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HHERENATHERAREFTHELG - AMFAE T E I8 % A48 606
ZEHR MBS ENRRERX > EMFRG0E  Shid ol ©
BE S 1% MR R R A O 89 38 o o ARAFATAB IR 2016 F B A+ KIEE 43t 4R
PR AR AZ BEAR B R R A PR A R B 84 31.2% » ©ABBIRE 69 27.7% » BTN ARHE
BEHCRERT BAARE  BRIFEMZEZETHEEH R E S A8 KR (type 2
diabetes mellitus, T2DM) &4 & 4 3% hv B AE > 5 B & S o % J& 55 (cardiovascular
disease, CVD) &y B[R o - L E R A E BB T AR A TR EZ F - L &
BRREEETIERMA BT FARREK S 2 & #E K GI(Glycemic index) »
75 BP 12 M 4 AL B (slowly digestible starch, SDS) 4 & # & &4 B 28 & 40
B % 4 i - SDS &4 GI 8 8 b ik AL RAFK - ok #) BB ey sk B 0%
REFEARER IR B A AR IR B R ik 2 Al ERAEERE - R AT R B 09 %
AR GBI A BIRARE Ty XKF RGN RS2 BE > B8
$ AR M A AL 2 B B 6w TR A SRR R RSB R AS  HAE S
SURBEZEHELXRANKELCLES - TRERBE T AEAKEZZIRERKR
AR GRS BBy H LR F > [EK SDS > M4 A 87 SDS 4=
= Ft > 2L SDS ~ ik 4 1bEkr (rapidly digestible starch, RDS) & B B #u3F £ 42 %
RKIZGEE L S0 Bk —EKEAEL 15 8B4 R— RARES wTiEM4 > B

#E b2 RDS M Gk - SDS QI % St Gtk - BAHIER bEey Bl -

MlgeF - A& E A=~ MR - BRI - RAEERE 1K GI
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Abstract

In recent years, due to better life quality, people tend to live a sedentary lifestyle

and have high-sugar or high-fat diet, which lead to increasing population with

metabolic disorder, including hyperglycemia, hyperlipidemia, and hypertension.

According to the top ten causes of death in 2016 reporter by Taiwan food and drug

administration, metabolic syndrome (MetS) related disease have accounted for 31.2%

of death, more than the 27.7% caused by cancer, indicating MetS has been a threaten

for people’s health. Indeed, MetS has been shown to increase 5-fold risk for diabetes

and 2-fold risk for cardiovascular disease. To decrease MetS, diet control is of

importance, and starchy foods with more SDS is a good choice to lower the postprandial

glucose. SDS exhibits lower GI than RDS and can release glucose slowly, thus it can

decrease hyperglycemia and hyperinsulinermia after meal to improve metabolic

syndrome. In this study, we aimed to test the influence of different processing

conditions on starch digestibility and the content of SDS and RDS using Taiwan

dehulled adlay, expecting to find out a condition that can retain more SDS and then

adopt this condition to develop products that are suitable for metabolic syndrome

patients. As the results showed, the amount of water added for steaming didn’t affect
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starch digestibility of adlay significantly, while SDS content decreased as the steaming

time prolonged. In addition to that, refrigeration can reduce starch digestibility and

increase SDS content. Using the content of SDS, RDS and the result of sensory

evaluation as screening parameters, we selected an optimized process condition to

obtain the final adlay product, which acquired significantly lower RDS content and

higher SDS content than cooked rice, indicating the potential to control blood sugar

after meal.

Key words: adlay, slowly digestible starch (SDS), rapidly digestible starch (RDS),

metabolic syndrome
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BEKR

CVD Cardiovascular disease INER S
GI Glycemic index FH¥EE
MetS Metabolic syndrome ARAHIE 1% BF
PCA Plate count agar R g 1E
RDS Rpidly digestible starch ik AL Bohy
RS Resistant starch POy
SDS Slowly digestible starch 2 ARk
TCS4 Taichung selective NO.4 & PEFT W
TS Total starch Y8 By
T2DM Type 2 diabetes mellitus % =AU SRR
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RO G H AP B EAFAM A F R RS g e Ry @ Bi%
SR EI R EHES Y lerre) A58 AR T B ™I R &

mINRAF Fhhmmd 5 HBERR RPRAXITeHRALEREBLE
XEBZAREGEGH TR REH ERHEERIEZEFGRR - b & BUTF BT
2005 £ % 2008 F#3 EREET > EEAR I RUALFHGRBEZEBFBITRE
257%2 k> oM RIiE 204% 0 BBAT R A R0 LA hBIEE B K
HEEHOREN MKRRETEETRREARAN T E - BHBRM A ERR L
PVEGALH ERR B > SBAPR SRR E AN eI LA A RIE R
THUBERNEEHOBRE LA BEELSTNRNBARD A BITRRES
ey RsE > HFRAK Gl SRR B HTEAL - LAEATFHEE RIZN S B FR M ALk
(slowly digestible starch, SDS) » SDS #& /H /bR ikt ik e H 4 1% » B R ik R
NEEE A LI R A BN Sk - i T R RAR AR 1% B 60 BUR 3R IHEOE

¥ SDS &4 tbfs] » 48 Bk H AL R R IEAK - T4 AT B2 -
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¥—F XEKEER

F—fh KA EEE
L1 ARBHEZERFA R

WERGHAFTDERARATHELYE - AL F B8
PN L EGRGEHBEERERR EMTHRZ LR
B A B g AR F IR ARCH R R A O3 e o ARIE 8 20

2016 F B A+ KRIER &3t 43 SRR BEA M 0 SloR © B
B BIRR S BRERE - SATA SRR 31.2% 0 SABIRIEN
27.7% > dLEET > RAEZEHTERERE B ARE -
12 =&

AR Bt 1% 2% ( metabolic syndrome ) 35 4 2 /X 3# 8 @ 8o o B 4
REFHRERS BLAEARETEZOEZH0BE( 0BRKHELR
EHhBBEAZE ) hfsE % (dyslipidemia ) ( &4 fo b = 8%+
fthm > mEREEEQEERREEEETRHIEF ) Bhm (=
R o W18 % / B B AT 2 R R ( glucose intolerance ) ) ~ AR B ( 45545
F .5 fe ¥ ( central obesity ) Sk A& LI ACHE ) © AR & SR BE Lk & R T
B RIER & -

RFEEHZAZCRRELEERLAHSRA B ATLH
BRHEEHFEZROBABR AR L - & R4 @k (World
Health Organization, WHO) » R MR B Z AL At KX W &
( European Group for the study of Insulin Resistance, EGIR) + %

BE B B2 2L F 3t £ AR A6 B % = R (National Cholesterol Education

3
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Programme Adult Treatment Panel III, NCEP ATP III) » £ B E&Z /R 79 4
w2 F & (American Association of Clinical Endocrinologists,
AACE) » B & # Ik 7% %t 4 ¢ (International Diabetes Federation,
IDF) » R A AZ E 4o H B 1 AT o
tHEmARATARMEZ LN 2004 FREEFZZRF
¥ER SRR 150 3T T &% Bl 2 X HHE 1% B BR R 25 B & R
#2007 F 1 A 18 B4, FH - BPATSBAELREFY - %
6,4 3 I8 KA £ H T H E AR YR E B
(1) BE2FperE : (2E B M =90cm - %M =80cm) -
(2) % @ JB : d & & JE (SBP)=130mmHg/ 4F % @ /&
(DBP)= 85mmHg -
(3) B i : % b #E@E(FG)= 100mg/dl -
(4) &% E A% G M E & HDL-C) : B M <40mg/dl + 4 1
<50mg/dl -
(5) 3 =8+ 4E5(TG)=150mg/dl -
1.3 BATH
M Bl 2 AARIE 2005-2008 B K & &k B K L4 ¥ 3 B( Nutrition
and Health Survey in Taiwan ) |43 2 #3EE > 19 RA LB HRITH
2 257% » M2 20.49% 65 RIA LB MHA 44.5% A 57.3% %
BARUEMERE o AR 0 A 45-65 REBE  RIEBFEBEZ BRATH

3 kA o T ko R 5 BF B AT 5 R S 803 o ) Lo -
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1.4 iediey

RBEZEB o EERES =AM %R Gype 2 diabetes
mellitus, T2DM) &4 B & 32 o BAE - 25 B RS fn % = % (cardiovascular

disease, CVD)#4 J&UF 3% fio 42 (Alberti et al.,2009) « B pb 3% 4 52 &

o

B AR E B ERFR R RE N RAEEFEE R —RAERNRA

ABMTBE H R aFFEF T NGB T E2RRERE R
Sy LA B AR BB R TR R E K

e @ KGR AR BT T AR ERUEEEE B H 8 5 s
R % b (Jenkins et al., 2002) » i & GIR 4 B Fu ik & & P30 R AR BHE

1% B% B AT % £ 48 B (McKeown et al., 2004) -

BEAEHATMRGZEY XN %A BBk ¥
RF %24 A Coix lachryma-jobi L. » 3t X % %adlay &, 7 Job’s tears
B RAFEDB EAMY - SN ZRMBEAR > KHOSER > BATH
NBEEREAEF]I 2 3RREFTEFIR AP & FEFIR
(Taichung selective No.4, TCS4) E AT MBI N B AN £ E

S e A E A 3R(35.8%) » E AR KR (6.8%) B K(A3%ERMEE E

4=2(53.1%) ( FA0iL > 1999 ) 5 — T EM L B AEL - L ®
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22 AR B2

T B ETUARRFHAE T EM RAERBMN - REARRER
BB (59.5%) B & H (14.2%) Bs 7 (11.0%) 7K 5 (12.8%) ~ 4 4 (1.2%) »
Koy(13%)» AP &G E R & ERAEIESD » Lo ME 3 /T

AT R4 - B- B A Bmps (Yuetal,2005) » FmiE (Yehet

al., 2006; Yokoi et al., 2009) + £ E & (Wang et al., 2012) % & M » & —
B A S 09 R o 4R35 % (2002)5F 745 ) - £2 48 R Bl E (40% R A A
BT » TCSAM ARt o = B ik 5 & o i Bl B2 04 )k B B BN R B 09 &
BT AR ARG A G LS RA AT £ R o s gk £(2002)

B R VAT AR B

1.TCS4E =91t 0 =t &4 5k A & % 2 E B2B-sitosterol 8y 4 & ;

2.EBE(cOiXoO)EEMHETELBARIME T » YAUERKLSER

% BRIRFAR L  HELIHEE R -

3.TCS4 E /=25 B #& ik o4 ferulic acid 42 3 % M H 4344tk B A L&
bz & B AEME -
MU FEERERTCSS Si-mit o Bt R A % 2 A M0

BEA M RILEA  FLEBIL RSN AR E ey BN -

2.3 PN e

BB AT TFRMEER IR S EMERK £
HILEANM o MBI BEREA N EEAARBELE > 554 0.2~3 um &
3-30 um » PR E 12 pm A4 o B XRD B 38T 43 40 B 1= 500 B

6
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A BB BAFBRE LR AR o M etk ik Ko 6 K34y
%A DP 13~24 2 B » 4~ KA R HAG A RUBH AL BB F
¥4 k4 K/ DP 21 > Al #& /) 4 (DP 233) & K 4 (DP 25.7) &
(Chaisiricharoenkul et al., 2011; Liu et al., 2016; Kim et al., 2016; Jane et al.,

1999; Ao and Jane, 2007) -

ot A RBEARRAE RARH E L0 2 RRZ — o MARBU A 4%
HACHYIR R T A B = KAE - Peak AL ok (RDS) ~ 12 M 4 16y
(SDS) B i B4y (resistant starch, RS)( Englyst et al., 1992; Englyst and
Englyst, 2005) » #t ik 34 LBy =T SALE20 048 WA K AL A2 - 12 M 4 1Bk
WAl AAAE202 1200 88 2 M A4 - 120568 212 & RA 0 AR 69 B30

TEBORY > ko E4 PO e

3.2 K

A ¥R - SDS 49 GL 14 8 RDS SRAFAR » 7T LAk fo b & 47 (Ells
etal., 2005; Englyst et al., 2003) » & Gl &k & CALES RAF R 3B ¥ K HA
do ¥ FE & A7 38 2L & 0 3k £ (Brand et al., 1991; Wolever et al., 1992) - %
RN EH A MR  IKGI R R AR E S RIRE E &R G
F& & B2(LDL cholesterol) ~ #%# A5 B4 B ~ #A5% & B (apolipoprotein B)

% — A gt & R & b ] E| (plasminogen activator inhibitor 1, PAI-
7
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1)(Wolever et al., 1992; Rizkalla et al., 2004) - &~ A RDS % &% ik B &
ik Bt KE B IR B B — R P69 R RIRE > il de MR B f
TR o T SDS A% 4 B At ) 0 6% R IR - 36 R e ARAR S b R E R
SE S ER B BRI A(HE S) » B AR EHE B 8% (Ells etal., 2005) » b
SRR 64 Boky HE 8 B4 B ROTR Iy M Bk BARHTE & AR AR B R R o

sboh s RASDSH# 69 = 2 BAENEY > BN Y B N 4 ik B A 5 GLP-
I(glucagon-like peptide-1) & GIP(glucose-dependent insulinotropic
polypeptide) & 3% /v » GLP-1 & GIP 45| & 1@ B 69 L 4a fis(L-cell) & + =45
By 69 K 4 i (K-cell) B B P9 &) 5 48 2 6948 2 7 B 46 i » 30 R P e i 55
iR B F 0 BLR A MR B Ty shAe K ¥ GLP-17T 49 %] #+#% % (glucagon)
o AR E Pk 22U B T4 5 R 48 - BbBL R 7T AE &~ SDS B A A & &
B B AR 14 o BB P 47 o fE 2 % A7 49 fit 1 (Wachters-Hagedoorn et al.,

2006) -

#a 4k R 3R > SDS fE FEARARTE B o dE LB IR B K b B 0 MR
mAER B EAEL SR EEEEARR T GIEREREEZHRME B
BT e 5 5 B s & G BE B B3 % (Bjorck et al., 2000; Aston, 2006) - i

i BhE B TR By AR 1% BEAR B R o
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3.3 B H ISR F

3.3.1 Bkrésid

SDS %1% B #) 5 b 64 R B 7T SAHE oy oY B4 AR 33 - A A Ol
ME o BHERFOEBR NS0 e & & A RS B ARBON L X 4Rl aY L
1]~ X 4Rk o) 45 AR BB i & 45 14 (Oates, 1997) o R AKX 3Bty &
B I2AE 4y SDS IR > A H G B A E KA b0 AR ek RE g -
FIRB B A BB M Bk bR ERIFLEEE AR SEY
RERWBEEAS Mg BA@ERERME P CERBILE HLBEE
GHIVAENEE > R G RAABRBEADETLERERELE S
& 84 34 /e B (Tester et al., 2002) » A % A& Fby 4K 4 50%uh SDS » 2K
M % 7 R R iAo B8k B Boby 2 AT B AT 8 BN K 20 542 - A
X R BBk SDS 894 B R AL 50%8 4Bk E 10% 48 R
#, > RDS 48 @ # 25%3 m & 85% - M B A B4 % #ky SDS 644 2 &
ARE 15% 5B @RV EH 10% - RDS 4 F0 €4 10%3E i E
84% o #BMBE R T LUE B o itk A B #ihBorfe B A B E B 2
FHACIE S 04 2 B 608 % » MAB ] 89380 4 R 7T AR K ~ N de BoK
ol ¥ 453, - Hamaker (20060)32 A H A 7 A BRE T @ 2o BB R AR
kR by 4 S A BT UK SDS 3 % Fo RDS 3 fu 6y 15T =T SARE 32
RARFZM T AR o4 B EH T A UM% b £ % B £ (Zhangetal,

2006) -
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332 #db o o Ky

A Bk B AR R BRMILR R E 17 - BB AL B P eR
KA B LS E MR S RO 6 48 Sk i @ R MTARHOR
O FRAL SRR B B AT EE B A G AN R B AT HAEE A 0 1% 416 eY
R HERRARK - BbMbRE 2 EMp KLk % -
WILREXRZRATHKE ZEABHMRALE S4ERECE—FBE
SDS#y %4 i 2 B s R JE (Wolever et al., 1986a, 1986b; Holm et al., 1992;
Granfeldt et al., 1994; Garsetti et al., 2005) » = BA 3k &y B K Au 2008 B~ 8%
bR E S 455 Ao BB R SR ARl e ML - 35 ObAR B & % #9SDS

(Miao et al., 2015) -

3.3.3 1 &t (retrogradation)

BB AR T KR T R A DRI R A B Ry A A st
1k B (retrogradation) » 18 By 54 £ 48 B4R B0k 3k X ARBCY R AR 2R A

REMFRAW AR R ELE & FIRB AR EE & KA uhy R & o

)

FvaEy HukkBokr(resistant starch, RS)

RS ikl B @B XL BB B e RAREL 120
WEENAE YRy BT A B A H ARG PRMAMEE  BF
FEAURE R UMY T AE o RS Tk A ZAAFESA - % %] & RSI~RS5 »
RS1 B #3243 6 Bl 14k 6 B 2 Bk - AR e Ak 4 T - (B B
% #7575 RS1;RS2 & k#31bey B Ay » o & K R4 B2 RS3

10
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N

Eis

Bt ig 4538 BB AR A Z B0k RS A 48 B4 1540 15 B BA R ARy
B F o AR 2 M G ok RSS B BLARO YL RS B U s 2 AR B o URk4E
BB B A S HARA B0 - TR ELR Rk
% BEBE% > B T 44K % (Grabitske and Slavin, 2009; Sharma et al.,

2008; Scholz-Ahren et al., 2007; Bronus et al., 2002; Nugent, 2005) °

BE RORRINHAL T RS

5.1 ARSIk Lz

EoRBRURMWANE  BAGEIETRT & R FHERA
ARA - B IR T 69Ok B (a-amylase) § 4T By 5 A% o BT
RREMBEN  RBREWEFI FEo i HEOBAR K EIRK
BRR A THEELN 26 LEGH X RES BT - REEEF 64
%iBB+ IR EAONE > BN R R T AR RUbRE E A
NBg AR B BRRR AR b YO B BE M BR R OB E  MmBh RER
B R ACVE R G LR AT » B B RO eI S BT R R B
¥ BB AERS O ERGEN IR P o 2 R B e — £ 5

B AF 32 3 ARE ALk B K BB A2

11
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52 O BE SN HAL T IR B L E 4

B HHE Pk B bE AR B R R B AT R QMR E o AT AR AR E
R bEayird LR GBE RN ERRZOEREATGEEML &
AL ) R A PR e R T % - BHESB R R BT B
EoRLEFRBRBEARFBRANHBERCI R -GIHREE R
ABREANK DRI BEARB AR N e mtE gt REERRRE
B LB R4 S aRB ik BREA R AN A S EE
B 3% 075 R Bk R e B AN H AL B R T A R R B AR TR
T HENBH L EY

Southgate (1969a; 1969b)42 & T B & &4 F T # 4 16 B R TH# 4 1k
89 55 KAC B M B Fr ik o # B e N ) B ¥ 3 88 (amyloglucosidase &
pullulanase) & 7~ A28k » 12 AR A Boky AR T &0 A 5| 4 — ik
$3% o B b Englyst (1982) 4 ok L @ik T — 23/ % » A A o-amylase &
pullulanase 7K # T 4% 7§ 1t &4 #ky - B A amyloglucosidase BA % 3% 21 &4 77
R AR T HALZ By o M 1990 SRR AL > FHLF M B
BEONER HAC T R E EABBMAR NG HILEYS  AERENERE
69416 - Granfeldt and Bjorck (1991)4& A 7 137649 5L 5% > #%
B HAC AR MANBE SN AR R B4 O RERE B B IR RO
BrPE B EARZE B A A 2RI BRERY 5 B2 e AL
WA R RARAAEERE - B F B E kG R L N B IR AT
b e

23 7T 1992 85 Englyst 5 AF B R B E LR 28T 9376

R R R A K 0 AR 20 548 N T AN AL Y Bk AL
12
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A RDS) ~ 20 2] 120 248 Rl 4% 04 1L 8912 1 55 LR (SDS)BL & 120 4
%A S EAE AL B BUME G (RS) 1252 Englyst % AL B8 HALE B
9 £ e M8 B ] BEEAR - 20 4 R 120 42 - B S  ZEAAF 60 #)
HMERE R EBRE v AR F B KA RE B MANE & -
7 7. 1997 4 Goni % A3 huffahy 75 1L @42 09 BRAR B P 26 - 4 0 248 B
Y1 30 SRR — R A 2] 180 4 » BAF b IARE e B B AERE
WMH BB KERIAIFG MG E B dhag o TH S E @A e
WAL T 63 3] 6 A K, C=Co(1-¢™) 7T 13 o K A2 #h 47 64 T K iR %
(Co) B R MR FFH(k) R BENF R RP T 3+ 5 0 oy K AR &

B AT F R AR A 89 77 ik % Englyst 5 A (1992)A7 32 th 69 KB 77 7% ©
53 RABEINHICZR

B TRBEAR T HACEL o FABNEAIREANTRT
EREHEREA GG eR LT 2L LERAET H E@E S

FT AR BAEHE R B AP BRI ot o

53.1 apE

ORERBROR E RN AR RY A mE BRI RATOK
TR ABEF TR LR R AR A Bk ok B B EATREMINEL
F B ( Akerberg et al. 1998; Muir et al. 1995; Woolnough et al. 2010) » {2 &
R AR R e B E A KA PAARE  RE G e H Bk £ 0 B sbish
HACE B % R A B B AR o R T2 AR B 0 A A AR SRR AR B9 AR T

BB HPEERSOTER KN o MR E R T kA 1A% (chop) ~ F A%
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(mince)#Fv i #f (sieve) - Woolnough % A(2008) 41433 4k 7, 04 s #% ik 1
THE S 4R 3 R Rl AAR 4 R & HBoh B SN AL KRB BIRA PR 4 - )
By o 9B 8 (chew) B9 48 5] AT L 8% > & RAS LN BB BN A1k &
(o - GHaE ~ B8 SRR > AR TR §F BB KA Mo
HFo FRFV B H B R BON R (B 6) » T B 7R Bl 8% 7 % T At B
BEAWBRANREMERREGREMEILE R Bk 8RR
SIEE A B T R B HACE R R R N LR AR E
Zhy o
BT RMEEAETG EZ O EREREwma S —BABER £
AR R P 4R Fob B8 (a-amylase) - fE n MY 0 AT s AR
HACK DL » A e Rk G A5 R 69 % B N\ E 5 F (Brighenti et al., 1995;
Lebet et al., 1998; Urooj and Puttraj, 1999; Mishra et al., 2008) o & £ 31
R T BEME A Y a-amylase AR HILTHR AT AL E
Woolnough % A (2010) 55 Boky B4 4238 A BB %14 #% B R B 85 R (0
548 0 5 dE o~ 10 48~ 1S Rl HdvE iR b e B B R JE 0 B4R
RSN HACE B> A S B B B B R A ALtbi > &R
REEERERRG AR BB BB et % o 2
M v R Mk »MENHABRLIReAFBERANA
(ME 7)Motz oh > RS ETHINHILERZE  EMRELE
HETTENH R CRARTRA B ERGATRIT > 12w N & 8E 09 K
B R AT KRR B - KR 4L g A T AR > B sb O P R 9P IR 3B

FaBEERF LR FRRECTE 8) » M EiRkAE A BT A

14
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B4 %) B VBT AR A A AR B RAR AL N B IS R e AT MR

i S A% B MR IR A ARk B T A 4 2R 2 PR LBk (RDS) X o o

532 §

B &G E £ R4 AKAEG T - #BIE Holm and Bjorck (1988)e4
B Btk X R AR @ REIEHBEERL  ATEE
BTN » A FEZ R BN RREECR LT RS
&% (pepesin) & B & 49 N\ F 5 4% # 7 (Brennan et al., 1996; Goni et al.,
1997; Lebet et al ., 1998; Weurding et al., 2001) » #m H 442 LA &
(Brighenti et al., 1998; Urooj and Puttraj, 1999; Araya et al., 2002) -
Woolnough % A(2008)#% 3t 7 B2 4N HALE B ¥ § & & B (pepsin) &) 75 & »
HEwmy A =IBEH] > 2R AR E KGR A F EEEER 30 o
SELAR AN ZAEIER 60 = B WA RRERAEE 2S5,
RAHN KIS RM AR - R R G HERD B AW H ARG RER
AR RadseFR SRIERZLZN AmERRALL AL
HegB s BRhHEEaEaBNRY  BGRAGEFREATERE
ey R4 RIAE A B & G BTN HAE(KHE 9) - i
TEERAMZI - B —AYEEF AR - % Dartois ¥ A (2010)4%
BONEAL S B RABEIS BREAT B — R m AL B 3R ey 7 ik (pH
1.2) » 3 Z RSB A o A3 N B SR BT OB B » 4 RBET e 3 — PR B
3 %A B R R B AR TR A R RSB BA 46 X AR RO KR F A

ZF LA (HE 10) -

15
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533 By

N PE R B AR N B AL R SR E T ey ER . N B BR 6 Am
N ABAF B KRR E & A A IS AT - BB ER T S
G4 EM B A BB HILREMEEE  BTRE——
W o

B FEAKBREREZORASHBE LS MRE @A X
FRE M 09 B & £ £ 4 WA - #R B (pancreatin) 3 & # 4 B (a-amylase)
P B &) B ¥ H B4 (amyloglucosidase) & A by B (a-amylase) & 7 N 47
By GRMDIET e o-l4 8B E A HHBRA_TE > mEHEH
&4 (amyloglucosidase) A1) & 7 sh Y1 B - G 4E Bk 0 I 3B R 3% B 46 b1 BT o-
1.4 s&5H a-1.6 G248 5 B4 > M85 (pancreatin) B & & Bk B8 (o-
amylase) & fis B Me(lipase) » PR 7 = K ARy 2 Sh 07T K AR RS B » e AT At
S0 e E BBk 2 P 0 R EAR R & [ RBoky A AR AR b ey K AR R
(Guraya et al., 1997; Fardet et al., 1999) » R sbi§ A5 & H ey S BRANE
Wb @A T X AR B - SRS AR B S ALK R
BEA AR AIERY

AR -BRALCEERE IR —BEZREE R AR
B i B B 90 B 4 2 pH6~T 2 R - M &) B b H B oY SR B B aR A R K A
pH 4~5 2 ] » W REAIR R BB EBMATR T SR A FTAAT
18 AR B R IAR A SR e E M - R pHS ME AL T B o) BR sh A
&4 (Muir et al., 1995; Akerberg et al., 1998) - & T #EfREE & &~ & B A1f

FA 42 3% 04 BR di 4B M 325 AR BOR K AR K4S » Woolnough % A (2008)41 4 7%
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B DA ST A &5 A B Ak A e Bk pH 4.0~6.9 #4743 MR » F
B oy W [ B AN AR sn ol o B BLE pH A 4R 5~6.9 BF 5 B A ek
FRdh s fo S — PR ERAR L 2% pH A 4 B B R R R BL 2 A BME
—FEEGRA K AR 4 0 R T ARBAAE pH 4 893 P E R4S R (M
B 11) > B bR EREEA BN HCE e B R0 Bdk@ % 5~6.9
Z P A/ER o

SRR 2T 8RR 6 Fh 6 % S5 R P9 ROl 8 b e 3k & R %ol (Lifschitz
etal., 2002; Turnbull et al., 2005) » & F#4K § eoHE 2 ik £ » BB F 4
B B A e M e o (R L BB T RRE 3 AR R AR AL R P9 0926 B AR 0 )
HARGBKBESGRET  RMRSF SR HILT RLREFH
N B P > A Englyst % A(1999) 4882 s 55 LBs F o T M 3 3
538 mFk A8 o Dartois 5 A(2010)57 % Bl 3¢ 2B f2 Bty 22 sh I AL 89 %
B Ao B B2 A WO B KRR B BOK AR A2 L B T (I B 10)
MmBER R AR A EIBTUBRE N WAL - B RBHEKE
Mo RO FRL IR BB o 1 R B R RO e R R - IR AEE R
G)RARAVER o B TAERFEA I vk — BB KB ETEGRRA
Dartois #§ R A &4 8% 71 55 AL 85 R /N B 2y o0 D B e e 09 38 B
M 378 A 3B 3 — 5 e ol KR SRA B 2 S B e o R A2 2L 3R

AR T Bty H AL RE

5.4 BINHIC A %

BT LA =AM BRERR TRy AP etath RE 24 BAE

By kR A RN LA BREE R R ERZSARKRE XA SR

17
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(restricted system) & FE % Fk % % (non-restricted system) o el 4 4L £ %
B ERNENZRARREZH RTETER MIEIRALKAE IR

FHRAERAM RGBT A THEBBERELT HEORL > LEER
BRI BEREE AT R EAT R AR ER T EXRALKANZERE T
ITER BRI ERBAICRI MR BERE - FFXRARBMRE L
1% A (#]4v Goni et al., 1997; Englyst et al., 1992) » % [k % % B & /b A 4§
A ({#]4v Grandfeldt et al., 1992) - Germaine % A(2008) LA 2% 38 & &t 2 4+
S B 1 ST AT LB o ) B AR B T ok (oo SR ) Bk A
BrA BB B L R E — A i A b i 0 4 R A A B RSk
oy Bl 6 7 KA AR AR Su BB JE TR A S48 A P RIAF 2 TR A4S A 46 e 3

P RIAF 2 bR Bk

18
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F—f BB ®

ST HERIEEFBRTEHEIL  FHK 13.6% LA E 25.5% %
P 264% BRI 315% B F F MK BOR T A AR -
WRELZFEERHPEEH TR ERAROL BN ERBEEHFELF
AT EIE B 0955 R B IR & A o % kR R R &3 -
MEERBPEEHFTARAEAFTHNEEZF  EPRRESEEZA
HBTHEBRREASLE  BEREHEER Gl FHGE AR
P V4 fb Bk #r (slowly digestible starch, SDS)4 & & & ~ 2 ik 4 1L B8
(rapidly digestible starch, RDS)4 & & & ey B 24 -

RUEATRBNAFREERI L (ETER 45R)AMH > A
AARAB T EHAERREHILBERSERBERFLBR ST ND
B BRBAEAEZERCER S ZAH RSO0 EH4 Fbikg

BREESHE RFEHACORBEGHELXRAORECE S

MBS GAMTALRR BRI E > RLESOBAGEEZ LT R

B AFEE-—FTAFTRA
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[ & M B =(TCS4) ]

[ A B ] ( Bk s 4 1k ]
v
[ 48/ % SRRy L] ] [ PN ] [ mﬁigi“ }

o T A4 2%

50 Bkt FRE
D RE RIBDARDAE

RAKE
A
p
SRS A AC K B R SRR
-
A
N
[ ¥ il o T A
J
4
\
[ R
J
A
[ BED
J

BEA-— A A K .
[@‘:i\'ri%ic.%ﬁ:i%éii] [ E;W’;m ] [mm&,ﬁ%ﬂ:mﬁ]
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%— i

1.1

1.2

FZF RRAHES

FoAH B R0 EH

P

B E e Eim (TXE R
B & #%ft 1= (TXF R4
AEiE Tl (X FERRRME)

F kBl (S4126, Sigma)

AR (ZRARML A RS - B3 &8 B E R#H)

2

)=
Jis a1

B

pancreatin (P7545, Sigma)

amyloglucosidase (A7095, Sigma)

acetic acid (Macron)

GOPOD kit (Megazyme)

Total starch kit (Megazyme)

KOH

I B
Figure 1. Flowchart of this study.
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1.3

sodium acetate (1.06268.0250, Merck)

pepsin (1.07185.0100, Merck)

guar gum (G4129, Sigma)

benzoic acid

potato amylose (Sigma)

Hydrochloric acid (1.00317.2500, Merck)

Sodium hydroxide (BB Av it 4k X, & 4L)

Sodium chloride (SO D002.1, BioShop)

Plate count agar (Becton Dickinson)

Y

#

ELISA reader (Epoch™ Microplate Spectrophotometer, BioTek

Instruments)

100 ml & £ (KIMAX)

1874 /K5 4%(SB301, TKS)

HE# (2511B-01, WELCH)

w57 Y3 #EA% (SP131325, Thermo scientific)
R &

A At

£a AR

o # (3500, KUBOTA)
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e

Ji

STx
=7

R

B AT -EEETRER THBA-20°C A RE - BRATAEI
SHEEAZIR 0 AF KPR E B RN E B LY — EHRNE
BRI B E 4°C KA -

oy A8 S AL B

3.1 ok B8 SN Ak

% # Englyst% A (1992) & Goni % A (1997) 84 77 3% i 47 8% oM by 34
A 45 M35 » LABE B ( pancreatin) & &) & 4% H 8% (amyloglucosidase )& &1
B ER > BRI BRI BB 2 KR E o KERBKARES X 25

BAKEBR AT AERIBEH

e Aj::

1. 2B EF100% %, 04 E 2 4% 5L A2k 50 R A B by a B 458 A B2 O v

o ORABRBRAAEE -

2. MARHLEHI00%E Lk NS0 E B KA E P o A4 ml acetate
acid buffer solution (0.1 M, pH 5.2) + B 483 % ¥ X #HIEFKL4H20F8 & —

B8 » BWN3T°CHAS F843004% -

3. BHAELUIEMEmAl mIEEER  £ANEEERZAT AR A
%20~ 60~ 90 ~ 120 ~ 180442 B4 29.5 plik b5 £ 1.3 ml 95% B 4%

ARSI AEEEIFIERE

4. FrATR B R BEAR S AR T A AR B0 (1,500%g,1044%) - BR23.3 uL kL F

23
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& AeA0.7 ml GOPODZX |, B B5 220 ~ 0.0625 » 0.125 > 0.25 ~ 0.5 1
mg/ml2 ) 5 HEAR ISR BARE & N50°CKISAE R E20 54814

kR = EHRREUw E96FLEE P o LA K (K R S10 nm)R| &
H

1. BRI EFI000% F 04 E 2 4 5 052 b B A B i s it ABE O ol v >

RABREBARAE

2. HAHEHI000% TR B NS0Z S B REE CE T o hu 10 ml 1K
5 ml acetate acid buffer solution (0.1 M, pH 5.2) ~ 10 ml B # 3 B (guar
gum);ER ~ 83k X MK Y2058 R —ERPEF - EN3T°CABF

20542 -

3. BAkab L1448 R @A A 10 mIBE iR > A w N BE IR Z AT A R m N Z A%
20~ 60 ~ 90 ~ 120 ~ 180448 B 4£29.5 ultf L8k £1.3 ml 80% B4 + it

R\ AEBEFIFLERE -

4. FEPRA BRI EE AR S R R A BE - (1,500xg,1054%) » Bx23.3 uL E#F R
AA0.7ml GOPODZX#E| » 7] 85240 ~ 0.0625 ~ 0.125 ~ 0.25~ 0.5 » 1 mg/ml

Z B B AR SR BARE B N50°CK B R E200 4514 B L =&

Ji

BRI A0 6L F - B BT G &S10 nm)R) & K& e fd

5. UERFR BT R AAER AR A KRR AN T

K AR (%)=F) B ¥R B (mg/ml) x1.3295%(35/0.0295) x(162/180) x(100/TS)

24
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® I EHMEE (mg/ml): &SR ARG E AT R 2 R
® 1.3295 (ml): A & B F] BE B AR S m N VB AR 14 09 48 RS AR
® 35/0.0295: & # FEAZ 3L

® 162/180: A5 s EHERBhEZELEATF(RE—EKS
)

® TS(mg): AL TeBhaE(LE)
. by ok #28) 77 wh 4 (Kinetics of starch hydrolysis):
BB ] B R AF 2 ROk K AR F A TR SRR ) B ST S K AR AR BP T AR
B PHr KA E(Cy) » RIEREHKATIIAX :
C=C,(1-¢™)
C: #EF P 25 2 ok K AR 5 (%)
Co: Hbr RME 1804548 2 - 447 K A %
RO 3 %
D X eI Es (0 4E)
. RDS : SDS * RS 4 :
HE 7R 6] B Fe] Bht LA B T4 K AR R o ROE AR FF RN E XA R F T 45 2

tBF R 2E 2 Bk K AR % > 4 # Englyst(1992)¥RDS » SDS » RS & % - 3t

HAXAT :

RDS (%):Czo -Co

25
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SDS (%)=C120-Cao

RS (%)=100-RDS-SDS

32 BERERR(ETRERED)

® Ax:

FER 1.2 g B&E&(pancreatin from porcine pancreas)fn 8 ml & &+ K >
BRI G4 10 548 » 2L 1500 x g . 10 4948 » R EF & 6 ml »
se N 0.6 ml # & #% 4 ## B (amyloglucosidase)(260 U/ml)ii 4] Bp & B2 %

# o SLELT T 6 MBI AR o o TR BB AR S 3L F F LG A K S B R AT
® Bk

FER 9.9 g BB (pancreatin from porcine pancreas)fn 66 ml & & F 7K >
BRI G 4 10 48 LA 1500 x g 80 10 4048 » IR E 7% 52.8 ml»
e 5.07ml E & #E 5 #7285 (amyloglucosidase)(260 U/ml) & 3.18 ml & & F
KRB A EEF IR SLELH T 6 Btk sh > TTRBA B E F L AL

SEBEEFAABRGE -
3.3 HENCN: 58 ]

£ 1L 0.05MHCI 7% % % 4n 5g B # 3 B (guar gum)#y R & 0.05¢ §

% G B(pepsin) - 4EH 2 BP AL - ARAEA 4°C K F -

34 Acetate acid buffer solution (0.1 M, pH 5.2)#¢ %
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# 250 ml K F B AsFu 5% F v A 13.6g sodium acetate trihydrate » jo
F£#EFKE R 1000 ml » 22 0.1 M acetic acid A B {@ £ pH 5.2 » A
Hriind 2 AREBEA ]l 2 REBEBAHERNMA4MITM f4E
575 R BP ] o

3.5 80%EAE AL
R 421 ml 95%B 45 #2179 ml & #EF KR4 Bp4F 500 ml 80% B 4% -
3.6 NEBERERRERE
1 mg/ml % % #542 % 75 7% A& GOPOD % 4% (Megazyme Intl. Ltd., Ireland)

PRt > B2 0.5 ml 1 mg/ml %) & #757% he 0.5 ml % 8T K2 5 4% 0.5 mg/ml

B H MR > BB AT A P FEAEE] 025 0.125 + 0.0625 mg/ml 2 # ¥ #

B o
FvaE Ak
4.1 48 38 ky

LA 488k R S £ 48 (Megazyme Intl. Ltd., Ireland)iR] & 2 o ¥ F 4= B 4
#% > BA 0.5 mm 4B E - ATICE 9 B Ao AR 4Gk o A5 AR 100
mg A SR IHIBRE P o AwA 0.2ml 2 80% B M AR (VV) RS > AuA
2 ml &9 2 M KOH B —A#H-F(5x15 mm) it 7 K/Ks L3 20 4548 -
Au 8ml1.2M Z sodium acetate buffer (pH 3.8) 7 3k 353X % o » F 45454
Wik fwA 0.1 ml & thermostable a-amylase & 0.1 ml amyloglucosidase » #
H % BX S0°C Kisth 30 248 - BARE2 p8REEEZ—R > A
EEMIEZE 100ml - 774 1% 3.0 (1800xg,10 54%) » B E#F 7% 0.1ml £

27

doi:10.6342/N'TU201703097



ey 35 RE 5w A 3mlGOPOD X% » 3 24 1 mg/ml 2 & 42 &R %k
BAZE R A 50°C Kt RE 20 4 - DAy R (& 510 nm)iR)

THEBAM -

42  KOH (2 M)k ®

#7500 ml o R P Am A 450 ml £ EEFK - Ao 56.1g KOH - #4¢

) 4 1% LA K BEF kAR R 2 500 ml BP %R, °

43  Sodium acetate buffer (1.2 M, pH 3.8)f¢ %

B # 400 ml 3 F K7 500 ml feE ¥ Ao 34.8 ml KEEEE -
2L 4N NaOH % pH £ 3.8 » # & X8 -F/KZE 500 ml Bp 7] -
B RBBRAR
H EABAAR T Ao 1.5 45K B 0% 08 30 DGR S B 4 e 88 K o A
BN 50°C B 30°C AKistg o » Rt HA ] R BRI R A 8 o BIAGRIEAK P
FARAE -l BARAEZ -FE FAEHRBHMELOKAEI-E
MBI AR F I AR SR S A AR B R A B RAK F Ao o

BAKE(N)=(ZOBEE-ZATNEE)/ ZBITEE*100

Nt AETAETR
WBZEBTRRZBLSRB (R FERRME)Z S HUE

R EZ—EKE MK RATAE RS REL 10g W EBAR Y » ho
A B K BRISBE B A THAEBZRET  RAETR
FIES R IR B 8 SR RS MRS RS G &k et
R koo B G 6Kk o 2 BRI Es - B 2 B A A AT R -
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i
&
=

Ko

YRR FIET =TT 69IRIE < F T LUR BB R A A AR B 8
TR IR BRI @ 5 R B R G G e300 R FIET A K - B8 e R
BRBAEER - R OEFE(%)= R /10 Fx100

)

AN oot A

®
=

7.1 A

Tk BRI T R KRB ARET X > 55 & 50 BiERR
Rk 050 Bk B E A= 24 50°C Kisizib 4 R RS 0 B BA-RE ) —
fERMEKERE S 20 B 45 548 > AE AN KSR ERERK T
BNER T AR NEEBIZAK RSN EBETE R RETRERF
Bl @A Bk Rt PN 4°C Rk TAR ] 23 Rt Bk
TR BEIN B AT B o MR R IE R AL =24 50°C &8 4 N pi A% 2-30

BAFAER—R » BEITAL

72 kAR

FHE A= Gk FE AR B A P B Ry A 40 mesh (0.42 mm)

fhEBE AR EE kR T BN BRGEHR -

7.3 B Btk Jo

RAEGKLY20g A 15 K RAKE TP » sMoo—HKAE -
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7.4 #ig’ffﬁﬁx% /i‘*y)&uu

B#) 25 g kE E A= 1.5 FKE R 50°C Kis 4 N0F > B3I B
NCEHRAKET  UFEAKREE A0 42 F E1- LR BIRBIAR T
B SRS
R B A= e MN-80°C 1o R B - KR AS B A RSLIRAL AT -
KM R BB GLIERESABNER -
%+ wE
WS S RIS R EBAAN 100°C It 4 ¥ Bfa— R R ERCE 4 S 3
UHERFRFE ERGFAIET R BGILN A E BikamEHR-
F+—f HaEoh g
%% AACC 61-3 (2000) = 7 7% o #FHR 100 mg £k sb (FAU T KFER
# FRAT) # 100 mL 45K » deA | mL 95% B H » sk - Ao 9 mL
INNaOH - ## & 10 5482 M N K5 m#h 10 548 > Fe80 1 R b
100 mL 2 E# ¢ > LR EBFARKEZEZE 100 mL > @2 P HRH - HF
KR ZAPIE S mL #hab - #FE2F LA 50 mL H#F7K2 100 mL &
27k > s/uA 1 mL IN aceticacid #2 2mL 4 0.2% 1, 1 2 %KI Z K x%& » H
NEBEFREEZ 100mL - £ RRfH 4 BAFE 20 548 > AL
KR E KK 620 nm X R KE o M HARE A AR E BB R L
z Bir % A48k (Sigma-Aldrich) B BAE K 2 L msg o
el RE ¥
WA B B4/ B B3l ER 2 AR REIRZ

LA HRRET IR —HERREFER AN EREFE
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oo R LENE A S50 Bik—1EK 10 4548 0 50 Bk —1EK 15
EE 50 Bk — 1K 20 ndE o ERCE—EK 10 48 s ERVE—Ek 15
NERFERE—EK 20 4 B R EE LU BELEEE - E2RE

Rog B35 o suPFR Bk F AR
K BA=RICE 5o B/ B R R T 3R A

M0 % 0O %
Sy 0 0O21-25 [026-30 [131-35 [136-40 0> 41
RRAHE 0 B B33k - AR S AEEIRS - BAAH BB

AR IIE B o BRAE AN AR N E 0 0 BESHE o

TEAF>ER :
1 2 3 4 5 6 7 8 9
| | ] | | | | | |
I I I I I I I I I
Ik 1B = ] z A 3 1B Ik
% = & 2 @ % # £ i
= k3 ¥ = 2 ¥ 3
UD n:FlE E :_gb‘%)g%%/]]\
]m:n:r %5){6 .
I,
Fek
o R
7R
g 2
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Ftwip ABEH

SELBEMARAFRSEMEEE NG REMEMZARR T &
-4 BB 2R ik o BRAALAS 8.5 g A 1000 ml £ EE Tk P AE A MR
oo & 121°C A 15 481 A - 7 B FAR 3T #3% 4& 58 (Plate count agar,
PCA) » &R A BB MMRET TRAZRE > AEABEETXHALER
Am b ik R E % A B AAN 4°CRARTHR - B 10g £ 551 90
g HBER— R E TAE A 10 B mR > R 1 ml 2 10 FHBRK
e 9ml #FERAE A 100 458 F240% » B 4R A1 A 1000 4% ~ 10000 4%
EMBEARR - BMHBERARA T ROBRER 0.1 ml W3pHkm P UK H
BZ IR BRI G BUMBERBRNTLZLAL  BARREVRHESE BRI
AR 0.1ml1F A2 Q¥ R - BRI RAEA TR mME EHRAN 35°C 1887 3%
BA6 Pk A8 JNBF o 3B KILIEIR 25~250 1A B2 WA TR R - B
4 H B & XA CFU/g & CFU/mI - &-# B8 32 i % 85317 25 18
B R AR RS B PR A S BT EREHBEE AR ARt
B ZEMBEEMERAEARYE A A R 1 RUARBHFBEE

T Bt
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YR #%itHk

B B 3045 A #4031 2082 GraphPad Prism 6 (USA)EAT #3047 » Bk 7K A% vh 42
LA JE 42 P =) §F (non-linear regression, One phase exponential association)# 3. f 4% >
B WA S T A A P K AR R R B IR % 8 - RDS » SDS » SDS/RDS R & &
3 E o B R 4 £ 35 Hr(one-way ANOVA) & Tukey's multiple comparisons test

RB-TFIEAL T A #BE £ F(p<0.05) -

33

doi:10.6342/N'TU201703097



FE R

%3 Eiommr AR

B8 A4S E

&k 1= (TCSA)RIIF 2 B 4Bty & F 1245 7 Bobred 0.77% » H4% 99.23% %
X4k (B 2) - BAHE R0 B R - BB 5 F %A 1~12% T 8 A%
mAE o B MR EAIR(S - 1986) » B b 40 TCS4 EA4=B MR AF M0 uiE -
HAMBH > LBEA A bafi t §F 1 58(1.05%) 6 FEF 1 35%(1.3%) > &

PIEH 53(0.7%) & ¥ F 17 52(0.85%) % (% » 1986;% » 1995: ¥ » 2009) o

Amylose/Amylopectin

W 0.77% amylose
[ 99.23% amylopectin

2. 8% 7"!» 5 A= B AR U R X AR Eb 15
Figure 2. The percentage of amylose (black part) and amylopectin (grey part) of
Taiwan dehulled adlay.
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B3 Bob B s AE S RS

)

8 RSN HAL T R EE

T B AT X R 7k &t & Englyst 5 A (1992)p7 32 th 2 iy 28 ShF
By ik AW MAET K il A AR R Bk tbRIEHR AT E B A
ML MERRG ZBANR B MHEILE > AR 2R anefRrebiel
B RIEBREAE R o GRUARMILE ERBOly RIS R Z > &R B 3 A& 1 A
o 0 B ik oy P K AR R (Co) BORE 3R F 3 B (k)R 45 3T SURK 89 18 (Chung et al., 2008) »
FERE Coo 123bB 8 SDS 3 E M 20 548 F 180 Hpéex MHL B £ £ 4
SDS » 180 m4& A EFIbe Bty £ £ A RS B A BAM TR AR AU RAE B
B % SDS & RS B M & % 48 F) 2 Uk (Chung et al., 2009)48 L 693 7] » 43 4o
B 7571452 RDS » SDS ~ RS /& Xk B ME » ¥ A THRA BEBTRETR °
oh o AR EIB AT A A BEAZHRMENBERE > skibekd
T TR FASWARE ENMEIBER  &RwE 4 /7 A

KRGS GIEEMEIBIBRENEWENRE Bk TAMELIBHETAEEY

ik T

B A8 1 kA v AR R M B S 45 A1 #% (cutting) & R #% (crushing) - AT LA R R EE
Hhon B g AR R A A G R B B ) B3 g Ko R1& chopping R B vy %
(cutting) o X B 0 /K2 2R By ALy @R T LR AMEREZVAE AT H 1R

oA Bobgug o B T RS F RERGREIAE - Bl # LB R o
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HALRGEE A EIBER T AR WE ROMT IR AT 7/ B& QBT
AL BRmBEE - AX R E-ARBTEOTSERS L AB R E AT R
Bk £ K EAE 5 RANE BoNGIE R T AT o AT XIR 2| B A RB R
G R BOR K AR o B BETT B e LIS B 6 B AL B EANCD B LIS B 0 B
PE PR A RN H AL T Be 4 REBRATEIFNBINYILARAFEIRA K B
TR BB R R BB BB R S B R 0R G AR Bl B2 SN A A B b B
REabh \TAS MBI REGE B % E &G 8 8Bk e) X ZAF R AEBK 49
K AR EARARAE - T BR B T PR 6 BO B B N b1 B - $5ELR S b B ey B B M B AR
15 FT AR K AL B By B T Ak 0 AR A R BV VE o SR 09 BR R A A pH 5.2 A BB B RIR I
B AT AR RAFOIAS TN BB N E ket -TAH S pH & 5.2 & >
HoK AR dh s e B — P A dh R AR - B b pH 5.2 R 8 A B B e BRaR AR - R W
ARG Ty BB 6 B 3 5B SR LB BR 4% 575 R (pH S.2) B B Am N > R 1E
BIREREWE IR RRO B - ™ F & OB EERBKREL A pH 2 (Piper
etal., 1965) » E JL7T4E & TR 1K B & G B 047515 - 1214 48 /)N By I B 04 BR BRAT) ¥T BA > AR
EAH B E G HBRH KARERNTE > L BRRIERE X T AT
N e 37°C o Boky AL AR a3 B4R A Goni % A (1997)84 ik » LA % BB AR B
R EhaE LK AR eh 4R 454 Englyst % A (1992)%F:#8 464 & % &3+ & RDS » SDS &
RS » 4 85 B 254X A C=C..(1-e™) » RDS % C20-Co > SDS % Ci20-Ca0 » RS 8] & 100 3%

% RDS & SDS -
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corn starch

140~
120
3% 100- I
v 80- =
S
§ 60-
O  40-
= -+ method A
20+ -+ method B

(=)

0 20 40 60 80 100 120 140 160 180
time (min)
3. REARBRRRBR AN R R A A BB 2K &R
Figure 3. The starch hydrolysis curves of corn starch using method A and method B.

Samples were taken at different time points to calculate starch hydrolysis value (%)

(mean + standard deviation).
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% 1. AJER B A TRk KR dh 42 23 % RDS » SDS » RS

Table 1. The parameter of starch hydrolysis curve of corn starch using method A and

Method A Method B Chung et al., 2008 Chung et al., 2009"
Co 144.6 83.6 88.3 -

k 0.013 0.021 0.017 -
RDS(%) 33.8 29.1 25.6 234
SDS(%) 81.5 48.1 62.8 56.9

RS(%) -15.3 22.8 11.7 19.7
method B.

% Starch hydrolysis between 20 min and 180 min was used to calculate SDS (%).

# Same as method A and method B, starch hydrolysis between 20 min and 120 min was

used to calculate SDS (%).
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_120- v
2 1w -
,g 80+ 5
% 60- =+ method A(no gum)
'e) 40- * A+1 mlgum
E‘ l & A+2 ml gum
20- © method B

Ol L | L | L L L L L} L} L}
0 20 40 60 80 100 120 140 160 180

time (min)

4. HoRR LT Mk B KB R B E
Figure 4. The effect of guar gum on starch hydrolysis curve of dehulled adlay.

Samples were taken at different time points to calculate starch hydrolysis value (%)
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)

B KAk

Wk 2 R E KA T B £ A 4T 5 (Megazyme Intl. Ltd., Ireland) » Jz 32
2 A A KOH BBk B BO V1R 8 B4 - B UL GOPOD RES A S it At &
A & d R B I L B B BEAR AT 2oy 4 2 0 B ok KOH BBk B
VE R 6 285 BT AL A Bl 82 - A sEAR B AR 0B A BT R L R SCGEATE A B
Ml B8R AR REEER SN AT e FaRnSElR TR - 20
T T 2 AF A B R (kit time) 2 KOH 4 B 20 24874 B SUBCH 86 1E B 30 248 - B 5 28
4 — FAF A R 2 T (1/2 kit time - KOH 10 448 BBk B 15 5-4%) 7] 4 2 487800y
S E R E @M TR R (kit time)? > MAERFAFME2Z 3£ 42 KER
A S B LA T fodb B AR 2 AR A B R BR OT o A ok K AR AR
NERE BLGETRAKAZ OB TZHMETER

B 6 Rl AREERTEHZRE ST~ R B KRB AR SE 0 2R
2 94.62% > B o 2BEREL-S MARSEE-XMEEEZER  BABRY
SEBSGMAS N ARBREZ#%(63.97%) » FH &% (63.00%) » &% (62.38%) * A&
# (61.05%) » P ERBMAEEEE LA EE P ERBRS T ERMARAT S

Wk a2 LR H X HEERATREERA L 2RBHAEERE AT

SN

KB 7 ) By 95.5% B 62.7% > # ik 4R & ARE B BUIR RN BOR BE 4P T ALK B R 3t

BBk o
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total starch (%)

AR 193 Py ) R

100
80+
=
& & 4 < &
& & & & &
N\ SO NG

B 5. RAEMEA SR G ERE CEBHERZIDE

Figure 5. The effect of reaction time on total starch of adlay (%) (mean
+ standard deviation)

1/2 kit time: KOH 10 7-4& B Bty 85 15 548

kit time: KOH 20 %42 B #cky B8 30 442

2 f% kit time: KOH 40 4-4% BBUk B 60 548

3 4% kit time: KOH 60 %42 B By B8 90 42

4 4% kit time: KOH 80 %42 & Bty B8 120 448
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Total starch of different species

100

(o]
o

i

40

total starch (%)

N
o

A B
& & of

6. FE A B R E KRB Z @B S E
Figure 6. Total starch of corn starch and different species of adlay (%)

(mean + standard deviation).
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B3I A e TR ERE

fAREELZAAERZTE  APNELAEAEHRIANE A I
42 7 A R o ROl £ M 6y i8 A2 b g R SR 64 Bie T AT B O FRBL SR ) BLbE -
H A AKAE (-OH)IE K5 F A0 - BRABHE - B bRy B HibeE FHiE
FLAE MM T KRGS EAREANN AL ML LA R R A K
B R A SRS R ERSMEMILEE SR E4E4F 48 70k R A i

e (2] 2012) EREHRDSIERRZRZERREBATE AT X

%

AR SR R R R oA RAIE > BT A M FLROAHE-RAEAT

F o GH XRRU 60°C KB R Z Ok E > EERERFMZOEZT R ELA
By BRBTHE T3R o B I E de 3k b 6 S (477 > 2014) » X A=ty An 46 LR 4 A
65.22°C( %] » 2012) » HAF Bk A AR E4-#10BE 69 50°C BB £ 84y 30°C
REATIROER - B 7 THEERRATBEE > AREVPNRKEYER T
F o L EAR]Z W T 4R B A - BUZAN 50°C ey Bk Fig 30°C & - R
PR EANE B P ek BB ZEARR] 0 ERIB LW > 50°C KR
BB % i e BRI 42.10% > M 30°C B4 3] B BiZ 024 9 NFfiE

fife s BHAKFE 4526% - B TH LR AR S TRAE R THAZE 50°C w /| bF

VE 215 48 B SR e i kA -
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moisture content of soaked adlay (%)

soaking time (min)

7. E B EAIRBRKE R
Figure 7. Moisture content of dehulled adlay during soaking in 30 °C
or 50 °C water bath. Moisture content (%) results were mean +

standard deviation.
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o AEBEW

By AEZHRAMMAEF L » 25 A 50°C % (50°C method) A B iz &R ik
(soaking-freezing method) » MAEF A E R EZH AN R FIFELZBZIE S TARY
BB BIFFHARL T & HERL M ARG KB H e K kz
BB G R RLTAR B A ROREARNZIHEERALR TG E AKEM
HHNIREHE FERABRERERAIRE S S EEEEBOHIL EmEE AL
Brfe] > B 8 A MAERA T kM TRAR

BB AT LA H H A RS EARRAAY TR BT AT TR — M

-

THREAME > AT HRERET > 54 He FA(987) A K tr BALAZ L 09 77
o EABORRENRARBIMEER AR AR CAFT RO gELR
GRBAHE ARSI R ATROM R ELCH —RBEL KR 2 RS
FREBERREFEED SR P o LA @y ABERcEs  THZL
ROBAESHNERAMEALNE B 9 AMBEAE I REE -T2 1%
KERMEATHOFEATERCEEICHGRE » RmL 50 BB ZRE B4
AEBENEHCEECEEB TR REARFERER TR EAEHEF
RAEBHEI R CER—BKER  EEAKEHRLINETRCRHFHABER
RS0 Bik—EREARBAREREAZGRHEL B psE LA MRRE—E
KERREKEREXREGFHM A 20 A 37 n4ER 36 mnbE » &BA RO LR
FAERET LR - A TRATWOET > BEL A AR 45 54820
B 20 pdide 5 ey AA R RE S-S - B 10 28 13 A 50 kR ZRE

—ERERPIERERARR B R @R A -
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50°C method Soaking-freezing method

50°C soaking, 4 hr 50°C soaking, 4 hr
\4 A 4
steaming freezing, 1 day
A 4
steaming

8. MAEAE T EZ i TRAR

Figure 8. Flowchart of two processing methods.

46

doi:10.6342/N'TU201703097



(A) 50% %

100
80- - —{Z/KE
= e WMEKE
=
2
c " | | " | | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
r5 RS (5)
(B) iR IRIA
100
80+ - —fEKE
-y 8 MEKE
S 60
B
2
e 40-
20-
c | | | ] | | " | | | | " . | |
0 5 10 15 20 25 30 35 40 45 5

RS (42)

9. MAEAA T A AL FHE R RZBE
(A)S0 Bk sk F 848 (B)R ik Ko R84k
Figure 9. Steaming time of dehulled adlay using 50 °C method or soaking-

freezing method with different amount of water.
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(E) (F)
10. 50 Bk — 5K ERF AA R 2 ik B4-3 @
(A)0 742 (B)10 542 (C)21 442 (D)30 4% (E)43 né (F)45 o4
Figure 10. Cross section photos of dehulled adlays steaming with 50 °C method using the same

amount of water as adlay weight at different time points. The arrow heads indicated the raw

parts of the adlay, which were still white.
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(E) (F)
11. 50 Bk s K &R AE R 2 it B4-3 @
(A)0 542 (B)10 542 (C)21 442 (D)30 4% (E)42 né (F)45 o4
Figure 11. Cross section photos of dehulled adlays steaming with 50 °C method using double

water amount at different time points. The arrow heads indicated the raw parts of the adlay, which

were still white.
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(E) (F)
12 ZRF—RBAKEARARAZFHMZEI-2 @
(A)0 548 (B)10 448 (C)20 448 (D)30 448 (E)37 548 (F)45 548

Figure 12. Cross section photos of dehulled adlays steaming with soaking-freezing method using

the same amount of water as adlay weight at different time points. The arrow heads indicated the

raw parts of the adlay, which were still white.
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(E) (F)
13. ZREREKERFAXFRZEEIE
(A)0 542 (B)10 542 (C)20 442 (D)30 4% (E)37 né (F)45 o4
Figure 13. Cross section photos of dehulled adlays with soaking-freezing method using double

amount of water at different time points. The arrow heads indicated the raw parts of the adlay,

which were still white.
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B I I ERHILIRE

Aok & SDS e RARR > AR R BFEM (A-type) » B A H B4 144k
HEB AR R RER » AMEERHbayFE e Mt B2y - Zhang £ A
(2006a; 2006b) Lt 2 F k Boky A AT 14 69 HAL4F1E > B R T A M2 18 F R BB e)
RDS 2 # ¥4 SDS 4B RIBEE T » bR B ERH HILHEZRE -
AL B A2 B BCA N w LRG0 K E ~ B ~ 85 & (Miao et al., 2015) - ME{Efibiz
BT BREE RV K s TR RED] > B R TR Hin Ty
KE S FRIFE KA R L HBA HILRFHRE - sbsbh wBRAER A FHA R

~~~~~~~ SR ERN T EZ — > HERARBRYGPE > ATRHERF——3%m -

3.1 k=

F A48 ) B F) B AR B) A R e KL T » 7T le K 2 Bl b e R 4
14 BB 15 5% & 50 Bk Rz RELR G4 T Bk HAu#dz - &
B AT R S0 kR A ERE — 5K ERFREKERFZ RDS SDS
B SDS/RDS #4842 » it SeAM £ R > Rt AL KSR E LB HILEE
IR K o BEXRKIE BT M FEKR ZRARIF R S SDS - {2 R KRR T
EELAL > HRATHEARAATREANOKEZERXNAZNEERR

IR SR BRE AR A RE - & R AK -
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Figure 14. The effect of water amount on adlay starch digestibility
steaming with 50 °C method.
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Figure 15. The effect of water amount on the starch

digestibility of adlay with soaking-freezimg method.

54

doi:10.6342/N'TU201703097



3.2 BFR]

Wi 16 28 19 Air o RamAfMEAE T A#BE S D AEKEAS K
B4 B R B A48 ) B9 M 2 F PR BOR B) 2R A B R X B ST AR BLAT A )
4y RDS 4 ¥ A A kA Lg% » & A X ML R E
okl e £ B @ A% o Chung 5 A(2000) 9 5 B4t BL3TF - Ha1b o Jcky 2K
AR @ R R Bk Ao AL RO Z B 0 ROR Bk K AR F g I E RO AL A2 B
EAmiRE BT B E R bk E e E R R T MR E A RT
ok FAAL 69 TR AR - R BC BR AR B A G i KA BBl AT K
R JE > £45R41F 2 RDS &AM -

PR 4B 58 0 ReYiE4T > SDS @ Z ALk mA F ey
AME o R RSB o ML EA D SEBR H LT P TR
SDS & ARHt &8Ik o A i B A=tk - MILRGh: & B 3635 & = 5t 1F
A ERHET B Rk 69 B A M > ¥R SDS X BAEAR S 14K 0 R 2
BABRMMARR - &i@AK | RE 3 K% - 50 Bk—1 » MBEKRZERE
— ke B SDS KR ZHA KA S 42 284K > 20 48 LSt > 45
048 X MT FFegAE % - PR R B AA S 242ay i EJE - sbaF ey
KE % Ak #1t > Bk RDS 70 ~ SDS # % - 4884 8 89 B 5t 4F A 5
RDS 4 2 @48 % % 2 SDS - SDS RI#8 4 % RS » 457 &89 SDS 2 &
T > iR SDS ey A8 Mg o ] ey 4 Kk 2B LA AT AR -

&1 SDS/RDS T % #i SDS #uv RDS % [ &9 48 # B 4% tt £ & SDS 2% RDS
FREA B MM - bE 16 28 19 AR AR R L EfERE T

B KE ABAREIEET o B SDS/RDS thfa i 2 A M E®m T

55

doi:10.6342/N'TU201703097



M Ba 3R SDS AR Aap A £ R - ETREROBETRT K £
7% RDS Myt B2 1% € %55 SDS ey % & » 2 R A A 05 #1 SDS/RDS 2

BRI ER -

56

doi:10.6342/N'TU201703097



—fEkE

RDS
& 100+ - cooling 3 days
S 804 -+ cooling 2 days
8 - cooling 1 day
:.(:-) 604 -e- cooling 0 day
2
Y= 404
e
g 20+
]
w
c L] L} L]
5 20 45
steaming time (min)
—{&KE
SDS
,\; 100+ = cooling 3 days
= - -+ COOling 2 days
S -« cooling 1 day
:.8 604 - cooling 0 day
O
&= 404
0
= 204
O
R
0 . : Y
5 20 45
steaming time (min)
—fiki
SDS/RDS
2.5 = cooling 3 days
i) -« cooling 2 days
’ -« cooling 1 day
O
——
O

1.54 - cooling 0 day
1.04 ‘g\<\-
0.54 \\q

0.0 T u T
5 20 45

steaming time (min)
16. 50 Z ik — 5K EAX TP E
Figure 16. The effect of steaming time on adlay starch digestibility

steaming using 50 °C method with the same amount of water as adlay

weight.
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Figure 17. The effect of steaming time on adlay starch digestibility

steaming using 50 °C method with double amount of water.
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Figure 18. The effect of steaming time on adlay starch digestibility steaming using
soaking-freezing method with the same amount of water as adlay weight.
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Figure 19. The effect of steaming time on adlay starch digestibility

steaming using soaking-freezing method with double amount of water.
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H Loy B MR IR S0 R & AR By AT R BRAE A AR R
B4Ry 2 P o) SR BT R EXHETI R SRR F 6 4 B R
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Figure 20. The changes of starch digestibility of adlay that steamed

with 50 °C method during refrigeration.
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50 °C method during refrigeration.
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soaking-freezing method during refrigeration.
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Table 2. Number, sex, age of participants that took part in the sensory evaluation test of

adlay products.
Sex Age
Male Female 21-25  26-30 31-35 36-40 >41
Number 9 23 24 3 1 1 3
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* 3. REn AR RIEA SR E BIFER

Table 3. Sensory evaluation score of adlay products.Results were mean +

standard deviation.

258 175 894 606 134 941
Appearance  5.677 +1.326 5.581 +1.285 5.419 +1.336 5.839 +1.128 5.355+1.170 5.774+1.283
Flavor 5.000 +1.291° 5.581 +0.886™ 5871 +£1.118°  5.677£1.249®° 5710 +1.071®°  5.742+1.264®
Texture 4.806 +1.352° 5.484 +1.503%®  5.935+1.413° 5710+1.395®  5.839+1.241° 6+1.317°
Hardness  4.935 +1.548° 5.806 £1.327®  6.161 £1.267°  5.871 +1.5436®  6.290 +1.039° 6.194+1.223°
Overall
4.625 +1.338° 5.625+1.289"  5.8125+1.223° 5875+1.408°  5875+1.129°  6.031 +1.282°
acceptability

Sample codes of 6 products stands for:

258: 50 °C method, steamed for 10 min, refrigerated for 1 day and then freeze-dry.
175: 50 °C method, steamed for 15 min, refrigerated for 1 day and then freeze-dry.
894: 50 °C method, steamed for 20 min, refrigerated for 1 day and then freeze-dry.
606: soaking-freezing method, steamed for 10 min, refrigerated for 1 day and then
freeze-dry.

134: soaking-freezing method, steamed for 15 min, refrigerated for 1 day and then
freeze-dry

941: soaking-freezing method, steamed for 20 min, refrigerated for 1 day and then

freeze-dry
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Figure 24. Starch digestibility of adlay products. Results were mean + standard deviation.
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25. &Mk AR A) R R &R R S B A (B)
Figure 25. Photos of raw Taiwan dehulled adlay (A) and its final product (B).

The scale bar indicates 1 cm.
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Figure 2 Mode of mechanical breakdown and resultant digestibility. 2.5 g samples of bread and 5 g samples of boiled wheat, pasta and chick
pea were chopped (Zyliss chopper 20x), sieved (4 mm), minced (plate 0.9 cm), chewed (until the urge to swallow), or homogenised. Triplicate
samples were dispersed in 30 mL distilled water in 70 mL plastic biopsy pots fitted with magnetic stirrers. Pepsin was added and the samples
were incubated at pH 2.5 and 37 °C for 30 min with slow constant mixing. Incubate pH was adjusted to 6 with addition of NaHCO; and
sodium maleate buffer. Pancreatin was added and the final volume made up to 55 mL with distilled water. Hydrolysis proceeded for 2 h with 1 mL
aliquots drawn to 4 mL ethanol at 10, 20, 40, 60 and 120 min of digestion. Reducing sugars were measured by DNS colourimetry. Results are
mean values (n = 3). Bread LSD = 20.4, Pasta LSD = 14.5, Wheat LSD = 16.0, Chick Pea LSD = 11.8. (LSDs are least significant differences
of means (P < 0.05), comparing treatments at a given time point)

M 6. Bl AR R B KA FE 2 HE

(Woolnough et al., 2008)
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Figure 2. The amounts (mg/g) of glucose and dextrins released by salivary action during

chewing of different foods®.
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Figure 1. Effect of differences in the degree of salivary exposure during the oral phase on
subsequent in vitro digestion curve profiles of different foods®.
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Figure 3 Omission and inclusion of a pepsin digestion of varying
duration. 2.5 g samples of bread and 5 g samples of boiled wheat,
pasta and chick pea were artificially ‘chewed’ by rubbing through a
4 mm sieve. Food samples were dispersed in 30 mL distilled water in
70 mL plastic biopsy pots fitted with magnetic stirrers, and divided
into three test categories: ‘no pepsin,” ‘pepsin 30 min,” and ‘pepsin
60 min.” The pH of all samples in each category was adjusted to 2.5
with addition of ] M HCl and 1 mL of a 10% pepsin solution added to
the two latter test categories. Proteolysis occurred at 37 °C for 30 and
60 min, with slow constant mixing, after which time the pH of every
sample was adjusted to 6 with addition of NaHCO; and sodium
maleate buffer. Pancreatin was added and the final volume made up to
55 mL with distilled water. Hydrolysis proceeded for 2 h with 1 mL
aliquots drawn to 4 mL ethanol at 20 and 120 min of digestion.
Reducing sugars were measured by DNS colourimetry
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Fig. 1 a Effect of the addition of guar gum on the starch hydrolysis
(%) during simulated gastric and intestinal digestion. b Effect of
sample preparation method on starch hydrolysis (%) during simulated
gastric and intestinal digestion

(Dartois et al., 2010)
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Pancreatin activity and pH
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Figure 4 Incubation pH and starch-digestion capacity of pancreatin.
2.5 g of pre-gelatinised starch was dispersed (in duplicate) in 40 mL of
buffer solution adjusted to one of five pH values: pH 6.9, 6.0 (sodium
maleate buffer), 5.2, 5.0 and 4.0 (sodium acetate buffer) in 70 mL
plastic biopsy pots fitted with magnetic stirrers. Pancreatin was added
and the final digesta volume made up to 55 mL with distilled water.
Hydrolysis proceeded for 2 h with 1 mL aliquots drawn to 4 mL
ethanol at 10, 20 and 120 min of digestion. A further 2.5 g of pre-
gelatinised starch was then added to each pot, hydrolysis allowed to
proceed with further 1 mL aliquots being drawn to ethanol at 130, 140
and 180 min. Reducing sugars were measured by DNS colourimetry.
Results are mean values (n = 2). LSD = 129.78. (LSDs are least
significant differences of means (P < 0.05), comparing treatments at a
given time point.)

ME 11, BRek (A hEais T BE

(Woolnough et al., 2008)
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Figure 1. RDS, SDS, and RS content changes of 10% cooked starch pastes over a 7 day retrogradation period at 4 °C. HLCS, highest long-chain
starch; HSCS, highest short-chain starch (see Table 1 for sample information).
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(Zhang et al., 2008)

104

doi:10.6342/N'TU201703097



e Raw starch
3 AS-modified starch

H

Peak area (%)
w

N
T

|

L ' ‘ Ul
10 20 30 40 50 60 70

Degree of polymerization (DP)

Fig. 1. Branch chain length distributions of raw and AS-modified
starches.
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(Kim et al., 2016)
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Figure 5. Chain length distribution of white and black Job’s tear amylopectin
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(Chaisiricharoenkul et al., 2011)
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