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Abstract

The objective of this study was to investigate the effects of main factors (starch genotype, pH, reaction temperature)
and their interaction on the reaction efficiency (RE), molar degree of substitution (MS), resistant starch (RS) content,
and pasting viscosity characteristics of starch citrates prepared using semi-dry heating reaction. Starch citrates were
prepared at 10% (dry starch weight basis) anhydrous citric acid through semi-dry heating reaction for 3 h under
reaction conditions constructed by a 2* full factorial design. Starch genotype (SG) significantly influence the increase
of RE and RS and the decrease of pasting viscosity characteristics. The increase of pH significantly reduced the RE,
MS, and RS contents, and enhanced the pasting characteristics, while the opposite effects were observed for reaction
temperature. The interactions between SG and pH and between pH and temperature significantly enhanced the RE,
MS, and RS contents. Pasting viscosity characteristics were significantly reduced by SG-pH and SG-temperature
interactions, but enhanced by pH-temperature interaction. Overall, SG and SG-other factor interactions would be
considered the positive component to enhance the RS content of starch citrates or the negative component to decline

their pasting viscosity characteristics.
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starch citratee 28 U= ¥ (melt extrusion)ol] 2|3+ &7}
24 IR E FE Ax A FAARA =& 87
TS Ho|A Ati(Ma et al, 2009). THH FAME Zho]
oL G o2 FajjstH, o] & o]-&-ake] A|ZH starch
citrate™= AT} vpR7IA 2 F o] Aol 2do] WAl
HalE FEsix] ¥ o2 HIFUHXie & Liu,

2004; Jyothi et al., 2007). Starch citrate2] X|3T7} Z7}
S5 pancreatin®] 9]t starch citrate®] A3EEE =F
= o7 dHA Ut Wepner et al., 1999; Xie & Liu,

2004). ZE|A AT} starch citrate= H]AE A

& ol9o] AFARA oM 7IE AT X g
(substitution)>} 7+ RF-5-(cross-linking)S 93+ ¥H3-&

EA

Y
32 i oo ek

7 o] 29 MAHES AT + Ue FoE IHEH
TH(Wepner et al., 1999; Xie & Liu, 2004; Jyothi et al,
2007).

Starch citratex= 714
1999; Xie & Liu, 2004; Xie et al.,

M oXH
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+(Wing, 1996; Wepner et al.,
2006), =4%7]



314 Hsd

(Sessa & Wing 1999; Ryu et al, 2004; Wang et al.,
2007)%} wlo] A2 9 o] B 9 E(Jyothi et al., 2007) 5= W&
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Llasse s
FTHAT. AL
Aol FxE, ]'8312 2 HREA ko]
7S WA AR o] Sulehe Blow o
oA ATHWing, 1996; Xie & Liu, 2004; Jyothi et al,
2007). Starch citrate®] WH-g-Ad 3 AT TS 5L
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Table 1. Factors and levels of 2° full factorial design for
preparation of citrate derivatives of corn starch

Levels
Factors
-1 1
X,: Starch genotype Waxy Normal
X,: pH 3.5 5.5
X,: Temperature (°C) 120 150

S} tH(Table 1).

HtS=gl= MZ2} starch citrate &4

FatALt 10ge gol25 80goll &3lA1712L 1IN
NaOHE 7}3te] AA|E pH ZAE(Table NE 243 &
go| 245 7lete] ALt §HE 1000 R STE 7
b & 100 g3} *M 100 g (d.b)S 500 mL H®]o]7] <t
ANM EdetAFTFTANY] FEe AT 2T o
H| 10%) “d-2-ollA] 20-5#4 T3 5 ZHRIE A Ao
2 &7 45°Ce] AAeg 3 7AZ7](0F-G Jeio Tech
Co., Ltd., Daejeon, Korea)ol|X &3 7.5% ol3t=2 71
sk AxE AdE-FALt EdES P88 YAy
(HMEF-3450S, Hanil Electric, Incheon, Korea)E ©]-&3}]
3L 50mesh EFA H(No. 50, Chunggye, Seoul,
Korea)S E#AA starch citrated] TS 3 WH-SE8HE
& Axsdoh HeEdEe AW E(FO-600M, JEIO
TECH Co., Ltd., Daejeon, Korea)g ©]-&3lo] AAH s
25 (Table 1)ollA] 3A17F &<F 7RSS F3dst & A2
(24°C)o. 2 W7}ttt §FAd € starch citrate®] Y H(SF
10 g)= WHEEES A3 S8 Bastion ymA=
5] 50% (viv) oERE & Qholl BARAA Aol
10:7F wRkete] 7hefoistar o 2A] 919 M Aolade=
FeFo] 50% oA ehE &) ThA] FARAIH T o] MFH =
2k F 33 WHESEILL mpA A H A oA Aol MR
Aol A= FpollghZol] EAMAA Ad2ollA 1027 wRkst
& 7htodhale] 45°Co A 2441 7F F9F A starch
citrateE A %3} T}
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A2 3HA] 242 starch citrate (0.5 g, d.b)E 50% (v/v) ©l
g F&9d 20mLe] BARAIA 50°Ce] NEF2F82
(BS-31, Jeio Tech Co. Ltd., Daejeon, Korea)ol*4 200 rpm
O F 2087 Ak 2,500 goll A 2087+ DAl E- 3T
e 100mL BE&EeEAR &7 %Jzﬂ%—& 50%
(v/v) ogte 488 20 mLoll EAHAIF T ©
3] wHEste] HEd whEehA ok FAskS ﬁl#é}%ﬁ}.
33]9] 3FxA o ZRYH A2 AQELS Yol E
100 mLZ 78831t} A8 oA 25 mL)d #H=zed|Ql
g 3955 713k 0.1 N NaOH (F=1.002; Duksan Co.,
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H S o]& O}Oq :rLL’L t?:”J’ok(W.)

EgH2e) AL
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Reaction efficiency (%) = x 100
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< Z3}3it}. Starch citrateol] o] 243
# $3l starch citrate (2 g, d.b)= ©
E-&-HCI e‘—%%oﬂ(so mL)oll EARAIA 3087+ Aol A
et & fElgE F3u 2w 71(FN1160-011G/G4,
Joylab, Seoul, Korea) $]olA 7I3to]}sle] AEARE 3
FalTh 3E ARAIEE 80% o EHe 4-898(100 mL)
< 7hete] 1027F 7ol A wwkstar ZRQtod it ol
g A G2 Q9 pH7E 7-7.57F 2 Wi 7EA] REESHAT
npx ek A FH G oA 3lgrE HEAEE FFiAEHE
(50 mL)ol| EARAIA 720l 10:27F wRbstar 7Hqte] )3t
o 45°Col|A Axste] EX8t e S S

th U AaE AR AAES

3t THLiu et al, 2012). A ZX¥
250 mL AZFE A3 A 75% o g
E9ske] 50°CollA 308 Fot s
% 0.5N NaOH (10 mL)S 7}ate] Ar&ox] 244 7F E<t
—73}3]_0:11;} 24,\] —_‘?— ;L.“lr_v_El-a]o ﬁ_ou% 33]—% 7}—5—}1
0.1 N HCl 3-89 (F=1.002; Duksan Co., Ansan, Korea)
< o83t oA H (back-titration)dtal 2A]7F &t 720l
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0.1N HCI9] o ZHE starch citrate|A] F2]F FAL
S A3tk Starch citrated] FXEE=FO| tdk
Arke] B4 M]EZ starch citrate?] = X] 3% (molar
degree of substitution)E A|4H}H tH(Ma et al., 2008).
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Starch citrate®] A &HE FFLS AACCH (approved
method 32-40)°) w2} A &322 kit (total resistant
starch assay kit, Megazyme Int., Wicklow, Ireland)E ©]-&
slo] A3 THAACC, 2000). Starch citrate®] #] 342
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W2 (BS54 AE pH3.5, 12000)7F 91.4%% 7 =9
O} N2 (WS AR, pH35, 15000)] HHe-a &
(90.7%)3 21821 o] & HolA] ¢TH(p<0.05; Table
2). SR O] ofsf FEAE FHGINS W olEES
2 FHFEETTF)Ol T P*S}Wi pH7P FHaeshH A, vhg-2
Tt F7stHA W aE&e foH oz Frhsiitt
(p<0.01; Table 3). & F& OJEO] starch citrateE<] Wt
' o)Al FFS WHAIRE pH (-34.8)9F W%
(342)7F AEF/(8.2)0l Hlsl| WH-ga&e] St o & ¥
S 3 tH(Table 3). 3 AEFF-pH 2 pH-HHS-2%
7F W E &0 Skl FolA AL (p<0.01)S 3
om I g¥%e AEESHF-pH7t pH-¥HER2 =R o =S8
Th(Table 3). 22} HEEFE} W25 Abojox= whg
B 3t FsAAg o] #FEA] EFUTHp>0.05). wHet
A AR FAL Ato] ] o ~HE ¥hge] WhgE & W
stoll FEFE HAE FAUAAE pH} BEE2 % o] A
EEHE F7hE ook & Zlolth,

Starch citrate®] &=+ 0.001-0.0392] H LS LERY
AL, W2 (2258, pH 3.5, 150°C)7F 78 =& &
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vhehi A s2sket
el go) e

O F Xie & Liu (2004)5 HEEzIe} @ 2 o]F o
HZ2 43d 794 224 o] AF=e 7125440
Cu** Ato]e] o] 243 HFr o] o] 2HEH X

Aok 2 B
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QA7 BRRAt T 9 olF o2
23}s}lo] starch citrate 25
AXS Al EXIEE =5} Xie &
o]ﬁ_ 7‘1 O§_ lng}-Ehj- 3l pH.__

Golrdo g EX3c-E
T7V1M1(p<0.01; Table 3), ©I Ei?,f_l- 7o M3y oA
Az} %‘ﬂé}aiu}(Xie & Liu, 2004; Jyothi et al., 2007).

= pH7} starch citrate®] =X]3H=2] F
41 = A TH(Table 3).
735282 starch citrate®] EX| g
VFE MAHTHp<0.01). ALFF-

852 starch citrate?]

S A= Ao=E
EI_E.
E<N)| S
SR HsALEES
ZA 2 pH-HHS- 2
g F7
YERNAL p

o A52ge )
1ol % phsh

Table 2. Mean" values for the reaction efficiency (RE), molar degree of substitution (MS), and resistant starch (RS) content of starch

citrates prepared according to reaction conditions constructed by 2° full factorial design

Reaction condition RE MS RS
Code o o - -
Starch genotype pH T2 (°C) (%) (x10%) Uncooked (%, s.b”)  Cooked (%, s.b%)
N1 Normal 3.5 120 61.6+1.5¢ 2.4+0.0¢ 28.9+0.9° 27.3+0.2°
N2 Normal 3.5 150 90.7+0.7° 3.6£0.0 40.6+0.1° 37.7+0.6*
N3 Normal 5.5 120 33.3+0.2 0.3+0.0¢ 15.2+0.6° 12.3+0.5¢°
N4 Normal 5.5 150 72.6+3.3° 0.8+0.0° 16.8+0.3° 14.7+0.14
Wi Waxy 3.5 120 67.8+0.2° 2.9+0.0° 27.540.7% 25.8+0.2°
w2 Waxy 3.5 150 91.4+0.6° 3.9+0.0° 41.9£0.3 37.7+0.6"
w3 Waxy 55 120 10.8+0.0¢ 0.1+0.0 13.540.68 10.1x0.2°
W4 Waxy 55 150 55.3+0.0° 0.420.0° 15.2+0.6 12.240.5°

! Mean value of three measurements; values within a column sharing the same lowercase letter are not significantly different (p<0.05).

? Reaction temperature.
 Dry starch weight basis.

Table 3. Factor effects and significances on the reaction efficiency (RE), molar degree of substitution (MS), and resistant starch

content of starch citrates

Factor! RE MS Uncooked RS Cooked RS
actor
Effect F-value Effect F-value Effect F-value Effect F-value
X, 8.2 56.8™ -0.0 4.8 0.8 5.7 1.6 41.5™
X, -34.8 1016.4™ -2.8 20541.3" -19.6 3177.7" -19.8 6663.7"
X 34.2 977.8™ 0.8 1489.3" 7.4 4522" 6.7 764.9™
XX, 11.7 113.9" 0.3 301.5" 0.8 5.7 0.8 10.5™
XX, 0.1 0.0 0.1 16.0" -0.7 4.1 -0.3 14
X, X, 7.8 50.5™ -0.4 353.1" -5.7 267.8" -4.5 338.1"

“p<0.05, "p<0.01.
X ,: Starch genotype; X,: pH; X;: Temperature.
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of 9Jo] W2 (pH 3.5, 150°C)S #lo| 28 HEZE whA]Y)
A FEZ oy W4 (pHS.S5, 150°C)= AAEHT o] 2H
A=7F =UTHFig. 1A). W1 (pH 3.5, 120°C)2+ W3 (pH 5.5,
120°C)& AR BT 227 =(peak viscosity) e UL,
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o|HQ ES WHg7|E A|Z$ starch citrateE(Jyothi et al.,

2007) At AWME e ES HHE7| 2 A|Z2e starch
citrateE-& Xj. L o] AYHES FFsl A= A zi]‘
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Fig. 1. Pasting viscosity profiles of starch citrates prepared from waxy (A) and normal (B) corn starches according to reaction

conditions constructed by 2° full factorial design.
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Table 4. Factor effects and significances on pasting viscosity characteristics of starch citrates

Factor! sz) Peak viscosity Trough viscosity Breakdown viscosity ~ Final viscosity Setback viscosity
Effect F-value Effect  F-value Effect F-value  Effect F-value Effect  F-value  Effect F-value
X, -141 56286 -1,517.1 57,441.6™  -614.7 31,7243™ -902.4 23,4062" -1,373.6 16,472.4" -408.1 1,458.1"
X, 192 10,3334 11,4493 52,425.6™ 566.3 26,927.4"  883.0 22,411.9" 1,452.1 18,409.1"  537.4 2,527.9"
X, =572 9224177 -397.7 39473 -518.4 22,567.17  120.8 419.17  -306.2 818.5™ -98.6 852"
XX, -192 1038747 -723.6 13,066.9" -88.6 658.5" -635.0 11,590.6" -640.8 3,5853" -241.4  510.0”
XX, -21.1 1257677 -459.1 5,259.7" -65.8 363.77 3933 444527 -704.1 4328.0" 2899 7356
X, X, 16.1  7,313.17 526.8  6,926.8" 1142 1,094.8" 412.6 4,894.1" 625.6 3,416.77 160.6  225.9"
"p<0.05, " p<0.01.
DX ,: starch genotype; X,: pH; X3: temperature.
YPasting temperature (°C).
A del feldom Fue MATE<001). F28 28 LE ATHE, ANME, AFHE 5L FTMIAL
Sof glo] AEFREILzes o B u)] ke U wexe] Sk BaAslE EdE yehi @
BE ol2y AR SHANES AAAAOM, pHe) 7 B FAAEY A5 o] AEEF-pHS} pHHE-S
E e Age UEhIE, Beere] ke ¥¥ b wgEg, BARE 2 AFAR F6] Are Aol
7 & (breakdown viscosity)E #| &g+ Ho]|AH & EAJA = UARE 79490 FEgS rF oY AETF-HES2EY
E& UAAATHEp<0.01; Table 4). Flo]2d 5= ¥ A28 o|F SAXEC gk o420 &35 Yehy
ek, e, HAFES FAMEE AESFA, F A B¢k FolAE Hx SAEC dell AESF{-pH, A
FHE9} =313 S (setback viscosity)= pHoll 7 & 94 EETF-HFeE 9 pHHS-2 290 Fo 2852 fol49l
FE e Aom EAEUTKTable 4). g F22159] BHE e en, 53] HAEEF-pHY AEF/7-5H8
BEAEES BE dolay HAx SAXE Hall 23 2= ASAELELS HolAY A SEAESY HaE 2
I Zpol7h Jovt wY AFS YERdT SR Atk AdHor AT AT uiHl 10%2] T
pHSF AEFF-ELEo FSA4EES BE Fo]2H A ARF, 3A17FS] WEAIZEE 2 Aol A AfEE Rk AE
T EAAES AT EHE eSO H, pH-EES o H ] oA AR ofd 2 0 & ko] =545, pH
L2l FEAEE BE FHolil EAAES STMIE © 9eTsE, ERET 555 starch citrate®] A3
BHE YepiATh HolaE 2%, AFHE =3E F FEko] FUhsh, AR ofdE o JhEpo] we
(setback viscosity)= HEFF-TH AFo2Hgof, i &, pH7t 275, 257 2555 so|2y Ao}
Hesl Bd s AESF-pH Fazgd, AP =E e 84 71540 &4 E starch citrates €& AU
pH-RF&-2 5= gz akgol ol 7P & s LT ©] = Ao g ddHEn
Aol AFZHE starch citrateE2] FHo|AH He 542
HEZFO pH ¥ AETFO W2 Alole] Fszrg ZHAle| 2
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