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Abstract

Hot air-assisted radio frequency (HARF) stabilization of rice bran was studied to
continuously inhibit the lipase enzyme activity of rice bran before storage in order to increase
the utilization of rice bran from a by-product of organic rice milling. The rice bran was then
roasted using HARF before being placed in an oil press to produce organic rice bran oil. First,
the heavy metal cadmium residues in organic rice bran from the Yilan area were analyzed, and
they all were lower than the regulations of the Ministry of Health and Welfare below 0.4 ppm.
RF heating could raise the temperature of 0.5, 1, 1.5, and 2 kg of rice bran to above 90°C in
less than 2 min, which stabilized the rice bran. Weighting 1 kg of rice bran in each PP box was
placed on the conveyor belt in HARF, and passed through the 65 cm RF electrode plate in 2
min. The internal temperature of rice bran at the outlet was greater than 100°C, and the
continuous radio frequency rice bran stabilization was completed. Furthermore, 2 kg of rice
bran was roasted to reach about 110°C by RF heating for 110 s to improve oil extraction ratio.
The oil press was set at 110°C in each stage 200, 300, 400 and 500 kg for 5 min to obtain 288
g of rice bran oil and the oil extraction ratio was 14.5%; and the oil yield in each stage accounted
for approximately 70.1%, 15.6%, 8.3% and 5.9% in total extracted oil. Therefore, RF heating
could quickly stabilize rice bran and roast before rice bran oil extraction.

Keywords: radio frequency (RF), rice bran, pressing oil.
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AR SR » B RIERBEFEEZA R SRS a At — N isE - It
BEFREDRE P BEFHEE R FREIN > DUE BB - ARkt
VAR 2= 24T (41.98% ) ~ HEIZAL (21.70% ) ~ 7&540 (18.05%) - BFEHIRE
JHASE 2020/12/14 N ATERL SOK BRI Fr b EE R S B il SR - BB B 20 (R A
A4t EsERE L ERE > Hb 1 AORERNNE 2 foRefShn b B R SErY
FEMEMEAR SRR - REEFAITOR  ERUGEE T i tbEA AT AR -
AR B S 2R R i i RE 2 2054 - NI A TR KA RARERT
eI B R ER A A ORI & - BEEl YN 983 FElE R KT EREK - iR
FISHHYRE 77 7l & 0.05 ~ 0.4 K1 0.2 ppm ©

R Rk 2 Bl > EHVEE KRS R 14%EHE ~ 18%H5H) ~ 10%/K57 »
12%0fH A4 ~ 10%7K 77 Bz 36% EAtbi/KIL&Y) - BEVVE RS fEEA 2R - RS a4 ER
E R R AR ERVTTE(EME (Velasquez etal., 2020 ) - SRAE(SHESK 10% - FREJZEHCK
MERSN - FEEE Rl  AHACERIRZE (L AE 2 ) - (HoRAE T 2 A 5N (lipase) -
EK R AR - SRR A LR - AR BRI - SR ISR R AR
I EC AR R RG S - e - DARG 12k Rz T REE AR S8 (b e (Sookwong &
Mahatheeranont, 2017; Liao et al., 2020 ) - FI|FH S A EERE AN ZCKIE 15 min > SRR
JEEEF] 100°C » AILLZEEALKME - £F 35°CTT il LUk 60 K > {7A%FAYAE (Lingetal,
2018 ) -

58 (radio frequency, RF) [ BERER B —FHEAFIORAR (L - (HRITEARRAE] » B
HE ST EEAIEN - SIPRAVARERTE 10 MHZ - 300 MHz » S0z A4 & £ 300 MHz - 30000 MHz

(Marra et al., 2009) - SEEIFFRENZ B & (FCC) Ryl aTFfon T8N - Rl
RUEAETIE ~ 552 ~ BR{lohfT o ol (58 RIS SRAVPHA £y 13.56 ~ 27.12 Jz 40.68 MHz > {8
BEERR By 915 N1 2450 MHz - S JiRE B2 H B N WA Rk A T DR R AU E S RS -
(e mn P AR ST (B0 - 7K) bR A el R e (a1 e ) » M HyaE Tk
LR A PEPERCE A BRI R (B2t ) BdE o1~ BRI IRy ieiE
LA (Marra et al., 2009) > HEMZESI DT RAVECR - HAREVBERERCR /] -
[EEF BB ALY RO K (Marra et al., 2009) - B & T3E(EBIE - 2 (2021)
MG SPREEGE A 10 KW - 40.68 MHz fEEE M fEiEE 9 cm T - HEINEE & 1

61



SRR 2 e

kg = HFE 2 min BIRZEFHHEIRE 120°C -

Yu 55 A (2020 ) BRFSHHRIIEN A SR ER BT EEoR I - RS HARE M - fEAT AR TR
10.5 cm [ £y 5.3 mine SR ] 92°C » HIORIEARHEER A B (K 18.25%-
£ 35CHrfF 6 it - B[RRI - AERTEAEENEMEE 18.35% 4 (%
22.63% - [ (EfE 22.32% - B EALGUETYERS 5 mmol/kg HIRA{E - 5541 Liao 25 A (2020 )
IR HIFTFESR (100~105°C) Ml (110~115°C) BYENEEHEhSTAEANIZL 15 71 6 min H]]
A PR RE A BRI 25 B0 S BB S M R A EEoRofiy 20~30% - ZEF 22 E (o RARIVRER - H.
EL#E B2 e A LR RS A SR R 55— 718 » SSARAIECKARE 5 min (ERMRER A5
100~120°CA H A] PAZEE BoRof - Ho el e 2ok i & B B oL (B M4E (Ling etal., 2019 )
55%h Chen A (2021) FIJFH 5 KW SHFENEL 1 kg >R A 2 min > BIRTEERMEEE H 20°C
THE 100°C - G R AEMEREIE - HARSAE 4 ~ 25 H1 37°C ek 8 A AEFEHUIBIE

AE ORI B i L FEE AN ZEECHAS - BB R « SKAH G K
14~25 % » BESHUIA aufeE - Bk R A At 2 R R - H RAFHVEEAUZ [BIOR
PEFAER S EE L EYHVE SRR - —FBoREHBR O 220 B RO /R 48—
ZHNVERI T HE - B B - BREE - AR L S AABIREE (5% > 2013) < SRBEH TR Rt <2
B EVEIE o - EEtIIRERTEEAHRE (Garba et al.,, 2017) - HOREEH & A BRHIHIE
BR - TRy o R FIEAM RS8R - Bl 4R - 250 £5 =1
FIEEE (Soares et al., 2018; Punia et al., 2021 ) » & R A SR B gt s 2 - SKBEEAY
ZEHU PRI B2 BB VER T 51 - i AR S AR A HL ~ BT BN 2 A ~ B 2R
BB B R B K EERUE P s R AR s & & (Punia et al., 2021) - 247 kS
S ALBRZEI R BRI R ERA S BRFIF AR - BRI B ML RS - W
FERBNZEEL ~ R UHBIEGH BB KEEROE - ZEHUSH R - B B psk i s R A 2 EMR
5 BRI ST PR 5 AR ME L - BRI FEE MK - HIARIE Y - M EeiE
CReARIZE RS -

ARAFE S R I A O B < RNV PR R & PR STR A 10 kW K
JEEE BN S AR NEMIBRHY BAR - Rl MR 222k > B DUBRMERU AR IE Cbe AR RE Y -
MBI AT > KRR AR R PR DR S MR - TR AT

2 o
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R AR

— - bRt
ACHYFE T P b R 50 100 4 101 111 4 LTI Al 10 BRATHAE-
- 3
B\ B RE f (EDB-10D » s Kt zh# 10KW » 452K 40.68 MHz » 220 V >
WAARAE > HED > Hi48 (Channel DCM45 - f{EATRAE] - B ~ ZIIRELLING
&5t (Testo 104-IR » fERFEEsAIR AT - Frdbi) ~ &ISMREVEME (TIM-03 > 5B
SEFERARAE - 10 ~ RORFORME (LM-600R » #{ERIECATRAE - #rdbii) -
t74% (Hunter L.A.B, Color Flex, America) ~ &5 (HDW-15L » #rst2RHY AR
ACIREEL PR
= BBk
1~ U5 H A POR MR E SRR B @8R oA - ZHEINL E R AEE R
FEan g IR P h s (A TEBefEr 2B /@ A ED 103 42 8 H 25 H i &5 1021901169 5%
ANEEIEE BT AR AT DURERS & BT E s A 2 815 R 5 0.01 mg/kg
(ppm) > A E S AR R E S ER = & -
2 ~ SRHIEME DR ORI E
SPANIEZ& R 10KkW - 40.68 MHzZ > SR AVEV R E%EH] 100°C - BUEEE 1R T
WA > i 0.5 A1 1 kg HKRIERCEAE 4 SR E (H1E8 23em ~ =% 8em) » 1.5 /1 2kg %
anCEAEHY 3 SRR (EE 27 em ~ F[E 9.5ecm) - HETA [E EE AR BEAY S AR R BE -
FEAERIRE MERIER LY 10 s PAERCHEH I EER (ampere, A) » HIFMEE RS IHES
RS EE R 2.2 A MR SE IR B 10 KW - FAE HSTRN P i - 51
BN = Ay Power output (KW) = (10/2.2) x Ax (220/380) -
3 ~ SRS R T RAIK & 88 EFEP
PASTAMGOR SR - B inR A =z (GE/C B EENE 5 om iz » thovig - FISELBEEE 5

cm FR)ADEE - S B EHIE A iR EDRIE - & 30 s Sosk A [E Bt EEE T oyt
T - BRI SREET] 120°C - EE =K R Etg iR R P EAY B B4g Bk
RIS - FeEOK S B LA RN R EE PR iy E B 8L - IEFRJeATH 1057C
A2 B 2 > DURTERRALHIEZYIR - ZNR SIS RIS T ik ansz oK oy
ZREZAFUT

[
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7EL7K5rE& & Moisture content (d.b.) = (Wt-Wo)/Wo

Horh WHZRZRIF R Ry tEVER SR EE R - Wo 2R #) EExHZY)

F&H 10 KW > 40.68 MHz SFFEHEZUIEGRA: - WS EFVEORE K 100°C » SREEESS
SESPATERRRA NANEAGR 120 s - A& SEANE 1 Hy =T iRas i - e it 2% Ry 65
cm/120s (> 2021) - Hl—@ g —a 1 kg KPR AL - ety B 460
SPATEMAR TOINEVR - BSHAA T O o BISERCREEITER -

I

R cancar 1 TR cancns
1IN DdULIdDUL 1 1IN DTLIDUL £
| Hat air inlet —Hr——tr—1 — Electrode plate
AVUL A uust — N A /

Gap

V
v . . .
m) conveying direction ﬁ
[]

1 90 cm 1 | 65 cm 1 1 90 cm 1
i 120 cm i 120 cm i 120 cm i
(7H » 2021)

1~ 10kW - 40.68 MHz M= SR L&A RS
Fig. 1. Schematic view of 10 kW, 40.68 MHz continuous RF system.

4 ~ GRS K B ER VK A (5 (4

SR TH S LABEE Bh TSRS INEL - DI R 2 e (BHY 0.5 kg SRl » 73 E
FATE 10 KW 40.68 MHz AR EE Gz 10 cm T~ » FHENSHETELR KT T R 2858 - KU A
FEaREEECE 2 ko)A PR BN STARERR T - B THARINEEIELT 120s > (ORI
REEEEF] 110°C LA L - FHREH N ERVERE T - S BAMERERSRIE By 110°C R g Bt )
#5200 ~ 300 - 400 #1500 kg J#Z 3£ 5 min » & & ELUTEEBRVER RN » FEE -
5 ~ SR R AR B ea 5 L

REORMERSEA I 2R 0~ 2 F1 12 [E A » LE A iR rIBE E -
PY ~ 3Tk
1~ Kneas

BT 3 g FERFAYSKOBR LS a - M A 105°CHERERZE 4 /NI - 22 IREIR B
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e FAHEEEB=EE - FRKTEE%) -
2 ~ B

{5 e 22 M E A ERREATRE 2 L ~ a* ~ b - SE{ERESH 6 20> HUEIE - &
dr LA B (0) - [ (100) 0 a¥ERFALE (+) - 4k (—) bYERFEE
B (+)- Bl ()
o~ GEtort

HisE R DIEIE RN Y » TS 2 BB Statistical Package for Social
Science (SPSS, SPSS INC. 7 {EEpEERAG A RAMBL N AR A E]) 20.0 fREEHELEH S
TR T - LA T 2B E 7t (Duncan's Multiple Range Test) » DIEAZ /KAEFy
0=0.05 » DACCRGH =52 7 BEE -

2 ~ GEREERT

— ~ HEHE KA E S S SRS B AT

TEARE R 7T - Ty Rt ~ Ti4h ~ ZEER - = EMIGRREME - W65 AROT
FESHDE » HAFEH R 73 5l s 40 ~ 30 ~ 12~ 86 1 50 23 HA » [ATHHEAY AnfE L & Al 10 57
KRIEZ  AGEMETIHHEROOR RIS 145 SRR AT/ 2R B & HiT 2w fH
Il - MRS HEE 2020 £F 12 A 14 HAARRL) SORBEI R i@ B albass A - 8
PR 20 AT - A 4 et BB ESE - HHE 3 fFEmfEEkE
ERHEE - S59NKRE S IR ALSRRE AR MR AR>S EESTESROK - EFORRER L AIURSE
>HEoR>HE E k>R (56 % 0 2010) » #E SR S FENRPREPRIET > (EHAH
SRR S T o SRR e |

* 1 HEEBARCKEHII A RORRAIREE 80l R > 2S5t R 54
Ve kBREEEE > F_fanT ZEHESBIREZNE - ORESEREREE - Hig
2R 0.4 ppm FERIRIE o &RV E Mkt ie A TAREDR A S DI R AR o A EE <
B R AR L TE & PRl 10 SR E 2 HCKERSRS £ 0.22 ppm » Bi =2 ik
G TRl 10 SRR 2R NPk ERyiR 2 & 0.12 ppm - C: =2 il 145 SR %
Uik ERiR e Bl R - DI EafE S TRl 10 st RR EPREig S E R 0.1
ppm  EXffZ AnfE & TPl 10 SRFEEDHACOKERSRAY & & 0.29 ppm - fi DL _E AR B S ]
X HEAACBEAMARE DA - (HESERERES RESSgXEFYATHE
W o MR AR ESEiRa 8 - SRR ende@EEm AL e
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R ERIPR 2 Fs 0.4 ppm (mg/kg) ©
# 1~ HEEtE AR R = =

Table 1. Cadmium content of organic rice bran in Yilan county

i Hh & Ry KR % (ppm)
A #RoA &l 10 5% tEHK 0.22
B =B &l 10 5% T 0.1
C =5 =T 145 5 E-a= s ND
D =2 &l 10 5% TRERE T 0.12
E ifE % &l 10 5% FEVEEHK 0.29

ND: “Rimiti (RS 0.01 ppm)
SETHH AR EOR BB IREEE RIS 22 (K5 0.4 ppm.

o BOEINENZ EA R BT 5T

EIUHIEAEERERE (0.5~ 1~ 1.5 f1 2 kg)Zhy—(E PP & i A KARE(E 100°C ZEH)
10 kW SHSENIEVEA [FIRE MR EIEE VDR (8 2) > FErhfEEisfiEEE 10 cm & > 0.5
1~ 157012 kg SREEEVIR 775 Ry 1.32 ~ 1.84 ~ 2.63 11 3.42 KW - Z5 S AR5 fAg i cH Y L)
RIe - PRIV A E AURREA BB DIRIR AR - Ry R (e @Y S HRINEN - Ry
W& 1 kg SREEERFAE AR A - 508 3 B—2NIRTE 1 kg ZEHPREE(E 100°C 2R
10 kW SHPEIIEVEA RIS M fEIRE AV - ek fiEE 10 em & 1kg 2EHY
R DR By 3.2 KW - T — g 2 kg ZEAREDIARMR - PERTREHRY—& 2 kg ZeryoRfE
HERRH = SRS o bt SN SRR

5

4

w
T

N

Power (kW)

-

|
3 I
l @ @ @
—o—0.5 kg 1 kg 1.5 kg 2 kg

o

©

10 11 12
Gap (cm)

2 ~ A[EIEMERE T EVE (100°C) ##HE) 10 KW SN 0.5 ~ 1~ 1.5 /1 2 kg KiEHY
Fig. 2. Power of 0.5, 1, 1.5 and 2 kg rice bran at 10 kW RF with 100°C hot air heating.

66



SRR 2 e

3.5
3.0 V\

—_—
2.5
2.0

1.5
1.0
0.5

Power (kW)

—e—2box*1kg 1box*1kg

0.0 1 1 1 1 1
10 11 12 13 14 15 16
Gap (cm)

3~ KB GELIEE FAE(100°C)iih 10 kW BHEIIZA—2 1 kg F1 =& L kg SRiLh
Fig. 3. Power changes of 1 and 2 kg rice bran at 10 kW RF with 100°C hot air heating with
different electrode gaps.

BB B ALY EYENEN - R BB A R ER R an T - TS RN
[E - AT AR IR AR RFE - RIS SR AT 2B B hn Nl - AR R i /K oy Fe R R
TSN AN > e AR E A SV E R PR (FIRERE - RSP H R E S i
AR - B DIZVEEBh S IIEL > PURARE B mnE - R R A EY
LSRR RS ) (Liaoetal., 2020) > iy HAYEAHIR AL HIEZEIRBIR 7K 73 HIUREL > $2
THEERTRER © B E ARG IS R SRR DRGNS R AT N > SAREITR
WD RyeRigom HIRE RV SHIEUELR - 12 BRI HER MM HIEE(E 10 cm #3(F -

FESHARERARR AR 10 cm 1 > S AllETT 0.5 kg SKAEEYFamge (@& 4A) > Hp PR
FERY BRI S YRR - BYRERBI S SIIEAT 1.5 min BYFR RS - 535 nl 2
90°CA1 70°CLAE. » MIT&REFFF » 1) HAEIEL 2 min i > RADKEEGHMEE - AR
EEE—F M 1~ 15 Nl 2 kg SKFEAE 100°CEVEERES 10 KW SHAFAE 10 cm ZE ik ]
PE AT AR eR (& 4B ~ (& AC AIfE 4D) - A1~ 1.5 1 2 kg KA FRI0EN 1
min S AT ERET 100°C > 35 Al (oK AV AR AR L 200 1 2R E(ERYRR
RERFIL A SIIEGE A PRI EFS R BB 2 th 2 Ak - SR EZE B - #EA
0.5 kg SRR E RV - BAHERE T E]N > {Him SRR K - EainEl 2
min & AEEEIRBEZEE] 100°C - DURHHEZHE 1 min §9 1~ 1.5 71 2 kg SKIERIZR HDMRE
JRARZEE] 100°C - {HAEDEEEREIT 100°C - (i A 1.5 min #Y 1 ~ 1.5 F1 2 kg YD
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SRS 100°C - f~5 BEOKBEHUHIES AR B8 & nl ge it plan 488 > SUERaEE 1
1.5 A1 2 kg SR g A TN 1 min - (EAELKIEARERENT 100°C BIAT > {F & B RS
AN E AR E R OE

Temperature("C)

20 —b—Avg surfaceT —@-insideT

0 30 60 20 120
Time ()
120

2

B)~

(=]
=

Temperature("C)
[ I T - Y
20 O

—A—Avg surfe:ceT ~@-inside T

L=]

0 30 &0 1]
Time (3)

—h—

20

Temperature("C)

—&—Avg surfaceT] ~®—imsideT

0 30 60 20
Time (z)

Temperature("C)

—a—Avg surfaceT —#—inside T

0 15 30 45 60
Time (s)

4 ~ 7F 10 em BEAGHEEE [ - DIEE (100°C) %57 10 KW SHEIZL (A) 0.5 kg ~ (B)
1kg~(C) 1.5kg fil (D) 2 kg KAFHYLR AT A AR 1L -
Fig. 4. Temperature profile of (A) 0.5kg ~ (B) 1 kg ~ (C) 1.5 kg and (D)2 kg g rice bran during
100°C hot air assisted 10 kW RF heating at electrode gape of 10 cm.
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Chen ZE A (2021 ) ®FIFH 5 kW SHAEN02 1 kg SR 2 min > (R 100°CHY SR
SR T AR RE S M AR (& R Al (E AR RG2S E - ZME ST IAE 4~ 25 71 37°C 3
el > AN BRI AR 2 2 LR BRI f2 s R (B A B E - 5550 Yu 22 A(2020)
TNER FHSTARAIEOKE 5.3 min» JREEEF] 02°C - ml(HERAEHEALEGHTHBI IR - m] DAGESL -
FREZ DL A B i 1 kg SRS RI%Es PP @i m o fE2H4E 5 10 kW 40.68 MHz
SRR 10cm 1 > Aifc & 100°CEVEIIE 2 min > FTEE 1 kg SRAEAERAARLZE 100°C
(£ 2) > BLrT R VAR IS - T B U A i A 2R P2/ 65 cm/120s > H]
A BRI AR ] Ry 2 min > BITAT(EE 1 kg SREEAIEIY 272 100°CRAE - ORMEHY
REfEEGISE - DRI E(LAURER (Chenetal., 2021) - FEHFSSSEIENARARBRELAK
BT EPBIE 2 Al SR R E R RS > Jn YRR - SR RERHER
BEAHITETY - A B R E BRI -
2~ W& 1kg SKEEAE 10 cm BEARMHEIEE T - DAFUE(100°C)iEh 10 kW SHFEIIECK IR
REAMAEREE

Table 2. Surface and inside temperature of two boxes of 1 kg rice bran during 10 KW RF at
gape of 10 cm with 100°C hot air heating

Box 1
Time (min) Surface Inside Weight (g)
temperature (°C) temperature (°C)
0 21.0 22 1000
0.5 45.0 47 1000.5
1 61.0 83 994.3
15 67.7 97 981
2 68.0 103 962.5
Box 2
Time (min) Surface Inside Weight ()
temperature (°C) temperature (°C)
0 21.0 22 1000
0.5 41.3 47 997.5
1 50.0 72 992.5
1.5 59.0 90 980
2 62.3 99 960

69



SRR 2 e

B0 Bh S AR B AT B AT R R R 2 100°CRA L - SRR B4 e (LB
SRAEENZK S S B EH 14%0E 24 4% » BARZIEIVEER - H DG ST A RERTERK
AN E SRR - DUgE kg SKEE(E 10kW » 40.68 MHZ JHEE (SRS (22
i AT RS 65 cm/120 s ) RIS R E RS FIE S L > Mty VRS AEEY)SLAE 2 min
PREBRE Ky 65 cm SFHEERR - A AESINEAYFRAAETE > H ORI A BRI R
17> 100°CR AT 22 EA LAY (2 3) » HHIE AT DARERD L A S A SR I B KR A BUAR -

23~ F& 1kg SRR 100°CELEERE) 10 KW ZEGE ST RS R E 8 b (k265 & 65
cm/120s)

Table 3. Temperature change of 1 kg rice bran per box at 100°C hot air assisted 10 kW
continuous radio frequency roasting (conveyor speed 65cm/120s)

Box number ;enrzgf;azgg S-?nrggf;azgée) Inside temperature (°C)
1 33.0 64.3 107.0
2 32.3 60.4 109.0
3 32.8 63.1 105.8
4 31.5 62.5 105.7
5 33.2 68.7 104.9
6 34.1 60.9 104.0
7 33.2 67.4 104.6
8 33.1 60.0 104.0
9 33.2 64.3 103.8
10 33.1 60.0 106.8

=~ BMERBERRAENTFT

FEERME KA - LA R ELEE 0.5 kg FYEZEEALRYRIE > 73R EL 2 EPRIEEL I E
Fr bl PP & - 3k 2 2 ERAE 10 kW 40.68 MHz SFE#EERRM 10 cm | » AEECE 100°CEY
JEA RIS 2 min mEERIENEIH R SR 100°CLLE - R] DU R K 3K
ZES%LLT - HA A KRR HUEERR -

AT pa B AT BBORE A AH AR AR EE - f2 & B FE AR R A2 HER (Phan et al,
2019) - BFCEREHIVERIESE - #UTRPRIELL 0.5 kg B4 RZakeh > DIRSELIEON PP &
o W S AR EE Ry 2 kg HORAEABNEERED SR UE IIEL 2 min 2 120°C ([& 5) - A E
NECHI]JBEME L B 2 B R MR © & (R (- i 85 DA TR NG e DR FEHET TR (1288158 B S0 2k
DAPO{EDRREEL ($£49 2 kg) SKEEEAERRHIE ELT 110°C 110 s FREEKS > 300E
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ME MRS R fy 110°C K P& B /7 By 200 ~ 300 ~ 400 F1500 kg fEHE £ 5 min » L&}
JE15 288 g FRIEH » MEMZREE 14.5%EEERDRE Ky 120°Crs (R 4) @ EFEEHUHRYY
& 70.1% ~ 15.6% - 8.3%71 5.9% - i FHGTHH AT R NIECKAE - R L ERERAEELTE - 1R
SRR GEEC 22 E MRS » TRATHE S AV R BRI ZOH R -

Temperature{'C)

Time (3)
140

120 ¢

gim
% %0
g
8 60
g
= 40

20

= —i—D)
0 A A i i "
0 20 40 6l a0 100 120

Time (3)

5~ 100°CEAJE 10 KW HH8 (B EFELE 10 em K ) (EE 2 & 1 kg SKARAVRRE 4R ©
Fig. 5. Temperature profiles of 2 boxes of 1 kg rice bran under 100°C hot air assisted 10 kW
RF heating at 10 cm gap.

LR 8 AR [F] 20 DT A FT i A HY A HES - ZE Ko PAIE C e AR 2 By 22 HL
FRAE Ky 100% » BAVE 2 85% - E R A HUAY R MM 25 B v 22 86~95% - [t fiEE TR
PEAIAD = B R R A0 AR e FREGAR BT A BB ST 2 AR 2
98% (Phaetal., 2019 ) -
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2 5 4B B R GETRRIEAIRAE - CORAEIIE 1 min SUTEGE KA R P (T A
HEFEL] 2 min AR KA CEE B2 LR D (T SR S B 2 B =
47 100°CA1 120°C (58K 53 & B B9 10.99% 53 BI AR (£ 5.03%713.42%:
(B IR - SRIHEISERE (L*) 497 54.10~54.48 » SE(L3RIAR (P>0.05) -
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Table 4. Effect of the temperature change on the oil extraction ratio of the preheated 2 kg rice
bran by hot air assisted radio frequency roasting

RF preheating (s) 100 110 120
120°C Barrel Oil Yield Oil Yield Oil Yield
(kg) (9) (%) (9) (%) (9) (%)
200 134 53.6 168 60.4 170 63.0
300 59 23.6 55 19.8 45 16.7
400 35 14.0 31 11.2 30 111
500 22 8.8 24 8.6 25 9.3
Total weight (g) 250 278 270
110°C Barrel Qil Yield Qil Yield Qil Yield
(kg) (9) (%) (9) (%) (9) (%)
200 197 68.9 202 70.1 190 64.2
300 45 15.7 45 15.6 51 17.2
400 24 8.4 24 8.3 30 10.1
500 20 7.0 17 5.9 25 8.4
Total weight (g) 286 288 296

2 6 R RIEHA B P AR 2R G5 N AVBRE S L TEGEE 2 (8 H B - SKHHAvEE
mERAEES L L 1443 %% 13.78 a*H 291 [ % 2.16-b*Hy 17.36 [ % 16.74
KR A TR AR B EER E 12 [ H - AT RIEEIE - SRHAY L* ~ a*fl b*
ST SRR 5.68 ~ -1.56 F1 3.18 « Sy ce o RIRHAVER (AT e ARIE (L - ARAATER
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Table 5. Moisture and color of rice bran at different radio frequency stages
Sample Moisture (%) L* a* b* Picture

non RF 10.99 +0.08% 5458 +0.63 4.73+0.13° 21.91+0.36°

RF 503+0.15° 54.15+0.77 5.08+0.11° 23.94+0.36"
blanching
RF 342+025° 54.40+057 548+025 2513+ 0.443
roasting

Moisture and color data are expressed as means + S. D., n=3 and n=6, respectively. -
Means with different superscript letters in the same column are significantly different (p<0.05).

% 6~ SRR A FE R AV 21

Table 6. Color difference of rice bran oil with different storage time

Storage (month) L* a* b*
0 14.43 +0.01% 2.91 +0.38 17.38 £ 0.20%
2 13.78 £ 0.68" 2.16 +0.10° 16.74 + 0.80°
12 5.68 + 0.50° -1.56 +0.17° 3.18 £ 0.31°

Data are expressed as means = S. D. (n=6).
Means with different superscript letters in the same column are significantly different (p<0.05).
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