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HIEREKE (13.9%~127% FIKESBELE (10.36~6.84g-(cm-d-MPa) ) T TFE, BIZHIKE (71.592%~140.911%)
T EFt, T (3R E N 7E 2.05~4.45 MPa (X 8] A R ELH SE1E KRR/ eSS, S ERIEM S ERRRIELHIA 8.5:1.5 B,
HIRR YL H B R PR RR I REFN S F 1 A, HOKZHSIELEA 7.77 o/ (cm+d-MPa) , Hi{R3RREE 70 4.450 MPa, BT ZHI<ER A
85.072%., MtRAFMEAEAEEMBFLRMESE,
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Preparation and characterization of corn starch-xanthan gum-propylene glycol alginate
composite oleofilms

SHEN Shenghai', LI Yixuan', LI Qi', ZHAO Xueting', LI Jiale', JIN Di, PAN Shihui*, ZHANG Qian’, CHEN Hao®
(1.SDU-ANU Joint Science College, Shandong University, Weihai 264209, Ching 2.Marine College, Shandong University,
Weihai 264209, China)

Abstract:To solve the problems of poor mechanical and water vapor barrier properties of edible films, corn starch—xanthan
gum solutions, supplemented with propylene glycol alginate as emulsifier, were used to prepare oil-in—water emulsions by high
speed homogeneous shear method, followed by casting into edible oil films by flow casting method. The test results show that the
water content (13.9%~12.7%) and water vapor transmission rate (10.36~6.84 g+ (cm*d*MPa) ™) of the oil film decrease
continuously and the elongation at break (71.592%~140.911% ) increase continuously with the increase of the proportion of
xanthan gum,while the tensile strength shows a trend of increasing and then decreasing in the range of 2.05~4.45 MPa.When the
ratio of corn starch to xanthan gum is 8.5:1.5,the oil film shows superior barrier and mechanical properties with a water vapor
transmission rate of 7.77 g/ (cm+d+MPa) ,a tensile strength of 4.450 MPa and an elongation at break of 85.072%.The study
provides an industry reference for the development of new edible packaging materials.

Key words: corn starch; xanthan gum; composite edible film; oleofilm; mechanical property ; barrier property
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oleofilm) B8 iz %E. LI % @ IS8 I AI40K
TR | =REEEZRSEABREMNEERES
R RETYI R 77 55 & B pickering FLiK G T 18
IR, XMESHEEERIFNAFEESHR
HIBE 7K R i 1 88, VALENCIA £ B g 4 4% &7 4
Z5AEHER SIEHTAUARKEREZNE
BiME, RENEED SEREGHEAEEEY
BRI T — PR 1714,

EKiE#H Cornstarch, CS) EEBRIFAE
MRIRARZHE, MEKRR Xanthangum, XG &5
REMZSEREY, 2 HMERARS S TR,
CSEXGERERAHESMENRESAR, MK
CS HysETsE, B EEZREN, HUERER
M=EEMShEERY. BTEREXTF2
EZERYNMAR, B2 ZHERATEESESH
R RE D, FHit, AU EXED - EER
SEARSKEH Soybean oil, SO) HIFAEE
BHE AREFREAEZETHAHENESER
RIMERE, AR RBRTIIREMRREE.

1 MR5REE

1.1 #R 5

EXEH ERE, \LRZHEMERAR) ;
HRR EmE, HBEEEEERERLA) ;K
EH ERE AEEERERBERITLER
WA EERA_ER Enf FHRAEE
SHARAR) Hil (Ois XEHILRAE
RF) S
12 KE5&EF

B-260 2 {EiE k&R (LR E LR
D) RH-KT/C B # N E R NRERER
PR2YE]) ;ME204E /02 2L F R (EiBHEEHR
FIFARAA) ;PX223ZH BB FRFE (BF
B2 (FM) BR2AA) ;DHG-9140A B! f #

ERENXTRE (LEREXREEERLFD) ;
A25 BB ES YIS EE LR (iSRG
IR EBRAR) ;T6 BILEINAT WA SR E T
(e E#riE A EE B R ; Universal TA B &
HWaHT (LRI ERIE B IR F); Neofuge
1SREFOH (EFHWBRRFENEFRL2A) ;
KQ-300B =i iEksE CIARILBENGES
BRAED
1.3 R¥EHE
1.3.1 CS-XG S 7L & AIES

SRIKIIEE ¥ MR AE, R—ELLEIR
BHCS5XGH#MA (B2t 9.50.5,9.061.0,8.51.5,
8.0:2.0) ,;EABMAZE 200 mL £EBFKkH, B
FrEDEHEHBLERD BB, RIS g FRER
ZEf5 (Propylene Glycol Alginate, PGA) TNAZ|
CS-XG kA& H, 85 CkiB MM 30 min HEE
P, B2 CS-XG ERAR, BLiAKARRSE
KSR IEER, 1£% CS-XG EEHI 9.0:1.0 &Y
AR MNEFESE A (10%, 5%, 1%, 0.5%,
0.2%, 0.1%) &Y SO, A KR#LEIE (1 000 rad/s)
B4 1 min, HIK K EHER, EFIE 25 °C
HEGTHENRILENSTEERSBERE,
TE 0.5% A {EHKELL.
1.3.2 CS-XG EfAI R4 mERH &

FEK{LSER AT CS-XG KBEHMA 3 mL H
MIE AR, RSB A SR MNETR S8
710.5% B9 SO, A EHLEE (1000 rad/s) BI)]
B 1 min, IRRPIEM ML, ZLERETDE,
KRRERE, BEIEMA 30 min, BBRSEFF
25 mL Hl & IFHIE B SIBAKEHILREERAN
FKEEZEH 90 mm MIEFIMA, KEHE, BT
30 CHOMEAE P T 24 h RELH, 188, R&BE
—R5IFE CS/XGELL MFE 1) WE&HE
Ho & CXP BATREELGIIRIEE, CX 5 CP 7151
AER> PGA #1 XG BIXTERZH,

#&1 CS-XGE/HMERAR
Tab.1 CS-XG composite oleofilm formulation sheet

R H CS (w/v, %) XG (W/v, %) PGA (W/v, %) Hif (v/v, %) SO (v/v, %)
CXP9.5:0.5 1.425 0.075 0.07 1.5 0.5
CXP9.0:1.0 1.350 0.150 0.07 1.5 0.5
CXP8.5:1.5 1.275 0.225 0.07 1.5 0.5
CXP8.0:2.0 1.200 0.300 0.07 1.5 0.5

CX9.0:1.0 1.350 0.150 0 1.5 0.5
CP9.0:1.0 1.350 0 0.07 1.5 0.5
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133 kEHARNRBEETN

B 40 mLELi&E N 50 mL R, 7£ 25 °C
MG TEHRERE. 731#E%0,1,3,7,10,
15 d MESMREL, ERBEEH EILRIIRE
. M1 mLABAEEFKER 106G Aok
FEEIHNEEE 800 nm LHIREE, BFRE
ES5FREMEILXR, FIBTXBEBRLEL
KRR

A=1(1/T)=Kbc 1)

X A—REE;
T—iERE;
K EERIRFEFREL,
b—RKEEE, cm;
c — R ERIRE, mol/L,
134 EGHBENEE.ZENE
TR TR S8 HEER, B ER
BEHLIEEL 5 D SMERE, EHEENERT .
AU IS 5] AR AE BT E A 18 X 18 mm B9
m,  ARFRENEEREHFTERN, FATX
e mEpsE @
p=m /s )
X o —HEMZE, g/mm’;
m—BRHEMmNEE g;
s —REHRHER, mm?;
d—HERAYEZENFSHEE, mm,
135 EAHEMESKENE
HHEEREERERERRNEEN TR
AEH, BEF 0 CHENTFRZEEE. ATRIT
BHEKE (moist content, MO ©:

M =[(m, -m,) /m, |x100% €)

X m,—HE#FRNERE, g;
m,——TIRAIRE R BRI RRE, 9;
m,—FIRERERBEERRE, 9.

13.6 S&HMENKERSEIRNE

EEEEHSNMEER BEEREEE

A 3gZkkCC, FREMO, MWEBERM

HE, BRERHMREMMAIKEZFILF KBr

BREBTERES Q2°C, HITRE 60%) , (FIER

MERF—EMESIEE, BF 24 h BIHRE,

87d, UTKITERENKESEITE (water

vapour permeability, WWP) "7,

WvP =md /(sp) @)
X m FREM 24 h REMIKRE, 9;
d ——HEASEENEMEE, mm;
s HEAEROZIRER, mm?’;
t —HEE R Z XA E, d;
p HEERZFRAANAESNEE,
kPa,
13.7 SE&HEAANZEERENE
£ B8 GB/T 1040.3—2006 (ZB#} hi{HEAERT
ME & 3 8o HEE R RIRIE KM XFimpE
AT AR TV B EAE T IR 20X 10 mm
RIFREMSR K E, FEHRBEE T RMIN,
FEEEREA 50 mm, MiXEE A 1.0 mm/s, &£
8514 01N, #AARX @ 5K 6 NEHE
BIHI{H3RE (tensile strength, TS) SHTZLHCE
(elongation at break, EB) "?:

TS=F /kd (5)
K F IRFERT AT AR IR KK ST, N;
b — iR ZEE, mm;
d —HERABEEZNENEE, mm,
EBz(LZ—LO)/LOxlOO% ®)
X L, IRHERT ST ER K, mm;
L, IREMIEKE, mm,
14 #HELE

1’33 BFITIRE, A FKITERME SPSS 21.0
REBEAE, IIEE X T 1015 S AT ER =
8, BEHKEHp<0.05 ARRNEFRARARA
8] %= 5 £ 2&; 1 A Origin 2019 #1 Photo shop 2019
®HE,

2 FERS5HMH
2.1 XG5 PGA FmMEX k&M KMREMS

REMALARKRARRBEZNEHYAR
FFRIERF M, KEHILEE 25 CRETHE
fit e, FEEH FHIFLE AT EE, 4 FARRIELH
MFLRENE 7 d NATHEZK, HE7dfE,
CS-XG Lt 75 9.0:1.0 N 85 1.5 HIEAL B AR
L1k, mELHl2n 9.5:0.5 BFLiR EREHIA T
K, tbhlAh 8.0 20 ELBHEFEMEEE
K, AEFHERERRT, TBHEAKBHTERR (B
B1) .
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1 #E7d BT E CS-XG ELfilrgk & imzl g sb
Fig.1 Appearance of oil-in-water emulsions with different
CS-XG ratios after 7d of standing at room temperature

MEIRIE KA, BEE XG LIRS X, 2Rm
WEEFER/NEIBR, £ CS-XG LEBI7 9.0:1.0

B, LB E R, ALRERE. SEERA
REEFEE = FKIER XG LA S, LiRIERAE
HEHSEAS, B o FiEEHAKSERD, %
T EEFRILROTBEME. B CXP9.0:1.0 0
CX 9.0:1.0 BIXFLE AT AFE i, A FL ik B30 PGA
AT AR R LR AR B, (EFLiREITRE. PGA
EAF AT T LERFREILRIER RE2) .

B2 FE#Y CS-XG Lzt k & imEL Rt E RS0
Fig.2 The effect of different corn starch-xanthan gum ratio
on absorbance of oil-in-water emulsion
22 XGRMEMAREAHERE. ZEAIFN

WNE 3 FoR, BEE XG LLfIHIE K, MR E
EREKER /. X CS-XG ELfHlH 8.5:1.5 B,
HIEMEERE, 77 0.20 mm, EAth 3 #hEb GRS H
REEBIAMAIMSAEREEER. RN, #
RERTRPPGA X HEMNEERBEREEER
M, BEE XG LLBIAIIE X, MR % E R Mg X,
% CS-XG tbfl 2 8.0:2.0 B, MR M LB &
K, 41452 g/cm’, HTEEEA XG I TEESH
RAERAMEINE S, BB ZENE, SBUHES
EIBK,

3 A CS-XG L3t iR R B & 25 B 52 e
Fig.3 Effect of different CS-XG ratios on thickness and
density of oleofilms

23 XGHEMEMNAEERHEEKENZM

SEEM MC e E—ERE ERMAES F
AR SHEEER, AR TiEHREsE v,
WME 4 FToR, 6 AEMBIRKEHE 12%~15%,
B BEE XG LLBHIATIE K, AR A& 7k 8 Kb
fik. =5 CS-XG LEfil2 8.0:2.0 A, MR K E
1%, 4 12.70%, CXP 8.5:1.5 #1 CXP 8.0:2.0 &Y
MCEEREMER. PGARMMARERETS
KE., aWEEFTEE: (1) SEEFKERA &
RIEEBIFFKEES, BEE XG HIMMA, HEF RS CS
EEBIBEAR, HISS T ¥ikgeF1; ) XG ARG K5y
Fitdh CSHRAEHR, UERES, G) BT XG
HERIFHIFEKEES, BT CXP 8.5:1.5 #1 CXP
8.0:20 I MCEBEREEESR, 4 PGA{EAZLIL
FISN T RRBI A BR L.
24 XGRMEMNATREERHEKZFSEIERN
A

WVP 8 SRERIPEK I BE SIREE % RE, 5
BREEMREBMOINGEEERRE™ . WVP #
ik, KKK IERESREF [ REH ST, IRIFE 4 A
&0, FIETAR N PGA #1 XG Ry f 2R WVP, 1HE
F RN PGA B XG M RAFHER T, F
BREE XG LLBIEYE AN, kAR A WVP &R D,
HEBRIUEMREPHEH CSHXGHE S
FRIEEEEM " . PGA 1 XG MU\ S B HBE Y
WVP (R RE T s (1) PGA EHEEZ E £,
MERLEIIEZ, B SO EREF I ME NS, BN
HSETPEIK; (2) XG BIIIANS CS R EZHI W
RIKR, AKX FRYY BERE, CXP8.5:1.5 /)
WVP (7.77 g/ (cm-d-MPa)) #ACXP 8.0:2.0 (6.84
g/ tkm+d-MPa)) & BEREMEZR, A XGEL
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BIAE —ZEERT S SE WVP 44 TR,

4 F[EHY CS-XG LLBIxTimiRa) &k 8 RKZESIED
ES: A )

Fig.4 Effect of different CS-XG ratios on the water content
and water vapor transmission rate of oleofilms
2.5 XGFEMEMAEESHENFERENZIE

TS REMBNFINBTMZIRE, BFS
TSHIIE, ZEREAEXHEEE NAER. #
5 AJ &N, BE&E XG LL BB RETIE N, & & MR
R {58 E B8 KRR, BEF CS AR,
X CS-XG tefl 2 8.5:1.5 B, & & M AR RO HiL 38
Eixzl &K, #4450 MPa, CXP9.0:1.0 #1 CX
9.0: 10 EAMEMNMERELTEEEER, it
FA PGA KT TEXT MR AU ML SR iR B B &R0,
SMEERE: (1) CS 5 XG ARIFHERNE, A
PUB IS SR E R INSE A EMRE S, R T4
CS HBE, ReB R E B & BN 4%, IR FH LA A
B, Q XGASHERFE, E—ECENRERA
RAIASZEEEE, EERAMEZNYIALRS

AHERRE TR, ZMEREN, SHOFHE
BEZ AL

EBRERMBAEMES RIKIEE. 5 EBH
HERMEEDLZME, EffA. ME 5 FR,
M8&E XG LLBIIIE K, MAZHY EB FHTIEX, F &
ERFCSBADE, 4 CS-XG LLHiliEz 8.0:2.0
A, AR A EB #HECFELHIN 8.5:1.5 HIHIER =
X, 1% CXP9.0:1.0 #1 CX 9.0:1.0 X EEAT L&
I, PGA XFimARHY EB TR ZE M, 74T /EE R AE:
(1) CSXS B ZENEARGEBRENZE
&, XS HEFEFTIIEARIFNERE, Q
EEfi7 8.0:2.0 BHE B B REMIFE, EtHHR
EHEB, ERHMELIKAFFH~mHEs, E
Itt, CXP 8.5:1.5 AIMTZUHK R EMFF S A,

5 AEHI CS-XG ELf X e A% B 4if 5 38 2z B 4R 4K
RE RN
Fig.5 Effect of different CS-XG ratios on the tensile strength
and elongation at break of oleofilms
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