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Abstract: Various properties including the angle of repose, activation index, contact angle, dispersibility, and polarized light property of
different types of starch (corn starch, tapioca starch, and potato starch) were analyzed in this study. Additionally, the effects of different pH
conditions and different concentrations of added octeny| sucginic anhydride (OSA) and AP* were investigated. The results showed that the
angles of repose of corn and tapioca starch presented an initial decrease, followed by an increase, with higher pH values and increasing
concentrations of added OSA and AI*. Variation of pH-value showed an obvious effect on angle of repose in case of potato starch only.
Modification caused the contact angles-of different types of starch to increaseto >90< indicating a significant improvement in the hydrophobic
property of all three kinds of starch. The activation index for both, tapioca and potato starch reached a value of 0.95. The results of the
dispersibility test in liquid paraffin showed highest dispersibility for corn starch, followed by tapioca starch, whereas potato starch showed
lowest dispersibility. However, the dispersibility of modified starch did not change significantly as compared to that of native starch. Finally, the
properties of starch.under polarized light of the same intensity showed that the birefringence of modified starch granules was weaker and the
shadow areas were larger.

Key words: corn starch; tgpioca starch; potato starch; hy drop hobicity ; fluidity

TEMEDY B IR A I EE L0, ORI 2 N HA GUKTERGSIE, fF 2 bt T AN FIRE B e
T HAC R il B2 ST, R R A K P

BRI, 5K RERE, BUKIEZE, Bk
) 5 RAE R, B REIEAT . Y T ek A
Wis HER: 2015-04-24

HEWR: MREHMAFEW (20128091100291) ; FEmAFMAERE
(2014509111106)

EEEIN: KEE (1990-), B, Mit, HARSEAEMRE. Boktad
IhREMHY

BIEE: SBEE (1965-), &, 1, Bi¥, TENESBYIRE. TP
MR BRI E IR R B SRR

XPUERHEATE KSR, FERAE TSR RGNS
KBRS SR A (R K VLA AR P R )
TR BRI AR Z AT TR B, FFHIE AR
RLAR RNGUK e, S 1 iE e A s 23
Bt BT (USSR PR KR
OSA. AL(SOy)s KHIMEIL, HlfushEiek, I
BIFFE T AR e o ol 2 e L) i A SR T o S
B, SRR G KH-570 SR, SRATIE
TR S BAT AR fef ek, 222 PR

73



M EmBHL

Modern Food Science and Technology

2016, Vol.32, No.2

P RBEBA KR BT SO AL RE, FEJEh &
TSI NBRKEE B, IFIMABRKIEGEK Si0,(RIT2)HE i
THOKIER IR . TR e S R
WSS &, R EEIETE, G T mBUKIEEs
S8 R AP R PO DY T P 7K 7 REE I T S AP R
el G E A R 1 UK Pk R Rl o W 1
VAR TIRBR, % RSB R GTHE, 3%
1S AR %5 0.95 [ 3RET KTE R -

TR HIFK ECERIE 0K 2 B0 T ORISR AT T
VRO, XA, R AR R, (EAEAE
SRNAE SRR Rl TR, BEEBE, R
B bt B i A RRE BRFE, A— Pk
i, AELMERIBET S, XA FER AR K T et 2
() FR P 25 B ARG . PRI, AW SR R L,
A OSA 5 A AR SEHITER (TRTEH . ARZEHEH |
SR FETEND) KA AR RN, TR SN 45
WG EHEIMA SR RER Ak E: [N, il A5 KL Tk o
SHT OSA. APTHRINE. A pH X BK HEIE K
PRI AR, FFELRE T AR I RHGUK PR o i 22
Fo

1 MREEE

11 FH

FoKVER (FEDWMEERBAGRARD ;K
BUER (RUREEMARAFD; LRETER CHR
Y IERM AR AED: OSA (Ramta AL TABRARD;
Ab(SOu)s (R TR KA BT AR A A WIAE
il R AT ARZE BT WREG T A R Ak 711
B2 N Al
12 FEMAEA

= e pH T CEREACHR A A PR
]y HH-2 ZUR AR /KB a9 (V105 atn T S8
HIRAFD; BX51 22Ut R0 (HZ Olympus
2y ); OCA40 Micro 21 7K /g 2 Fefib Al iy (42
Dataphysics A ); HY-12 J& L CREER GG
IXERABRAF]D
13 W&

1.3.1 BRI &

I3 M ARI K TE R - AR VER A SR ek &
250 g (F5) BT =OkefiH, Bl =05 30%1H
VERFL, T 35 CAM R TR RN s 4y
2 3% A MANEROA T ek AL pH 2 85 Jx

74

MNIFUGE, 75 30 min NIZFE A —E &1 OSA, [F
B ) T B 0400 3% I BN TR FE IR LR R 1)
pH{E N 8.540.2, NI [A] 3he N EEH 5, IMA—
SE 1) AL(SO4)s & @k, VAT [N ARR 2 AT 7 pHAE,
ke N L h, S5 JEH ZBERUKASE Ve, s T
45 CHLFE T 24 h, BRIBKIEEER .
1.3.2 BUXESGME

HUAR R 5E R Elbr GB29934-2013 HH Tk
%o
1.3.3 1Rk AsgmE

PRIE A —FR VAN A RS PR T3, FEK
N SR T A R 2 TR A 1Bl e B, ARaE £
RN, RIS T . JL RSO Rtk B
FUARTERR (3 R T S /K F T Z TS A o S B6R
F 5E JRHERL ARKIEA SE A R R

a= arctan(%h)

HA, otrabA (2 h-FEEGE (em); d-iehg i
#% (em).

NORAERESAERE , ASCHATAR A D E BT
st () 7K 73 B A HIE 8%+1% .
1,34 EAREL G E

TS T Bk BUK S S R, 12
SRR AR BK LD R T AR o is A Fa 0B,
U e ek AR K PR R . BUARIIE AR,
WREL 5 g B /K VEGER I BT Feph 1, I 100 mL 2%
WK, FHICEEE e hike, & Lh, WG AL LR
BIEIVER, KRR TER I ST R
Ho RS PRI
H= m, —m,

ml

H, H-ZA (%), metFs&RE (g); mpiid
Rz (g).
1.3.5 EIRHEAR A 8GN

Fef AR e W [ = AR A P E )< -
TR ) DIER T WA 5 - T8 SRR 2 IR A 6,
S ERAE R SR . 0<90°, D] 43R THI 2 SR /K PR 5
Hi6>90°, U [ AR T BUK PR . LRI R AR I
FART, PREX0.50 g ek kEsl, FEAHLAE 25 MPa 2%
PR R TR, SR e i fid i DR SO SE R A T
Xf 7K I A o
1.3.6 ke e

FREX 4 g FH5 s K PR FESL, I 10 g )
A SR IR, IREWE N 25 mL H 2 E
o TR E, 1h LRI . E o


http://baike.baidu.com/view/904834.htm
http://baike.baidu.com/view/132356.htm
http://baike.baidu.com/view/115120.htm
http://baike.baidu.com/view/399193.htm

M EmBHL

Modern Food Science and Technology

2016, Vol.32, No.2

IR B T AN TS5 RE PRI i £ A0 095 AR R b AR E
Vo ZrERB R, FEEL I BERRGE ,  ER R AR
SEVER S )z, FEARI OB, D EUARK
R 58 PRI

SR E AR AR

D= Vo x100%

EF, Do, Ve lBha; Ve A RR,
1.3.7 mtaFEsT

Wb B FEHCREE MR E T8y b, W
1~2 ZFE- MR AW O beh 1D, & Efs 5,
£ 500 5 5541 TR EGEUE R (1) It e o
1.3.8 FIEHAHTAIE

FHBHES Y 3 IRE B MERVIIME, FHKH
origin9.0 1EH .

2 #ER5e

2.1 OSAZmmE (BURE) 3 BA MR R i

1ERT APTIRIE R T 5 R 2%, 4
JE AR N pH N 4 IZ6AE R, 3 P RUEURIAZ PEE R

(PR LA RS Ak Fa £bE OSA W I 17481k .

4R 1, WM la aTLURIL, BEAE OSA I &
3N, HUREENE &, Bk R KT R A TR (1)
iR SRR 208 EAE S . OSA gk
RAEBRI N, BT =0 SR BAR e Fofis (OSA-St)
R — R E AR B AERT, I AlL(SOu)s it —
£ 5 OSASt KR, FIF APEUL OSA-St Hif)
Na", AHVER o R BRIk, 30 T FORE [ 8 7K
PR, YRR 2 (B FE T, AT T T SR iR Bl
POl (EBE B IR s, BN KRB e 1
NARZ pH E, FEUEMAURER IR A, oK
AR U] FRUAR ELAE 0™, R ah A T o T 5
K S EVE R AR L A FE /N B FE S AR
PIARAS, VAR B R AR AT R e W i sh M
7= AR B L R

HH ] 1b B] DAL, s OSAVRINEN £, —Fh
ANRIVERD PIE RSO e . 2 OSA WinEs T
2%}, KT KER (B 0.0108+1.27E-04) .
R E ek (AU E 0.0097+3.46E-04) 1 44 ey (B
fR°0.0932+3.26E-04) HIigfbiaEieaTiawe, HifiK
PEARZ VAN A EE M v E L FREUA R T 0.90,
A SO (PO S0 B0 A% B B LA A ) K

7 1 REFSEEMEIULE
Table 1 Degree of substitution in different starches

Ay OSA Fom&

S 1% 2% 3% 4% 5%
EREH  0.007+29E-04  0.011+42E04  0.015+18E-04  0.017+21E-04 0.019+13E-04
ARZEEA  0.002430E-04  0.010+35E-04  0.013+28E-04  0.015+34E-04  0.019+1.1E-04

LAZIEA | 0.006+32E-04 - 0.009+33E-04  0.014+34E-04  0.016+30E-04  0.018+39E-04

2.2 APTRATE X B A T T

K] 2 /R T OSAT & ATEM T AL & 2%, &
JE&ZZ RN pH N 4 B S, 3 RS [ BT K P UE
i (PR B AR A TR AL TR (AR

t I 2a nl, BEEE ST RS IR, Bk
PE K VR AR LA 3k 28R RR %, JTH OSA
INEAE 0~2%1X —JalE N, RiIEfRIERDN, 25
Tt REZAZ G Iy, B K EACE ek R LA 7
OSA VNN 0~3% PR [ 4 2l B 5t S22 H 0
P, XIS BRE FIMA, FEK T ek i
KilE Ve 0, 80 7 ek i shie, (Had 4ushn &
FE—EREREE, A TR PR RP) pH EAE,
BINNGRAT T, B — SRR A KR 2 A

1, 1 AP Na fIRCE S, M vers (i 5)
PEAR 75 B K DO e A I PR b A 74 /N
WHAERR SN, B APTHIIN AR RN TS BRI
B P A R R

HE 2b ATCUEH, B TR ek BE A fE 5
SRR, I APTRIEA 1% F
B ONAR; T KM ACE Sy A S 228 Ve ks (vE AR 2L
7E AP RN 0.5%I ik ZIE s AKCF, ks AP
ISR S INASF R A B AR 4

2.3 R HE pH XA I R

3JE/RT OSA Rl AR IIE s T ST
2%, GRS NAEAF pHAEKMET, 3 FHANF R
BHRUKE ek fpR b s A 2 A2 1

75



M EmBHL

Modern Food Science and Technology

2016, Vol.32, No.2

a _
45 - ORI
40+ - REEH
35k - T )
iﬁ 30
4 25r
£ 50t
15+
10 C 1 1 L 1 1 1
0 1 2 3 4 5
OSATRIE / %
Lo} - . . .
0.8+
& 06F
i_%l
= Y - KR
02+ - AR
- L EE
0.0+
0 1 2 3 4 5

OSA¥SIMEE /%
1 OSA ;&N ExHALL faFniEL e oM
Fig.1 Effect of the concentration of OS Aadded on the angle of
repose andactivation index

45r = TRk
ak o K ER
A Ty
. 35r
£ 301
4
¥ 25+
20+
15+
0 1 2 3 4 5
APERINE / %
1.0F
0.8+
® 06+
g_‘:g
= 041
HI - FoKiEE
02r - ARETERY
& L S
ook % B kY
0 1 2 3 4 5
A&

2 AITRINE SHA L fa FOSE (e B
Fig.2 Effect of the concentration of AI** added on angle of
repose andactivation index
Hi1& 3 ATLAE Y, B ) S0k N AR & ) pH
ARG I, KIS KTE AR LE Mg b, 72
pH=3 AR /ME, ZJaH I/ MESE RSB, B

76

IKPEAEE RS B2 e PR LE A 25 S B TR JeAe e
I =3 AR E0l 2IUEE R rE . w1
AEA2 BDNTENG pH 26 AF R, AR R KR HY, XLt
H SR I RIS T B T3, 8 AP S IR 110
PR, SEGERIRE R K A 2,
45r = OKTER
40+ - A TER

- LRk
35F
30F
25
20+
15F
10

RIL A /e

1.0F
0.8+
0.6

04r

AR

= FORTER
02k o A ER
- AR

0.0F

1 1 1 1 1

2 3 4 5 6
pH
& 3 pH {EXHRLE FAFEL IR

Fig.3 Effect ofincreasing pH value on the angle of repose and

activation index
2.4 B AT

xR 2 R SHKEMERA
Table 2 Contact angle of native and hydrophohic starch

B R Ay GAMEIE

ENS 25.15%0.32° 96.68%1.36°
AE 26.31%0.14°  139.71%1.52°
L% 25.27%1.09°  11639%097°

b AR B BTk UK M B 7E OSA VR In&:
2% APERINE 2%. &) 2CBE pH=4 & AF 3.
R 2 LIER I, BKSERT IS, ASEER 1 fil
FBIRE T B, BWRETHEMEmEATE
SRIEKYE, BUKMET K. ARZE DA ek (i
4y Wik F 96.68%1.36° . 139.71%1.52° Al
116.3920.97< KT 90 UiHH FrfS ek B Bk P
[FIE, 2% 2 [ SEae 25 A& 20 BT RIS A48 2 45
o RN T I K e, e R A T R A AR A,
TR TIER R BK . EERRN, M
) OSA L[ HA WM, (HR2EL RN 45H E A



M EmBHL

Modern Food Science and Technology

2016, Vol.32, No.2

APTEAT 4 JR AT RN, AR T Sk MBI A
BT, ERERURCR 15 LSS E %, H ik
OSA H: gk, [FI i1 OSA A & BA BBk
B, FEASUER TS R IR OR IR (DR i, PRI AR
Y= (AR B R SR K P

2.5 o-HhE AT

PEHUEE A OSA RN 29, AP VR I 2%-.
& JBACHR pH=4 SFAF N A5 5 KTE K idh A7 23w il
e ME4HRRTCUES, @idsiket:, FoKiEkh
REEFER IO BR MR R T — R 4
LR e Ry ) BRI KA R AR s AR,
K AP0 Ho o B s O R, FOKTER AR E
VER A ECH AT, TSR TR M B R s . X2
BRIN, S MaRORLAE A HLIBUA o B IR A 1R 2,
A Tk R A KR Ok T e
5o SR, VERBURIIG N 7 B SRR R,
Fit DA AT DA 5 7K e K FIAR B () 2t Bl
e AR, FRiEm AR 2SR AT, )
P FE T TR A SRR, RO, YT
P, M TSR E N RAAER, BB E T iR
LIS

—-— K

0 —e— A R KR
1.0F s KB
0.8 R W o
" N TRe, Ak
E 06f e e e e = I
5 § R
04F N .
02+
L 1 1 1 1
0 2 4 6 8
Ml E / h

4 BREE RS UK R85 A
Fig.4 Dispersibility of native and hydrophobic starch in liquid

paraffin
2.6 1 4T M A

Hi1& 5 WIBLE, BEH OSA MHERINEm, €
FRURAR THOR S5O AT PR, I AR LA '+
BB R LUK, AREE BRSER R e+, 37K
DU SEE R IR I AN R B R AR o 5 —
AR LERYINBURL (¥ et RIS s T 2 00 5516
By B, BUKNETORTER MBI TEAE ek #73
LA - s HREIL 5 Y K, 3 AR e 5
W=, WEKIE S EE R R R R I 2R,
i+ Bk o

B ST

AKEER LR
AF

5 [RIEM MK BRI R MR B
Fig.5 Polarized light microscopy of native and hydrophobic
starch
DA b LA, BE%E OSA WIn&Emm, N T
YRR R pH BTN (BRI, — e fE R 860 7
VERY WKL AR TRAG, SO RO DA
I, OSA L AT AP BI N, BT figfE —E FEE b
XS TR RURL Ml G R 3G R T 52

3 &g

WEFERIL, B /K SO SR o = A Rl b i)
JFR AT 5
3.1 MethidfEdh, BEE OSA. APTVRINEF pH 1 1)
BN, HKMHE FRFIA R AR L A 2 S Sk
JEINM R M ER=AEES, Jf pH Ak
XoF K P TR SRR AR A PR A T LR B R
M B PEER K. ARE R A ek i M LR A 2
W 11.3221.52S  17.290.55F1 18.04 %1.44°,
3.2 ke, =MUEMIIBUK AR BE R, B
KT AR T B I T R R B R 4y
3% %) 0.89+0.02, 0.97+0.01, 0.98+0.01;
3.3 BRI R, BKMETK. KEMD AR
W E SR A 2 3N 96,681,362 139.71%1.52°
A 116.3920.97° KT 09 BT HKMER, 5L
5045 IR SR AR BRI
3.4 TEHKEEFFRAE KNI R, BiKHE K E
K s fe dr,  HUORSUKEARZ ek, sikED
e oy B s s oS, R R )
HREERS;
3.5 [ fmYEact N, ool JE sk Bl Rt A2
55, R ARG INSILL

B R

77



M EmBHL

Modern Food Science and Technology

2016, Vol.32, No.2

[1]

(2]

3]

[4]

5]

(6]

[7]

78

Jasmien Waterschoot, Sara V Gomand, Ellen Fierens, et al.

Production, structure, physicochemical and functional
properties of maize, cassava, wheat, potato and rice starches
[J]. Starch-S&ike, 2015, 67: 14-29

Li-Ming Che, Dong Li, Li-Jun Wang, et al. Micronization
and hydrophobic moadification of cassava starch [J].
International Joumal of Food Properties, 2014, 10(3): 527-
536

Fengdan Chang, Xiaowei He, Xiong Fu, e al. Preparation
and characterization of modified starch granules with high
hydrophobicity and flowability [J]. Food Chemistry, 2014,
152:177-183

A R, E R TR AT R KA ST A e AL
AW [P ARE THE ¥4k, 2008,24(11):251-255

CAO Long-kui, ZHOU Rui, YAN M ei-zhen. Hydrophobic
coupling cross-linked starch phasphory lation and mechanism
of modification [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2008, 24(11): 251-255

2 2 BBV L SN i A P SR K MRE R il 24 B
PERE Q] EH AR, 2008,14(6):30-32

LI Jin-zhi, CAl Chu-jiang, SHEN Zhi-gang. Preparation of

hydrophobic starch with high flowability and itsprop erties [J].

China Powder Science and Technology, 2008, 14(6): 30-32
THE R TR 1 BB VEBUK S B AR YRR R 1
JS2FH B FE [D1.5F Fi 35 K 2 2013

YU Hao-giang. The hydrophobic modification of starch by
complex method and its gpplication in biodegradable plastics
[D]. Ji Nan: Ji Nan University, 2013

T, IR B R A IR K U T KT
WA P& LR, 2013,8):1-2.

PAN Rui-jian, YU Qiong-guang, LIANG Lu-feng, et al.

(8]

(9]

(10]

[11]

[12]

[13]

[14]

Preparation and study of hydrophobic corn starch with dry
modification [J]. Light Industry Science and Technology,

2013, (8):1-2.

GB11986-1989, 3% I i 11k 771 o 4 AUBURL AR 1 1y (0 HE
[S].

GB11986-1989, Surface active agents-powders and

granules-measurement of the angle of repose [S]

Feng Gu, Bing-Zheng Li, Hui-Ping Xia, et al. Preparation of
Starch Nanospheres through Hydrophobic Modification
Followed by Initial water dialysis [J]. Carbohydrate Poly mers,
2015, 115: 605-12.

TR S ANEVE R A RS TFE[D].) N R B T
R2,2012

SU Xiao-tang. Preparation and gpplication of dry-flowing
starch [D]. Guangzhou: South China University of
Technology, 2012

PR D RS X K SR U s P s R HAE R LR
T BRLFHD]. S g 3R, 2013

QIU Yao-fang. The Effeat of al ion on hydrophobic starch
fluidity and its epplication on pickering emulsion [D].
Guangzhou: South China University of Technology, 2012

Xu C C, Zhang H, Zhu J. Improving flowability of cohesive
farticles by partial coating on the surfaces [J]. The Canadian
Joumal of Chemical Engineering, 2009, 87: 403414

Cai C, Li J, Shen Z, e al. Synthesis of hydrophobic corn
starch with high flowability by surface modification [J].
Starch-S&ke, 2009, 61(6): 344-351

Warren L McCabe, Julian Smith, Peter Harriott. Unit
Operations of Chemical Engineering [M] NY: McGraw Hill
Higher Education, 2005



