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Abstract
The objects of this research were 1) to investigate the effects of various hydrocolloids such as arabic gum (ARA),
carboxymethylcellulose (CMC), gellan gum (GELL), sodium alginate (ALG), hydroxypropylmethylcellulose (HPMC), pectin
(PEC), xanthan gum (XAN) (0.5%, flour basis) on physicochemical properties of wheat flour substituted with and without 10%,
30% levels of RS4 and 2) to evaluate the effects of various hydrocolloids on dough properties and muffin properties of wheat
flour substituted with RS4. Pasting properties of wheat flour substituted with RS4 and various hydrocolloids decreased with
the increase of RS4, the peak viscosity of wheat flour paste in XAN dispersions was the highest, and addition of CMC, ALG
increased significantly the peak viscosity of wheat flour pastes. In farinograph, water absorption rate of dough were increased
with the increase of RS4 and the addition of hydrocolloids, and the highest water absorption rate was shown by the addition
of ALG, HPMC in wheat flour substituted with 10% level of RS4. All the muffins made by wheat flour substituted with 30%

of RS4 and various hydrocolloids reduced In vitro digestion of muffin compared with wheat flour.

Key words © RS4, hydrocolloids, mufiin, texture, in vitro digestibility
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© ATEAY] stuAdgte o FAQHW @
AN zEATL FAY AT TMaAFAA STMP
(Sodium  trimetaphophate), STPP  (Sodium triphophate),
POCI3(Phosphorusoxychloride) EPI(Epichlorohydrin)5&  AH&-3}
o] A|ZH}HXie et al,, 2006; Miyazaki et al., 2006; Singh et al.,
2007). 7} gAYl STMP, POCI3%S& A% #AT2E H43)
A RFEER 7huAs AR dEdAte] BE 2 9z vt
AR o] &EH = e Astz B&FE 2 St i

Ho A Ao AdAEt 4EHA UHYook et al, 1992).

it

Auow Amad o AxE dAR AL Jolf
2% A AR BYS 24T B FAs] 4F] A3 9
£ oush RREHS 2 A g3, B AAE A4S 94
9 BEAg U2AE Ueue AQAR da U, W,
WARA 5o 54E AT gt weel, e Jadon 53
542 4 395 B 2L ogdd B4 AsHra o
A SIth(Singh et al, 2007). EF Aot e nge oy
FREFY0 voh YA 4TL o] W, 79, Aolz, T4
59 AF A7 A A% FAE A FFAAE AL AT
ool B 44 Bge T owwe, A% Az A 247
A 2wt Zhehe AEe Uehile] 24 A AR

o2 o453 JrHHung et al., 2005).

slo] =2 F 2ol E(hydrocolloid) = &9 FotEo] HEE F
AIAY A& FAse BEEAM Ai(gums), HAE
(mucilages), &84 L&A (water-soluble polymers) 5o2% &
gu], fFAERRE FEAY AE 2 A8 AAERTH

34, SAA, AstA, 1A, 7134, BEAEA

o) o7 744 7154 7HA I 9ol (Lee et al, 2008), A& w2}
o FzAgste] AR 3354, feRA R HAA 54 ¢
9Fs TR RuHAH(Chaisawang et al, 2006,
Techawipharat et al, 2008). L3t AFA4FdolA AESHF AlE <]
=4 NEFAEA A F ol AMEEHIL e 53] A7 AWl
A AFERAC] P} AR w3 Ad, By 4 W g A
7Y HeEd fAE 54E e R S4E Adse
2 A, Aol A dAZF hydrocolloid®] H7h= F4AsE W
Asted 37 vk ¥ A Ath(Hwang et al., 1997, Lee et
al, 2008). L&t} o}A7kA RS4/hydrocolloid E3HE9] o] 3}at3
2 fE&2A] EA #He A= A9 glon, 1o uE tgdt
S4Ws 9 AE AR SE8] AT AAR L HHstd ¢

= g Aol webA Aol A= arabic gum (ARA),
(CMO),

carboxymethylcellulose hydroxypropylmethylcellulose

20 =g aetadr A4l (2021)

(HPMC), gellan gum (GELL), sodium alginate (ALG), pectin
(PEC), xanthan gum (XAN) & 7%%¢ hydrocolloidE RS4e]
A7kstol Az A-gol 93 1) RS4/hydrocolloid&§HE-9] o] 3}8H4]
9 BAdY EAS BAsle] RS AR EA nAE S
, wAstaak ske) ole]  V|xAFE wEOR  2)
RS4/hydrocolloidE H7bst A3} Azl w2 2]E38H4

=54 9 AHEA)E Botete] H#9 formulations J
Al in vitro A3HES #AS Foke] to]olE ¥ d9 x4
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cw (W), F7Ha
A5%), #olF 3h4-H
2, ntE)E ARESIGITh A
(DS-RStar80, 7t A3 RS4) dld@olA #Alzs A
ste] Agatgith In vitro digestibility 4o AM&3H
a—amylaset Sigma-Aldrich Co.(St Louis, MO, USA)¢] A
ALEsEATE Ade ARRE hydrocolloids arabic gum
(ARA, JUNSEI Chemical. Co. Japan), sodium alginate (ALG,
Kanto Chemical.Co., Japan), gellan gum (GELL, Wako Pure
Chemical Industries, Ltd., Japan), pectin (Pectin LM 13CG,
PEC,  Jupiter = International, AHg-3% om,
carboxymethylcellulose  (CMC),  hydroxypropylmethylcellulose
(HPMC)9} xanthan gum< Sigma-Aldrich Chemical Co. (St.
Louis. MO, USA)ellA T-9)sted A&ttt
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2. N29 vigtd| 8

100% L7HEE controlZ &ti WrbFo] thate] R4S 77t
10%, 30% &2 A7k F 7FF9 hydrocolloids 05%%
1At W RS4 ¥ WIFRE/RSA &R Hrle &
oA AR E AT

3. RVAo| ofst 33t §d £%

HydrocolloidE #7beH @7he 3 97b#/RS4 EE2] 2319)
B A&AEA (RVA, Rapid Visco Analyzer, AR1500ex, TA
Instruments, USA)E ¢]&3l4th & 95y 2358 6%
SR FE 05%9 hydrocolloid €9 15 ¢& RVA &7 ¥
0287 50°CE frAlske, 12°C/ming &2 50°CellA



95°CHA 7
W7ZkA 7)1

date] 2587 AN T 2 SRR 50°C7HA
50°Cell Al 283F fA8Fth RVA viscogram O 24
H HuH¥%(peak viscosity), breakdown viscosity (Peak-
Trough)® total setback viscosity (Final-Trough) #< F3}%d
t}.

o UEENS 5

4. Farinographo|

WS EAS AACCHRI(2000)9  ofste]  =AsH T
Farinograph (BradenderB-101)¢] mixing bowl®] &%X7} 30
02°CE FASEE 3t AR 300 g (FF 4% 7158)&

c2
719 wep FHoz 30°C FTHFE & 0z HA
Farinogram peak F%41°] 50020 BU (Brabender Unit)el
EHEE  FREgs 2 water
development time, dough-stability, dough breakdown time%
farinograph quality number (FQN)E 2743}

absorption, dough

il i Z99 (Nicol, 1995)& #4319 A& v
ol Jungs (2005)9] Wl o8 48kl o™ Table 13 2
5 2 WU7ME/RSA EFE (90110, 70:30%, flour
ol e, 258 At £ e Ml(24—2596)
9%S hand mixers ©]-&3}

97Z3 & &L hydrocolloid

o
o
a.
L
mE
N
—_
—
g

=

o] 39 AHZ FE3] 94

£9& 34312 e A'] Yol hand mixer® e &
HEs & AdE Wb § ARES Yol Wy wEeith B
EOES §AAE 7 e 60 g¥ Ast] qdE QB
2l SlE 190°C, oFgE 190°C oA 30wzt 9 | 5 SA] 7
o] Aol A 1A W43 & b 40 Abgakglnt

<Table 1> Formula for muffins substituted with different levels of RS4 and
various hydrocolloids (0.5 wt%, flour basis)

) Control Test

Ingredient

| Il il
Flour 100 0 70 0 70
RS4 - 10 30 10 30
Butter 50 50 50 50 50
Sugar 50 50 50 50 50
Egg 50 50 50 50 50
Baking powder  3.33 333 333 333 333
Salt 0.33 0.33 033 0.33 0.33
Water 50 50 50 - -
Hydrocolloid B B 50 50

solution

Japan)E AF&3te] L ( (791*—”;5), b BHE)E i*}&ﬁ
om EF é@f&ﬁ% L: 9607 a: 099, b: 201014t 4 A&

oEel I A xHY 24

7.

daAe w9 crumb RS 2x2x2 cm3A7|E FE
Texture Analyzer (Model TA-XT2i, Stable Micro System,
3lo] 33 WHE =Asgon ZHgEo

L

Surrey, England)& o] &

74 = (Hardness), ¥4 (Springing), & %4 (Cohesiveness), 74
(Gumminess)o] At} & WAS ZEjodd wWo] o] 20°Cel
A 3 ARE ¥ AR WEE SASeH, oW S4E A=
£ =3t=9 AR A

8. In vitro 23+& &34

In vitro 23&& Smgh (19%2) 59 We Wdsle] =43}
Ak ANEE W5dxd HAE mortard o]Edte] Fstal
100 mesh AZ %3’%/‘174 39t a-Amylase EA NS
porcine pancreatic a-amylase (30 U/mg, Type VI-B.

SIGMA-ALDRICH, USA)ZHH ZAs%t}t o] pancreatic a
-amylase £4% 002 g5 02 M phosphate buffer (pH 6.9) &
ol 50 mLell Yol 25°C9| incubaterell A 2413t F<k =91 & 1500

|4 5&7 9AlEE ste FHlskAth AlE 25 mgell 02 M
phosphate buffer (pH 6.9) €9 ImLE ¥ il 0.5mL a-amylase®
Yol 37°CollA shaking sFHAl 30, 60, 120, 240 min {FAo 2
incubationd ¥ 100°C hoiling water batholl A 5%7F 7}d3le] 5
=7 AR % 3000 rpmell A 1081 FAEE ST A4S 03
mLE #3}o] 3, 5-dinitrosalicylic acid A]¢F 0.3 mLE H7lstx
100°C hoiling water batholA 15% &<t wH&AlA 20°C water
bathell Al 15% &<t A1 & 09 mLe FHF+E 78ttt 546

nmol| Al BlAMo R FREE FAT BTEEOE glucoses
AHEEgom AR A8 9 mg glucose/goE HERASITH

10. SAZ4N

RE AdAdE SPSS 170 (Statistical Package for the

Social Science)Z o]-&3sfo] Y]] EAHEA (one-way ANOVA)
o= Hlu BAew 7+ FA Hug HY F9AdL p<0.05

Ag3tel BFeH

mlm

492 Duncan's multiple range test

|44 9 Hydrocolloid 5ol wa Wr7kE wha 2 A3 4 21
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Hydrocolloids %7k @715 4 W7h%/RS4 &9 o

ﬂ‘%ﬂEEI@.PHQH”ﬂ-QZ?Q Ao e 19.060)

AR Al go] F7HH4E 1656713349 MYE padteE
73‘%% eIt HPMCS #1938 2 E hydrocolloid H7F-&
e ﬂ@v&ai B9Ed 2 94 GELLS #A7e A #ito] 7}
A Eokom, HPMCE #7be Alo] 7H v @t B9tk 43
e gz 73% 19.70%01%1 27, F&= 2} nA7HA R RS4
Ao gAgo] F7tstel wheh Aasted 10% HAE7A =
19.00%% A Wat7h vkzh 30% Aol whel 1452% % A3

>,

74399t} Hydrocolloid H7bel <8t Heks BH XANS A7}
st A&7 7 =8 #S UEhdlz GELL > CMC > ALG >
ARA > PEC > HPMC £¢]%lt}t. RS4 AE-E-2 hydrocolloid %
Frol #Agle] WY BaYH LHEE FaAHeH HhE
of mebA L RS4 AES 10% HARS Wrot 30% AR o
Bady faEE o 9otk Leelavath 5(1987)% A7}
RS4 A&S& #H7kste] A& & 5
thal stof & Agle Ao} YA

:‘.’:
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miY
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<Table 2> Swelling power and solubility of wheat flour substituted with and
without RS4 in various hydrocolloid dispersions (0.5%, w/v) at 95 °C

Sample Swelling power at 95°C Solubility (%) at 95°C
Control 19.06+0.02d 19.70£0.28m
RS-10 16.56%0.20efg 19.00£0.54m
RS-30 13.3420.30j 14.52£0.34n
ALG 19.010.96d 35.57+1.20ef
ALG-10 16.14£0.25fg 32.34+0.68g
ALG-30 13.24+0.41j 29.15+1.57hi
ARA 20.06+0.91d 35.08+0.65¢f
ARA-10 17.22+0.16¢f 32.44+0.429
ARA-30 14.29+0.01ij 27.60+0.06ij
CMC 21.55%0.40c 39.02+1.61d
CMC-10 17.37£0.34ef 35.33+0.55¢f
CMC-30 14.52+0.78hij 29.62+0.62h
GELL 31.40+0.46a 41.13+0.83¢c
GELL-10 26.50%1.07b 36.01£1.00e
GELL-30 21.93£0.53¢ 32.60£0.59g
HPMC 17.63+0.15¢ 26.20+1.05k
HPMC-10 15.67+0.38gh 25.62+0.68KI
HPMC-30 13.24+0.86] 24.26+1.27|
PEC 22.70+1.10c 32.14+1.169
PEC-10 19.02+0.95d 30.33+0.35hi
PEC-30 15.73+0.29gh 27.24+0.08k
XAN 22.04+0.25¢ 46.72+1.41a
XAN-10 19.10+0.63d 44.64+0.370
XAN-30 15.24%0.13ghi 33.89+0.41fg

22 B=ASaetd 1 A419 (2021)

2. RVAd| 2f3 3384

HydrocolloidE 05% %7kt 27F#eF RS4 2 U7F5/RS4 &
F-9] RVA 8t54& 34¢ 2= Table 29 2t HuH
Tv YRTY UEY RS4E UOHE TH] 10%, 30%Z H
7vet EFEQ RS-107 RS-302 7+t 811, 684, 51.1 cp= YEF
U RS4 diA| =l weh 7hAstgich Hydrocolloid %79 74+
xanthan gum= A7 A EE(XAN, XAN-10, XAN-30)0] 27
481.2 cp, 4407 cp % 3337 cpE M =kow I the CMC,
alginate <°]% 3 arabic gumS H7} A|EE(ARA, ARA-10,
ARA-30)2 txTHY 74354 Lee (200805 W7h5o o
2] 7}4 hydrocolloid® % 7}8te] amylograph® 331548 £4
3 A3 1M EE xanthan gum 37} Al S718Hoithe A st

a2t =t o]= xanthan gum¢] W& hydrocolloid$} & =
H(side chain)& Z+ #A3(branch type)Sl Aol 7]2st=

A Zke ) Christianson % (1982)2 44 @E—E A A
B deo] Yo e, £

= gellan gum H7H A9 W& Eﬂ"l 7} =RAT HuHde

Sk

o e r—h:

= 7P =4 gA UeEen, o= Song (200609 A A
9t dx3¢th Breakdown FEE JuA LM HAHEES W
gos ii} d 8 At (shear stress)e] Widt AgdE &
Ehli= #H&=Qlwl, breakdown #ol S5 AFAHEI}F w2 A

o
ouleti(Lee et al, 2008). WiZ&w, RS-10 2 RS-30¢]
breakdown A=+ 24731 cpd WHE RS4 A& x| e
o4 9l Ao]E HolA ¢9koy arabic gum, gellan, HPMCE
A71ek N EES AT hydrocolloid H7HFE9 breakdownd &
= RS4 diAZFol F7Hgdl web Zashes A dEth
HydrocolloidS #7138 A|&5 % xanthan gumS 3718 AR5

(XAN, XAN-10, XAN-30)& 77} 560, 496, 266 cpZ Lrehllo]

T = e UERNSI AL, arabic gum¥ HPMC #7138 A&+
ol 4Ql AolS yehA it Setbackd =v HF
Al AAYEE W gow dRe AFYT w=HPES
g st (Fu et al, 2008) gkol 55 ws7b 4A dojtg o
gt} B AETY sethackdEw RS4 A& tiA o] uwl}
Ardhe AES Jehidt HydrocolloidE H7beE ARE 3

alginate®} CMC #7Fst Al89] sethack H&7b djzatel]l vls)
@43 Z7b899a GELL > HPMC > PEC > XANZo|glon
A7bgd ANEES dxad vssAY Akl
Breakdown# setback HEv w3t9] AEZ 4elA =vl(Lee
et al, 2008), arabic gum A7} A Z&IF wlaste F Fro] &

Baskel Ztdd tigk HEAE FAAIIL mEA A 3}
7P e Aom AzE

arabic gum%



<Table 3> RVA characteristics of wheat flour substituted with RS4 in various
hydrocolloids dispersions (0.5%, wiv)

Samplel) Viscosity [cP]
Peak Breakdown Setback
Control 81.13 + 0.95m 24 + 0.35h 675 * 0.18h
RS-10 684 + 1.24n 25+ 021h 452 + 067k
RS-30 51.1 £ 0.13pq 3.1+ 007h 187 + 0.14m
ALG 268.3 + 2.97f 13. 2+ 1.91ef 1740 + 8.06a
ALG-10 2218 + 0.28h 114 + 0.00fg 1488 + 0.14b
ALG-30 1322 + 0.14i 2.1 £ 0.14h 1045 + 1.20e
ARA 709 + 293n 51 % 0.8% 50.1 £ 241
ARA-10 60.67 = 1.640 25 * 057h 39.3 = 1.77K
ARA-30 459 + 0.52q 2.7 * 0.23h 21.8 = 0.72m
CMC 43485 + 2.19¢ 488 + 0.78b 1700 + 0.35a
CMC-10 367.1 + 0.14d 40.1 + 042 1389 + 0.57¢
CMC-30 259.45 + 4609 275 + 0.35d 1152 + 2.97d
GELL 108.0 + 4.17] -30.0 + 4.95k 1403 + 1.34c
GELL-10 99.46 + 0.38k -15.0 + 2,08 1015 + 2.6%
GELL-30 710 + 367n -95 * 1.54i 61.0 + 0.93ni
HPMC 89.7 £ 0.551 32 * 0.04h 948 + 1.51f
HPMC-10 716 + 320n 34 £ 058h 636 * 2.12hi
HPMC-30 55.9 * 0.480p 44 + 0.18h 349 £ 0.33
PEC 1134 + 6.79 158 + 1.58¢ 939 * 6.81f
PEC-10 90.8 * 0.57I 87 + 0279 758 + 1.82g
PEC-30 539 * 3.34p 2.2 * 0.35h 348 + 253
XAN 4812 + 4.17a 56.0 + 0.84a 649 + 3.25h
XAN-10 4407 + 0.35b 496 + 0.57b 572 = 0.14i
XAN-30 3337 + 2.19d 266 + 0.85d 497 * 0.64

3. Farinographof 2|8t IR M s

HydrocolloidE 0.5% H7bet @7F#/RS4 E3HE9]
500 BUel E@at7] 744 Aele Ates Aoju e uhE3 A A
7Hdevelopment time), ZLEjZ o] F41Xo] 500 BUA
AlZFSl OFA T (stability), HHE<]
=& 500 BUAoZREH| Ag
breakdown)E fariongraph® =74

4>
S
ol
N
ILI:{O

AL A 128 F9 3}
(BU)E FAE °F3t%=(Time to
3k A3} Table 33 2t}
TFEFTE ZFT hydrocolloid H7HrF 2 SRl dAGLl
RS4 A9 tiAFo] S7HE4E Srtetgen, ofE LrHR
RS4 A& 10%014 20% S7HA7 whs9] FEF&o] 63590
A 6072 F7FetAtk B3 Lee9t Shin (2006)8] 239} Y=
8t Tk Hydrocolloids H7bebA] &2 tlZw, RS-10, RS-30
247} 529, 536 % 555%% YERE o™ hydrocolloid M7t
53.0758.1%9 WAZ ARA-10E5 AlYslue dx2THY S71H8)
=d HPMC-30, ALG-30 A8l 7+7f 581%, 57.0%= 744
S etk Guarda 5(2004)2  alginatest
HPMCE #71et 7459 farinographs A3 A3 o]

xe,

Hlgte] FEEFE0] 2-4% 7k e alginateX vt HPMCE
A7ke Aol  Z7auty st E=& Cho S(2008)&

arabic gum< #7138k W7FE7F T2 hydrocolloid % 7HrEth

Se £EFFES Uehitn nasel B 439 A% 97
st

=
N
ol
oX
_>',
I

ZHdough development time)& % ABE A3
Ce 7|7 o] ARk
R 7W W ARE
A3l cHKim et al, 1979).
giﬂ RS-10% RS-302 77k 1.3,
7223911, hydrocolloids 7}3}
£ Yehgl e hydrocolloid
of FAY o uwe #asAch 53 ALG—10,
CMC-102 tiz Rt 4oz ZF7etd+d, Guarda 5
(2004)3} Lazaridou (20019 A7 A% w53k H ol
o =3 PEC-10, XAN-102 tja3t o] 24Q1 Ao]7h g13len
U2 hydrocolloid 7kt HFEHAAIFS THAAZ

A7FF W9 QP LEE ARto] BOW WE Fof ko] dA
g PR A H7] o Wo] o Fof S
(Kim et al,, 1979). =5 A 73} vpzb7hA]
7‘457} RS4 iAol uhet #aetgled o
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o]l RS-10, RS-30 A+t 47 12 =3
HydrocolloidS #7}et WhEol A& ALG-10 Alddto] 54%,

o H 07 Frhstglrt.

%3} % (Time of breakdown)&
o]l RSAE A7HeEss oA ow faste A% HERL
b g2 50309 RS-10, RS-302 ZH7 22, 13382
UebEth HydrocolloidE d7bet WH=ol A= ALG-10, CMC-10
o FgEst 44 77, 10802 Wikl Wlg feHew F7t
stglom FONE oFste At sdatsitt

<Table 4> Farinograph data of doughs made from wheat flour substituted with
RS4 and various hydrocolioids (0.5 wt%, flour basis)

Farinogram parameters

S oo ame SR penGol gy

(%) (min) (min) number
Control 52.9+1.06h 2.0£0.07¢c 3.3+0.57¢ 5.0£0.57¢ 50+5.66¢
RS-10 536+0.21gh 1.3+0.14de 1240.14efg  22+021de 2242 12de
RS-30 55.50.07def 1.0+0.00ef 0.6+0.14hi 1.3+0.07f 13+0.71f
ALG-10 56.7+0.64bcd 47+021a 54+0.35a 7.7+057a 77+566a
ALG-30 57.0+0.85ab 0.9+0.00ef 0.6+0.00hi 1.7+0.21ef 17+2.12ef
ARA-10 53.0+0.4%h 1.3+0.14de 14+0.35def  2.3+0.35de 23+354de
ARA-30 55.2+0.28¢f 0.9+0.00ef 0.5+0.00hi 1.2+0.07f 12+0.71f
CMC-10 55.8+0.49¢-f 34+0.49% 46+0.07b 7.0%0.21b 70+2.12b
CMC-30 56.0£0.35b—¢ 0.9+0.00ef 0.6+0.14hi 1.7+0.35¢f 17+3.54ef
GELL-10 55.7+0.21def 1.2+0.00ef 1.8+0.21d 2.8+0.49d 28+4.95d
GELL-30 56.9+0.00bc 1.0+0.00ef 0.8+0.07ghi 1.4+0.00f 14+0.00f
HPMC-10  55.6+0.28def 1.240.00ef 1.5+0.28de 24+0.28d 24+283d
HPMC-30 58.1:0.92a 0.9+0.07f 0.4+0.07i 1.2+0.07f 12+0.71f
PEC-10 54.6+0.00fg 1.8+0.35¢ 35+0.07¢c 49+0.14c 49+1.41c
PEC-30 56.3+0.42b-¢ 0.9+0.07f 0.5+0.00hi 1.2+0.07f 12+0.71f
XAN-10 55.4+0.286f 1.6+0.14cd 1.0+0.00fgh 24+0.14d 24+1.41d
XAN-30 55.50.28def 1.0+0.07ef 1.3+0.07ef 2.3+0.07de 23+0.71de
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<Table 6> Crumb hardness produced after 3 days of storage at 20°C.
Hydrocolloid name is followed by the dosage of RS4 expressed in percentage

Table 40]] ‘/}_E}—lﬂ%‘:}_ L%}l\—% EHJZ—ELO] 68050]%_—]1 RS*lOO] (W/W, flour bas|s)
67.02, RS-300] 6319% iz 9} Hl52dk ghe Yehller RS4
. _ S Sampl 0d 3d Hard
WW%@%@%&MW@WWHMWMMW&QL ample al il ardness (0
o N o o = % ey Control 2307.77+10291bc  3985.39+1934%g  1661.95+151.07h
g 67.05772.389] MAIR 1 5 ALG-30°] R238% 7HE ¥2 RS-10 2057.72+76.44bc 403343+8257fg  1975.71+27.22igh
HPMC-10 (71.46) > GELL-30 (71.33)> ARA-10 (71.04) &0 RS-30 1950.95+183.67¢ 374282+26893g  1782.87+119.00gh
ALG-10 2047264186420 4152.02+15067efg  2104.76+86.228fg
=z = 1 AT 40 74 o Z Lol — o
T HT A et A5 ad) = HEel - 431 ] ALG-30 1993.07+206.27bc  3890.08+247.10fg  1897.01+129.98fgh
Rom 1 9 HIEL xRy F940] o] YehhA ¢ ARA-10 2173.12428061bc  3994.78+186.14fg  1821.66+106.89fgh
; ARA-30 2033.70+248.580¢ 319545323180 1161.76+317.78i
o} JANT H= Z Lo -100 -30)0
Stth. &A= b izl 2137, RS-100] 2049, RS-30°] 2149 CMC-10 2064.11£137.79%bc 5027.25:408.12b  2963.14+217.60a
2 L vk 2 239 w58k kS vehyoh CMC-30 2045.83+90.960c  4749.93+421.27bcd  2679.27+388.47abc
GELL-10 2762.79+471.05a 5612514411650 2849.72+31252ab
GELL-30 237519147430 4249.11%14271d-g  1873.93+33.20fgh
<Table 5> Height and crumb color of muffins prepared with RS4 and HPMC-10 2104.99+235.30bc 4918.39+34306bc  281340+116.68ab
hydrocolioids (0.5 wi%, flour basis) for wheat flour HPMC-30 1977.38+10305c  4722.39+15556bcd  2745.01+211.54abc
PEC-10 202249+100480c  4749.71+388.84ocd  2527.22+296.20bcd
Sample Height (mm) L a b PEC-30 205207+12985bc  4416.44+407.91cf 236347309 44cde
Control 51.00+2.000 6805+189cd  -431+051ab  21.37+0.68ab XAN-10 200863+17749bc  4631.26+169.460-e  2532.63+121.77bcd
RS-10 50.33+1.530 670243040 -4.14+024a  20.49+1.45ab XAN-30 1004.37+7186bc  4188.42+184.38efg  2194.05+130.57def
RS-30 50.67+1.530 68.19+120cd  -453+051ab  21.49+041ab
ALG-10 51.00+2.000 68.14+138cd  -439+057ab  20.91+0.70ab _ N _
ARA10 48,672,080 71.04£0.48ab ~440£023ab - 20.92£0.77ab um; HPMgC' h’drocx .ro Imetr? Ice’IIuIcose.' PEC: yectin‘y XAN: xa;wthan urr(;J
ARA-30  46.00+1.00c 7021:063abc  -453:035a  21.25:079%b gum: - Nyorecxypropyimetny, » PEG- pectiny ZAN: g
CMC-10  51.00+1.00b 7027+1.10abc  -442+0.14ab  20.38+0.95ab
CMC-30  51.33+2.08p 7001+046abc  -459+0.34ab  19.97+1.18b
GELL-10 50671530 6705:052d  -4.19+032ab  20.64+0.64ab .
GELL-30  50.33%1.53p 71.33t093ab  -445+0.23ab  20.82+1.00ab 6. /in vitro 2318
HPMC-10  51.33+1530 7146+09%b  -444+021ab  21.65+0.56a
HPMC-30  48.33+1.530¢ 68.17+1.19cd  -4.11*0.18a _ 21.17+0.17ab o o
PEC-10  49.00+1000 60.13:1870cd  —417£026ab  2041%101ab 30% RS4¢} hydrocolloidE 05% thA|ate] A x3 MA9 in
PEC-30 49.00+1.000 60.69+094a-d  -441*0.19b  20.45+0.82ab - H00 =% . v o Ay
vitro 2885 &4 A3+ Table 63 2t H&** Zto
XAN-10 5633153 69345226000  -463:025ab  21.10%1.02ab ) £o8% 54T 4% 2o Reldel A
XAN-30  5533+0.58 70.06+160abc  -480£0.1%  20.97+0.16ab gto] wel Alge heEdE SUFENeH fixdte] 2368
4508 mg glucose/g o2 71 E%1, R4S AH71e RE AT
S fR2THEY 43tgo] Aadte A4S YERATE 3023 60

24 BEABISAT ALA (202)




B9 in vitro 234 hydrocolloid A7kt % XANe] 7H4 vk
I, PECol 7F¢ =%tk 12029 4% RS-302 2519 mg
glucose/g ©]91al, GELLo] 21.76 mg glucose/g2.E RS-30 Bt}
Foo7 Zxsi9iom, 1 9ol PEC > XAN> ARA >
CMC > ALG > HPMC9| o2 Ygtth 24050 M 9 4342
RS-30& 4235 mg glucose/g o2 thxaa} 949l o7} ¢l
¥om  hydrocolloid M7t FolAE= XANO] 4206 mg
glucose/g .2 7F¢ =& 488 YeR%la, GELL 3518
mg glucose/gl.Z 7FF @2 Ag&S Blon 1 9d= PEC
> ALG > HPMC > ARA > CMCY o2 woted izl
e FoA oz Fastd ot RS-302= Fo A Aozt $il
t} RS4 7 H#A9 in vitro 23}&2 hydrocolloid?] &0l
Aglel #aste A4S YeERSEE, Dartois  5(2010)

hydrocolloids® &3 9144 <] networks ¥/dste] Astash
Add Almzte]l 294 barrier® 2H-&3ke] dwe 7t E

AdA Itk Bskith Chung 5(2007) A7) o] 7}x

=

rlo

jg

Z 44 (xanthan, gellan, LBG, guar, arabic)Z H7}8t in vitro
23S 243 43 gellan gumS A7 Ao M4 2384S
vhotthar o £ A3e A dAstglon, o]= GELLY =
< Agtee] o Zow Alndn

AR AFAAM glucoseZ 7H-Eafslo] do] Hed AR
9 in vitro £3& 7} FAd FHAAS YRz

(Snow et al, 1981) 2% AHAFY kS-S S8t o &
g 5 oe Aoz 4# A 9o (Bormet et al, 1989; Granfeldt et
al,1992), RS4¢} hydrocolloidE Egeto 24 o4 W dgi$
T ovold gdn 35 Yed AoR o

<Table 7> In vitro digestibility of muffins prepared with 30% RS4 and various
hydrocolloids (0.5 wt%, flour basis) for wheat flour for 240min. Bars with different
letters are significantly different.

mg_glucose/g

Sample 3min 60min 120min 240rmin
Conol 2368 +10%  2628:083%  2087+210a 45082472
RS 194241020c 223341600 25.19:036bc  4235+2.83aD
ALG  1743+172cd 22360500  2328+138bed  39.30+1.67bc
ARA 1058 £143bc  2147:120bc  2399+162bd  3844+1.25bc
CMC  1784+08%cd  2126+04%bcd  2354:071bcd  38.28+164bc
GELL  1729+149d  1988+08dcde  2176+043d 3550258
HPMC  1679¢120cd  1030+143de  2280+147cd  3882¢172bc
PEC 190241650 22474143 2565+1380 40204220
XAN 163560700 1877+157¢  2424+145bed  42.06+3.162b

Control: wheat flour only (no added RS4 and hydrocolloids); RS: RS4. ALG:
sodium alginate; ARA: arabic gum; CMC: carboxymethylcellulose; GELL: gellan
gum; HPMC: hydrocxypropylmethylcellulcose; PEC: pectin; XAN: xanthan gum
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