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Abstract: Modified octenyl succinic anhydride waxy corn starch (OSS) film was prepared via sodium
trimetaphosphate modification of enzyme-hydrolyzed OSS. The modification process was optimized by
single-factor experiment and response surface methodology with tensile strength of film as response value,
and the structure of the modified OSS film obtained under the optimal conditions was characterized by
*PNMR and FTIR. The results showed that, under the optimal conditions of reaction time 5.8 h, pH 6.8,
trisodium trimetaphosphate 18% of OSS mass, the tensile strength of the modified OSS film was 2.19 MPa,
69.77% higher than that of the OSS film. Meanwhile, the modified OSS film displayed a more
homogeneous cross section with onset phase transition temperature increased by 14.6 °C, which could be
attributed to the hydrogen bond formed between sodium trimetaphosphate and OSS. Moreover, it was found
that trisodium trimetaphosphate modification of OSS loaded with vitamin E could effectively improve the
film-forming property of the film and the storage stability of vitamin E in high temperature (60 °C).

Key words: octenyl succinic anhydride modified starch; trisodium trimetaphosphate; modification; tensile
strength; response surface methodology; vitamin E; starch chemicals
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Fig. 1 Effect of trisodium trimetaphosphate addition on
tensile strength of modified OSS film
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Fig. 2 Effect of reaction pH on tensile strength of modified
OSS film
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Fig. 3 Effect of reaction time on tensile strength of modified
OSSfilm
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Fig. 4 Effect of mass fraction of OSS on tensile strength of
modified OSS film
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7 2 Box-Behnken LK% if4h
Table2 Box-Behnken design and the results

e R H =R 4

FEE (5) i (C) 9 (MPa
1 4 6.0 20 1.00+0.05
2 6 6.0 20 1.61+0.08
3 4 8.0 20 0.77+0.04
4 6 8.0 20 1.22+0.04
5 4 7.0 10 1.57+0.07
6 6 7.0 10 1.80+0.08
7 4 7.0 30 1.74+0.08
8 6 7.0 30 1.87+0.09
9 5 6.0 10 1.00+0.07
10 5 8.0 10 0.76+£0.05
11 5 6.0 30 1.11+0.07
12 5 8.0 30 0.97+0.03
13 5 7.0 20 2.10+0.19
14 5 7.0 20 1.91+0.30
15 5 7.0 20 2.15+0.13
16 5 7.0 20 2.15+0.03
17 5 7.0 20 2.17+0.12

MRE#R 2 254, SR Design-Expert 8.0.6 4k
X SR EHEAT Z ek I E , 158 Y 5 4. B.
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20 (P<0.05) . @i, 3 DMHRZEXT Y
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* 3 MBI Iy 22 b

Table 3 Variance analysis of regression model

FEW FHEM O HBE  HIr F 1 PfH W

el 4.09 9 0.45 27.63 0.0001  **

A 0.25 1 0.25 1532 0.0058  **

B 0.13 1 0.13 760 00282 @ *

c 0.04 1 0.04 2.38  0.1666

AB 6.4x10° 1  6.4x10° 039 0.5526

AC 2.5x107 1 2.5x107 0.15 0.7083

BC 2.5x107 1 2.5x107 0.15 0.7083

A2 0.03 1 0.03 166 0.2388

B? 3.15 1 3.15 191.70 <0.0001  **

c? 0.31 1 0.31 18.73 0.0034  **

BT 0.12 7 0.02

KR 0.07 3 0.02 201 0.2549

a2 0.05 4 0.01 **
i **, P<0.01, ##; *, P<0.05, ¥,
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Fig. 5 Response surface plot and contour line of effects of reaction time and pH on tensile strength modified
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Fig. 7 Response surface plots and contour line of effects of reaction pH and trisodium trimetaphosphate addition on tensile

strength of modified OSS film
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AR, A ORIE R R TEALER B AR ], HEBR
T JCHILER B AN ] X s = A (2 ), #E OSS i

AT W =B ER N A B i ) NaCl, Tkl SEM
P A A P G 0k T BE S AR NaCl, OSS i 7 1
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Fig. 8 SEM images of OSS film and modified OSS film
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Fig. 9 SPNMR spectra of trisodium trimetaphosphate and
modified OSS film
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Fig. 10 FTIR spectra of OSS film and modified OSS film

e 10 FroR, BT ECHERT R OSS By fbar i 5
A, B LAG 2 A WS 22 51 R K, 2924 em™ Ak

N—CHy (AN PR AR 45 P s e 11281, 996 em™ 4k
A R L I X6 1, C—OMH Y 25 i ik 3, etk OSS B
FE AL Y I SO0 B, K RT BB S K A B D R R
PERIA BT, 255k 5 = IR & e fr g 4, 2k
BRI 2 1026 o AR EE— g, S P—O—C
S g R S, FEkrE OSS B R IR &
AT, 454 3TPNMR 455, #E 0SS 7r 15 =
D R 40 43 —F 1T BE 2 DA SV B U
2.3.4 DSC 4 #f

&l 11 &y OSS i Fnk vt OSS i) DSC Hh£k .
Bl 11 AJ1, OSS M5t OSS B b AR AR iR
B (To) 2050 174.6, 189.2 °C, Bl 5 OSS AH I,
etk OSSR Tod i T 14.6 °C, Tit#ga et in,
LG 5 WOO BRI 5E 45 HANAT . 454 'PNMR
I FTIR AOZE 5, I OSS 437 F1 = B 12 b
SR AR, A BT 2 g s ] X 45 45
Hy (S5k R R ILE 12), HEm ekt 0SS B
it R PR o 53 AN SCHRIRGE , Ve K U 1) AH 5% A8
TR 5 Bk S M Y S AR e B i Ak T A
OSS W= [ gh ki, A4 T OSS AR
W, HE R R,

T
v
@
g
§ OSSfi
BPEOSSBE

4IO 6b 8|0 160 léO léllO 160 12|§0 260 2&0 240
1REE/C
K11 OSS JEAME OSS ik DSC ithk
Fig. 11 DSC curves of OSS film and modified OSS film

0 0
\//
P
PN
OH o 0 OH, oH
OH "1/ "0\| I/O,
—p P
0
/ o7\ HO™fJ o
OH 0 3 o,
H S “ 0
o)
HO C o 2
OH
o) (6] o OH
OH

K12 Ptk OSS B 4 T 45tk s B K
Fig. 12 Schematic diagram of molecular structure of modified
OSS film

24 BEFHEMBE OSS FEHY H fth 188 5
B = R B PRI ] T OSS FLII , 1075 %



55 31

SREEF A KA AR B R U 3 T 1) = D Ol TR A e - 663

R RZ R, R R R TT R R e R
FICPEVERT, (BSE IR 2. HIt, AR CFEA
AR HAth R M A R AT B T, R L SCH I Y i
B 50 CHIAAEIEH =i (30 °C)#EATHCPEXT L .
e 4} 7E 50 F1 30 °CRUPELAF T OSS ¥ Wi i 26 B2
il £ B ACPE OSS JR A1 385 B B K AR X B hr sk JiE o

75 W J3E 2 S e ol M R ) o PR RS g ) o
H R 2 1T U2 SR Ak BT I AR E L A Y
HEEF, Mmmd A L, R R e R, gk
4 i, EPASPEIRE AT, X (0SS %,
TE ) APl OSS i El AR AN K ; OSS i
A BE 24 R T e OSS HEE, 15d FH = i ol TR 4 11%) o3 1
SRR T OSS U TERE, H 30 °CHY OSS Y
BB R R B . TR IR = i W R A el 1 2
N, T SEAE 30 °CJ WAl 50 °C 2 v ¥4 fitg i 3 $2 v
OSS JE BT hram i .

A IR BOPE TR RE T A YRR R A Ak o R ) G Al
Table 4 Viscosity of solutions and other performances of
films obtained under different modified temperatures

BE BiE/(mPas)  EWIE AR
50 °C XM 32.20£0.13  3.02+0.23 1.00
g 32.23+t0.09  2.43+0.54  1.70:+0.09
30 °C X 32.23+0.07  3.21+0.28 1.00
Bges 32.20£0.01  2.24+0.19  1.68+0.21

(DB P OSS BB 3R 5 OSS AT 13 38 B 1Y L o

25 PHBEREINENREESN
ARG ek B foe LR 2R PR 7 T i A R E FL K
Ji, RV A An P 13 Froi .

A—30 CHUHEFLM; B—30 CAHREHFM; C—50 CABEI
Wi; D—50 °CulrEFL i
13 AN PR IR T A 8 LR Y R AR A
Fig. 13 Photos of appearances of emulsions obtained under
different modified temperature

HE 13 AT 0L, kiR A 50 °CHY, il & 1Y

FUR B E G, MR Stocks Ty FEFT AL, it 32 bk
i, SO EL, PSRBT, 30 CH BT

Tl FLRIEARANT)Z, H 2.4 WRE5HEEN, =
IRBERR ENTE 30 CHMRIA AT LIEE R OSS 1y BUAR P
fig, FrLL OSS FLAL i 84t A= 3 E Jo 1 el i B 8 4%
Jy 30 °C.,

60 °CI A [F] i B Je , FLALRE h 4E 2 R E 4%
WAL E 14 Frs. R 14 AT, &R
Y/ R E OSS FLAL Akt OSS FLIb I 44 K E
T B4 9 274.89 F1 254.27 malg, X Al &k
TR R, —ImBERREN S OSS 41 IF ik AU 55
IR, B T OSS /T 544K E S &
F1, FUAHFAL R A TR (E RS I ]
I, e 2 E Btk OSS FLILRE h 4L 2% E
() T 2k B IR T gk 4R R E OSS ZLILIBE, TP
7d J5, H4EER E G458 204.03 Fl
162.64 mglg, TFEFS51S 19.76%F1 40.83%, i
] OSS 4 = m RN TR , & $2 T T U AE
AT = 1% r Rk A 2 B AR PSR

-m Y ZE OSSHLLE
~ 300 -A- TR REMHEOSSTLILE

T 0 1 2 3 4 5 6 7 8
T A /d
K 14 AR )R FLAR R 44 R E i i 2 ik
Fig. 14 Changes of vitamin E loading in emulsion films at
different storage time

3 #it

ARSCOR W R AR AL T = m Bk R ekt 0SS
B T2, Ak RN 54k . R 5.8 h, &
N pH 6.8, = lmBRR 4N 18%. et & E T A
F ekt OSS BERgHLhrse A 2.19 MPa, Lt OSS i
PBET 69.77%., Pk OSS Wik 5], 0SS
TR e T ki e U S R L B AR R BT 1 25
(454, Stk OSS M5 B, faa it

BRI OSS FEE A FEAR 2% | BUr i
WE TR, UOHA R RS B RGE . W BEAR
B R T OSS FUfk gk gk & E BFLLIS , 4
AR EFEERIEI( 60 °C )AMF R ayFa et Kigie Tt

ZE b, = R AN M Tt 3 R i OSS Y A
PEAI OSS a4k ik R E fksseEtt, B—AhiEfm HA
BEF AR TFBe, ot OSS X A Fa i b A 9 i Ao 1
B, DI 9 ARG 20 1k T 408 o H



- 664

A% @m & T FINE CHEMICALS

5 40 4%

SE Mk

(1

[2

[3

[4

(8

[6]

(8]

[9]

(10

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ETTELAIE R, HOLMES M, CHEN J S, et al. Steric stabilising
properties of hydrophobically modified starch: Amylose vs.
amylopectin[J]. Food Hydrocolloids, 2016, 58: 364-377.
SWEEDMAN M C, TIZZOTTI M J, SCHAFER C, et al. Structure
and physicochemical properties of octenyl succinic anhydride
modified starches: A review[J]. Carbohydrate Polymers, 2013, 92(1):
905-920.

LIU X H (XI#14E). Characterization of chemically modified
Chinese yam starch and film-forming properties of derivativesD].
Tianjin: Tianjin University of Science & Technology (FKi:RHE K
2£), 2016.

WANG C (F#£), HU F (#17K), QIU L P (ER4LF), et al. Influences
of cross-linking and esterification on properties of corn starch-based
films[J]. Food Science (& /i #}2%), 2011, 32(23): 35-39.

LIU L W (xI4[5iH), CHEN Z D (%4%i), WANG G C (£5t%),
etal. Crosslinking modification of starch films[J. The Food
Industry (£ & Tallk), 1995, (3): 11-12.

WANG G F (£E®), LIU L (XIiH), HU L Z (M), et al.
Preparation and characteristics of citric acid cross-linked edible
sweet potato starch film[J]. Jiangxi Chemical Industry (JT.PG1kLT),
2011, 27(4): 60-61.

PENG JL (%), PENG X L (ZE ), YEZ T (MIEW), et al.
Preparation and properties of thermoplastic starch modified with
sodium trimetaphosphate[J]. Chinese Journa of Colloid & Polymer
(et 5 544), 2018, 36(1): 6-8.

YANG W Y (#%303%), ZHANG S G (3i&##), HE S K (fifZ841),
et al. Preparation of the potato distarch phosphate and its application
in alum-free vermicelli[J). Grain Processing (I T.), 2017,
42(1): 44-47.

LU L X (F3kAlll), TONG Z F (#E5Ki%), SHI H X (f1F), et al.
Preparation and structure characterization of non-crystal crosslinked
octenyl succinic anhydride starch[J]. Journal of Chemica
Engineering of Chinese Universities (&5 £ifk2% TR 2#1R), 2014,
28(6): 1315-1321.

LI F F (ZE353F), ZHANG B S (3kAs1Ll). Preparation methods of
crosslinked maltodextrin with low hygroscopicity[J]. The Food
Industry (B & Tlk), 2021, 42(4): 242-244.

QIU D, YANG L, SHI Y C. Formation of vitamin E emulsion
stabilized by octenyl succinic starch: Factors affecting particle size
and oil load[J]. Journal of Food Science, 2015, 80(4): C680-C686.

LI B Z, WANG L J, LI D, et al. Physica properties and loading
capacity of starch-based microparticles crosslinked with trisodium
trimetaphosphate[J]. Journal of Food Engineering, 2009, 92(3):
255-260.

WANG P P (). Study on preparation and characterization of a
novel dextrin supermolecule system based on hydrophobic bioactive
material§D]. Guangzhou: South China University of Technology (1
FHEIT.RA%), 2018,

China Petroleum and Chemical Industry Federation. Plastics-
determination of tensile properties. Part 3: Test conditions for films
and sheets: GB/T 1040.3—2006[S]. Beijing: China Standard Press
(P E bR AL, 2006: 09-01.

LI H (Z=E), WU L (5#k), WANG N N (TAith), et al. Fabrication
and character of a new capsule made from modified corn starch
treated with isoamylase[J]. Science and Technology of Food Industry
(& Tk FHE), 2015, 36(12): 274-277, 296.

XU Y J(ERIEA), LIU B (Xik), WANG S Y (FHT), et al. Effect
of sodium citrate on corn starch gelitinization and starchy film
formation[J]. Science and Technology of Food Industry (£ Tl R
%), 2017, 38(10): 313-317.

LEE JW, SON S M, HONG S I. Characterization of protein-coated
polypropylene films as a novel composite structure for active food
packaging application[J]. Journa of Food Engineering, 2008, 86(4):
484-493.

CHEN H Q, MAO L, HOU Z Q, et al. Roles of additional emulsifiers
in the structures of emulsion gels and stability of vitamin E[J]. Food

[19]

[20]

[21]

[22]

(23]

[24]

(29]

[26]

(27

(28]

[29]

(30]

(31]

(32

(33]

(34]

(39]

(36]

(37

Hydrocolloids, 2020, 99(2): 1-11.

WEI A F (F&7%), WEI L M (F3#14), ZHU H Y (CRISIE), et al.
Effect of sodium trimethophosphate cross-linking on properties of
carboxymethyl starch[J]. Applied Chemica Industry (5 1k T),
2021, 50(10): 2745-2750.

KOU T T (& ##). Influence of amylose to cross-linking reaction
and its application in characterization of starch[D]. Guangzhou:
South China University of Technology (fER ¥ T.K2%), 2019.

HU L (#1%), WU L (&%), GAO Q Y (il E), er al. Study on
preaparation and properties of cross-linked sweet potato starches[J].
Cereals & Qils (& 5iHfifi), 2010, 23(5): 25-30.

CHEN F (%7), HE K Y (fi#1Z), LUO M N (ZKHE), et al.
Preparation and performance evauation of microsphere organic
boron crosslinking agent[J]. Speciality Petrochemicals (41 f1 i1k
T.), 2018, 35(5): 6-9.

WEN Y ([#3), TANG J Z (BHE), PENG B (3£)), et al. Effects
of salt concentration, temperature and pH value on the NaCl-induced
self-assembly behavior of potato amylose[J]. Food Research and
Development (£ i W58 57 &), 2020, 41(5): 14-22.

AYOUB A S, RIZVI S S H. An overview on the technology of
cross-linking of starch for nonfood applications[J]. Journal of Plastic
Film & Sheeting, 2009, 25(1): 25-45.

YANG S (1% Z). Preparation and properties of cross-linked cassava
starch[J]. China Food Safety Magazine (£ & 444 ST)), 2021,
15(17): 57-58.

LI HY (Z=m#), XIE L (H2), MA Y (5#), et al. Properties and
characterization of okra-potato starch composite edible film[J]. The
Food Industry (£ k), 2019, 40(10): 114-119.

ZHANG S'Y (3k##), LIU Y J (XIF4E), ZHU I CRAR), et al.
Characterization of nanofiller on multi-scale structures and thermal
property of starch ester film[J. Modern Food Science and
Technology (Bt 25 AH), 2018, 34(12): 53-57, 33.

SOKA S A, WOLFE R A. Anadysis of commercia sodium
tripolyphosphates by phosphorus-31 Fourier transform nuclear
magnetic resonance spectrometry[J]. Analytical Chemistry, 1978,
50(4): 585-587.

YAN W F (IE3CK), MA G (5HI), YAN C H (4lifg), et al.
Mechanism of gold solvent extraction from akaline cyanide solution
by surfactant[J]. Spectroscopy and Spectral Analysis (tii2% 561
4MHT), 1999, 19(6): 806-810.

SANG Y, PRAKASH O, SEIB P A. Characterization of
phosphorylated cross-linked resistant starch by *'P nuclear magnetic
resonance (**PNMR) spectroscopy[J]. Carbohydrate Polymers, 2007,
67(2): 201-212.

SOEST J, TOURNOIS H, WIT D D, et al. Short-range structure in
(partially) crystalline potato starch determined with attenuated total
reflectance Fourier-transform IR spectroscopy[J]. Carbohydrate
Research, 1995, 279: 201-214.

WOO K S, SEIB P A. Cross-linked resistant starch: Preparation and
properties[J]. Cereal Chemistry, 2002, 79(6): 819-825.

LIYY (#F&=z), GAO QY (HififE). Thermodynamic properties
and digestibility of sweet potato cross-linked resistant starches[J].
Ceredls & Oils (fRE 5iifli), 2012, 25(8): 25-28

ZHANG L Z (§5%), TANG Y L (), LU L X (Far#h),
et al. Preparation of pullulanase modified SNC-ZnO enhanced potato
composite films[J]. Fine Chemicals (K41 fk T.), 2020, 37(4):
793-799.

BANGYEKAN C, AHT-ONG D, SRIKULKIT K. Preparation and
properties evaluation of chitosan-coated cassava starch films[J].
Carbohydrate Polymers, 2006, 63(1): 61-71.

YANG N, SUN Z X, FENG L S, et al. Plastic film mulching for
water-efficient agricultural applications and degradable films
materials development research[J]. Materids and Manufacturing
Processes, 2015, 30(2): 143-154.

LI S N (ZEM ). Starch-based Pickering emulsion: Stabilizing
mechanism and application in lutein delivery[D]. Guangzhou: South
China University of Technology (fERgH T.K2#), 2020.



