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Fig. 1 Rice grain

A Schematic view (Champagne (2004)"" with some modifications.)

B Immunoflurecence micrograph of rice grain with antibodies against
glucuronoarabinoxylan in the cell wall (x 20)

C Morphology of starch granules in the endosperm cell observed by scanning

electron microscopy (The scale bar is 5 um.)
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Fig. 2 Stracture of amylose and amylopectin
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Fig. 3 Schematic representation of changes
that occur in a starch-water mixture during heating, cooling and storage

(Goesaert et al. (2005)*® with some modifications.)
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STWLHN, EBERMKBETH-TH, YR TBWnwLI] Bkvbhd, ¥
BROKEBKE T, FxiFarv=xr2X NTHETRLITKREEIC
AR S ALTRA L & 72 0 BLik - JEEHICHAIRZRICER I N2, R D HE
BRICE SN ETICEGFERBANSEL D, TOMITE Z 2 KA /33
YL LleBKICRD, Whdwd Tk ZMEIL, WKL THHH
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9. BRATIKBEE

WEKZERIL 100°C THEH LI-fafikEK %2, I DICHEBICIEAL 5%
BILREREOKTH D, MBKEIIZIZOREELZENLTCEROMT -
PN A~ AERONE 2 CICFH SN TEBY, I 574k 51EHANHMF
SNTWS, FTLBBAKEREANWCEREAA—T7 U PREBEINTZ &I
L0, RIS BT A i L Ao T,

BROICLD L, BEUKEKZ AW MECTIE, $nEW ISkt L TR
BBLOBEAE 5222 ENARETHY, MBALEERENTE S, fafikH
ROGBEOKER) L OEWVIL100°C LLEOBEEC X 5 MEEIT 2 5 RIZ
5, KIBEBXTIIPMEW & OBEMIC LY, KRN EEM LFEISAKMNM
ETLEMEBEIC L VMBS D, TOREX, WINEYOREIRE R
100°C LA F 0354, BEE (1 keal/kg/°C) +EEMEEL (539.1 keal/kg) & 725,
BE DKZERKIL 100°C TH H 720, HMEWIL 100°C LL EIZIX722 57220,
F DT DWMBI L F I ZEEHME L T2K G FRREIZH HRETIREN LFT
Do TN —EMRTELIRECTHY, BARECOMBALRAIND,
—J7, BEOKERKIMETIE, ZOWHEREIZ I Tl Bk 728 K D BEAE 12 &
DARBICREIRE.N EF L, 100°C ICREIRENET 5 &, RITHEE (0.48
kecal/kg/°C) (2 K 2 MBANRITON D, Z DKL 9 RIBEUKFEKIC X D INEH
OB EE EFIEL 100°C 1272 5 FCTHRfE S5, 100°C 1272 5 L EoK
AKJOBATILITMEL RN G, #WNEBMORE DKy %73 - RS
BDHZENTE D,

ARBFFETIE, FI2ICRRE S 472 R EIRAR 7S 7T HE 7238 f5e 7 oD 18 2R R IR B
#E (Fig. 4, T— AT AT L) ZRAV, TOREK (LT, BIKEK)
DEWRMEZ AL NI LTz, REFRAOBBATMKEBEERIL, =— AT X
TALTHBEICHEINTZHDOTHY, EFHVRVAERERKROFETH
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% %, Fig. 4 IOR LEEEBEBRXERAICN LA S0y 7T M Th
HTo—BENTHL72, ERKE L TUEIE A=A AR Z B £
MERoTWVD, T ATHEAANGHAOETa AT EE2iind, a3
TiExy MRIZER S TWD 2D, a X7 TFENLHKE I HEKN 2 A
EEBENAT HHEEICR>TVD, IHICKEKRTETKE, T2bbT
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EMAKRIZEV K20 TREDLN D, 20 _XTRTHLTD, EXNTELD
RELTORMENRRL, FEARKIVBIR TCHLT-OBETOLE S RV, 1K
AU AW D&KL, AT 100°C OEIFIKZAR, %313 125°C Om K
[CH D, BRTH D72 DEBBUKZETITEN THBEKREIZ 100°C L TFIZ2 5
N, [IEROEKXCHEZINTZEMIaANRNEAINDLDOT, ZO@EKRE
R[ROKEREBEMEEN 2 A B0, —ERBTEERLMAKEITS Z & T,
BEAICL 22 AOEBENEILRVEIICHELCEY, 2 AD0FLET
H—ITHb L, MORBEICRFBRARZODOEDORVKEEZEBRL TV D,
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Fig. 4 Schematic views of the superheated steam rice cooking machine

The size of the whole machine: W 2500 x H 1650 x D 1100 (mm)
The size of steaming chamber: W 2100 x H 415 x D 544 (mm)
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MY DTS, REBRTOaxANLORHEyESirT2 2 2k, &
RIRE KT TR LIZS VDD, DA B =X LD 2R AT,

-23 -



[I. ARF&E

1 B REARRIKBERIC X DRBEFER LR O
RENZNE S 7y R — L TOEGAKIKERNAFIRE & 725 K95 B%
L 72 IR EREEE (Fig. 4) Z W, B BIR K[ ERIEE 2R O R & S1d, W 2500
x H1650 x D 1100 (mm) TH VY, D) BLEKONFEmM L, 2 A &K& BT
% MR ERE N IE W 2100 x H 415 x D 544 (mm), BEIIK 047m’ TH D,
BREIEL LCTET, REAKZFHER (RIEK&25ke) , 1.5 fFDKEKIZ
1 RERENRIE L7, RIE®R, SHCHITFCSHHEL TKkEZEY, BEEK
RECEBEICEA L, ALZa A IXy PRIZR -T2 0 _RTIZD - T
FENIZAY, Fig. 4 TIEENOGEICHND Z L1275, REERIZ= o~
T DAL= RIZE - THIE LIz, REEFERZ 17 53005 25 53 O THRET L
TAER, 2~23 R HKECTHHLZENHBA LT, £ 2 CUBOKERER T
%2245 & Lz, KA, BT 100°C ofafikRA, %313 125°C O EL
KEREEBETEH»OENICHB L, TR TR TIZ4 DFTOHAT
AR ZAT > 7o o MAKIREE 13 85°C ITRRE L, MK EIZ T ER L Y 1.05 L/min
ELTHRE B (BUF, BRKECK) o BENIREEITIKEF 99~100°C (2

Rz T,

s o SRERIZIX, FEM H kg (7Y =v 7, SR-SUI05) & MW
7oo REFAKRZAGEKIZ 1 FEEIZIE L, B{EKE & HICTIEERN 2 RERE —
RCHRAER L7z (KRERPTERE I 43 43) o E MK, KRR CIIKE
BOISETERBIND Z ENZWVR, ZZTITKRBROKSEEN, K&
RERC—EEJICHW B D 62~63%& 72D L 5 MAKKIZ 1.6 f5& Lz (LA
T, BEIREK)

FNENDOFETHRER LIZKRIZT T 2 F v 7 MEBERGSICAN, Kif
BEHRNEIICF v F o _N—R—Z LS ATELS 5% L T=IET 30
SHELTHD, RELE Lz, FERREE(E A LD, KAETCK 100 ¢
To% T v 7NZaHk, Wk (5+£2°C) RIFLT,

B, EBRIIT TR 2 FWEREa Y (EEX, HE 90%I1215
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) Z2HWE, REPAKIE, KD 14.6%, Z o078 6.5% CTho7T-, £7-
FUTUHEOT I n—AEGRBITI18% TH -7 (IR IIE, 7Y FEE
HFZ2FT, KettANS800) .

2. KGEEOHRE
ZREOKSEEIE, 105°C T4 B Ez S, ZOoEERVHLEH
L, SEOEHEZRDI,

3. REAOHRE

FHREL100g 2T v 7 TaAH, TEHRET KRB LORBEN 270D X
NI L, Ty 7O ENbaNEES (=0 /1%, CM-700d) IZ
KVHIEZIT oo, BIEIE, ERFCEZRES D SCE TNxE v, BIER
8§mm CTiTo7z, MRITHEEAZTRT bE, BLOBEEE (WI, ASTEME
3113-73, FEKX WI=4(0.847Z-3Y)) Tlrh#k L=, BPEILESEMH 3 ET R
Btz o<, ZhEzn 10EFO8EL, FEHETRLE,

4. WLE

BULEOBEIZB T I 77— - 7T F—BE 2 i/, LLTO@EY (T
ST, BEFEIX, FAXBTIT7—F (BWEEE, HEFREMSIU/mg) B
XOT VT —8 (MK, crude2 IU/mg) ZH\\ 7=, BREHERK 0.3 ¢ (BChL
RS WEIYEBRIOEE, T-8HEE) 28V LV, ZEK8mL &2z
THIAREVFTAY—ITLD 10ERESBEIT 7, 0 EHK 2 mL % 0.8
mol/L OFEfE /N>y 77— (pH6.0) T25SmLICAAT v Lk, D95 4
mL ICEERERE B7I7—F 081U, V7 F+—E341U) ImLZMMxT
40°C T30 RIS S 7=, Wik 0 B (RERE#%) OREHRK (55 8UR)
I%, 10 mol/L ® NaOH 0.2 mL % /il 2 T 50°C T 5 R 74 UL ST
225 2 mol/L OFEEE TpH % 6.0 IZFHFE L, EfE L RRICEZER L Z21T-> 72,
MBI TOXEIVEH L, 228, ®E 0B (RRER) ORI A
TRV LTS E O REZBILE 100% & Lz, £7ETHEEITY
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TR F AV EL 2 BT T ) — ARREREC I L RO,

P

fER (%) =BFNICTERLIZEZETHEE/2SFEE (W7 11 H maltose 4
2) x 100

ML (%) =3B 0 o fF=R/58 2R ERE O o fE=R x 100

HEtOKGEEZHIICHIE L, #LEIIKTEEEZMIEL TR, HIE
X3 ET - 72,

5. %

W DORIEIITE S50 3 (& 4, RHS1A, = — K&/ A&D 1,
LC-205-K020) Z# M\ /-, BEFIRICHEY, REMABFERSBER > v — L
(E&32mm) [C8g®EV LY, ISINTEXRIONT ST L AE2ITWVWEHRE
TAATROBIZ LT, IZRoTeHEPERICES, 77 ¥y —ME
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EMENDORD EZWT T I =5 2RO —JfEEZRD & L
77 BIEIZERE 6~7 BT DT o 7=,

6. HRURIMIHE O FAMBEH R

AEBHRE K X 3% (W/v) VB F T AF Lo — R RIEZICERED
HL, BRLO B FEATIC 10 pm OB R ZAERL Lz, IR 23 ¥ REK
(01%= U FE, 1% vkhVUL) &, REERTNICAEKT 8 FICHR)
ZWTL, 3MEBERICEALBZE L, BEICITF—= 2 X, BZ-9000
ZHRW, HEE, 1T —F— FTiTo7,

7. WHERS D ST
MR OB, = A 1kg ZEAH, T X7 EIZE2ED 3 A PtHAE
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Nz 47 (R 4 51%) o, Bo Il LIiliT->7, EURL R
HikoefEsE, ExEELZRE LT,

FIIRERBRGR 0 D 8 o1&, 12 otk, 16 701%&, 20 R OWHIRIL, RiE
BICEHAE LB ZITY, BRYWEELRE L, 612, KT OEEY
[ZOWTHVIEIE 7 v~ 24Ty, Bt R o8 o #HER 510 % fER
7= 7517 1% Sepharose CL-2B (Pharmacia, ®1 x40 cm) % V>, EBEHZ 0.05
mol/L KE&{t7F kYU 7 A, ¥ 15 mL/hr, H > 7 VR KR O B
¥ 10 mg/2 mL 0.5 mol/L /KEg{bF MU U AL L, BHFEITZT =/ — )V
Beis O 2 M-, E-AE4S 150 pL % 0.05 mol/L e T fnic 3 v
wiE (0.1%3 U3, 1%3 7Lh U v A) 20l 2N CTHERASHE, 70t
EE (BERAER, UV-1600) ZAWTRINAXYZ ML ZBEIEL, &K%
WEEZRDZ, £77In—A0FEERLE LT, 22 (HARK) ZHhk
L, HBICRE, WBRSE T 7 ah, 2B T 7% 3mol/L K
it NV LATTAB YL E %, fafny % ) — L TCHhEIEE D
D% iz,

WK SNTICHE-TLRIBKOERE, 2=, EOEE S FRICHEIE LT,

8. B HEFEME

IRER UL OO S S E DX D ICFHMl S 2 2 ik 572012, RERE
BB IOIRF (5°C1 B) ZRICERIFMAIT -7,

RERE % OREHIZE S LRI/ L, iR (8 25°C) IcmE L CHER
L7z, SERGFERORBHIZNENOREZ 7T AT v 7 BUEEARIICA
NTES LRI, WERAFE L, BEREFEMO 2 FFHEANZERY H L, &iE
LR L TREFEZORELE Lic, MBE#ZA L, b LIIREERLD 2 8
B TIT o 7oy AN VII R SL R FAMBRER FHF4AEB L OHE 16~
20 A (20 fR~60 1%, EfR : BN, 11 A, REFEEZ: BHES AN, &
M8 AN) Thott, 2 REEZHWTHE, TV GEIlEB IOREL) |,
BALR S GRA) 2L, AEEOREIX 2 AHBORER © LY £
L7, £/F (5°C1 AH) BICERK, %, REFMOLE 21T -7, 71
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I. BRELUER

1. KoEE
AEFEEE LTEBRO KD E &L, AKIRERCK 63.4 £ 1.7%, 8 & RECK 62.2
+2.0% TH-oT-,

2. REAOHRE

HOHELRT bMEIT, BIREKT24+0.6, BEKEEKT28+0.6 T
bole, - BEE WL, ZZRKUKRECK T 41.2+3.2, 85 RECK T 39.5+3.3
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SE, HEICITEERE TEFLE > OREZ &V, BHIEEZIT -7,
LAaL, BEKEKTIIEZH TN BEL, BEI LRV TL, £
DEFODbEIZS.0 L RENoTE, ZOLHITEEREBTITREHND O
BICLTNELDD, RIKBETIIEE2EALRANVWED, ALATHREID
N L R LT,

3. BHoRRHEL

FRE OB X, K OREEE L% Fig. 1-1 12787, KERY B O X (3&
RUREK 382N, BHEKECK 35.0N LIFIERMETHY, AL VO X
IZRITTWH Z RSN, ThbOREmERTLIESE, BEK
fRKCIE 1 BHZIZ 703N, 2 HIZIZ 88.6 N, 3 HZIZ 107.4 N & 2B I
MER L7, BIJKEBKOE S (X1 HEIZS51.6 N, 2 HZIZ 67.0 N, 3 H
BIZT38N & EH LR, BEREKICHRD LD ThHoTe, 2
501k, REREZITEFHRE KO T NEIKBE KL b RED-T, B
RFICE D BEREKTIIARICHEY OKRTRAALNT, O, 1 H
BT ZERIRECK & B E R ORE 0 (TIZIERE S e o7z, S HIZ2 B
TITAEKIRECK O T R BE KK LD R0 BN RE Do T,

WEDOBIERE RN, BIKEBK TIIBBRFICL D2 ZILICHEI B SO
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Fig. 1-1 Time courses of hardness and stickiness of cooked rice

Cooked rice in each way was stored at 5°C. The samples were taken out of the
refrigerator and left at room temperature 1 hour before measurement.

0, Ordinary cooked rice; ®, Steamed rice.

Each value is the mean + SD. (n = 6~7)

**p<0.01 vs. ordinary cooking at the same storage time (Welch’s ¢-test).
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Fig. 1-2 Changes in the degree of gelatinization of cooked rice

Cooked rice in each way was stored at 5°C and measured the degree of

gelatinization by BAP method.

*p<0.05, **p<0.01 vs. ordinary cooking at the same storage time (Welch’s ¢-test).
o, Ordinary cooked rice; ®, Steamed rice.

Each value is the mean = SD. (n = 3)
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Fig. 1-3  Micrographs of lengthwise cross sections of the cooked rice grains

A, Ordinary cooked rice; B, Steamed rice, after iodide staining (x 200)

The scale bars are 100 pm.
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FoTEY, FUrrAUvRENLOT Ia—ADEBEERI P RWEEZLEND,
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fRE 7255,

—F, BRKRBETIEIAZREL, BAKEZEOREBEXRTE T 2 REBREREICH
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iR () ZEICER LRHRbPTOBEBYER, 2, 2T
P& % Fig. 1-4 |7, BIEAKIZIZa A 1kg PO 2HEE TN 1.5g, BT
MR 0.5 g i LTz, FHRICIE, IREGRRERFRTIC K - THER
LARNOLERRHLLSSITTEY, ZOEFHITN 134g ThoTo, iR
H o — 27 ZRERBRE D 84514, 124514, 1645#% D 3 @b 7=, MK
WA M1 B6mtk, 2 81075%, 3 BN 1401%, 4 D18HBHETHLD
T, HEREHOE—71L, MARA > v 2B H EREPREY T2
WZHhl2, MHERFTORETLHEL, WITFhoX A I 7 THUHRERALT
(OMM@MLMT)T%OKOEK,E%%E%ﬁﬁ&é%%k*ﬁb,
MEPDIZE AL EREETHL Z BRI N, BIEK, BLOWHIEF
DEFEEEEFHTDHE, AKX 1kg D, M15g, TROBLAEED 1.5%
BECHEZIENRHLTNWD I ERELNE o7,
OB E S AVER e~ N T T =X D pE L, KES Ok
B4 7/ — VEEEIEIC LD OD 490 nm THEH L& 2 A (Fig. 1-5), K
ERPFEEOE— T N E DB B IL (Excess water, KHEIE4y), H AHEE K0
R L7 I e — XEHES (SD amylose) D& — 7 OXZ — 2 P L
TWiz, Fz, SEIAVWET I —AEEJOLHE SO I U RRIA Y
ML DRI E (Mmax) 1% 600~640 nm 2 & THERE(600~620 nm) ¢’
CIFIE—FH L Tz, S BT, ZRKURAERH O i R O & 18 53 O e KW I
EbH 600~640nm BETH-7Z &b, MEKROE—271X7 Ir— R
FUTDHLEEZLND, ZOHES (Fr. 15~28) OAFLFRIL, HHEBRM»S
B SN 2REEOK 85% Th 7=, £/, MHEKICT I X F o)
EENTVWESLE, 730 —RX0VESTTHLDIEDT I —ALVDHE]
(Fig. 1-5 Tl Fraction 10 ®&H 72V ) [ — 7 BB, ZOHRKEIIEE
(Mmax) 1% 520~530nm® LB LEBEZLNDLN, TOL IR — 735
LR oTe, TRNHDORRNG, MEERFOEIIEIITIR—ATHS
ZEMWIRBINT,

FATHFZE P12 X B &, BEIKBOEE, MEH 98°C O & T 100 g 4K
bV aeEEL L THN3IgDE-RH Y, Z0IFEAETT T ThH D,
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TInRIFURBHEART VI EERLTWD, E-RAEDL ®1F, K
U 80°C, 98°C THH T HMBIK T OETEWERE L L T 100 g KNS
#0.8~09 g WIEHTHZ LEZRLTVD,

A, BREBETIIETEREZEBEL TCOMBEIZIS%EETH-T-, £12
MHEMIEICT IR —ATHLZEBHLMNER ST, A2 A0 HnTE
TS T ER LI E Y Thoid, K Ta A &MY %@ 5w KR
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L, TOEBIFSEZEORETH D,

-36 -



1.5

1.0

0.5

(g/kg raw rice)

0.0
045@®78 9 @IlI213@ 151617 @ 19 20 21

Heating time (min)

Fig. 1-4 Changes of the total carbohydrate and solid content

in the excess water during steam cooking

Heating time = 0: Residual water (Raw rice was soaked in water before cooking,
and the residual water was measured.)

1 kg of raw rice was pre-soaked in water, and then cooked in the superheated
steam rice cooking machine. The excess water was collected every minute, and
the amounts of total carbohydrate were measured. Solid content of the excess

water of 8, 12, 16, and 18 minutes were measured.

m, Solid content; m, Total carbohydrate; o, Reducing sugar
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Fig. 1-5 GPC profiles (Sepharose CL-2B) of the excess water

during steam cooking

Samples were separated by GPC on a Sepharose CL-2B colum, and the total
carbohydrate in each column fraction and Amax of the polysaccharide-iodine
complex were determined.

SD amylose; standard amylose (isolated amylose from rice starch)

-38 -



7. 'BEREFM
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iz Tg5wv ) LEHMis iz, L LEY OFHT NIz, BREFEHRIC T#1k
R D) LEZXTANL BRIMKBEKTHEREILAD RN T,

¥ 72, Fig. 1-1 IR L2 RO R ER R ICE W T, K1 BZE ORI
ok L BERSKTIIEIICENAONIZTLD, (RF1 HEORKIZOW

THERIFMmZITo72, S HIZK, RAEFFMICOWVWTHFMEIT72, 20
R % Fig. 1-6 12737, B SICB L CARRRECKITEE RECKIZHXTH
BEIZFZODWEFM i (p<0.01), HEREDORKERE —B RN AN, —
7, WHERE (1 B%) THEEOALNRN-VICE L T, EREFEM
TIIAKKECK T THE D 2388V ) (p<0.05) EFEfis iz, S HICRKOK
EFl (EHLOMREFE LWV TERIURBCKIZTAERICH ENT (p<0.01),
BRICEAL TiE, B, REBRBHVWTNLEIADILRI ST, S,
B, BRE b REFEM CIXAKREK N A B I iz (p<0.05),
Tbb, RF (5°C1 H) H%ORKIKEUK O BRIT@EE KUK L0 4F %
L, MEFTM LB LW EFMEI N,
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Table 1-1 Paired difference and preference tests

for ordinary cooked rice and steamed rice

Just after cooking (n=20) Stored for a day (n=16)

Ordinary Steamed Could Ordinary Steamed Could

not not
tell tell
Appearance
Which is whiter?
3 15% 2 2 13* 1
Which has gloss?
7 9 4 4 11 1
Which looks
delicious? 6 11 3 4 11 1
Preference
Aromas
Which have
15 2% 2 10 5 1
more aromas?
Which smells
good? 9 6 4 7 6 3
Preference
Staling score
Which is more
8 2 9 12 3* 1

staled?

Ordinary cooked rice and steamed rice were evaluated just after cooking or
stored at 5°C for a day. Numbers indicate the number of panelists who gave that
answer.

*p<0.05 vs. Ordinary cooked rice
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Fig. 1-6 Sensory evaluations of cooked rice after being stored for a day

Each rice sample was stored at 5°C for a day and samples were evaluated using a
7 point scale anchored from +3 to -3. (n = 16)

The samples were taken out of the refrigerator and left at room temperature 2
hours before sensory evaluation.

m, Ordinary cooked rice;

m, Steamed rice

A : softness (+3=softer, -3=harder)

B : stickiness (+3= greater, -3=lesser)

C : overall preference of texture (+3= like extremely, -3=dislike extremely)

D : taste-sweetness (+3= greater, -3=lesser)

E : overall preference of taste (+3= like extremely, -3=dislike extremely)

F : overall acceptability (+3= like extremely, -3=dislike extremely)

*p<0.05, **p<0.01 (Mann-Whitney’s U-test)
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L], Wk OBE» D, REIRECK TR RN HEIE LR n-EE,
KBRS TWD 2 ERER SN, E-EEKRBKICALNT, faED
WRIELZT I r— 20 EMIT, BARKEKIZITA R RhoTo, T
%, REGBR TT 7R —H B L7e 7 I v — 2%, BAKKEBERE
TIEHENLOMAICEIVEVTEENTEY, KE LB IRECKRD S ITH
DERMPILTWDLTED EEZEZbND, Thbb, BRIUKR TITREF I A
WEOFE TED] 2 EnR<, WEEEND 2O T2 DM -
NTW5E, ZOFEODRKANTOT S a—2ZAD0EHNLRL, TIa—24
FOLBICED R Y NT—Z DK ORI W, TORKE, KKK
KiFEEMALIZSL, BEERFEOEREHMTH, AEIZBWV LW &GN S
nr-tEzons,
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IV. /ME

HEHEROBBAIIKBEBEZHRE L, ZOHEEZH O TKRER L7 KO
ML FRREIE, BXOVEREIIM 2 FE L, RO EZH S )
L7, FOREE,

1) HEERIARIKBAKTHEREICE» ST,

2) WHERIE T, BRRBCKITEZBICH O BRFNRE IS0 LR, ¥ oK
TP ol

3) ML, BRRRECK TIIHBREZ D, BFEREKICHENEI RN
TV,

4) SUREAIETRECKEEOBEMBEBEZICLY, BFEKEKTITREN
FEROICREEDIHDIDAON, T URNPOEEHLETY I 2 — AN RE
LTWOERF DR SN, —F, BIURECKITH —IZRE 2L,
TUTURNOEDT I 08— ADEH N DIV ERTRBINT, AR
IR K TR O R DS LB A IE L < 72 TV 7223, @H KRk ©
TR OIRN EZAEZ AN TV,

5) ARKEBUBRE T ANLMET D0 %2 7 VERSITIC K VXL
ZA, TOMEMIIEICT Ia—ATHDH I ENERINT,

6) B REAHEIZ B W T, mERFE ORIKEBCKITF M2 & <, ZBEF 6
WLWRERRFF STV,

IR ORERND, RRKEKIL, HILAMERS 8RN £ %
BIEN TN DT, ZLOREERDT S0 — AR EALMIANE D7
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TURMNOLEEH LIS WZ ERAL N E ST, F2, TTEZNENLT
RE—AREHLTYH, KBEBRTENODO Y vy T— 1 712X D BWVik
ENDHZELRINT, ZORR, 7TIn—RE2EHK LT o0bYws1E
T BRARIKEKTIIRR I NICLS L, FLB LIS RDT2D),
BBEFELTLEBVWLERRENDI EEZDBND,
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®2E

BRBEQIRBKROEFAFIELE T RKRROER

I. Fif

T A TEE, KERICHKETREEINDLZD, KEKED L OO R
PN EFICEETH L, BT OCREKDO EERFEHEOO L DD 5K
Rl THY, BbrolLEHEVDOEWICL- T, REKIZFEFEICHENT
D, ZTF AR o720 T 5, RBCKOFR L RAKIZIE, £ DbE
WHRBEELTWLHR, E0ealnikbB FEL TWDOINEHALNCT
HDIERES TRV, FVKIZBWTHEH LTS 2-acetyl-1-pyrroline LA
ML, T ADFEREZRES T TND VR DIEEWITHAL IR > T
72V, (E)-2-nonenal X° (E, E)-2,4-decadienal &\ o 72 DD T LT E
RIEE®IE, 2 20FVICESL WD LRESATWVE MY, Fleoh
ETIC, 2 ADOREBEICEIDIHEARRDOELEIZONTOMENTOATND,
TR, FNEEFEMBROBIICE > TERT L2 I VR= 1 bEY (L
Z 13X hexanal X° octanal), ¥ & O 2-pentylfuran DN EE R JRK Th 5 &
WhR TV Y kRS X, ABROLLE TET B RE FIEIC OV T
FexAToTCND P, FELEEDIE, TIVoHKREREMVRLS L5 72E
SKBBORFELZERL TS M, L, WEFIEOBENT &> THRER
KOEBEZIETZNED X HIZEALT HZNIEB LIEMEIZZEAEA LN
VY,

1 BETIE, BEARKUKERERE 2 FV THRER L 72 IRECK O 9 B L F /Y
REEEEBRICOVWTOMELE O, TOFRTERFMOBERNL
ARRUREGKIL, BERBCKICHEXTEI LTV LALLM E RT3,
ELOLDFVDFELVNEIART —IZ Lo TERB I,

ZITH 2 BETIE, RIUKEITHEY, aANLAERT IEHEIRDICE
HL7z, BEHIIE, ICBWARELE 22 k2 Ay, £ FIIRIRSERE
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THALLIERR Y #BBERICHER T D720, REUEEBH O ICEKFEZ &
, RREEITHITH TS 2B ZEI L7z, B Z 3
rma~ 777 4 —— BV E/EESHE (GC-OMS) %
HEKRTOGHEIToTe, IHICEKKBKICEENDHF
L, BERBCKEZOE - BIZOWTHEKEITo 72,
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I. ARAE

1. 3B & R F B

2013 EEHEa AU (KBHEK) & 10°C T1EMREL, #BE L
2o REIZ 28 OFETITo T,

RKIRBEK Fig 4 R L BBAEIKRER (Z— AT AT A,
SRM-20) # MW, F 1 EDOHELRERICKE BT,

BERBHK F1ELFEUCSFEMIHKSES ()Y = 7, SR-SU105)
RV, BB RER T E TR E B, KT, KEED 1.5/ (E%
200 g 127K 375 mL) &L7=,

2. FERARE

FEUESA 3 |T pentanal, hexanal, octanal, 1-hexanol, nonanal, 1-octanol,
acetic acid, benzaldehyde, (F)-2-nonenal, y-caprolactone, hexanoic acid, benzyl
alcohol & Sigma-Aldrich X ¥, heptanal, 2-pentylfuran, (E, E)-2,4-nonadienal,
(E,E)-2,4-decadienal , y-octalactone, y-nonalactone % 8 F Ak sk L VU,
(E)-2-octenal ¥ Santa Cruz Biotechnology, pentanoic acid XV == —,
isovaleric acid, 2-methoxyphenol (X 7~ Z # A4 7 A 7, longifolene &
Extrasynthese & 0 A L7-, flH BT 13 methyl tert-butyl ether (MTBE)

(TH AT A7) AWz, NEEEREIZ 1T 2-acetyl pyrrole (Sigma-Aldrich)
R\,

3. BWEATIKER P D FSE D EIY
WEARTKAGBER TEI VS EFRE D DEL TWVDDEERT H720
KT ARE L, RAEE NIZFRE L 72, Fig. 2-1-A A &KX, B &K YE
%@#W?%éo%%%m%élumML%%QanLﬁ%%@ng
TETLHARIZRSTEBFICHEAKZR Lz, KEFIZHENHTLS 52
KX, EEHO EWICRTONZE T N LEREENICEN N, HHEKIC
KXoTHRLENTEEAKELTCEWR L, AV~ N T 7 4——128
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W& (GC-0) ITITREBAENOREE TT X TOERR LY, EEHITITK
RSE TR D 2 DRI OERK ZEIIL LZ, KEBIME S K% £ T X TEI
L7=ZAREIL 9560 mL ThHo7z, D HH 800 mL ZikkEE L, ZHEKF
DERSY & 53R T 200mL @ MTBE Z W2 [EfH LA, EEE
B, MEKEEET NV U AEMZ, B/ r—% (30 cm x 1.5 cm, i 1L
EFT) , EBFRN—TICLVEME LT GC-0, GC-MS O ELE L7z, IKER
ETRED 2 5B oRKEIEIE 525mL TH Y, 100 mL @ MTBE %
CTRBFICHE - BiEL, EEAOREE LT,
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Fig. 2-1 Schematic views of superheated steam rice cooking machine

with a distillation column

A Over view

B Distillation column (Material: SUS304 Stainless steel)
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4. WREBKD S DFERRS O EIR

IREKITZ T 7 AF v 7 BZRICWVINT 1 REFEIRICE W, KECK 20¢ 12
HEAK60mMLZMATIXFT 7 L, £2I1260 mL @ MTBE Z/1x C
R, =mOOBE (1610 x g, 5min) L TCEFEZEWNLEZ, ZOEEEZ3

Bl VIR L7z, B L7z EENGERERSUNEZTY RS 2D, FEE-
EEZEKZEE (SAFEE) ZHAWVWT 6.7 x 102 Pa, 30°C CEREZ1T-72%,

5. B0 b DFRST DEIR

Ak (10 g) 1% Wonder Crusher WC-3 (Hsiangtai Machinery Industry) %
W LTz, 20K % MTBE (60 mL) % T 2 E#H L, #EREME
f%5y % SAFE % v CREIR L 7=,

6. KHoEE
EXREB X OREBCKIZEET 105°C T 48 BREMEV L, BT R OEEN D
KoaErEHL-,

7. BRRIKER P O FRH K

ARUREBRPICA L DI IRITER THN D, KEGET MO 2 45 MIEIR
L7z, JHEEIL 2400 mL TH Y, D55 400 mL ZHHICH W=, &

FMERK 4y 12 MTBE CHiH L, SAFE CTIERMR Y O & & B L 7=,

8. HRZu=w T 537 4 ——IZBVLWMLZL/EESH (GC-O/MS)

ERARPTOHE L TCEONTLRABEZ T A7 e~ N7 T T7 4 ——128
WNE/EESITICEO g LIz, A7 a~<w 777 4 —— 12BN E/

BESEL, SIS EERBEZT A7 0~ 82757 4 =128 0 B IC
THEL, TOICBWEARAR T —PETIRWTIZBWOE LRELRHET 5
CRIEEIS, MHERE L TEESMFHICLVILEMZRET A EDTED
VAT AT D, AR TITEESHIE (BEEIEFT, 2010 plus) OB
SN BWhES A~ 7T 74— (GL Science, A= 7 4 7
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A— bk OP275) ZAWiz, ¥ U7 HAL LT~V TLAZAN (FEH 3.1
mL/min), 7FAZIEE X 230°C, ¥+vE TV —HT7 L4 DB-WAX (E & 60 m
WN4E 0.25 mm, 7 « /L AJE 0.25 pm, Agilent J&W) ZHWA 7Y » ML &
T— FCTHBHHEEZ 2uL EA LS Lic, BT LREIL 40°C T2 45

7P
b, Z D% 5°C/min T 250°C £ CTLEFSH, 205

FREIRFF LT, 3 4 DOFl#ZD
FTeRRUARBIZBWERERE L, BASNIAL B DICB W EHRE 2Lk LT,

BESTENIAAALEIE 70 eV (ED), A A JRIRE 240°C TiT-o 77,

9. ZREEZROI-EREER S DL

Yang 50551k &b LT, RECKDO Ny RA— 2B T DEFRMK
B LT, & MERCK 1 kg &2 5 L @ Smart Bag PA (GL Sciences) (2

70°C OERMEN TEMEZEFE T A% 100 mL/min T 30 pREBER S, BE

% (60/80 mesh Tenax TA, GL Sciences) |CHERME S ZHE LT,

10. IBREZE/GC-MS IZ X B4

Tenax TA |2 [BX X AU 7= 48 38 PE k20 1IN EA i 55 4

& (ATAS GL International
BV, OPTIC-4) Z A\, 280°C T3IHMEAA LD bH|

2-90°C T 3 fEm=e
LCEML, TD#%240°CICLTCHAZu~ NI 7 4 —ICEALT, ~
U AHAFREZ 4 mL/min & L7z, 77 7 A% InertCap Pure Wax (£ & 60 m
NEL 0.25 mm, 7 4 /A 0.25 um, GL Sciences) Z VW, A7V v hE—
R (1:1) THH L, 7 NBEIX40°C T1 ofRFLEZOS,
T 240°C £ CTHIR L7z, BEOTFEMIL LT & R

12.5°C/min
1T -o 72,

11. L&Y DR E

RS OREIX Marayal 5O FEY (Zitof, BESN 74 77

UIXNISTO08 #H W=, ER{bEWITIEERED~ A AT ML X OMR
e (RI) CHAE L THEELE, RERE

X, n-7 VI REREGRE
B REMETHIL, B L,
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12. ERELEDORE

ENENOREHHEHANICEZE O NEIERE (2-acetyl pyrrole) & Il x, {4
DIEFEMEALEY O EBIINEIELERE 2 TITo 7. IBEIIE~ L&Y OB
HREOEEER CRE m:z DEBENORERZIERL, EH LT, NEIE
D EAFREIZIE m/z 94 & VT,
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I. BRELUER

1. RRRBBECTELIERPOERRSY

BEY Yy R=D K2 BRRIRBIEE THRBRL, TOBETELLEK
ZEIL, GC-lZBWhHhE/HESTEE CON LI, €D 7u~ b7 T A
% Fig. 2-2 1 L7z, £72 Table 2-1 [ Sk &4, ToIZBW,
ICRWOEBE L RFHRE (RD 2R L7, 2 L b 22 DFKILEM NI
BOWNEIZLVERIN, £20H9H 13 % GC-MSIZXVRELEZ (T AT
bt N6, 7=/ —J)VH2ME, 77 MFH2HE, Tha—, 7T,
T4 1 fE), hexanal X° 2-pentylfuran &\ 72, T ADFERKE L TH
BNTVWDIEADPHERINTZ, I 51T, KRECKORFBHARERNT E LT
O X v T wW b (EE)-24-nonadienal , (E, Z)-2,4-decadienal ,
(E,E)-2,4-decadienal H i Sz, TN HICMAT, 4 BOBFEIKD
(longifolene, 2-methoxyphenol, y-octalactone, y-nonalactone) * #E# L 7=, Z
noik, BRODNT A T4 HFVRDT KT O3B
BEINTVDLIN, ATy R=TRKNLIEFIPWO TOMEBTH D, Fiz,
INETICEaAZERETITEE ” 2o LrmHIhTnan
y-caprolactone ZHRMH L7z, METEZ 13 FEIZMA, TNETIZTAND
HEREmE LTHRES LTV ALEy P70 15 A GC-MS IZ XY
R LT, ZhbiZid7 /22— L$E (1-pentanol, 1-hexanol) <°HEEHAR S
f2 (pentanoic acid, hexanoic acid) 72 ENEFEN Tz, 4F, @WEKK
KEBOBR TORK[ e AREELZHOTEIL, AGETHHT 2 Z LIk b,
A AHKROFRIEY ZMENICHER T2 LN TSR, SEORFUERE
TIL 100°C # B2 2 BBKEAKEH N TN, ERROXIICINET
HBEVHOLNTOWRNWESILAEMDRAI L LI I ANLEE SN THTE
ZOPb LR, £, SEFETE R TIZBWMEEWR IEDH VD,
“REGCEHWERIELZED TS,
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Fig. 2-2 Gas chromatogram of odor compounds in steam

collected during steaming process

Numbers correspond to compounds numbers in Table 2-1.

I.S. : Internal Standard (2-Acetylpyrrole)

-54 -




Table 2-1 Odor components in steam collected during rice steaming process
detected in GC-O analysis
GC-MS GC-O
. _ Odor
No. RI®@ Compound Identl(f;l)c ation Odor description®  Intensity
@
1 985 Pentanal A (Aldehyde, pungent) -
2 1084 Hexanal A Green ++
3 1126 Unknown Aldehyde +++
4 1164 Unknown Ink, pungent ++
5 1234 2-Pentylfuran A Green bean +
6 1254 1-Pentanol A (Grassy, fruit) -
(Citrus-like, fat,
7 1293 Octanal A -
soap)
8 1310 Unknown Aldehyde +++
9 1357 1-Hexanol A (Vegetal, green) -
10 1400 Nonanal A (Fat, citrus, green) -
11 1438 (E)-2-Octenal A Grass, soil ++
12 1451 Acetic acid A (Sour) -
13 1453 1-Octen-3-ol B Stale, mushroom ++
14 1536 Benzaldehyde A (Nutty, bitter) -
15 1546 (E)-2-Nonenal A Resin, dust, fat +++
16 1562 1-Octanol A (Fruity, floral) -
17 1592 Longifolene A Flower +++
18 1666 1-Nonanol B (Fat, green, stale) -
19 1682 Isovaleric acid A (Sweat, acid, rancid) -
20 1713 (FE,E)-2,4-Nonadienal A Rice bran, peanut +++
21 1721 vy-Caprolactone A (Flower, sweet) -
22 1749 Pentanoic acid A (Sweat, acid, fatty) -

1

)]

()]
1



23 1773 Unknown Rice bran ++

24 1777 (E,Z)-2,4-Decadienal B Rice bran +++
25 1825 (E,E)-2.4-Decadienal A Rice bran, deep-fried +++
26 1851 Hexanoic acid A (Sweat, acid) -
27 1873 2-Methoxyphenol A Phenol, medical +++
28 1890 Benzyl alcohol A (Sweet, flower) -
29 1892 Unknown Oriental ++
30 1939 +vy-Octalactone A Flower, coconut ++
31 2000 Unknown Seaweed +++
32 2016 Phenol A Phenol +++
33 2054 vy-Nonalactone A P‘opcorn, sweet +++
cinnamon

34 2133 Unknown Bitter +++
35 2157 Unknown Oriental, phenol ++
36 2174 Unknown Sweet, cake +++
37 2179 Nonanoic acid B (Animal, cheese) -

@ Experimental retention indices calculated on a DB-WAX column

® Reliability of the identification: A: mass spectrum and retention time identified

with those of an authentic compound; B: mass spectrum agreed with mass libraries

(NIST08) and the retention index (RI) agreed with the data in the literature > ™*

© " Odor description by panelist during olfactometry.

45,73 76
)

In parentheses: from literature and data base (Flavor net
@ The odor intensities were evaluated according to the six grade odor intensity
measurement method by three trained panelists.

-: undetectable, +: barely detectable, ++: weak but recognizable, +++: easily detectable,

++++: strong, +++++: intense
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2. ERBLIUORBKRICEENI2EFRR S DR (B H )

GC-MS Z HH\WTC, ZNETICHERKT L LTHRFEINTHD 4HEDOE
Kpsy B ICon T, BRRKBKTOEROEREIT, £XKE L OE
WORER K L E L7 (Table 2-2) .

T & A EDILE®) (FFIC hexanal, 1-hexanol, acetic acid, 1-octanol, isovaleric
acid, pentanoic acid, hexanoic acid) [ZIRERFZIZD L Tz, RERCKE L
DL D 7= ¥, Table 2-2 (ZIX A KUREK /(@ H K ECOK T O & B O LR 2R
L7oe HEA 0.5 LTI, §72bbARKIMBUK TIEE DOE S 138 K
K L ARG TFICR > TNDHEWS 2 & THY, 1-hexanol,
isovaleric acid, y-caprolactone, pentanoic acid, hexanoic acid, benzyl alcohol
W% L7-, —7F, hexanal, 2-pentylfuran, nonanal D EE&ZIH TV ED S
inole, THHDIEMITIERRLERDVFIEMTHY, FT-BERN
Tz epnwESL TG 2 51T, (EE)-2.4-decadienal [FHLEIH) 72
AADICEWE LD, BENEFITEND, AKUKEOK &8 HIREKIZE
FNLHEITIFEALEFRETH T,

X
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3. EIRAR B L CHHE T OFEILS O ik

ARRRBOBRE TIE, EAN—EMBTa ATEESNDD, = AZE3K
RIS B2 3 T WK S H, FRVITMEIRE LTHRNAED 5, RO7LK
DINTED DERIZ, T AL KEEDOILEY, =& 2 IXBE b [FRIZ N
LTWseEEZIbND, £ CAIMKBBRCTALZMHKAZEIL, =
AD OFHY 2 MR Lo, BEUUTRERAE T HEBRD 2 2 HATY, [FIRFIZER
K[OER HATV, £ ORNEY Z i L7z, Table2-3 (Z/R L@ Y, it K
7B 13 acetic acid 3% < B S 7z, BKURECK TIE acetic acid 233 L
TV, BEKBTIEEOL)ICHHEDZIY RS TEN RV, Z0&
WA EDOHRDZEIZEEL TWbH b Livewy, £72, B (hexanoic acid
72E) BLOT AT v R (hexanal 72 &) 1IER, MHKRELLNO bR
H X472, —7F, 1-hexanol, l-octanol, y-caprolactone, (E,E)-2,4-decadienal
FERDORIZHLNT, LogPEEZH D L, b DILEWITEHAKEETH
V  (y-caprolactone Z[r< ), KEAJIZEDOFEETa ANLEKIFIZHITH
rtEEZOND,

4. WK S D~y RAR—Z~ODEFERILEHDO) ) — 2 BO LK

IRERK DD FRINEDRERET ) —RXA LT D02 EERT L0, KR
KD~y RAXR—ZAZBITLEIILEWEZ L LT- (Table 2-4), 7KK IK
RN DFELKDOY Y —=ABITWTNOMEY b8 FIKECK & KR I
/727> 72, hexanal, heptanal, 2-pentylfuran, 1-hexanol [X7Z%& IKEK T

BEKEBKD 10%LL T TH o7z, FEAEKIMEEKIZIH VT pentanal,
1-pentanol, benzyl alcohol IFHRFLLT Tholc, = XA DEFERIZLEFD
Tod 5 (EE)-2,4-decadienal (FWVT WO REK THRME I N0 o7,
hexanal, octanal &\ > 727 /L7 & FLE# I X O 2-pentylfuran 1%, & HH
%ﬁbk:fﬂ%@#ﬁﬁﬁiéﬂfﬁ@”,E%%:#@Lfm%&%
AObND, ZHDDOIEWITEE IR & LR TEIKFAKALHLD Y U —
xEﬁ%%:9@<,a%%@%iﬁ%%ﬁmﬁwk%z%héo:@F
RiL, % 1 F Tablel-1 [ZR LIZERERFMAOME, T 72bbAKIMECKIT
ERB KLV BFVLRFNEWIFHMZELET D2 D TH D,
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ARRIREOK L @E KRG T, HHEECL > THRRABSINTEEREL ST OE
BEREOELV L, ~y FAX=RIZV YV —RASINTEELIKRDTEDZEDT
NP o b R&ENholz, ThixThbhb, BKKHUK LB REKIZEEN

LEREDEBEEFITNIEELED LR WD, RIKEB KN SIXZFOEFEKMSD
JU =232, BRELTEFREARLIDD TIBORHFHIELS
N5l EWHZL&ThdH, BE, KEBEEICEWTIE shld] LHTh
LDHLSEOVROD LD AANPLEH LTS 522 EBMbLNATND, B
AZIIE a AR OKEEDE, BbicT 7oy gEh Ty, ks bEn
STEREKROEmmIZOBRITICE > THDRTWS 7, KIFFETHWE
BEREBAEOEREL, ZoBRIEBICEDLDRL TV, KEKICBWTZO
BIZEENLIEFEIMTIIEZHIZV Y —AZH, TOFRUICEET LD L
ZERAOND,—FH, BRURBCKITIKEE S NE O MIgEEREEZR> TR,
NI B KB DRy BNIEH LI < W (5B 1 % Fig. 1-328), 72 —5iE
HL7op sy iE, ZARKEGRIE CTIThitd L6 ONKIZ X v REBS A HE W
MINTWDHZENHERIEND, fERE LT, ARKBCKIZITREIZ
EnDel, BRIZI@EVPOLDODEFEIELGDV )V —Abb72lholcb&EX L
N5, RECKIZBWTIE, 22 ’aihéaxmk<ng%gtifﬁx
KERKERRE D DEFERLDNY U —ASRLT 0N E S A, BREFMIC
ELEET L LR LY, AIROBRNSG, BEAIKBEEZ Hi
ﬁé*f%of%ﬁ%%@&ﬁw%ﬁ*%%<: NTEDLHEEBEZDLND,
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Table 2-3  Quantification of odor compounds in collected steam and run-off

Quantification
Boiling
Compound (ng) LogP
Point
in steam in run-off

Hexanal 0.9 2.4 130 1.8
2-Pentylfuran 0.1 0.1 170 3.7
1-Hexanol 0.7 N.D. @ 157 2.0
Nonanal 0.3 1.0 195 3.3
Acetic acid 5.4 39.6 118 -0.2
Benzaldehyde 0.2 0.3 180 1.5
1-Octanol 0.1 N.D. 194 3.0
y-Caprolactone 0.1 N.D. 216 0.7
Pentanoic acid 1.0 1.2 186 1.4
(E,E)-2,4-Decadienal 0.1 N.D. 245 3.4
Hexanoic acid 2.6 6.4 205 1.9
Benzyl alcohol 0.3 0.8 206 1.1
Phenol 2.2 5.4 182 1.5

The steam and run-of were collected during the last 2 min of the cooking.

Data presented are a total amount of each compound that was contained in the
collected steam (525 mL) or run-off (2400 mL).

Specific m/z was used same as Table 2-2.

Boiling points and logP values of the compounds are cited from SciFinder’® or
Pub Chem”’.

Column: DB-WAX

@ Not detected.
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Table 2-4 Total ion peak area of major volatile compounds

in the headspace vapor of cooked rice

Total ion peak area ( 103) Ratio
Compound RI @ Ordinary ' Steamed/
cooked rice Steamed rice Ordinary
Pentanal 971 53 + 15 N.D. ® -
Hexanal 1071 2215 + 508 71 + 40 0.03
Heptanal 1173 82 + 29 3 + 6 0.04
2-Pentylfuran 1221 354 + 138 29 + 25 0.08
1-Pentanol 1237 76 + 10 N.D. -
Octanal 1277 61 + 16 13 + 4 0.22
1-Hexanol 1340 281 + 48 N.D. -
Nonanal 1381 114 + 50 53 + 17 0.47
Benzaldehyde 1495 93 + 33 32 + 10 0.35
Benzyl alcohol 1799 18 + 8 N.D. -

Values are mean + SD (n=3).

All compounds were identified same as Table 2-2.

@) Experimental liner retention indices calculated on an InertCap® Pure-WAX
column.

® Not detected.
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