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The Effects of Annealing on Resistant Starch Contents of
Cross-linked Maize Starches

Saehun Mun and Malshick Shin*
Department of Food and Nutrition and HERI, Chonnam National University

To develop a method for increasing RS level in maize starch, cross-linked resistant starches treated with
annealing were prepared. Maize starch and amylomaize VII were used in the study and annealed at 40~60°C
before cross-linking modification. To compare effect of annealing below gelatinization temperature, starches were
heat treated at 70 and 100°C. RS contents were assayed by pancreatin-gravimetric (P/G) method. When maize
starch and amylomaize VII were cross-linked at 45°C and pH 11.0 by slurrying the starch on a solution of
STMP(sodium trimetaphosphate), STPP(sodium tripolyphosphate), and sodium sulfate, RS content was 14.7%
and 45.3%, respectively. Annealing below gelatinization temperature before cross-linking increased RS contents
of prepared cross-linked starches but did not affect the swelling power. Heat treatment above gelatinization
temperature increased the swelling power of cross-linked starch prepared from maize starch. The characteristics
by X-ray diffractometry and scanning electron microscopy of cross-linked resistant starch were not changed by

annealing.
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AR Z STMP(sodium trimetaphosphate)S ©]-&3}e] HE-L

Tt AN 02N RS4§ AZzshs AL Y9,
Loz g3y AzES 34 WA TR gowA] RS &
FS =Y &£ AA—E % 27] 98 RS4 AzZTHA FAd

amnealing X2 & %’53'3}04 RS 3¥S ¢ &d F
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SEFARELE AN AGES), LotdREe S SFEFHE
¢l amylomaize VI Cerestar Co.(USA)A] FY3sIH.oH
Zyzre] oA E o A RS 289%9 70%% T}

= 5‘79”—,: pancreatin-gravimetric method2 #2]3+512H,
A2E &E4E pancreatin(Cat. No. P7545 from Porcine Pan-
creas, Sigma, USA)3} pullulanase(Promozyme, Novo Nord-
isk, Denmark)th. 7t ZA3A¢) sodium trimetaphosphate
(STMP)9} sodium tripolyphosphate(STPP)= Sigma Chemical
Co.(St Louis, Mo. USA)elA 7915t AL&3sltt.

7tuzg MEe| M=
¥ dgee] 7tmAd 4 F vkadlg Hlel s 3
2 %ﬂ—ﬂr €4 HES Jﬂ RS F 7tuAy
3 €9 &2 b3 o] 233

E AR 10g2 50mL WA AG ¥a A& £

&S 2Ejsld we AR viavg uE ga 387
WEret 5 1 M NaOH £9-& NaOH’} AE9] 29%7} 9471]

A7Vt ]é?— HVEHA] Brookfield viscometer®2 =S
At AEYAA wladlE BR50X 7 mm)7t 3 E
A& W s 30 rpmoﬂ*i No. 3 spindleg AM-319S
100 cpsHth ZF AE-E AR5t 100 cps7t FAIHE A&}
E£9 ¥le-g 2R 5}9\1‘:}. A9 YEZ annealing XS H
g3t 7t AY JES Az, 1A AR 50gE
el FFF 70mLE 9o F BAAE, sEeE o))
9] 299 40~60°Ce & ZI®7|(Vision Scientific,
Korea)oll 4] 24A]7} annealing *2]31th 23l2% o] dolA
ARYALe] dAE &A= 70°C 100°CY] 78] 01]"1
AFGsPHA AR 158, Toldg e S4eerl
25% Asted H|LetSATh. Annealing® FEAE F9 ﬁ%
HEtle Wy EuH50X 7 mm)E 0143l AHAFHA 45°C
E AN 7taAdd A8 Axe 9ol AHg AEe}
AR} A AN Ed A4 dgdS 1087 AodE:
S 10% sodium sulfate(RE 715)E EFsI 308 7

;*; 4 Jm

B} od71ell STMP(99.0~99.9%)F STPP(0.1~1.0%)2 &
71Eo 2 12% AUWIAY. 7t AddAE Hoke = 20E7J
Z5E o2 1 M NaOH 22.5-25.0 mLE #7}sled pH 11.5
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Pancreatin-gravimetric method®] 2] RS 33 EA:
Pancreatin-gravimetric methode AOAC W™z} 222 ZY
WMoz QA &4t H|SE &AQ pancreating ARSI, &
¥ W]% Zshe golth. YAEIRGE0mLN AE
1gAED)t 24 4584 (pH 52) 20mLE B3 2
e, 2= ez wukelEA stdsign. o8
Z4al, 37°C FeFxoA Fol 258 ZAT F
2mLE ¥ 16AZF WAIAT BE T 5 8
F=7t 80%7F FA deE-g HUlste 1417k
o, vg] ARAA FFS FUAL celite’t HA
A crucible(2G3, IWAKI, Japan)Z 3t Th A &H-2(95%,
78%)F OB o2 AL E4A THE 105C oF
A 16M7F ARNAIL, FAE F9 F 47 crucible
A9 ztol2 AL :2: AMEAT. EAEHS
pancreatin 1ol 12mL 23} FF5ol Bl 1025t witsh
%, ]2 3000 rpmoiiA] 10T7P LA EE 8 *J Jol 10 mL
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Pancreatin-gravimetric method®l] ¢)3 RDS ¥ SDS £4]:
wha] AslwlE HE(RDS, rapidly digestible starchy> 22 &
ZAolA 2087 37°CAAM BHAIZE o 23E & e A
Folt} A3 48E & U= FE(SDS, slowly digestible
starchye 4237} =27 douAT $Hs] &3kE F e
Hrog 37°CoA 16417 vhe-3t & A& RS &3} RDS
£ g3t 100914 ZHeted et

AR BZGO mL)d ABAR 1 gAED)F 24 458
HApH 5.2) 20mLE ¥ F 42 g, et B
Lz ks F3Uct 40007k W$2E 3, vl

Hg EA48d 2mLE ¥ 37°C F2FFoNA mnkshdA
2087 WA A o] Fo| wEgn T8N RS F
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L% (%) = X100
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XA B30 93 B4 &A: Xray diffractometer(D/Max
1200, Rigaku Co., Japan)E o] &3t IH7t=(20) 40~57+
A FHEAA Ao FAHztee wE uFe] X|e} A=
22X A A=E vt ol o] &3 77lRde 7
Z} target; Cu-Ko, Filter; Ni, Voltage; 40kV, Current;
20 mASiT}.

ZAEAERA g% B4 24: NS U4 ZE
e 779) AR SHHES FlElel S BT F
oz EINA ARAL 7 & the, FAAAEANT
(Scanning electron microscope, JEOL JSM-5400, Japan)<
ARE-3R] 7h]) 25 kV, Phototimes 853, 2000812] Hi-&=
2235

Annealing 2|8t 7In#Eg M2
RS &% AE d=9dS 77 & X AHHE st
3 STMPS} STPPZE 7}w A gAIR] %_94 RS ¥ Table
13} 79}tk Pancreatin-gravimetric(P/G) ol <}3+ RS 3
SpEARO] 14.7%, LOPARQ A S5 HE o] 453%0°]%
o} dA A% W ACAC Mo EE Jtw AT %t
RS4¢9] RS o] ZHzh 78.9%, 88.9%= wi-9- =A Ugirito,
ol FAEYRY uhg o)fE= WA HE EAprole] 7}
A 93], T o] YRIFEHS] 7 (channelyE =t
o} 4 53] heat-stable c-amylase”} 2H-3h= 22 o|HA
3}7] wjFeletsl Azbdct v P/IGEAA ARESHE pancre-
atin proteasel} lipase®] 4= A zZEaL Qlof Bt} Ei}
HoZ ARJYAE T3 AES & BT & ezt
A7+t (unpublished data). Valetudie 57 yam -9 &
WA BES protease® A BT 5 gramylase® HHSAI A S
g 7R =T Skt Balsk v ok
Anpealing X8 & 71 ATAA DE AFEY RS TF
& Ay 259 A¥glo]l BF annealing M4 2 A|EH
o ZS7FE 2y, annealing A3 229 FUhel wel RS
o] vElgom FrtelAl= U Annealing A E <l
) AR EArzd AejEe] goium, T4 RN
o] AFgel Zv1g ¥ ol AT FAY i F
gholl WSt Al Aoz dEA Yt ol wizlE
annealing * @]k #Eo] A E-H = phosphated] <Js #
BEA ] 7taAdde] ddEed ¥ AFEs A2 W3l
Table 1. RS yield (%) of cross-linked starch prepared from

annealed starch” with different annealing temperature using P/
G method

No- Heating temperature (°C)
Starch .

heating 40 50 60 70 100
Nommal maize 4,7 165 212 280 125 160
starch

Amylomaize VI 453 577 601 634 391 447
UStarch: water ratio was 50 g: 65~70 mL.

3= Aoz AZESTE 60°Col A annealing &g F 7}
TAPAZ AR RS F&0] 28.0%2 7P w3hkEH, ol
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PS wWio) 84%19 wa T FEoIUTE SFFHES 2
3] 719923 & P49 AYHES 1| N HCOZ A3}
T g AR RS TS 33.0~45.1%°1 5H.

a3} % o]3telA 9] annealing A2l RS F&& S7H
7)ed ZAFolg o, TIE ol 2% F 70°C o4
Aol Mage RS F&& F7/HIIA XA, 238
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EolAFE AEYA FEIL QoA AR §59 A
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2 annealing 322 DSC thermogram ZARLS w 75°CellA
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Table 2. RDS, SDS and RS yield (%) of cross-linked starches
prepared after annealing at different temperature

Annealing

Starch te mp. (oc) RDS SDS RS
Without = 45 5 98 147
annealing

Normal 40 714 6.6 16.0

maize starch 50 692 96 212
60 60.9 11.1 28.0
Without 416 13.1 453

annealing
Amylomaize 40 33.1 92 57.7
Vit 50 2.1 16.8 60.1

60 213 15.3 63.4
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Table 3. Swelling power measured at 100°C and 30°C of cross-linked starches prepared after annealing at different temperature

Heating temperature (°C)
Starch No-Heating 40 50 60 70 100
100°C  30°C 100°C 30°C 100°C  30°C 100°C~ 30°C 100°C  30°C 100°C  30°C
Normal maize 39 20 39 2.1 38 2.0 38 24 6.3 40 84 56
Amylomaize VI 33 2.9 34 29 3.6 31 33 2.7 33 2.8 3.6 34
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Diffraction angle (28)

Fig. 1. X-ray diffractogram of cross-linked starches prepared
from normal maize starches annealed at different
temperatures.

A: native starch, B: without annealing,C: 40°C, D: 50°C, E: 60°C.
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Fig. 2. X-ray diffractogram of cross-linked starches prepared
from amylomaize VII annealed at different temperatures.

A: native starch, B: without annealing, C: 40°C, D: 50°C, E: 60°C,
F: 70°C.
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Fig. 3. Scanning electron microphotographs of cross-linked starches prepared from normal maize starches annealed at different

temperatures.

A: without annealing, B: 40°C, C: 50°C, D: 60°C, E: 70°C, F: 100°C.

Fig. 4. Scanning electron microphotographs of cross-linked starches prepared from amylomaize VII anneaied at different

temperatuares.
A: without annealing, B: 40°C, C: 50°C, D: 60°C, E: 70°C.
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