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Abstract

Although rice production gradually increased in Korea, rice consumption has been significantly reduced during the
last decade. To increase rice consumption, it is necessary to develop a wide range of rice-processed foods and func-
tional rice materials. In association with digestion in rice-functional materials, people are interested in resistant starch
(RS). The purpose of this study was to develop the citrated organic rice flour by dry process with different treat-
ments and to investigate its physicochemical properties. Citric acid (0, 20, 30, 40% dry basis) was mixed with
organic rice flour and reacted at 105°C and 150°C for 5 h. The degree of substitution increased with increasing citric
acid concentration and reaction temperature. In DSC, when reacted at 105°C, onset temperature gradually decreased
with increasing citric acid concentration but no DSC thermal characteristics were observed when reacted at 150°C.
Relative crystallinity determined by XRD did not greatly change at 105°C but dramatically decreased at 150°C. As
citric acid concentration and reaction temperature increased, rapidly digestible starch, slowly digestible starch, and
total starch decreased but RS significantly increased. Therefore, RS content in organic rice flour increased with dry-
processed citric acid treatment and this could be applicable to produce functional foods for diabetes.
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Agolm BT §71% A o] S0l A%H T
S Ao thate], T HoRE §7)%5 Aol BEL
we) v A 7% HEY B9 9EED WE 5
e 7155k ohAlokel # HF AR HE ¥ & dE
88 AL & 5 9 Aol

ke el BA BHL olsiel] A% Aol 4B
0B WhE T AARS o @ olshehy 54
of @ AT HFEA UF AT wol Bud v

I THWilliams et al., 1958; Park et al., 1988; Lee et al.,
1989; Kum et al., 1995; Son et al., 1997). 3}A| 5+ 2 2]g
U WAy 58 Bl N2 715488 2t AR, 538
7% A7V gk A3 B AT BA &tk o
A F7]E Aol AHFHS 583 AIES Axs] flE)
Al ZH|Rpe] ool mE st f71E A 7 EE AN
e QU Ak g H AAHL
FoFA| AL ] of wEt AL AF

. A= W
MNE AFH e

ﬁ‘-/] wél:%

Ioha &H|zte] RS
Shin, 2002; Tie et al., 2007).
o8 At SrslEEN 9 QIR F
o &S EN FE S o e A4
37t 5l AR AP oz L3 HA = A
2 FEgth olFA AEs &3t EA et &
A AR FEE F A=, wEA L5t
(rapidly digestible starch), =] A £3}7} =H+&
(slowly digestible starch), £3}7} HA e AR
(resistant starch) &2 & & < AlE}(Sajllata et al., 20006).
=, AAAR0 FHE 237t HA G AwS Aol
23 3, o]= 2 0 F 1980-1990T] o] ol A]E
Ee AT 2ANEA A E7] A ZFeFAtHEnglyst et al.,
1982; Englyst et al., 1992). AFHAEL 9¢} 2% 5
szl @A a7t EA Eﬁﬂf’ﬂ}‘ﬂ gt =7] uf
of Aol FALE Aeld 7lss THe 54e W
AT+ SHoK(Thrompson, 2000). 5 Z7tEe] 54
AFARE AHEot] Axe 7HAES AZ2 AF
ANZA 7435 Wolgtd 2ol AHERE 7HE A F R T
F4o] "o A e= A g do] 258 Holjdt A7 Al
ST SFATHLin et al, 1994; Charalampopoulos et
al., 2002). Al;qo% xgaz'zl—/ﬂ _E_/H o:]q_é. Eg—ﬂ}q ;Qz‘ﬂ-;(%‘:'
SHretaL e AFS AR Al AelA iﬁc} 5}
2 E AF ek vy
T, AR datol Hrbe AES HF % 49 HDL- iﬂ]
HZ9 vlgo] Bt =4 et sHAthOh et al,
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F7HA717] 918 © 2H] AAE Hiteo] Aadite g
Fs F7H Al )\E]'—t‘ B Z(Lee et al., 1997; Van Hung et
I, 2016y ¥ O = f7]% 2 4k A& skt
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E AP NE ANE A3 gl
2014 AY2F 2 = 3te] v 59523 < (Pyeongtaek,
South Korea)oll A Tufjdh= &2 39| {71% A71FE
2 AR f71%F 2S 8AI7F B AAAAFATT
HFAo g Bisle] ANEE WHE F YEA(-20°0)0] B
s Ao A&ttt

7—|AI _l?__J':__rLO )ﬂ- i_{aé él- MI-jl.EO| X-”I
AX o2 Frast A E 3 AVFRE Az
A715 100 g (wet basis, wb)oll 27} AZ F%k 7]
Z}2}F 20%, 30%, 40%°] FFTaLke S/ 50 mLol &
& A17]1 2, 10 M NaOH &3] pHE 352 ZA 3o
o= —’F%QH% 7}0}04 5 WS stk f71s 2t
T} 4 - flal 12417 B A Bas
=, 40“C°l FAZ7IAA 12717 S Az A%
52 3 3 105°C 2 150°Co A 5417F B¢t 2%
Ax71E AHEste] 42102 WEgAIZTh REgo] ¢ks ¥
3 50%2] olERe FgA o7 AHs}L 3,000 pmlE 4°C
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F 40°Ce] dFAz7INAM 12417
AM A EE

1

=3
E7F
o o
25-7¢

B2 E
=
A2 dHFREE
ot AxAZl 3 EHE 32 60 mesh A=

Az

¥ 7152 5.0¢° "]
2 F Aokl 1% A
:6}03"4- 25M NaOH 25mLE
5 60%7F wnt
OOH
A| S ol o] 25 o]
(Vy=V)xMx0.158 x 100
W

<]

/\] l-—__LE]—

E‘_-——E

77}%] 0.5M HCIZ 3
sle] AlAtstA T

162 x 2
15,800 - 156 x 4



A9 PR ks kRl A 2 5 365

1 AT citric acid substitution (%), M= HCl
9 EF BFE, WE A5 FA, 158 citric acid
62E TorEEge] B4 DsE ARES U

M
Y
o

=

Braeite] s whg £ 20 W2 Aeld 4]
5 IR kel 2719 YR g gl i
dwr]7d (BX40, OLYMPUS, Tokyo, Japan)2-
/‘}%’3}5’?&} T Fen el HPA=E Gt AR
o] BEZHAS AT

B3 o]5 AT X el o] Al FEE gRlst
7] f15te] AAWETAPAAE Y7 (FE-SEM; LEO SUPRA
55, GENESIS 2000, Carl Zeiss, Oberkochen, Germany)<
AH8-8te 3 kVollA working distance= 5.6-5.9 mm=Z 3}
10,0008 €] Hj &2 #2351

[a] = o

A& Fall Aol A E f7]E A7FE AR
W&H 7} gl =& Schoch (1964)2] WH S Wy slo] =4
stk A 0.5g& 30mLe] 3 —*roﬂ BAEA A 90°Ce]

Weight of soluble sample (d.b) x 100

d o
Solubility (%) Weight of sample (d.b)

Swelling powre

_ Weight of precipitates (d.b) x 100
Weight of sample (d.b) x (100 — solubility)

ANEE-S F3l ARkl AR f7E AR dA
EAL ARSAFE ZHA(DSC 4000, Perkin Elmer, Waltham,
MA, USA)E ol&3te] S8t TETEF 75%= A=
3 AIRE £%7]F 10 mg W2 aluminum pan®l] Fo}
ol A 1A1ZE o H st AIZL F 20°Cel A 120°C7HA]
5°C/min®] 452 71¥3sle] 42 DSC thermogram S Z 5
Bl 387 A|2%(T,: onset temperature), & TS 3H-2%(T,:
peak temperature), & 3}&d-25%(T.: conclusion tempera-
ture)2} 3} E3](AH: crystal melting enthalpy)S 7 4ts}

Act.

.{
=

S+ X-ray diffractometer (D8 Advance, Bruker,

1 i

for

Fq.,
o 1
©

X’.\jl

Ostliche Rheinbriickenstr, Germany)E AF&-3F] 40kV, 40
mA, 387 =(20) 5-40° HHOM ﬂ%—ié&t 6°/min<]
ZAS 2 Xeray diffractograme 33 2™, Nara &
Komiya (1983)2] ®H-Z o]&all ofgjet 2o] AhA% st

EE Artsisd

A
Relative crystallinity (%) = + +CA x 100

9 Aol At A= ZH Xeray diffractogram®] amor-
phous area®} crystalline area ©] ™22 LEPATE

Pasting &M
A0S Sl Ao FAE f7]E AR o]
28 548 21538 E=Z47](Rapid Visco Analyzer, RVA-

Super4, Newport scientific Pty. LTD., New South Wales,
Australia) & ©]83}] Lee et al. (2004)2] HHo T =435}
Ak AA FTHS 2802 WE W), A Ax FHo
ANEe FRTY T % tHl 14%7F A aluminum
canister®] 2o wHksle] A X3 SA == 187
50°CE F-A8lc}7F 95°C7FA] 12°C/ming] =2 71495,
95°CollA] 2+ 30%7F 255 FAXAT ¥ 12°C/min?]
w8 W7k Al7]|3 HEH 07 50°CoA 287 fA S
AA ZF 1387 SHAE AX S3eE, SSHA7E
#3A%=, holding strength, breakdown, setback % &%
s S8k

H‘l

MR

AAS-E Fof Aol £4E f7]E A7RRe a4
AFARRS) T A28 AR RDS) T 2
A 23 AR (SDS) FFS Z43817] 98k, AOAC

method 2002.02%} Resistant Starch Assay Kit (Megazyme
International Ireland, Wicklow, Ireland)E AFE-3}A T} 2+ =
A% AZE 100 mge FAEE] o L amyloglucosidase
(3 U/mL)E ¥ pancreatic a-amylase (10 mg/mL) 4 mLE
A& el 7 H7kete] RDS, SDS, RS S 78171
o] ZFzE 208, 2A17F, 16417 B9t 37°C &FZol A
‘ﬂ%’\]i’iﬂr(McCleary & Monaghan, 2002). &4 n
F FpoghE 4mLE 7hste] vbeS T4 00
rpm, 4°C¢] éﬁgi 10—r7P QAR s A
Zepszo] Bolth BARE T S0% olRkE S8
209 % e 2A0% ANRAE T oAl 4
% o AL o Eehsao] gkt of A 34
5 o v alq.

p= [e) = Y+
o] A5dE HolE Fs

ks
7

b

Fﬁ

> l‘
w Mo
(=]

o[r{

12

o Rl o[o
—_ 12 o &

o of 12 -z

Zgt239] 100mM sodium
acetate buffer (pH 4.5)F 7}3te] 100 mLE B -&3}aL, o] &
A 0.1 mLE FH3st Aol ¥il 3]4E amyloglu-
cosidase &-94(300 U/mL)S 22 100 mM2] sodium maleate
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buffer (pH 6.0) 10 uLS A F7}38ted 50°Ce] a-28-30) A
2087 WHSAFH T PR E S 2 GOPOD reagentE 3 mL
A7yste] 500C] F2EzolA 2087 WHEAIA AT
E3433 = A1(DU730, Beckman Coulter, Brea, CA, USA)
o]-g3te] 510 nme| FelA FEEE FH AT o]
2783 $8EE ol&sted RDS, SDS, Hl &4 3
(Non-RS) ghaks O]—oilil-
< MAL P e AAE F 16
AlZL Algel tiEiA 2M KOHE
2mL 7}ate] 2p7he- Aol Ho] wRkelwA 2
o] 1.2M sodium acetate buffer (pH 3.8) 8 mLE “1
Al 0.1 mLe] amyloglucosidase (3,300 U/mL) & 7}3
a3 As] Azke] & H 50°Ce] 2830l 30
YolF 5Eo Y vortex mixerZ wWHslo] )
FA == RS ol wabA 10% ©dd 45 100mL F
HEgsze FHFFE FL5Y 0.1mLE FHE, 10%
o] O}O‘ A% ¥l2 0.1 mLE #H3l GOPOD reagentZ 3
L ¥o] 50°Ce] &84 20&7F HAAIZIFH 510
nm #Fe] FFEE SAst] RS FFE otk Eg
flollA -3 RS9 Non-RS S 53l total starch? &S
T3t

ML ot i ok
X

N

il

Hm

N Ad

i&
g

=2 T

e T
&

ﬂ

SAEH
T B AP 33 o) wtE SA4S A

S BRSO 2 SAS (version 9.1.3, SAS Institute Inc., Cary,
NC, USA) &7 Z2aS o83t 5% o Tl
Duncan's multiple range test® B 3t 7+ tER|uE

ERETEN

R

PR
A2REE-S Bl FALte] 49 g Ul AVEEY
XS =& Table 19 YeERAATE o} A& sHA] &

S - g - wRy

715 A7FRet EA e g AVtRE e A} gt
FEo] A3 §l7] Wl citric acid substltutlon-J— A F=
D5 gho]l oA ¥k 105°CollA F-rske] ofol
20%° A 40%= Z71gre| uebA, citric ac1d substitution
= 12.85%4 21.81%7HA] 716, X3 =+ 0.1509
oM 028537k F7bske A S ¢ AT T
150°CoA] F-FFALHE RESAIZ 715 A7FRe tialA
= Akl 20%004 40%71A S 7HgRe] mEt citric

1(

acid substitutions= 14.05%01 4] 24.94%7+2] Z7}sk4aL, X
== 01672914 03395704 S7behe RS 89 & &
AN HAEYPANA ] X3 D 7t FHEY FY
oA o H3 s dojued 2 olfe A3 e vt
aEEAo] FA8Y 9o Ha 9 vzt o 4
7] WEol2ta & Xia et al. (2016)8] B W&} 7o
FFTFAAS A gl met X STt FolA= A2 ke
of ofste] AR AAY Fo] =L FZY Fgo] &

ool BAG I o Wtk Ed B ATl

AR A BE B et WA FRE bRl T
o] A S TALE ARTEARL T A3} ofn = 2
3ol o & otk ATHOE TAN O A =
L bk AR P A7) EAsE 9% w
A oo AOE Holm, AFEE AHFE FAY
1] Wel sk 202 Vel

SEf2tE

ot A& kA ¥ f71E A7FEeF 105°C, 150°C
oAz} X E sl AlRe] FEtdn A, H3dn
7, AARETAAAE A ARIS Fig. 19 YR AT
za]; 105°C, 150°C|A] %ﬂi A7V A& 71E %
F Y] 20%, 30%, 40%2] T4k HhSAIR AR
o] FEdn 7, HFAv A, ﬁﬁlﬂ‘zxﬂwz}@lﬂlﬁ AW
717} Fig. 29} 3o eIl EA25ke g A8
dxg o] 2=7t dFsitets YAte] JEj 2710
3|

Fe T4 gt A AT  ARTk(Fig 1)

o

fr oo o

[e)
-
o

Table 1. Citric acid substitution (%) and degree of substitution (DS) of dry-processed citrate organic rice flour

Sample Reacting Citric gcid Ci'tric.acid Degree )
temperature (°C) concentration (%) substitution (%) of substitution
1 — — — —
2 105 - - -
3 105 20 12.85+0.09" 0.1509+0.0013¢°
4 105 30 16.48+0.25¢ 0.2018+0.0037*
5 105 40 21.81£1.35° 0.2853+0.0224°
6 150 - - -
7 150 20 14.05+0.01° 0.1672+0.0001°
8 150 30 18.55+0.87¢ 0.2330+0.0133°¢
9 150 40 24.94+1.19° 0.3395+0.0217°

*Means with the same letter are not significantly different (p<0.05).
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Fig. 1. Light microscope (top row), polarized microscope
(middle row), and FE-SEM (bottm row) images of dry-
processed citrate organic rice flour (scale bar = 10 pm). (1)
column; raw organic rice flour, (2) column; heat treatment (105°C),
(3) column; heat treatment (150°C).

o] heat moisture treatment (HMT)S AXl z+& FF/e
AEEo] gAtek Fejoll oA WsE 7A Fethe B
2 (Hoover & Manuel, 1996; Gunaratne & Hoover, 2002;
Adebowale et al., 2005; Lawal, 2005)¢} o X]3tc}, 3t
X o] 257t sl e ﬁq:ﬂ’a”]ﬁ ARl g gl
gt HzdAo] A Fojede AL g8 & F Ui
ol f71% A7 Ue] & AR @75-/] Xq?l S5l
ogt Ao ® Holw, ARE A7l o AT E 53U
o E2 25X A7 & AR 249 FE4< &5
o] whAyetiy vt & 4 k. g HAET AR
7 ARE FE 2EA ] mE PAEHS] WHel= A
o] A FAUth= AL AT F AU

105°CE €4 & wje] FArA ARIoNA F47
ALkl gheko] EolAH EolAFE f7]E VR YAt

So] Felo] Aol A4 grort YAEe] FAA ujY
of BHs Wt WYL 1S T 5 AUTHFie
2, 222 FAAAA 3 5o 2209 Jol 31
b dRERS] AL7NE ARolHThe AL el @

i, BRENRE FAAE Tere Aol 7
Fhgtel mehy BEdAe] FA) FolEThe 2E Sl ¥

T AAJTHFig. 2).
150"C°ﬂ7\1 7t & A

M AR5 —°r°ﬂE 105°ColA F--d4te] &

Ak 7% B7HE A5t 7ol 3T

S o FejF A ol AR go

dAle] M et B A= A

3). T3 FARAAE N S #ES B8 AR FEe] AR

tlo T

Fig. 2. Light microscope (top row), polarized microscope
(middle row), and FE-SEM (bottom row) images of dry-
processed citrate organic rice flour (scale bar = 10 pm). (4)
column; heat treatment (105°C) with anhydrous citric acid (20%),
(5) column; heat treatment (105°C) with anhydrous citric acid
(30%), (6) column; heat treatment (105°C) with anhydrous citric
acid (40%).

Fig. 3. Light microscope (top row), polarized microscope
(middle row), and FE-SEM (bottm row) images of dry-
processed citrate organic rice flour (scale bar = 10 pm). (7)
column; heat treatment (150°C) with anhydrous citric acid (20%),
(8) column; heat treatment (150°C) with anhydrous citric acid
(30%), (9) column; heat treatment (150°C) with anhydrous citric
acid (40%).

7t B A B ¥ & A9, BHEANEE F
3 150°CAN A Al el e wrY Ad B

AYL B B AL B T 5 AATHFig. 3).
of
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Table 2. Swelling power and solubility of dry-processed citrate organic rice flour

Sample Reacting Citric acid Solubility Swelling power
P temperature (°C) concentration (%) (%) (g/g)
1 - - 19.23+1.63" 18.77+0.87*
2 105 - 16.52+0.95" 14.57£0.20°
3 105 20 6.70+0.26" 7.3640.18¢
4 105 30 8.25+0.24° 7.2440.07¢
5 105 40 9.61+0.20¢ 7.09+0.14¢
6 150 - 13.40+0.73¢ 9.06+0.20°
7 150 20 3.85+0.04" 4.73+£0.07°
8 150 30 5.07+0.08¢ 4.55+0.07°
9 150 40 6.340.09" 3.98+0.06°
*Means with the same letter are not significantly different (p<0.05).
Aoz Al Ferh Wskdta Basigled], ol v 2A] dvke A g9l € A%

SAI7E Bk ol oJste] MEe] syt WAy ste] A}
27t S PR Igh dAdolzta Bl H ulrb UTH(Lee
et al, 2011) 23y} 2 Ao YA wjdoles IF-
FEFS T Ao Hol Y] A7 Fej= A WHet
2L B¢l & 5 e, ol FES Aldelo

= AZ7] 2R Aoz Azt

0 at)
1>,
[o
fu
T,
oo

o
i)
oo
:Ol'_l,
g
i
.%
&
(¢}
[\o]
9
o E
e =
Q
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e
|
_>.1|_|‘
Ac)
il
)
i{l
Ry

3

18.772 AFYT) Az WS PS A9 105°C
1 150°Ce] tisted EA]e] 2xxe] 2445 43n
BEY 27 gashs 2g G & Ao webA
27t f71%F A7rFe] e ¢ g8z & 9%
= AS 3 & 5 AYATh

105°CoAA F-ptdikal 7129k8 A7 f715 &
A FAske] sk 20%00 4 40%714] S 71
L= 6.70%04 9.61%7H4 76k, W&
A Al Alell ol gk xfolE HolA= RV 7.36
oA 7092 Faste AFS HAFATE wIAE
150°CoN A FpAditat A2 A7l 7715 A7
5 105°CoAlA BEEAIZ {758 7Rt e 7ol
ERtTh e Aabe] ghFol 20%014 40%E S 7l
e} &8l e 3.85%0014 6.34%7HA F71S sk, W
e 3t SAHCE RS YERNAE eFot 47390
Al 3982 fraske 4TS 1 & A 5,
2=z YoM 715 A7t ARE 5%
FrALe] gl we, FHol mold 5 gl
7tele g gl & & AR, Fo3 2ol BAX
FoRE meuA] ot HaEo] ok 1
1 & 5 AU wERA 2y
TFAAT AATEAHE 73 Tt 9

2 o §
1 rle
P
e g

MN 1R to Y

e o
lo &

iy
(3

o]
1S

48 L N
r‘o_a
oft T

~

B
— ﬂﬁ

-y o ooy 41 rlo

0% Hd
°

e &,
A7 EE Sl aE 81 & ¢ e v A
I & WA A= 105°ColA wH-AIR]
st 935 g & AL, 150°CA A WA
= J3E el T JATE T glo] EA
s o, A2t S/ met sshiAEE
55.02°Co Al 4938°Co 2, HPE32TE 63.02°Col A
56.22°Co. 2, T3FALTE 70.23°ColA 63.80°C, T3}kl
23] zke 229 J/goll A 083 J/gl & TrAastE AL g9l
o 4 AATK(Table 3).

TS 105°CoA TS RESAIZ {715 A7Fo|
Ve Fpaate] kol 20%04 40%%2 57t dE
TIPS 41.48°ColA 39.66°CL 2, A 53

3}
=

105°C

20% CA with 105°C
30% CA with 105°C

20% CA with 150°C
40% CA with 105°C

150°C

Heat Flow Endo Down (mW)

—=— ~—— —_ _-—f30% CA with 150°C
40% CA with 150°C

240

60 70 80 90

Temperature (°C)

Fig. 4. DSC thermograms of dry-processed citrate organic rice
flour.
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Table 3. DSC thermal characteristics of dry-processed citrate organic rice flour
Sample Reacting Citric acid Onset temperature  Peak temperature  Conclusion temperature Enthalpy
p temperature (°C)  concentration (%) (T,, °C) (T °C) (T, °C) (AH,, J/g sample)
1 - - 55.02+0.63" 63.02+0.34* 70.23+0.21* 2.29+0.26°
2 105 - 53.64+0.97* 61.40+0.58° 68.58+0.73° 2.05+0.12°
3 105 20 41.48+2.87¢ 50.38+0.93¢ 64.19+1.52¢ 1.01+0.08°
4 105 30 39.66+0.60* 47.70+0.56° 61.61+1.79¢ 0.48+0.09¢
5 105 40 41.33+0.93¢ 47.56+0.14¢ 55.02+1.10° 0.21+0.07¢
6 150 - 49.38+0.83° 56.2240.10° 63.80+0.01° 0.83+0.09°
7 150 20 - - - -
8 150 30 - - - -
9 150 40 - - - -
*Means with the same letter are not significantly different (p<0.05).
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Fig. 5. X-ray diffraction patterns of dry-processed citrate organic rice flour.
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Table 4. Relative crystallinity of dry-processed citrate organic
rice flour

Reacting Citric acid Relative

Sample . perature (°C) concentration (%) crystallinity (%)

1 - - 11.08+0.06"
2 105 - 11.32+0.12¢
3 105 20 13.67+0.11°
4 105 30 12.77+0.18°
5 105 40 10.36+0.21°
6 150 - 6.85+0.05"
7 150 20 8.3240.14
8 150 30 8.2340.03"
9 150 40 7.79+0.02¢

*Means with the same letter are not significantly different (p<0.05).
< B TH(Table 4).

RVA £4 s}

A2 FEaEdit AYE ¢ f71E 27HF9 RVA
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Fig. 6. RVA pasting properties of dry-processed citrate organic
rice four.
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Table 5. Resistant starch (RS), rapidly digestible starch (RDS), slowly digestible starch (SDS), and total starch of dry-processed

citrate organic rice flour

Sample Te}::l:ggg':ﬁre Cgrlltcrztcn'?;tli((i)n o RDS o SDS o RS Tootal Starch
) %) (%, w/w) (%o, w/w) (%o, w/w) (%, w/w)
1 - - 44.03+1.58° 50.33+1.09° 0.12+0.03¢" 94.48+0.08*
2 105 - 43.88+1.28° 50.47+0.98° 0.19+0.04¢ 94.54+0.09*
3 105 20 37.41£1.37° 30.53+1.04° 23.45+0.06" 91.39+0.40°
4 105 30 32.42+0.72° 25.60+0.487 26.36+0.04° 84.38+0.58°
5 105 40 31.32+0.48¢ 20.19+1.41° 28.2240.11¢ 79.73+0.96"
6 150 - 44.05+1.19° 50.11+0.87° 0.35+0.08¢ 94.51£0.15°
7 150 20 13.28+0.22° 27.88+0.49° 31.75+0.90° 72.91£1.33°
8 150 30 4.96+0.28" 9.22+0.13" 50.04+0.88" 64.22+0.92"
9 150 40 0.95+0.03¢ 2.39+0.10¢ 56.98+1.08" 60.32+1.10¢

*Means with the same letter are not significantly different (p<0.05).
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Table 5. Resistant starch (RS), rapidly digestible starch (RDS), slowly digestible starch (SDS), and total starch of dry-processed

citrate organic rice flour

Sample Te}::l:ggial':ﬁre Cgriltcritcn'?;tii((i)n o SDS RS Total Starch
“C) %) (%, w/w) (%o, w/w) (%o, w/w) (%, w/w)
1 - - 44.03+1.58" 50.33+1.09° 0.12:£0.03% 94.48+0.08"
2 105 - 43.88+1.28" 50.47+0.98" 0.19:£0.04¢ 94.54+0.09°
3 105 20 37.41£137° 30.53+1.04° 23.45+0.06° 91.39+0.40°
4 105 30 32.42+0.72° 25.60-+0.48" 26.36+0.04° 84.38+0.58°
5 105 40 31.32+0.48" 20.19+1.41° 28.22+0.11¢ 79.73+0.96°
6 150 - 44.05+1.19° 50.11+0.87° 0.35+0.08¢ 94.51+0.15°
7 150 20 13.28+0.22¢ 27.88+0.49° 31.75+0.90° 72.91+1.33¢
8 150 30 4.96+0.28" 9.22+0.13" 50.04+0.88° 64.22+0.92"
9 150 40 0.95+0.03¢ 2.39+0.10¢ 56.98+1.08" 60.32+1.10¢
*Means with the same letter are not significantly different (p<0.05).
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