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starches with various properties from cereals
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SUMMARY

1. Establishment of RS measurement

Approved AOAC method for total dietary fiber is not used for
measuring RS level of RS 4 type starch, but pancreatin method is
available for all kinds of resistant starch. When RS levels of heat
processed foods are measured, heating of sample suspensions for 1 hr
before enzyme digestion using pancreatin and pullulanase is necessary.
But heating step before enzyme digestion is not necessary for unheated
foods. Food containing high fat or/and sugar is done defatting and
desugaring before digestion. Protein and ash contents should be defatted
from resistant residue using AOAC method. RS levels of raw starches
and RS 3 measured using P/G method were slightly higher than those by
AOAC method regardless of starch source. However, In the case of RS
4, RS levels by AOAC method were much higher than those of by P/G
method. RS levels of the mixtures of each starches were also measured
by P/G and AQAC method. Real and predict values of RS levels
measured using P/G method were almost similar, whereas in case of
AOAC method , real and predict values of RS levels were different. RS
level of wheat flour added 20% each different starches showed same

trend with RS level of no added starches.

2. Preparation of modified starch using physical or/and chemical process

RS levels of modified starches from waxy rice starch were not affected
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by citric acid, but those from wheat starch were increased adding citric
acid. 0.5% citric acid addition to make RS 3 type starches was effective
to increase RS levels. When rice, normal maize and high amylose maize
starches were cross-linked at 45C and pH 110 by STMP(sodium
trimetaphosphate), STPP(sodium tripolyphosphate) and sodium sulfate, RS
level of RS 4 starch prepared from high amylose maize starch was the
highest and in order of rice starch, normal maize starch. Annealing
treatment below gelatinization temperature of native starch before
cross-linking process increased RS level, but did not affect the swelling
power of RS 4 type starch. However, annealing above gelatinization
temperature, for example 60C (rice starch) and 70C(normal maize starch),
mncreased the swelling power of RS 4 prepared from rice starch and
normal maize starch. When RS 4 starch prepared from annealed wheat
and waxy rice starch, level of RS was increased from 164 to 24.2% for
wheat starch and from 154 to 19.1% for waxy rice starch. Addition of
surfactant before cross-linking process not only increased RS, but also
was made starch to be powder easily. Among surfactant, SE 1170 was
the most effective. When RS 4 starch was prepared using mild acid and
annealing, RS level of RS 4 starch increased, especially the most effective
condition was 2 hr lintnerization like a starch: 0.1 N HCI (1:1).

3. Characteristics of the modified starches
Swelling powers of RS 4 prepared from various cereal starches were
2~3 at 30C and 4~5 at 95C. Swelling power of RS 4 prepared from

waxy starch showed the highest value. Annealing and acid treatment
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before cross-linking increased RS level of prepared RS 4, but did not
affect the swelling power of RS 4. The X-ray diffraction patterns of RS
3 starch showed B-type crystalline pattern, whereas RS 4 starch was
A-type crystalline pattern. RS 3 starch was retained viscosity but did
not show the change of viscosity with increasing temperature. While RS

4 starch did not have viscosity at any temperature by RVA.

4. Development of rice flour mixes with various resistant starches

Rice flours with different resistant starches were made to add 20% of
RS 3 or RS 4 starch to rice flour (Ilmibyeo, harvested in 1999). Their
protein contents were 5.06~5.29% and lower than no added flour (100%
rice flour). The swelling powers at 100°C followed the order : control >
rice flour with RS 3 starch > rice flour with RS 4 starch. Rice flour
with RS 3 starch Was the highest in solubilities and water binding
capacities. The initial pasting temperatures of RS added rice flours were
65.9~702TC by RVA and lower than that of rice flour. The RS added
rice flours showed lower peak viscosities (151.8~4754 RVU) than control
(514.7 RVU).

5. The properties of RS added Garedduk (Korean rice cake)

Garedduk was made from nonwaxy rice flour with 5, 10 and 209%
resistant starches and stored for 0~7 days at 20C and -18C. Hardness
of RS added Garedduk was increased with storage time while springiness
and cohesiveness was decreased. Garedduk with 10% RS 3 starch

showed the lowest hardness. When RS 3 starch added Garedduk was
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stored at -18C, hardness was increased rapidly until 1 day, and after
that increased slowly. Hardness of RS 4 added Garedduk was decreased
as addition level of RS increased, WRS4 (RS 4 made from wheat starch)
was the most effective in retarding the textural changes. When they
stored at -18C, they showed the same results, too. In sensory evaluation,
RS added Garedduk gained better score than control in all attributes.
Color and moistness of Garedduk was not significantly difference, but
surface smoothness of them was quite higher score compared with the
control (p<0.05). Also, autoclaved-cooled wheat starch (AWS-CA) was
the highest score for overall preference and surface smoothness. Rice
flavor and off-flavor was not significantly different, but hardness was
significantly different (p<0.05). The overall quality was the more
preferable in the Garedduk with AWS-CA or WRS4. After 7 day storage
at -18C, hardness was significantly different. Resistant starch prepared
from wheat starch (AWS-CA, WRS4) had good effects on the overall
preference and surface smoothness. Garedduk prepared from rice flour
with 10% of AWS-CA and 5% of WRS4 were very desirable for RS
added Garedduk.

6. The properties of RS added Injulmi (Korean waxy rice cake)

Injulmi was made from waxy rice flour with 10, 20 and 30% RS
starches and stored for 0~ 3 days at 20C. Hardness and adhesiveness of
Injuimi with RS 3 starches prepared from waxy rice starch were
increased with storage time and decreased with addition of RS 3 starch.

In case of RS 3 starch prepared from nonwaxy rice starch, hardness and
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adhesiveness were increased with storage time and addition of RS 3. L
value of Imjulmi with RS 3 starch had no significant difference with
storage day and addition of RS 3 starch. But a value and b value were
decreased with storage and addition of RS 3 starch. The overall quality
of sensory evaluation and the adhesiveness of textural properties of
Injulmi with RS 3 starch had the positive correlation. Hardness and
adhesiveness of Injulmi with RS 4 starch and double modified starch
were increased with storage and decreased with addition of RS. Hardness
and adhesiveness of Injulmi with 30% RS 4 starch showed the lowest
value. Color of Injulmi with RS 4 starch was not significantly different
with storage and addition of RS 4 starch. In sensory evaluation, RS 4
added Imjulmi had better results than non added Imjulmi in all attributes.

7. Characteristics of flour with modified starches

All purpose flour was used for making the oriental white salted noodle
and bread flour was for making the bread. RS 3 starches increased
swelling power and solubility of wheat flour, but RS 4 starches
decreased. So, noodle with modified starches might be inhibit swelling of
cooked noodles. Water holding capacity of wheat flour was decreased
when modified starch added to wheat flour, but increased for modified
starches from waxy rice starches. On RVA results, gelatinization
temperature of flour with RS was decreased and breakdown and setback
were decreased. So, resistant starches could be prevent from
retrogradation of wheat products. Lightness of noodle affected on quality

of noodie, but brightness on the preference of noodle. The color of wheat

- 18 -



flour with quified starches were changed whiter than that of wheat
flour only. The wheat flour products with modified starches were thought
to be more desirable than those with any other functional materials like
the dietary fiber. Particle size distribution of wheat flour with modified
starch was affected by particle size of modified starch. Damaged starch
was decreased by the RS 4 type starch addition, but increased by RS 3
starch addition. On sedimentation test, value of 10% modified starch
added flour was 42.35 cc and that of 20% modified starch was 38.43cc.
On Amylograph, peak viscosity of flour was increased adding native
starch but decreased added RS. Wheat flour added RS 3 starch was
highly decreased more than that with RS 4 starch. Resistant starch
increased the water absorption of dough and the MTI value. RS 3 starch
increased the water absorption to 309 because RS 3 starch had damaged

starch content.

8. Development of noodles with modified starches

RS added dry noodle was similar to or stronger than control noodle.
Using rheometer, texture of cooked noodle with RS 3 and RS 4 starches
from wheat starch and RS 4 starch from annealed waxy rice starch was
desirable. Texture of cooked and dry noodle with modified starch was
more desirable than noodle with native starch. Dry and cooked noodles
with RS 3 starch prepared from wheat starch and RS 4 from annealed
waxy rice starch were similar to control noodle in all textrual attributes.
On cooking characteristics, weight and volume increment and cooking

loss of noodles with modified starches was similar to control noodle. In
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preference test of noodle, noodle with modified starches from wheat and
waxy rice starch had similar scores to control noodle. It is suggested
that modified starches prepared from wheat or waxy rice starch would be

useful for food industries.

9. Development of breads with modified starches

When bread with resistant starch was made, hardness of bread crumb
was similar in native or 10% RS added bread to control but 20% RS
addition made to decrease hardness. Volume and specific loaf volume of
bread with RS 3 starch was decreased, but shape and symmetric of
bread was good. Volume of 20% RS 4 starch added bread was higher
than that of RS 3 starch added bread. On textural properties of bread, RS
did not affect the toughness of bread. On sensory test, bread with RS 3
starch had higher score than any other bread. Therefore resistant starch
added bread to increase functional benefit could be made using RS 3

starch to control the formula of bread.
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oldFET wounZ UFLE oude AL dEA ok I fd o
Z9 2d= AdN(HDL)Y F=8 % _

A3 Fo] BuHn vt & MAHEAE ¢ RSE it dEES
a2 ZAAZE 718 ARl dgd oldsA dFAz A3 HF AP ol &

8 o AFEY FAES FIVNE F QE HsAEE AR A adER 4

tjo
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o FHT 7HEH o] $4% RSE AFd Areto o] aFoz F
B 25-30 g& FFE F oW ABE JABL oFE JEN P F

2 U 44¢ 231 FAo RSE FHIES
Aastel o 717 AEo Arte 4 YA 2 AAR & ohe} RS7 A

w
Ju
A=

7tE AF =3 RIS 7 Aoz A4dn
2 drdME AES 70-80% FTrdte IF TN WA 23 FES

FHoz AR $44, BS5E4E Hdse] GFY P 2E WHARS
Aza Q. AR Fashs A $4% 7154 WHARS Axse FAS
A9 1A 5 JAES @rtE Lse =7 &Y ATk =@ Awe
A4 BANRES A3 FEAAR, WAT 44 EFeel #AT HFQ
A QAR 97hF HEQ B3 F5E Azt 1 FDL FHAY

. 2zt FtEAE AR, B3, A FD 54L olaH, /A 2
B34 542 2AsAT 4% W 499 4de 2= AYAR F

€ 7bede ZAsH eE v1sd A

72 deotstm, AEI}E F 9
gaste K717 2 A EFE LA sdd
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I
o, B 45+AE(amylose : 28%)

Ay AR, FAAE AAREL o] £319
S AFAG2(ET), BopdZ A 44 AR amylomaize Vi(amylose : 70%)

Cerestar Co.(US.A)l A 138te] AEE ALt @8 AREL ZA4L
Tl &z AAYPoz R AESdm FAARL HAFu g
AdFHE Eddel aZe HAAPor HEste Algsgct "WAEe
(F) AFEAFAA T3t AE2 A48T

RS #4¢ 913t} AOACH™o) AL8¥ & total dietary fiber assay kit
+ Sigma Chemical Co.(St Louis, Mo. U.S.A)ol A T3l A48+ 1, kit

flo

o] A+ thermostable @ -amylase (Cat No. A-3306), Aspergillus niger2
e E23 amyloglucosidase (Cat No. A-9913), protease (Cat No.
P-3910)% t}.

Pancreatic-gravimetric method®] A}8¥ &A+E pancreatin  (from
Porcine Pancras, Sigma, P7545)% pullulanase(Promozyme, Novo Nordisk)
Hew RS 4 AXE 98] AMEF sodium trimetaphosphate$} sodium
tripolyphosphate+ Sigma Chemical Co.(St Louis, Mo. U.S.A)el A 43l

AHE-3 AT
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2. 993} QA Az FHE 98 A=

AAgE FA7IedolA 1999954 20004 o] +8& Hue Unjsig
FAQ] FHAANE AIRZ ALE3IA e, RSAZ ALEE FARELE N44
FE(F)NA, AARLE odue FHABE oL IXNYoZ EYPste A}
£33ttt Novelose 3302 National Starch Co. (USA)SlA A|Fol Algg
AHgEAT telEe) H7Es RS 3% AEL PRARAN LAE §7)4%
(Citric acid 05%)& #H7Fete] &3 YA F=5F WENUL RS 48 AR
S FEHET DAL AR FtuAFAA AzsA

3. T59% B Az ¥4 AW A=
FHE WHTE YR 15T DIR@IAR, HE B85 Wise
FEE 157 LAR(EHAR, ¢DE clgstdon 2HE 9% A= ¥

AkE RS 4 & A% A8 A% Fdaigld

24. 9 ¥
1. RS 7/ig 2 BAd o]&H Azx=ury

7b. o8 7tA] AIMAE o]4¥ RS 3 AR A=
1) RS 39 A=y
RSe A& Sievertd Pomeranzd] WE¥e +439 2439 1%

S44RED DolYR oA S5ESAR S0go) & 1359 W2 Hrhe

..38..



of B ¥31 FLFzdAA EEWAM ZsAZ F FF7|(Vision Co
LTD., Korea)®Z 121TolA 1437+ EIAR}). 539 AL71x dZA7
F 4TAA 197 A, 71d-¥d 2 A3 Y A5TE 43711 w0
& o5 ¥F 7R7)(Freeze dryer, II-Sin Engineering Co.)o|A ZAZAA,
100 vl 2 wiaf F A2 ARRsigth DaEs FENES AR 2o uge It
352 Hrlste 2 Wiog 7MY Wt Algon 7tdyzt A5 132 dto 40T
AN AZRAIA 100842 vk F A82 AN

2) MHEA F714e] H7HE RS 3 Az

STFTAE, LoldELA SeadE, PAAEL AR 29 HLE
LI:1(w/v), 1:35(w/WE =-sty AW ¥ 121C @74 158 719
At o] W FREY FEE AR 05 1.0%7F IA 29 39 A7)
AT Z3d AEAE HE7A] JGAN F 4TAAN 193 ARz,
ZtE-9zt o8 28 7hA] R Of 40CoAM AzAAY. Azd AE
€ 712 vhstn 1009 AAE SHAR G sAAE ] RAEEA
NBEEZ AHEEAT. 9XES FAARLLS AREH B v &L 1! 35(wvE
ZAsd HEdYe Y3 citric acid® 0~1.0% 73] H7lsled 919 71d o
Z A4& 13 AX AZx vds NEE M.

Y. RS 4 A=A surfactant 7}, annealing Ha =& Ak g
annealing®] 3 &3}

1) Brookfield viscometer® HE 3 E9] H| & AH
Ao os] AEo] BEH FHEI Frrslngz 2z XAMA A

e tadg Ad do A8 E9 A u& S A A% b
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3 Zo) vtavlg vyt FHE - Je ARAY FE2E SFIY

A8 AE 10g€ 50mL W2AddHd] Y3 AL 52 HE&E 2y
e AEYY] wiadlg uwE Y3 383 2w ¥ IM NaOH £9&
NaOH7F d#9 2%7F HA FH7tetd A4 wwddA  Brookfield
viscometer® FEE FAFAUT. HAEAdA viavg b7 HAE = 9l
S 99 FE=E 30rpmolA No. 3 spindleg A}£34S o 100 cpsAet. 7
:

8-S AHEste] 100 cps7t FAIEE AEH 29 v && AA3}AD.

2y

2) ARMBEAEAS A7 /a2 AgHEY A=z

7H 7tnAdd AFAE Az A AQEdA Hot

AR 50g(AE ol B 70mLE 2A-d 722 AFARE A%
o o] W AUEAAE FDA 387 AEFAY 05%7F HA FAE
Aol AL 7t 70mLe EF 7F23t9 %2 Fol A AEd 79 F
45CoA DE-AREAA EFAE ol F7] A8 1A} 168 AR
. kg F 45T FeFRdAN vladE ulE o)f3te AL AojFHA
Ztw gt AFARE AxsGen AFAE AzA 7tad@dFe Hg ke
AIZEE 3A1Zb e 5AIZEe 2 dgith 472 A(pH 11.5)04 7w A o) ¥
49 AEAL2 IM HCIE AHE3tq F3AA 22 43 98 4o 40T &
A AEAZIL v st Ag2 AHEEAT ARRE APEAEAE 2HoE
2 i JEE(sodium stearoyl-2-lactylate, SSL, anionic, Patco products, US.A),

FAZL A A ¥4 odxH Z(sucrose fatty acid ester 1170 and 770,

8

non-ionic, Ryoto sugar ester, Mitsubishi~Kasei Food Co. Japan)Qt}.

W) 7tadd ARHE Az F ADEHAY HoL
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AR 50ge] E 7T0mLE ZA3ti, 45C #2429 A sodium sulfate,
STMP, IM NaOHE QA o2 FHrlete A3 5A1HES vl2dl" ut
£ ol 83t A& AojFHEA Ztudd AYHES AxT F 1M HCIE A
43t Fastach 13 AT Fod AWEHAT AEFAY 05%71 =HA
A7rske] 100TAM F 58 b AFHA M| 718, 46T 143
F 16A17F 242 dEg AT EZ 43] ¥HE Ho] 40T BN AxA7|1
ot ste] A BRE AME3IAY

3) Annealing *2]& %3 Cross-linked RS 4 A& A=

ZtnZAg AFAES] RS FFS T/ dd o5t 54 & 7
% 7198 teAdE 34X 3 AAEE annealing A AU
FEEFE dude AR S0gAED)A FRHSF T0nE Ho F BT
(FAEAEE FF 100mte] FAAFHD), 3325 o]t =AY 30~
50CH 60C9 32 ReriolA 24413t annealing 3ttt ZE32 T o]t
A9 annealing ETHE F3LE ol3le] 22 YA AXe EHe} v
&7] 98 70, 80Tt 100CAA AFEMN SFFAEL 168, Aod=
2 SEFHREL 268 A AAY HAAH F HTE 22§ 249
3, 45T FEFRANA wadE uhE ol &8t AL Ao FHEM o 2
o] /tnAY AFALE A=A © W annealing A3 F AA
2= g4 Hsded 94 1083 A7E vs 10% sodium sulfate(H &
712)E E¥s: 308 FA"Ed oS sodium trimetaphosphate (STMP,
09.0-99.9%)2} sodium tripolyphospate (STPP, 0.1-1.0%)& AE7ITLE 12%
Artsgd. AnZgAs FUtE ¥ 2083 JEE ¥ IM NaOHE
7tk pH 11571 HEF & F 4 A} #3AAG. o] Ed HENY
< IM HCIE A88te FHAA F/HFE €&l HA &L 7taddAs

2
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g 43 o] WrE3lY Ui 40T BN HZEAF I vt NE
Z Abgatdt

of
og:‘;
r'cr{-l'
8

Q

wn

0

L
=
W
9]

[@ N
=
wn
=
)
M
2
BN

2 WMo Z RS 448 S AxdJ.

5) RS 41 &¢] 71 A
ol A A xE RS 4, annealingA|Z1F RS 48 Axg AR, A
annealing ¥ ¥ AZF RS 49E S AEH EL 11 1 &2 3o HaY
o ¥ 100THA 1AFS 7Y Agd §F &2 st FL2dA Fd
AlZl ¥ 100mesh Al FTIHA|A A|SZ2 AR

th RS 4927 28 RSS FH=A)

D) B3 8= 57

W& Schochy™o2 AAsgEs AE 05g2 50mL VA2 o
$3 FFF 40mLo] ZF BAAZ ohg 30~95THA Zatr|2 3087 Ao
3000 rpmelA 3083 YAERL WY FAZREH ol Aol o
&8¢ AxsAn

Bk
e
N

d AES FA X100

&Y =
Alge] FARAFZIFE) X (100 - %L %)
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S Y4 F 254 ¥ € HAEUS A Fof 16T &
el dzAA Ads R

2) FALAAE] R 3 EA FF

ABEY 42 AHAZ LS 479 AFd HAES 718td A4S B4
A71 §28 EFAA dEANES ZFA & o, FA-A2E0] % (Scanning
Electron Microscope, JEOL JSM-5400, Japan) At&3td 71&#¢ 25KV,
Phototimes 85%, 20008} 4] wl&% #AFAsAG.

3) AzatFAtE F7N e % 54 FF

AgEe 93 EAL Differential Scanning Calorimeter, DSC
(Seiko Japan)E At&3ste] RAsQul. Alg9 F8 H|go] 1127} HA
DSC pandll §3 9&& tha, 42904 423 BAE F 5C/ming 7184
T2 20T A 170C7A 749383 DSC thermograme F3+4 ).

4) X-4 3A@7ld 9% &4 &4

X-ray diffractometer(D/Max 1200, Rigaku Co., Japan)& o]&3}lo 3
H=(260) 40~5" 7tA B FAA Ao PGz g 39 99
ZE2N 2RPAYH AEE Hugud. o oj&¥ rI7|2FLe dgH 2.
Target : Cu-Ke, Filter : Ni, Voltage : 40kV, Current : 20mA, Scanning
speed : 8" /min

5) 7t & A= £33

Rapid Visco Analyzer(Newport Science)E o}&3te] t}g3 o) &3

Ao A7 3g (FERF 14% 71¥)S F7T 26mLd #4471 0~4
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B 50T FR|, 4~1283& 95T7A 714, 12~142& BTHA X,
14~228 2 50C7HA W7, 22~268S 50CE #A8HA HolrE9 Ax
€ F33rh

2. RS % &4

1) AGAC W & FHeoldf &F &A

1.0g9] Al 40 mLe MES-Tris ¢Z389(pH 82)% Yol & 2AA
7131 heat stable @ -amylase(Cat No. A-3306, Sigma) 0.ImL& o] &=
TZ(100C)N A HAFHA(80rpm) 1583 A7 & vz Ho=w
ZFAIZHA . 7]l protease(Cat No. P-3910, Sigma) 0.1mL{(50mg/mL
MES-Tris buffer)& ¥ 1 60T & Jg7|dA 3083 83 A7]|2 7]
0567N HClI 5mLE o pH 469] HEE ZF o
amyloglucosidase(Cat No. A-9913, Sigma) 0.1mLE 718t A< 60ColA
3023 WrEARY. WEE HWE7] A F ¥4I FTE 80%7F HEF 95%
AEFEE HIMsln 1Al WA g, FAE €3 e acid washed
celiteg 05g AE P& glass filter(2G3, IWAKDEZ o 3}atgict 95%, 78%
NEEI ol ELE M1 BL4A TAE 16T 2LBCA o) @ w7tz
AZANA FAE 439 AMdstdct. 323 dudd) s gL 5 A
Tl W2 HAAHAEE AEE ALY wEo B2 AP gy

o)

2) Pancreatin-gravimetric methodd] €3t RS &3 &4

AOCAC W43 Englyst 59 WHoZH5E RS 39 RS 48 BAE + ¢
© WHE FH3to o]l& Pancreatin-gravimetric methodZ 34t} 50mL
LA EHB ANRHE 1gAEDTH o}AE)E #3589 (Sodium acetate
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buffer, pH 5.2) 20mLE %3 Z & U IANLFY B FFXAA
wukste  Fob 40TCAR dZAg ¥, vlgl EHEg Z4AEd
(pancreatin—pullulanase solution) 2mL ¥ 3 37C 32ZF oA WuHaHA

16A1Z REgAIZT. e 3 F &9 dRE FE7F 80%7t HA dee
S FHIPske 1A]ZFold WA o, nY AERAA FFH FAD celite?}
BAZ crucible(2G3, INAKDE o #3giet. 95%, 78% cl&&s} ofAlE &
o2 MAsx B84 AR 106C LE24dA4 16A3F AXAHL, FAE &
A F AR- Y crucible FAY Rol2 AFHEY FHFES ALdEHAY.
pancreatin-pullulanase solution< pancreatin (Cat. No. P7545, from Porcine
Pancreas, Sigma) 1geol 12mL 2x F&FFd 23, 108 29 3 &
3000rpmol A 108 HAAEET F AAY 10mLE HE AFA 02mLe
pullulanase(Promozyme, Novo Nordisk), 1.8mL 23 FHF& &3t AL
stk EAALE ALE W™ wENLY FAEE A g3 gL £
o2 FAWHEAA blankE WA T ¢ blank FS wlz AA3AH.

3) Pancreatin-gravimetric methodel RDS, SDS &4
RDS(Rapidly digestible starch)¥ &4 -8 9% (Pancreatin-pullulanase
solution) &2 20&3t 37TCAA g AAE W 8 & Y& AL E v
I, SDS(Slowly digestible starch)x 237} =g A dojuRwt A3 43}
g 4 e FRo=Z 37CAA 16417 ¥#Este d& RS T#FelA RDS9

s At 7o
50mL YA EE T NEAE 1g(RE2)F oM EHE 24F & A (sodiun
acetate buffer, pH 52) 20mLE 23 F 4L o, INRESN e 2%
zoA myrae Tzt 40CT7AA WA3E F, vy FHFE E4E9Y

2

=

(Pancreatin-pullulanase solution) 2mLE Y3 37T %
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A 087 #eAAG. o Fof wgHYH Hagde) AHEE RSUF &
Ay .

2. 893 AAv Az EAE AT B

7b B F o BAEY 54

A7t AR S FA4E Ase WA JEL Ed 6A¢ EY ¥
Moy A v 27)8 AASL roller mill2 Wty 7hF 2 BEUT
AES BMFE LM FAsT 45 U4 AS FHAN F ABE A
434t RS &ZE AAYPer Estd 100 W AE FAALY
F AHgE T A71F 2 BAHEY VA ES ACACHR SR SN
X-4 dAdxd o3 AP Z2ARET X-4 F§47] (D/Max-1200, Rigaku
CO Japan)& AMgdte] E4s . AUlFo} BHEY oldE A I
2 Williams®] Wy oz EAH3AL & AL Medcalfs} Gilles B2
2 ZA3AY. AR 1 g FFF 40 mLE 7H3t 1A1ZF ERks £ 3000
mmlE AT gF 0L AFE AY EVIE AAsG AL HE
o] A AAE HES FA NEEREH & A¥FH S ARt A&
g3 =T Schochd & o]€3td 50~BTHHANA &A3At FFH
Tof % 338 542 01% AFHYE 50~90T FHAZA & 2=4 10
B 712 & 2433 x4 (8452A, Hewlett-Packard, USA)E 625 nmol
A FEAEE FAHEAY. 718 BE 33 FE FHL AEHE F
AA (RVA, Rapid Visco Analyzer, Model 3D, Newport Scientific Pty.
Ltd., Narranbeen, Australia)E ©]-&3%4a 339}

. Wy AEe Wohe #rtRe) B4

ANZF NgEd F1g AYARS RS 383 RS 4802 AT AE
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2 20% Hl&R E¥FEAT. RS 38 AR PAAE JAE 05%
citric acid& H7lste A Z3 P RS 4% AEL FAAE T A2 E 7
WAFAA AZXSYY. Double modificationdt AEL 50TCAA 24413
annealing# ]2} 0.1 N HCIZ A E]& & 7tuwd @A A AxsAct. A7
AES A7 27179 U2 e 271 2 HET 598 wHoeE &
A3At. & A5 L Medcalf GillesH o2 4391 a8 &3
X ¥ Schochy& °©]&3le 100CAA &334t

stdol B oo I 2HL VLT 2HAE o4 23

RN EHZ2AL Yo} #sko

o HARES MU g B4

ANEZ AMSE B7tee QA8 e FAS 24 124 =18 F &
71% AASL roller millE 23] 5t A7 E A2 HEIHFY
FETFE B7%IFew E7EE 1 kg¥ LDPER(F)AHFH, &3)dd ¥
YEH(-18C)ANAN BFASEAN Ag2 ALgsct 7HHYE 47MF(HE
)9 B9 Hlge] 11 127} HEE 39 Azsg WA L% 288 &
o %Q F A7IFe} A A R & 3LE ¥ FUIA 3083
ok, 492 712¥AA (Rinnai 260A, @4e] IgoHF), )& o] &3t
Hom ALE3 staE LPGRR 7h2@dA e 38 F ddsd 38 247
9o Fog AEEAY. A ¥ weEFr] (F)ectexdt #3)E 33
AEAA (BH=Z AHE) I3 15 cmd 719 4% A3 15 eom %
do] 1 cn 712 Addte] 10704 Lug e g ¥FA (ZPdol= g
TEF, (F)RAFAF, @ A7l HFH7) (SK-210, (F)dEEZ, §5)E
ol g3ted /M EAsACh AT YL AL YF 25 2AAA A
ZAAN 4z 928 54, #edA 2 29 E4E FRAAT. A¥A

7]
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e 7 A7leEe g9t g e Az F AL94 0, 14, 43
T2EXANA 1, 3, 79 AA}HEAA HedEeE (Sun  Rheometer,
Compac-100, Sun Sci. Co., Japan)& °]-&3%d A4S &A349t 4 Am
= 103] wrEet SR d2H FAH 2L table speed: 50 mm/min,
chart speed: 100 mm/sec, deformation rate 50% = AR Yt} A8 ¥
JeEvde  #AFHQ  ZMoezrREY  AE  (Hardness), 3%
(Adhesiveness), ¥4 (Springiness), &34 (Cohesiveness)® T3t}

ZHAE e #53 AL dddidta HFFLST ddd 5 1088 A
gt HYPEAS B A S g FZFES AAJNEE FH
< AR SAZIL 7MY 8 (42, 2389 v Jx, £
E), B9 (B7HF 579 dAl, o1F), o A =4 (ddd A= F
& A%, ARG BE, Aok dPEE L), AAHA AEE o}k
Z ARFES 156 cm AD HEE AR o FFHEAEA (QDA,
Quantitative Descriptive Analysis)©.2 B Z3l¥th AT AlgE= AFIAE
& 5% #7lete Az e H2dA 1Y, ¥5oA 79 Ao B
AME AAERT. 4 AlgE AEztelE FEA AFTAL ¢ H PotE o
4% ANEE AASAD. A5 HIE A A FFEE ol &ilgdey #
TRHAIE 2% 34 AAh. A4 AR AS=r & AF F HAE
AdAste 5, 10, 20%2 AFHES H7HS FHE Axd F oA @574
g2 39t Zlage HPAE FFE Pancreatin-gravimetric methodE A

AECIEEE T

oX,

A
=
=

% WMAAEL AY Ao 54
FHe £A% e 42N 1207 3% g B/1E AARD roller
millZ 28] st FEAFE Axste] 1 k¥ LDPEN((F)IAY, &)
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of ¥Wol WEA-I8T)oNA REsAA QAn 9 Az ALt
FH7F QA FWF(FEVE): B 283 (FA2F, 4H, &)Y 9&
°] 100:100:1°] HA & EFF b & 3 LE P& A71A4 0% ¢ A
o ARE S JhaE LPGE 72 ¥ A (Rinnal 260A, #ve] ZgokF), 3t
)2 ol&sien 72U &Y F EdF 5y AU Fe2 I
At A EL EF7I(NB0, Hobart, USA)9] 1, 2, 3 © 4 sALE F 2¢
Az A EE o83ty 5EE(F XUt 3 em X 6 eom X 1 em® =
712 4FE ddne EHA FAALEES EY F EZAA(CRYOVAC
D-955, W. R. Grace Co., USA)®} 7] H&A7] (SK-210, (F)4edH =, 3
)E ol &std JiE XAFs Z2M AT AFHEE A QL
Auol= RS 3 ¥3 RS 48 AE&E 27T A& 10%, 20%, 30%E H7}
st F3H7E AR Az WG 22 oz AxIFUY. FH UF
et AFgHEES HMe dAus HA2dA AFRAA d2x BN, Ax,
#Hsd EHE FAsA
# 2 W e} (Sun Rheometer Compac~100, Sun Sci. Co., Japan)& ©] &34

e 22 2o qdvY g5 F4E 2AEINSH Z AlEe 10
3] kRt ZH 3

Type: two bite mastication test

Adaptor: No. 5

Critical diameter: 10.0(mm)

Load cell: 1.0 Kg

Table speed :300 mm/min

Chart speed: 23 mm/sec

ok

Deformation rate: 50%.

Sample size: 10.0(mm) X 10.0(mm) X 10.0 X (mm)
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Heol 2oz 23 v 4 APS AAY 9 Yshtes FFHA FA
o g2HE AX(hardness), ¥&A(adhesiveness), ©4J(springiness), &3
(cohesiveness)& T3t oh.

1dule] MEE MAA(CR-300, Minolta, Japan)E ©]-&3te Lk, adk, b
e 4890, #54 54 Adddu AFFLEI AL T 103
o Hride AAsY HdPERE Ydysin Qv #FH 4L 94,
A, g2 54, AAAHQ NExe €42 AXF}EE FAN UE @
SAALE AN ZF Frhde] sy Algd iy ZARES W9
A4 dA, oH, A%, &4, 34, Wndd, ANAHY 71Exd dHeto 16
em AA HEE AL AFEAIEAMZIH(QDA, Quantitative Descriptive
Analysis) 2.2 Bl Z3tHh Al&E 30.0(mm) X 30.0(mm) X 10.0X (mm)2} 27
2 Hdste] FHo FAAES 23 td M HA ot E3 4 A
g od, 4 AEE ALAE FHA AAGAL, & W HAA 4719
ANag AANHAY Alge M dFEE ol83td TR J49F AR
g £AE ol &5, AP &F 39 dAsAn

o1m e AAR FFL Pancreatin-gravimetric method& A At =
Zg =g

A3E SAS packageE o} &35 ANOVAS Duncan’s multiple range
test® FAAE A

ok

3. 7154 wAHE o)§ % HAAE W R AF A

7b. 4759 54

1) 9 &

W7H2e] $8, JF, ¢9d& AOAC Wz 2AIRL, YAAe

A= EM7I(LS 100Q, US.A)Z FA3ATH
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2) B&EHIN &=

D717 BEHH Sl MAAE 54 2FolAe 2L WyHe=s
30~95C HHANA 4.

3) FHY 2 Eo o3 =5

B EAdE AACCHYEHA vt I8 =(Farino graph SEW,
Brabender, Germany)& A}&3te] SA& AT mixing bowld] &€& 30T
+02CZ2 ZAsa AR 300g(14.0% MB)E AHE3A curved FA1Ao]
500BU Ad Z=¥sl:8d £& 7tstd F4&(Water absorption), UAE
(Stability), ®+=¥8A A)7F(Development time), MTI(Mixing Tolerance
Index)& FA3ATH

d7pFd g ez Azxd AAHAEES 10%% 20% H7ksteo 47t

HARE 10%s 20% A7l AR e ZAA

d7hest BAAEE H7ME 47199 E24F 3L Medcalfstl Gilles %
Moz Artge e PPoE FAFIAG.

4) 47159 43 X &4

47HF Q1A 271 R X9 &4 2 A% A=EE471( Laser Diffraction
Particle Size Analyzer, LS-100Q, Coulter Counter, U.S.A )& A}&3l4t.
100ml H]o]Ae] 95% ethanol 50mlE W2t AlE 1gg FAAA,
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obscurity7} 8~12%7F HE& FAF FYE F #HolAE Ao FASGA
Aol A7 4AE A W AFdHE dol ME DS B 5A 4dxq F
%, 2850 YEvdEe Zx F9 o g =718 s
5) &3AE #Fe &FH

FHE FFS AACC 76-30A0 wet ZASAGD. A8 0.2%(14%
MB)E& Alg3d #Hat 485 ddx8dF o-amylase(EC3.21.1. Type
[I-A from Bacillus species, 2100 units/mg solid, Sigma Co, U.S.A)& N (&
AE acetate buffer, pH 4.6-4.89] 343 o) 9mlE 715l & EFAAF
¥ 30C 32 4= (DS-21S, Dasol scientific Co., Ltd.)ol A 1583 =23}
4ttt 368N #HaF &9 0.6ml$} sodium tungstate € 4(12g NasWO, - 2H20
& & 100mld] %<1 §) 04mlE 7}t 283 AAF oL, o] AE o3
A (Whatman No. 4)& AM&3td fadct 34 5mlE AlP@el Hsix
F92L =£A437] 93l 0.IN alkaline Ferricyanide £<U(33g pure dry
KsFe(CN)s# 44g anhyd. NaxCOs& 129 wEd Eo) %9 £94) 10mlE
7bete] #e F2FRAAAM 2087 HEAZN F T2 o 43 YA
ATt o] APBAE acetic acid-salt &H(70g KCl# 40g ZnSO, - TH0E
750ml &9 =<2 F 200ml glacial acetic acidE ¥o] 102 ALF £A)
25miZ2 Ho]FHA 100ml ¥4&dEFeF2=2d $AH L F soluble starch - Kl
€q2g &E AEE £FY FEA EAANAL e Fo AAF &
F &d3 ¥AAMA S0g KIE H7Hsta 100mz F8% ¥ £3 NaOHE Y
< 1'E d9o=d &9) ImlE H7lslq & EFs) & F 0IN thiosulfate
£ (24.82g Na25203 - 5H20%} 3.8g borax& 14 &9 %9 gd)o 2 g
Mol QlojA w7zl HAsRT AR &ALEE  ferricyanide-maltose-
sucrose conversion¥ o wet &3 Fo] ALdagi

b
>
N
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AEe &4% (% ) = 0082 X mg maltose / 10g sample

6) A4 A¥

AY dE H7F 47159 5499 g% 2 A9 Ho] vuE A
A7 A ¥ (Sedimentation Test)2 AA3H T, 50mle] FFFE 100ml AdY
o ¥& o&, A® 32g(14.0% MB)E 100mi8] &3°] sl Adde) ¥l
% 302 F¢ AR EEUE S5ET WHAFY. A7]d blue EE
bromphenol blue indicator& 2~3%W& Hojx=@d F latic acid/isoprophyl
alchol &<§(lactic acid 250mlE & g E=Z 112 A3 £9) 5mlE
7heta a2 10W A3, wiE FAHAAE $& 0§ 58T FXAD F A
ZEHE 249 ¥9E F48A.

A7 (14.0% MB.) = 373 x (100-14)/100-F & &%)

7 A% ZAAl(amylo graph)ol 2|3 53 EA =3A

ARAE H7 LR 71h wE 23 54& FE=E FA71(Amylo
graph, Brabender disuburg, germany)¢]&3teo ZA 3t} amylograph:
HH dEAe dFoz2 UiE-E9 YL dAT £z 2E(15T
/min)Z 7FE EE YZA7IHA U71F HEd vlXE o-amylased] &3}
43t 7)1710lth A|8(14% MB.) 65g°] FHFF 450mlE ¥ 189
1.5CH 7183ty &3}/ A]& % (gelatinization temperature, ¥ =7t F7}& ol
7R A ANe Fo2 Jehly 10BU ooz HAE7 71871 A&s
22 ¥A) HaFdAe Z(temperature at peak visocosity) X 1% o)
M YPE(value at peak point)E FAE ATt amylo graphdlX 4L 54
A2 3FLE7F ¥a H3 F Tt 400~600BUSL L7HEE AW HAd ¥

s
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s3vtn d2A U

8) AEHE SHARVAN 9% 5354 3

o] #7179 BAHNES HIHY At 3H5HL AW YA
A3 wy oz WrtE 4g(14% moisture basis)ol 25me] FHFTE F7I8tS
AERE SHAAZ AU

9) ME &3

Stel A7tEo MANES AUte AT 458 AT WYY T4
B o2 MxtA (Chromameter Minolta, Japan)& ©]43t4 Hunter Lab &
& FA3Ar

10) FalxaRZL & HNEEA
Wl go] WAARS 10%, 20% F7hetel LrhFs g z2do2 WF
o WARE A7 249 A

=

A22& #H7bste Mixer(Horizontal Mixer)e] ®t
ey AL2oA 1587 SAAAN & BEL dld 6FER gdde FEE

3
8

o
()
i
2
)
PN
>
Py
L
>
ft
b
>
oo
_OIL
3R
k)

HWAAHELS 10%9 20% H7/1E ZF+4< 4mE AE3tS rheometer(Sun
rheometer Caompac-100, Sun Sci. Co., Japan)Z press test& 3t = &
Jtgte] HuwEE @R Ade Hdg g 503 wHE SAHI}AH.
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rheometer®| 23 =AZAL Table speed : 100mm/min, Chart speed : 10mm
/sec, Critical dia of probe: 5 mm, Sample height: 1mm, Load cell: 1kg °|%d
1=

3) 2 Te d2x £

IT4E 65mz AU 300me] He B 483 e ¥
rheometer(Sun rheometer Caompac-100, Sun Sci. Co., Japan)® traction
testg& ot I § stdo] GAAA AdHE AR A HY 3§
2 203 W 2339 rheometers] €8 Z3EAL Table speed : 200
mn/min, Chart speed : 60mm/sec, Sample height: 15mm, Load cell: 1kg ©]d
o Se ZYe IFE7tgd o] HolA @& W 74X FtdEte ALE
28t

A7 48 66mAVIZ 2 F5 10gS #€ B 2, 4
10, 20, 30%3t 7Idste AAAM 1% 3027 JYAA H FEE AAL
FA F7t8 FASAYT FHT 10nE AL 260w §FEHFLAN FAS

F4E Yo FHFE SRHAL, IFE MEE 2T 16T 28
Azste] F& EAZ cooking lossE AAsdch

5) Z49 7|ZE FA

Fae #eAAE AFIETH dgdAd 108E dides A7, EH9
4@, oy adudte] ¥, @4, =%, %, dAH 7lEze 771
2 FEL HrEA 4t H7lEE NagaoZl AAIE F7HEE ALE3IH L
o AHARES HUMEA ¥ TFE control AFE B WAARE A7)

w B =



@ F58 FAFES Aok F4e B B0 4B Mg oy F)
& gaas g7 44 £7)0 Ho} AN AT

ot AAAE A7 e g

1) e Az

B RS AACC.(10-10A) W AHuEYol FslAdth Hobart
mixer(A200T, Hobart, USA)Y A&EE ¥ ¥E3 T 23 (Winkler
proofer, Germany)°l A 12} W& (27T, 75% R/H, 1hr)E AAT 15 57}
¢854 doughE 430g¥ £E3 712E AAIE §2Y7]E 8o 1087
ZAddl ¥AA bench timeg Fid H P39 & ¥ 23 $HEGST,
85% R/H, 1lhr )& A3l Oven( Winkler deck oven, Germany)olA]
242 ( SIE 1807, otHE 190T)ZF 7. F94 FA ovendll A Aol A
oM 2A1ZF Ft AR & Agsig.

2) wel By &34
Wol F Fus FAL o8 FAXNIYPozZ ZAIYPLh v LFL
Crumb ¥#-& 1X1X13cm Zgi &g FAE FAHso FAd g 2y

o BN HEAISH R, Bulk densisty® A3t}

3) We] 924 &34
d2xE B9 crumb FEE& 2X4X13ar 27|12 Zg Rheometer(Fudoh
rheometer , Japan) ©&3 2 ZAJQA &A3YH. Compression test
+ range 200g, test speedv 30cm/M, adaptor’s diameterv 24.4mmé$] *
AolXM &A39 3, Shearing test®™ range 200g, test speedt 30cm/M,
sweep speeds 50cm/Mo.E =339 4.

o
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4) #FAA

o 7|3 e HAE ¥ 25 @e Adddta AFIYTH AGdA
1098 #rtdes Agste AF 5x& d9sta #A7E AP, 2
=3 7rdo] shte] Algo] thste] Table 3.8 FEAE ol &3t BY, A4,
71, WA, B, A7 AAHQA JEEE ZABIAG. H7HAE 4 $A40
s 15cm A HEZ A "ol EFX9 ZFEE AT

5) A A=

AAN 24 23 A% BEAA FRE MiniTabg ©) 439
ANOVA©] 98] &4t
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ojg] 7k ARE BeEldte] YUAPE (TR, 993, 3, NA)H o5 54
ZAsh AR FEFFL 10~1350% H3, DAL 076% oI, 3%
0.09~028%, A& 004~14%%ch FAHEQ AABHAES HERPE0] 6
5C~%BT HHolA B 87t dALRY 2 e HEHT, AxFAE
#7\(Different Scarming Calorimetry; DSC)2 S3ldd& £33 23 ddFEA
& BAFglon FIFM0] ARG ¢ & koM vey. dAEL vy
(nonwaxy) A#eolnz B&Eat §3=rt FAAE v QFgtot 2283 o
£ ¥ggo] 331, DSCol A% FE4L FEARAE DdFE Aol YEsith

o

ro

Table 1-1. Proximate compositions of various starches

: R
Samples MO(LS'/:)U re Protein(%) Ash(%) Crud':pld( A)Total
Waxy Sinsunchalbyeo  13.59 0.13 0.13 0.11 1.41
fnce  Hwasunchalbyeo 12.74 0.05 0.09 0.20 0.93
Rice Dongjin 13.0 0.75 0.12 0.30 0.04
ASW 13.13 0.23 0.28 0.15 0.50

Wheat ,
Alchanmil 11.97 0.23 0.10 0.10 0.53
Maize Comecial 10.50 0.23 017 0.19 0.73
Amioca 10.11 0.14 0.09 0.16 0.39

ASW and Alchanmil mean Australian standard wheat and Domestic
wheat, respectly.
Amioca was waxy from Cerestar Co.
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Table 1-2. Physicochemical properties of various starches
Swelling power  Solubility(%) DSC

Samples
65C 95C 65C 95T To(T) Tp(c) 4H(J/g)

Sinsunchalbyeo 3654 5234 9.89 2194 6130 68.30 10.82
Waxy
rce

Hwasunchalbyeo 39.63 53.69 11.68 26.00 6291 69.72 9.60

ASW 586 1823 189 1536 56.83 6159 6.07
Wheat
Alchanmil 561 1522 226 17.06 53.67 6272 1237

Maize Commercial 27 222 6.7 26.3 6.33 70.7 101

2. RS 2A4wye] 89 € &%

RS &< AME® E49 FF/, 243482, AYAEY Azxx3 F
zo] wet th2va <A ok @4 $9%° AOAC methodZ2E 7@ A%
o) ¢}§ cross-linked RS 4 &9 A3HAE 4&0] pancreating A3
Holl wlg wj$ A Udeed oy taZAY AzAAAM FEEHA
guidals HE Exrleld] dwd stuAdFel BAH HAAL AR
Edaae FES oH€A AU JtnZE QoA dfide] YARHS
T (channeD)& Tl &EA7F L F g7l WEd Aoz AZdn.
pancreatin-gravimetric(P/G) method®| 4] A}-4-%+ pancreatin®]l = amylase
9ol proteaser} lipase’t EHH] glo} e Autel 27} bsatn #aE
Foz ALy AERYAY diRez AFE £ Q7] dEez 44dn.
Valetudie 5& yam #AEe d¥d RES protease® AT F o
-amylaseZ WEAZE W AFEHAEI TS E R v .

rir
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7 ARAEY F&

4, &, SEFd FRHELR TE AR RS €& EAYH o
gt ¥zt Y8 pancreating ©]-83 P/G method®} heat-stable a
-amylaseE °|-83% AOAC method® =A% Ax:= & 1-33 2o}

vl 7HA] Al 25 ARAES 7tdyZel 9 RS 3 3 dEY B¢ PG
methodZ2 RSE B4 &9 AOAC method2t} 05-06%F=E =& @& Y
o, 7t2d3 RS 4 @ AE9 ZA99= AOAC method2 EHRE
o RS F&°] ¥4 =4 YUewth AOAC method® AT RS 43 HE<]
g A% 4, 2, S5, A/ Jt2EE RS 49 &8 H4¥ N T
o] Hust A9 v&xdd AF}E BTt

RS 48 ZAAEL heat-stable ¢ -amylase® 7F5E37F A9 oA
2o} RS F&°] 100% ©lith. A A M E S heat stable ¢ -amylased] <3}
A EdHALY ol ZAAEYA B pore?t EAEA ¥ FA7L
TEA FEA de FA JE 579 dA P2 U3 AOAC methodll
AHgE 24V AAAE A did %E I EA R37] gEeletx
AZtE, & HEY e EFARTHELE EA%drt &8 HAZAAN F
2 A2 UFAA Hed a9 JAe dF RHd e @AYol glof g
Ane) JlwAdel FAFAHA ¥U7) AEC RS 4 ¥ AARY AOAC
methodoll 2% RSF&°| & AE2ET Rz 4Z4dq.
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Table 1-3. RS

levels(%) of autoclaving-cooling cycled and chemical

modified starches prepared from variable starches using P/G method and

AOAC method

Starch Samples

RS levels(%)

P/G method AOAC method
Raw starch 3.12+0.83 0.84+0.08
Wheat Autoclaving-cooli
tociaving-cooiing 16.12+0.32 9.75+0.71
starch cycled starch
Chemical modified starch 14.66+1.07 91.42+3.56
Raw starch 0.80+0.34 0.38+0.06
Rice Autoclaving-cooling
462+0.14 2.78+0.54
starch cycled starch
Chemical modified starch 19.03+1.22 32.40+1.90
Raw starch 2.58+1.09 0.19+0.21
Corn Autoclaving-cooling
12.68+0.24 7.23+0.76
starch cycled starch
Chemical modified starch 11.78 £0.04 55.77 £9.52
Raw starch 1.97+0.16 0.62+0.33
Potato Autoclaving-coolin
ulociaving-caoling 6.77+0.45 3.72+0.67
starch cycled starch
Chemical modified starch 17.64+0.04 100.02+1.15

* : Pancreatin-gravimetric method
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U AYgHE EFES RS £&

o, 4 S AAAE 4o AR H9-dgd 93 AERS 3),
AAES 7tagdde] A% FERS 4), 2= 71E-Yzbo) o dER 7}
Fdgel A% AEE A7 0N(RAEDH T} P/G methodsh AOAC
method2 RS¢ #%#FE& £4¢ 23 ¥ 1-49 8 1-59 2

g, & S5, A AR A4 AHEHX RS 3%, RS 48 AEL 1: 1
H &2 8% Z %o P/G methodZ B4 A £ e Zzte] HE
FE&2 A4 g2 predict valuest Wl as] B o AFHEe F&o] 2 i}
o] & Ho|A fgtth geo YAED RS 49 EF AEL HA B #7 4
AR7E A9 vlkEddn FGE AREE & XolE RBolx Gol AA EF
AES E4F &0 4AARY ¢ 1-3%AE A SHAHAAHE 1-4).

AOAC methodZ2 43 Z27& B A4 & A&S 24T £88 49
A vz EYE o ARPEE I ZolE RAY. A YA EH
RS 4 8 A& &} AFAED & 4% E A U$i S559 A4
% RS 4 ¥ A& EFAEY &L A EG 189 A9 F/E
Ho AR o2 P/G methodZ2 43S 2o AOAC methods AA
&o] A BT o & g& YeERAHE 1-5).

AgAE] mixturesE 24 271 §12, RS 4 3 Ao dqg 4+
BE £F87] did AFE olfe & F doed FF4o A& B
ZAQl Aelgt FE7l hE AR E7 Y F3FALoR A EFHAES
Ag AR F&o] YA & gg vz AZdn. 2% o8 Y
AFAEES AFA /e H HFPE A3y f4 AdHE £
HHe2A P/G method7t o3¢ HRFE oW Aol7t AL vA &9%k7]
i AF F9 AYAE EFATHez 97 ALY 5 U WHeERA
P/G method7} AOAC method®t} © A& £4 iolgtx 4Zdd.

4

e

(=)

X o
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Table 1-4. RS levels(%) of mixture of different starches including different

type resistant starch using P/G method

RS levels(%)

Samples
Predict value Experimented value
A 9.62 13.54
Wheat B 8.89 10.80
starch
C 15.39 19.34
A 2.71 4.77
Rice B 9.92 10.74
starch
C 11.83 12.74
A 7.58 10.68
Comn B 7.18 8.65
starch
C 12.18 16.07
A 4.38 6.50
Potato B 9.81 11.37
starch
C 12.21 13.65

>

. The mixture of raw starch and autoclaving—cooling cycled RS (1 : 1)
B : The mixture of raw starch and cross-linked RS (1 : 1)

@]

: The mixture of autoclaving-cooling cycled RS and cross-linked
RS (1:1)
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Table 1-5. RS levels(%) of mixture of different starches including different

type resistant starch using AOAC method

RS levels(%)

Samples
Predict value Real value

A 5.30 7.53
Wheat B 46.13 53.85
starch

C 50.59 57.86

A 1.58 3.59
Rice B 16.39 27.03
starch

C 17.59 2247

A 3.71 6.11
Corn B 27.98 50.51
starch

C 31.50 40.02

A 217 4.02
Potato B 50.32 54.72
starch

C 51.87 58.19

: The mixture of raw starch and autoclaving-cooling cycled RS (1 : 1)
B : The mixture of raw starch and cross-linked RS (1 : 1)
: The mixture of autoclaving-cooling cycled RS and cross-linked

RS (1:1)

>

@
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t AFHES Mt 47159 RS &

A ARS H/ME 4, F9] T3 2L AFY AFAE FFE A
A 71x4dPeza 9, 4 S50 4" JE 449 JHE, RS 3 ¥
s 4 3 AEE WrF 20% H7Met P/G method®t AOAC
method®2 AFHEY F&& FHT &L ¥ 1-6% 2o ¥ 1-6° AAL
A WS v duwide] T 7] Wi ZHzte] Wy o=
AT TAE Agyoez dwdg 5435 AYHEY F&AA w5
A BAH & gholth

A7t Zzte] HES H7HE W= AR AAY FE&7 T AH
€ 24 v A AE 25 AAES RS 38 HUME U7hFE P/G method
2 EY3e 9 2 &% Ugdled & JEW A RS 48 7S
7t$E AOAC methodZ A AFAE & ¢ %t o= & A
2o TR 54T 5499 J3aAgor AOAC methodd o8 o ¥
o] £ HJUG AZ4A. A& H7A &L LR P/G method$}
AOAC method2 43 A3} AOAC methodol 28 4.19% el ¥l P/G
methodl M & 762%2 %€ @S Yedo] "7tF+ P/G methodol <3

o ED FEE BT

u‘.

o
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Table 1-6. RS levels(%) of wheat flour added 20% different type resistant
starches made from variable starches uéing P/G method and AOAC

method

RS levels(%)

Samples
P/G method AOAC method
A 7.33+1.09 2.96 +0.46
Wheat starch B 9.64+1.21 447+0.13
C 13.09+2.18 19.84+1.90
A 6.43+1.04 2.89+0.66
Rice
B 7.29+1.01 3.08+0.50
starch
C 10.401+1.22 7.27+0.09
A 6.74+1.57 2.91+0.05
Corn
B 9.20+1.11 410+0.13
starch
C 9.20+1.38 16.91+3.36
A 6.67+1.07 2.76+0.62
Potato
B - 7.7310.48 3.42+0.09
starch
C 11.33+1.93 24.62+1.98
Wheat flour 7.621+1.44 4.191+0.24

* ! Pancreatin-gravimetric method

A ! Wheat flour added 20% raw starch

B : Wheat flour added 20% autoclaving-cooling cycled starch
C : Wheat flour added 20% chemical modified starch
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AF7tA & d7olAel RS F4 AL RS(Resistant starch) @& &A 2
% Yol F(TDF) £4& 98 AH&3l= AOAC H(1995)7 heat stable
@ —amylase ™4 Pancreating Al4-3lE= THHE o]&3Htt. RS 4 § A
o AYAR §Fe& 2HY 1] ACACTEH pancreating AM-§3tE Wy
NA RSEFHo] RS 3 & HERTE R o7} YEZE o8 BAsr] 9
g P/G W& FH3Mh Pancreating AHE§ Englyst Tl 23 HHy
Eadd o3 E& RSE 2M KOHY DMSO& £33y 2FI3es FHE
ZA48 RS 4 3 AEES 2M KOHY DMSOel £#HA gom
gravimetric 'de] o HFd{dn yzZtESo P/GEHLS 1IALFSG B
F2rzdA awslq z3td 4 e ¥ EF 33 g 37CTEH
2)8] F2azdAA ZPFHEM 16X ¥ AlA T FALE 80% ethanol

AAs oy dwlAL W glow RSE AP oz oA
, SFEFAE, AR O 2RE autoclaving-cooling cycle
3 3989 ANPgHEH tudor 3EH wygdoesm
g AEo RS #&3FE AOACH Y} pancreatin o2 vl w3
3= ¥ 1-3% 2t RS 3 ¥ A& ZF$ IN HCIZ AAIdE F
autoclaving-cooling®# &€& AAAY autoclaving-cooling#Ad-& AR
¥ EAYE 34H RS Fo] F718 At Autoclaving-cooling 3 53
AzEHe =514 EQ RS 38 AR A F F2-dH2E 3™ 30% ol
9 F& F7HE RAY. 94, 7tEA A AAE AN 4R HEE
Aol Z71g #AAAY EAE FRY AFES #o] XYY EAE ©wE

2 RS &% A9 50% F71¢S ¢ & AU
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Table 1-7. RS levels of different types of RS starches using AOAC and

pancreatin-gravimetric methods

RS(%} by AOAC RS(%) by pancreatin
Prime starch

HylonVil 26.9 28.0
Wheat 24 2.1
Corn 2.1 1.3
Rice 23 0.0

RS3 type
RS3-wheat 10.4 11.7
RS3-corn 10.5 12.2
RS3 & HMT wheat 11.9 15.4
RS3 & HMT corn 123 16.6
Lintnerized and RS3 wheat 16.0 17.9
Lintnerized and RS3 com 14.6 17.9

RS4 type
RS4-wheat 729 10.5
RS4-corn 52.2 10.5
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3. 228 Wy g AAPAE Az

ApdY AL 7tgel o8 AEYA Uel obURex} opuzHYe
37k gE5el ARIHACE HU A7 $AEY REy ARY 2R
AN FAYOE Atk ARTHAE YN 28 BAS0) gA A
A8 HE w37t AYHE o =59 AR ohARA L 28E2 o
@ ARast AU 4EY eE <2 59 Bad 2002 wauR

2 WEAY =HaFY APYL F/NA BLRE HVHLS e WA
q

7}. Lintnerized starch< ©] &3 #HAdAE A=

7td Y433 E& AX Azx=He RS 3 8 d4dA4E8d $UAFH01~IN
HCE 3td Aedxe me tt2y o 16-glycosidic 2ol BolAd A&
AE F€& F7ME & o AZEg. 53] {713 FolA v FH LA
F71239) citric acid®} lactic acid B2 B F& 7|5 zta glenz o
H71etd RS &9 X e JgS Lolrgitt. A E citric acidg& 9
& ¥ol 94717 pH 37 4 JHeA dA7IN AHE st FHRFE QY
A F autoclaveE ol &3t 7tdstn A4 WH4std RS 3 ¥ A
FARLE A=At olAL pancreatinH oz =AY A (X 1-89%
1-9) AFAES] &0 159~3.06Z AAM7t ¢&o & 4IFe FA %
th. 0.1~IN HCIZ AbA 38 8~24 hrol Al A9 RS $&& 2ytd o
o pHE 223 Fonz {F71i& AHEdtd A QEE W9
FH FL Aoz AZsdd.

i

o%

fio
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Table 1-8. RS levels(%) of RS3 type starches prepared from acid
hydrolyzed waxy rice starches at pH 4 citric acid solution

Sample Native 2hr 4hr 8hr 12hr 24hr
Sinsunchalbyeo 235 271 2.28 1.82 1.59 1.67
Hwasunchalbyeo 196 1.93 2.59 227 244 2.37

Table 1-9. RS levels(%) of RS3 type starches prepared from acid
hydrolyzed waxy rice starches at pH 3 citric acid solution

Sample 12hr 24hr 3d
Sinsunchalbyeo 2.31 2.65 3.06
Hwasunchalbyeo 1.80 2.83 212

Y. Citric acid #7127t AR &4 vAe 9%

229% AR AER citric acidE 0.1~1.0%(starch weight basis)& #7}%
F M9 RALS Ax HYAELE AXFAHIE 1-10). AdsEE A&
& citric acid #7}3t9 7183 A$dE 01%E AYsie RS ¢ 371
7F AL vt AgAdqA 2T ¢ALAES 0.3% citric acidE H7HeHA
& o] RS F&0°] 2045%2 H7tstA %< W(1249%) 8T 50% B F
7bstdet, FRAE L 0.7% citric acidg FH71¥E o 4 F7s9. A
He 2AdAM Alz" RS 3 ¥ A& RSFE0] F718HA &2 olfe
AREAHAAY T AHER Aol FHHA Fol AEAAS pHZL wi# Rob &
& HANE A HIEA &L A9 Ae)rt e AAME JdEHHUdR A4H
Aot BT LAEL ey w2 dfd eUF FFo] Aolrt YEER
g Ao o3 FdFY F= Ut dFH o JAREE Y o A B
€ pH(46-5)e 71E-¥Zd o RS A& ZoFE 2oz A4HNeH
4 pHelA &2 A& Agole FAAYE 844 T&o| 78t
=3
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Table 1-10 . RS vyield(%) of RS3 type starches added citric acid

Citric acid
conc. 0.0% 01% 0.3% 0.5% 0.7% 1.0%
Starch

Commercial 1842 1934 1845 1263 8.67 6.28
Wheat
Alchanmil 1249 1570 2045 1390 10.12 8.18

Waxy Sinsunchalbye
rice o

290 3.02 3.23 3.50 3.88 3.69

HE ol22e 2 SLAEd Ao F77F tE {71459 RS 3 349
e ZAde & 1-119) YebdAY. {7148 S =& 05%4 1.0%2 F7t
Al7ie Aoy 27t F7HEd wE 294 fUT, 05% FoME A
¥+ RS &€& Eoled 7 AFH o, f7149 FF d@glel 4
ol e AFLE ZkoY lactic acidE ¥7H3 A 971 O E F71A §714
9] A7HA1Et RS $&0] B340

AET B9 ¥&E 1352 dgdrd 112 23RS 9, RS ¢80
& 1~3% =4 ‘f}E}‘xJ‘r—‘\:—ﬂl, 1:3359 HlgET 1119 H&o] ¥ ¥Fd AH
2M, F 9l& EF HEFAC A {F7149 22 FE7F ACMEHAY Fd
ghe, 1119 "l &o] #7iatd o3 A o YIS F YUE Aoz A7
go. #F714k0] 05% FHZ7HESUS W, A7PetAl &2 B9 1.0% H7td A3
B RS F&°] ¢ £ Aol A& 7t P22 05% F714ke] H7t
HXE f AEEAEC] RS 38 A7 713 A 27|22 EH=HUI

wolgta AzHE At

Lactic acidY} tartaric acid®}+ ©2A citric acid 719 A%+ AR
gl o3 RS #&F7F 71& 9 A#AES At AL E g A
FHE ZAE F A& AR A4dY. JEE2 ARY FAVE XE

HE
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T EHer A4dd JEE ALl 39, citric acide d2HE &
Fog AEL FA7E ABATE A2 Y4

Table 1-11. RS yields(%) of RS 3 starches prepared with organic acid

before autoclaving

Starch : Water Ratio 1:1 1:35
id concentration
%) 0 0.5 1.0 0 0.5 1.0
Organic aci
citric acid 10.7 189 17.7 126 175 154
lactic acid 10,7 218 204 126 175 12.4
tartaric acid 10.7 156 153 12.6 11.6 11.0

Acid content was based on starch

4. shotd Mol A% WAARY A=

gexoz WY ARE Hrol APHE 2T ggol WA RS 43
dpoz FEAEY, Y4, 1424 WARRC M 4ETA A8
W % o AARelx, RS AZHHel © BWsh: APl Atk AR
sotx wAPE 94 AR Eao T 2AAEL AT 5 dow, A
AEE WPl FRS WAPEe] AgHE WA, 2oL 1 WAA o
@ st AP, YAHE FEA, 2AE A% ASHE Lol o8 @
24 4+ gk



3R FAY REY gRESV ATH gde FHUA AEEA W vt
2 A A (Cross-linking agent, STMP)2] o]&°] 4&3A] ol 7taAdo]
ojFoX & XY W=7t ged Aeojg. adA A4 AHRAYS olF
& pH 11 ]9 €ZE FxolA dAEde] F=E FA3S vty nt
7 AT + JE A4 AR} B 9&E 2AHSHHRA

AR AL L AR ST 26%7F H'H Brookfield viscometer’del HdlH =<l
100cpsE& #3359 A= FHo| EVMsstEz 26%7HA7F 7w dFA #
2T ARG SFEFAELS ARTE 4%, FojdR e s SeFAR
& 42%2 Jebdd

FEAROZ RS 48 AR S AXIUL W(H 1-12), IEAES FES
A7¢ A3 4A B, ssiE] eV FoAIERE HEY HdE BE A
s 28 ¥ X(50g Starch/70mé DW)E Al&3H RS 48 AXYH T8
L2 Fouy, Axste A Fo uwe] #F HA @goe=g FEE FASGY
(50% ) Azt FAFHE AA@H R F80] 4P ¢ w3
U £ Hele A gt

Table 1-12. RS yield(%) of RS 4 type starch prepared from waxy rice

starch with different starch concentration

Hwasunchalbyeo Sinsunchalbyeo
50g/70mé 35g/70mé 50g/70m¢ 35g/70mé
RS yield (%) 26.30 15.36 25.83 13.80

U stadd AgARe] Aze AHEY] £
AE g F AFo] L%HE g : & w7t HABK STMP(Sodium
trimetaphosphate)®t  STPP(Sodium  polyphhoschate)2  7Fad@AIZl  A|&9
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pancreatin-gravimetric methodoll &% RS 32 ¥ 1-137 Z3id. F&EHE] 164%
A Eo] 1509, Fyratol 143%, PRl 147%, LoPdRe s SF4HE
& 453%, WHEL 163% %tk AOAC gl <% RS #3e 217 WadE 60%, 5
FEAR 789%, NP2 A SR 8B7%OINUTE Feld wal ARREHE Ak
(AOAC ; heat stable a-amylase, protease, amyloglucosidase, P/G ; pancreatin,
pullulanase)$} A2x70] th2og gke] ¥A Wid wE 2% (F 1-3)% 2ol RS 4
o] 79 pancreatin®oll 23 Astr} AOAC Hol & RS o] o &4 Hesith

Table 1-13. RS levels(%) of cross-linked resistant starches prepared from
different starches using P/G method.

Waxy rice Non-waxy Wheat Waxy-maize Maize Amylomaize
starch rice starch starch starch starch Vil

Cross-linked
resistant starch 124 15.0 16.3 14.3 147 453

E3 RS 4 typed AFAE £&2 I/HE & de THE 47 A
2t HEoR RS 4 type AZFHT FEFFEL 20, BRZL xdse F2-

=

Qe & RS 542 At 2 A= E 1-140] dehigdEd,
P/G WHoz mANE srdd AANE 147 LA F, 7 RS &
o ARSgd SA RS BYD WE Az ARARL AsEEA
ge Az A7Ae WE TGS 71AAAS ANHA ¥T RS €L
248 A9 controlith $EE 20, B6%0E ZAHA FR-AAAY A
29 A9 @A FAFL AT 5 AT ol AnAFARY 9B 7
27} sbgel o8 date] mad WE AR AV WEe= 4ze
=
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Table 1-14. RS Yield (%) of heat-moisture treated RS 4 type starches

prepared from different starches

Normal maize Amylomaize Vi Rice(Dongijin)
Moisture
Control 20 25 {Control 20 25 |Control 20 25
content
Pancreatin _
Heating 147 152 155| 453 435 452| 133 147 1441
method
without
. 772 687 632| 795 743 722 622 527 50.5
heating

ok AREGA Artd tudy AFAES] Ax
D ARgd4e H77t 22 vAs %

RS AjzAl gZeiy do o3 Aol 3 AEY 77 d8H T
AEdAte] o] WAoo Ax F B3 ozEel . AAIH
g oz §X% 7tady AFAEE 44 EH5AT, annealingS A=
FAY He&8E E3)7] A9 ¢#ZE WA AHS A £ -3
HE& AR RS 3 8 AFAEY ALE B4 o oHE Ro] dHojztn
g Qo oldRess RHAE FAY & UE AVEHAE JEEH
Bao o8 HEQ EHE JAG=E AFARY F£E&E %I BHE
golstAl ¥ = QA 7] A ADEHAE HbeHh

L AES 0TAA annealing & ol AREAAQY sucrose fatty acid
ester(SE1170)& A&7 A 05% #H7betd SEZF A7HHA] 42 A 8% £44]
fo14e ZAIAT. 123 SAAER 1203]) ARE 7+ ¥ 100mesh A2 Wi
1Hug g2d A8y FAE £33 43 SEE HAVBIA €& Aas 1870
124g, 3%} 216g, 4% 234ge] W WA SE7F H7ld AEs 1E9
17.4g, 3% 270g, 4% 298ge] WA d4PAdZ AHEAAAE H718HE &
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A7t o Eolald £ ASE FASG ol Aol BgHo] £ ALY
Aol U T8 AolE HY Aeg Sk

2) # & e 9
RS 48 H712 o), ABEAHAE H71sle) RS 48 APARS Az
BT oA ARE uis} go] NrE B Aol foldAnE AL
T UMY 3 AFE b AWZHAE HANS o 2y &
oA Hdtd RS 4 F AYALEY 8% /Y F A=AE ALY,
TTALN WARE EF AUSYAE WA sz AndgaRe
T& 7bea, AARAYE Fo) AQABHAE FAT ALE 85
AL F5e 78 € 9L FA AUt £€27 A= 983
18 & 7t dd o Adg44E H1d F$d% RS &
& , AMEAANE dA M ASHYE SRS Bt
ot o& 39 Hzdl 93 hydroxypropylation® 244 HAEd A
< H7tste EdAE A4} EAE 2AEAE, 292029 dy= 2
#atil Q1= hydroxypropyl groupl & <&t A7 o} P Z 9 ~9] helix?
FAE APty RasAg. B AYPNAE tadE Fo) ADEHAS
A7t AR EAE Alold sludoz Qsld AAGHA o3 Qg
S A LRE A2 AZHUG.
7t ABE4A9] FFHo welME RS F80 HolE FRE0), SSL
olu}b SE7709 Hl3) SE 1170¢] #&¢ &3lede o addo|t. Quk
o2 AHEE AREAN A hydrocarbon 47} F71A4E, o|FAESI A&
rF AL ZAdss A=t F7H8ta, AVEAAAZ | dstd 9 sty
anionic, cationic ¥+ neutral surfactanto]tbol] WetxxE getdira gt

A

L
ofN

S
o
-
olN
4
N
%
R
[0 &
£
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Table 1-15. RS levels(%) of surfactant treated RS4 maize starches using
P/G method.

Surfactant SE1170 SSL SE770
Treatment time (hr)

Surfactant— cross-linking

1-3 15.2 15.7 13.1
1-5 17.4 16.1 17.0
16-3 16.3 13.4 13.6
Cross-linking— surfactant
3-1 15.0 12.0 14.1
3-16 14.2 12.8 -
5-1 15.4 14.9 16.6

RS level of cross-linked maize starch was 14.7%.

Table 1-16. RS levels(%) of surfactant treated RS 4 type rice starches
using P/G method.

Surfactant SE1170 SSL SE770
Treatment time (hr)

Surfactant— cross-linking

1-3 19.1 20.7 17.7
1-5 21.8 19.0 18.8
16-3 21.4 19.0 175
Cross-linking— surfactant
3-1 17.8 18.1 17.6
3-16 14.8 18.7 -
5-1 19.9 18.3 20.1

RS level of cross-linked rice starch was 14.7%.
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2}, citric acid?} RS 4 &9 "= 9%

ALY FEAAELELLE 7MaZFAEA RS 48 AFAES A=A
dARoZ ARF RS 48 HAE9 RS €2 16.37%H 1, citric acid&
7bete] AxE Ao} A EA @& AT 4t EAY vE A RS 33
A AEAME ctric acid 72 T80 FT718IR L RS 4 oM 9%
S FA &

Table 1-17. RS levels(%) , swelling power and solubility of RS 4 type

starches from wheat starch(Sinsong) added citric acid.

0.1% CA
DDW + 0.1% CA + 0.56% CA
Soln.
RS yield (%) 16.37 15.39 13.43 14.43

ul, 277, 383 Wi o double modification?d WA HE S} A=

71&2] RS 45 AR A& (starch 50g : water 70md)] STMP STPPE
HA7tetd HnAEE AJE WYz AzxFHIoY AGRHEY & F
7AA7171 943l 97]o] annealing A2 & E3IAT JAE RS 30~10
0°C9l shaking water bathol A speed 130rpm22 24X 7} F<t annealing A
e T F taBEAE #71sd RS 48 AZHES Az

1) annealing M F A=g AFAEY RS &F
A2 pancreatin¥# ACACH) 23 RSEFL & 1-18 ¥ 1-19¢ &
9tth. Annealing 32 ¥ ZlRdAA ¢HE ARES RS 52 By 4
#gle) EF annealing 3Hx @& AsHT F7HE 2, annealing Ag# 2=
¢} Z7td) we RS @Fo] HlHAF 22 F7FEAE F%Th  Annealing 3= 7t
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AR AFAE AE JADAN AAERen, APAAHE D8] &7 93 RS 4
type AE AZE A8 DE AE FHAL F4Zo =AM A4ANT A,
annealing & 45C2 WZt8lx vl2 sodium sulfate® ¥ RS 4 type AZHH)
2 N8E AZ3HHUTE Annealing®] RS 3%& F7M4Z 4 U+ AL amnealing
AT AR EAFEA Auide]l dojun, FAEY FEoIAe dAgol St
g ¥ olyzt ZAYEA FAY K29 A ¥MEr Al Aog dHA de
R& 1239, annealing A2 A F 7}t annealing ¥ AR R = STMP7F A
EFEAES 7tuddA7Ied o 435 AdHE dsts Aes A4=HUt &
FEx o3l M 9 annealingS RS &€& F7HA7IeH AFHoIo, 5L
T ol 2E F #4 60T, S5 AR netdRe 2 Seardie] Aee
0Cel oA 2 AAge RS &€& F7HA7IA XAx, 238 LA o
T T2 EolAA AR dEd Ttndde] FES AT & on dF
FAY ol i A3 44 EfHANS Aoz AAHUT

Table 1-18. RS yield(%) of cross-linked resistant starch prepared from annealed
starch with different annealing temperature using pancreatin-gravimetric method
(Starch concentration, 41.6%)

Annealing treatment temperature (C)

S Without
tarch 30 40 50 60 70 100
annealing

Non-waxy rice”  15.0 173 253 296 26.2 - .
Maize starch® 14.7 206 162 212 280 125 16.0
Amylomaize VI”?  45.3 66.1 577 60.1 634 391 44.7

Wheat 16.4 16.0 155 24.2 - - -

Waxy rice” 15.4 15.4 15.0 19.1 - - -

- Dongjin byeo was used
: Maize starch was obtained from Samyang Genex Co., Korea

. Amylomaize VI was obtained Ceresta Co., U.S.A
?: Starch concentration was 33%
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Table 1-19. RS yield(%) of cross-linked resistant starch prepared from annealed
starch with different annealing temperature using AOAC method (Starch

concentration, 41.6%)

Annealing treatment temperature (C)

arch Without
Starc 30 40 50 60 70 100
annealing

Non-waxy rice”  25.0 295 550 545 26.3 -
maize starch? 78.9 877 618 863 954 186 15.0

Amylomaize Wi¥ 88.9 941 954 989 982 808 780
D

: Dongjin byeo was used

? . Maize starch was obtained from Samyang Genex Co., Korea

P Amylomaize VI was obtained Ceresta Co., U.S.A

vl Annealing X2 A|7to] GE AFPHAR &

annealing A AIZHE SFA7]7] Y3 F&o] 7IF =%A 50T A
A& st AFARE ARF¥ F pancreatic-gravimetric methodZ
F&S SAHAY. 12AF < annealing AL Wl AFARL] 80| 244
b3 vl 4AES HEddE W &0 @it annealing A @
© 12AZF o] 3E S W &8 TV £ UASE guth

Table 1-20. RS yield(%) of cross-linked resistant starch prepared from annealed
starch with different annealing time at 50°C.

Starch Wheat Waxy rice
Annealing time(hr)
24 24.2 19.1
12 25.6 19.3
4 20.7 18.3
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A} A 2] 9 annealing* 2] & W 8ste] A =& RS 4 9 =&
DALY S4EeAE, FEHAE9 01N HCIZ2 A2 E 2~10437 F¢

3 ¥ annealing & 3l RS 4 ¥ AL L Azs9d. IHES 0IN
HCIl M&g dad Z$ AREE7 74 ¥ 100gdES 100n¢ 0.IN
HCl 2 M P& 9 RS &9 4781~4928% =% AAHoZ =Udx AAg
AlZbel wE A 2A0F¢ AHPS 9 4928%2 £ M =t
(F 1-21). 4AEE A9} annealing A& HPPE © RSFEo] Ui
£ 40%01422 2 @& BT SFEFARY FLAdE(E 1-22) AR
0.IN HCI9 H]-&2 100gdE/100m¢ 0.IN HCIZ 31, 2xa] AlZbo] 2417
o]RE W 32.09%= F&ol 71 ESith

FEAAES(F 1-23) AHE 35g2 0.1IN HCIol| BAMAIA 4~20412F < AL
A2 & 3 F annealing 3t RS 4 8 AFALLE AX3Hct RS F
19.18~21.95% = AT E BAIF T WS W F&o] 43 =& I
v, AR SFEFHEANY AT Aolg RolAe &yt

A&} AEHe HEo] Il(w/v)Y W dEAe F=rF 343, 243 &
bel Axel7t HAA olUEZ A A HE L E& 3l annealing &<t
AE EAsol AEHL 7tud o] E&HoR dojy &0 F/18 A
AZHAT. A& FE7F FoAE A= Z4dzn stndgAe 3
MBI A3, AAE Aol A4E AR JHEANAT AHAAN 2.3
2 F&o] Fade Aoz B

At 2] E9 9 annealing ATE Yolry] 93 AM Y annealingg 3
A &2 RS 48 AFAES Az3Ad 01 N HCl g F/H52 100gd
F100DWE e @902 annealing § ¥ RS 48 AR L #=z3 A
2 FAAEo] 3036%, 3310 %R, SEFAE] 22.99% 23.02% 1, HC
d AEE B4 AA 2A% #-§AZ] ¥ annealing3tX] &2 F3sle] RS4

o

—

&
%o

L

t
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e

AZE AL AL 34.08%, STFAEC] 2267%uth. wakA Ak
@12} annealing X && HPgoEH RS €& IAA F7MAZE 4+ ULS
Eig-le= 3

Table 1-21 . RS yield(%) of double modified RS 4 type starch from wheat
starch.

StarchyHC! 100g/100m? 100g/110m¢ 100g/120me

Acid

2hr 6hr 10hr 2 hr 6 hr 10 hr 2 hr 6 hr 10 hr
treatment

RS yield (%) 49.28 48.52 47.81 40.90 43.89 4258 37.96 41.81 42.73

Table 1-22. RS vyield(%) of double modified RS 4 type starch from normal

corn starch.

Starch/DW 100g/100m¢ 100g/110m¢ 100g/120m¢
Acid
2hr 6 hr 10 hr 2 hr 6 hr 10 hr 2 hr 6 hr 10 hr
treatment

RS yield (%) 32.09 31.43 29.756 23.14 23.02 22.85 20.12 20.22 21.05

Table 1-23 . RS yield(%) of double modified RS 4 type starch from waxy

rice starch.
Starch/DW 70g/135m¢
Acid treatment 4 hr 8 hr 12 hr 16 hr 20 hr

RS yield (%) 21.75 21.95 19.18 20.80 20.65
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ol. RS 4 8 AL L AR F 71494 &%

Aol A AzF g RS4 AEES 100CTAA IANZEFS 7L 8AT
RS A% ¥ heating3tx] && ZA¥ H|s) RSE AXE F heatingS T 2
& RS 80| F7HAH(R 24

Table 1-24 . RS yield(%) of RS 4 type starches after heating

. Wheat Wheat Wheat Waxy rice Waxy rice
Acid treatment ‘oo™ AnRS4  AcAnRS4 RS4 AnRS4

RS yield (%) 16.37

(unheating) 24.17 49.28 13.80  19.12
RS yield (%)
ey 3140 3923 52.72 2446 2509

<. RDSSH SDSS| 3%
SrsAR, WAHED} Tz A S44HEL amedling HE)@ F RS
48 AEe AZH NS RDSS SDS TFE E 1-5 o Yepiict
RDSE # 23, §58 4 U A8 ouslx, SDSE =2 S
23, §42 4 e APow Ywd B, 53 gpell 849 B9E 4F Y

F& dod 4 Qed, SDSE F471 ofF =g7] Wi 3 F5% dsS
oo} Q1&de] W& 2EE 5 UvkE o3 Ak aHAM A2 RS B of
Yzt SDSe] #%e FUHE 4 e e vk AE FaE HAE A%
3t k. RS 4 3§ HAES annealing A¥ o2 RS7H F71E Bt opl
SDS7t 7V o2A B, B4 79T F e Ao AGHIUD. S5
F AR WRAR, LolPR e~ SFFHES amealingd F RS 48 AFstaL

RDSS SDSE ZA3E o, SDSE 51~172% WHHY #F& B 53] 50, 6

- 83 -



0CA annealing® ¥ RS 48 A= A5E9 SDS7} e 2ExAGARD
T WARREL 0T XM, BE ofuzos HEL 60T RSSH SDS
E ¥qF do) iyl He AL 27]) IHRERT G 2504 stmdite] A
Fol Tt Ao d9E¥ 5 Y& Aolth. RDSE SFAiy fange
HlE g S JERRioy molz e s SFFEARL ¥ RS2 s 213~

331%69] W& FFEE YeEhRUT

Table 1-25. RDS, SDS and RS yield(%) of RS 4 type starches

manufactured after annealing in different temperature

Starch Treatment RDS SDS RS
A@30C)> RS 4 719 8.5 20.2

Commercial A@40C)—> RS 4 774 7.5 16.0
maize starches  \s0c)> RS 4 69.2 13.1 21.2
AB0T)— RS 4  60.9 17.2 28.0

A(30T)—> RS 4 287 5.1 66.2

Amylomaize i A@0T)~ RS 4 331 9.2 57.7
A(50C)—> RS 4  23. 16.8 60.1

A60T)> RS 4 213 153 63.4

A(30C)— RS 4 730 9.7 17.3

Non-waxy rice  A(40T)— RS 4  67.7 7.0 25.3
starch AB0C)— RS 4 569 135 29.6
AB0T)—> RS 4  61.0 12.8 26.2

A(30C)— RS 4 : RS 4 type starch preparation after annealing at 30°C
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5 WyARe 54

7t B&E3 g

DRS3 8373 RS 48 AR H&Y

RS 3 #eje] AFAL FB&HS ¥ 1-26 3 2T P4 L =3
71 A8 712 & shE AFAEC]l A9 FziEo dHEFA I F EYH
A Foog RS 3 AFALEY BE&HLE FAZ Jdeludd. E3] e H7}
ol A2 AFHEL A20HME Eo AL o} dARIYF Fo B
o] ¥ AUt 7tuAd AFHEY F&HS B 1-2774 2] 30T 95T
oM el WaHol 7zt 20~363 33~7622 ¥ e Yeyr E3 Z
w7 opd2e 2 o] ¥& AmylomaizeVl® M-&¥Ho| 7173 wgha, 4
AEol 7t 52 @& JYEdd 2S¢, A E(Amicca)S oldE A I
o] A9 gle TALZoAN FAAELDE 2 FE&HE YR P}

Table 1-26. RS levels, water absorption in excess water, swelling power

and solubility at 95C of commercial and experimental resistant starches

RS Water absorption Swelling power Solubility at

Samples (%) at 257 at 95 95C (%)
Prime wheat 2.410.38 0.33+0.00 76+0.15 7.7+0.18
Experimental modified wheat starches
RS3 10.4£0.42 1.80%0.15 8.6+0.09 222+254
RS3
hoS oy 150+071  1.79:+004 9.3+0.11  46.0+1.80
RS3 & HMT 1294071  1.09+0.01 724019  13.7+0.14
Crossiinked 7p9+182 027+000  28%017  05+0.09

RS was prepared from wheat starch using autoclaving-cooling(RS3),
cross-linking(RS4), lintnerization(1N HCI) and heat-moisture treated starches
from wheat starch, and heat-moisture treatment using RS3 starch,
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Table 1-27. Swelling power of cross-linked resistant starch prepared from

various starches

Starches Wheat Non-waxy rice Waxy rice
Temperature(C) 95 30 95 30 95 30
Swelling power 4.2 25 54 2.6 7.6 3.6

Starches Waxy maize Maize Amylomaize VI
Temperature{C) 95 30 95 30 95 30
Swelling power 5.8 2.2 3.9 2.0 3.3 2.9

2) annealing ¥ A% RS 4 A& A&

252189 RS 4 type AlE %} annealing 223 A =% RS 4 type A&
o BE&HL E 1-28¢ YelgE. 9BTAAMY B&=He A4dEd {4
HEo] 52~989 HEHE Ye v MEESHT 43, SFTIEHR
Fold 2o A SrFARAlcle] FEYHLE F Holy Ho|A Gfoy K
AR HYHFo] A7t FAUUE 30CTHAMY HBEFHLE AR & AolE
Bolx 9ski, annealing A& A8 M A g AlZAlojdME B
£389 ZHole YEYA gty

PAARE QTN A2 NS A% BT NTAH BEHe| 27 98,
T9x Z7tsEY ole WAANRY &3k 717+ E annedling A7t
old REAHQ 332 FEFFAEI FUI8tE7) dWEelgn AZd. v
AR pold2 oA SEFARE 70T 100THA A3t RS 4 types A
Z23 3¢ S5 AR 63, 842 BTAXMY #&HHo] F71std L 30T
Mol 3§34 HA 50C annealing 7HAE % 20 AEY HEFEEL Boltt
7} 70C¢ 95T B$ 40, 56717 F7stdd. 28y opdEe A S
FREY AL 0CoNFAA Agsidats & QoM 2 a34E Y

l

P
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Bl sttt TeldEe A SEFHEL ¥ M2 L FF W
3= S ¥ ohdF 2 AAW ZAYE 9E AL W& A7
HEQ A2 AU

Table 1-28. Swelling power of RS 4 type starch prepared from

annealed starch in different temperature

Annesling treatment temperature('C)

Starch  Without

. 0 40 20 &0 0 100
annealing

®C IT HC IT HT ICT BT IT HT IT HC IT HC IT

: 54 26 52 31 H3 32 52 34 98 719 - - - -
nice

Mizsach 39 20 40 21 39 21 38 20 38 24 63 40 84 56
Anylomaize
VI
Wet 39 27 39 22 39 20 49 27 - - - - - -

Waoynee 66 36 66 28 67 28 64 33 - - - - - -

33 29 34 29 34 29 36 31 33 27 33 28 36 34

3) A4A 8 9} annealingg ¥ Aste AZF RS 49 F&E3 =

Bade YAR(E 1-2909) 3$ 30CoAM 134~319, 95TAA 3.79~
467931, £ =E 30CoA 050~2.83%, 95CANA 1.26~282% At S5
AE(E 1-30)9] B&PL 30ToNA 203~2.16, 5T 356~395 <UL
43 =F 30ToA 046~064%, 95CNAM 1.78~246% At F A& E5F #
&893 Sd=e HAPzAPY Aol AA %oy 0THEG 95BTAMY
gl o 3o
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Table 1-29. Swelling powers and solubilities of double modified RS 4 type

starches from wheat starch.

Starch/HCI 100g/100m¢ 100g/110mé 100g/120m¢
Acid
2hr 6hr 10hr 2hr 6hr 10 hr 2 hr 6 hr 10 hr
treatment

Sp.at30Cc 282 134 319 3.13 292 281 272 276 296
Sol. at 30Cc 283 0.78 050 080 122 054 064 1.02 0.76
S.p. at 95C 442 423 429 467 444 451 3.79 392 343
Solat95C 130 126 150 168 138 132 282 162 1.26

S.p. is swelling power and Sol is solubility

Table 1-30. Swelling powers and solubilities of double modified RS 4 type

starch from norma! maize starch.

Starch/DW 100g/100m¢ 100g/110mé 100g/120m¢
tre:tcr:\dent 2hr 6hr 10hr 2 hr 6 hr 10hr 2 hr 6 hr 10 hr
S.p. at 30c 207 203 216 211 2.09 207 208 215 213
Sol. at 30°c 050 052 046 058 054 051 064 059 0.50
S.p.at95c 367 378 385 395 388 356 393 394 3.59
Sol at 95C 210 246 178 232 221 243 234 218 232
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Table 1-31. Swelling powers and solubilities of double modified RS 4 type

starch from waxy rice starch.

Starch/DW 70g/135m¢
Acid treatment 4 hr 8 hr 12 hr 16 hr 20 hr
S.p. at 30C 3.25 4.12 3.76 7.52 3.82
Sol. at 30C 0.26 0.50 0.48 0.78 0.82
S.p. at 95 6.95 7.38 7.66 3.69 7.60
Sol at 95¢C 0.60 0.42 0.60 0.88 1.00

4) RS 4 & 719443 Fo WAHE] A&7 8=
g3 YHeg AZXF RS 48 100CAA 1ATESH 7HgxEst & 34§
g2y GHEE FAHAJHE 1-32). BEH L heating 81 €& Andg =3
A F7HetAE @%koy, 30THAAM ] BFaHe] 95T FALs AT ol:
RS 4 ¥ AEE Azx3E A4 F A5 4" AEYAE0] 71do) 93
27 dEez A4H%NeH Axzd RS 48 AEE 7IdAg oz
M cold swelling starch& AxE + Y& Aoz B
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Table 1-32. Swelling powers and solubilities(%) of RS 4 type starches

after heating

S.p. at 30C 4.39 5.38 4.24 7.56 7.09
Sol. at 30 0.64 1.23 0.62 2.02 1.50
S.p. at 95C 4.34 5.59 4.30 8.12 7.55
Sol at 95C 0.84 1.25 1.19 1.02 1.20

U dEAel 54

1) RS 39 HHH 3

VA8 FAAL0Z 718 ¥4 Agd d&S Axste] SEMez FH
g #ESA (Y 1-D. 7tEdte FAdA AEJAAE @4H3] BAHD
A BAESo] BF §EHo ¥4Ee §¢ oA ZAHE o|Fo AR
Fe Ay g E4E YR Citric acidg H7bste] Az 74
e A HollM= 71E&9 RS 3¢ tt2A &3t

rS
It

=X
N

1

2) RS 49 FelHQ 54
S44AY, DolUEeA S55AY, YHE, FEIR, WAAES RS
4 Mg 93 Pes 19 1-2~1-5 o] Yehih RS 4 AREL BF
AAYHE TR FAS%S ATAFRAANAE A2 Feish WsA @E
& gston, ARe FHe YA $F AeiYE: YUE FF 2AT
A, ol ARYA EdA A @AEo) RS 48 AzY o
H7h9E NaOHol 93l AEAAZRE sasle] 47 Yo Aoz 47

SR
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Fig.

1-1. Scanning electron micrographs of RS3

starches from wheat and waxy rice starch.

TEOOR

: native wheat starch B : wheat RS 3 type starch
: wheat RS 3 —Citric acid addition

: native waxy rice starch

: waxy rice RS 3 type starch

: waxy rice RS 3 -Citric acid addition
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3) Annealing A2 & AZ¥ RS 4 8 A& ez 54

annealingA 2]= HEY YAEFdE & ¥ FALUT. 24 8
0C% 100CHNA annealing 3 F RS 42 AZH A5 Z9E HEZHO
2 A% A7 4He GAYPY Ego]l FANRE EYE BHioy, A&
JA7E dH8] FIAHAE &g

LEFAR(2Y 1-3)2 annealingd] 93] YRR o) WA EHA ggron,
60T A annealing & 7% A JA FEWo] 7t A XA BEATh
ARARo2 AZEH RS 4 ¥ AE(2H 1-4) £ 50T annealing 7HA= ¢
ARG 2 A3t ot W& FHE EAE 60ToAAME A2AE
9 xR Fo] AFAR EFHIT 42 REFS UE dEo] I3H7] A
Aehee 4 F YAy popHE A 2FLFAR(OY 1-5HY Af¢E B
59 SEFAEANY dAdde FEL =EJ oY annealing YA AR
AZRE BEAEo] £ X% 84S EAh 0CAAA AAHE A=
FEAHQ &4 Bo|Z FHoy dARFo] A FFLAE dUTh

AAE(2Y 1-6)3 FAARE(OY 1-7)e= AZxF RS 4 3§ AEE 30T
o} 50ColA ARE A EF A4 FHo= ¥3st NeH RS 4 A=
A Citric acid® 718 A9 E ARG = 2 ¥ qlsith

_92_



Fig. 1-2. Scanning electron micrographs of RS4 starches from
wheat and waxy rice starch.
A : native wheat starch B : Wheat RS 4 type starch

C : native waxy rice starch D : waxy rice RS4 type starch
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Fig. 1-3. Scanning electron microphotographs of
RS 4 starches prepared from annealed maize
starches in different temperatures

A : Without annealing, B : 30C, C : 40C, D : 507C,
E : 60C
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Fig. 1-4. Scanning electron microphotographs of RS
4 starches prepared from annealed non-waxy rice
starches in different temperature

A : Without annealing, B : 30C, C : 40C, D : 50C
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Fig. 1-5. Scanning electron microphotographs of RS
4 starches prepare from amylomaize VIl starches in
different temperatures

A : Without annealing, B : 30°C, C : 40C, D : 50C,

E : 60C
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Fig. 1-6. Scanning electron micrographs of RS4 starch

after annealing from wheat starch.

A

annealing at 30T

B : annealing at 30T, citric acid addition
C:
D : annealing at 30C, citric acid addition

annealing at 50C

_97_



Fig. 1-7. Scanning electron micrographs of RS4 starch

after annealing from waxy rice starch.

A :
B : annealing at 30C, citric acid addition
C:

D : annealing at 30C, citric acid addition

annealing at 30T

annealing at 50C
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4) 2429} annealing A2 & W3 A2 RS 49 FEZHA 54
YAR S54A8 FUAELCE BA2 F annealingdte] RS 48 A=
Hgei(2dy 1-8~1-10). A8 2% ARG A9 Wde o, AA
29} annealing® WA EAN YA FH o] &4Fe] UoljdE & F
A, A Alzke] AAY ArgHe o] BolxFe wE RS 580l
g il olya Ewlo] .ofzte] &4Fe] doiktth

5) RS 4 AlZ ¥ heating N & A& 49 FAHA 54
AR FAARes Axd thFd RS 438 AFAE L 71EAY &K
ok, AREo) slde] o8 EF Fojx i whdd o WYeE Axd RS
4% ARESL ZF dAYlE 7T JAe et FHAHAE @3
3t g@AHAE d4E dei(IE 1-1D).
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Fig.

ann

Dlolwlelvelsd

1-8. Scanning electron micrographs of RS4 starch
ealing from wheat starch hydrolyzed by 0.1N HCI.
: acid hydrolysis for 2 hr and no annealing

: acid hydrolysis for 2 hr, 100g starch in 100m¢ HCI

: acid hydrolysis for 6 hr, 100g starch in 100m¢ HCI

: acid hydrolysis for 10 hr, 100g starch in 100m¢ HCI
: acid hydrolysis for 2 hr, 100g starch in 110m¢ HCI

: acid hydrolysis for 2 hr, 100g starch in 120m¢ HCI
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Fig. 1-9. Scanning electron micrographs of RS4 starch after
annealing from normal maize starch hydrolyzed by 0.1N HCI.

A

BoOo®

: acid hydrolysis for 2 hr, 100g starch in 100m¢ HCI
: acid hydrolysis for 6 hr, 100g starch in 100m¢ HCI
: acid hydrolysis for 10 hr, 100g starch in 100m¢ HCI
: acid hydrolysis for 2 hr, 100g starch in 110m¢ HCI
: acid hydrolysis for 2 hr, 100g starch in 120m¢ HCI
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Fig. 1-10. Scanning electron micrographs of RS4 starch after
annealing from waxy rice starch hydrolyzed by 0.1N HCI.

A : acid hydrolysis for 4 hr, 75g starch in 135m¢ HCI

B : acid hydrolysis for 8 hr, 75g starch in 135m¢ HCI

C : acid hydrolysis for 12 hr, 75g starch in 135m¢ HCI
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Fig. 1-11. Scanning electron micrographs of heated RS4
starches after preparation from wheat and waxy rice starch
A : waxy rice RS 4 starch

B : waxy rice RS 4 after annealing

C : wheat RS 4

D : wheat RS 4 after annealing

E : wheat RS 4 after annealing from starch hydrolyzed by
0.IN HCI1
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o X-M AL o7 2A3Y
1) RS 3 ¥ AL X-4 =

Citric aicd& 05%, 1.0% #7t3te, 23 AE & 11, 1:352 719-47
HAE 23 WEF AEEY X-AH dxd ¥ EALS 39 1-129] e
WAtk Citric aicdg® H71eHRA €2 A5 A& 9 vl & Z#]ol
20= 17, 19° FZolM #H=ag Yehlle BEY AAFLE BILeH citric
acid7t H7te Alg =g e f4XelA A2E Ydeluidod 260=17" oA
o] 3zt ArtetA] @& Az Hl& FrEATL 26=20° FIA 9 T2
T a3t Aol Citric acid7t #F7Hgo) wet A& EA59 &7t
dojtxm, RSE & AT 4= g BAAVNE ZAHY RS £&& F7HA
4 B ool 26=15 17° ¢ =3WaE= FIATE Aoz AGEH, ofd
292-d B ANASE A2dstE Aoz Az

ARG FEAEcR 7H9YAANHE AA RS 35 A=xsty ZAYS
TSI (IY 1-13, 1-14). AL FEAES BF 17, 19, 24° <A H
AE BHolg A¥E YEWli, olF 718 W7 RolEE 13359 RS 38 A
Z39E o FHEL 17 <A FIZE Eole BY ZAYE JEH2
citric acid® #H7IE o FH=27 o ZAE A& EQ0h FLAEL RS
3%} citric acidg& #7}gt RS 3 & AR S EF 3389 4E Ueido] 2AY

$Ro] ul$ HEe & 4 Asth

rlo

- 104 -



L]
PooEV
i %

iy
i sk
wﬁj%’"«%’\.:’ﬁ‘ £

0 10 20 30 40 O 10 20 30 40
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Fig. 12. X-ray diffractograms of autoclaving-cooling cycled maize starches
with different levels of citric acid

A : starch : water = 1 : 1, B : starch : water = 1 : 3.5
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Fig. 1-13. X-ray diffractograms of autoclaving-cooling cycled wheat starches
(RS 3)
A : native starch B : wheat RS 3 starch

C : RS 3 starch added citric acid
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Fig. 1-14. X-ray diffractograms of autoclaving-cooling cycled waxy rice

starches(RS 3)

A : native starch B : waxy rice RS 3 starch

C : RS 3 starch added citric acid
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X

YAE FAAE S5F5LAE RS 4 type Al 59} annealing A& ¥ £+
Az} e} 9} annealing ¥ A &3 RS 4 type AlE9 X-4 A=} o3 dA
A& FFIIEH(E 1-15~1-19).

RS 448 AE dAs 2d2 FAHEA AEEA WA 7t dol
FAHE Aoz X-A IHE=2 A 27 AR 2FFE 292 {3
HAck AR, FEAR BF RS 48 AXRSIYS @ 26= 15, 17, 24° oA
U3 g vetle AY 3l3ag Bgoen, 79 A ZEE YA 2
HE, FEAE, SFE-AE ALEAH Y2 annealingS 3HAY, AAHF
annealing® 3}49 RS 4& A 23 Aol AA A AEA gt 2
6=20" oA I A7} G AT FBARY X-d HAxdd o3 243

2

23g ALAY FAH
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Fig. 1-15. X-ray diffractograms of wheat RS 4 starches

A

:RS 4

B : RS 4, annealed at 30 C

m O O

: RS 4, annealed at 30°C, citric acid addition
: RS 4, annealed at 50°C

: RS 4, annealed at 50°C, citric acid addition
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Fig. 1-16. X-ray diffractograms of waxy rice RS 4 starches

A:
: RS 4, annealed at 30C
- RS 4, annealed at 30°C, citric acid addition
: RS 4, annealed at 50°C
- RS 4, annealed at 50°C, citric acid addition

m o O W

RS 4
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Fig. 1-17. X-ray diffractograms of wheat RS 4 starches

: RS 4, acid treatment

: RS 4, acid {2hr, 100m¢ 0.1N HCI) and annealing treatment

: RS 4, acid (6hr, 100m2 0.1N HCI) and annealing treatment

: RS 4, acid (10hr, 100m¢ 0.1N HCI) and annealing treatment
: RS 4, acid (2hr, 110m¢ 0.1N HCI) and annealing treatment

: RS 4, acid (2hr, 120m¢ 0.1N HCI) and annealing treatment

m m o QO W >
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Fig. 1-18. X-ray diffractograms of maize RS 4 starches

A

m O O @

: RS 4, acid (2hr, 100m¢ 0.1N HCI) and annealing treatment
: RS 4, acid (6hr, 100m¢ 0.1N HCI) and annealing treatment
: RS 4, acid (10hr, 100m¢ 0.1N HCI) and annealing treatment
: RS 4, acid (2hr, 110m¢ 0.1N HCI) and annealing treatment
: RS 4, acid (2hr, 120m¢ 0.1N HCI) and annealing treatment
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Fig. 1-19. X-ray diffractograms of waxy rice RS 4 starches
A : RS 4, acid (4hr, 100m¢ 0.1N HCI) and annealing treatment
B : RS 4, acid (8hr, 100m¢ 0.1N HCIl) and annealing treatment

C : RS 4, acid (15hr, 100m¢ 0.1N HCI) and annealing treatment
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RS3 AREY 3354 E ASHAEZAHARE SHsdd. 4 AHdEL 3
=7t 7340C FE YAEL 6565CTHYL, YAaAPEE AR 18592
RVU, ##AEo] 26825 RVUE AW ol AR 3347 @ dof
wow AEE o B340 23y dHRoR AXE RS 3 ¥ AREL 7]
do] @& HE W/t gdin, FEAE R AFF} RS 3 § A8L LA
B RS 3 8 ARHYE L X053 RVUD)E #ARoY, &5 F7}
o g Fx= W3l T RS 3 ¥ AL 7jdd] 98 35td FAYREL E
of 93] 4A EojA F=E Holu RSt ZAslH B3HA ko §EHR] gfo} 7}
gl o& wish= A9 gAUrh

2) RVAd] ¢]§ RS 4 & A& 3354
RS4 AEEY 3354 & FAGdULY, 71ES stdx HE9 F7171 A
3 1tk o] RS 4% 7FEd 93 A E 102 fAga HEYA wres A
TEAESY £30] A g17] dEelth

L. NP % 33 54
AgARY AAFAEFNDSORZ AT 53548 ¥ 1-33 o vl
o JtadY APAEe] AAREETY A2yt A GRAWN ANHo2
FdZHe AALEES YT B 2EE o] FIHH
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Table 1-33. DSC characteristics of various resistant starches prepared from
various starches

Sample To(C) (Tp)T Te(C) 4H(J/g)
Wheat 56.6 61.4 66.9 982
RS4-wheat 634 66.9 71.0 6.46
Com 643 69.4 73.7 11.91
RS4-corn 67.1 71.3 758 10.23
Waxy corn 65.2 714 77.1 15.68
RS4-waxy corn 66.5 724 771 14.21
Amylomaize 68.9 76.9 103.1 14.24
RS4-Amylomaize 69.8 79.8 103.2 15.02

v, RAAE AT A3 54 AR

RS 3 &3} Cross-linked RS 4 3 AX A9 F2AHQ Xo]E YolE
2} 44 AESZ RS 39 RS 48 Z'ﬂ"?} % 1IN HCl(lintnerization)® «
- amylase(Bacillus species) A2 A& 3BT F2FFAM 6, 12h, 1, 2, 3, 7,
10, 209 <t Az, A3} i % RS, TR F E2 A
B RS €2 2AsAt A AAETG RS 4944 e &
A 71do] Z71%e wa Wz Frhstg e, RS 32 3d7HA 70%
2 F738 ZF71807) 20¢L 83%E 39 olF gvd F7HE HYH A
Ao A% AR RS 3 ARCA 7E7A T 23%, 64%, 2092
41%, 74% 224 39 o= HA3 APHUeH, RS4E A EHHXA
¥ttt Pancreatin—gravimetric i3 AQAC M oe FAFE RSFE2
RS 37 $ 4t Zaxgrdol Aagge] we F7H L, R84 B¢ &
Atz sh=R Wyl wel 24 & A¥F%E Y

’é‘able 1-34. Extent of hydrolysis(%) of maize starches with 1N HCI at
5C

Lintnerization periods(days)
0.25 05 1 2 3 7 10 20
Native 0.24 0.65 1.54 279 496 1287 2561 4740
RS3 2069 3829 5343 62.03 6967 7311 78,04 82.69
RS4 0.10 0.34 0.63 1.53 278 1005 2469 50.29
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Table 1-35. Resistant starch yield(%) of maize starches with 1N HCI at
35T

Lintnerization periods(days)

0 0.25 0.5 1 2 3 7 20

Native 4.92 6.41 6.99 7.97 7.80 7.09 567 5.72
RS3 1735 2124 2759 33.04 4049 4353 4453 4505
RS4 17.17 16.63 16.38 1579 1527 1499 1413 6.27

Table 1-36. Extent of hydrolysis(%) of maize starches with a-amylase at
35C

Digestion periods(days)

0.25 0.5 1 2 3 7 10 20

Native 3.61 547 1114 1463 1789 2823 3592 40.83
AMS 2694 3337 3934 49.18 56527 6244 6867 74.19
RS4 0.09 0.26 0.31 0.32 0.32 0.42 0.42 3.14

Table 1-37. Resistant starch yield(%) of maize starches with a-amylase
at 35°C by P/G method

Digestion periods(days)

0 0.25(6h) 0.5 1 2 3 7 20

Native 4.92 1285 14.09 1584 1763 1861 24.62 26.61
RS3 17.35 4230 49.14 5168 5341 5561 6282 6422
RS4 1717 2551 2585 2628 2713 26.65 2552 23.70

RS 3 8} AFARL RS +£&& Z71M717] 918 AZE RSE Aol
f422 AYsE g 71gdd g gazo AN HCDAH & RS 394 &
Z7t5EU RS 4% ZAdtEd she) 4@ Aldls RS 39 RS 4 25 F7t
s ARt Zad o 2 F7FE =7 3tk RS 3& IN HCIZ 24, «o
—amylaseZ 6h 2 3ld 40%°]% Z7F8EE I RS 48 BLA A 6 Aol

¥ F7tete] A9 vsg e 2.
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24. 7154 WHAAES of 9 WA
a5 AEF N

1. A3} AT 54

7 AR

ACACHY o2 ZA4% WAZIF F2A71F 9 HES didELS H
2-15 Zskoh W47tFo Fa71F 9 AR FF §FL 6.36~10.45%°]
An 9l F FgFe WAULFE 805%, FEIF 945%H o, AR A
4 @Fo] 006~012%2 d#E] AAYd 23 ddo]l A9 AAYE
F ANk WALFe FATrR ] AL FF S 4 1.15%, 1.55% A
om, AEL 062%S 0.26%KArh.

Me
el
N

m?.

Table 2-1. Proximate compositions of rice flours and rice starches

1 Moisture Protein Lipid (%
samples” VG0 (Nxozg) (k) A () g ( )mau
IRF 7.20 8.05 025 0.32 1.15
HRF 7.21 9.45 0.39 0.64 155
IRS 10.45 0.12 0.13 0.12 0.62
HRS 6.36 0.06 0.09 0.12 0.26

"IRF: limibyeo rice flour  HRF: Hwasunchalbyeo waxy rice flour

IRS: limibyeo rice starch HRS: Hwasunchalbyeo waxy rice starch

U X-A Adxed o A3Y

X-A 33 7](D/Max-1200, Rigaku Co., Japan)E& Al{3l9 3AZLE 40~
0 °7kA AANZHE W EF HPHQ Aoz v J{F ALY FARYH
2% A7MRe AAE B dA A=Y Aole A YU (2™ 2-D
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Fig. 2-1. X-ray diffractograms of rice flours and starches
A: limibyeo rice flour
B: Hwasunchalbyeo waxy rice flour
C: limibyeo rice starch
D: Hwasunchalbyeo waxy rice starch
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o}, o]33Hy B4

W72 e} AT R AR o)3EH FEAHL H 2-29 ZYH o=
oA e PAILEIL 1742%, FAMFE 1.03%A 20, A2 4= §
AARo] 2403%S FRAR 1.73%=2 &A7/rFRT 4% = & AT
2. fastge FA/F7 163.75%% 163.82% 2 AolE UEh A &stn.
AR B A58 L PEAE] 103.07%, FAAE] 12413%= &A7}HF 9
2 A¥SPRT 2L FE BHi:, PAHE] § d¥sYe] FBAES
B 25 EET o ¥ %S At B&YH SHEE BE NRAM 2
7t 27HE5E Fohsd o, 34t ARol @AVIFS JERG ¥
2 #&E Y.

Table 2-2. Physicochemical properties of rice flours and starches

Samples IRF HRF IRS HRS

Amylose content (%) 17.42 1.03 24.03 1.73
Water binding capacity (%) 163.75 163.82 103.07 124.13
50°C 1.92 4.89 0.51 1.15

Swelling power at 65T 4.98 37.66 2.96 11.43
75C 5.39 47.67 3.99 -

50C 2.88 2.78 2.22 2.29

Solubility (%) at 65 6.16 35.60 6.83 44.38
75C 6.70 46.44 7.49 -

YIRF: limibyeo rice flour HRF: Hwasunchalbyeo waxy rice flour

IRS; limibyeo rice starch HRS: Hwasunchalbyeo waxy rice starch

2 53 54

0.1% VEHHL 50~0THANA AT WA7IF FA7MF 2 HE
FEAEE EAsHYG (29 2-2). @80 49 A7HFS} AEL 80~8T
oA BERES] FAE F71E Bien, A FHETIF4 AR 60~
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Transmittance at 625 nm(%)

50 55 60 65 70 75 80 85 90
Temperature (C)

Fig. 2-2. Transmittance patterns of 0.1%
imibyeo rice flour(IRF), Imibyeo rice starch(IRS),
Hwasunchalbyeo waxy rice flour(HRF) and
Hwasunchalbyeo waxy rice starch(HRS)

—0—IRF  —%—IRS o HRF e HRS
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65CAAN H4% 5718 Heo P Fsert e 382 hyg L
AAE HHH.

AN&EHE 244 (RVA, Rapid Visco Analyzer)2 &A% @2y 34715
2 A7 A= EA#RS E 2-37 24,
Table 2-3. Pasting characteristics of rice flours and starches by Rapid

Visco-Analyzer

Viscosity (RVU)

Pastin
Samples” tempgrat%re Peak Holding at 95°c Cold Breakdown Setback
() (P) (H) €  (P-H) (C-P)
IRF 68.3 65.7 473 101.5 18.4 35.8
HRF 67.3 55.8 25.7 39.1 30.1 -16.7
IRS 70.8 84.1 65.9 132.5 18.2 484
HRS 67.4 100.0 438 65.2 51.2 -34.8

YIRF: imibyeo rice flour  HRF: Hwasunchalbyeo waxy rice flour

IRS: limibyeo rice starch HRS: Hwasunchalbyeo waxy rice starch

AE9 WEE JElE 27335 gAd AnartFe AR 4z
68.3C¢e 708THL, F&¢ 8T AEL 67.3C% 674CTE W29
3325 FANG & AF#E e FFHT 22 ZAAUY
AEE APo] #7lFHY & L Bgon, AR =IYEE Yeidg
3 ¢3R 50T WHAHE9 setback(C-P)& F&4 dvlrl F&QA 3
AR & %S By, g0 Agr} x3l7t F dojgd s A F ¢l
At

2. QAEE A7e BT E4

2
lel
(3
Mo
o
o

J7H BM Y FRFFE F 2-49% Zo] 10~11%F FA
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Table 2-4. Proximate compositions of 20% RS containing

rice flours

Mixtures* M°(i,s/:)‘"e 'z:“’;e;'_‘g‘;’ Ash(%)
No addition 11.06+0.1 8.05+0.1 0.29+0.0
ARS-CA" 10.42+0.6 5.151+0.1 0.19+0.0
AWS-CA? 10.59+0.2 5.11+0.1 0.41+0.0
RRS4” 11.09£0.1 5.29+0.1 0.51+0.1
WRS4* 11.17+0.5 5.06+0.1 0.63+0.0
AnRRS4” 11.02+0.4 5.19+0.1 0.51+0.1
AnWRS4” 10.18£0.19  5.26+0.1 0.64+0.0
AcWRS4" 11.08£0.26  517+0.2 0.83+0.0
Novelose330”  11.68+0.18  5.22+0.1 0.29+0.0

"Rice flours were mixed with 20% RS below;

1) ARS-CA : Rice starch. 1 Autodaving-cooling cycle, ditric acid 0.5%
2) AWS-CA : Wheat starch. 1 Autodlaving-cooling cyde, citric acid 0.5%

3) RRS4 : Cross-linked rice starch

4) WRS4 : Cross-linked wheat starch

5) AnRRS4 : Annealed and cross-linked rice starch

6} AnWRS4 : Annealed and cross-linked wheat starch

7) AcCWRS4 : Acid treated and cross-linked wheat starch

8) Novelose 330 : Commercial RS 3 starch from Nation Starch. Co., USA
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sxon, dHAYFL 5.06~529%E RSE E£FsHA &S BUHF4 498
@ ol daHUT HEY] AF RSHZM wE Zash

i}, o]3t8t3 EA
AGARE A7 A71F2 &Y = E 2-59 23U} #H= B
A &R AFAE A7t A7HFe FEHLE AFAE TR A48
o] BF R/ vlE gt ole &ArtFe Hrld RPALe] REH
02 #7F9 BEE Wise WEHHe H2E Aoz Holn P{Yo
A7]1E RS 38 AEo] RS 48 AERY Fo ey, A AL H&Y
Ztolol Hls) AgdE A/ #71F9 W& Aol ZA Yked 53, &
AEoz2 UE AY AL S 47T H/AHE 9 RS 33 A&7 RS 49
AEe] BEH o7t HJth L= FoE 05% citric acide H7t
3te] 7tE-WZ AEd A& f=/ FH/EolY RS 48 AR S Fh
3 Ao uF 2A JelgDn, AAEROE AR AZXE AHFAE)
A o A JdeEbgTh o] E3 AgHAEY &3z E4o) uigdy ez A
ZE Qe ol ndEAe] o F3td AES FAHY RBE 4A £3€
F Ao E =7t A FAHH BlE RS 48 AES AE gA7 HAH
A &R ARYAY B8 9¥F o] {AE G2 & <t U=
34 g0l WA ez X3 §Hlzr ¥ Ao dgE 4 gl
T 235y =3 3z 2L A¥¢E HY 05% citric acids 7t
o] 71d-Wd A3 AR & d¥eHol FH/MEOY RS 48 AES
H27re Alge] wlE) wEstoh. oldg AFE RS 3% AESY FxA 7|QE
RAoF RS 3% HEL 24d AYAHE Zt= AANFE o199 vnA £
Z3E FA4Y deolr] wiEe FE F5€ol FE Rolgn 444
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=
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Table 2-5. Characteristics of RS containing rice flours

Wctwres RS yild Sweling power SN G
water capacity(%)
No addition 6.20:0.0 27.37+0.4 59.15+22 186.55+1.1
ARS-CA” 6.58+0.0 19.91+17 65.21+21 231.37+8.8
AWS-CA? 7.52+00 20.24+1.9 73.81+0.7 200.76+14.0
RRS4” 7.95+02 1748104 50.88+1.7 191.93+10.9
WRS4” 8.83£0.0 15.83+1.8 52.11+4.6 19098+6.7
AnRRS4” 7.97+0.3  17.33+1.6 46.01+£0.3 189.89+4.9
AnWRS4” 826+0.0 16.33t1.4 51.02+3.2 213.24+54
AcWRS4” 8.17+0.0  15.96+0.3 4552+1.6 180.99+5.1
Novelose330” 15.21+0.8 26.17+2.9 31.28+09 173.69+1.6

"Rice flours were mixed with 20% RS below;

1) ARS-CA : Rice starch. 1 Autoclaving-cooling cycle, citric acid 0.5%
2) AWS-CA : Wheat starch. 1 Autoclaving-cooling cycle, citric acid 0.5%
3) RRS4 : Cross-linked rice starch
4) WRS4 : Cross-linked wheat starch
5) AnRRS4 : Annealed and cross-linked rice starch

6) AnWRS4 : Annealed and cross-linked wheat starch
7) AcWRS4 : Acid treated and cross-linked wheat starch
8) Novelose 330 : Commercial RS 3 starch from Nation Starch. Co., USA
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Table 2-6. Pasting characteristics of RS containing rice flours
by Rapid Visco-Analyzer

Viscosity (RVU)

_ . Pasting Holdi Consis. Break
ST NS Pk arosy 0 ney doun Setback
(H) (C-H) (P-H)

No addition 69.5 5147 2570 3928 1358 257.7 -121.9
ARS-CA" 659 4764 2121 327.0 1149 2633 -1484
AWS-CA” 702 1518 1001 1522 52.1 51.7 0.4

RRS4” 673 3922 2437 365.8 1221 148.5 -26.4
WRS4” 688 2602 1941 3129 1188  66.1 52.7
AnRRS4” 69.2 389.0 2203 3581 1378 168.7 -30.9
AnWRS4” 690 3263 1916 3295 1379 1337 4.2
AcWRS4" 685 2588 1783 2945 116.2 80.5 35.7
Novelose330® 678 3118 1573 2347 774 154.5 -24 .1

"Rice flours were mixed with 20% RS below;
1) ARS-CA : Rice starch. 1 Autoclaving-cooling cycle, citric acid 0.5%
2) AWS-CA : Wheat starch. t Autodlaving-cooling cycle, citric acid 0.5%

3) RRS4 : Cross-linked rice starch

4) WRS4 : Cross-linked wheat starch

5) AnRRS4 : Annealed and cross-linked rice starch

6) AnWRS4 : Annealed and cross-linked wheat starch
7) AcWRS4 : Acid treated and cross-linked wheat starch

8) Novelose 330 : Commercial RS 3 starch from Nation Starch. Co., USA
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Table 2-7. Effects of autoclaved-cooled starches on the textural

properties of 5% . RS added Garredduk stored at room
temperature (p<0.05)
Characteristics Storage time (day)
RS 3 type starch 0 1
Hardness 2944.14+382.7 6543.00+ 364.7
. Adhesiveness -53.57+7.6 -60.2918.6
No addition Springiness 1.02+0.0 1.00+0.1
Cohesiveness 0.95+0.0 0.81+0.1
Hardness 1656.431+108.8 4127.711+884.0
Adhesiveness 440043 -46.57 4.8
ARS-CA
Springiness 1.06+0.1 1.03+0.1
Cohesiveness 1.10x0.12 0.88+0.1
Hardness 1845.86+:310.8 3725.43+386.3
Adhesiveness -35.43+3.5 -51.86+5.73
AWS-CA Springiness 1.0310.0 1.01+0.0
Cohesiveness 0.95+0.1 0.90+0.1
Hardness 1839.71+£241.9 3393.14+694.3
Adhesiveness -31.67£5.9 -34.00+4.0
Novelose 330 Springiness 1.01+£0.0 1.00+0.0
Cohesiveness 0.88+0.1 0.76+0.1

*The means with the same letters are not statistically different.
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Table 2-8. Effects of autoclaved-cooled starches on the textural

properties of 10% RS added Garredduk stored at room

temperature (p<0.05)’

Characteristics

Storage time (day)

RS 3 type starch 0 1
Hardness 2944.141+382.7 6543.00+364.7
. Adhesiveness -63.57+7.6 -50.29+8.6
No addition Springiness 1.02+0.0 1.00+0.1
Cohesiveness 0.95+0.0 0.81+0.1
Hardness 1411.29+539.1 5105.57+591.5
ARS-CA Adhesiveness -45.87+8.9 -46.86 +10.3
Springiness 1.09+0.0 1.02+0.0
Cohesiveness 1.20x0.1 0.87+0.1
Hardness 1561.14+1554  3913.00+471.2
Adhesiveness -23.29+3.5 -47.71£5.35
AWS-CA Springiness 1.02+£0.0 1.03+0.0
Cohesiveness 0.87+0.1 0.89+0.1
Hardness 1016.57+174.2 1729.00+173.4
Adhesiveness -19.14+3.7 -19.86+3.1
Novelose 330 Springiness 1.04+0.0 1.02+0.0
Cohesiveness 0.97+0.1 0.85+0.1

*The means with the same letters are not statistically different.
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Table 2-9. Effects of autoclaved-cooled starches on the textural
room

properties of 20% . RS added Garredduk stored at
temperature (p<0.05)
Characteristics Storage times (day)
RS 3 type starch 0 1
Hardness 294414+ 382.7 6543.00+:364.7
o Adhesiveness -53.57+7.6 -50.29+8.6
No addition o . giness 1.02+0.0 1.00+0.1
Cohesiveness 0.95+0.0 0.81%0.1
Hardness 1819.57+187.6  4900.29 -874.3
ARS-CA Adhesiveness -36.86+5.5 -46.43+15.0
Springiness 1.02+£0.0 1.02+0.1
Cohesiveness 1.02+0.1 0.82+0.2
Hardness 1866.00+214.5 5611.86+236.4
Adhesiveness -41.14+7.9 -73.00+94
AWS-CA Springiness 1.03+0.0 0.93+0.1
Caohesiveness 0.97+0.1 0.64+0.1
Hardness 979.00+249.1 1594.43+227.2
Adhesiveness -22.57+5.8 -20.29+3.3
Novelose 330 Springiness 1.06+0.1 1.03£0.0
Cohesiveness 0.96+0.1 0.81+0.1

*The means with the same letters are not statistically different.
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Table 2-10. Effects of autoclaved-cooled starches on the textural
properties of 5% RS added Garredduk stored at -18°C (p<0.05)

haracteristics Storage time (day)

Hardness 2944.14+382.7 5369.001:855.4 4155.86+620.9 4627.86:704.8
Adhesiveness -53.57+7.6 -62.00+100 -6257+125 -58.00+£9.0
No addition
Springiness 1.02+0.0 0.99+0.0 1.041£0.0 1.00x0.0
Cohesiveness 0.95+0.0 0.83+0.1 0.96+0.1 0.87+0.1
Hardness 1656.431+108.8 5239.43+882.8 5264.711933.2 3764.431+391.9
Adhesiveness -44.00+4.3 -5429+13.8 -57.14+16.0 -44.29+56.4
ARS-CA
Springiness 1.06:0.1 0.99+0.1 1.00+0.1 1.06+0.1
Cohesiveness 1.10+0.12 0.78+0.2 0.82+0.1 0.93+0.1
Hardness 1845.86+310.8 4546.27 +685.2 3144.861742.8 3348.71+391.2
Adhesiveness -35.4313.5 -56.29+12.2 4743194 -46.86+4.9
AWS-CA
Springiness 1.03+£0.0 1.01£0.0 1.01+£0.0 1.03+0.0
Cohesiveness 0.95%0.1 0.86+0.1 0.98+0.1 0.95+0.1
Hardness 1839.71+£241.9 2351.711250.4 2583.291+449.1 2591.71+295.8
Novelose Adhesiveness -31.57159 -28.00x2.8 -37.00£7.3 -35.00£5.6
330 Springiness 1.01£0.0 1.0410.1 1.01£00 1.0110.0

Cohesiveness  0.88+0.1 0.88+0.1 0.89+0.1 0.83+0.1

*The means with the same letters are not statistically different.
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Table 2-11.

Effects of autoclaved-cooled starches on the textural

properties of 10% RS added Garredduk stored at -18T (p<0.05)'

haracteristics

Storage time (days)

RS 3 0 1 3 7
Hardness 2944.14+382.7 5369.00+:8554 4155.86+620.9 4627.861704.8
No  Adhesiveness -53.57+7.6 -62.00+10.0 6257125 -58.00 iQ.O
addition Springiness 1.02+0.0 0.99+0.0 1.04+0.0 1.00+0.0
Cohesiveness 0.95+0.0 0.83+0.1 0.96 0.1 0.871:0.1
Hardness 1411.29+539.1 5541.431982.0 9243.00+1757.7 5187.33+£1162.0
Adhesiveness -45.87+8.9 -61.71+£13.9 -65.71+24.4 -46.67+8.2
ARS-CA
Springiness 1.09+0.0 1.00+0.1 0.96+0.1 1.01+0.1
Cohesiveness 1.20+0.1 0.77+0.1 0.74+0.1 0.83+£0.1
Hardness 1551.14+155.4 3441.861596.3 4687.141+964.3 4070.86+624.6
Adhesiveness  -23.29+3.5 -40.71+8.0 -51.86t11.3 -51.291+9.0
AWS-CA o
Springiness 1.02+0.0 1.01+£0.0 1.09+0.0 1.04+0.1
Cohesiveness 0.87+0.1 0.88+0.1 0.92+0.0 0.87+0.1
Hardness 1839.71£241.9 2473.711£532.1 2066.71+303.6 2074.141379.5
Novelose Adhesiveness -31.57+5.9 -31.14+£72 -27.29+21 -30.14+5.2
330  Springiness 1.01£0.0 1.01+0.0 1.0210.0 1.02+0.0
Cohesiveness 0.86+0.1 0.831£0.0 0.85+0.1 0.84+0.1

*The means with the same letters are not statistically different.
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Table 2-12. Effects of autoclaved-cooled starches on the textural
properties of 20% RS added Garredduk stored at -18TC (p<0.05)

Characteristics Storage time (days)
RS type 0 1 3 7
Hardness 2944.14+382.7 5369.00+£855.4 4155.86+620.9 4627.86+704.8
No  Adhesiveness  -53.5717.6 -62.00£10.0 -6257+125  -58.00+9.0
addition Springiness 1.02+0.0 0.99+0.0 1.04+0.0 1.00£0.0
Cohesiveness 0.95+0.0 0.83+0.1 0.86+0.1 0.87+0.1
Hardness 1819.57+187.6 4885.71+1002.1 2891.00+391.5 3815.43+338.5
Adhesiveness -36.86+5.5 -41,14+7.0 -46.71+9.8 -40.29+3.5
ARS-CA ~ Springiness 10200 1.02+0.0 1.08+0.1 1.0440.1
Cohesiveness 1.20+0.1 0.88+0.1 1.04+0.1 0.88+0.1
Hardness 1866.00£214.5 2933.57+367.6 3330.71+297.4 3733.86+3455
AWS-CA Adhesiveness -41.14+79 -33.14+48 -31.86+2.9 -32.86+3.2
Springiness 1.02£0.0 1.02+0.0 1.02+0.0 0.97+0.1
Cohesiveness 0.87+0.1 0.78+0.1 0.77£0.1 0.77+0.1
Hardness 1839.71£241.9 1916.00:4144 2051.571431.4 1970.57:325.4
Novelose Adhesiveness -31.57+59 -22.43+4.0 -32.00+10.0 -24.14+4.8
330  Springiness 1.01=0.0 1.02+0.0 1.03£0.0 1.00+£0.0
Cohesiveness 0.88£0.1 0.77+0.1 0.77+01 0.72+0.%

*The means with the same letters are not statistically different.
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Table 2-13. Effects of chemically modified and double modified
starches on the textural properties of 5% RS added Garredduk stored
at room temperature (p<0.05)’

Characteristics Storage time (days)
RS 4 type starch 0 1
Hardness 294414 +382.7 6543.00+-364.7
No addition Adhesiveness -53.57+£7.6 -50.29+8.6
Springiness 1.02+0.0 1.00+0.1
Cohesiveness 0.95+0.0 0.81+0.1
Hardness 1839.00+356.97 3144.29+486.8
RRS4 Adhesiveness -44.14+4.30 -52.71+8.2
Springiness 1.06+0.0 1.06+0.1
Cohesiveness 1.12+0.1 1.02+0.1
Hardness 3031.29+427.2 3230.86+177.6
WRS4 Adt!esi'veness -49.29+4.6 -46.00+7.2
Springiness 1.01£0.0 1.02+0.0
Cohesiveness 0.91+0.1 0.91+0.1
Hardness 1925.43+133.6 5420.43+171.6
AnRRS4 Adh.eS|.veness -38.43+3.8 -108.00+25.8
Springiness 1.02+0.0 0.92+0.1
Cohesiveness 0.93%£0.0 0.63+0.1
Hardness 1754.71£228.3 3377.71+896.4
Adhesiveness -27.43+3.6 -37.71£7.9
AnWRS4 Springiness 1.06+0.1 1.01+£0.0
Cohesiveness 0.94+0.1 0.83£0.1
Hardness 3206.431+544.7 5793.86+332.5
Adhesiveness -60.86t12.7 -102.71+22.3
AcWRSA Springiness 1.00+0.1 0.88+0.0
Cohesiveness 0.93+0.1 0.56+0.1

*The means with the same letters are not statistically different.
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Table 2-14. Effects of chemically modified and double modified
RS added Garredduk

starches on the textural properties of 10%
stored at room temperature (p<0.05)

T~ Characteristics Storage time (days)
RS 4 m\ 0 1
Hardness 2944.14+382.7 6543.00+364.7
No addition Adhesiveness -53.57t7.6 -50.29+8.6
Springiness 1.02+£0.0 1.00+0.1
Cohesiveness 0.95+0.0 0.81+0.1
Hardness 2137.57£307.5 5013.291+779.2
RRS4 Adhesiveness -52.57+7.4 -82.141+31.0
Springiness 1.03+0.0 0.95+0.1
Cohesiveness 1.01+0.1 0.79+0.2
Hardness 1954.141+447.8 2574.57 +433.7
WRS4 Adhesiveness -41.291£8.2 -563.57+11.0
Springiness 1.04+£0.0 1.03+0.0
Cohesiveness 0.90+0.1 0.90+0.1
Hardness 1675.00+213.2 3585.71+£388.9
AnRRS4 Adt!esi.veness -36.57+5.0 -66.14:+10.1
Springiness 1.01+0.1 1.01+0.0
Cohesiveness 0.9210.1 0.84+0.0
Hardness 1597.86 +370.7 3220.29 +298.8
AnWRS4 Adh.esi.veness 2471 £3.9 -43.57+10.7
Springiness 1.06 +0.1 1.041+0:1
Cohesiveness 0.941+0.1 0.8110.1
Hardness 2135.57 + 356.5 5598.57 +739.9
Adhesiveness -49.86+10.3 -60.141 =81.7
ACWRSA  opringiness 0.98+0.1 0.95+0.1
Cohesiveness 0.93+0.1 0.67+0.1

*The means with the same letters are not statistically different.
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Table 2-15. Effects of chemically modified and double modified
RS added Garredduk

starches on the textural properties of 20%
stored at room temperature (p<0.05)

haracteristics 0 ]
RS 4 type starch
Hardness 2944.14+382.7 6543.00+:364.7
No addition Adhesiveness -53.57+7.6 -50.291+8.6
Springiness 1.02+0.0 1.00x+0.1
Cohesiveness 0.95+0.0 0.81+0.1
Hardness 3593.57+414.6 6295.43 +576.2
RRS4 Adhesiveness -93.29+17.8 -82.14£31.0
Springiness 1.02+0.0 0.95+0.1
Cohesiveness 0.96+0.1 0.79+0.2
Hardness 1076.00+146.7 1254.57 £107.6
i - + - +
WRS4 AdrTes!veness 36.00+£5.2 32.141+6.1
Springiness 1.05+0.1 1.03+0.0
Cohesiveness 0.92+0.1 0.82+0.1
Hardness 2213.00+242.7 3625.86 = 302.1
i . + . +
ANRRS4 Adh.eSI.veness 5471t11.0 66.571+4.3
Springiness 1.00£0.0 1.00+0.0
Cohesiveness 0.83+0.1 0.83+0.0
Hardness 2222.71£161.9 2940.14+181.0
Adhesiveness -38.86 = 2.1 -43.00+7.9
AnWRS4 Springiness 1.03+0.0 1.01+0.0
Cohesiveness 0.83+£0.1 0.77+0.1
Hardness 3468.86 +:500.9 5446.00+1016.4
i - + - +
AcWRS4 Adh.es!veness 76.00x+17.6 95.86+16.2
Springiness 0.89+0.4 1.03+0.0
Cohesiveness 0.93+0.1 0.84+0.1

*The means with the same letters are not statistically different.

- 138 -



Table 2-16. Effects of chemically modified and double modified
starches types on the textural properties of 5% RS added Garredduk
stored at -18°C (p<0.05)

Characteristics
RS 4 type starc

) 1 3 7

Hardness 2944.14+382.7 5369.001+855.4 4155.861620.9 4627.861704.8
No Adhesiveness -53.5717.6 -62.00=10.0 6257125 -58.00+9.0
addition Springiness 1.02+0.0 0.99+0.0 1.04+0.0 1.00+0.0
Cohesiveness 0.95+0.0 0.83x0.1 0.96+0.1 0.87£0.1
Hardness 1839.00+357.0 3961.86+409.0 4701.00+1242.3 4230.57+627.8
RRS4 Adhesiveness -44.14+4.3 -62.71+6.0 -65.71+11.3 -80.43£12.3
Springiness 1.06+0.0 1.02+0.0 1.14+0.2 1.01+0.0
Cohesiveness  1.12+0.1 0.94+0.1 0.97x0.2 091041
Hardness 3031.29+427.2 3293.57+758.6 1980.711£378.9 2055.00+312.1
WRS4 Adhesiveness -49.29+46 -46.71£10.3 -42.29+6.4 -4157+5.2
Springiness 1.01+0.0 1.03£0.0 1.0410.0 1.04x0.1
Cohesiveness 0.91+0.1 0.9410.1 1.08+0.1 0.90+0.1
Hardness 1925.43£133.6 3513.43+1030. 4320.141729.0 4679.00+647.1
2
AnRRS4 Adhesiveness -38.4313.8 -68.00+£13.7  -60.00+£10.1 -64.431+12.1
Springiness 1.02+0.0 1.04+0.0 1.01£0.0 0.99+0.0
Cohesiveness  0.93+0.0 0.9110.1 - 0.81+0.1 0.85+0.1
Hardness 1754.71£228.3 3334.43+379.5 4480.431:680.4 3442.711281.2
AnWRS4 Adhesiveness -27.43+3.6 -47.14+£9.5 -64.43+14.8 -47.00+7.9
Springiness 1.06+0.1 1.03+0.1 1.02+0.0 1.06+0.0
Cohesiveness 0.944:0.1 0.87+0.1 0.83+0.1 0.88+0.1
Hardness 3206.431544.7 5058.86::672.4 4645.141+500.0 4784.71+687.1
AcWRS4 Adhesiveness -60.86+127 96571493 .71.57t186  -69.00+£10.6
Springiness 1.00+0.1 0.98+0.1 1.02+0.0 1.03£0.1
Cohesiveness  0.93+0.1 0.76+0.2 0.87+0.1 0.86+0.1

*The means with the same letters are not statistically different.
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Table 2-17. Effects of chemically modified and double modified

starches on the textural

properties of 10% RS added Garredduk

stored at -18°C (p<0.05)'

RS 4 type starc

Characteristics

0 1 3 7

Hardness 2944.141£382.7 5369.00+855.4 4155.86+620.9 4627.86+704.8
No Adhesiveness -53.57+7.6 -62.00+10.0 -6257+125 -58.00+9.0
addition Springiness 1.02:0.0 0.99+0.0 1.04x0.0 1.00%0.0
Cohesiveness 0.95+0.0 0.83+0.1 0.96+0.1 0.87+0.1
Hardness 2137.571307.5 4347.86+615.8 4915.431+549.9 5208.86+446.2
RRS4 Adhesiveness -52.57+7.4 -76.00£131  -81.43£16.8 -92.43+28.3
Springiness 1.03+£0.0 1.03+0.0 1.05+0.1 1.02+0.1
Cohesiveness 1.01£0.1 09501 0.90+0.1 0.83+0.1
Hardness 1954.14+447.8 1999.57 £373.6 1803.86+188.9 2055.00+312.1
WRS4 Adhesiveness -41.2918.2 -39.14+8.5 -3414+23 -4157+5.2
Springiness 1.04+0.0 1.09+0.2 1.02:0.0 1.0410.1
Cohesiveness 0.90+0.1 0.98+0.3 0.91+0.1 0.90+0.1
Hardness 1675.001213.2 2709.29+214.3 3020.00+406.9 3081.00+433.9
AnRRS4 Adhesiveness  -36.57+5.0 -43.57+5.4 -48.14+16.3 -48.43+9.9
Springiness 1.01£0.1 1.01£0.1 1.00+£0.0 1.00%£0.0
Cohesiveness 0.92+0.1 0.85+0.1 0.82+0.1 0.8210.1
Hardness 1597.86:370.7 4050.291522.6 4441.290+718.4 3092.57+654.0
AnWRS4 Adhesiveness -24.71+3.9 -50.29+4.3 -68.43+15.3 -40.71+8.4
Springiness 1.06+0.1 1.03+0.0 1.01+£0.0 1.05+0.0
Cohesiveness  0.94+0.1 0.81+0.0 0.76 £0.0 0.81+0.1
Hardness 2135.57+356.5 3223.17+88.64 3445.711+468.5 3187.86+488.0
AcWRS4 Adhesiveness -49.86+10.3 -58.17+9.2 -62.43+7.3 -56.86+8.9
Springiness 0.98+0.1 1.03+0.1 1.03£0.0 1.05+0.1
Cohesiveness 0.93+0.1 0.95t0.1 0.91+0.1 0.92+0.1

*The means with the same letters are not statistically different.
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Table 2-18. Effects of chemically modified starches on the textural
properties of 20% RS added Garredduk stored at -18C (p<0.05)

Hardness 2944.14+382.7 5369.001:855.4 4155.86+:620.9 4627.86+704.8
No  Adhesiveness -53.57+7.6 -62.00+£10.0 -8257+125 -58.00+9.0
addition Springiness 1.02+0.0 0.99+0.0 1.04+0.0 1.00+0.0
Cohesiveness 0.95+0.0 0.83+0.1 0.96+0.1 0.87+0.1
Hardness 3593.57+414.6 3827.00+392.6 3892.29+554.4 7972.14+1305.1
RRS4 Adhesiveness -93.29+17.8 -68.29+7.6 91.29£16.7 -145.14+243
Springiness 1.0210.0 1.0210.0 1.04+0.1 1.00+0.1
Cohesiveness  0.96*0.1 0.81£0.0 0.97+0.1 0.74+0.1
Hardness 1076.00+:146.7 1405.86+131.0 1483.86+124.9 1339.29+92.1
WRS4 Adhesiveness  -36.00t5.2 -42.14+3.4 -37.86+6.2 -37.00t4.3
Springiness 1.05+0.1 1.02+0.0 1.06+0.1 1.03+0.0
Cchesiveness 0.92+0.1 0.87+0.1 0.87+0.1 0.88+0.1
Hardness 2213.00+242.7 2709.29+214.3 3258.57+157.1 3636.14+619.3
AnRRS4 Adhesiveness  -36.57t5.0 -43.57+5.4 -57.00+9.9 -63.431+14.8
Springiness 1.01x0.1 1.01+0.1 0.99+0.0 1.01+£0.0
Cohesiveness 0.92+0.1 0.85+0.1 0.78+0.1 0.83+0.1
Hardness 2222.71+161.9 3677.711£410.4 3736.711:364.4 3382.29+403.8
AnWRS4 Adhesiveness -38.86t2.1 -58.29+13.7 -64.86+10.1 -56.141+9.5
Springiness 1.03+£0.0 1.04+0.0 1.01+0.0 1.011£0.0
Cohesiveness 0.83+0.1 0.77+0.1 0.76+0.0 0.79£0.1
Hardness 3468.86 £500.9 4098.29+920.5 3587.00+380.7 3762.29+594.5
AcWRS4 Adhesiveness -76.00+:176 -78.43%+109 -78.71%t120 -7457+6.6
Springiness 0.84+0.1 1.06+0.0 1.05+0.1 1.01£0.0
Cohesiveness  0.93*0.1 0.9010.1 0.92+0.1 0.86+0.1

*The means with the same letters are not statistically different.
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Table 2-19. Analysis of variance for rheological properties of Injuimi
with RS-3 prepared from waxy rice starch

Characteristics

Storage time (day)

RS 3 1 2
Hardness 1359+ 86 1553145
Adhesi 12+1 -13+1
No addition dhesiveness 3

Springiness 0.98+0.03 0.97+0.04
Cohesiveness 0.95+0.05 0.93+0.11
Hardness 733184 1105+84

10% Adhesiveness 5+1 -62+1.1

° Springiness 1.10+0.08 1.01+0.05

Cohesiveness 1.156+0.16 1.056+:0.07
Hardness 648 +37 1015+80
Adhesiveness 5x1 6+t1

20% o
Springiness 0.98+0.09 1.01+0.05
Cohesiveness 1.01+0.09 1.05+0.07
Hardness 598 £33 799+ 35
Adhesiveness 4+1 -6t1

30% o
Springiness 0.99+0.08 1.041+0.06
Cohesiveness 1.083x0.10 1.10+0.08
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Table 2-20. Analysis of variance for rheological properties of Injuimi
with RS-3 type prepared from nonwaxy rice starch

Characteristics

Storage time (day)

RS 4 1 2
Hardness 1359+ 86 1553145
hesi -12+ -13=%
No addition Adhesiveness 1 13+1

Springiness 0.98+0.03 0.97£0.04
Cohesiveness 0.95+0.05 0.93+0.11
Hardness 1239+70 156070

10% Adhesiveness 11£2 11£2

" Springiness 1.01+0.04 1.00+0.02

Cohesiveness 1.06+0.06 1.01£0.06
Hardness 1249+119 175076
Adhesiveness -7 +1 -8+1

20% o
Springiness 1.00=0.04 1.05+0.06
Cohesiveness 1.01+0.06 1.07+£0.09
Hardness 1162+t 73 1691+ 222
Adhesiveness 9+2 -12+2

30% o
Springiness 1.01+0.03 1.01£0.04
Cohesiveness 0.99+0.12 1.02+0.11
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Table 2-21. Color value of /njuimi with RS-3 prepared from waxy rice
starch

RS type and Storage time (days)
addition level 0 1 2

73.53+0.82 73.01+0.37 72.52+0.80
No added -1.08+0.06 -1.15+0.04 -1.15£0.07
8.20£0.31 7.81+0.12 7.82+0.37
74.27+0.42 75.01+£0.15 74.9410.48
10% -1.23+£0.05 -1.35+£0.06 -1.27+£0.12
7.24+0.34 7.35£0.07 7.49+0.38
75.19£0.34 75.94+0.28 74.75+:0.38
RS-3 20% -1.24+0.05 -1.27+0.08 -1.35+£0.12
6.48+0.12 6.72+0.04 6.04+0.27
75.43+0.74 74.28+0.13 74.541+0.33
30% -1.24+0.05 -1.32+0.05 -1.28+0.12
6.54+0.12 6.74:0.08 6.27+£0.24
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Table 2-22. Color value of Injuimi with RS-3 prepared from nonwaxy

rice starch
RS type and Storage time (days)
addition level 0 1 y)

73.563+0.82 73.01+0.37 72.52+0.80

No added -1.08+0.06 -1.15+£0.04 -1.15£0.07
8.200.31 7.81+0.12 7.82+0.37

72.21+0.40 72.46+0.07 72.39+0.18

10% -1.19+0.04 -1.17£0.12 -1.19+£0.27
7.27+0.34 7.4210.08 7.5410.28

72.4510.22 72.0410.24 73.2510.28

RS-3 20% -1.24+0.05 -1.27+0.06 -1.33+£0.02
6.45+0.28 6.99+0.10 6.79%0.09

72.28+0.33 74.27+0.22 75.08£0.33

30% -1.38+£0.23  -1.27+0.33 -1.2410.21
6.55+0.22 6.74=0.21 6.2110.21
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Table 2-23. Analysis of variance for rheological properties of Injulmi

with RS-4
Characteristics Storage time (day)
RS-4 1 2 3
Hardness 1359186 1553+45 1685158
No addition Adhesiveness -12x1 -13=1 -13x2
Springiness 0.98+0.03 0.971+0.04 0.95+0.03
Cohesiveness  0.95+0.05 0.93+0.11 0.94+0.07
Hardness 833154 1064 +53 1295+ 39
10% Adhesiveness -5+1 -6+t1 511
Springiness 1.03+0.05 1.03+0.02 0.9910.04
Cohesiveness 1.07+0.09 1.04x0.04 0.99+0.06
Hardness 715+95 779+99 1287 +93
20% Adhesiveness 5+1 5+1 -7+x1
Springiness 0.94+0.07 155+099 0.90*+0.05
Cohesiveness 0.97+0.12 1.00+0.10 0.95+0.08
Hardness 659+ 86 874+28 1400+ 188
, Adhesiveness -6+1 -7x1 811
30% Springiness 1.08+0.12 1.03+0.06 1.02x£0.05
Cohesiveness 1.15+0.23 1.12£0.14 0.98+0.10
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Table 2-24. Analysis of variance for rheological properties of Injulmi

with RS-4 prepared from annealing treated starch

Characteristics

Storage time (day)

1 2 3
Hardness 1359+86 1553145 1685+58
No addition Adhesiveness -12+1 -13+1 -13+2
Springiness 0.98+0.03 0.97 £0.04 0.95+0.03
Cohesiveness  0.95+0.05 0.93+0.11 0.94+0.07
Hardness 974156 1291+30 2521 +253
10% Adhesiveness 6+1 711 -10£1
Springiness 1.02+0.06 1.03+006 1.02+0.02
Cohesiveness 1.05+0.09 1.07+0.12 0.99+0.08
Hardness 1255+ 187 138067 2307+ 399
20% Adhesiveness -6+2 -7*1 -11+2
Springiness 1.03+x0.05 1.02+0.03 1.02+0.03
Cohesiveness 1.02+0.06 1.083+0.03 0.95+0.11
Hardness 1103+101 1304 +53 26381228
. Adhesiveness 612 -6+1 -12+2
30% Springiness 1.02+0.04 0.99+0.02 1.02+0.04
Cohesiveness 1.11+£0.16 0.97+0.03 0.88+0.07
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Table 2-25. Color value of Injulmi with RS-4

RS type and Storage time (days)
addition level 0 1 2 3
L 7353+0.82 73.01+037 7252+0.80 7238+0.77
No added a -1.08+£0.06 -1.15+0.04 -1.15£0.07 -1.18£0.05
b 8.20+0.31 781+012 7821037 7.49%027
L 7457+124 73.82+0.84 73.88+1.24 73911112
10% a -1.41+0.06 -1.37£0.10 -1.4010.05 -1.35£0.07
b 8.890+040 8.891+046 8921040 8.89+057
L 72.38+£0.70 72.13+050 7242+0.76 72.94+1.29
RS-4 20% a -151+0.08 -1.50+0.06 -1.49+0.11 -1.15+0.10
b 7871015 7.89+042 7901034 7.7510.60
L 71.98+0.59 7144075 71.20+0.75 71.40*0.87
30% a -1.44+0.13 -1.39+0.07 -14210.08 -1.43x0.07
b 729+034 7.29%0.17 7.30%+0.14 7.43+0.35
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Table 2-26. Color value of
annealing treated starch

Injulmi with RS-4 prepared from

RS type and Storage time (days)
addition level 0 1 2 3

L  7353+082 73.01+£037 7252+0.80 72.38+0.77

No addition a -1.08£0.06 -1.15£0.04 -1.15x0.07 -1.18%+0.05
b 8.20+0.31 781£012  7.82+037  7.49+0.27
L 7161£059 71.81+£049 71.71£061 71.92+1.07

10% a -1.5+0.13 -1.51+0.06 -1.48+t0.07 -1.46+0.08

b 757+£0.78  7.42+029 7431046  7.30%£0.27
L 71.99+039 71.70+1.59 7226+053 7245+1.06

RS-4 20% a -1.561£0.12  -1.52%0.11 -1.51£0.10  -1.50*0.12
b 6.77£014 674027 6.81%038  6.95+0.27
L 72.65+0.68 72.25+0.72 71.92+0.93 71.81+0.97

30% a -1.37+0.03  -1.36+0.07 -1.34+0.04  -1.3+0.06

b 7.78+£028  766+0.29 770037  7.64+0.38
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Table 2-27a. Sensory evaluation data of 5% RS added Garredduk for

1 day-stored at room temperature (p<0.05)'

RS 3 type starch

Characteristics
Control ARS-CA AWS-CA Novelose 330

Surface

Color 845124 9.84+20 9.71x24 8.28+2.5

Smoothness 3.64+20 5.16+3.3 11.81+1.5 480+24

Moistness 11.94+2.0 10.63£2.5 10.66+1.9 10.94+25
Flavor

Rice Odor 5.65+3.4 541+35 436+3.5 5.66+35

Off flavor 3.84+25 4.03+24 3.83+3.0 3.756+2.2
Texture

Hardness 219+1.1 34920 5.85+3.3 2.86+1.5

Chewiness 9.05+47 948+22 11.65+1.7 8.92+4.1

Moistness 11.681:1.6 11.04+2.1 9.89+21 11.34+2.0

Adhesiveness 9.59+34 7.47+3.2 7.26+3.2 9.29+3.5
Overali

. 7.98+25 9.93+2.0 11.04+1.6 793125

Quality

*The means with the same letters are not statisticéily different.
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Table 2-27h.

RS 4
Characteristics
Control RRS4 WRS4 AnRRS4 AnWRS4 AcWRS4
Surface
Color 8.45+24 922121 10.26X26 969+22 9.08+25 10.65+1.8
Smoothness 3.64£2.0 938+24 1068+29 10.01+1.9 9.75+2.1 10.90+£2.7
Moistness 11.94+20 985+t25 10.62+22 1047+10 1056+1.9 11.37+1.7
Flavor
Rice Odor 565+34 5.00+29 397127 514+24 537126 3.94+26
Off flavor 384+25 6.08+37 367t26 627131 6.89+2.7 3.76+26
Texture
Hardness 219+11 50230 5103t 438+24 396120 3.50+1.7
Chewiness 9.05+4.7 10.21+20 11.07£19 876+35 9.15+3.0 8.20+26
Moistness 11.68+1.6 10.04+25 1094+21 999+23 1052+22 1165109
Adhesiveness 9.59+3.4 740128 844129 867132 9.27+35 992+28
Overall Quality 7.98+25 870+22 10.01+22 8.34%1.6 7.78+£3.1 753+22

*The means with the same letters are not statistically different.
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Table 2-28a. Sensory evaluation data of 5% RS added Garredduk
for 7 day-stored at -18°C (p<0.05)

RS 3
Characteristics
Control ARS-CA AWS-CA Novelose 330
Surface
Color 942+24 10.056+2.0 10.62+2.8 9.09+2.2
Smoothness 11.31+1.7 10.74+1.5 10.76 1.8 9.96+2.6
Moistness 11.62+2.2 11.79+1.1 11.37+£1.3 10.99+2.3
Flavor
Rice Odor 5.08+3.6 454+3.6 350+3.4 417+35
Off flavor 267+1.7 26113 237+18 254+1.3
Texture
Hardness 3.10+29 263+1.3 33727 3.36+25
Chewiness 9.07+£2.8 6.77+4.2 11.75+1.3 9.06+3.5
Moistness 1217£1.8 11.66+1.7 11.34+2.2 11.35+2.2
Adhesiveness 9.20+3.9 11.00+2.2 795142 9.18+3.7
Overall Quality 8.32+1.9 7.69+2.1 10.10+1.3 8.40+1.9

*The means with the same letters are not statistically different.
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Table 2-28b.

RS 4
Characteristics
Control RRS4 WRS4 AnRRS4 AnWRS4 AcWRS4

Surface

Color 942+24 10.05+28 1081+20 960+26 945+25 10.90+23
Smoothness 11.31+1.7 10.15+25 10.96+24 11.06x1.7 9.89+26 1029+28
Moistness 1152122 946129 11.13£24 11.73x1.6 11.01+x21 11.72+18
Flavor

Rice Odor 508+36 323+23 30331 345+x20 4.04£25 4.03+41
Off flavor 267+17 30019 199+16 28115 3.06%19 228+14
Texture

Hardness 3.10+29 667+£4.0 347+28 3.64+20 4.89x32 221+13
Chewiness 9.07+28 11.23+£20 10.18+3.0 1055x26 1063Lf3.1 9.12+42
Moistness 12.17+1.8 9.06+£3.8 11.39+2.0 10.60+25 11.04£27 12.07+1.1
Adhesiveness 920+39 592+32 903+38 998+t23 887134 851+47
Overall Quality 832+19 964+24 822+28 7.88+29 8.15%27 840131

*The means with the same letters are not statistically different.
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Table 2-29. Effects of RS addition level on Garredduk for 1
day- stored at room temperature (p<0.05)

Characteristics AWS-CA
Addition
level (%) 5 10 20
Surface
Color 9.59+28 10.76 £ 2.6 10.66+2.4
Smoothness 10.68+2.1 11.41£19 10.86+24
Moistness 8.80+3.4 11.04+1.1 11.07+14
Flavor
Rice Odor 3.54+39 3.59+3.2 3.78+3.4
Off flavor 2.80+t2.3 26219 252+1.8
Texture
Hardness 8.68t3.8 45121 7.82+t2.6
Chewiness 10.56+1.5 9.86+3.0 10.46£3.0
Moistness 8.46xt2.3 11.57+1.7 10.20%£1.7
Adhesiveness 6.564+3.8 9.10+2.8 6.21+3.5
Overall Quality 7.69+27 9.21+24 8.62+2.7

*The means with the same letters are not statistically different.
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Table 2-30. Effects of RS addition level on Garredduk for 7

day-stored at -18C (p<0.05)’

Characteristics AWS-CA
Addition
level (%) 5 10 20
Surface
Color 10.18+2.7 10.74x25 11.68+2.2
Smoothness 11.562+1.5 11.69t1.6 11.26+2.8
Moistness 10.92+2.0 11.91+1.4 10.99+22
Flavor
Rice Odor 1.98+1.3 21314 1.88+1.4
Off flavor 2.06+1.8 3.51+3.3 1.71+1.4
Texture
Hardness 7.29+48 31127 5.63+4.0
Chewiness 11.62+2.6 10.20+4.0 11.18+2.2
Moistness 8.41+4.2 11.80t1.4 9.90+3.2
Adhesiveness 591137 9.63+3.1 6.88+3.1
Overall Quality 9.06+25 9.00+3.7 8.21+3.2

*The means with the same letters are not statistically different.
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Table 2-31. Effects of RS addition level on Garredduk for 1
day-stored at room temperature (p<0.05)’

Characteristics

WRS4
Addition
level (%) 5 10 20
Surface
Color 10.33+£2.2 9.06+3.5 10.11£25
Smoothness 10.60x2.5 971+3.2 9.21+3.9
Moistness 10.11+£2.2 7.26+4.0 8.481+3.8
Flavor
Rice Odor 294+26 259+24 2.68+2.7
Off flavor 3.50+3.6 221+22 249+28
Texture
Hardness 556+3.6 7.95+47 8.50+3.9
Chewiness 10.00x£3.4 986+4.4 9.16+4.2
Moistness 9.17+£3.3 6.04+46 6.80+3.9
Adhesiveness 7.14+32 5.631+4.0 7.65+34
Overall Quality 10.17£1.7 8.09+3.7 5.611t2.1

*The means with the same letters are not statistically different.
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Table 2-32. Effects of RS addition
day-stored at -18°C (p<0.05)

level

on Garredduk for 7

Characteristics ddition WRS4
level (%) 5 10 20
Surface
Color 10.70+25 1041+27 10.24+23
Smoothness 1096+18 115712 10.15+23
Moistness 10.34+3.3 9.71+3.2 9.16+3.7
Flavor
Rice Odor 2.34+26 294126 3.14x25
Off flavor 1.88+1.8 2.32+1.8 269+20
Texture
Hardness 444+45 490+4.5 5.00+5.0
Chewiness 11.73+£2.6 11.89+2.6 8.18+4.1
Moistness 10.47t4.1 10.36+3.8 8.48+4.0
Adhesiveness 8.30t45 9.81+3.7 8.51+3.8
Overall Quality 10.29+26 10.26+2.7 6.53+3.7

*The means with the same letters are not statistically different.
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Table 2-33. Analysis of variance for sensory properties of Injulmi with
RS-3 prepared from waxy rice starch

Characteristics RS-3
Addition 10 20 30
level (%)
Appearence
Surface Color 7011295 698+250 542+267 546+3.50
Flavor
Odor 446t2.12 3.87+1.96 391*x221 451+3.05
Off flavor 263+1.76 2.32+1.06 278148 217+1.32
Texture
Firmness 3.56+1.73 8.20+1.77 3.16%1.24 3.31+1.94
Springiness 1048+2.36 10.71+2.12 10.63+2.32 11.01 £2.51
Adhesiveness 921+3.06 837288 9.81+247 10.31+3.26
Smoothness 11.64+2.61 11.77£1.68 10.81+1.57 11.564+1.45
Overall Quality 952+251 9.65+2.32 958+268 8.331+2.32
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Table 2-34. Analysis of variance for sensory properties of Injulmi with
RS-3 prepared from nonwaxy rice starch

Characteristics RS-3
Addition
level (%) 0 10 20 30
Appearence
Surface Color 7.01£2.95 7.85+£240 7.02+t2.75 7.90+3.09
Flavor
Odor 446+212 3.85+1.86 3.99+1.95 6.18+3.98
Off flavor 2.63+1.76 2571095 3.21+1.81 2.36=*1.10
Texture
Firmness 356+1.73 9.12+1.64 6.98+2.29 7.61+3.21
Springiness 10.48+2.36 8.03+2.97 9.54+2.12 9.021+2.97
Adhesiveness 921+3.06 6.76:3.16 8.94+2.61 7.34+3.54
Smoothness 11.64+2.61 857+2.29 9.90+2.14 9.98+2.47
Overall Quality 962+251 6581199 844+247 7.5912.63
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Table 2-35. Analysis of variance for sensory properties of Injulmi with
RS-4

Characteristics RS-4
Addition 0 10 20 30
level (%)
Appearence
Surface Color 7.01+295 450+1.52 4241263 547+13.27
Flavor
Odor 4461212 1.72+096 2.13+1.32 2.32+1.95
Off flavor 263+1.76 1.44+058 1.54+0.71 2.15%t1.69
Texture
Firmness 356+1.73 404+3.11 548+4.14 410t1.97
Springiness 10.48+2.36 11.92+1.36 11.01+1.07 9.30*+2.61
Adhesiveness 9.21+3.06 890+3.54 7.92+3.77 10.06%+1.93
Smoothness 11.64+2.61 10.94+2.68 10.41+2.29 10.54+1.30
Overall Quality 952+251 10.22+1.34 9.24+2.62 7.88+2.32
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Table 2-36. Analysis of variance for sensory properties of /njulmi with
RS 4 prepared from annealing treated starch

Characteristics RS-4
Addition 0 10 20 30
level (%)
Appearence
Surface Color 7.01+295 554+277 418+1.88 3.07+1.43
Flavor
Odor 446+212 238+t1.72 2.03+0.89 2.23%+1.73
Off flavor 263+1.76 150x+0.79 156+0.63 159%+1.13
Texture
Firmness 356+1.73 242+0.80 2.80+0.93 1.68+0.65
Springiness 10.48+2.36 9.92+3.90 8.95+4.01 8.55+4.4
Adhesiveness 9.21+3.06 10.01+2.64 9.04+2.65 8.961+4.03
Smoothness 11.64+2.61 12.13+0.79 11.79+1.06 10.08+5.10
Overall Quality 9.52+2.51 10.99+0.83 9.20+257 8.99+3.76
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Table 2-37. Analysis of variance for sensory properties of Injulmi with
RS-3 prepared from waxy rice starch

Ahesve-  Sying-  Oohes- | Surface o Adesive- Smooth- Overal
Harchess (8 Smfgﬂmwowﬂm Firmess SG- L T iy
| rades 10D
h
n ‘
| w -0g0™ 1000
0
! s
| S 02 Q4 100
;
Ches™ g gsim ogEm 100
Veness
Suface
e 0166 029 018 0D | 100
Odor 00® 01  -00% 0015 | 00 1000
Offivor  Q0R 006 0107 -0015 | 002 -0023 1000
s
° Ammess 019 008 008 000 | 010 008 012 100
S
o
r %ﬂwfﬂ‘ 012 00@ 020 015 | 021 020 -gx3s 023 1000
y
AESe™ o1 007 0B Q1 0189 00 01 omr 0E 100
Smoof- g0 g4 QI7 017 | 0@ 000 -00% 020 022 028 10W
ggtya' 0% oxg 04 0191 [ 0X6 -0 0166 008 006 oxd o35 100
n=10, * : p<0.05, ** : p<0.01, *** : p<0.001
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Table 2-38. Analysis of variance for sensory properties of Injulmi with

RS-3 prepared from nonwaxy rice starch

Abesve- S~ Cches— {Surtace of- Sping-  Adnesive- Smooff Overal
Harchess o s verpss 00T Qdor Ammess ess - BSS ness  qually
e 1000
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o]
o
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a
| .
Cores- oo 025 e 100
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Or 0@4 006 -00B 008 | -0017 1000
Offawr 027 0101 -0094 -0107 | -0194 0804 1000
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Chmmess ¥y 0% 063 008 | 000 04 013 100
S
o . . :
;gu 0191 O 0@ 006 | 00B -00B 0083 -g45c 100
fgg“""’-* 000 02 0B 01® | 051 0@ 004 0%~ 04F 100
Smooth- .
ok 026 008 01F 0XR | 000 0®0 024 047 0SE 0@ 100
iy 0331 0344 €00 Q0P 08 QIR 006 Q44 044 048 o3¢ 1000
n=10, * : p<0.05 ** :@ p<0.01, *** : p<0.001
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Table 2-39. RS level (%) of RS added rice cakes stored for 0 day

Addition of RS (%)

Rice cakes®
5 10 20

ARS-CA" 6.52+0.3 6.67+0.2 6.78+0.1
AWS-CA? 6.50+0.2 7.35+0.1 8.52+0.4
RRS4” 712+0.7 7.21+0.1 7.9310.0
WRS4Y 7.241+0.7 8.01+04 9.39+0.2
AnRRS4” 77705 8.06+04 9.16+0.7
AnWRS4” 753+0.8 7.84+04 9.57+£0.5
AcWRS4" 7.53£1.0 7.84%0.1 9.57+0.0
Novelose 330 9.72+0.2 12.20+0.9 17.85+0.0

No addition 592+0.6

*Rice cakes were made with the rice flour and 20% RS below;

1) ARS-CA : Rice starch. 1 Autoclaving-cooling cycle, citric acid 0.5%

2) AWS-CA : Wheat starch. 1 Autoclaving-cooling cycle, citric acid 0.5%

3) RRS4 : Cross-linked rice starch

4) WRS4 : Cross-linked wheat starch

5) AnRRS4 : Annealed and Cross-linked rice starch

6) AnWRS4 : Annealed and Cross-linked wheat starch

7) AcWRSA4 : Acid treated and Cross-linked wheat starch

8) Novelose 330 : Commercial RS 3 starch from Nation Starch. Co., USA
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Table 2-40. RS yield of Injulmi with RS-3 prepared from waxy rice
starch
(%)

Storage time (day)

2
RS-4 1
0% 7.34 7.19
10% 6.83 7.89
20% 6.20 6.50
30% 6.14 747
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Table 2-41. RS yield of Injulmi with RS-3 prepared from nonwaxy rice

starch
(%)

Storage time (day)

2
RS-4 1
0% 7.34 7.19
10% 6.97 7.18
20% 5.84 7.31
30% 7.90 8.51
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Table 2-42. RS yield of Injulmi with RS-4
(%)

Storage time (day)

RS-4 1 2 3
0% 7.34 7.19 7.27
10% 7.78 9.75 10.76
20% 8.70 10.66 10.83
30% 8.62 11.79 11.53
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Table 2-43. RS yield of Injuimi with RS-4 prepared from annealing
treated starch

(%)
Storage time (day)
RS-4 1 2 3
0% 7.34 7.19 7.27
10% 7.75 9.33 10.42
20% 7.79 9.83 10.64
30% 8.97 10.83 11.26
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Table 3-1. Proximate compositions of wheat flour

w43 F7sldoh
53 AEE 27533 RVURT-

Y7HFS RVAS 9@

Molsture Ash(%) Protein(%) Granule size(um)
rotein
contetent(%) ° ° -
Bread flour 13.8 0.41 37.5
All-purpose flour 13.6 0.42 26.1

Table 3-2. Swelling power and solubility of wheat flour

Swelling power

Solubility (%)

30 C
65 C
T
8 C
9% T

2.89
7.20
8.85
10.91
16.16

9.23

14.00
13.40
16.43
33.12
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Table 3-3. farinograph data of wheat flour

Bread flour All-purpose flour
Water absorption(%) 66.0 60.5
Stability(min) 34.5 12.5
Development time{min) 5.0 1.5
M.T.1.(Bu) 20 30
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Table 3-4. Proximate analysis data of flour blend with RS 3 type resistant

starch
Moisture Ash Protein Wet gluten
(%) (14%MB) (14%MB) (%)
Control 13.4 0.46 121 32.9
FRS1-1 13.6 0.43 10.9 29.0
FRS2-1 12.7 0.43 11.0 29.9
FSR3-1 129 043 10.5 28.2
FRS4-1 12.9 0.43 10.9 28.8
FRS1-2 13.2 0.40 9.8 26.5
FRS2-2 12.1 0.41 10.0 26.6
FRS3-2 12.3 0.41 9.9 26.4
FRS4-2 12.5 0.41 9.8 26.3
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Table 3-5. Proximate analysis data of flour blend with RS 4 type resistant

starch
Moisture Ash Protein Wet gluten

(%) (14%MB) (14%MB) (%)
Control 13.4 0.46 12.1 32.9
FRS5-1 12.9 0.70 11.0 29.0
FRS6-1 13.2 0.47 11.0 29.3
FRS5-2 125 0.97 9.8 26.1
FRS6-2 12.8 0.50 9.7 26.0
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Table 3-6. Swelling powers of wheat flours with different RS

Swelling power

30 95%C
10% 20% 10% 20%
No added 2.89 16.16
Wheat NSV 274 2.78 16.85 17.27
Wheat RS3 3.10 3.37 16.07 15.70
Roaneat, 2.99 3.25 16.41 16.04
Wheat RS 4 2.81 268 13.70 12.06
Wheat
) 285 3.19 13.28 12.07
AnRS 4
Wheat 266 272 13.48 11.68
AcAnRS 4Y ' ' ' '
Waxy rice NS 2.85 2.81 16.71 17.21
Waxy rice
Y 3.01 3.19 15.05 13.20
RS4-1
aNheat. 3.02 3.25 14.44 12.78
Novelose 240 274 274 14.21 12.32
Novelose 330 2.85 2.95 14.19 13.20

NS mean native starch ACA mean citric acid

YAnRS 4 mean RS 4 type starch prepared from annealed starch
YAcAnRS 4 mean RS 4 type starch prepared from acid treated and
annealed starch
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Table 3-7. Solubilities of wheat flours

Solubility (%)

30°C 95°C
10% 20% 10% 20%

No added 9.23 33.12
Wheat NS 8.61 8.26 29.31 30.34
Wheat RS3 10.42 12.05 32.30 32.57
Wheat RS3-CA 10.44 11.93 33.52 35.51
Wheat RS4-1 8.12 6.11 29.12 26.34
Wheat AnRS4-1 6.79 6.36 28.01 27.41
Wheat AcAnRS4-1 4.22 4.83 28.08 26.01
Waxy rice NS 8.15 7.59 36.20 44.20
Waxy rice RS4-1 7.80 7.07 30.67 27.29
Wheat AnRS4-1 7.70 6.98 29.83 27.11
Novelose 240 741 7.42 30.00 28.68
Novelose 330 9.32 8.97 31.88 31.49
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Temperature ('C)

—a— Wheat flour 100% —a— Wheat NS 10%  ---a--- Wheat NS 20%
—o— WR NS 10% ---o--- WR NS 20%

Fig. 3-1. Swelling power of wheat flour with native wheat and waxy rice

starch(NS)
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Swelling powe
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0 25 50 75 100
Temperature (C)

—a— Wheat flour 100% —a— Wheat RS3 10% ---a--- Wheat RS3 20%
—e— Wheat RS3-CA 10% - --e-- Wheat RS3-CA 20%

Fig. 3-2. Swelling powers of wheat flour with autoclaving-cooling(RS 3) and

citrate added and autoclaving-cooling(RS 3-CA) wheat starches
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0 25 50 75 100
Temperature ('C)
—a— Wheat flour 100% —— Wheat RS4 10% ---a-- Wheat RS4 20%
—o— Wheat RS4-An 10%  ---&-- Wheat RS4-An 20% —e— Wheat RS4-AcAn 10%
—e— Wheat RS4-AcAn 20%

Fig. 3-3. Swelling powers of wheat flours with cross-linked(RS 4), annealed
and cross-linked(AnRS 4), and acid treated, annealed and

cross-linked(AcAnRS 4) wheat starch
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0 25 50 75 100
Temperature ('C)
—a— Wheat flour 100% —a— N-240 10% ---a-- N-240 20%
—e— N-330 10% ---o--- N-330 20%

Fig. 3-4. Swelling powers of wheat flours with Novelose-240 and Novelose
330 Novelose 240 and 330 were commercial resistant starches prepared

from high amylose maize starch(National Starch Co.)

- 186 -



20
15
3
o)
o
g0
D
3
73]
5 L.
0 | {
0 25 50 75 100
Temperature (C)
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—e— WR RS4-An 10% ---»-- WR RS4-An 20%

Fig. 3-5. Swelling powers of wheat flours with cross-linked(RS 4), annealed

and cross-linked(AnRS 4) waxy rice starches
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—a— Wheat flour 100% —a— Wheat NS 10%  ---a--- Wheat NS 20%
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Fig. 3-6. Solubilities(%) of wheat flours with native wheat and waxy rice

starches(NS)
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Temperature ('C)
—a— Wheat flour 100% —a— Wheat RS3 10%
---a-- Wheat RS3 20% —o— Wheat RS3-CA 10%

---o--- Wheat RS3-CA+A20 20%

Fig. 3-7. Solubilities(%) of wheat flour with autoclaving-cocling(RS 3) and

citrate added and autoclaving-cooling(RS 3-CA) wheat starches
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Temperature ('C)
—a— Wheat flour 100% —a— Wheat RS4 10% ---a--- Wheat RS4 20%
—o--Wheat RS4-An 10%  ---#-- Wheat RS4-An 20%  —e— Wheat RS4-AcAn 10%
-..e-- Wheat RS4-AcAn 20%

Fig. 3-8. Solubilities(%) of wheat flour with wheat flours with
cross-linked(RS 4), annealed and cross-linked(AnRS 4), and acid treated,

annealed and cross-linked(AcAnRS 4) wheat starch
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—a— Wheat flour 100% —a— N-240 10% ---a--- N=240 20%
—e— N-330 10% ---o-- N=330 20%

Fig. 3-9. Solubility(%) of wheat flours with Novelose-240 and Novelose 330
Novelose 240 and 330 were commercial resistant starches

prepared from high amylose maize starch(National Starch Co.)
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Fig. 3-10. Solubility(%) of wheat flours with cross-linked(RS 4), annealed

and cross-linked(AnRS 4) waxy rice starches
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Table 3-8. Water binding capacities of wheat flours with different
resistant starches

Water binding capacity (%)

ddition level
10% 20%

No added 248.60+25.72
Wheat NS 251.24 + 18.98 280.36 + 71.30
Wheat RS3 253.61 + 16.48 28295 + 16.96
Wheat RS3-CA 254.62 + 18.99 269.01 + 17.11
Wheat RS4-1 24262 *+ 15.18 196.29 = 75.46
Wheat AnRS4-1 25760 + 11.65 291.87 + 2.88
Wheat AcAnRS4-1 24525 + 11.86 25086 + 13.83
Waxy rice NS 239.83 + 22.38 24118 + 26.60
Waxy rice RS4-1 260.66 = 20.19 281.27 + 18.88
Wheat AnRS4-1 259.15 + 1597 282.94 + 18.63
Novelose 240 24418 = 17.01 248.12 + 13.36
Novelose 330 253.27 + 15.83 262.12 + 12.23
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2t ASHESH AN o 53 54

RSE H7I3 97179 33EAHE VEHEZA A (Rapid Visco Analyzer,
RVAIZ EA34H. U759 282EE 65.3HCIR JIAPEE 27533
RVUAH. RSE 71 o] diF-& 33257t Polfn 4 HAEE A9
sdtue HARPFEZE RS v AY dREE FAQY dAEez @
+ RS 33 AE3 A9 annealing A 2]E Hade] Ax3 RS 4 AL,
¥ RS 3% RS 4 449} annealing 2] & W3t =3 RS 4, F&A
T, AAdEoR A MAHEES UiFY ARG E 43 ¥
B orAE FAIE AR FEE FAANZAL YA NREL EF B
FEE et dAdAREL A/ U/l¥E RVA 4 breakdownoly
setbackgte] A FAd AFHAEES HVMFo2ZA YIFE AEFY =3%
=2 AQAE 7HeAdol &S AE3T

ok 9IFE AR EX

AFHE F71 47159 A ELEEE Table 3-103 Zo). Controle AT
A 2717F 6221mA 3 AL Hrle #Fe F7H10%, 20909 wek
63.92um, 70.16mE HT YA A7E F7HAHAS. RS 3 ¥ AFAE(RS)0
AZFFo] F7HEAE W H bl T @t 4R 27]E 65.45mel A
7490m7t A S7HA AR, RS-48 AFAEL] Afole H7MZ w34
Ha BA2717F 60.69mol A 53.13m7AR] FAFHUT RS-48 A A Z(RS)
°| #7t¥ FRS5-1%¥ FRS6-27tA 9 W7$E 10m~40mAtelel 47t
e Algd BlE @& AL FolstAn.
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Table 3-9. Pasting characteristics for wheat flour with 20% RS by RVA

Viscosity
TPeak Break- Consis-  Set-
Samples ) P(?,a)k T“E%Jgh Final (F) down  tency  back
(P-T) (P-F) (F-T)
No added 6535 27533 173.33 30510 102.00 -20.77 131.77
Wheat NS 64.75 366.42 202.67 38042 16375 -14.00 177.75
V\g‘segt 63.50 227.67 13225 26040 9542 -32.73 128.15
Wheat
Rea.op 0545 16467 11733 21630 4734 5163 98.97
V‘g‘sej“ 62.90 22267 13317 26325 8950 -4058 130.08
Wheat .25 17783 11675 21800 61.08 -40.17 101.25
AnRS4
Wheat
AcAnmgs 6155 22842 13817 27117 9025 4275 133.00
WR NS 6215 24525 14758 25758 97.67 -12.33 110.00
WR RS4 6290 27600 163.92 29842 11208 -22.42 134.50
WR
Anpsa 6325 21767 14017 25450 7750  -36.83 114.33
N°;i’0°se 6570 14950 89.83 189.30 59.67 -39.80 99.47
N°;g'§se 6465 17650 109.25 21070 67.25 -3420 101.45
Maize
ncaca 0690 14408 9400 18580 5008 -41.72  91.80
Maize
Extrudate 6520 16520 94.67 17470 7125  -878 80.03
Maize
AnRS 4 6405 187.83 10958 22600 7825 -38.17 116.42
Maize
AS 4gp 6610 15658 92504 19070 6408 3412 98.20
Nr‘i’;ewaxy 6425 21183 13825 24660 7358 -34.77 108.35
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Table 3-10. Particle size data of Control and fiour blend with RS-3 or
RS-4 type resistant starch

varienc
Mean Meadian Mode S.D cV d10 dso

W m) ) ) ) s () (m)

)
CONTRO
L 62.21 61.01 9649 38.72 622 1,499 10.87 1156

FRS1-1 6392 6401 9649 3840 601 1475 1222 1159
FRS2-1 6545 6345 9649 4149 634 1,722 1141 123.0
FRS3-1 68.30 65.94 9649 4348 637 1,890 1239 1288
FRS4-1 69.68 66.85 96.49 4407 632 1942 1413 1309
FRS5-1 60.69 57.37 9649 4089 674 1672 9.62 1183
FRS6-1 59.45 56.75 9649 39.04 657 1524 1030 114.2
FRS1-2 70.16 6520 96.49 46.29 660 2,143 1521 1337
FRS2-2 7490 7165 96.49 4681 625 2,191 15686 140.1
FRS3-2 7215 68.69 96.49 4597 637 2,113 1459 136.2
FRS4-2 7241 6944 9649 46.03 636 2119 13.76 1364
FRS5-2 53.13 4785 8790 3692 695 1,363 8.162 1059

FRS6-2 5446 50.07 87.90 3691 678 1363 9.167 106.7
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AL 719 FRS1-1:-228l3 RS-4 8§ AET FRS5-1%E FRS6-27
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Table 3-11. Damaged starch contrdls of wheat flour blend with RS-3

or RS-4 type resistant starch

Sample Damaged starch(%)
Control 8.50
FRS1-1 7.13
FRS2-1 10.68
FRS3-1 10.96
FRS4-1 10.57
FRS5-1 8.87
FRS6-1 8.87
FRS1-2 7.83
FRS2-2 11.85
FRS3-2 13.96
FRS4-2 12.78
FRS5-2 7.41
FRS6-2 8.44
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Table 3-12. Sedimentation values of wheat flour and flour

blend with RS-3 or RS-4 type resistant starch

Sample Sedimentation value (14.0% M.B)
Control 49.06
FRS1-1 43.82
FRS2-1 41.95
FRS3-1 41.72
FRS4-1 43.30
FRS5-1 42.46
FRS6-1 40.88
FRS1-2 38.79
FRS2-2 34.71
FRS3-2 36.36
FRS4-2 39.68
FRS5-2 38.46
FRS6-2 38.62

of, ANEE H3 Wity A%

D HYHES W1 YR 4=

HWELT Table 3-13% 229 controll ¥7HF 100% )o] 7% 982608
Mg we £A8 UEda du ARl HrskE FRSlelY AgdPel 3
7t€ FRS2-1%-¥ FRS6-27AE A 8948914 90687hA] & 1.29] x}o)
HAd 358 vede L &2 AFgAE H7MEol controltt o ¥t
I, AN YeElE a & (S54)F22 052% Zolg Eion, b @&
o] +79Hxe] o2 AFAEE AU LiFs o =TS wau Ye
ROz vyt

il
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Table 3-13. Color(Hunter L, a, b value) of wheat flour blend with RS-3 or
RS-4 type resistant starch

control 98.26 -0.07 -0.23
RS1-1 90.38 -0.54 8.20
RS2-1 89.68 -0.50 8.61

RS3-1 89.67 -0.54 8.35
RS4-1 89.79 -0.53 8.30
RS5-1 89.99 -0.55 7.85
RS6-1 90.36 -0.57 7.97
RS1-2 90.68 -0.52 7.49
RS2-2 89.48 -0.37 8.30
RS3-2 89.87 -0.51 8.121
RS4-2 89.98 -0.50 8.10
RS5-2 90.55 -0.51 7.27
RS6-2 90.57 -0.55 7.43
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3-15.3 ZUT. AFAEES HISIA ¥ control®] 7] 33 25&E 57
0C 93, AgARe]l H7le A& 563CAAMFEEH 61.3C AlojoA F 37}
A A = KAk,

H1YEE controlo] 850 BU ¥ i AAEe] H7LE FRS1-1, FRSI-2
o] ASee A& HrF Fobd we Azt FUkste YA LHE
vehdiodth RS 38 @ E(0.1% Citrate, 05% SE)°] 20% d7ld 27159l
FRS4-29] H1HE7 71 @gtth. RS-439 AIAEE 713 FRSH9)
FRS69] S+ RS-33 A¥AEL S #F71e Al8T 2ode I3 F= ol
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Table 3-14. Color of wheat flour with different RS

Color

L a b
No added 98.11 0.10 3.38
Wheat NS 10% 98.19 0.17 2.83
20% 98.29 0.16 2.71
Wheat RS3 10% 98.68 -0.19 470
20% 97.79 -0.09 4.19
Wheat RS3-CA 10% 97.98 -0.22 463
20% 97.68 -0.13 4.46
Wheat RS4-1 10% 98.02 -0.07 3.62
20% 98.05 0.07 2.93
Wheat AnRS4-1 10% 98.12 -0.10 4.09
20% 98.04 0.14 3.30
Wheat 10% 98.11 -0.13 4.02
AcAnRS4-1 20% 98.27 -0.07 3.60
Waxy rice NS 10% 94.29 -1.44 6.90
20% 94.69 -1.37 6.05
Waxy rice RS4-1 10% 94.20 -1.47 7.03
20% 94,58 -1.38 6.34
Wheat AnRS4-1 10% 94.19 -1.46 1.17
20% 94.57 -1.36 6.16
Novelose 240 10% 97.88 -0.05 3.67
20% 98.12 0.03 3.17
Novelose 330 10% 93.94 -143 71.56
20% 93.96 -147 7.66

- 202 -



)& Holx ¥Eux stk AR FFe AR B Tao) g8 24Hs
2GR AYARS WHE P ALY FFE FARGAY 2
F Q¥ mael APE Wl WMo 3 AR FF] A duutn 8
Ak ot & YoM AFARY GFol F7HYFE HRPEY go] @
obAE Azst fFAHsteT

A ssde HEE A A e A% B2E YA 9 2
Avel 9@ HAAH, YA =71k 5, Uz exg opUZAY P U
T2 Ao, APAES o5t ARUTT B} EF AR THE ARY
2R JuAge AHEA B $22F g3t HPso go} &
E7b gobd4® wiAel Mg F%m o JPPES 2e TEA
Ao vA® 2% el AA AYstel meoN BHSAR AR 2
o 42 A BHAE Veslt Roz A U oY HAAA A
el Bgol Yol ofUz o2 BAEe]l £ ewA AR
pide PEst e 2 AU E2oE §4¢ A AR AR

T ool A Wastd wnA AL FAFA Aoz A

_1

2

Table 3-15. Amylo graph data of Control and flour control

and flour blend with RS-3 and RS-4 type resistant starch
Contro FRS1~ FRS1- FRS2 FRS2 FRS3 FRS3 FRS4 FRS4 FRSS5 FRS5 FRS6 FRS6
1 1 2 -1 -2 -1 -2 -1 -2 -1 -2 -1 -2

Gelatinization

temperature 57.0 56.8 580 595 61.3 59.7 61.2 58.3 61.0 56.4 58.0 58.9 60.6
(t)

Max.

Viscosity

temperature

(t)

Max.

Viscosity B850 895 965 645 545 510 425 505 405 760 620 670 560
(Bu)

890.7 80.7 895 910 914 88.2 90.1 89.8 90.3 94.0 93.7 B88.8 B89.5
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A2 g FRS4-1, FRS4-2& F+& F7M7F 7FF A 709%, 79.3% 4t
Farino graph® F4&2 4759 99z &3 A%, &R s o
FE et APEE HUME 20HR 2 7t wE FEd e
A7l A& wrete AFHAL(RS)E HUMg WARY Afoe FFE0)
718ttt RS-4% A33@AEel H7MY A ET(FRS5-1 ~FRS6-2)0 A 9

F5€ Hge B AlgTd HE HE7L HJoh oA AFHAE AAS @
< BaEEE 7HA 2 Qo] NtuET AFHAE £Yo] FFE0 F¥FES £ A
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AFHES HME ABTdAE BHF A Aol 10%9 A de 73
R 20% F7FACE control} FAME AIE HIAth RS-48 AFJHAES
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7 Al 5 A Aol FUMEE AL AFARY FAY FEe] WA
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control®] Z-¢ 10 BU 2 AAEH ALY Hstzged get MTI gtol
AAE LS BYTh RS-4 8 AgAFo] HIilE AFRZFAME Table
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Table 10. Farino graph data of Control and flour control and
flour blend with RS-3 and RS-4 type resistant starch

Contr FRSi_RS1—2 RS2- RS2~ RS3- RS3- RS4- RS4- RS5- RS5- FRS6 FRS6

o 1 1t 2 1 2 1 2 1 2 -1 -
Water

, 66.5 64.3 63.4 684 73.7 70.2 76.7 70.9 79.3 67.7 69.0 66.9 65.4
absorption(%)
Develooment . »,0 24 32 30 25 35 26 25 23 18 20 20
Time(min)

Stability(min) 38.5 33.0 10.0 27.7 22.2 28.5 21.7 19.3 13.9 122 93 235 6.5

M.T.I{Bu) 10 20 40 20 10 20 30 30 40 30 70 40 60

»
&
o

AR L B/ME FHR HE5H

WA AR 10%, 20% F7HE UIEY BHHEHS SHAANE 3-17).

NEY SEEFEE RS 3 FFS AR Az AHARS AN
F7tetR 3 W 259 WA Ae YAEo2 AXY RS 38

A7+8 A% controld FAHLT UnAE g gAY} BFe dAE

t 9dPoE AZP RS 3 FF AR YHEez A=2Y RS 48 10%

718 AL FA7eA) & ASRT QAR o 3= HA

ARS 10% W7He B 9ol HAehA &e FeuT SHEs Yo A} ]
2otel HigAY BEFEHL YehilE AL B 4 AN
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Table 3-17. Farinograph of RS mix flour

Farinograph
Absorption Development Stability Weakness
(%) time (min) (min) (B.U)
No added 63.2 20 8.0 60
Wheat NS 10%% 62.0 1.7 9.8 45
ea
20% 60.7 1.3 55 80
Wh RS3 10% 65.5 2.5 13.3 40
eat
20% 66.1 2.0 78 85
10% 66.5 1.8 11.3 50
Wheat RS3-CA
20% 67.4 14 6.7 7
Wh RS4-1 10% 63.0 15 95 30
eat -
20% 62.3 1.2 21 90
10% 63.0 15 5.7 60
Wheat AnRS4-1
20% 62.3 1.2 2.1 92
Wheat 10% 63.0 15 5.0 70
AcAnRS4-1  20% 62.4 1.3 33 0
- o NS 109% 65.4 1.8 6.3 60
axy rice
20% 66.3 14 35 90
Waxy rice 10% 64.0 1.7 40 50
RS4-1 209 65.1 1.3 24 85
10% 64.8 1.7 31 70
Wheat AnRS4-1
20% 65.2 15 1.8 35
10% 1.7 7.0 70 50
Novelose 240
20% 1.2 36 80 40
: 10% 15 79 60 51
Novelose 330
2096 1.1 34 90 43
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3. AAAHE A% =9 MY

7h A9} 2% S i 54

AhLE 35 @71g0] Bod we AP Hd Jez HA2HE FA3)
ATHE 3-18). 7HF 100%<] Hwo] Fojd H7x 8 AE 0.26m, &
7212 g Hvh #oA w7 Ags HELE AZXF RS 4 F AR S
Adstae EE A&7 27 100% Rt o 2%, Ad gL 24
To2 Az RS 3 ¥ AEF citric acid® H7IH RS 3 8§ HE, 18m
FEHAEOS R annealing § A|Z$ RS 4 3 AEL HI3 A= Us

e de A% WmsiAY 288 o @dd

AEE 22 ¥ A/ S vags deds
F o @ad I Azl 2e 4 5 AN
o] TFES BE SoM 48T 2T F A E FHFAHE 3-10).
28d T d2He 5 ¢ 7M9E FoldAM FF7 BoAXe AH
74X e Ag #d v P& FASUT LI 100% ZFE F47L
Zold W7 Azst 876m, Fo1E wWe Yol 1445 g Ak ZFUt #
ofd o 7= At YL WHESE A2F RS 3 ¥FH RS 4 &,
annealing® A|Z% RS 4 8, 283 FAHES annealing 3t A =3 RS
4 3 AL A A YR 100% F59 FAHe ghg JERAG 28
g =7 AT oM o] JAEE H/HE A Bk ARG
Z2e ¥ER HY F7 o vEAE 42E F= dge JeEdd o
A Aoy 2 49 A Jos2e Y¥ECE A2 RS 3% A
3 FEHEE annealing & F AEF RS 48 AL A7 59 A
o HAE F4E& B

rir

by
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Table 3-18. Breaking distance(mm) and max force(g) dry noodles and

cutting distance(nm) and max force(g) of cooked noodles.

level — Dry noodles . Cooked noodles
Distance(mm) Max force(g) Distance(mm) Max force (g)
a;c;d 0.25+0.05 7212968 8761305 14.45+3.50
Wheat 10% 0.25+0.18 41.37+15.83  357+1.50 7.96+1.30
NS  20% 0.28+030 4844+1760  652+282 9.53+1.73
V\:Se:t 10% 0.27+0.09 104.29+39.61  7.53+1.79 14.16+1.90
Wheat
-RCS:?A 10% 0.33£0.10 68.93+24.20 5.04+1.78 8.83%1.03
Wheat 10% 0.18+0.05 53.80+18.35 7.56+1.60 12.72+1.38
RS4 209 021+026 54.09+1272  6.48+160 11.88+1.28
V‘Ilqhseft 10% 0.26+£0.05 5863+10.06  9.17+2.30 15.10+£2.34
(Anneal) 20% 0.22+0.07 37.50+12.60 6.69+1.78 10.30%+1.22
Wheat 10% 0.23+0.06 52.66+19.06 591+278 10.17+244
AcAnRS4 50, 029+0.08 5572+£18.94  807+162 12.32+1.39
WR NS 10% 0.29+0.18 44.00+10.29 426+240 7.63%+1.35
WR Rgq 10% 024007 64.98+25.45 371+1.93 8201167
20% 0.30+0.07 53.51:+10.96 5.86+2.03 10.81+1.75
WR  10% 0.27+0.07 71.00+9.59 9.56+3.29 15.55+3.88
AnRS4 o0y, 0.30+£0.08 52.79+18.17  4.89+1.62 10.32+1.73
Novelose 10% 0.26+0.06 57.96+20.20  5.82+1.69 9.95+1.32
240 20% 028+0.07 57.19+20.00  997+235 12.60+1.23
Novelose 10% 0.27+0.07 60.02+12.36 7.77+£1.76 1252+1.20
330 909 034+007 56.28+19.58  7.94+1.39 11.27+1.08
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v g9 254

g RSE H7tstd Azl S99 5L Hlastdo control =
9 28 & FAFME 20011%, FAEF7ME 2808 2™ cooking lossv
1041%°10 k. ARAEL 7 A% 4 28 F FAF/MY 79 S5
A3 Frtglov HAAES 7MY Foe dAH oz 296 @ U3
7 ARG o HYd DAL citric acid® #7718k A= RS 3 §
ARE 718 398 2dF FAY 9 F7L cooking loss7} control =
TR thh Etun YHAELE AXE RS 4% AES H7ME F S control
249 vl d. YAES annealing 3AY, 289 annealing 3o Al
Z3% RS 48 ARG HAAESZ AxF RS 48 A& AV F+E
H7hetA] @& S5d va) 28 F @3y o A Yerstd.

b

o I 713 24}

s Hyos Azxd HAAERE AU F5E ARSI ¢ #Fe
AEE Y WARLE F59 BFAAE AAFAT #FAAE 100
H BYe 7|Ex FALE I controld] WiEl 7039 HSFE Fu e
ABES controldt HlREA AT V|EE ZALE HAAF A dRE
FEoi WAES FEAELE AT AAAAES 20% HAME F471 H
7tatA &S I FAIE F4E AU 23y ¢ & J4E 2oy
AAEE H/HS IFRYE 88 FL& F5E 2tk NoveloseE #H7H8
FTTE A €2 FFET ¥ @ FE& Ro ojn] AEF Ho Qe
AARHT AR} BAROT AXFH WAARY o&7 EL
Aoz AZL4HUY.

ri

- 209 -



Table 3-19. Cooking characteristics (4min) of white salted noodles made

from wheat flour with various RS

level Weig(l;x/t gain ir?tl:?‘el#lr:a?wt Cooking loss
0) (me) (A’)
No added 200.11 28.0 10.41
10%  241.71 32,5 9.02
Wheat NS 500, 25065 335 9.64
Wheat RS3  10%  203.65 27.0 10.62
Wheat RS3  10%  259.38 32.0 11.63
10%  199.93 27.3 9.48
Wheat RS41 00 202.20 28.0 9.51
Wheat RS4.1 10% 21332 29.0 9.81
(Anneal) 20% 256.75 34.0 8.86
Wheat  10% 22894 30.0 8.71
ACANRS4-1 20%  220.87 30.0 10.32
WR NS  10%  247.36 315 8.50
10%  251.14 33.0 8.71
WRRSHT oo 24119 315 9.63
10%  200.19 28.3 9.61
WR ANRSAT o0 26145 33.0 9.49
10%  221.20 205 8.94
Novelose 240 ,0e  240.48 30.0 10.37
10% 22003 28.0 9.92
Novelose 330 »50, 24045 31.0 9.95
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Table 3-20. Sensory evaluation of white salted noodles made from wheat

flour with various RS

Surface Soft. Total
level Color Elast. Smooth Taste .
appear. /hard. quality
No 17.5 14 7 17.5 7 7 70
added
10% 1747 1489 728 1727 8.22 7.28 69.44
Wheat * 279 + 226 £ 1.09 £ 232 £+ 1.09 = 0.83 *+10.14
NS 20% 1772 1422 694 17.00 6.89 6.94 67.22
+ 341 £ 211 £ 1.01 £ 2.80 £ 0.78 + 0.73 +6.67
Wheat 10% 1800 1500 794 19.17 6.56 7.38 74.89
RS3 + 331 £ 224 £ 101 £ 250 + 1.24 + 0.67 + 10.54
Wheat 1650 1467 7.06 1894 6.67 6.82 70.44
RS3 - 10%
CA £ 395 + 3.00 + 142 + 464 £ 158 =+ 1.39 + 16.67
Wheat 20% 1891 1558 695 18.05 7.09 7.15 70.55
RS4 + 202 =+ 140 +£ 082 £ 292 £ 1.04 = 1.04 + 522
Wheat .., 1900 1400 650 1700 7.00 7.10 72.00
ARS4 0% 51t 1141 114+ 285+ 1205 + 148 + 11.60
Wheat 1886 1500 7.25 1875 7.25 750  75.00
AcAn 20%
sS4 + 172 £+ 115 = 050 £ 144 £ 050 £ 0.58 + 577
WR NS 10% 1717 1411 6.28 16.t11 7.1 6.67 66.67
+ 280 £ 226 + 15 £ 356 £ 1.76 + 1.41 = 14.14
WR RS4 20% 1937 1450 700 1788 7.00 7.00 70.50
+ 239 + 191 £ 141 £ 239 + 1,15 + 0.82 + 9.57
WR 20% 1813 1378 725 18.13 7.00 7.50 72.50
AnRS4 + 125 £ 186 £ 1.26 + 315 =+ 163 =+ 1.29 + 957
Novelose % 1825 1360 980 1725 660 660 69.00
240 + 381 £ 165 = 116 £ 275 +1.43 = 094 =+ 876
Novelose 20% 18556 1389 6.17 1633 6.44 6.14 63.33
330 + 39t + 176 = 1.00 + 250 £ 1.33 +0.73 + 7.07
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o}, F49 RS §F FA}
=49 RS #3FL pancreatin gravimetric method2 &A% ZIs= H
3-213 2o, AAHARE H/HEA &2 I4= RS §Fo] 7.06%H9x A

AHAEE H7ME S+= RSY &0 S/t 53] RS &3] 718 =

< WHEE A annealing 3 AZE RS 48 FH7Me IS0 A4
L #&& JEHT

Table 3-21. RS vyield of noodles with RS3 and RS4 starch series

level RS yield (%)
No added 7.06
10% 10.79
Wheat NS
20% 10.28
Wh_e%tARSS 10% 12.90
10% 10.26
Wheat AnRS4-1
20% 15.62
Wheat 10% 14.06
AcCAnRS4-1 20% 21.09
WR NS 10% 10.16
10% 11.96
WR RS4-1
20% 13.25
0,
WR AnRS4-1 10% n.7s
20% 13.44
10% 16.97
Novelose 240
20% 18.56
10% 17.61
Novelose 330
20% 17.85
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4. MAAE A7t A% Ad

7b, o] K3 9 6§

AYAEE A A2 Axd W] e v 849 Aie Table
3-223 Zth el Byj9 H[E£HE controlo] 2130 mIY 2 H|EAHL 495
Gk AAEI} AFHALo] AUlE WAFE WHE AMNE EF AU
Stol we} F Hu 9@ ulgHo| AT 10%H AAETY Aol
H7bd A2 Z¢ controld] ¥lal #3317} 338 midl A 210 ml7bAl 4383
ou HAAHA AE ZFel Ry F33u. 20%8 Astd AEAAE
RS-38 AgHRo] H7/ME AlmdA= FHEY7F FRS2-2 1563 ml, FRS3-2
1593 ml, FRS4-2 1585 ml2 A A &Eo|vt RS4 8§ Ao H7/ME AaT
Ht} control® HIEA] FL REHE ZHHth W B3 gluten forming
protein(glutenin, gliadin)¢| ®|&o] F83tx 29 W7t F{d AL, =
BAATS 7t2BZA T s ¢S deodn €A vk #e B9 E
Z7kN717] e 84 2F d(vital wheat gluten)E H7lste 4¥E 3§
ook & el Y= #E AL o Y3}e v Aol F dxI FE
TE HEge 7ol dx7 3d B =42 A ©v)k Bulk density
= %o FA9 Fu9 uE Jeld Aoltk. Controlol 7Hg =%ow A
AEo H7tgo]l F7MET+F RolHh
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Table 3-22. Volume of breads baked by A.A.C.C method with wheat flour
and flour blend with RS-3 or RS-4 type resistant starch

Total Volume Bulk density Specific loaf

(i) (a/ ¢) volume(cr/g)
Control 2130 119.97 4.95
FRS1-1 1920 135.45 4.47
FRS2-1 1845 138.03 4.29
FRS3-1 1828 136.31 4.25
FRS4-1 1893 137.17 4.40
FRS5-1 1872 136.31 4.35
FRS6-1 1792 138.89 417
FRS1-2 1715 157.81 3.99
FRS2-2 1563 161.68 3.63
FRS3-2 1593 158.24 3.70
FRS4-2 1585 153.94 3.69
FRS5-2 1683 159.53 3.91
FRS6-2 1693 155.66 394
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L} o] "z &3

ol ¥lAXE ¥ 2u e (Fudoh rheometer, Japan )& &£ARsQed AR
£ Table 11-12¢} 2t} %o AE F 33U "H o 2@ F 71 A5
gA2HE GAAEY (compression test)?} AFA|E (shearing test)E E3 =
sttt crumbd B9@E-E UElhl+E toughnesst control?] 7Z$- 198(g)
o], RS-3 3% RS-4 & AHNIAEEL 10% H7Ie ANEFANAME control
# ZA Aol7b AN FRS4-1AM T 194(g)e2 @ttt AFAELS 20%
H7tg AETAME RS38E 7M1 FRS2-29F FRS3-20A4 e
toughness #& AR W daghe PARY AFgHE FHHA o
Folgtz] Boe AFHAENY ZAEA FAY & &a7F3E FE4
Fol Bod 2Fd YA JEAEL FEE LTEFA oj2E 3 44
g CO: 7t&8 Z EY3A] E3to e AHA F¥7t Folxxu, dFE F
ZE ZA Hel ¢ /78 Ae Aoz AU, @d49A4E RS-3 3
AgAEol #A7td AETdAM & @& H4d A 9A RS-3¥ A A
Ta HAME AMETAAM Eol FHoINT. B =(Strength)e A A&2F
A FAR §4E EHoy RS-38 AYAERE 10% H7MgE FRS3-1,
FRS2-291 4 ®&%& X4t} Shearing energy= RS-33 A& o) Hr}
¥ AEIANA =3dY.
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Table 3-23. Compression test of control and flour blend with

RS-3 and RS-4 type resistant starch

Co:llt.ro FR151— FRS2-1 FRlss— FRS4-1 FRfS— FRISG— FR;I— Fstz— FRS3-2 FRS4-2 Fsts— Fste-

Tough
ness

(2)

198 199 194 198 1¥4 198 198 198 194 196 198 199 199

S‘St‘anc 55 59 49 53 36 57 53 57 46 48 41 56 55

{mm)

5‘1}1:‘?3 9839 9931 9835 9901 9868 9843 9835 9843 9891 983 902 9831 983l
ate

(%)

Allevia o 130 0433 0400 0413 0430 0418 044 0401 0410 0420 0430 0435 0442

t time
(sec)

Strain 042 045 038 042 028 044 040 043 035 036 0.31 042 042
Elastic

(dyn/c
m2)

99,177 93,475 110,413 98,705 173,498 95,808102,954 95977117335 113,316 132,865 98441 99,322

X;S'w/s 42011 40778 44759 40780 74,468 43,178 45,153 39,126 48271 48502 57,060 43178 44,437
*8/C

m2)
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Table 3-24. Shearing test of control and flour blend with RS-3
and RS-4 type resistant starch

Control FRS1-1 FRS2-1 FRS3-1 FRS4-1 FRS5-1 FRS6-1 FRS1-2 FRS2-2 FRS3-2 FR54-2 FRS5-2 FRS6-2

S“f;)gth 194 193 194 196 192 193 1983 193 1% 192 19 19 193
Total

E('Z:y 120550 120211 173650 183,620 158560 13658 137748 142604 150,180 175,100 176430 137064 190713
Shearing
vaa®, 2 ® 28 B8 2® B 28 % 2B B/ B B 28
(g/cm2)

Shearing
Energy 18 18 % 26 23 19 18 20 21 5 25 19 18
(erg/cm?2)

o} ol feHA

B7t AELY Y 2342 RS4¥ A AE(FRS5-1, FRS5-2)0] H
7t AFTAA 7 2 ETFIHE By 8 EAF(heat moisture
treatment, HMT)E § RS3%¥ HEo| A7t AFTFAAN 53 TS
B A M(crust color)& RS3¥ A &Aool HAstd AEFNA control
BTt 9t RS4F AYAEo HIME AEFTAME AFA ygten Hr)
Fol ME WEgE a7t wey {4 gtk £ Hcrumb color)E
A AFTANA FAHE 54 et oy RS4Y APAE S AS AE
TolM control®tt B Mg HA 7)F(grain)> YAEI RS-38 AT
AES Z27Me AFFY F$AE controld FAIG FLA-E HY 3 RS4E
FAES HF AFEFY Z$oE control®th T4 &2gtth. white bread
o] F4¢(roasted) FE 01% citrateE 23 RS3Y AFAES HsHE

)
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AETAA F5T o] 713 A3 ez Jeyn, JARL e AF
TAA 7 4% RAoZ FrH A o (off-flavor)s A7t F7+gHe
ue P oy 01% citrate® A @ RS3¥ AIAELE A/ AFZ
A o ZsA veldth st (Taste) A AFZNA AFAES F7MPE o
T4 o] Frzlgdan HrEAY. ZE(Hardness)e AAEo|Y A
ol H7Hgol wel FrAEN oY NFALRYGE AREY HrbFo Frt
gl wiebA of Zsi A}l @4 (springness)& RS-33 AJAELS 7 Al
FTAAE F7M8t R RS-43 AFHEL A7 AFFAME 7424
ot &% #H(moistness)E RS-3% AJAE S H/EA S Wt H7/MZFA @
2t F7hetaL, AAEH RS-4% AFHEES F7lst e FasA0. A
AAH 715 = Hrld A= RS-38 AFHAE 53] 0.1% citrateZ A3 A
FAEES A7 AFol 2 HrtE ek

Table 3-25a. Sensory evaluation data of white bread for wheat flour
substituted with RS

Color Flavor Texture Overall
Sh i Off-fl Taste Hard Springi Moistn
ape Crust Crumb Grain Roasted av. las nes Sprngt Moistne Quality
. or s ness ss

9.14 6.95 6.56 731 7.27 482 73 6.26 807 1.73 821

Control
OOl 951 4219 +204 +314 253 304 14255 +231 +225 +213 +182
imspy 8% 751 691 68T 70 47 78 07 T80 15 67
+263 +239 +286 +271 1260 +217 +315 200 +342 +275 +250
msgy 070 772 58 733 848 805 773 848 985 88 8®
+£360 +220 +317 +323 +332 +396 +389 +175 +195 +155 +292
796 947 696 569 666 519 591 799 816 652 690
FRS4-1

+241 *153 242 *267 *183 28 *179 *179 248 264 *174

FRS means flour resistant starch.
The first number of FRS means kinds of RS and second number

means % of RS added to flour.
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Table 3-25b. Sensory evaluation data of white bread for wheat
flour substituted with RS

Color Flavor Texture
— - Overall
Shape Grain Taste e )
Off-flav Hardnes Springi Moistne Quality
Crust Crumb Roasted
or 5 ness sS

7.56 7.80 548 70 6.50 547 6.82 651 7.39 7.06 690

Control
onrol - 1347 +340 236 +339 339 +346 +256 +288 +£340 +221 +233

7.37 6.90 6.90 433 6.17 7.50 6.33 7.05 847 800 .27

S52-2
FR +393 +234 *163 204 307 +428 +222 237 =*18 +200 *202

Rz 670 772 58 733 848 806 773 848 98 88 B
+£360 4219 +317 +323 332 396 388 175 195 +155 +292

FRS4-2 821 6.66 6.91 754 6.59 547 1.7 6.94 7.70 831 6.73
+287 +25 +328 +280 215 +235 £337 £350 +38 +200 =*3.00

FRS means flour resistant starch.
The first number of FRS means kinds of RS and second number means

% of RS added to flour.
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Table 3-25c. Sensory evaluation data of white bread for wheat
flour substituted with RS

Color Flavor Texture
Overall
Shape —  Grain Off.fl " Taste Hardnes Springi Mo Qualit
—flav ardnes ringl oistne Wualily
Crust Crumb Roasted & pring
or s ness ss

872 6.42 6.80 557 6.58 3.02 515 747 840 768 6.30

Control

DOl 4901  +252 +213 203 +363 253 +285 282 +314 *086 +182

mey I8 73 675 TI9 663 5% 68 71 78 706 642
4002 4222 4272 +206 +286 +307 +338 +303 +328 +257 +268

mesy 362 464 620 53 67 522 606 86 714 660 662
+183 +165 =*174 274 +397 +462 *236 +236 344 +326 +253
680 920 616 500 682 416 628 866 8T 832 600

FRS6-1

+115 =*18 =*17 +201 436 £304 =318 *32 *192 +253 276

FRS means flour resistant starch.
The first number of FRS means kinds of RS and second number means

% of RS added to flour.
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Table 3-25d. Sensory evaluation data of white bread for wheat
flour substituted with RS

Color Flavor Texture
N . Overall
Shape Grain offfl Taste Hard Springi Moisine Qualit
- ardnes olstin uality
Crust Crumb Roasted a Prngt ©
or s ness s$

872 6.42 6.80 557 6.58 3.02 5.15 747 8.40 768 6.30

trol
Control ool £252 =213 +203 +363 +250 4285 +282 +304 +086 +182
FRolp 78 600 766 568 4% 738 560 1004 754 451 534
+298 +230 *179 340 +366 490 +338 178 +253 +286 +319
R 4% 454 604 546 532 58 662 912 83 58 60
462 116 +219 +287 +378 +367 +362 *+130 +209 +18 +251
650 542 594 664 604 510 508 762 770 5 3
PRS2 572 632

+242 216 *275 *389 +354 +273 368 *142 150 =251 22

FRS means flour resistant starch.
The first number of FRS means kinds of RS and second number means

% of RS added to flour.
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