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Hydrophobic Modification of Potato Starch

PAN Chun—jiao,FANG Jian,WEI Jie, CAI Yuan—chun, CHEN Yan—ping,ZHOU Jia—le
(Beijing Forestry University,Beijing 100083,China)

ABSTRACT: To find the best experimental scheme and technological conditions for hydrophobic modification of potato
starch. The experiment utilized oxidation, cross—linking and esterification methods for hydrophobic modification of potato
starch. Orthogonal design assistant (II) 3.1 was used to screen the optimal combination of experimental conditions and the
cross—linking method was found to be the best method after analyzing the water absorption and viscosity performance.
SPSS13.0 was used to further analyze study the data coming from cross—linking experiments through single factor and
variance analysis. After cross—linking modification, the water absorption rate of potato starch was decreased by 43.44%, and
the viscosity in liquid paraffin was reduced by 70.54% . After overall consideration of water adsorption, viscosity and
practical feasibility, the optimal process condition was determined to be: water bath temperature 55 °C, pH 11, quality ratio
of epoxy—chloropropane to dry basis of starch 1.5:100. Under this process condition, the water absorption of the modified
starch was 20.96%, and the viscosity was 156 mPa-s. The best method for hydrophobic modification of potato starch was
the cross—linking method. The optimal process condition was obtained, which provided reference for the research on
improving the hydrophobicity of starch.
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Tab.1 Levels and factors in the designed experiment

PHE AL C) I B(pH{A) SESNE SN )
ek AR PRk PR Ak Rk SRy A4 mRfRY
K- 1 60 30 27 9 5 8 1:100 30 1:100
K2 55 35 35 11 7 10 1.5:100 40 1.5:100
K3 50 40 40 13 9 12 1:50 50 1:50
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Tab.2 Design and results of the orthogonal experiment
P A ESH E N MWK/ % B/ (mPa-s)

pifiBE)  (pHAE)  (ERPERIHTED) s Bk Ak Befek sk Ak £ AFS

1 1 1 1 1 25.08 26.15 27.32 168 375 309

2 1 2 2 2 24.90 26.53 26.48 142 310 298

3 1 3 3 3 26.32 26.92 27.39 178 335 315

4 2 1 2 3 23.58 25.62 25.38 157 312 324

5 2 2 3 1 20.05 22.94 23.77 120 279 252

6 2 3 1 2 22.93 25.43 24.65 126 309 341

7 3 1 3 2 23.14 24.52 26.67 198 354 363

8 3 2 1 3 22.04 24.98 26.80 178 324 232

9 3 3 2 1 24.25 25.93 25.61 206 367 354
15 HiEsE ST BT TE oy v 4% DR 38R L K RN 2 i 5

A TEAC BB CID) 3.0 %0 3 Rhikobe )y 2 it 47
W23, FEH I SPSS13.0 A 5L R R A A1 5
2o

2 HRAH
21 mEBEFEHRE

211 WD

FUHIEAZ BT () 3.1 % Ag e vp 4% IR 2%
TP 22T o SCI L IO T M3 45 DR 28 06 L 7K R
FIEE RS20 () EDUL A BT WA 3 XT38 3 B 2% R 7
BT AT, 34~ PR 2200 285 SR i s i 2 Bl K3/ N TR R
A HEB HFEC, W EZR RS 5 0IRE pH
B M 5 JF 5ol TS0 H A2 BRI TE #
K ARG FE T RV A R 3R g 4 1 A /)
A, I, (A5 MK P R AR Y e AR 2 50 ALBLCs s fili 15
FHEE BRI AR A ABC o

M) 9 LA BT 25 SR DL 3R 4 X 36 4 P A 25 R 43T ]
3P ZE XA R s AR R BN R AL
FEBHEC, A BRI B HNRE pHAE 2k
PEFIF G, AR AR AR AL 50 ALB.Csc

i Ak 7 O T 3 o 45 R 30 L /K SRR R B 5
i) 9 B A BT 25 SR UL 5. X 36 5 Fh A 22 R 41 ]
1, 3 P XA R s e AR B bl R BN IR AL
EB.HEC, A =2 R KBS AN  pHAE 2k
PEFI . TARB R AL B E AR AL AN ALB.Cas
2.1.2 T R R S

¥ 3 Bl vk ik i B U 2 A AT SL IR 0AIE , IR
K ZRNBE B VR T A, WL 1, 45 B e ety vk
RATHR

2.2 WENELWHERST

22.1 FREHEZEST

DL IE AR B BT (1) 3.1 5% 3 Ff il i 0y 92
TPt 2 A3 80 T Horh B i SE50 7 8 28 Bk
T SPSS13.0 X A2 1k A 7 BRL R 2 R 2200 # L £

R3 TEEYMEREN P EEEXEBRKRNFER M ENS T

Tab.3 Visual analysis of influence of factors on the water absorption and viscosity in starch modification using the cross-linking

method

ARt WK #/% ZhEE/(mPa-s)
EEpFZE  WRE—E pHE—& ZEFHE—E =A% ‘BE—-x pHE—& KEFHE—x =A%)
HEFRIAME K, 25.43 23.93 2335 2335 109.33 177.67 154.00 164.67
HEFRBIE K, 22.19 2233 24.18 23.66 131.00 150.00 171.67 168.67
TERBIE K 23.08 24.43 23.17 23.98 257.33 170.00 172.00 164.33

R 3.25 2.10 1.01 0.63 148.00 27.67 18.00 433
HEFE-K ABC ABC

S WIE S AB,Cs AsB,Cs
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Tab.4 Visual analysis of influence of factors on the water absorption and viscosity in starch modification using the oxidation

method

[HAE WK 1% B/ (mPa-s)
EEpHzE EE—w  pHE—E KEFHE—E A% BE—E pHE—& KEFHE—E =A%)
FeRRHME K, 26.53 25.43 25.52 25.01 340.00 347.00 336.00 340.33
FEr A K, 24.66 24.81 26.02 25.49 300.00 304.33 329.67 324.33
FEAr A K 25.14 26.09 24.79 25.84 348.33 337.00 322.67 323.67

W2%R 1.87 1.28 1.23 0.83 48.33 42.67 13.33 16.67
H#EFE—-K ABC ABC

S0 WIS AsB.Cs A:B.Cs

®5 BELEMIMEEM PR E R ERK RN EZ M ERS T

Tab.5 Visual analysis of influence of factors on the water absorption and viscosity in starch modification using the esterification

method
NS 7K 2% ZhE/(mPa-s)
FrEfEE RE—x pHE—E XEHHE—E =AY BE—¢ pHE—F HAHAE—E SH5
FeFRYE K, 27.06 26.46 26.26 25.57 307.33 332.00 327.33 305.00
FRFRIME K, 24.60 25.68 25.82 25.93 305.67 294.00 325.33 334.00
bRt K, 26.36 25.88 25.94 26.52 349.67 336.67 310.00 164.33
WIER 2.46 0.78 0.44 0.96 44 42.67 17.33 29.00
HEE-K ABC ABC
CWIES A.B.Cs A,B.Cs
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Fig.1 Water absorption of three modification methods in their re—

spective best combination
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Fig.2 Influence of temperature on water absorption and viscosity in

cross—linking modification
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linking modification
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Tab.6 Regression analysis of the influence of temperature on the water absorption rate and viscosity in cross-linking modifica-

tion
ET 3 b E s
e EAR — — —
R REUR FRg St ht b R e el —RINFRE IR
. 7K & 0.622 4.928 0.054 2.595 -0.109 0.001
MREC
BhEE 0.913 31.676 0.001 10 210.667 -357.067 3.160

R7  RTERBUMETE P pH EXT IR R AR E R IEY V3247

Tab.7 Regression analysis of the influence of pH on the water absorption and viscosity in cross-linking modification

RIS Hr RN
HAz Az T—— — — - - ;
PUE RER FRISE T WETERE WA —KIAK KA
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Tab.8 Regression analysis of the influence of crossing-link agent amount on the water absorption rate and viscosity in cross-link-

ing modification

- S ALY SR
WERKR PRSI B ETEREL R —RIMAKL  RINARL
AEIR A FH dak WK 0.557 4.036 0.411 0.138 12.313 —380.000
(it Ht) ZhEE 0.532 4.284 0.183 331.667 —22966.667 820 000.000
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Fig.4 Influence of crossing agent amount on water absorption rate

and viscosity in crosing
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Tab.9 Variance analysis of influence of factors on the water absorption of hydrophobic modified starch

ES 5 AN A ¥y BERBR FRygeitit 2R

T 0.002 2 0.001 12.921 0.072

pHH 0.001 2 0.000 0.952 5.543 0.153
RIS FH 0.000 2 8.65E-005 1.323 0.430
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Tab.10 Variance analysis of influence of factors on the viscosity of hydrophobic modified starch

FSES TR H B o7 YUERHR FRggeit it R

T 5344.667 2 2672.333 14.342 0.065

pH1{E 1328.667 2 664.333 0.949 3.565 0.219
ARSI ik 194.000 2 97.000 0.521 0.658
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