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THRIEYHNRE » BB LARER £ EERE - R - 28 - SRS
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A AT M (B - W - MEEE - oKMEERE - KA MR B
1B ) ZHIE » BN R BRI B R 3R - LE - BEE(E - RoKMEREER © PEERE
BB SR - IE - AR BRI - BB B R KE
BRI R S o SRR S M S B IR R 2 Sl bR - DUZEEE 40 Hz -
RHERE 20 rpm ~ SREESEEARIRIIE 10%-20% 287 = 84 2 T BRI 28 72 i o 48 SRR
% - fiGmE i - ZENE SR R E L ARS8 SA LIRS - SRR
% - BT 48 & & - DPPH HHEVERREET) ~ S8hiS bR NSRBI Lt nAMERE
B S A A & B LB SRR 16.31% ~ 17.45% FFFZ 28.24% ~ 42.60% ©
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BRI A SR ~ 8 - EE - SiE - SREERCE KA ARESEE R
Z EE GRS [1,2] » AIRER RIS PR TR & AR 72 25 e B AR (T e A P R R[]
ft o EJERLE DU SIS B 1 TR SRR S - 0 - TRk ~ Bk~ oRhir
SRE ~ /N R SR (3] AR A CRIEDIER SIS LRE TR SRAE Ry Rl
o G T B S

GBI TR R E T I TRRHERS - fimE b FAERy i TE
mIEE D HEHNERRET - MIMNIREHEAE EiEa s - HREAES
W OHEERERES  WROBETIITINCS EE - BRARRNEHRAER - 2%
oR P REE SR (EAERZEAEYCABTFNET 4] BESMERs HhE
WO REHER L T B RAFAHIELRE T » IR EERIREE o T LD DB R EORHY
MTER - SR REEBEERSER TR HE R AR Y ERERERAK
EREAIRIE - HES RN AT A S AR - ERARNESE - Bk - Wins
FE SR T Rl MR T A — -

JZ MR A (Response Surface Methodology, RSM) /42 F i fift 56 ([ 1 s s
(E S E B — TR AN S EII L& - %18 Box-Behnken Design 7] I#Z
DINEBRREERIK T i B B B E SRS - RERA AR IEMAE RSM) 2 =
B = JBAREET » DA BRI R g ~ AL S KRR AR RN E R R I B B #R M
PR - SR R R B R R (R - MRS RS B Bk I R R AR B S e el
4 FIRBR (R PR E S P AE T MR R RE R AT

2. PPRHELE BT i

:[U

il

2.1. 5k}
ABHFEFT{E 2 A RS B i & SR A ZE 35 DE - e Ry i 25 B (Citrus
grandis cv. Matou Wentan) - 45— {E I R (RI8 2=k taE  Fii 2 EBRHN G
W il BERE S SRERmE R - lEKERETT  #EK (Oryza sativa
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RESEHZ  SRESERZARINEE G By 10% ~ 15% J 20% » FREE(THH T ~ BELUR SRESE
b RE MR T LGS (B RE ST AT -

A

jm

®1 -~ HERBEEGET 2 BRI -
Table 1.Coded levels for the independent variables

Variables
Coded Screw speed Feed rate o
foad Hz) epin) flour level
ev Z Tpm (&/200g)
-1 40 12 5
a 50 16 10
1 60 20 15

2.3, AR

2.3.1

2.3.2.

RN
ROFTEEAAR T RIE > S RIERIA ~ PIEREZ (IR ) ~ TR =053 > 73l
BNART -18°C 2R - M R RIR V)N > 7 40°C T EZEE 24 /N >
BFPEE & AT > X 10 ~ 40 mesh (0.38 ~ 1.7 mm) ZApAREHKL > Syt Ffn K
FHHLABEEREK 200g B —E BRI T MK (S g~ 10 g~ 15 @) FFARS -

s

REEEFEE - RS BRI - DUTESBERVE 12 T2
EVELIEVRGZIEE 40° C B2 E/K &8 13 - 14% - Sel&A AR RO K
Al i87# 40 mesh G o 7 ERFURIELGEE DA 200 SEiESK ~ 100 ST Ry E e A
J& > STRANA O~ 5~ 10 SEEVEDsy - fEF A% > DIEMAE EE 22 RA
foR > RS > REAHEEEZR 40° C 52Kk - Rilic STREENE Z #R0F
Btk - KK & EFHEE 13 - 14% 25— HLULE - (K FEREE S
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9
=
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1% HEA TR o
233 =RES
B RINE R R REBAL > WDUBKERRE » R EREEE
OIRERE ~ BRmAE AL RIS Y) - HERERER UEER KNG AR S
INGY S EL 3 NGY 0 Ay Ry HIE RO BRI WA TERZ IR T - HIEA R LIRS 2 I
ST 1% S I R o v TR S R B AT V) e R S RS
BRSPS - DUH TR - 5 12 /NRPETEIE — 2 5 JREREZ IR
ERITELL 40°C , -675 ~ -695 mmHg 7 (RR(FHETTHAI: - RIfEHZIE A S DIK Sy
BRI 7%-10% I FyHZIGEEE -
2.4. YHEFHE
2.4.1. Ay 3R
A BB R EEEL 15 (EREA - (F I EEET & MR E R —R1% - e 90
FEREN—IOI RS - Bl 38 B - 15 A 3 ER
{ERR DAER AL A 3 mm > RIIRISZE S £ A A 3822 (mm/mm) [5] -
2.4.2. FKIEMEREAE ~ WK MEFERE
54 I E A A S A CBHESS > DUSSSIRA T M0 HE - FFLL 40 mesh G4
MR BUERSIR 1 g (FZEE ) » B 50 ml BEOEH - IR0 20 ml E#EFK -
TE =0 RE 30 min - F52L 3000 g HECy 15 min - BHEEOVE EREIREIANE 2 B
e BL105°C BN RURMELFERZIE » Fris Z82KHE (D {E » g dry wt) BRUUE S
FZEH (S {H > g dry wt) BIRZKIEMEFEIE (WSI) R B B OB TR ER Z MR
HIEE (P1E © g gel wt.) FRUABRAREZEE (S {H » g dry wt.) BIRIR/KMEFERE (WAL)
[6] -
K MEFSRE (WSD= D/S x100%
B /K PEFSEE (WAD= P/S g gel/g dry wt
2.43. BUESHT
BRI R (40 mesh) HUBE S A\ BEEZE#HYIE T » BRELNE=ZCR
[EAE GRE > BT - SRR =EEET - L oS i
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100 FoREH s BEEAT 0 BHEBIS © a* RyIERpRmaLE - 0 Rk > RiE(R
& 5 b* BIEFORfRET - 0 Rk > BfERE (7] -
244 BHFE ~ BRAGRE
PP O S R R > ER 5 TR B i T 1 1 A 7 g o P B o O 5
BUEABEA - WAESAREE - NIt 2 FEHE > e
anBEEAR Y I REE EARRAGE S - BRERE TRV E B2 - WS BT S IR
FRBARS BT 2 10 mm &g - 25 3 FUR/MBATAYERSL - DAEIEHRTHY
HDP/90 JIGHRHIMRIEE > DL P/50 SREAMESTHE BB el - SRS BT
Test mode : Compression ; Pre test speed : 1 mm/sec ; Test speed : 2 mm/sec ;
Post test speed : 10 mm/sec ; Distance : 5 mm ; Trigger force : 10 g °
KNFEERBUR - IR T 7 P& IR Ry o LT = T 2 B0
{H » IR AREERL 7 M RIH R RIE(ETIE > R 2HE PRy RATT > ERiE
FERIZ S —(EE (B ~ 7 ORI IE I - %k 2% R ET R % - BRAG
FEROR - FRAHER nER 10 EHATHETT -
2.5. RREMERC T BT EBRE I 31T
2.5.1. SHEYEEEY)
LUg BTt E & (gallic acid equivalents) Forslif & & - BLBIRE & 20 »
100 ~ 200 ~ 300 £ 400 pg/mL Z @R TRELBEAR > S HL20 p L EHCRES
M > A 80 L Folin-Ciocalteu” s phenol 5| - JREIRBENAFE S5 /148 »
JILA 400 L 15% g SA7KA R (wiv) > SRERINE I T EEIEA 60 71
LL 6000 g &0y 30 #p - HL 200 L _EJERZE 96 FLIE - (FH] 750 nm ZIROE(E
HIFHBOCE Rt (2 & T B LERA ORI Rt sg SR i 4R - Wt HE
B AT AABAREL o BEamAVRRANARL 20 o L ZA e ZERUR - IKIRELMER
BT HAEERZIENE 750 nm ZBOEE - HBOLERA LIREGZ EE
HEA% > iR ETIREE [8] -
2.5.2. FA TR

DA} R & & (quercetin equivalents) FRdEfH el E - BLEDER B 5
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10 ~ 25~ 50 ~ 100 Kz 200 1 g/mL Zffh 7 FH Z B2/ > 5 HL 500 L bR
R 0 I 30 1L 5% SHREERSRZKAR (wiv) » SRERIEERFE 5 fr#k
A 60 1L 10% SALSAKER (wiv) > JRA&I =M MEM 5 S8 FRIIA
300 L 1M @&E(LKEIR F 200 w L &{)5 > JRE1RLL 10000 g Bl 1 5774
HY 200 p L L5ERZE 96 LA - (1 510 nm 2 W YeE - FII IR CE Rt
Mo R B £ B A O P i A AR R - R B B L S AHRE (A3 -
53HL 500w L ARARZEHUR > (RIGELVRARL Y RRARAEHh 4% 2 J57% > HIE 510 nm 2
WOEE » WRFBOEERA LT Z € 8RR » STREL TS &

[8]
2.5.3. DPPH HHAEERAE T
S DPPH (A B AR TR E BRI B 0.2 mM 20K - e A 0R

7 7RI 20 p L ARSLZEHUREL 180 1 L DPPH it 96 FLERGI94)1% » B E
BN IE 30 S8 > AR 517 nm NHSEOLE - ILEED4EEER C ERIE
Hehn o BUERRERLY - RGO IRAHYE AR C Lhik » H DPPH H HEERR
RE N LABUEIMERST [9] -
2.5.4. #apiAbaEE
4y B EC #4 1 mM ABTS & % ~ 500 ¢ M H202 % 7% K 44 unit/mL 2
peroxidase /&K » HL 150 L EEEF/KAIA 25 ¢ L ABTS I8 - H202 J5/KEL
peroxidase K1Y 96 FLERR &SR - B IE 60 4388 - #EEIA 25 ©L
B EEEUR - RG> BHERIE 10 7388 0 AR & 734 nm RHIETORE
HEE BB DL trolox {F Ry e i » BUEAEAE AR &R > HAEPTIEALAE ST DL trolox &
[8,10] °
2.6. FE B AL
2.6.1. JEfE B A4
R4 AOAC 985.29 A T A TRE B e & B0 - I | g B 7
Ty RIE B > JIA 0.08M BEEEGEEA K SO ml #EFEI95) - % pH (HE
6.0+0.2 » A 0.1 ml a-amylase % 0.1 ml » 75 25 5 SE AR E HA /K S A -
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5 Sy HURME I 30 S B HUH S AT E S8 © fIA 0.275 N NaOH 5%
10 ml > 4% pH fH % 7.510.2 » LA protease ;7&K 0.1 ml » 7 & aSHANE N
60°C /KinHES » 30 7 R HIHSA0 - &I0A 0.325 M HCL 10ml » %% pH
% 4.0-4.6 » FH& N A amyloglucosidase 257% 0.1 ml » 725 $25H4LE 7 60°C
KIBPEES » 30 EEEILEIIA 60C , 95% L% 280 ml JE&H 4 > W ER
THFE 60 78 - (HRE BB URIE /R » BRI EDE - K7y
B AR TR eSS E -

et EA R

JERE B4 (%) = (WS — PS — AS — Blank) / Sx100

Blank =WB — PB — AB

WS, WB = #8175 (4 2 FEE E & (g)

PS, PB = fmEAZE 4 2 EEHEEE ()

AS , AB = FEiBlZE H4H Y IR EE (2)

S = fEanEE (g)

2.6.2 NIEMERE B

fR#% AOAC 991.42 FEETTEBET AR EEESENT > T2 1 ¢ M
SR BHBTES] 0.1 mg AYRESLEIA 400 mL SRR o R E IR A2
{ENFEARTA 20 mg - [AIRHEREM R HIA S0 mL BB SR ETR - @aERI0 0.275M
NaOH & 0.325M HCI #5%% pH {5 % pH 6.010.2 - [a&{EER 1A 0.1 mL «a -
By BE - AsafB SRR REI/KE § - fFR(E S fE AR T 5% 5
T PRSI BN — K > BEF] 100° C FFRFENIEN 15 708 - HZ L2 E
L o ALY 10 mL NaOH JA7#F pH ERETE 7.530.1 » fEGEBEL TR
i 5 mg EAEG > DSRTHANEZIFEIMET 60°C /KB ERE - 30 /iR HH2
Al - A 0.325 M HCL 10ml » 5% pH {H £ 4.0-4.6 > NI &8 EEA R
0.3 ml » DASESHARE EEEFRETY 60°C AR IE - M HERERE 30 J78% - Rt
MBS HEHDR SR A BEE R - YA 10 mL #97K (Bk
EIBFRREVEERAE) ek 2 2~ 10 mL /Y 9596 ZBEEHK 2 X~ 10 mL AYREIEEHF
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MR EREAFRETRERRINE « ZE - SERBREMRE LRTFREVICFIEZMET

2 R HEFREYRIHREZ L - 1E 707 C AV EZE Sz B EAE 1057 C
HZZ AMERE Tz 5 /N < JREISR R L EE RIEE S (WS) -
REVERE Bt A

RS B84 (%) = (WS — PS — AS — Blank) / Sx100

Blank =WB — PB — AB

WS, WB = £ mBiZE 4 2 IREE 2 ()

PS, PB = fmEd7E 40 EEHEEE (2)

AS , AB = finBilZE HEH 2 IR E & (g)

S =HEinE (g)

2.6.3 AV MERE B4

VRS BN & B FR RS B IR R A MRS e A TS -

3. il L) G

3.1 DASZ e i As B AR DA BR EE o AT R
3.11 R sER
AR Z AR AR B RRAE SR AL 2.42 ~ 3.16 mm/mm 2] » BRETHHER
PRV RR IR (R I 4 RABRL 7 SR > ERAR 2 FR

R 7 p {7 0.0308 (p < 0.05) » ZERTE/KHE > MR EEHER (Lack-of-Fit) &5
RZ pER 021 (p > 0.05) > EABE KL » FRATEIRIECRE A ETT
B i AL (R i S8R s B R B i T A FTie 2 2 AR A ) (SRR S - 8] 2
Fo R B BRI B EE AR R 385K 2 T s Sl K S et ] > F (A) ~ (B) B2 (C)
(D) AIHZE] > BEE MR EAIE N > AR AR A B AIREES - M
JRIAFTRE By > SRR - Er {15 Ba (i Rl PO RS (B T R
{EFFEE ) EFHMEZETUIIINIR - #E LB R BT U Frid Ay e 8 & th IR L i
W MRS RS R R [11] > B (©) ~ (D) & (B) ~ (F) 1Al - BEEh
By ARRIIEEY BT FE AL RIS RA T RRRTREES - R R R AE Rl K2y
KEPREREERMER - R TR IISEER R - AR P REKS
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HUR ARG RNV R AR 3 HoKp Bk G i ank | BN L - B2
HRSREAEAE R TR 2 PE > (SRS S RS R g [12,13]

2~ R Al SR U SR BT R

Table2. ANOVA of the second order polynomial models for the radial expansion ratio

Source Sum of Squares df  Mean Square  F-value p-value

Model 062 9 0.069 6.05 0.0308
A 3.00E-04 1 8.00E-04 007 0.8022
B 0.14 1 0.14 118 00185
C 045 1 045 3538 0.0015
AB 0.011 1 0.011 096 03717
AC 3.03E-03 1 3.03E-03 026 06293
BC 3.03E-03 1 3.03E-03 026 06293
A? 0.015 1 0.015 131 03043
B? 130E-03 1 1.30E-03 011 0.7501
o 554E-03 1 5.54E-03 048 05177
Residual 0.057 5 0.011
Lack of Fit 0.049 3 0.016 378 02165
Pure Error 8.60E-03 2 4.30E-03
Cor Total 068 14

AL B pond S B Foodzele f C f Pomnedo el Doo S
@) (B)

Foiie

©

[y S —

¢ s

B~ BRI R SR 2 FEEaRE(A) ~ (C) ~ (B)SFEHEI(B) ~ (D) ~ (F)
Figure 1.Contour plots (A), (C), (E) and response surface plots (B), (D), (F) of radial expansion
ratio by extrusion condition.
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3.1.2. ESLSESE (L%)

=3~ L*H

B4Rz L* MEGERAR 3 Fon > HEERI Y 68.33 ~ 77.39 Z[H « £

s BRI ER I A an L G URILZ BT - GERAIFR 3 For - HA%
R p £ /5 0.0004 (p < 0.05) » ZERRE /KA » (IR SR (Lack-of-Fif) 554
ZpfEF 00796 (p>0.05) - EARRE ZKE  RRAREREERFNET
TRERE S L* s B el AUAAT S 2 2 B D) HSHHEES - B 2 /A
iR L (H 2 FadrlE K EEE - i (A) > (B) & (C) ~ (D) A%

FIPEE MR LR 0 - PRERAEAHY L* & 236 Lot RN R ryrE i
G AR R S R R 0 > AN R S R B 5k
MifEmEmisEE » B (C) ~ (D) k (E) ~ (F) AlEZEI Eof AR I B ATHE A&
(PR AE ARy L* [ » L* BRERRR 2 o 2 AR A i 35 4 kB 2 TEAHIRR [14]
FEH EAEE R TS MR S F 3 R A LRV M ARR
IEALE 2R AR -
CARAI BRI TEER

IH

M

Table 3. ANOVA of the second order polynomial models for the L* value.

Source Sum of Squares df  Mean Square  F-value p-vaue

Model 93.22 9 10.91 40.6 0.0004
A 039 1 039 1.46 02814
B 51.26 1 5126 190.67 < 0.0001
C 2738 1 2738 101.85 0.0002
AB 019 1 0.19 0.72 04348
AC 2.03E03 1 2.03E03 753E-03 09342
BC 068 1 0.68 2.53 0.1724
Al 367 1 3.67 13 .64 00141
B? 15.62 1 15.62 581 0.0006
ct 0.015 1 0.015 0.057 0.8215
Residual 134 3 0.27
Lack of Fit 127 3 0.42 i § B LX)
Pure Error 0.072 2 0.036
Cor Total 99.57 14

(A : Screwspzed | B ! Feed rate | C ! Punmelo peel flour level)
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A Screw soeed

&2 ~ SRR LE 2 FEe4RE(A) ~ (C) ~ (B FEHHE®B) ~ (D) ~ (F)
Figure 2. Contour plots (A), (C), (E) and response surface plots (B), (D), (F) of L value by extrusion
condition.

3.1.3. W[

AR Z BEFEEAESE R AT 51.83 ~ 98.54 N Zfif] » BRETBRIRIE IR
{30 R P (E — U R 7 S B A > SERARIUFTR > HAEALZ p {H
F5 0.0003 (p < 0.05) » ZERRE/KCHE > TR GEER (Lack-of-Fit) &H5R2 p {HF
0.4432 (p > 0.05) » ZEARE 2K - [8 3 BAERITERELEEHZ FE58%
] e S FE R HilE] - FH (A) ~ (B) K (C) ~ (D) BiZ=FIFEE R 2R A0 - B
FEARHIREEE (B & el i MR ot R A R N & R 8 R TR
FEOERF IR SRR T > HA B &R BRI S E T - 5— 7|

R (A B L LT MBS R R R L E A S 2 1E
R > LA ERI(ERASC A M EEA TSGR /B (C) ~ (D) K (E) ~ (F)
I MR AR IR N0 & (E IR R S BT - BRI Ry & A s



NEREHEEFRIRERRINE - Z8 - SEXBERERRE LR REYMEFITZME

BT gk EE DU AR SRk D - T S B G e S A B B E Bl & R TERSE

HEN SRR K B ESSRR HERE - MEEE LT [15] -

4~ R (E ARG B R AT A R
Table 4. ANOVA of the second order polynomial models for the hardness.

Source Sum of Squares ~ df ~ Mean Square F-value p-value
Model 2257.56 9 250.84 46.94 0.0003
A 10.08 1 10.08 1.89 0.228
B 387.25 1 387.25 72.47 0.0004
C 1128.6 1 1128.6 211.2 <0.0001
AB 8.07 1 8.07 1.51 0.2739
AC 0.26 1 0.26 0.049 0.8341
BC 208.22 1 208.22 38.97 0.0015
A? 25.52 1 25.52 4.78 0.0806
B? 385.97 1 385.97 72.23 0.0004
C? 156.2 1 156.2 29.23 0.0029
Residual 26.72 5 5.34
Lack of Fit 18.08 3 6.03 1.4 0.4432
Pure Error 8.64 2 4.32
Cor Total 2284.28 14

(A * Screw speed ; B : Feed rate ; C : Pummelo peel flour level)

) ®)

A Femtrate:

©.

[T ——

(E)

€ Prarmssia st B el

~~am e omes

© Punns e raen

e —

B3 ~ IR [ F 4R E(A) ~ (C) ~ (E)RIEREEIB) ~ (D) ~ (F)
Figure 3.Contour plots (A), (C), (E) and response surface plots (B), (D), (F) of hardness by
extrusion condition.
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S~ BKMEFEARE = R AL 7 S SR A4 SR
Table 5. ANOVA of the second order polynomial models for the water absorption index.

Source Sum of Squares ~ df =~ Mean Square F-value p-value
Model 1.23 9 0.14 15.59 0.0038
A 0.3 1 0.3 34.17 0.0021
B 0.099 1 0.099 11.27 0.0202
C 0.71 1 0.71 80.57 0.0003
AB 4.23E-03 1 4.23E-03 0.48 0.519
AC 0.000 1 0.000 0.00 1
BC 4.90E-03 1 4.90E-03 0.56 0.4888
A? 0.089 1 0.089 10.15 0.0244
B2 3.39E-04 1 3.39E-04 0.039 0.852
C? 0.032 1 0.032 3.63 0.1152
Residual 0.044 5 8.79E-03
Lack of Fit 0.031 3 0.01 1.54 0.4167
Pure Error 0.013 2 6.63E-03
Cor Total 1.28 14

(A : Screw speed ; B : Feed rate ; C : Pummelo peel flour level)

»)

B: Fand ate

©
i
H
i
|
(E)
i
i
i
E 2 f
— e
A Screw speed i, g ::‘::“mmnwm

S P amin

A Serew 3peed

&4 ~ FEERRAEBOK MR F & 4R E(A) ~ (C) ~ (B)SJEHHE(®B) ~ (D) ~ (F)
Figure 4. Contour plots (A), (C), (E) and response surface plots (B), (D), (F) of water absorption
index by extrusion condition.
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3.1.5. B LRI E S e Fh

PRI 7E ot MR e 1 RN BE AR s e —8H A B 5 » S R RSN R £ (18
FERZER S L{H) » HEAE (RKMERER) DURSNELRALEE =4 - FIH
Design expert 7.0.0 &at#kAG O ATEER - Al E = sH B ER SR (R R IR aEE -
HMELRy EHIRH AR 53 5l RSl 2R 43 Hz ~ R 20 rpm ~ Al A2 R0
& 5 g LR EAVSERIGRCF25 RiR s 40 Hz ~ R 20 rpm ~ 157
BIARTRINE 8 g ¢ FNE R BRI IR PR 73 il Ry il 40 Hz ~ HERfEE
20 rpm ~ fl A AIRINE S g » LAl =4H R B R R RY TS (H AR AT
RIE S KRG Z BB R (R > BT BRI TR IR A AL 5 TR o3 A U5 7k 3
TR sR ~ L{E - BEE - RoKEERZ &M > HERGEROR 7HoR -
CERRE IR E R G EAVEIR IR - EmIATeE (LY) (Y EIRGERIABE RS
B R AERATINE Z &R > MR FEE SR - R ERTOKEERZ HIE
BHNGER EEMEIEEZGEN > SRTTORS B R R EEE - & E
AR IR FE I vk B 75 B PR T i 2 B 3%

%6 ~ fe (I ER R Z TRAG(E

Table 6. Estimated values of the optimum extrusion condition group

Pummelo
. WAI
Screw speed Feed rate peel flour RE ratio Hardness
Run J B (g gel/
(Hz) (rpm) level (mm/mm) N)
g dry wt)
(8
1 40 20 5 3.16 76.71 61 4.67
2 43 20 5 3.18 77.08 59.82 4.52
40 20 8 3.02 75.89 67.14 4.75
R~ B LB R A 2 B E
Table 7. Actual value of the optimum extrusion condition
Pummelo
WAI
Screw speed Feed rate peel flour RE ratio Hardness
Run L* (g gel/
(Hz) (rpm) level (mm/mm) N)
g dry wt)
(g
1 40 20 5 3.10 83.31 61.28 4.58
2 43 20 5 3.10 83.49 59.94 4.66
40 20 8 2.98 82.47 67.11 4.56
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3.2. DA e e A\ B AN D B A BR FEE e AT R
3.2.1 ks

FpE FRAR TR IR S R M E A SR Y 1.86 - 2.78 mm/mm 2 [ » 2/ URHR(E
PRI SRR EE ALK I R 3 R 2 BT AT R - TS REUR IR BB E M
(p<0.05) » K& ERERZE /KA (p>0.05) > oI R FE i e f52 Ui Ry 28 V) -
S =T HELEFREZFRZESRE (A) -~ (C) - (B) BLERHmEE (B) -
(D) ~ (F) > HlE (A) ~ (B) FTLUEH - SR B B [ i 80 BEE AR
W& MR SR - EEfn ZIE R 38 R ETHRIBIN P48 Z 35 - HER 2R
FERH Tl e e & B E SRR YR A AR - SN ER A A R ST > HL
SRR} e SRl R3S I - NEPENRE TR R = A BN A SRR (18]
BESE > IS BAVEAEA BRI A - (SRR A I [19] -

8~ BRIERIF B A AL (R SR Z BT i &R

Table 8. Analysis of variance of process variables to extrudate'sradial expansion ratio

Sum of Mean p-value
Source Squares d Square F Value Prob>F
Model 0.76 9 0.084 9.57 0.0114*
A 0.036 1 0.036 4.14 0.0976
B 0.4 1 0.4 45.47 0.0011**
C 0.17 1 0.17 18.77 0.0075**
A*B 0.026 1 0.026 291 0.149
4.000E- 4.000E-
A*C 004 1 004 0.045 0.8397
B*C 0.038 1 0.038 4.32 0.0923
A? 0.02 1 0.02 2.23 0.1957
B’ 0.078 1 0.078 8.86 0.0309*
2 1.083E- 1.083E-
C 004 1 004 0.012 0.916
Residual 0.044 5 0.009
Lack of Fit 0.022 3 7.458E- 0.69 0.6379
003
Pure Error 0.022 2 0.01
Cor Total 0.80 14

* means significant difference (p<0.05)

** means most significant difference (p<0.01)
A : Screw speed

B : Feed speed

C : Ginger powder level
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Fig 5. Response surface plots (A), (C), (E) and contour plots (B),(D), (F)
of radial expansion ratio by three variables.

3.2.2. BRAERE

TS i A 2 HEREAE GRS hY 23.17 - 43.75 mm/mm 2 - RO Ky
PREMRIFER B E ML 2 7 R - et S REUR A B S BE T
(p<0.05) » RE&GFERERE/KAE (p>0.05) > FonILAIE Hi A S AR Ry i b -
6 Ry —INTHE MRS 2 FEerE (A) ~ (C) ~ (B) B e mE (B) ~ (D) ~ (F)
Wi = SR BRI I > A 2GR B BT 2RSS HEAE N Ny iR
B ETHE - FURMERE LI HEF S B RE DK > G AR an (R R S R E 0 -
M EERERE EF - IR HARIIEE D] > SERHEE R B LT+ Zigis - H#EMl
RN REEEAVEN A B 2REIE I - (EEmARAEE BTt -
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R ~ ECRIF BB E G 2 25 0

Table 9. Analysis of variance of process variables to extrudate'scrunchy

Sum of Mean p-value
Source Squares df Square F Value Prob >F
Model 508.29 9 56.48 21.31 0.0018*
A 19.81 1 19.81 7.48 0.0411*
B 181.26 1 181.26 68.40 0.0004%**
C 241.01 1 241.01 90.95 0.0002%%*
A*B 36.00 1 36.00 13.58 0.0142*
A*C 8.85 1 8.85 3.34 0.1272
B*C 7.67 1 7.67 2.90 0.1496
A? 0.17 1 0.17 0.07 0.8080
B? 7.09 1 7.09 2.67 0.1629
c? 6.96 1 6.96 2.63 0.1660
Residual 13.25 5 2.65
Lack of Fit 12.79 3 4.26 18.37 0.0521
Pure Error 0.46 2 0.23

Cor Total 521.54

—
~

* means significant difference (p<0.05)

** means most significant difference (p<0.01)
A : Screw speed

B : Feed speed

C : Ginger powder level

]
] ¥ ]

3

Fras——

(T} 1

El6 ~ =T HEMIEE ZFSLRE (A) ~ (C) - (B) BN EHREE (B) ~ (D) ~ (F)
Fig 6. Response surface plats (A) ~ (C) ~ (E) and contour plats (B) ~ (D) ~ (F) of crunchy by three
wariables.
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3.2.3. KB MHEIE

HER S e T 2 AOE MR IEAE SRS L 27.83 - 52.13 mm/mm Z[H] » &
10 Ryt F ORI AR e b/ KOS MBI Z B 5 3R » St REUR AR
HRENE (p<0.05) - BREHERE KR TR S 2 /KOS MR I B A i 2
5 (p<0.01) » REFEREERZ/KEE (p>0.05) » FoR LI FE 5= Sy i Y]
7 R =T HELKEEEREZ FES4E (A) ~ (O) ~ (B) ELJERmE (B) »
(D) ~ (F) » Hr1 (A) ~ (B) BURHEZ R ERIR NN S 2 A B A B
AN ZRIE o ST Ry R R B e R N FURH IR S R B B B -
AEVEAERIR(R [20] - (C) ~ (D) [E o - a2 SR e Ay I 0 > A b Z /KA T
BB LI 2% N Ry E SR EiE g S SRR U] ) B T &
WD - RO R R AR R PR - HE I R A e /KA MR AR i [21]

F10 ~ BB AR R & S KB AR AR T A

Table 10. Analysis of variance of process variables to extrudate’s water solubility

index
Sum of Mean p-value
Source Squares d Square F Value Prob > F - N -
Model 612.06 9 68.01 17.78  0.0028** P—
A 68.39 1 68.39 17.88  0.0083** (A) (B)
B 395.93 1 395.93 103.54  0.0002**
C 57.73 1 57.73 15.10 0.0116*
A*B 8.50 1 8.50 222 0.1962 4 -
A*C 0.96 1 0.96 0.25 0.6375 1 gl
B*C 17.02 1 17.02 4.45 0.0887 -
A? 1.07 1 1.07 0.28 0.6200 "
B? 22.62 1 22.62 591 0.0592
C? 34.97 1 34.97 9.15 0.0293* - R I T =
Residual 19.12 5 3.82 A b
Lack of Fit 17.5 3 5.83 7.2 0.1244 ©) D)
Pure Error 1.62 2 0.81
Cor Total 631.18 14
* means significant difference (»<0.05) 2
** means most significant difference (p<0.01) E_ -

A : Screw speed

B : Feed speed
C : Ginger powder level

B Frenne

(E) (F)

‘WSI : water solubility index

B7 ~ ZBFHESAREIERZERLE (A) (O~ (E) BRES
@E (B)~ (D)~ (F)

Fig 7. Response surface plots (A), (C), (E) and contour plots (B), (D), (F)

of water solubility index by three variables.
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3.24.

L EN k==L

HER S HAH 2 BoK B EEAE SR/ 3.05 - 5.32 mm/mm 2] - % 11
R (E ORI ER B B i/ KA IR IR Z B T iR - eHERBUR LA AR
BEZ M (p<0.05) » SRS R L R 0 I o 2 VKOS B IR B i B
5 (p<0.01) » REFERERZ/KEE (p>0.05) » FoRILRFEM S Ry Y] -
8 Ry =N EmBUKIEEIR Z FErE (A) ~ (C) ~ (B) B e (B)
D)~ (F) > H1(A) ~ (B) TE - EEIREE AV - a2 SoKMEEEA
BT 2 S o B R R A > S R ORI B AR I BRI P 2 B
[l > (EFERHEE A e 2 - SR K MR [ 2835 [22] - s e 2R
FERYSEAING > 72 dh < MoK PSR IR LT E 288 5h - DR M) 2 3 s
ERNHIERT] BT - VIR EEER AT - AR YIRETEIE [16] - H (C) »
(D) BUr > BEE B ANV > A 2 WK MEFERRA ST TR RrE BT
Z B, o HEEIN Ry BRSO RO T AV on il e s b - e E 1
Bk > HET B LAY KPS [23] -

FAL ~ AR AR SRR & 50RO AR 2 ) A i
-l
Table 11. Analysis of variance of process variables to extrudate’s water absorption =l
index
Source Samod df e F Value L
Squares Square Prob >F ) ®)
Model 5.12 9 0.57 28.66 0.0009**
A 0.71 1 0.71 35.99 0.0018**
B 2.76 1 2.76 139.19  <0.0001**
C 0.88 1 0.88 4425 0.0012%* -
A*B 0.08 1 0.08 3.81 0.1083 b -
1.000E- 1.000E- H
*
A*C 002 1 002 0.50 0.5094
B*C 0.03 1 0.03 1.73 0.2461
4.964E- 4.964E-
2
A 003 1 003 0.25 0.6381
B? 0.24 1 0.24 12.02 0.0179*
@2 0.35 1 0.35 17.69 0.0084%** (©) D)
Residual 0.10 5 0.02
Lack of Fit 0.089 3 0.03 6.04 0.1454
9.867E- 4.933E-
Pure Error 003 2) 003
Cor Total 5.22 14

* means significant difference (p<0.05)

** means most

A : Screw speed

B : Feed speed

significant difference (p<0.01)

(E) (F)
WAL : water absorption index

C : Ginger powder level

B8 ~ ZEFHAESBRARERZESRE (A)(C)~ (E) AREHY

@[ (B) - (D)~ (F)
Fig 8. Response surface plots (A), (C), (E) and contour plots (B), (D), (F)
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3.2.5. A LRI E R T

BB LIRS E e BRI SR B E RS - BRI TG
TN E TR - S DU U Sha A R AR R ¢ A A 2.48 -
2.62 mm/mm ~ HE[E 39 - 41 mm ~ ZKOEPEFEIE 36 - 38% KIKMEREIE 4.1-43 ¢
gel/g dry wt = FI[FH Design expert ${HG15H iz 2 #5204 a0 (2] Ry B 2R 48.28
HERHERE 15 rpm ~ ERIRINELH] 4.4 % - I Eom e IE (R M E > B/ IME
AEATHBEREAL - HEASRAIR 12 Fn « SRBUR » SoBiR I FER A HIE 2 5/

EAVEIREHETASEIRABEZESR (p>0.05) - I AR ER iU HIFE ER 1

B2 B R R EERREL R

Table 12. The comparisons of predicted and experimental data in optimum operation

conditions
Predicted Experimental value
Response value Mean Max Min i
Radial expansion ratio 2.54 2.54 2.66 2.32 0.976
WSI 38 38.03 38.9 37.1 0.977
WAI 43 4.22 4.24 4.18 0.150
Crunchy 39.74 39.67 41 37 0.971

Not significantly different (p>0.05)

3.3, [ RE SR R E
TF H REHIZ I 1 R S 2 B R BR R M = RE SEHZ 5y I LA EE 8 2 10% ~ 15% ~ 20% K
EL B EHE SRR G 2 200 5i% > BRAT i R A B 0 i B (LA VR R 0 - st
Hz ~ ERLHIE 20 rpm - AR 78 = B SEHZ IR A o > JB LA -
3.4. ERE SR R AR MR Ty
= R SR R i < SRV B L &) AR SE B R i e 2 B 2Lk 13 fr
0 FTAREERS% - AR LaYeaEsSNERRNESE - EAL 118 ~
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2.62 15 > [t EFHERIFERERE IR SRy YIS - (S G & R IRV [FIRF Ly
TEEERD - EECHEER S BT BB IRBE N [24] > BESL > PRERAERE T RDRFE
BR ST RIBS V) 77N & (S S A T sy S b S T AR A B R Y [25] AR TBBREZ
RN > HE s BB E hn B S S VA ARSI 2 > R
wEEARYEL Y > BRI SSMRE A S S I AR R E VR R - HH A ERR
FEENEIMRIE - GIEHRPI R P B A B S R0 - 1 LA R i R T P 4H 438
TEVE L BV G RHIRHSERF 2R 2 — [26] > IEAD > SRET ISR & S AR V4R EE 2 I
YRS > (el 7SSy 25U [27] -

-

e
B

A

v

3.5, EREER R E iR bAE

& 13~ R F) &R RICH R o & 2R A SR AT R A8 RIGAFT IS F
Table 13. Total phenolic and flavonoid content of extrudates with different dried
cabbage powder level before and after extrusion

Total phenolic content Total flavonoid content

(mg GAE/g) (ug QF/g)
Before After Before After
extrusion extrusion extrusion extrusion
BRE 0.40 0.47+0.01° 8.84 7.5142.31¢8
SDE10 0.653 1.06+0.01¢ 100.98 102.88+3.22¢
SDEI5 0.834 1.3140.19¢ 147.05 147.09+6.77°
SDE20 0.906 1.65+0.03° 193.12 217.96+4.38*
VDEI0 0.561 0.92+0.02¢ 24.70 24.98+1.22F
VDE15 0.642 1.04+0.05¢ 32.63 43.93+3.22¢
VDE20 0.722 1.89+0.07* 40.56 62.88+1.22¢

Each value is expressed as mean £ SD ( n=3). The same lower case indicates no

significant differences ( p < 0.05) between different samples with same condition.
BRE: extrudates of brown rice

B 9 ~ AR A R Lot 2 B RILIR RO R IR B R R IR A
SDE: extrudates of open sun drying cabbage

Fig. . Extrudates with different drying methods and dried cabbage level. (A) extrudate  VDE: extrudates of vacuum drying cabbage

of 10% open sun drying cabbage ; (B) extrudate of 15% open sun drying cabbage; (C)
extrudate of 20% open sun drying cabbage ; (D) extrudate of 10% vacuum drying
cabbage; (E) extrudate of 15% vacuum drying cabbage ; (F) extrudate of 20% vacuum

drying cabbage.

% 14 B A ESREREZRIIEL B 2 5 B 22 SndR ER R 7% DPPH H e ALEFRAE J1 7]
WEHTEARRE IVEIE - 5BRT. - B4HAY DPPH HHESERRAE DB R A LRE SR
B ETF o WERBEFBRR G aYa BN ITAR - B AINEEE SR
REEGE - MeSai X ERIRE - BRJERZREEROERER (28] - tL4h > (A
AT AR IR R MG (IBASE ) 2 EYILIEEH BEABELIEM [29,30]
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15 By RE SRRz R i R iR e e e & BV L (FERE T
BRI - FTAHH R Bl S B T - R T > S s0RE - B
NRBIINZAER - BEEER R SRR MERIR T E SR Z KRS UEE
&R A B > N RS RS E [31] - NSRS TERE e dEsSR
o IRER B FECR AR BB S B T - MDA e Eamn -
F1 1.40 ~ 1.61 (g/ 100 g) EFFZE 1.07 ~ 3.17 (g/ 100 g) - R]7AMERE B AlAfE S A Rl
e LEOI S ER AT 16.31% ~ 17.45% FFFE 28.24% ~ 42.60% - Hh45H#0 -
ER T B IS VERE B A A IR R IR S B A TERE B8 - IR TdiE Py S
o =SBRSBIV R WEGSE  BE SR A - HEC LS i o IS
[ [31] - B ERE A E B S R R S E m 2 NA R e 88E T
EMEREREEEEEN TR ENAMREaSES S8 BT RSN FEEA
AG T ITRAEE AR RIS ~ #E15E —AUNERR ~ TERT e IRBIIREW & A & [32,33] -

£ 14 ~AEEHBEEN RS EZHBRE SEREATL DPPH A d R ) £15 - REALES KRR R & R RLF b 28R & S8R AR QR RS - THMRE

RS IS eTee Y
Table 14. DPPH free radical scavenging ability and ABTS free radical scavenging

= . . . Table 15. Total di fiber, soluble di fiber, insoluble di fib tent of extrudates with
ability of extrudates with different dried cabbage powder level before and after ke ofa’ cletary fiber, souble dietary ber, msolube dietary ber content of ex swi

extrusion different drying method and dried cabbage level
Soluble Insoluble Total
DPPH free radical ABTS free radical
dietary fiber dietary fiber dietary fiber
scavenging ability scavenging ability
L. (g/ 100g) (g/ 100g) (g/ 100g)
(mg ascorbic acid/ g DM) (mg trolox/ g DM)
Before After Before After Before After Before After Before After
extrusion extrusion extrusion extrusion SDE10 1.40 1.69 6.85 2.98 8.25 4.67
BRE 0.37 0.42+0.03" 0.69 0.86+0.02° SDEL5 150 1.89 754 425 904 614
SDE10 0.59 0.88+0.01° 0.78 1.3940.02%
b SDE20 1.61 3.01 8.26 4.69 9.87 7.70
SDEI15 0.70 1.02+0.02° 0.82 1.4840.01°
SDE20 0.81 1.24+0.02* 0.87 1.56+0.00* VDE10 1.37 107 6.48 173 7.85 2.30
VDE10 0.52 0.85+0.06° 0.78 1.26+0.04¢ VDEI5 145 1.63 6.99 414 8.44 577
VDEI5 0.59 0.95+0.05¢ 0.82 1.344+0.12%¢
'VDE20 1.54 3.17 7.50 427 9.04 7.44
VDE20 0.66 1.1240.02° 0.87 1.45+0.02°
Each value is expressed as mean  + SD ( n=3). The same lower case indicates no
significant differences ( p < 0.05) between different samples with same condition. BRE: extrudates of brown rice
BRE: extrudates of brown rice SDE: extrudates of open sun drying cabbage
SDE: extrudates of open sun drying cabbage VDE: extrudates of vacuum drying cabbage

VDE: extrudates of vacuum drying cabbage
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Abstract

Taiwan is rich in many kinds of fruits and vegetables, such as pummelo, ginger and
cabbage. In order to increase the utilization of the above-mentioned fruits and vegetables and
reduce the waste of by-products in processing, extrusion processing used brown rice as the
main raw material, and adds pomelo peel, ginger, cabbage to produce fiber-riched extrudates.
.Used the three-variable three-level design of the response surface methodology (RSM). The
operating conditions of the extrusion experiment contained screw speed, feeding rate and
the powder level. Determine the physical properties (expansion rate, bulk density, hardness,
brittleness, water absorption index, water solubility index and color) of each treatment. The
quality indicators of extruded pummelo peel are radial expansion rate, L value, hardness, and
water absorption index; The quality indicators of extruded ginger are radial expansion rate,
brittleness, water solubility index and water absorption index. The optimal extrusion parameters
are obtained through the quality indicators results. The extrusion parameters of cabbage refer
to the optimal conditions for extruding pomelo peel (screw speed: 40 Hz, feeding rate: 20
rpm, and cabbage level: 10%-20%) to produce high-fiber extrudate. After extrusion, the total
phenol content of the extrudate of pomelo peel, ginger or cabbage had increased significantly.
After cabbage extruded, total phenol content, DPPH free radical scavenging ability, and ABTS
free radical scavenging ability had increased significantly, and the proportion of soluble dietary

fiber in total dietary fiber content had increased from 16.31%-17.45% to 28.24% to 42.60%.

Keywords: extrusion processing; pummelo peel; response surface methodology; ginger; dried

cabbage
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