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The Study on Texture of Puffed Rice Particles
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ABSTRACT

The physical properties of puffed rice particles can be analyzed technically, but it is very
difficult and time-consuming to proceed the tests. this study was to evaluate the physical
properties of puffed rice particles by using texture analyzer and a homemade Plexiglas
cru§hing probe. Based on the compression force-deformation curve, the standard deviation of
compression force fluctuation can be used as an index of crispiness of puffed rice materials.
The results of this study can be used in the quality control of puffed food products and the
development of new puffed food products. The analysis of correlation indicated that moisture
content of puffed rice samples correlated with compression energy, maximum compression
force, force of relaxation, index of relaxation, force fluctuation (average,standard deviation,

coefficient of variation). At second compression,index of relaxation significantly correlated

with moisture content. Therefore, the compression energy and maximum compression force




{ can be used to indicate the hardness of samples, index of relaxation can be used to indicate

g crispiness due to change of moisture content.
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PAE (ripeness) ~ BEEE - —REREBAS M EE R
—FEFARFEZRACRANIE B AR
BEYRE SRS - '
7T 0 B K 17 X R = R B 244 BR (three-point
breke) - W] BB SO BEE RERE o R HT BT RIBAAS
RAGRk—FE S — FEB AR 72 - KRR (peak
force) B F DAt 51 2E S 2 BEBE O I » T L AL =RR
BB =, (R B (Yough's modulus) - BT — e B
o HETALET B B/ o R E G i
R R AT GRS ER - HEEFAHI
BERMIBHCERERT  AEREEELE
b Wi R B 2 2T £ IE L (Bourne, 1982) -
ARESRE o BEE)  AHENZRE
X BEEE SIS N BT - Nuebel and
Peleg(1993) DL B B iR B ST RIS TR B0k
(puffed rice) B2 3 £ K FE R B 5 (comn cereal) 7
WAEB ST - HoHE ) FE Bl &3 (stress-strain) ] L
By HBEAMMRE - L BT ERER
7R ¥ B (smoothness) BER iz S7KRER - Mg
B B (degree of jaggednee) W] [l Apparent Fractal
Dimension 8 FFT(Fast Fourier Transform) fi&t &2
HEANC BB EERERYER  FRELRE
WIS A AR L B B W i TR P 1R -
AHEBWHRZ BN ENAELYESTEHEE
B8 BEE DB Rk o /KRB
HEZEE - A BREAMET S0 5 B DR 8
BEEMTRB DS 28 (FKEK - BlEESR - &
KEBfEIR - BHAOE - BHEY - FHELR
b~ B8 iRz - BB BRAE) 2H
MtE - DU — RO I B A 5 SRR AR AE
BRREBXREREECHEEHSS -



T MEEGE
HREatH

BRI ERCK - HOEARF15% -
B BT Sa LA Mesh#10 7 BF 8 &8 - B REHETHRA S
NFBRZERE BB CREEERIAT - WL
WAL RBRENE - ERRABSBERBRMTE
(1995) Rt & B BT < » BB IR 150-
psig(1,034kPa) -

RRERECRRARM (SKK 114 %)% 20
ARESHERAEEH CEBEHEQSTIF N
B TR BB #F (ZnSOq) ~ £ 1L 8/ (NaCl) ~ & 1k 8%
(NaBr) ~ TRERSA(NaCOs) ~ BEERH(KCHO0) ~ B &
LM (NaOH) % 7 UFIVAHE > TR F o BURIVE W AT
BRI BESBIER899 - 769 - 58 9% - 43
% 23% 9% - FER—EE  BEXRLZ
@i kKESTHE17.09% ~ 13.2% -~ 11.0% -
1079% ~ 89% -~ 689% - HAWM—ERARXBELER
LBRWBHET  FEHEKEEE 2.8 9 - BRIk
o B KB E T 2 ki AOAC Method 14.004
Bl ASAE Standards: $352.1 » BYS A& » BERE
EHFEA0 L 3°C) PGk L/NRRHEHERLS
KE B—REBR=K  REEHE -

BB K B B S AT A RR

BB REHERE R R 2B
B (pla: e - %) - RSB
B T IR A B W ) A 43 47 88 (texture  analyzer-
Stable Micro Systems, model TA-HD - #[I[# 1 Fi=)
M 50 A T B L (load  cell) » & U B
(sampling rate) £ 12.5point/sec - fué} » DIEH B2 B
T IR (R 38-mm » HEE 100mm > BH
1 1349-mm?) B 4 51 (crushing  cell » A% 38.5-
mm » S 60-mm » & 50-mm) FETEBRIEE S
HrEAER -

BB AR A A% B M B8 (compression) 52
FE JI8R Hi3ER (stress relaxation) & OFET - K2R
KB (F05 A% BARSER - REBME _+
THERBXRLHETESE  HEAADFEIKRR
S DU BB 1 - S5 LI & (deformation)10-
mm ~ B B (deformation rate)0.1 mm/sec #E1T K&
FERR ERPEZE I0mm % > £ HBEE

SEEE ST 120sec & JE TR TR BR - B WA
I 220sec - HERLHHR-EE > NHTFHE
EE - A

E 1L Rkt ENEBRRA S
#7148 (SMS TA-HD Texture Analyser) §23% B4 KC

B

MR RGP EEARREE W
AR EETHRXBEERBEE DR ER
B EF - ReBHEAREENBERRERS T
HRLEEREE - HARAREEEAR G M E
EREBR  HEEIEE LW  HEBHERRE
HhEBREHER REE - REAAREEEE
SR o IR ] B NE -

BEEESTRER - DUBBREE S TERE
% XT.RA Dimension(Version3.7A) 3B+ E LI T2 2
8
1. RRERE R (compression energy) 5% BEHH BB B2 H

FrfFREEL (e1p)

2. B K FE#iE 77 (maximum compression force) £5 i A 38
B R 10-mm B Frie 2 BRG] -

3. &5t MR 7 (Force of Relaxation) SR KB &
2 120sec R ST -

4. B2t F5 8 (index of relaxation) £5 %%t MK 17 BE & K
BRFE N2 SE -

y _ B
%mﬁﬁ—ﬁkgﬁﬁ (2)

5. BE 7384l (force fluctuation) 55 RE 45 Bk 1 IEHE 17
ZBMLE o WEEHH A GE - BEYE 2 (standard



#£ L EREORREESN (E—REH) S RRR2

BRE | BRECE |BAER| BEED | BEK | BORL | BBk | BEIR
%) (erg) )] (1Y) FigE N) | BEE (N) | BREK
2381 14.90 3029 249.6 0.82 19 2.8 | 1.43
6.81 17.25 368.8 286.8 0.78 24 2.0 0.84
885 15.17 3524 266.8 0.76 23 1.6 0.72
10.74 13.52 298.3 220.0 0.74 1.9 1.9 0.97
10.97 14.70 310.8 230.0 0.74 20 2.1 1.08
13.21 10.50 2349 152.2 0.65 15 1.6 1.04
16.95 7.84 166.2 96.2 0.58 11 1.0 0.99

# 2. BEREREEST (ERER) CSHERS K

kR | BREEER | EARED) B | Bl | B | BAORML | B8
(%) (erg) ™ ™) FigfE (N) [1RHEE ()| BRFEK
2.81 . 30.81 494 .6 4142 0.84 3.1 6.4 2.03
6.81 25.02 516.8 401.2 0.78 33 4.1 1.23
8.85 26.62 532.0 403.2 0.76 34 27 0.80
10.74 23.27 454.1 336.6 0.74 29 26 0.90
10.97 28.19 486.7 355.0 0.73 31 32 1.03
13.21 25.38 394.6 256.1 0.65 23 29 1.15
16.95 19.03 275.1 155.5 0.57 18 23 1.31
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N o B EKENFZ B RKELR - SAREHE
PSRRI EX/) - B4 K8 S BRER
RERER B P EE KRR (A &) < B
NBLLEREEKERLEE  A-HZEBEIR
LBREZEREE - RERERFHIVR > £8 X8
B > RMESKERLEBIBZEEES
BIFS 1.ON 52 2.8N ; TESHE R BREABRET > Wik
BT R DI 23N H 64N - [k~
BB - EF - RERARNELZBREHE
ZREIREM - FEPREGE AR -

WEKE - BIEER - RRBHET - BHER
71~ BuiE® - BOR(CTGHE - BAR{EE
£ - BB BRANERBS BETHN R
BT - RZR RS SRR A R M B (R R L EE S
BRIEK D - 798 EHET (AIHEMREL
BEEKRE058) » 2 BUIRHEN - SKkERH
FERRERER - BB - BB - B
% - BORUTHE BIRMUEREESKE
BAHBNE - HP DU R B B &K
R AR RE r = 0.9604) &

BREER SRR KRR I B > DB —K
R AHB M R - HAHBN AR EBOR 0.9686 - HH
PSR —RERER < BRI E TS A TR
T BHATRCHRBCETR > Hh AN
Mg o Ibst o BIB(L I E AR 2 2 AR
IR K » {5 5H B 5 R e B B S B KRR A A
W BB R RS KRPHEEH AN

— 84 —



# 3. BEAERIEE ST (B — RN ) < B HHER 2 BUHN (REER

ek [REER] RA  |BRIURED | RRiias | TR | BT R L | BB

MERE S FIGME | B BRHEK

aKE 1.0000 | -0.7738 | -0.7308 | -0.8251 | -0.9456 | -0.7225 | -0.8044 | -0.3324

| id o 1.0000 | 0.9686 | 0.9726 | 08490 | 09674 | 0.7111 | -0.0354
BARERE S 10000 { 09854 | 0.8309 | 09988 | 0.5794 | -0.2169
G UWA). ‘ 1.0000 | 0.9071 | 0.9836 | 0.6601 | -0.0997
Bities 1.0000 | 0.8278 | 0.7753 | 0.2004
B S(E 1.0000 | 0.5765 | 0.2222
R R 1.0000 | 0.6621
198} Iid. 126 4 ‘ 1.6000

£ 4. BEBREAREEST (B RER) < & EHHRS BOHN A BUER

BKE |BEER| BA |BiHR|BiuiEE | EIR L RR L | BT

R T9E EEE L-JJES B

BkR 1.0000 | ~0.7500 | -0.7849 | -0.8870 | -0.9604 | -0.7803 | -0.7719 | -0.4558
MREHER 1.0000| 0.7648 | 0.7861| 0.7569| 0.7612) 0.7267 | 0.3981
RARERE S 1.0000 | 0.9788 ) 0.8710| 0.9994 | 0.4699 | -0.0237

L ZC 1WA} 1.0000 | 0.9468 0.9769 | 0.5873] 0.1264
R 1.0000 | 0.8678 | 0.6507 | 0.2655
SR M 1.0000 | 0.4587 | -0.0362
.i§a} Jte . b5 1.0000 | 0.8678
BB LR RA 1.0000

R ) 91t (Newton)
R 7 %1L (Newton)

-20 — A,
2

Bé!ﬂi (mm) . ' &ﬁ;’ﬁﬂi‘ (:nm) ' )
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(Force Fluctuation) {k, (Force Fluctuation)
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