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of] i I T R R P B E Y

eSS
W

BE FORERZEH 2013 FiEfT 2 7 sHEEHHERIR S (LR ” 5t T T (U
eV — > EERIIRERAAIER TR 3R - ERSESER AL 2 FAHYLS
71 EEE R EEE TORM % o BERE SR BAIEENDUE B IEE I TR
THET e 2 (B2 AR HZTEINE(L 2B - & 7R BE O IR S A K EETT
HARTENR - EEER TR & > WA B R R m Z SO - it - A
ST ARSI T (G ) B2 S E# B KoK (high amylose maize » HAM)
{EE & H £OK (quality protein maize » QPM) Ko i & Bl FEREE TRk Ryl - PRadHad
FRELRRRER ST ~ HYEMEE ~ 280y Z BTS2 g { B i FOAH BRI e i 2 JE FH EAL5R 3%
Bl = EL R TR Z Pt 2 e REAZE(LRERTI IR 57% DUty -
IHEEEH IORETRAEEZE(LR - ARSI CRH TR S & - 7
PP ER AT T e D2 EAL FoR ey » WAEE R ESMIREE ~ BVIRERE Z I L -
B EEY O TR Z E IR DUSERRRER R i ] LARE 8% AT oR 28 B £ IR
BEZ RN RO Z FORMER ~ BZ 3R LB ~ REVE 7 TOR2RPEAMRE - %
EALTOR R0 Z e HUH LRy KBTIy - B e TR R B0 8 0K (normal
corn) &S » It - AR BT IETE B R R B R B 2 el > W EE Rir(g
B [k 2B e m B -

BHsae « = EHRR TOK - BEEOIOR ~ TORERN - BRIl

EIEERERE(LEL
HENIEE: hmlai@ntu.edu.tw; Tel.: (+886)-23366-4816
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1.7 S

FoK (Zea mays L.) ~ /NEEBIRGR By 2 IRE ERT = RIVEMIEY) - B FORERA L
TENJERR RS » RV E R A B RS  FRFRIARIR - EARBARAR » Raaft
FERBZ —FEEAEY) > FERTEEN  2RAEMANEERE 25 E
PHE R B R NI ARG EL (B AR EEER - FORIE 16 R HE B R fE B
AR EREFIE R - EEAETETT 1717 £ 50A EoRREEAYECHEL - 1980 SRR [rifk 2
32,760 /N EH > 2 1987 45 2E 79,660 /N EH 0 {HZE 2012 FEHIESF] 22,821 A HH - Z2E EOK
BRI EESE > 2019 SR A T0K (green maize) Z FERFH BT 14,550 N H ~ FEER
ZE 105,221 Mg - BEE £oR 2 FEAREFHITALY 15,210 A0 » FESR Ky 73,540 ANF (&
ARG AT e 2 S IAEY) EE S 5k A 5 https://agr.afa.gov.tw/afa/pgeropsigqty_cond.
jsp) °

i35 B ERAY M » SRR E Y - 9 A Ryl EoK (field corn) ~ FE| K (forage
corn) KB EARE 3 - FE2E > N RFECIRETR - B 99% KB EEMER
B PAVE R TR - FERBER R - HiESBENER SRS bEMATA -
72 2012 FFHEREEZ BN " B HMERIRDELRIETE ) RN B RAEE R &
E57# (dent corn) BT (flint corn) AT 0 E KRG A HE £k o (I ERBGAET - 1H
HREEME - TRPRIEER - B A= - BEOEEle » FREERERSN - R
REME Ry B I LB KB AR FE S 25 TU R - DARRIEKEE SE M SO IR Rl 4 - BEE
TR F1 2R P 55 52 P L B VAR Y - H A ECEE FORTEME R 5 2 B FoR A i
93% LA L > B R IER TR -

FoRZ FEAFIEE 20T » HEZAREE - ABEEEZEE - Bk - REh
S REITEELZER - ABERMEEERSE - Bl EFRRHEESER 80% 2L
ERFOREN - DLESRAE Ryl i AR EE R AW KBS, - H— K] IR - H
Ry EEA ARG - % oK (Normal corn) AL Bl = B&Y Ry 22 ~ 27% > {H
= H RS £ ok (high amylose maize, HAM) HI[&7H 2 /) 50% DL _FHYEH#UEG o AHEHR
— R EKEN » & B TORR B A B AVE LR - A ANERERR - S E#ER
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IR Z B A EE ~ BiE - RERDEBN AN ES A RR ACEKRRRER (A

amylase ~ amyloglucosidase) 7K fife 155 — JEHI 4 M ) (resistant starch-type IT, RS2)[1] =
HATCA » Uity AR R0 - EREEERITE A 2K R &
DU AREEAHTEER - HIL - EE&TUERN 2 Vs s A EIHEEE (low glycemic
index, low GI) {4 - REA& HIEEY I EASFEMERE 2 Dhas B 7HP 5 — 2R
WSS E [2,3] - HAM Hm & 8 5l - SIPR SR - SUEHA S oK - Bin
RE B ddEr—E - W E AR AE (prebiotic) AVRFIE » BR T AR HERS FiRENI - fERGE 7>
Feas e Al e AR VA SR AT % - JOBERE ~ WEREE T 125 - e g I IR R ERmE - A
B Em AR AR - B RAEREE A aY B  FEERERRE IR il $2 B B REH e
WE > HBI ARSI ASHYEEET [4] -

2. ORI B

2.1 FoKHEIE
— S FORMABEE TR AL/ NBIRF AR [E] > BT S5y B S B8 (dent corn) >
Bk e (flint corn) - {E#ZfE (pop corn) » Y§E 18 (waxy corn) » EPEfE (sweet corn)
FEAY o 0GR e AL R Ry — AP RB A R B 0K » /KEIRBIFT & 5 IRl
TEAF Rt FORTEHIEURIEE T o i e eE TR L ey I P AR B oty » 1 THI 20 A S5 AL
FEE R ENPRIEZ R R GRS ST - —RF R B Ya OB AR A D A
B e T ORAKF RS MR Ry BE Ry - N ETRR DE 53 R e - RZRRIRTHERE ~ A
JEEE AR B - ERHEE T FE AR - HRZEEYI RS £ K (com grits) ~ X
K4 (corn meal) ~ £ KH (corn flour) 55 - AT R 5HGan ~ EORE RAREARE B
o B BT E FORE 2 BUSATT © (1) MERLEOK ¢ B98I % - BRI R R
/NFRHL RS HLISAE 0.6-1.4mm Z [ 5 JIABUKIRRER - T RIROR - 0 —20 5k
Fok#f » EEEMNEEFETE > WEAREOES W ToRIER « 2) R4 -
PEFERIER grits §E/)N > {HLE flour #H > MHEERI{SAE 212-600 1 m 2 R 5 A S AL
FEdn 0 A DU S BER MmO R B R - (3) Tk © HER SR/t 212 um >
A s R 7 B E P SR (R B 25 B e i 5 TR I RS RN - 7K

E{



PEEE > REBREMME
Bk B -

EIEEE TR R EER

 JNATEE TR ECUER - BUSTHMME IR - SRCRRIE M

HF Tk 2 ERAHR T Rl IE - Bt 2 FORBM L HATE R &% -
PR B Y R 2R (native starch) » BT ] B2 AT & infidis 2 1 F R R R
S > R KSR IS S HOKBREY) - BRI ZS1 > TORZEMPIETR B EH AL
AR e HArEE A E R A ERE - £ 1 hER RS EIOR AL

SRFEIE R L AR -

x> EE A EIOR R IOREE R AR [5 ]

FORTER EEERMLAR
FBEDME Ry = 5 (masa) Kz EHEEOR H T -
BB AR(US Grade R B A Ry R B P R - ORI TR A B AR AR

No. NE®EKHEE
/;K‘

(Regular food-grade
yellow and white corn)

Kk s 2 (test weight)=) ~ FLEEA ©

I Y YN N

FEKEN(Corn cob)—f§ Fs H 0 - 52K H PO ALt F Rz Fok
i leaE s 2NMmELEY » TR Z)E £ N I E -
TR DU bR ok (nixtamalized corn flour)#(E 7 BE 0 EE

[STu i

i £k (Specialty co

rns)

S ER

(Quality protein maize,
QPM)

s 1ZEfE Eopague- 25N R (B EfiEs N (modifier genes) » BHEE AT
TIEY-EN- S =

PREI— R ORI > FoEERE Iz (lysine) K 1z (tryptophan) & &
mEREVAUELE > NIL > EREMERE -

B {EE 2R ORI i = 3 R Rz P R B o B

EETEK
(Waxy corn)

e B7 H AR R -

SRR S E>95% -

FEEAFORE » DA ERRE TR -

fi e SRy B A RGS HYBIREE > ] DUZE AR ~ B E I
BB R, [B]5E(retrogradation) R AR - 72 - AR 2
(ERN YL

AR AR E B Bedn -
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(High-amylose corn,

& e Y B (3R 50-90%) -
FHEESTRALERE RAVREME aeBERER - () 77 S B% 2 (starch-
branching enzymes)f A EH (EFA

(High-oil corn)

amylomaize) HJEEEEAE ~ ANEVRIG A - AIORER - BLOEUE
HREEE > BBATEEE - AT B AR R At an e -
SR R 2R 2 B (7-8%) > SO TORG-4%)E - R
EHiE R RegteEkt > DgmHEEEE -

BRI ELLE LR TR AL TR AL T -
AT (A -

HBE@EOIEA > ARRAVIOREEEB-125F) -

(Sweet maize)

BTk BB A LR ST S M R -
(Blue corn) H AT AR A % oK B (tortillas) & TR A (chips) °
SRR ENHBILEY BRSPS -
Ry TERPIRAVBEARIFE R (flint corn) > Ry ELBIE I GREEE) BEAL
MM i - B Sl -
i T MO TE RS LA 35-40 5 6 3% -
AT KERIRER K N R TP 52 S 0T+ P R G
(Popcorn) A EEA I RGEREE - BEREE -
AT RORTCA RS ERIRAAL - BUEAYEUE [ (apparent bulk
density) » BXERYLIRL - MEBRIP (B LS BEND) ZIBRIEHINE
Y ST - AR -
ok HAEMERE (recessive gene) » sugary 1 (sul) Fosugary 2 (sul) > %5

RRAE AL AN A RS & B A RA TR R R B
i F R B 3 HUEH Rk

JERHTR F 0K
(Cuzco/cacahuacintle
corn)

AT FARTE R 8HE nfd > By B AT EORF PRI R AR
ERNEERZ A TR - BWEIRA R EEE -

TR AR EE A E K (cornnuts) ~ At K7 25 FE F ki (hominy)
K E K (pozole) I EIE -

2.2 TR 4SS B 4H R

T RFFAL AT 73 R DU £ ZZ AL - B 7L (endosperm, 83%) ~ BAZF (germ, 11%) »
R R7 B FZ (pericarp, 5%) FATHIZRI (tip cap, 1%) < RRAL T DR Ry £ - EZARE
B (EW) REE (REH ) Bl RifE - Risd o BB R & ERK BTSN
AR H B L [6] - ERTPEEER 75 % FAERIEFLA - BSAER AL (starch
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granule) 578 - RIERAY 25% R SAAHIRSF F A 7 - ERIVE BB RFEVAMRE A
(5] AT AR E Sy Ry VURE © 75 8 H (prolamin, zein) ~ A PERYFEE 1 (glutelin, zeanin) »
A EHYEREE 1 (globulin) S /KA MR H & H (albumin) - L& B EHEINT S » £ORE
HEG TR RAFHIE ' E AR - FE RN Ry E R E 0 E AR R AH i = B g K
RN L NES AR AR B (essential amino acid) » K FOR{E R E& - RIZHERAL
HArH & A R R = HY 0 AR EE - A REim e ARSIV EERRK - BARFE &
FE (33.3%) ~ B¥ 3R ~ B4 B BENHEAER E - IORIRZFAVHIASAHETH 15 % Fyaff
HEHI g > 5 Ry HBZ (oleic acid) K aiiHif% (linoleic acid) » 73415 25 52 55 % 3 &
R AR 2 28 Rya (CRLARAE 8.8%) » 1fl— ol TRk ki 2 SR f7 ~ e plz B
IO A Fo g (bran) - B S 4EA R B BERIEYIE -

EEARIATERUR - Bm Y 2RV EE SR B O ME PR ~ FERERIHE AW A RS
[ A IERHRE [7] - MATHIRATESERATE Y - BUR RIS L - s E
ERVE I ESSSTTR LI ER AR ESL TR 2 SR [8,9] - AL - #EXR
S B H AT 2 F & anl e 7 R R R A E R — S BRI A 2R
Vitein - AR REREXEIEI—E0 0 - R B B 8 M R e AT 5 [ S5 HIHH R
BRI > BB EY -

TR By SR Ay 0l - BLEM R YILLE - BoRKFRL 2 & B R EEEY)
(phtyochemicals) HYFEHH k2 & 8 AH & F7ok [10] ToRiFRih & A 4EERA-BE &
K BB AIEEE ~ Bk R S fEACRANEIEE L - 6140 PEEEZ (ferulic acid) ~ B
B% (coumaric acid) }z ] & (syringic acid) » TREFEHGHZEE & (carotenoids) ~ B &R
(xanthophylls) » % : #EEZ (lutein) Bl F Kk 5 2 (zeaxanthin) @ $H & (flavonoids) »
B0 - 1675 2 (anthocyanins) » K fEEARAE - BURHZIVRIEZEZIREUS - LERIE
FoRAFAL S BBl - HAR MR - BRI E R ~ 5 2 BIREPRNS - FERHE - 15
EHEA RFEZRERIFREZES [11] - TREFEENERRERTREER
AIE T aHEL g - mERleA -+ —(E e FREFEENAER
RS S ELY 11-30 me/kg [12] ; FBEEARRINERY - I8 B RE4A TEN E 5
125 BE 2 55 8% (age-related macular degeneration » AMD) [13] » Kruger [14] [ &85 »
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ARSI S ARG S B VIR S R M ToR s R R B R T AT I = R e oK
HERAR - HEIOKTEH 22 mgkg HIFELEAZR A (provitamin A) » FEE & AR EGE

R B4R A [12] - N AREZETAGREER A IORER > Hit> 28%
HE R TRERNEOIORE RFBYIARR - A8 - ARG RN E A RET T
PoEEGE - WEROCRUR - BRI 2 M At R A B R At - S0

IR B IR ~ ERFEENIEN > DU FoRRFRL T B = AV - 1 H AR
AV TAEZ — > REZSTH TRk RL T Z AR P a0l S iR 2 4eng
SRHUEHIE AR R g e ft - DUMERIERER 225 -

3. [ e R R

S [15] DAZE0E I SEAEAE AR A Y DU TS FOK (normal corn) 7 H A2 BILAEAT (i A (
) GETHREEZEGREARMN (Fi - 28) 5kZaR 198 (IN])  ZFEE
R RSB G 24 5F (TN24) ~ K HhsRaaie i © BIE 3 5% (MF3) A5 103
5% (MF103) » & HRoy B ok 1% - B B MBUR REI A T B B M 2 PR - 455880
T AEERGE - MAZ HEBRHSESHER > HEE11 16.36% (MF3)-22.83%
(TNG1) » Her » MF103 2~ H R &8 5 16.94% » B MF3 Z & 2R F HH4T - 1 TN24
Z B S Al Fy 19.78% o VUFEREE FOK ML 2 oty SRR M RE IR ARIT - 35
F25 18I0 » B RER AR/ N 10-15 pm > /DB ARERL 2 K/NGYF 25 wm » T2/
SRR > AT LA ZZ B U -

PUREBEE oK Bk BVAEE S A SRR - AR IR (To) ~ JRIESH T (Tp) K
SERGREE (Te) 2 IE 45 7l By MF3 (72.22°C ~ 75.97°C K 79.94°C) > MF103 (71.07°C ~
74.48°C J 78.46°C) = TN24 (70.22°C ~ 74.20°C J% 78.63°C) > TNI (63.48°C ~ 67.61°C
F 72.98°C) » E ¥4 H (AH) 2 & K IE 7 5l B MF3 (12.60 J/g) = TN24 (12.00)/g) >
MF103(10.75J/g) = TN1 (10.09)/g) » < § 3 /340 > S48 g8 » MF3 B2 MF103
ZHSZ 3 (DP 6-12 Jz DP 13-24) fH¥ & &8 TN1 K TNA24 Rfik - Hrp X 2L MF103 K¢
MF3 27 DP 6-24/DP > 25 7 FEI (1.93% K 1.94%) 8 2 {72 TNGI (2.52%) & TNA24
(2.61%) » HEHHE R38R MF3 5e MF103 HE 8T Tp ko AH ARE [15] - PUREREE £oR K
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¥ R TE (pasting temperature, PT) E12R0&8 f& (peak viscosity temperature, PVT) 7 JIH
F¥ 5 MF3 > MF103 = TN24 > TN1 » H PT 81 PVT 43715 77.1 81 85.1°C (MF3) ~ 75.5
T ZGER— B o JRIEREE (Peak viscosity, PV) Z S {RIEFFHIEL PT K PVT Z & KIEF
MK > TTHRAAREE (final viscosity, FV) ~ FAFREFE (breakdown, BKD) Bi[H[FE5/E (setback,
SB) = S{EIEFFHIE TN1 > TN24 > MF103 > MF3  f52 TN1 22 Tp & PVT s HA =
T h& > BHIE > 7E 70°C BF > TN 2 2B ) Bl A B - 78 80°C I > 4 {[iE'ES
FoRanTE R AR B AR BT DL TN B E R H A =78 - 75 95°C B/ A M
LTSS > HRE R HNIERE B TN (20.61) > MF103 (19.24) = TN24 (18.99) > MF103 (16.8)
[15,16] ¢
FHa [15] 2 W oest R EEr - HEZRlBh Y FoREM B A S E ~ PURsE - Pk
SERRERMIR - (E DU S 2 B S B AT i A 2 FORARL R 2 A M IR AT 7 5
M MihERE SRS ORI TIEA SRS BEBEARS Z#HE - TEHE
TEME TTH > A EEHR AN - FHERIEAD - il TR BT M F R AR Y A ME
Y+ TERETEE AR AR S AT AT DU 2 st ks R Biaa ey 07 =X - (R AR M R AR
fE4% I = Goggi et al. [17] $5H » FORFERREEREICRIR 1 A RAEIRE KL By 23.5%
DRI, - R ) el B ot e T oK A FH RREAE B > /D FERERE 100 23 R B _EA RE(HRERTS
FEAKRL 0.1% » DIHECR ERIRFL By BRA LI E — 0 - DIFIINCRER -
3.1 S E R TR
= B #R B ok (HAM) B S0t 1952 S8 B iR e 5 R 88 RaVFE1E ae
(amylose extender) FERFTaRTZE » HARRE(EHEH 73 S #% 2% (starch-branching enzymes)
AR I R E B R SRR EE 50-90% [18] - % - HAM Bnhiik g - 2
AR B - BEERGER - MEPRSCE R TR & & 2 EHRE - B
P —\BEFE HH 2 = B oK 58 % GEMS-0067 2 B & & 70% [19] »
A tb Bl 32%) M RGEIRBL > HPUERN & 8BS 5E 43.2% [20,21] - = H#EK
M LEMEE ERRT EHEEY & BRI - HARE /SR T Z R TR 52
Bt (intermediate branched materials) $ & 7R#c % [22] » B E A D ST #E B IR
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il 1~ B ZE B S koK 2 B AT B
Kimc - BRE15E(TNL
TN1A21081TNIB10) ~ &5
245%(TN24 ~ TN24A100 K
TN24B260) - HHE35E(MF3 -
NF3B390 &,MF3D70) }7 BH'%
1035%(MF103 ~ MF103A440
JFeMF103B400)FfAfr 2> 4
jﬁ'ﬁ o

MF1038400

ALY

g B REE - RS/ MERTEOIE S - i OB 2 B IRAE TS
B EA LM E A [23-26] -

TN REEREAT (2Rl ) BREFo4E DL GEMS-0067 R A - pIIHk
Il 2 A2 E (good agriculture practice, GAP) 5 ELHEEN 1ok - fR I EE RS
(BB TR & B SR FoR 2 2R oKk ~ ORI K FOR B AR LR A
RERK T HI P TELHIE » WASELER SN A AR E 2 FORRHIRESLE, » G TR
(corn meal) ~ F3Kif5} (corn flour) 55 7 4H i 77 BLE L MR METT RS [27] « 4558 >
B RS FORERE TR At 2 O FoRK P 2 A& T - KRG - Koy - Sl adidt
SRR S EHR EORK > B EARN & R S e B R R
Fir e BEAL > BEATR ALY S itE E RN TR aE - EaRE REH
EEBRRTEIOREEN S - BINTRE > i OHFE FOREM A 2 A » HaE
TR - ERRAREHEERD - BHIERD &8RS  #IE R
VIR BRI EL » RFE R LA R Bl R DU A FORIRIN BRI T /K AR (R 2) -

-

il
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I/ e L oK oty < EL SR & B T B S BNy Hylon VII Z S & AHAT
(49 70%) » HARELE SBRE B IEAT ¢ 1T B PR R R TR B < B R
SRR 28.99% > B ORI 2 R 2 BAHAT - HORAN S SRS M E R
MHAT (3% 3) » & EH SR ok 280l DU R BT R HPUM R & B E X
kerde - HH S E R TOR R 250 KBk Z TS THFETEBUE (estimated
glycemic index, eGI) AT & TOREH) - EFTARI R Y@ ET RS R
(3R 4) o E LIS E RN TR 2800 SOy BUREI 5 (L SRR - 26 TR A
FHRETEBHOR AU R 5 TR R RS Z FRAS THRE T B BUR U B R E = 5
HPR 57 2 61 Z[H

\0j

222 ~ [ = L ORI BT ORI — RO - BRI R AR &

. Lipid Starch fraction
Moisture Crude Ash Total Amylose

Sample content protein  Crude  Bound®  Total’ starch content® F1 o)
code' - -

% %. db % x10 % x10

’ g/mol g/mol
THAMCl-s  9.12%  037°  044% 0.25° 0.69" 0.16'  97.34° 7933 8.60 394 91.41 4.57
THAMC2-s 957 027" 046 0.51° 097" 0.14®  95.63 77.29" 8.08 377 9192 490
THAMC3-s 941 033  044®  027° 071"  o15%  ogle®  6347° 1595 436  84.05  6.006
Hylon V 15.57° 0.45° 0.20%¢ 0.08" 0.28° 0.10% 99.46" 57.03¢ 11.55 370 88.45 2.83
Hylon VII 15170 028" 028 039" 067" 100  9797% 6827 - - -
Hi-maize 1001 0.87° 0.14° 041 055 009  9859"  66.69°0 2566 371 7434 6.22
TCstarch 8415 0159  029¢ 01870477 oo™ T 99.06® 28997 T69.87 473 30131 1.09
d d f

NC 1290°  0.12° 0.29° 0.18 0.47 002  ogost 3204 69.59 333 3041  8.65

'"THAMC represented the domestic grown HAM corn (3 batches); Hylon V, Hylon VII and Hi-maize and
NC (normal corn starch) are commercial products; Cstarch was the starch isolated from commercial

corn

* Total lipid was determined by extracting the lipid with n-hexane three times from the gelatinized and

followed by hydrolyzing the starch . The bond lipid was the difference of total lipid and crude lipid.

’ Amylose content of 75% n-propanal defatted starch was determined by using colorimetric method at
620 nm and purified corm amylose and purified waxy corn starch were used for preparing the standard

solutions.

* Different superscript letters in the same column represented there were significant difference (p < 0.05).
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23~ B i B ok 2R K i B ORISR L — R oy ~ S ARRERR 2 E

Dietary fiber’

Moisture Crude Crude Y Total Total . . Total

. Ash yellow Lutein Zeaxanthin .
content protein  fat IDF SDF TppF  Starch - phenolics

Sample pigment
code' mg
; Ferulic
% %, dry basis m/g, db 3

’ oy frmve acid/g, db)

THAMCI  898° 12.97° 596° 203" 30.60 1.74 3234 62.36° 116.76° 9.81°  36.94° 9.93
THAMC2 945"  13.46° 571° 207° 3058 120 31.78 61.49° 10030 8.75°  34.18" 9.71°
THAMC3  11.78"  15.62" 592" 236" 30.62 147 3209 59.52° 9428 670"  24.94° 9.88"
Cwhole 11.68°  9.71° 4.52° 133 1085 1.07 1192 7690 47.39° 4.53°  32.04% 7.38°
Cflour 12.02°  836° 515" 165 670 173 843 77.02° 39.88° 4.62°  31.05° 6.56"
Ccone 11.93°  850° 235 0.72° 393 050 443 8245 3733 576  36.24" 4.94°
Cmeal 1.67° 793 114 036" 373 066 439 80.18 21.66" 576  35.67° 4.24°
'THAMC represented the domestic grown HAM corn (3 batches); Cwhole, Cflour, Ccone and Cmeal
represented the commercial products.
’IDF: insoluble dietary fiber; SDF: soluble dietary fiber; TDF: total dietary fiber.
*Different superscript letters in the same column represented there were significant difference (» < 0.05).

2% 4 ~ BUZE R BRIy TR 2300 e i 6 TR ERLGL  Bm BRI (L IR B i E 3

in vitro starch digestibility’ Estimated glycemic index”
Sample  ratmen? RDS sps  Rs SDSRS RS s K R HI ¢GI
code TS TS
%, db %

THAMCI1 14.695 971 37.9¢° 7644  60.88  -- 2423 0.06 0.897  22.10 51.84%
THAMC2 11.29¢ 11.86" 3834 81.64 6235 - 28.08 0.06 0937 2531 53.61"
THAMC3 10.88¢ 11.00* 37.65° 81.73 6325 -- 2586  0.05 0.860 23.11 52.40
THAMCI1-f  Non 17.47° 333™ 42.81° 7254 6730 - 3958 0.05 0950 3534 59.11°
Cwhole 13.36" 13.34" 50.21° 8263 6529  -- 4464 0.02 0925 33.94 58.35¢
Cflour 21.26° 17.27 38.50° 7240 4999 - 4514  0.04 0929 3888 61.06"
Ccone 14.23" 17.73° 5049° 8274 6123 - 47.01  0.03 0913  36.83 59.93%
Cmeal 404" 579" 7035 9496 8774  -- 1825 0.01 0.924 10.56 45.51"
THAMC1 26.37° 15.86% 20.16% 5776 3234 -46.89 6490 0.07 0.924 59.23 72.23¢
THAMC2 26.74° 13.62" 21.08% 5648 3431 -4497 6575 0.06 0954  59.87 72.58°
THAMC3 25.73° 15.04®" 18.76°  56.78  31.51 -50.18 66.75 0.06 0.941  60.60 72.98™
THAMCI1-f Boiled 25.51° 12.68" 25.43° 5990 39.97 -40.61 67.13 0.07 0916 61.77 73.62"
Cwhole 31.26" 24.36° 21.28" 5934  27.67 -57.62 6922 0.05 0908  60.70 73.03"
Cflour 31.46° 26.49° 19.07%  59.15 2476 -50.47 7231 0.04 0932  63.08 74.34%
Ccone 33.64° 29.93° 18.88¢  59.20 2290 -62.61 7425 0.04 0924  63.09 74.34"
Cmeal 30.45° 35.52° 1421"  62.02  17.72 -79.81 7796 0.03  0.929  64.68 75.22°

'THAMC represented the domestic grown HAM corn (3 batches); Cwhole, Cflour, Ccone and Cmeal
represented the commercial products.

*Non: raw flour; Boiled: flour was cooked in boiling water for 30 min.

*RDS: rapidly digestible starch; SDS: slowly digestible starch; RS: resistant starch; TS: total starch;
dRS: the difference of RS between the cooked and the raw starches.

*C .. : potential digestibility of starch (g/100g dry starch); k: kinetic constant; HI: calculated by using
glucose as reference (HI = 100); eGI: calculated by using the equation proposed by Goiii, et al. [28]

*Different superscript letters in the same column represented there were significant difference (p < 0.05)
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BEENEK (QPM) Z FHEIATY 1963 4 » EL5% Mertz S B H 22 f8 M: (6] U LA
opaque-2 (02) T LAERE 7L Hr it = Bz ie F B i IR /KA M FORBEAE A (zein) L
BFEAR - AHATRT DR & EA S E O E & & [29] 5 MHFORIPR Z FE AL 2 BIRRER -
NEHAE - REEERRLULAEE » K3 0202 BRI E RS AERBHUEAR
FREENMGRZ QPM fm# [30] -

L TR EH 50% YERAEE - (F I EE 08 P AR I B e & B
& MEAEWERE o (HHP I RER AR E AR R AN - it > HaEn
SR REAELENEREE  Sa8eERnEF K2 AlmEE -
FEEH FOREEEH K (high protein corn) FYE 7T < HAIAME - AIEAE
MEFOREOENVHE > FEEEAEAN SR - HIEE e o G i (R AR A
BEyE R - Wit EQErRIFIARE - il BEEO RNENESE
F—rEm A —EREEL IR - NEREEDBH H'E Sk e Ry
Fok - HRE 2 REEEH oK (QPM) - Hokfhr e e Bl (o it & B Eh i E £
REEE /DAY 80%  IRZEREH - DLE KRB E BB HEZE - EUEEEA TR
T el - HEBENIIRERUEEIR R ERERS 12% - FSREES 9% [31] < H
BEErsn > HUEEEAFRB TR TAEERS  EHARBEEZEEH i - il
BUER ST EREABRIA S 2 FR MG - 1R TR AR RN 391 2 i
A -

57 P K o B /N 22 2 BL 0 (International Maize and Wheat Improvement Center,
CIMMYT) $t¥A FEIBARIPRE (2B (K7 ) KARFLERAL ) HIRZHRE & & 73 R HlE R
4 (£ 5) - N EREEEY E B R P e Fe G B H AR - Bl 2 & 8A B
BEME 5 ERIEL - 2 DLERRE & E1F i B HE AR (quality index) DUERBEEHD EK
B Fok > B VE i & 80 0.8% LA E RIla3E BB E L Fok [32]
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RS~ il IOREHEE & H 1K (0202 maize) 258 S AR AL P G IR b CORaie & B

Base Amino acid QPM Non-QPM
In protein
Lysine (%) >4 <3.5
Tryptophan (%) >0.8 <0.5
 Wholegrain  Endosperm Whole grain
In sample Lysine (%) >0.35 >0.32 <0.32
Tryptophan (%) >0.075 >0.07 <0.065

Source: Twumasi-Afriye et al., [32]

L 2014 £ EIPE FORED N R 0 (CIMMYT) 53 QPM A A5 E
WA FERERCAH S > A 2016 FERHER R ATHRE (&P ) BT S ERE
Z HEEE - SR E bR B BUEIEN: | RGN 2018 SRR Z R ERHETM
Tl e s B VB TRt -

4. B REE 1R < o i L HEF]

B FORBIR L WHEPAEEL - E R TR T & Al > R 1 ] DL (HRER A
NERHENEEE TR E B Z A e (SR ELEIN - 2RIMEBZER ~ HIEY
FIREHE NS EF A - 500 BE IR TRV IR AT DU TR S AR A8 1% - HRIE
REH T BRI TRBEEREISENE - FE L IITEREEEIREAR
LEGE e A YIRS TR 2R - DR s HAEY) ] KM (bio-accessibility) F2 4=
Ya]F M (bio-availability)[33] -

EARSME T FREREELRE - BRI MERE 2 B A4 A (RS BN - (HHEATE
B - BEHIERE - BE RREE iR 2 (B35 > (NI - BUERE TR R &
ORI HE O TOREEED Y - FrCUEEAR Bl L > DRt AR ~ 2R Z 21t
TokeRadn Z BUGHAE - [B 2 /AWt E T FA AR E TORFTRE 2 & i -
fELL HAM By (30%) F HAM 27k (20%) HUfC.Z 1 =140 EEURUREERE [27] ~ HAM J¢
QPM (1 : 1) &FIEEENEH 5 QPM &5 34800 [34,35] ~ BIRFHIE IR 2 RER [35] 5

NI\
7.

U
UEI

)ﬂ]?
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B2 ~ DURKEE = By FoR Bt e AHAMEAQPM 2ty Bl &8 27 i i [27, 34,35 ] -
4.1 Bk et e bRl

= [34] DLEEAT (B F&EE ) 2t 2 S E#R N £k (ae-mutant, GEMS1680 >
HAM) KB B AERE FoR Ratba ik - B BlERE oK Ke B £~k £
R EEAERNT - WS T B R RO I FEIRE M 2 5l - AR $HHRAH (RELEL
BREE ) > SoDIHZENFORENE TR ORI - BT AT BS 2 250 - 18 40°C
B GE 12 Fik - 2FM IR EEL I BURESN A1 2R B HEE m Sk
N2 fACBEZRIENE: » (ERER 230 IR R B R S LB - WIRES S E
T RENEEEL A SIS R AL Y 72 R - (ERZEN R R A e (2R R R I -
SNEB SRS b TRENER N S S R B 0 S SR O - MR BB B Al
EEO R RS HABREEIR  JRENE SRR fh . — e pi o 4H R R

8 o EEMER T D ITEEREDT  RAGHEERECOREHBLEYSE T
MERREMTRERSE LT - ERSTERBUR - (b2 B EERN TokE

B Z B 2 SR E TR 2R Ks EEAERAY eGlLH » BURATE A f(F
TR B fn Z BHEETER] - 2= [34] R DABERR e BAL R E FoR 2%l - AMER] LA
SRR E EZ 2 TOREN - INRERIEBE S BHIEE - I EE  IREE
JEPRAFZ 25k - IR R Z IR ERT -

B DL E L 2 M TOK Bl s E B TR 2R FU U2 2 SIERARHE - 324
MEE R ERERES - Ean R T - (B EURERRY 75% By > HEETH
REENIKEFE - JRa] DS E R T BP9 2 A an [35]  7& [35] IR ARSI R 2238
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e R E M 22 (B2 FoR 28 (QPM K HAM) SRECRI &/ /ERER - WA T/
A St el o (RIBOH IR ~ MR R SRl 2 BRI - £
R B bt LR 2 R B HAM 2580y - 8 e ilie ftahE 2 /R =URHE QPM
PR R B SN ER A R L HAM 2280k » ZUSREE 4580 - AT
Fok 2R E AT BB E R ORI EIREE - HEOM Ry > HNEHAMEE
B2y AR B - B AB(RAVH{EERR -
4.2 FEBANE 5% FoK R on

f& [35] DU (& i) 20t 2 s E#lm 1ok (HAM) REEEH K
(QPM) Ry BRIFUet - DL gh P ER AR LA = FORPEBRNG A Rl 28 8E e i ([ 2) - 3T
e HEALEE Bae SN A ETEE (1 3) - $5REUR > B2l QPM &5 Rl 5%
Bl A B RO - HERDK S & B EEERR SR - A EEER
RESN  BHOPREE RO HROEE ) Ry Byt -
ELLHAM Kk QPM R & Z 2R BUEIORMER I - kUKo &8RS - Al
RS RyRT - HSE HRI IR ORI SN SE NV L 8 KragEah
25% IR - 4@ 5 S Rl SRR TP IR - FIFBRE AR BT SH IR ) & B IR Y)
RHEC G AHAT ¢ RS NERH LB ME S REUR - L QPM 2B B & TR 8%
AL EELLL HAM & QPM RS (1:1) 2B Eak 2 & Tokeh AR RIie #oM b
Kttty a g > HHEERIRENE -

=
o
o

M Rapid Digestible Starch
B Slowly Digestible Starch
Resistant Starch

QPM-n QPM-WH  GEMS0067-WH HAM&QPM QPM Snack
Chip

[0}
o

[e2)
o

N
o

RDS, SDS, RS Content, %
B
o

o

3 ~ BREEREE TRk M s G INE M B R
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4.3 TR R AR

H ATAR e 2= IEAEHET T DU B BA S o B/ F oK 225 (QPM k. HAM) PSR
ZFfahask - PR ERGE REUR - ELLQPM By Rk - FERIEEA PRI - B
BIrKEERBR R IFEOE - AR IBUS DR B4 RN st B (2 TR 25y =040
i o BEEESL HATE DABTE QPM RyME— UK} - B T B IREN ~ IR - LFRRE
Ao B REOKEBEE e ES HEAE B RSB Z BRI - FaLIFRRkE
R A e Z L > R ERER (FLBERIE (celiac disease) B ) B 0 H
TR K 2NN -

5. fi

BRI SRR RIRE > BURR 1978 RGBT - SR
FREEE > K 2016 FEHR TAHEAEE ) o AR R SRS T SRR 0 DR
HEB S S B (LA HEBHE + HISETE 2020 AEAEIMERE TGRSR, 10 BN  BEat
WS B KA IEIE ] - B £ bl TS 5 o P B B A ety S M
A BB SITEUR » (EEE kAR E STl IR RIS - BEWE TR
T B TR OK A A R R (B T B R B T B TR - IR (B
S o B SR M T SR DRI B S T A > Gl © B M
B BLESE RS « B LI S R Bk TSR - B a R -
SIUBE » 1T S8 S S R R PR B o SRR T B L L R B ToRABE Se ~
FE R © ST G R AT A A SR B B R R L TR > B
BEIAT - BRSNS E R AR AR TR G TR e
B R R LA BRI AR 7 PSRt R T EORHI TSR B R VRS oK et
EEIER - T E AN - KHEER > B Tk T AR
B BRSBTS R -
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Characteristics and Applications of Domestic

Horneous (Hard) Endosperm Corn

. . o] ¥
His-Mei Lai"

Abstract

Horneous (or hard) endosperm corn is one of the import substitution subsidy crops in the
plan of “adjusting the cropping system and activating farmland,” which has been promoted by
Council of Agriculture (COA) since 2013, aiming to increase the income of farmers and extend
the grain's degree of self-sufficiency. Since then, many hard endosperm corn lines have been
bred and released by the Taiwan Agriculture Research Institute and Agriculture Research and
Extension Stations. It is recognized that the domestic hard endosperm corn has superiority of
the non-genetically modified (non-GM) corn and local consumption, which has the beneficial
to its diversified and value-added applications on the view of healthy concern. In addition, to
distinguish the domestic corn from imported corn, it is urgent to characterize the properties of
specific domestic corn varieties for the processing and the productions of nutritious and healthy
corn products. This report reviews the characteristics of high amylose maize (HAM) and
quality protein maize (QPM) bred in the Taiwan Agriculture Research Institute (Wufeng Dist.,
Taichung City) in recent years. The physical and chemical properties of whole corn flour and
isolated starch from these corns, the establishments of grinding and stabilization techniques
of whole corn flour, and the processed products made of whole corn flour are introduced.
Domestic HAM has high resistant starch (RS) content even after heatmoisture stabilization.
The similar results were also observed in heat-moisture stabilized QPM whole grain flour,
which provide good sources of slowly digestible starch (SDS) and RS and good processing

properties. Whole corn flour can be successfully stabilized efficiently by using twin-screw
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extruder, producing the stabilized whole corn flour with various degrees of viscosity at cold
or at hot stages that can be used for premixes preparation. The whole corn chips and puffed
corn snacks, produced by using twin-screw extruder, have a natural pop-corn flavor and can
be claimed as whole-grain, gluten-free, no sugar and additives added whole corn products.
Recently, a gluten-free pasta-like whole corn noodle has been successfully developed as well.
These products use the whole corn flour as the solely or major ingredient can provide more
functional components such as SDS, RS, and dietary fiber than those made of normal corn so
the characteristics of lowering the glycemic index and maintaining healthy intestinal flora can

be expected

Keywords: high amylose maize (HAM), quality protein maize (QPM), whole corn flour,

extrusion

145



