agitation motor
(15 KWh)
. . Lifting pump (0.75
Pipe line 1 KR 3,000
Strainer 1 50,000
Filtration T
. . Lifting pump (0.75
Pipe line 1 Kh) 3,000
Evaporator 1 50 kWh 400,000
Evaporation Steam boiler 1 15 KWh 40,000
. . Lifting pump (0.75
Pipe line 1 KR 3,000
Solvent |[Solvent recovery 1 15 Kih 900,000
recovery system
Storage tank (for Weigher
solid) 2 (1.5 Kih) 5,000
Spray . . Lifting pump (0.75 )
drying Pipe line 3 KR 3,000
Spray dryer 1 200 kWh 400,000
Conveyor belt 1 0.4 KWh 2,500
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Table 27. Public equipment list

- e Price
Equipment Specification (1000 Won)
Freezing and cooling 30 kWh 100,000
Boiler 30 kWh 50,000
Waste water 2 ton / day 30,000
Compressed air 40 hp, 5m’/min 20,000
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Table 28. Labors for each process

Non-skille )
Part Expert d Supervisor Total
Raw material 1 1
Extraction
. ) 1 1
Filtration
Evaporation 1 1
Solvent recovery 1 1
Spray drying 1 1
Blending 1 1
Kneading 1 1
Ripening 1 1
Rolling 1 1
Drying 1 1
Cuttin
. . 1 1 2
Packing

ol ByE g B4, 717 B2, fde

T oo]% o] Aal Bl 917k 1,360,000 7 (300 g w1 AFES AL
ot Aol tiek H&3 A7F ANS Y63

FAE AASD BFL AN AA] nA AR 569 U %
chebeeh,
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Table 29. A A& E2F (4¢] @ 1Y)

g H] & =Y FREA
Z1 AT 2,175,500
7)1 Al 7= H)
TE AN 200,000 174
2,375,500
A =] H] 40 % 950,200
w2 13 % 308,815
7] 13 % 308,815
AL 35 % 831,425
o) A 24 13 % 308,815
A H]| AR A 15 % 356,325
ILZF Al AR
E 7 1,300,000 A
4,364,395
ol X g g
1ot 20 % 475,100 ZAH] 4,839,495
A A
Al ¥R} 1.5 5 % 241,974
AA AL
SR 10 % 483,949
5,565,418
Z T AHAAEER} 5,565,418
2) Y=

Table 309 M= & &AM A ARHE HolFa Qv o=
el Fig 11, Fig 12. A9 =4 FAo &3 Ax=z 1d dave=

1,730,590 ¥ o= ALks A
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.%
QO

=
@]

w
S
re
A
o
kil

H] (3xbd = o] )

A5 AREEF (kg/) | ©7F (F/ke) | 5 (R

Azxd oA 385,950 4,000 1,543,800
of g 24,000 1,500 36,000
Dextrin 33,900 300 10,170

SLS 230 10,000 2,300

T E 333,300 250 83,325
2 166,650 300 49,995
Polysorbate 20 5,000 1,000 5,000
A 1,730,590

3) ZAH]

i AL R AL/ D) H] 31
g 360 km/\d  |160,000 ¥1/km 57,600\ 415 9
A% 46,200 box/d| 270 9/box 12,474] 30 7N/box
Ho]Z | 46,200 m/d 7 9/m 323 1 m/box
2| 70,397
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Table 32. <47t »=n

_—

o Zdy | a%ds | wd .
2,000 ¥/h | 1,800 ¥/h | 2,200 ¥/h
Raw material 1
Extraction
Filtration !
Evaporation 1
Solvent recovery 1
Spray drying 1
Blending 1
Kneading 1
Ripening 1
Rolling 1
Drying 1
Cutting
Packing L L
ik 7 3 2 12
Al =1 14,000 5,400 4,400 23,800
A= 51| 33,600,000( 12,960,000| 10,560,000| 57,120,000
52540 22,848,000
dole 19,040,000
7 41,888,000
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