Food Eng. Prog.
Vol. 17, No. 2. pp. 143~150 (2013.05)
DOI http://dx.doi.org/10.13050/foodengprog.2013.17.2.143

oxmHd =
HISEMEMH 2fst 20|
A
A BB SaL 9144k

TR

Food Engineering Progress

AL AL = x —
= SrdE die] £ XS
shr, Aask AEYdets)

Optimization of Cationic Corn Starch Production by Using Response
Surface Methodology

Hae-hun Shin' and Seok-Cheol Cho*

'Division of Food service Industry, Baekseok Culture University
Department of Food and Nutrition, Seowon University

Abstract

Cationic starch is widely used in the paper-making process as a wet-end additive to improve sheet strength and to
provide better retention of fines as well as fillers. Cationic corn starch is generally used in most grades of paper
because of its cheapness and opulency. Low-substituted cationic starch which has a degree of substitution (DS) of
below 0.03 is widely used but regulations pertaining to the total amount of lead present in anionic waste have made
paper companies leery about its continued use. As a result, the need for a high-substituted cationic starch which has
a DS above 0.04 has been growing. On the basis of the results of the alkali gelatinization initiation concentration
(AGIC) of corn starch suspension, the optimization of corn starch cationization was performed by response surface
methodology (RSM). When 8% (w/w) cationic reagent was added to the starch suspension with 1.89% (w/w) of
Na,SO, and NaOH, after which 6.75 meq/g-starch of AGIC was added at 38.48°C. It appears that cationic starch
can be produced with a reaction yield of 67.28% (DS 0.0302) over the course of 18 h. If the cationic reagent is
increased to 20% (w/w), more than 24 h was needed to reach the maximum reaction yield. Within 24 h, the opti-
mized cationization process produced cationic corn starch which has a DS of 0.064.
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1997; Heinze et al., 2004). 8HFo)] AEUAE E1HA]
7 A|Z3}= water-slurry cationization, ¢I-2 52| &

o 4] ®WFS-A]7]E solvent cationization(Kweon et al, 1996),
oy ¢3E 59 &S AMESHA] &= dry cationiza-
tion(Hellwig et al., 1992) & thdt Fg o2 o] &Ad A
o] ALE A RE kg ALk Tl fle sue] A
solvent cationization<> AJAH]-§-0] ETh= A o] 9o
dry cationization> EES] I 9 FH AT oHT
(Vihervaara et al., 1990). wbr] =olA] k& o
b ol 2432 waterslurry process”} -85
t}. Water-slurry processOl| A= WHS-A| oF3) A NS
SAIA o] A ES A Z5F=H(Paschall, 1959; Kenneth,
1967), d¥rA o2 whgA| ko] Zo] AzA77F =3 XS
=(degree of substitution, DS) 0.02~0.03 2] Yol
(A8 ol 238y AAaksit.
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ek XS] o] HEe] Q5 3 A TtHGeorgeson,
1986; Procter, 1991; Glittenberg & Becker, 1997). 53] Al
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o] Z7tgdl met 3T A7NHEES} o2 trash7}
Z7bete] A8 ol 22 ol 24 pulpet A=
o SES 835 U3]5HA] Fol= A3 2 (Beaudoin et al,
1995; Barret, 1997), X1 S=7} 0.040]73¢1 Fo] LA AR(TA)
3k Fol 23 ol =L T

Water-slurry process® o] A2 A=
2 AREE g e dwe e ss)
A =8 (Ulbrich et al., 2012), S-S
&3 74 u-E pHE 11~12 Alo]2 ZH3 9
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A7 o] o] ol skl HA e HrtgFS A
g lcid 3=
AR Ax ¢ EA #HE 7Y dF
(Komiya & Nara, 1979; Carr & Bagby, 1981; Yook et al,
1994)= SstAA 7 3 H7FE 3B (50~70%, wiw-starch)
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stttk ool Ave HE 2 o0t Sk e o
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£ ol &3ty 7MY HA s 202 AL F UEE A
S5 AlFFoEA el AEGA ¢ AXHAd B2
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2 A AMEE SFFHE, NaSO, ¥ NaOHe
Duksan Pure Chemicals Co., Ltd.(Korea)ZF-E] A| <
Yate] Agston Folest whe-S e whEA ok
Degussa Co., Ltd.(Germany)2] 3-chloro-2-hydroxyprophyl
trimethyl ammonium chloride(CHTAC, 65% active monomer
concentration)S- A-8-3}53 T}

Wol=2Y STrEe] M=

250 mL AH7F FehAe] SR 40 g(dry base, db.)
A3l SHTE HUIet AR FEE 40%(Wiw)
Z3Ath 3= 0.03 o]stke] AX|3 ol
2| 0.04 o] Fe] x| 8 Fol g Eo] ARE H3)
A 8% 2 20%(w/w dry starchy2] CHTACE 3 7}t H.

3.3l AA|Ql Na,SO= & dE ol tfste] 0~4%(w/
w) HeolA H718F3 NaOHE 4%(wiw, 1N)] =g o
2 F Wl Yo} FArisked whgol AREEE Yol23)
Ak T B (A R]8 Fol AR A Alddl=
0.28 mole, 32|k Fol &g E2] 7% 0.69 mole)= A}
718l -0 2 Cho et al.(2007)°] A|¢Hek dzha] 538}
WA (AGIP, Alkali Gelatinization Initiation Point)2] NaOH
F(Table NE 7|52 2 0, 5, 10 meg/g-starch’} Z &
SERE H7lekith

NaOH 7} & AztZapras 3L ez 27

we K e

Table 1. NaOH amount of alkali gelatinization initiation
concentration (AGIC) at various temperatures and Na,SO,
concentrations for central composite design of RSM.

Temp (°C)  Na,SO, (%, w/w)  AGIC (meq NaOH/g-starch)
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17
21

9
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18
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Azskar g $o *hi AHE-3HA )

o ofo

150 ppm e 2 wHksHA] Wk
Zol
[e)

_A_,O

xelr 4l HIE2589 =X

Micro-Kjeldahl ¥ 0.2 B3l 25242 o] A - 0]
A ATEFIN) O ZRE] X 3= (degree of substitution, DS) 2
WF-8- & & (reaction efficiency, RE)= 3} th(Komiya &
Nara, 1979). z} %o]&AHE ] X HH SFFHE
I Hlaste] F7Hd A4S ST F oS S AR
slo] 819 2 (Carr & Bagby, 1981), X|$ =25 E Wks-
'2ES Feiaith
162 x %N

A= = 0o X AN
A—E(DS) (1400 — 117) x %N

DS
 71ek Wh-g-A] F(mole)/ i

(mole)
HE=230 2AMH(Response surface methodology, RSM)

205 HAAstatr] st
W32 & RES 5% HER 0}0:] =4 &3 Al 2 *H (central
composite design)°l|] Wt AEFE DA AT AXS &
ol 2Rl AEFHS HA st Ss 8%(W/w-dry
starch)2] WHS-AJSFS %7 < 18 A7
2 AR F SR, Eﬁ}‘?MWH %* ‘;-4 NaOqu A
7heE, AI7HA 8918 3 o2 28 2™ (Table 2), 32
2|3k ol LA HE2] A ZE 95Fe] 20%(w/w-dry starch)2]
WA oS "FQ*?} ATE 2EE IAHAT F 9RAIZE
sslolAA ] F 2 NaOHS| H714S 3 5oz 2493}
of Fole3}E 31883 th(Table 3).
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Table 2. Coded level for independent variables used in
developing experimental data for optimizing conditions for low
degree cationization of corn starch.

Coded level
Valuables
-1 0 1
Temperature (°C) 35 40 45
Na,SO, (%) 0 2 4
NaOH (megq/g-starch)? 0 5 10

'(weight of Na,SO, / weight of starch solution)x100
*Total amount of NaOH = same moles of reaction agent +amount of
AGIC in table 1 + uncoded amount in table 2
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Table 3. Coded level for independent variables used in
developing experimental data for optimizing conditions for
making high degree cationization of corn starch.

Coded level
Valuables
-1 0 1
Time (h) 12 18 24
Na,S0, (W%)' 0 2 4
NaOH (megq/g-starch)? 0 5 10

'(weight of Na,SO, / weight of starch solution)x100
Total amount of NaOH = same moles of reaction agent +amount of
AGIC in table 1 + uncoded amount in table 3
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1) 3-chloro-2-hydroxypropyl trimethyl ammonium chloride is activate to
2,3-epoxypropyl trimethyl ammeonium chloride by NaOH

CHs; CH;

|l @ o + OH- | ® °
CHy~CH-CHy-N-CH3Cl —— " CH,~CH-CHy-N-CH3 CI
(| I - Cl- \ |
Cl OH CHs - H,0 0 CHy

2) 2,3-epoxypropyl trimethyl ammonium chloride react with starch

CH3 CH3
lo (OH-) lo IS
CH,~CH-CH,—N— CH30I+St OH —* CH,~CH-CH,~N-CH;3CI
\/ | |
(¢] CH3 St-O0 OH CH3
3) Side reaction (High temp, pH>12)
3.1) Glycol formation
CH3 CH3

l® o +H,0

le o
C\HZ—CH—CHZ—N—CH3C| CH,~CH-CH,~N—CH, CI
/ I

o) CHs OH OH CH,

3.2) Developing oligomer from activated reagents
Fig. 1. Reaction mechanism of corn starch cationization with 3-

chloro-2-hydroxypropyl trimethyl ammonium chloride in
water-slurry process.

Jo] ZF3t 23-epoxypropyl trimethyl ammonium chloride =
Ao 2ZH HE2] -OH7| 9} ¥H&-31A| = =H|(Cardwell
& Wurzburg, 1957), Ag3y 5 AAEE £33 CI o]22
F ol oJste] WA o] pHE WolxAl ®rhFig. 1). Wt
A R &S S7HA7I7] SlEiM = F 7}i NaOHE 7}
glof sl UAE H7FE NaOH7} RESA|oF} Z1F &
g & o)zZE H71EE NaOHE Cho(2001)7} A orst o}
et g2k, AR B SSlAA FEA dEE|SskE
A ZFsh= 37 (Table 3)2 7122 0, 5, 10 meg/g-starch
A 3 AR ST AT

Fol23h= 35, 40, 45°C2] 3 AL 2Lo|A X33}
oh YA 0 2 N2 w7t S E ofol 8t v ES
2 S7tskH, S5 dol2stel #HE Car &
Bagby(1981)¢] oM & W2 55 70°C7HA] d5A1 32
U ike Zof 3315 A5 15t Na,S0, 5 20%(w/w—
starch solution) ©]/¢ H718tA7] wiito] A sk W&
71038k o8-, A 10ton °]4¢e] FRE FAIZF
FE = Fol A AT AN ¥R
70°CE fFAsh= A A dA AL&A1717]
ZZolt) wEhA 2 A3 gFEY dE WA

7 @o)] A galE kS50 40°CE FA] 02 9o
Wkg-S
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S-S Y™ NaS0,2 A7MHE AA| Hgo] 7
F 0~4%(wiw) HHolA whgoll mXe adg Avn

=
-

XMx[et o|2HME HE =Mt
A28 Fol L] wkg-S A3 sl flske] Wk
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Table 4. Experimental data for reaction efficiency of corn
starch’s low degree cationization with different combination of
reaction temperature (X1), Na,SO, concentration (X2) and
NaOH concentration (X3) for the RSM.

X1 X2 X3 Y
-1 -1 -1 0.585
-1 -1 0 0.625
-1 -1 1 0.619
-1 0 -1 0.610
-1 0 0 0.641
-1 0 1 0.632
-1 1 -1 0.596
-1 1 0 0.632
-1 1 1 0.623
0 -1 -1 0.545
0 -1 0 0.645
0 -1 1 0.641
0 0 -1 0.652
0 0 0 0.661
0 0 1 0.659
0 1 -1 0.547
0 1 0 0.628
0 1 1 0.610
1 -1 -1 0.466
1 -1 0 0.603
1 -1 1 0.630
1 0 -1 0.605
1 0 0 0.648
1 0 1 0.632
1 1 -1 0.601
1 1 0 0.619
1 1 1 0.581

Ak hF-Eo] A3 o] Cho et al.(2007)°] #|¢Her 2=
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gk

S3h= BAekA] edsk=l o]
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Table 5. Analysis of variance (ANOVA) for low degree cationization of corn starch.

Factor Degree of Freedom Sum of squares Mean square F-ratio Prob>F
Temp. 4 0.003902 0.000975 1.408 0.2735
Na,SO, 4 0.013717 0.003429 4.952 0.0078
NaOH 4 0.020643 0.005161 7.452 0.0012

70.0

63.3

Reaction efficiency(%)

50.0
1.00

Fig. 2. Response surface plot of low degree cationization of corn
starch carried at 38.48 and 8% (w/w-starch) cationic agent.
Na, SO, (%) : (w/w-starch solution)x100

£8e TR FIHHE NaSOl Pl FFS W
ow] Ful2 H7bEE NaOHS] ol 7hg B JGE
ks e % 5 9t

A AT AFRALZRE 2% 3848°C, 531
AA 1.89%, §H&AIF @43t & F7F= 3 718sk= NaOH
FE 6.75 meq/g-starch®] Z7AdA 7HE =& W a 8-S
Uehdor ojme] o NS a &S 67.28%=2, XTI L=
kel 739 0.03022¢] Fholth. ol#fgt A= AA| 8%(w/
w dry-starch)®] Fo]23} WAk ARE-3te] AAtE =

28 T7tadE THAsda &
Sl response surface plots # & HHE-2=<91 38.48°Cel A
2Hd3te] Fig. 200 YERH AT

|t 0|2 ME HE £ Mst

A X8 Fol 2T Alxs} mp7 A R wh-gel] H 7t
CHTACS} 5dgt 2 0.69mole®] NaOHE U=k 7t
3192 Cho et al.(2007)0] #A|AIgH &) 38} 7fA1H 9]
NaOH #7145 7|52 2 0~10 meq/g-starch HL| oA 3 &
AR F7HA A2 A718A 2™ Na,SO, B3+ 0~4%=
z4skir.

K

Table 6. Experimental data for reaction efficiency (RE) of corn
starch’s high degree cationization with different combina-
tion of reaction time (X1), Na,SO, concentration (X2) and
NaOH concentration (X3) for the RSM.

X1 X2 X3 Y

-1 -1 -1 0.347
-1 0 -1 0.375
-1 -1 0 0.357
-1 0 0 0.386
-1 1 0 0.404
-1 -1 1 0.391
-1 0 1 0.420
-1 1 1 0.401
0 -1 -1 0.400
0 0 -1 0.417
0 -1 0 0.377
0 0 0 0.438
0 1 0 0.460
0 -1 1 0.413
0 0 1 0.472
0 1 1 0.456
1 -1 -1 0.412
1 0 -1 0.458
1 -1 0 0.550
1 0 0 0.555
1 1 0 0.526
1 -1 1 0.443
1 0 1 0.511
1 1 1 0.474

AF o] AAlol oA AR|8 Fol 2 A A+
oh= g WS 2 40°CE 2G| BEEAI 7S 3
AZ ZAE3AT S EE 2T olfE AXF Yol
24 AR] w-3-F A3 Aol Yol L3}l MR 2%
o] Go] AA R& Ao W FH oW 40°C7} vE3-]
HAZ A9 Lz A7) wiEolth EI w4
e TEUTE AFFOZN FE] oFo| 3} HHEA
OF A7t T AIZMEZE RS ES S ST F o ot
A B o] Fol 2 S AAE] S ARE 4 F
ATh= FH ol At

7} A3 A= Table 60 YERN 2™ SAS program
o2 EAAEZ AR HE Table 73 2t} 2 Az vt

AZEE Allslate A G S ol AT Azl
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Table 7. Analysis of variance (ANOVA) for high degree cationization of corn starch.

Factor Degree of freedom Sum of squares Mean square F-ratio Prob>F
Time 4 0.072516 0.018129 9.699 0.0000
Na,SO, 4 0.008065 0.002016 1.079 0.3851
NaOH 4 0.012728 0.003182 1.702 0.1765
I~ Table 8. Experimental data for reaction efficiency (RE) of corn
601 4~ starch cationization” with different combination of Na,SO,
L7~ concentration (X1) and NaOH concentration (X2) for the RSM.
2 e s
g e a - - .
g 7L7F -1 -1 0.412
£ -1 0 0.550
5 -1 1 0.443
g 0 -1 0.458
Ty 0 0 0.555
2 0 1 0.511
1 0 0.526
Q
Q:@ 1 1 0.474
30 é\@ " Reaction time was fixed at 24hr

Fig. 3. Response surface plot of cationization of corn starch
carried at 40, 20% (w/w-starch) cationic agent and 4% Na,SO,.
Na,SO, (%) : (w/w-starch solution)x100

2 AoE Yeh AX g Fol -] R T=
£ A34E YR NaOH 2 Na, S0, 71l o
b f-2oAd o] ul-¢ A e o ZN HF:EA A AAE
W27 YoM & g a&-o] ¥4 (saddle point)S UE}
ol HAZE S T stk ol H7HE 20%(w/iw-dry
starch)©] CHTAC7} &3] WEg-al7]d= Suj2 AHeH
NaOH®| H7bgo] vtom A0 2 NaS0O,8 AHE:&F
T RS gokr] WEo R sjA T e AAE AY
TFHelA Na,S0,°0 HNH7HF4%)o A 22 3 response
surface plot(Fig. 3)> RE&-A|Zko] S71gholl whe} A& wb
Sa&o] ZUkslE FEE Kol Slo] Ag oA AFH
HkgA 7] &t A3E YR QL
o]de] A3 ZM water-slurry processE ©]-8-313 20%(w/w-
dry starch, 65% active monomer)2] CHTACE 3 7}$+ 3%
St S ol 2R ARE AsiMe & dolM A
)
H

o L yE

—

AR WS Z3ek= NaOH 2 Na,SO,°] H7F % 24 A 7F
ool Whg-A|Zke] FasithE AL & AT

B AGFA A e He ellA] 28 ol 24
o] AxE HAstelr] flste] 71| A FH(Table 6)14
WeREo] EA W2 RS 24 A7 AR e] W3R
ETHS ©]8, NaOH % Na,S0,°| H7HgS THHFRE o)
of oAl RESRHIAEA S AAskdTh REAITE

Table 9. Analysis of variance (ANOVA) for high degree cationiza-
tion” of corn starch.

Degree of Sumof  Mean

Factor F-ratio Prob>F
freedom  squares  square

Na,SO, 4 0.002946 0.000982  2.157 0.3324

NaOH 4 0.015644 0.005215 11.452 0.0824

D Reaction time was fixed at 24hr

24 Ao 8 743 AT Table 89 LERJA S E
AHEA A= Table 994 2tk Albe] E&5¥FRE X3
x| BAAITable 6, )t &8 Fe 50X
NaOH®| H7bgo] W3-8 &7 Fo4& Yehiem o
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Fig. 4. Response surface plot of cationization of corn starch
carried at 24 h, 40 and 20% (w/w-starch) cationic agent.
Na,SO, (%) : (w/w-starch solution)x100

Aol A HAF ARl Skt ok & AFollA e
o] 2R FolME T Aol B ol S5
82| water-slurry processoll ©]g ¥H-&-& #2339tk
AR 7P Fol AREEIL A= A= 0.030]3ke] A X g
Fol AT F T AREFol S7HE X$HE 0.040]73¢]
A G ol R BRS] AL Pssloen
AR SFFAL Ao e s3h7t A4+ NaOH
SEE e AU HA 7|ES=® sted NaOHe #
7he 2, W2, Na SO0 TS FEUFE
shal, WS EES SHWTE st FATEA A w2t
A3 Fol21t
# 4

o o

34 8%(w/w-starch, 65% active monomer)2] Fol-
kS Mg 749 w2 38.48°C, Na,SO, 1.89%
Tof|A dZE| 53] o4 FEETE 6.75 meg/g-starch
NaOHE F7H= A7k 7% A o] o3t whg-o
A om ojmjo] w385

e 0030229 AR=E Yehfo] sd3 Fof vk

oko 7 A A O Z AALE| = o) &A] L]

off > o
o
2,

FE 2004 S7ME AT WEEAIF AUbES
Al
=
o

o > oox X 1o ot g

20%= S7HAZ Af-ole
Na,SO, H7FF 2 24 A 7ke] REGH ] Ujol|A] ol 3}
€9 HAHE 2 5 8lo] water-slurry processel] €]

218k oFol 2 E ] ke Akgste] BA| o] US
A5EA T AAE AP FHolN 2 HH wg AL T

AAAE 1.99%(wiw) F718HaL, 712 H718H= NaOHS
&7+ 3 3PR A F = (AGIC) .t 5.73 meq/g-starch THE- =7

I~

Barret LF. 1997. MicroCAT starches for the wet end. Paper Tech-
nol. 38: 55-58.

Beaudoin R, Gratton R, Turcotte R. 1995. Performance of wet-end
cationic starches in maintaining good sizing at high conductivity
levels in alkaline fine paper. J. Pulp. Paper Sci. 21: J238-J243.

Cardwell CG, Wurzburg OB. 1957. Ungelatinized tertiary amino
alkyl ethers of amylaceous materials. U.S. patent 2,813,093.

Carr ME, Bagby MO. 1981. Preparation of cationic starch ether : a
reaction efficiency study. Starch 33: 310-312.

Cho SC. 2001. Studies on the alkali gelatinization and cationiza-
tion of corn starch. Ph. D. thesis, Yonsei University, Seoul,
Korea.

Cho SC, Shin HH, Cha YH, Pyun YR. 2007. Alkali gelatinization
of corn starch suspension. Korean J. Food Sci. Technol. 2: 169-
174.

Georgeson MJ. 1986. Cationic starch improves sizing and reten-
tion. Paper Technol. 27: 178-180.

Glittenberg D. and Becker A. 1997. Cationic starches for surface
sizing : the better solution. Paper and Tim. 79: 240-243.

Heinze T, Haack V, Rensing S. 2004. Starch derivatives of high
degree of functionalization. 7. Preparation of cationic 2-hydrox-
ypropyl trimethyl ammonium chloride starches. Starch 56: 288-
296.

Hellwig G Bischoff D, Rubo A. 1992. Production of cationic
starch ethers using an improved dry process. Starch 44: 69-74.
Hoover R, Sosulski FW. 1986. Effect of cross-linking on func-

tional properties of legume starches. Starch 38: 149-155.

Kenneth WK. 1967. Quaternary ammonium starch ethers and pro-
cess of preparation. US Patent 3,336,292.

Khalil MI, Aly AA. 2002. Preparation and evaluation of some
cationic starch derivatives as flocculants. Starch. 54: 132-139.
Komiya T, Nara S. 1979. The study on physico-chemical proper-
ties of cationic starches. Part I. Physico-chemical Properties of
Cationic Aminoethyl Ether Derivatives of Starches Obtained
from the Different Sources. J. Jap. Soc. Starch Sci. 26: 23-29.
Kweon MR, Bhirud PR, Sosulski FW. 1996. An aquous alcoholic-
alkaline process for cationization of corn and pea starches.

Starch 48: 214-220

McPherson R. 1989. Preparation and use of corrugating adhesive
made without borax. Tappi J. 72: 135-138.

Medcalf DG Gilles KA. 1965. Wheat starches. I. Comparison of
physiochemical properties. Cereal Chem. 42: 558-568.

Nachtergaele W. 1989. The benefits of cationic starches for the
paper industry. Starch 41: 27-31.

Paschall EF. 1959. Starch ethers containing nitrogen and process
for making the same. US Patent 2,876,217.

Procter A. 1991. Cationic starches-their role in wet-end technol-
ogy. Paper Technol. 32: 30-31.

Quan Y, Kweon MR, Sosulski FW. 1997. Effect of cross linking
on functional properties of cationic corn starch. Starch 49: 458-
464.



150 Al -

Radosta S, Vorwerg W, Ebert A, Begli AH, Griilc D, Wastyn M.
2004. Properties of low-substituted cationic starch derivatives
prepared by different derivatisation processes. Starch 56: 277-
287.

Taizo M. 1990, Characteristics, function and application trend of
starches. Getggan Food Chem. 11: 35-40.

Ulbrich M, Radosta S, Kiefler B, Vorwerg W. 2012. Interaction of
cationic starch derivatives and cellulose fibres in the wet end
and its correlation to paper strength with a statistical evaluation.
Starch 64: 972-983.

Vihervaara T, Bruun HH, Backman R, Paakkanen M. 1990. The

243

effect of different methods of cationization on the starch granule
and its gelatinisation product. Starch 42: 64-68.

Wurzburg OB. 1986a. Forty years of industrial starch research.
Cereal Food World 31: 897-903.

Wurzburg OB. 1986b. Introduction. In: Wurzburg OB(ed.), Modi-
fied Starches; Properties and Uses. CRC Press, Inc., Boca
Raton, FL, USA, pp. 13-15.

Yook C, Sosulski F, Bhirud PR. 1994. Effect of cationization on
functional properties of pea and corn starches. Starch 46: 393-
399.



