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R AR RARA
P A R RALSE AT R
] =

AN ELEEZAEFK (TNu6?, FJ, TN5, TC65, KS1) R#AFEAM¥ (TCNI1, TCSS3,
TCS10, TNSI15, KSS7) Btk » SR Ak 2 £ EB M E R HREA 0 58 (eating qua-
lity) FIZRBAGR o BLIEAROTHE KRR » A ERA EEE RIS RN B Ak » Wi
AN R4 HEEE MREZ M

HERERER  BABAEN  KEHA D RERIEAXZEMBY S E » Brabender i
WEE -2 SRR REEREH 2 M EBRENHENY - BEAESERSLEERA 0 BE &
BUZARAY: - ERATH2HRMEREERENZ RS BHERZ REERARE » BIERK
SEBRWA ) MEMEEE » BEX » BB MEAFER o Brabender g B Bk B
ZUUTE » ARSI BE R B vk R R 1 R B OB o

B ' B

BRREREERENZ —  RELKEHAAH  HXRARRE » BETHIRE REET
EREMTRAER » BXEAETEZME » YHARE AR OB o g S KA 0 HEHR
RARBEEEZ MY MBI B AR ~ A MEBNVELEERETRIEZ A O SE 61215,
29) o

A TCENSH A B B 2 BOR ROAK B » Rt HBAOHE » S-S BB E
BURERA 1 E 2 FRUAEBAYE  thsh » UBEEEIN T (extrusion cooking) HERELEAER » I
THEMTRTFHBERAEMMEZPE - BEMEZEE PGB ERRRRBEL AR
MZBE o

MHRS X

-~ ¥ ¥

BABAMEZSTRAAERR (ZER67% ) TNu67 s M- FJ ; 2@ 5% » TN =
H65%% » TC65 5 Rl 1 5% » KS1) BRAMANK (Bh7Esk 188 TCN 13 Zehfli 3% » TCS3
3 2P AlI105% » TCS 105 ZERGAIISHE » TNSI5 5 Biiefili 7 %% » KSS7) Sk o M %8724 1
HmlE ) MEZEHRES - BERESZRABURAE P ERANEE 2 B2 EBTRTEAER
¥t o

BARRBERRBRBIRE RS EK » MR FEERREE AN B S TEASE S (
1 20.475 mm) RIBEREMT (MR0.25mm) o
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1RBA~O0~ A~ CHE @ JIEBBXZ XSG ~ K5 ~ HEEREERESE -
2EHEMEGEZNE Bl Juliano & 9% 2 International Cooperative Testing
Method HI5E o AL IETHIRAE 24/ Rk » BIN—F & > A ERSREELMER » Ring
' BIAEBRERMEERLZE 7 620nm TRIEEOEHE » WUARRERZ EHBEEMBH REPR
465R WD S IR FL R BB IR o
3.Brabender ViscoamylogramE#i{LiRE 2 AlERi R Brabender Viscoamylograph
(Brabender OHG, West Germany) #3417 o #{EEHR10% (LE) W EXEHSHBEE
BB ER (Pp1R0.25mm) Z K%K » > Brabender Viscoamylograph sl & 454 FF1.5CH
R > H35CEFISCH » #ER205 8 » BUESTE TR 1.5CHEEREZE 50°C » W HEFF2058 o
BISERE » B 75 rpm, cartridge & 700 cmg 4% o
Brabender viscoamylogram kLfyisE (B—) EHWT :
Peak viscosity (P)=/n#:BEh 2z REHE o
Hot paste viscosity (H)=7# 95°C THE205EEZHE o
Breakdown (BD)=P-H.
Cold paste viscosity (C)=%HBI50°CrZIEE o
Setback (SB)=C-P.
Total setback (SB,)=C—H.
Relative breakdown (BD.)=(P—-H)/(C—H)
Breakdown ratio=H/P
Setback ratio=C/P
Total setback ratio=C/H
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Fig. 1. Brabender viscoamylograms of rice flours (10% d.b.)
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WLRE ZHSE » Bl Viscoamylogram [ B EBE LA B2 BEREICRER o
4050 BaE 2 WEED QRGN EBERS 20ml 1.4% % 1.7% KOH HEEmEENF » i
BRGERIMFR - RBE T RE24/E o XRIMEEIHER 4K BhattcharyakSowbhagya™® Fif
HZ TR AE o
5. BRI (gel consistency) : B 0.088 T KM AKBR 13X150 mm RIREH > A S
0.025% M EHREEZ95% kAR 2 ml » B 0.2 Nz KOH #%#k 2 ml o RMFUREE » BRE
TFLHO » BERBKBHAES S - BREBETEHH L 458 » BEFNIKKBFKELS 5 - R
BFETENREFFENEL  MEBHEN305 8605 EEFRMBEZEY (ARG EmT M
M o
6B KE O 1 RKRMBRAKELHEIRERET o WEHESREOEHRKEL g HEaXka 180
g 7K+ SRR KB RE20588 » FHEL1000X g 2 L 10 1558 o R EUE  BEERY S E
(L 105°CHEEE) » WRRTBRYZER KN BRREREIRES K TR THE
BEE= (LHEBENEDE) / (BREE)
ERE= (UBYME) / [ EREE) (1 -EBRE) )

TAERAVBLE 2 75 € BHOR EORIRAKTEBR B » BEN KD 40 min o BECKERFES BB EXA
BEAGRAELS R KB AREK AR 1 H1.65 FRLAIS 1 1.2 TATASKAXES
(KR ZdD) o HACREFEXTS » B EESHEL » Ak 16min LUETISACHIRE »
MHK R AER 13min DUERIRBNRE o HEEE84'CR » IBGERRE—% » # 20min %

» WEEFTE100°C o

8RR
AR © BRI ZHEORAR » SRR 10~1262 RFFA BB EHRB ~ B - BE 155 -
W R ERETE -
BVFHEEE W EE | R RE R ) 2R 3cm B2/ BHEERBRMADEL
EE -~ BERSBAE -

MITRERASHE ) L1 AERRE 90K TRRS o
9. PREE AL BUERE W ¢ BB RIS R AR F R RS BIPTER L » T SR e iR BE B 52 ch
(Single screw extruder, Do-corder E 330, Brabender Ohg, West Germany) bl%
BT K 25 B 8 BE AV T 3B S o IR MR EhIRAE IR0 R B 34045 (L/D=20/1) » BEREHS S
1 o HWEERIRZ I8 (barrel) UBAF KNS =Brinbl s 5 HEH D (die) BSER 6mm ZHE
FL o PREERFBRIFRRARER ¢ MERBER 40rpm » IRHEEE 150rpm o HEEERE » HERERET0~100C2
M BB RE=E AR —BARA200 ~ 220%240°C =FEEE o
104 BE B 2 AL M B R
AERKTEE IS CHREEE -
B IE® (expansion ratio) @I 10MEEER » MHER » DATHEREEEHNER (
6 mm) ZHRBBEE & o
CHpHERIE : HERYVIK Scm RE » 5 JIBI0EE S » #FAWERESE (Autograph S-
100, Shimadzu Seisakusho Co. Ltd, Kyoto, Japan) HEHH¥J7 (shear force,
kg) BEJ (compression force, kg) » FiAZ loading cell 4315 25kg E50kg
s crosshead speed £ 20 mm/min o
O#¥{EZRZE : %A Kainuma %2 p-amylase pullulanase(BAP) 9® i o
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R RMW

= RHEAERRAORRZRR

F-REBRBAAZEMEE » iEPEAAKAEEAE & B 9.04~13.03 25 » FEXA
#8.16~11.01 2 - ALK E » FFRAELAERSHE » FTRATRSARANESBENRS (&
—) o MR GRE AR RS 220 o

ZREAK (FEP7ER 15 A5 » RSl 7 5 SFRSZEERY 571 28.98%
» 34.88% & 31.30%)  MAMERK (FERl3 RAl10%%) BEHARMNBKAISBENERBRY R o
BRI R BORRACK 2 TEEFITRERARSPE E® ; EHUERBRY & &2 BEFRREX
mRZAE  ERHEE o

F—  RERPELHEE

Table 1. Some physico-chemical properties of milled rice

Crude Amylose Pasting Alkali spreading Gel Water
Sample* protein content temperature 1.4%‘7311“1’.7% con'smtenc.y
(%) (%) (C) KOH KOH 30min 60min uptake
TCN1 13.03 28.98 69.5 1.0 2.3 31 32 4.36
TCS3 10.64 15.63 60.5 2.7 5.2 76 84 4.72
TCS10 9.04 13.88 63.5 2.0 4.3 89 94 5.16
TNS15 10.88 34.88 62.0 4.7 7.0 35 37  4.54
KSS7 12.46 31.30 68.0 1.3 2.0 33 34  4.75
TNu67 8.84 17.45 62.0 3.3 4.8 90 98  5.08
FJ 11.01 18.63 60.5 4.3 5.5 118 124 4.06
TC65 9.19 18.75 59.0 3.8 4.8 88 97  4.97
TN5 8.16 17.50 62.0 3.7 5.2 93 99 5.70
KS1 10.66 20.50 62.0 2.8 6.0 87 97  3.86

* Rice flour was used for all items except for alkali spreading value and water
uptake in which the rice grains were used.

KBRS E S RRAREA N REER ¢ o T Brabender ##0k: B B RIS 3 A3 RIS
KR 2 MBI E® o HFIH AR Brabender E#KEBRRZ SR » 44082 EHER
Bridk ©

MEBM s AR NENIOEXESD » Ak P R HEDERFELSE - TWBD E244# 14 130
B.U. %l 655B.U. o ZH#E2R 1 5% ~ R RIS R B MR 7 B E=%/ BD, ERIERERFZRIE
# (0.15~0.74) » MHMER A E720.95 o #5500 BD, HEEEHBGN & EH 20 AEmm

(£=) -+ HB# Bhattacharya & Sowbhagya %® « BEER&® e LB D o SB 8 SB,
FRBUE R SRR I E L ME RO TTEZ—D o ZErh7ER 1 9% ~ R AII55R SRl 7 SRE=FRlk
FHEHEN SB 8 SB.E o SEMBUEREMRY S Bt Mt REEHEME (K=) » hEk
FETERMHZEHEBY &R » MHEZ s Kb - H/P & C/P M » LR ER=H%
mENBEYERESREE (D) o

MR=FFE4 » £KE 2 Brabender HEEKERE LMW H K B, fRXEEAESEREE
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Table 2. Brabender viscoamylographic indices of the milled rices

Brabender units

Sample H/P C/P C/H
P H BD BD. SB SB,
TCNI1 1,250 860 390 0.63 230 620 0.69 1.18 1.72
TCS3 1,285 630 655 1.82 —295 360 0.49 0.77 1.57
TCS10 1,290 750 540 1.54 —190 350 0.58 0.85 1.47
TNS15 1,100 970 130 0.15 710 800 4.88 1.65 1.87
KSS7 1,515 1,000 515 0.74 185 700 0.66 1.12 1.70
TNu67 940 520 420 1.17 — 60 360 0.55 0.94 1.69
FJ 970 585 385 1.01 — 5 380 0.60 0.99 1.65
TCé5 1,100 595 505 1.33 —125 380 0.54 0.89 1.64
TN5 1,045 515 530 1.63 —205 325 0.49 0.80 1.63
KS1 940 530 410 0.95 20 430 0.56 1.02 1.81

=~ E{MEHE Brabender SUEH BEBEE 2 HIBRR K

Table 3. Correlation coefficients between physico-chemical properties and the

indices on the Brabender viscoamylogram

Crude protein

Amylose

Gel consistency

. Pasting

fndices co?%e)nt CO?%%M temperature 30 min 60 min
P 0.437 0.323 0.609 —0.630* -0.633
H 0.669* 0.822%* 0.661* ~0.870%* —0.890%*
BD —0.250 —0.668 —0.067 0.331 0.323
BD, —0.623 —0.902%* —0.434 0.640* 0.636
SB 0.532 0.921%* 0.358 —0.695% —0.705*%
SB. 0.672¥ 0.979+* 0.295 —0.874%* —0.882%*
BD/P —0.530 —0.875%* —0.575 0.696¥ 0.713*
SB/R 0.238 —0.307 0.352 0.226 0.225
H/P 0.530 0.874%* 0.376 —0.696% —0.722*
C/P 0.504 0.895%* 0.304 ~0.675% —0.683%
C/H 0.404 0.746¥ 0.141 —0.464 —0.447

* Significant at 5% level.

*k Significant at 1% level.

FoMERRME 5 T H MR E ZMREHEMRYE (P<<0.05) o Brabender ki B -2 g
fE o BRT PEERBD fEA » HABESREMBRSEREEZMHEME - P-H-SB~ SB, ~H/P
~ C/PEBE » %7 R HESBfE » BEBEHEML MO EEEHEN (=) -

MUCREZRE » BURBTANXEZ R ESEEMCREZBER 2 (7ik60.5~69.5C
3 BEX 59.0~62.0C) o HILIBEZ BEREMBNEEY S EORANRYE - MERMLBREZER
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FTRE IR S AR T E 420 o

R A5 R B SR TR P 5 BRI © BR T B eh RUL0BRTE A o B EE KT 2 e (2 Ak
SOMICHR B 2 A R 2 SR A R BN R M AR 2 I 7T PR S R B e M 1 B B

Cagampany % A® RREBRTHERABKREA N RENEEEE - LRSS AEREREET
BZRANE (BEMETEEAR 6lmm &) » HA N FEREHEETERTK  MAEMRYS
BANER20% o BBMRITIEAAE 26~40mm % » FBEKEA » THERMAEZRERA 0 5H R
RER » REMREABEES™ o R BRI I0EX R/ » Bk B AEAR (Ehil 3 RAL0%) A
KNBREE  MAKRSEAKAAREBEME (F—) - LEATREAESRYN S ELE » B7
B ERAERCGDERAZER o

FR R — TR RAIORL AR 7K B SRR (0 2 DL 4 BT BRI B, » & K > K B 53 46453, 86 5. 70%

RIFUH &R AR R o BT B IR ARSI D58  BARERT » DB e RET
B o MBHFR » EAEZBRL EFELT - SHEABERBY S B2 AE (Fhek 1% =il
ISR B HERL 7 ) SRILAMFER R ALK MR - b 2 B ERE KBS ETERRA LSS
MEHBRH R AR RRARAS TRREARFH 90 o —RME » MR =S EE0 S 5> A0k
PRBUE ~ RABMREMERE  MEFAZEFARZEE (BM) « EABHRCT BT L HZE
HEER 1 8% ~ BERALISHE R Rl 7 SRR IS R AR T R SE o

R~ BEKNERBEZE

Table 4. Sensory evaluation of the cooked rice
Sample Flavor Gloss Whiteness Hardness Stickiness Overall
TCN1 6.0 4.0 7.8 3.6 4.0 4.3
TCS3 6.4 6.6 7.8 6.5 5.8 6.6
TCS10 6.6 6.6 5.2 6.8 5.8 5.1
TNS15 5.6 3.5 7.8 3.5 4.0 3.6
KSS7 5.6 4.0 7.1 4.0 4.5 4,2
TNu67 6.4 6.0 7.2 4.6 5.6 6.2
FJ 5.9 6.3 5.2 4.1 6.0 5.7
TC65 5.8 5.8 7.6 4.6 5.4 6.0
TNS5 6.6 6.0 7.2 5.2 5.9 6.6
KS1 6.6 6.4 4.5 3.5 5.4 5.6

* Score of | to 9 was applied; 9:highest, 1: lowest.

RAFIH &M BEAREA 0 REZBOHERYE o mRHTTEMEHERYSE» Brabender
HOH BB R R R E  HEKRZA 0 REEEE 2 (RTAERLA) o
MREAE 2 2R B S B T SRR YA B o AhH AR BRI K B % 4 B K
A A AEEBRE 2 o
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Table 5. Correlation coefficients between the eating quality and the
physico-chemical properties of milled rice

Flavor Gloss Whiteness Hardness Stickiness Overall

Crude protein content —0.565 —0.625 —-0.117 —0.520 —0.698% —0.662*
Amylose contents —0.753*% —0.967% —0.385 —0.719% —0,938%¢ —0,867%*
Indices on the Braben-

der viscoamylogram

P —0.346 —0.525 0.318 0.278 —0.406 —0.423
H 0.676% —0.846% 0,334 —0.261 0.828*  0,659*
BD 0.728%# 0.109 —0.026  —0.183 0.176 0.648*
BD., 0.684* 0.833%* -—0.104 0.840%* 0.840%¢  (,862%*
SB —0.678% —0.867** 0.233 —0.718* 0.856%*+ —0,871**
SB. 0.734* —0.858%  0.360 —0.606 0.931%% —0,914%*
BD/P 0.682% (0.841x* 0.215 0.572 0.832%%  (,917%*
SB/P 0.121 —0.838  0.223  —0.681* —0.837%* —0.861**
H/P. 0.681* 0.845% 0,220 —0.568 0.837%¢ 0,920
c/P 0.657% 0.836%¢  0.227  —0.680% 0.803%¢  0,825%*
C/H 0.433  0.620 0.124  —0.892%¢  0.694*  0.500
Pasting temperature —-0.217 —0.626 0.156 —-0.287 —0.659* —0.629
Alkali spreading value
1.4% KOH -0.115 0.174 —-0.008 —-0.185 0.295 0.258
1.7% KOH 0.196 0.319 0.212 0.002 0.313 0.253

Gel consistency 30 min  0.535  0.894%¢  0.557 0.378 0.935%F  0,784%*
60 min  0.550  0.906%¢  0.547 0.375 0.936%%  0.804**

Water uptake 0.273  0.133 0.407 0.575 0.280 0.203
* Significant at 5% level; ** Significant at 1% level.
=~ BB EGRERIT

BEER IS (extrusion cooking) B EER - ERHEN « H75 Y% F 0252830 .
RERAY SN FIA N P BE R o DL B AU A 2 — IR ROTIR IR EORTER Mk 0 3K
ABUK SOHTE o

R R B /N0, 25mmER AR ¥ 0 IRIBHR &A% ) BERAS GBS HIR13% 0 15% 1
17% + 19%F121% » Lo 5 BBBSOEKEBREETHEL N - BEMYBNEIRT 28+ &
BAERNREZ K5 aB5 5 13.34% 1 15.41% 1 17.52% 1 19.50% % 21.02% © 5 i TR K%
SGEZER 200 ~ 2205:.240°C EFTHEEE » FIB&ERZ XS G BEREZ LA RFR KRS GEBZT
BT M (3.35% ~ 11.54%) o EILUHRKS & B2 RN ERE THER » BERSSE » ER
KA BAE o RESEERE » FBRAEMEN DB - FIARRAZ KG BRS o MER—REETHER
' BRI A REE  ERZ AT GEARE  MARMRBZ KT RS o

FARTIH G HMERGE T 2ERNEER c ABREEZ  A—BET ' KA &R » ERNEE
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RURKE 5 EHEREEREE » EREREROAE o HhRE R R 83 8 TN TR e 2 4
B 242 o

FN -~ BEERBEER

Table 6. The expansion ratio of the extrudates
Extrusion Moisture contents¥

temperature

(Zone 2 and 3) 13.34% 15.41% 17.52% 19.50% 21.02%
240°C 1.33 1.14 1.16 1.09 0.96
220°C 1.60 1.30 1.13 1.03 1.06
200°C 1.80 1.71 1.48 1.42 1.18

* Moisture contents before extrusion.

RBERERZENRNNME » BERREERZHERE » BHHhs/h o FRAS&E » BIER
REGRK » B 5 MiREZHRASEA A (FL) o

Ft-BERERZEIRS
Table 7. The compressibility and shear force of the extrudates
Compressibility (kg) Shear force (kg)
Moisture contents¥ (Extrusion temperature (Extrusion temperature
Zone 2 and 3) Zone 2 and 3)
240°C 220°C 200°C 240°C 220°C 200°C
13.34% 21.35 22.65 24.95 4.09 5.44 5.62
15.41% 19.05 21.45 23.55 4.09 5.51 5.62
17.52% 18.80 23.05 23.40 6.16 7.02 7.94
19.50% 20.23 26.50 25.00 6.47 7.69 10.63
21.02% 20.58 26.80 28.60 6.70 9.25 11.35

* Moisture contents before extrusion.

T ABARUBARER D ZES  HBERX  FEARLRES - EARMG XS S8
o HEEE ) BEX  RATEFE (EA) cBEZFERZLPNIHER » BRI &8
WK B2 B A o MM BE BIBE 2380 o ZEF — BB E - FRAS SR THREGZER
IR ~ B RAFATE LSUUERS S BB ZEMSE » BLRER (220%240°C) R{EX
s aBEREE  MER—KT&RET » TRBERERTEGZER  AEARKER kT
FRZASERBEEERZ (A0 ST AEEYE TR ER200~240C2 B E SRR
B o

B — 2 PEBEE Mz Brabender MEMREM » —RME 0 FRASHE » HIEERE o vk
RS G BN R R PRI ) (BB R R 2 5 > TAEEZ Brabender Wi
BAKGIE o ERBR T BIE » RIS S ZRUE » *EE?F"F% o [Al—7K5 T » TG BERE IR B 2 L7t T
Ko (B B 2 MBS AR B R o
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= ~ BROTHOKTE 2 SR Y Brabender Mk H

Fig. 2. Brabender Viscoamylograms of TN 67 extrudates with various
barrel temperatures and moisture contents
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Table 8. Sensory evaluation of the extrudates

Firmness

Crispness

Overall

(Extrusion tem-
perature Zone

Moisture contents

(Extrusion

perature Zone

tem-

(Extrusion tem-
perature Zone

2and 3) | _2and 3) 2 and 3)

240°C 220°C  200°C 240°C 220°C 200°C 240°C 220°C 200C
13.34%° 3.8,% 4.3, 4.0, 7.3, 7.7, 7.6. 7.2, 7.6, 7.5,
15.41% 4.5, 4.7, 4.7., 5.7, 6.8,, 6.7., 5.6, 6.5., 6.2,
17.52% 4.7, 5.7, 6.6, 5.0, 5.5, 5.4, 4.5, 5.5, 4.1,
19.50% 5.2, 6.7. 7.4. 3.7 4.9.. 3.4. 3.3¢ 4.9 3.1
21.02% 5.9, 7.8, 8.2. 2.3, 3.6, 3.1. 3.0, 3.6 2.1,

1 Scores of 1 to 9 used; 1: lowest; 9: highest.

t Moisture contents before extrusion.

8 Tukey test (p=0.05)

WAL EZ R ) AERZMESARSS, (Fh) o WHRFRKS &R REREN ML
BEX > TASSRER » NPT ZERBUENA » SERBERRY » HZERIEA » il EMSZHM

LEHERK
Fh - FEERE RRVRLE
Table 9. Degrees of gelatinization of the extrudates
Extrusion Moisture contents¥
temperature
(Zone 2 and 3) 13.34% 15.41% 17.52% 19.50% 21.02%
240°C 87.51 92.56 91.37 82.38 87.14
220°C 95.58 94.06 99.90 88.95 96.68
200°C 89.67 87.61 94.87 82.30 80.40
* Moisture contents before extrusion.
& E]

TR R » AR KB ERIRIRZ TARRE] AT 2% £REZE
S8 4B » Brabender S B L2 £ RIEREBEREZIE » BURERZA 0 &E (
BTABEEN) BABF2HERE - MEAESBERHGRENBERIRZH M » ik R
B EXRARRREA 0GB RAERE o

WEEEAERZ RN BEREEBOTHERRN 2K S & REIER » B AR E7E 220°C FAT
B ERAAERABIER » BENES BESI  TRCERS0%EA o [EHIER 2 &R &R
EEE (40C)ERNELESR » AMBEAS FNRERBAZEERATERRA
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The Effects of Physico-chemical Properties and Extrusion-cooking

Process on the Eating Quality of Rice
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ABSTRACT

Five varieties of japonica rice and five varieties of indica rice were used
as the samples for the investigation of the correlation between the physico-
chemical properties and the eating quality of the milled rice. The results
indicated that the amylose content, several indices from the Brabender Visco-
amylogram and the gel consistency were significantly related to the eating
quality, except the degree of whiteness, of the cooked rice. Total protein
contents and pasting temperatures showed significant correlation with the
stickiness of the cooked rice. However, the alkli spreading values and the
water uptake did not show significat relation with the eating quality.

Extrusion-cooking treatment was applied on Tainung 67 japonica rice to
observe the effects of processing parameters on the extrudate quality. The
results showed that the moisture content of the raw material affected the
quality of the extrudate. Rice-flour raw material with low moisture content
produced extrudate with lower hardness, higher crispiness and higher degree
of acceptability than the extrudate produced from high moisture content sam-
ple. The results from Brabender Viscoamylogram and degree of gelatinization
showed that the extrusion-cooking caused the damage of starch structure.



