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Application of Microwave and Radio Frequency on Mushroom
Solid-state Fermented Products
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N8 w # (Wang et al., 2003) FoFAAE MR AL A @A F 09 £ 5
% E: (Pandit et al., 2007) » SBE A AT & A7 R L3 0
HHBRREBEEY o mX R EMEFAR

1Y (Antrodia cinnamomea) 5 & E4FH LW » F4E2
AR aAb ~ dugE R~ e AR F A EEMNE (BRF 0 2001)
M A IRE I IREE  AFRGEHREBEHE  ER
M BRI AR B Y 0 AR LRI S 6 AR
FHEMmAE BAEEIHA B EFAARER HFAFELZTFEH
—FHARAERENG BRI E B REEZTEL TS EL
BASGHEERME  MAAL T ERERFBRIZ TFTERRBA 4R

o

b

(203

EEREME RS G TAHAmEX - KE O RMARK
¥ EBAAF LI A4 R TR (BR3¥F > 2001 ; Lin et al,
2006) o AFHECEEE B4 TAL P 6 BB LA EE > il 4
FHEMNAR - HREARICHBESBRENREETRE > TH
R&REBSmERARRNAE > mEXREEAREE T
PR BORBATALE > AR SBAAA AR > ETHE&E
84 B Bl Fa T 4604 RE TR AERAVE R AR ©

B A AT RF S RARABEELSE (R
AR E AR A EAT0 ~ 80F290°C 551 E 100 ~ 804240 s o
By 05 ARAE K IR H A 1000 WA M W A 25 > A B & 430 g
M 120 gz fERKE 3R A m BEAORIE N ek 0 RIEREKILH 9

~

Ll

I+

-8-
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HAAAEAR BRSO FERLE KRS BTEEFEHOE %
Ak e

B IMES500 g iR X B RS BE R B A R A KB & A
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NN LB % B 21 C A E P/ m#hak i 44 E-
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B AR A KRR ARYE  EFEHARATHRER T EY
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fe Kang % (2012) 4 A9 kW » 48 % % 27.1 MHz 4498 v 24 £
B % WAEETER MRS cm > HAF28 1 om B ek & 25 47
R JEIRABAR T s 0 E B A R R FE50 s & 40 s 75 o
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Escheric-hia colitg ¥ F & > A E K5 log CFU/g » & iF#8 T
SHAMARGREARAGES ARG Gy T
fRESO R - L& R ARG RIEHE BB E AR AL
RAAGG

N RMREBREBREMLSREBEZIER

Pk B 72 o R LR M A R Ok LR R R R A S
RAE P kb FEGRR > BHAELEREFENRARSER
A —60TC AR A% MBI ZMIEOIEMIE - FHLEREE -
AEOR - ARAR - MO A %8IR8 g £40~50 minBp =T
BES TR S BEHRENIOY A 4 EE15%IA T RA
¥ (Fk > 2008 ; Clary et al.,2006) - FB A4 A TRHFRES
W AR BHBRABERSPAA T » MBEMEREAANTE R
#% (Duanetal,2010) o ok B 245 RIIERGTE L RILIE
BF )R B 28 75 Q0 AR BF M) > HL3bIo R SL IR A2 € A 18 S R i
i1 AR ZIIRFRLERL o T RS AR A BARE L RS
REIEAF AR TS AT R EAZ M E (Duan et al., 2010;
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Abbasi and Azari, 2009; Wang et al., 2010a; Wang et al., 2010b) -

PO T ARAE N mIE X AR E R R R A4 0 LR
KRB £H60% LA > SBATEHRMBA - B 450 WHUE S IRILEER
75 minBp T A £ E R KA BEO LT » Rk e kR
BB+ = 0 mARLA RICIFEIFE E Y24 hr 0 B BOL A RILER
IR 6919245 > BAdAd = F ey REBRE T EREGLE TSR
B EE RS W B A B R R FE AL 5] & 21.84 k]/minFfe25.08
k/min » 50 Wk 4 iR 324 30 g 44 A #E B & 4 75 min F 46
AE4284 kI > ok s by R A IEHI 49 £ 1.6 W/g H 32 R 842 AR &
0 KA 30°C 0 iR 45 R SR 24 hr F#£4E.67564.8 kI > vAf%
W B IRR B 0 TTIAMEAE B R R RS ER B O EAERT ] 0 3T
ER AR B B 0 B ARk A SRR AT ST UL R 4 93.6590 KA L
Aek (Ckw) o ASMRLE > BURAREBBEFEHEBEREY
BB REIRATOI A RAE S ZRENRMK GO L > 2EER
%4t o Duan (2010) % 4+ 3300 gay & 5 5 7 A 2hJRFLIE ~ B R
IR S PROR A R MR R 1.6 W/g > » R H#8F8 ~ 18Fe
12 hr > Pk A REIRH S0 BAR T L BAR 405 R B 4 70%
WA R > MRS R IE S LIER I RE T FHiE
80°C » L TRE W AME B SR R B T R K 0 M B AR B IR 9
Aokl FFE O PTH AR P4 0 JRARAT #0095 IRELIR -

o~ MR R A B R B E R 6
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TTARA RAFOY S H 0 AL IR AR AR B B4R 04 B M T AEAR 1824
hr o #8 — 2% HAAJREIES~ 12 hr A MEF R K E 5 > 12 55 0 3k
JRAL T A8 G BOIE A 2R A 0 BTA R 38 IR IR R ARSI PT I &
BRI X R L > RBE AT RAFH R EAZ - &

SRR E G| R EMNTG RS TELEES  BEAHRMY
A kA R (Zhang et al., 2006; Piyasena et al., 2003; Marra
et al.,2008) - FH A A AR T AR E M R b KA R R BRI
BEAME 0 MO SRR AR e B AR P Ay f ek SR 0 H AR BN A
o AN FEAEMORERBR B  REEEGRERE
HE SRR AIRERE DL -

IR CRZEAATER v @ KR - koL 3)E
(Balakrishnan et al., 2004; Cai and Hayashi, 2007) Z B & & &= 44
% 3% (Memelstein, 1997) 3 - 5 Sh4H48 A & & 1k 77 @ 609 J&
Ao de R dg @A 0 BRR WAL F (Ptasznik ef al., 1990)
SRR SRR R 0 BT 4F 4% 1 (Bengtsson and Green., 1970;
LagunasSolar et al., 2005) > 7K R Feiz R 69 4% 5 & @ (Wang et al.,
2006; Wang et al., 2007) o

NET P4 A 69 4+98  (Strayfield International Limited, Woki
ngham, U K) B & REIEM B ST > P26 kW
27.12 MHz 448 - #8222 4% 0 AR S w2 9252 04 8 i fe 3 2 B
B Ay=5x15" AP agyREAHEHF W) » xREKER -
PR IR EFER 9 E60C Ak m/s 0 B SSE AR
FAEERAR P o

W ASLIRRE  NRIRE RS ECEH TR AR MER
Fl ko &% (20~50%) oy N4 IRH - SBA R 121C oA £ 47
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AW 0 A o EAF2 kgay R (k542 450%) Bk
TR AR #EILABEEE Q5 emx 15emx9em) (B+=)
CNRRET G EHETem > BE AL 760 kg/m’ - BAF61E R
458 & 31 (UMI, FISO Technologies Inc., Saint-Foy, Quebec,Canada)
WABBRE TR ERTO TR E T > B3R TR AR
{24 94 BB AA#%  (Thermal CAM TM SC-3000, FLIR Systems, Inc.
North Billerica, MA, USA) B AR E R @mogiR B 57 » 30Nk
A aE (a) AZBENREREZRAFHRE > #a
WA R AR N B A 4 o
B +vg & £ R E AR BARR FIE T - RO D ERRELS
> A Ak b o T R B AR BEAR B A 0 MG BRI AIE AR e
RARFTEARISE ZRAERI kg RT O HERIK > @
AT EARM I BE R K > M RAIATRAK A » AR - 5
— 5@ R BIkg NERT S E RS 0 R R E TS
ﬁ%@ﬁt$’%%%@mik Fe b AR B A B 0 AR
2kgty NARE Y Z ARG 0 HASHERRMIELIL cmAT > 4
AERPMBE D FTEEMELS AR TR M EA L4 cm
AL HHETAPMBEDFEIEFTIK > FLEENRIERE - £48
FlEERMET > dARRG2kg MR ET Ry ETRTE
BARSBI RS G ERD  FALANTEACS  HEoX(B+
F) o HBEREANRALTORSCHE TR S THK
M B BB FE NG 115 ~ 1240 12.5 cm ¥ 47598 28 J& 22 15 60 min »
DNERREETBERGE S &022 - 019017 (B+55)
AT AR ] FEEFE A 12.5 cm ey B E 34 4 M4E > Bl A AT S miniE
ATRR B TH IS T B8 S A AR A B 0 LB R L AT
AT ARG ARG TB NG -

H
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{247 VA SR AR R BL 1R b H e K R R BAK, 0 B E 0 8 & 3 SR
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WEREFE “NB” 22— FERAAERBRERERR T do
HFRAER—FRL TBAMFRN L ZTEARIEL S HER -
HRHTRET LA A i £~ WAL - REAR - ER -~ 4
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B~ BEAA R Fhe @ FEE (10 D) AFREERIFM 255
152030545~ REE®&RL :1:10~15~20-~25-30" &
FRIZEFGRE 5 60 ~ 70 ~ 80 ~ 100F2 120C B#F R 5 - LR
ERIAT 0 AR EIREZ A RIRISU G LETER SRR E
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Table 1. The survival condition of A. cinnamomea in heating 2 mL PDB

at 60~90°C after 14-days cultivation

Temperature (C) Time (s)
60°C 0 30 60 90 120 150
Y Y Y Y Y Y
70°C 0 25 50 75 100 125
Y Y Y Y N N
80°C 0 20 40 60 80 120
Y Y Y Y N N
90°C 0 20 40 80
Y Y N N

*Y: growth, N: death

k=~ TEEET(60~90°C ) 1 B 36 M ik 2 B AL

Table 2. The sterilizing condition for different mushroom fungus at

different temperature and time

Sterilizing time for fungus 60°C 70°C 80°C 90°C
Ganoderma lucidum & =% 90s 60s - -

Cordyceps militaris % % ¥ 480s 180s 150s 90s
Hericium erinaceus 1% 58 %& - 120s 100s 30s
Antrodia cinnamomea 2% - 100s 80s 40s
Poria cocos iR % 150s 100s 80s 45s

-29.-




=Z~60~90Ch#2mLFZEL HERBI4ARREZIAREH

Table 3. The survival condition of 4. cinnamomea in heating 2 mL PDB

Color Untreated RF 3 min 121°C Autoclave 60 min
L* 65.91+0.24° 70.55 10.24"° 54.82+0.15°¢
a* 6.3510.11 ¢ 7.6410.07° 11.74%0.16%
b* 27.0410.16° 23.9710.04°¢ 32.25+0.10°

* Data are expressed as mean * S.D. (n=3).
*# a-¢ Means in the same row with different superscript letters are
significantly different (p < 0.05).

R~ PR A AR e IR FLBR AR T Bl RSB K AR M X AR TR

Table 4. Energy consumption of 4. cinnamomea solid-state fermented
brown riceproducts by microwave and conventional freeze-

drying
Power Drying time Energy consumption (kJ)
(W) (min)  Vacuum pump Condenser Microwave  Total
50 75 1638 1881 765 4284
FD 1440 31449.6 36115.2 0 67564.8

* FD: freeze-drying without microwave power input
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Table 5. The water activity (aw) and color of finally dried wheat
medium

Drying treatment aw L* a* b*

12 hr Hot air drying  0.60£0.02* 44.42+1.53 7.1310.24 22.80%0.65

90 min RF-hot air ~ 0.331£0.03  43.33%1.04 7.3910.54 22.68*1.41
drying

* Means in the same column followed by different letters are significantly
different (p<0.05).
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Fig. 1. Temperature profiles of 2 mL PDB by different temperature
heating and cooling. Data are expressed as mean = S.D. (n=3).

B = ~ 4 EA0C Fheih » BEAPDAFRIEAIARYBE -

Fig. 2. The pictures of heating at 90°C on 4. cinnamomea in PDB
after 14-days cultivation.
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Fig. 3. Temperature profile of rice medium under microwave power
1000 W. Data are expressed as mean = S.D. (n=3).
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Fig. 4. Temperature profile of Poria cocos solid-state fermented
soybean during microwave power 1400 W. Data are ex-
pressed as mean £ S.D. (N=4).
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Fig. 5. Temperature profiles of wheat media in different containers
during 121°C autoclaving sterilization.
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Fig. 6. 6 kW, 27.12 MHz RF-hot air heating system.
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Fig. 7. Temperature profile of 1.5 kg wheat medium (50% moisture
content) in a bag during 60°C hot air heating.
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Fig. 8. Temperature profile of 1.5 kg wheat medium (50% moisture
content) in a bag during RF- 60°C hot air heating with
different gap (13, 14, 15 cm).
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Fig. 9. Temperature profile 1.5 kg wheat medium (50% moisture
content) in a bag during RF-hot air heating with different
gap (13, 14, 15 cm) at different temperature of hot air.
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Fig. 10. Temperature distribution of 1.5 kg wheat medium (50%

moisture content) in a bag after RF-hot air with 14 cm gap
and 60 ‘Chot air heating 10 min.
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Fig. 11. The temperature profile of 500 g brown rice medium at 17 cm
electrode gap in the RF heating system. Data are expressed as
mean * S.D. (n=3)
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Fig. 12. Drying curves of 50 W microwave freeze-drying 30 g

Antrodia cinnamomea solid-state fermented rice. Data are
expressed as mean = S.D. (n=3).
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Fig.13. Sensor locations in the wheat medium inside the plastic

container.
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Fig. 14. Effect of wheat medium with 50% moisture content loading
at on RF current at different gap in a RF-hot air system.
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Fig.15. Effect of moisture contents in 2 kg wheat media on the electrical
current at different electrode gap in a RF-hot air system.
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Fig. 16. Temperature profiles at 7 locations in 2 kg 50% wheat medium
as influenced by three gaps during the RF-hot air drying for 60

min.
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Fig. 17. The drying curves of 2 kg 50% wheat media under RF-hot

air drying at the electrode gap of 12.5 cm (y=-0.4105x+
49.465 with 12=0.984) and hot air drying (y=-0.0486x+
52.569 with r2=0.998) alone at 60°C.
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Fig. 18. Thermal images of 2 kg wheat medium with 50% moisture

content after 90 min RF-hot air drying (top) and 12 hr hot
air drying (bottom).
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Fig. 19. Microwave extraction system.
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Fig. 20. Temperature time history during microwave with different
power for heating 50 mL water.
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Fig. 21. Effect of different power on 10 min microwave extraction of
crude polysaccharide from Poria cocos 14-day solid-state
fermented adlay products.
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Fig. 22. Effect of extraction time on crude polysaccharide content from
Poria cocos 14-day solid-state fermented adlay product by

300 W microwave extraction.
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Fig. 23. Effect of extraction time on crude polysaccharide content from
Poria cocos 14-day solid-state fermented adlay product by re-
flux with hot water.

* Data are expressed as mean + S.D. (n=3).

** a-c Means in the different time with different superscript letters are
significantly different (p < 0.05).
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Fig. 24. Temperature-time history of 50 mL 95% ethanol by microwave
heating with different power.
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Fig. 25. Effect of different microwave power and extraction time on
the crude triterpenoid content from Poria cocos fermented

soybean.
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Fig. 26. Effect of different solid-liquid ratio on the extracted crude
triterpenoid contents from Poria cocos fermented soybean
by microwave extraction.

* Data are expressed as mean = S.D. (n=3).
** a-d Means in the different liquid-solid ratio with different superscript

letters are significantly different (p < 0.05).
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Fig. 27. Effect of different ultrasonic extraction time on the crude
triterpenoid content from Poria cocos fermented soybean.

* Data are expressed as mean * S.D. (n=3).
** a-c Means in the different time with different superscript letters

are significantly different (p < 0.05).
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