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Abstract

To investigate properties of RS4 in food processing to increase dietary fiber in foods, cross-linked
RS4 were prepared from wheat, corn, high amylose corn (HylonVl), rice, potato, banana, waxy wheat

and waxy corn starches with different swelling power. Low swelling RS4 (LS-RS4) and high swelling

RS4 (HS-RS4) were made with different adding point of alkali in cross-linking reaction medium and

their water uptakes and RS levels were measured. The desirable cross-linking agent (STMP) level for
making RS4 was 12% for starch basis considering phosphorus level ({0.4%) regulation of food starch.
The water uptakes of RS4 preparing from HylonVl were not changed by heating and were 1.19-1.46
g/g starch at 25C and 1.84-2.01 g/g starch at 95T, regardless of swelling power. Water uptakes at
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25 and 95°C prepared from various starches except HylonVl were 0.91-1.52 g/g starch and 2.56-3.97 g/g
starch for LS-RS4 and 2.25-3.95 g/g starch and 4.05-6.94 g/g starch for HS-RS4, respectively.
Water uptakes of HS-RS4 were 2-3 times at 25C and twice at 95C higher than those of LS-RS4.
RS levels of RS4 were increased with increasing reaction time of cross-linking treatment and
cross-linking between starch molecules, and between starch molecules and protein membrane were
formed very strongly after treated cross-linking for above 1 hr. The heat stable a-amylase did not
easily hydrolyze LS-RS4, which were prepared by cross-linking for 3 hrs and above, but
pancreatin-pullulanase solution could hydrolyze well. SDS and RS levels of RS4 also increased with

increasing reaction time and showed similar values regardless swelling power.
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oFstzel moA AR Wy AstHe FAE(Rapidly
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Englyst et al. 1992, Eerlingen et al. 1993, Woo and
Seib 2002, Mun and Shin 2002, Shin et al. 2004).
RS4E= A zs7) dsiME MR ARAE AR
N APAEE e 1 AR 2P me $E
Ax RS49] Adolu RS &, 9 ##F ol Aol
Belt(Woo and Seib 2002, Shin et al. 2002, Shin et
al. 2003). 3 AR FFo wer 1 40| @
ABZ o)F H7gt 4“3 Azxs7] fME AFA
Age Aoy Ax =& AbEsok th(Shin
2003). RS4ell gt "ﬂ'—r"c RS level& 3717171 918
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YARLL Midwest Grain Co.(Atchison, KS), Hylon
VIIF #F&44A 8- National Starch Co. (Brigewater,
NJ, USA), BAR, SF5dE, #A4AEL Sigma
Chemical Co.(St. Louis, MO, USA), wluuAES
Banproco Banana Products Co.(Birmingham, AL)2.2
BE ZFYAEE Graybauch, RA. #AIZRH 7 2
S gtz AW (Shin et al. 2001) 2.2 2elato] AME-
gt

3 Aolfr ¥ 347 9% Total dietary fiber
kit= heat stable @-amylase, protease, amyloglucosidase
9} acid washed celiteZ #AE 7€ Sigma Chemical
Co.olX 384t} Pancreatin-gravimetric 9ol =

pancreatin(Cat No 7545 from Porcine Pancreas, Sigma,
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USA)3# pullulanase(Promozyme, Novo Nordisk Biochem.
Inc)E ARS3ISATE 7F @A E ARS-3E sodium trimeta-
phosphate(STMP) ¢+ sodium  tripolyphosphate(STPP) &
Sigma Chemical CoIA 73138t AHE-3HTt,

2.2 ¢

RS49| M=
X & RS4

Bago] e A HE RS4(LS-RS4)+= Woost Seib
(2002)9] WS 43l 45T F& SN 2zt
o] AE 50 g(AEDH)E vlo|Ad Y3 70 mLY FTF
FE ¥ vadlg ui2 & AHFHA 10% sodium
sulfate(AE71F)E B3 208 AJh 94719 712
Z%A sodium trimetaphosphate(STMP, 99.0-99.9%)
9} sodium  tripolyphosphate(STPP, 01-1%)%& &3}
AERA 71F02 12% A7 st 722 A o
o2 RSEEFF < #HFE vlwss] s ta A A
A7MFE ARINZ 6, 8, 10, 12, 14%2 3l 4Fd) A
& & Ade w4 ALY HAE EAET 97 1 N
NaOH 25 mL& & EY¥SHEE 713k pH 115 ooz
23 F 1, 3, 5AIZE HSAFTE Whgo] B dEdo)
1 N HCIE 71319 pH 6022 F3A7]7 F41E 2] Hd|)
gol 7t AgAIe ol ghds] Hod w7 SFSE
4~63] e dAdEes AAE/N(F) A
)2 3000xgoll A 2087 HAAldle JHAES Fof
40T 28X Azt dx8 7twdf AR 22
3] 100 mesh A (<150 um) & FHAIA ALt

1 ™R RS4 M=

F&8E =AU RMA(HS-RSA) Y AZE 30 g9 AR
200 mLY FFTE ¥L 97]d 10% sodium sulfate®
¥y 2087 & A& F 1 N NaOHE 225 mL ¥2
1A 2 Rt d71d) e 22 HgE Egs
10%%] STMP$ STPPE %2 tha 2, 4, 6A17F whe-
AT whgo] Ed ARG A e Pyes
FHTE 6~83 AL tF AE 243 100 mesh
AE T3t ANgE AHESIATH

AOAC ol o8t &3

AR #FE FAE7] 9F AOAC Hye
&3+ ZTHAOAC 2000). A& A% 1.0 g2 400 mL
9] tall Hlo]A ¥I 40 mLe MES-Tris &=
(pH 82)& ¥l & #4170 thE 100ClA heat stable
e-amylaseE g0l 1587 ¥5AIZL § WA 60T
shaking incubatorol X protease® ¥ ¥ 30%, pHE 46
o2 2Aste] amyloglucosidase® ¥ 308 ¥HSAIZ T
719 95% oe&S 7tete 80% e Fx7t HA
A7rstd 1AIZF WA sAG v Hxste dEg
48 FUY celitert BAR glass crucible(2G3, Iwaki,
Japan)< ARS8t At ik AFELS 78%
N, 5% AL, oHE o2 R oL B84
ZALE 105T 2BelA 353 AxAZ] g FAE

258k Tt 22 Aol oja) RS B SR,

RS &%) =

Az F 284 A9 #A(g)- uiBAE £ FA(g)
283 AR FA(p)

%100

Pancreatin gravimetric 2fgi0f| 2|5t =X

Englyst 5(1992) & 44¢ pancreatin-gravimetric
W (Shin et al. 2004) 22 AAISSIE A8 1 g(AED)
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AAFHG0 mL)dl ¥ 2 T g BE FZA
1AIZF 71gatgin). 7hEE 9432 40T2 Y48 e
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S 7FIE 37T TN 208, 16417 BH-AAT
He F 3 899 I FEI 80%7F HEES %%
&S 117 mL ¥ HojAd wHgdg Fo] 147
o WAStAh wE] zHxste gFE A Fd
celite’t BAR glass crucible(2G3, Iwaki, Japan)< A
3l o Faty 9o 2 WHoZ Axse RS FFS
A8 TE, RDS(rapidly digestible starch)= &4 A7t
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% 087 HelEe AR ¥l SDS(sowly digestible
starch) & HH3] 2FoA BT FH3] FHHE
802 RS RDSY zpo]2HE Aite] 9sf veid

MR AR o FFE 5~10 g9 HEAEE ol
3t Smith®} Caruso(1964) 2] Wil whe}t AAstSTh
$7]18% sulfuric acid$} nitric acidZ %4 £33 o=
o|A& 5501 H71Z0A 3)3pA)7]1 37]el] molybdovanado-
phosphoric acid complex® #4338t spectrophotometer=
460 nmoll X FFEE S48 g 2E Yo A
Yk o] W FFZAHL 05, 10, 15 20, 25 mgy
o1& F&3at= 50, 100, 150, 20.0, 250 mLY EFS
g0z 7+2 vhgo g At

P XDilution volume X100

% Phosphorus =
Aliquot volume XSample wt., g X100

P = Phosphorus content (mg/100 mL) from calibration curve

% Phosphate (PO4) = % Phosphorusx3,065
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Fig. 1. Phosphorus(top) and RS(bottom) levels of
cross-linked wheat starches with different
STMP concentrations in the presence of
10% sodium sulfate for 3 hrs.
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LS-RS49F HS-RS49] 25T 95CoMY 2%
2 Table 13} Zth 25Tl LS-RS49] EA¢HL
091~152 g/g MELE AHEe] & EAHYS
ok AR FR meMe EFFYE olE
Hyon Aol 22 EZAFYE HYOY &F
RARET @it ol 7tndFel s vus 4%
Hol FHFRLY Eol WEEHE AN FH2 ES
Ag3l7] Wi ASE Azstgeh HS-RS4+ HylonMl
o= AZXF R4 Yol 225~395 g/g AEOF 2~3u)
o 2% F/HEATE & F UM Az 244
gt A-LoA e EAFHS WA  glon oE
F RS AEYAS] 7271 Ao)7b @ Yehiginh 95T
o] = LS-RS4E= HylonVlo] 1.84 g/g@Eoln T E
AEE 256~397 g/gAEoly HS-RS4= HylonVl
20 g/g ARz & Wb Yoy g AR
405~6.94 g/g AELE 28] A& F/HE HAGh
AYHEOZE AZE HS-RHAY 95ToMe EAFH)
7V Zoh HylnVI2 70% oPd2 28 dfsin 24
FE7F GRS stEd g A FEE

514

Table 1. Water uptakes of LS-RS4 and HS-RS4 prepared

[ghs

(¢
=
%)

7R AGA S DES wEAIZ wE A
T%% SDS #FS Table 29 33 2tk F £4
W EF A8l F& WHoE ¥ yonz B 4y
2 AZ 274 B2 ANHA 2FE A 9%
d¥oz 139 dgs dAAnh LS-RS4 AzA)9
HylonVIIE A& Ayt AEE 7tRZARA 949 w34
& 1, 3, 5417 ToPBEO A SHLARY ALE |
Aol Aol F7letd

(<)
TolAROA S447

A ¥e 54 L Aok

o0 Fxol RRACE AwAYel BAHUI] ool
RS4) RS #3o] T QubHBEY 5& AL ¥ 4
YT, ToHIZLx S5 AR AT WES 2
Foll W2k Holg HPOU Rz o Fao] 2 o
R0l FUAROIL BSFFALE W2 RS PIE

from different starches

LS-Rs4 HS-RS4
Sample Water uptake (g/g starch) Sample Water uptake (g/g starch)
2 9% % %

Wheat 0.910,09* 2.56+0,08° Wheat 3.9540.17° 559+0,38"
Comn 0.99+0,04™ 2774014 Corn 2.29+0,04° 4,05+0.16°
HylonVl 1.19+0,00™ 1.84+0,03° HylonVl 146+0.11° 2010174
Rice 152#0.15* 397+0,35° Rice 3.77+0.10° 5494014
Potato 1.07+0,19™ 316+0.22% Potato 2.25+0.10° 5.26+0.19"
Waxy wheat 1.210,00™ 351:001° Waxy wheat 387015 6.94£0,09°
Waxy corn 1.32¢0.11* 397+0.1¢° Waxy com 231:0.20° 5500.31°

Values are meanzstandard deviations

a~e means within columns with different superscripts are significantly different at p<0.05 by Duncan’s multiple

range test

w~z means within rows with different superscripts are significantly different at p{0.05 by Duncan's multiple

range test
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Table 2. RS levels of LS-RS4 prepared from starches with different reaction times

RS level(%)

Sample g:;:(t;i? o Pancreatin-gravimetric
RDS SDS RS
Wheat i 1483 84.21 1324 2.5
3 72.88 68.67 20.86 1047
5 93.38 96.74 2803 1523
Corn 1 1342 86.49 9.33 418
3 61.54 75.06 14.05 10.89
5 66.0 68.02 1548 16.50
HylonVII 1 49.04 56.26 13.08 30.66
2 82.97 46.81 1811 35.08
3 91.34 4340 1747 39.13
Rice 1 335 83.05 12.02 493
3 17.30 79.89 9.46 10.65
5 3454 73.28 1364 13.08
Potato 1 47.84 83.54 733 9.13
3 9452 67.13 18.05 1482
5 100.00 59.88 232 17.80
Banana 1 312 86.81 8.14 505
3 58.77 78.26 12.56 9.18
5 63.01 69.25 1915 11.60
Waxy wheat 1 11.57 82.26 8.95 8.79
3 7961 68.20 12.80 16.87
5 82.09 66.48 1331 18.08
Waxy corn 1 5.36 82.54 1038 7.08
3 36.39 70.54 16.72 12.74
5 62.18 66.18 1495 1887

All data are analyzed one time for comparing trends of RS and SDS levels of RS4 prepared from various starches

Yepiith, LS-RYM 72 dd AEs AxE o AE Seib 2002). HS-RS4+= ©A 7taAgAE H7tste
#eroo] pHE 115 oAL2 ¥ 7tnd whgol & AR WS ARl Fofl & E AU Wi HA
O|Fo|AEE s dZEYE NAATAE H7teE AFe FAYLE] staAFe] osf uhgo] o]Fojx
Aol 74stE AAAFEAA dZEe] g st o] 08 ARAN RRe BExoz slyAdftel 3]
FAYPER o) FEY /IwARE F o|FA HFol fE2oz AU AEJAY FR7F FEAHA
AqAE Aoz M= AtH(Shin et al. 2003, Woo and MR AFOE ddEA e FIE H] g

il

ox,

oXx
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Table 3. RS levels of HS-RS4 prepared from starches with different reaction times

RS level(%)
Sample Reaction time(hr) Pancreatin-gravimetric
AOAC
RDS SDS RS
Wheat 2 640 8146 983 871
4 1021 76.62 847 1491
6 12.96 7323 9.74 17.03
Corn 2 741 84.14 9.33 6.53
4 1438 80.63 9.95 9.42
6 2743 76.85 9.55 13.60
HylonVII 2 4764 47.09 1544 3747
4 59.04 41.15 18.52 40.33
6 60.16 3817 20.39 414
Rice 2 6.16 7844 14.38 718
4 10.26 75.04 1313 11.83
6 1178 7330 1258 1412
Potato 2 343 81.72 839 389
4 39 85.70 726 7.04
6 485 84.45 780 7.75
Waxy wheat 2 5.68 87.09 782 5.09
4 747 79.73 1042 985
6 12.25 7159 11.06 11.35
Waxy corn 2 37 82.75 1067 6.58
4 851 71.15 11.29 11.56
6 1275 75.76 10.01 1423

All data are analyzed one time for comparing trends of RS and SDS levels of RS4 prepared from various starches

AEEAQ] opdZ o A9 opUZHEZI] Afo} AR
YAte] Ty whate] Aol oFstr] wie] Bfo] 2
Yoy Aoz AT

o] Ajeo]= thermostable @ -amylase, protease, amyloglu-
cosidase® A2 3tE AOAC WO E BAFHE 1
BERT wE RS FFE vwsH 49T & ok

Z Table 1914 LS- RS4—C— ESAIZEe] 1AIZE o)) =W
éi}aﬂ gz & AES AAT AFAA 342

HH-319S 1 thermostable @ -amylased] 9Js 32
uh7) m#o RS #3Fo] 60% oA BolT §lo] FE

-

¢

st 7tA A S (A7 o] o) AdEE=E Aog
AZEAT. HS-RS4= WHEAITHE 6A1ZHA] F7tste e
HylonVI-& Al¢j8t2= AOAC Wl 93+ RS o)
20%E WS Ho HS-RME thermostable @ -amylase
S A4 B F e TERE o)RHIL ¢ F
AT LS-RS4¢] RS @"*01] gt ACAC ¥
P/G WP 7be] Zole ARUAY DA wta} ARARE
e} g 7}41’@@0]4 A7 ®Hel = Fo] ut
of g3 TAE YA WZ o5 Eily) frl
o2 HYsAth o]24E RS49] RS §FE F431)
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siME P/G ol uigdd 222 A|A8ATH(Shin
et al 2004). & &L ¥ RS4= RS ol ¥7F
gopA g Bfgo] X RS 2 Aolg HolA AT
AA3) BaEEs AR SDSE 7hrARA Y ¥HGAITo]
AoA® Frtste] AL FHRET oh 7t AR
AR AzAgol AR RS, SDS HFE WAE
4 glo] RS4E A Fl A7HE o qFsiA AT
A AOE AZHAG

V.2 o

ln A o8 FAEE AR RUE B&H 9
Fol7k YEE by F/Y ALLE 7tEZdgAY
Bo A 7S gl AZE w LS-RS49F HS-RS4S]
2293 RS g Huadt tadAe AE
3 712 129%S A7kske Aol viEAskH Rs49] 26T
s} 95ColA EAEH S wwatd HyonVISE AZXH
AL zbzh 119~146 g/gREF 184~201 g/gHEL
2 7td §Fd we 2 Aozt gtk o AR
MZg LS-RS49 EA¢E LS 747 091~152 g/gd&
3} 256~397 g/gAE, HS-RS4+= 77t 2.25~39 g/g
AR 405~694 g/gREo2 26TolE 2~34, 95T
o= 2 AT Z7tetddh RS49) RS @& 7ttt
Hhe A Zbo] AAFE Frlsigon LS-RS4e 1A%
ol wrealg e o vf¢ dad AFE P48 heat
stable a-amylaseell &) Hal7} HA oo} ¥ RS
e Yoy HS-RME 7t dgA e wheAIE
GA 7R AA st B8] 7t o] FoZ T} Pancreatin-
pulluanase &4 7k AEA ] w7 BA QL]
T AR 2E BEsigon] wsAzie] HojAw SDS
9} RS &S Zrtalgr 2480l ¥ HS-RM4Y
RS #%= LS-RS49 & Apol& Holx Gttt

D2
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