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The edible films were prepared from the protein of alaska pollack, Theragra chalcogramma. Effects of plasticizer, cross linker and
laminated film on physical properties such as tensile strength (TS), elongation (E) and water vapor permeability (WVP) of films
were investigated. In adding various kinds of plasticizers, TS of the films prepared with propylene glycol (PG) was the highest, and
followed sorbitol, polyethylene glycol 200 (PEG 200) and glycerol. Elongation of the films prepared with glycerol was the highest,
then sorbitol, PEG 200 and PG. WVP of films showed lower in order of PG, sorbitol, glycerol and PEG 200. TS decreased with
the increment of plasticizer concentration, but elongation increased. The addition of both PG and PEG 200 effected weakly on
elongation, so they were inadequate as plasticizer for the film. Mixtures of glycerol and sorbitol, which showed opposing both TS
and elongation in the films, could control the physical properties of the films. With increasing relative humidity, TS decreased, while
elongation and equilibrium moisture content increased. By adding the cross linkers such as ascorbic acid, citric acid and succinic
acid, TS and WVP of films increased, while elongation decreased. Ascorbic acid, citric acid, succinic acid were most effective for
TS at 0.2, 0.1 and 0.1%, respectively. Laminated film with alaska pollack protein and corn zein improved TS above two times,
reduced WVP about 20~30%, as compared with the film from alaska pollack protein. Two films did not show the difference to
oxygen permeability, but they showed about tenfold greater oxygen resistance than polyethylene film. Laminated film showed higher
b and AE value of color difference, lower a and L value than the film from alaska pollack protein.
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WAE AFAE L AAEFH 2 HE9 7AF HEL com
zein, wheat gluten % casein ¢ BAZ wxd3 v3H3I 9d
7t BE (edible film)e 9¥As dgi 2 A(AE F9 (Gennadios and Weller, 1990; Kester and Fennema, 1986; Kro-
RBR 3o ofgY ©F ke 2P 93 wnEojAn (&S 1 chia, 1992).
A AR AzE AT 34 JEEG 44 £383, 3F 4 G, FAE 7194 DAL o] &3 7HAAG HE AF dFE
£ 7tss YEolth, upebA A HEL IR UE 83 o}% (You and Shim, 2000) 2 Folg] & (Cuq et al, 1995) %
2F FAE NEY 7 5lom, AF B TH 93 £XF o] 53] 2o EH3t. AREL HE (Song et al, 200204 4
7bEstn, 48 AR 44H, #58 L 7153 B4 L 49 Mool HMolre tEH oF Wel nFE HHF Y
¥ 4 e 59 Fdol o} (Gennadios and Weller, 1990; Guil- oJEZHH A WA 2224 Y UE9 Az 24L& T

bert et al., 1996). o Bug vt gl & AFelXe T giEL o &F 7
g Rt ¢ E FU8E 3o Az BFY F¢ 24 EY BAS A Aste 2E Az steA B stad
HEzolA Ats R ol Fad e & ARHE 7L 2 )FBEH 4% JBAE, AFE L #¥ FIAE

YER AT o] 59 A0 708 FRAGAAL V|2 AF 59 9gg AEIFY.
34 "eo] Hisle ¢ Yoh (Gennadios and Weller, 1990;

Guilbert, 1986; Kester and Fennema, 1986). &9 3 LAAZ T ge- X2 9 e
latin, .corn zein, wheat gluten, soy protein, collagen ¥ casein &
F2 IHY |KATE 714 @8 o] o] §HL glon, olg ¢ Yey CHME M
M4 BEE AxF}7] 98] AH&E WHl (Theragra chalco-
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Effects of plasticizer on the physical properties of edi-
ble films prepared with alaska pollack protein. Glycerol
(), sorbitol (@), PG (A) and PEG 200 (@) were
used as plasticizer.

skom, AgEL glycerol sorbltol
3T & PG, sorbitol, gl
yeerol @ PEG 2004 T2 ¥tk F9 @i (Cho et al,
19982) 2 5 @82 (Yang et al, 1997)% o4& 7144 B
Az X FFRAR glycerold B/HERE 9 AZREI A
A =g E3de B 29g 4od A4S e ¥
B o2 g ol &% o JEAZ 3T (You and Shim, 2000)
A ME glycerol® AH7HEH BEHT sorbitold H7HE BEY A
AR} RYUL BN & 489G 2L A JeEhith
o} ol AEAEY 7taA Y @& VIAH E49 Aole] s}
of Banker (1966)€ BE Axel AHSse 237 7oAy 72
gejol 2A FFE L7l HEolHa Y

EE AR5 BE, TtAAR glycerol? sorbitold ¥ A
et 40% BAANAAT FErt FoEl wE AREel 34
A Fotste] Artemel wet AFES B FFS fjAE
£ ¢ £ ¥, PGS PEG 2002 AR EA & %L v|X

200 2 glycerol® €2
PEG 200 ¥ PGS &

2

@ 714 289 24 A4 419

%34
7MY Bge 599 7tRAZME glycerol™ sorbifolo] A3 Y
ZaE Y.
Fhze TtaA HbERTt 2844 E Fh8e v
At Sorbitol glycerole DA tjdte] 20% "47}‘* &l

29 FERAEE 247 034 2 041 ng/m-s-Paclgi oy, AR
NHaAY FE7H 0% 2 gobFd B o5 FERARE 44
064 ¥ 071ng/m's'PaRZ F7heke], & +¥ ATAHL 7L
Aol gFo] wotdel wet YolAe oz veygr, 4w
2 REA BEY FEFASE LEZY 553 54% orenta-
tion, 2734 #84 &, 12ARY F2Y 2L 2¥AY 72
FH A 488 won (Mchugh and Krochta, 1994), @823

& AsA R YA At FotEd wE 23 2R
2A Aley 239 ARV A FEFEREE S8
o2 &4 Ut (Stannett, 1986).
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Fig. 2. Effects of plasticizer mixture on the physical properties
of edible films prepared with alaska pollack protein.
Plasticizer mixture was added to 30 (@), 40 (W), 50
% (A) of concentration on protein.
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sorbitol?] H7H & & 3112 89 W YEY IAAEE 130~
51MPa, AZEL 254~998%, FEFHAEE 0.53~0.58 ng/m-s*
Paol3lom, A7M& S 1112 84S 9 AAAEE 147~63
MPa, JAEE 304~1052%, FEFHEE 046~0.56 ng/m"s*
Paolx, A7/M &S 1:392 3YE o AFAEE 154~64
MPa, AZEE 31.5~1062%, FEFHEE 043~0.53 ng/m*s*
Pa® 24 glycerol BH& H7FHH-E Wl H|3te AAAEE ¥,
AFEL Fhon sorbitol & H7IEH L wol vlEo %%
EE B3, AFEL w44

wetA A Eel 8= wet sorbitol® glycerold Z{3t ¥
R 2oz 389 EANS 238 & IS Aoz Agy
o, &% gl & FzAde o4 tFd 23 HET} 0)F
ojdol & Aoz oAt}

&ro st

Fllez s WE Y59 AFAE L AFESY H3IE Ta-
ble 191 JeEhith AdEE 11294 ARLEE 68~263
MPa, AZEL 40~658% HAPoY, FUEert FoldEE
AAR =T Zad AFELS 718 AUEE 83% A4 ¢
7= 27~12MPa, AFE 1265~1587% HHAQ. o123 4
%2 You and Shim (200008 Fe) o]£2 o] &% vld Qg

Table 1. Effects of relative humidity (RH) on the mechanical
properties of edible films prepared with alaska pol-
lack protein

Plasticizer =~ RH Thickness  Tensile strength  Elongation
(protein) (%) (ym) (MPa) (%)
11 697+ 39 263+13 40t 07
23 60921% 74 240+20 327+ 25
32 674+ 22 199+0.1 4521168
30% 43 754+ 13 144103 4371145 -
52 76+ 24 139404 619+ 106
67 680+ 44 75+03 768+ 7.1
75 69.6%10.1 43+04 1249+ 391
83 692+ 92 27+02 1265+ 234
1 741+ 36 122+02 6251214
PA] 783+ 60 10701 80.1+ 03
32 8181 34 83+01 8241219
50% 43 815+ 35 69102 98.8+372
52 8571105 58102 762+ 87
67 829+ 55 32103 1063+ 27.5
75 839+ 86 19+02 15401 46.7
83 744+ 6.1 16101 1584+ 249
11 1011+ 09 68101 658+ 80
23 953+ 15 55102 515+ 120
32 935+ 16 52£01 81.1+469
0% 43 850+ 08 42101 102.1+10.7
52 839+ 50 38103 8891+ 49.0
67 8521 41 23101 111.7£16.1
75 872+ 15 13102 154.1£30.6
83 925+ 47 12102 1587+ 345

Plasticizer was prepared as the mixtures of -glycerol and sorbi-
tol (1:1).
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B9 A4z A AFEY Fhe 9id Ugg e A
T4 BEA o) &0 Y& e plasticizing EHE Ve
W7] gEelv} (Gennadios et al, 1993). Wk A4 BE 9
EAL SR 2 FEEF 9 2A 9FS Leve AS
& 4 ATk (Table 13 Fig. 3). E&, 7F4A (glycerol/sorbitol =
/D) ¥=8 233t Az Y52 G4 JugEdA 9%
Beot ARES 3 29, ddAq) d3ly JAAE 30% 3
7t A@TelA QAR EE 27~263 MPa, AR EL 40~1265%
B od 7HAAE 70% A7 AgFeMe AFAEE 12~
68MPa, AJZE 658~158.7% HAZA 7M&A A7beEr} &
& AAAEE 2o AFEL Tk A YL
FEEAE (AWl WE v o) HYFEgFo wzls
LEFFTAUL2E Fig 39 YEiIG FEEHE (Fdsx)7t
NME4E g JIFETFL YA FHA e, Aw
04 oJBolME FYFETF F7HEL % Fh o]y Ax
< corn zein, wheat gluten, methylcellulose 2 hydroxypropyl cel-
lulose 5 (Gennadios et al, 1993)9] ©& LA EAME &
A AgE Vet A

R )

ol ol

(@) (e}
S o
1

N
o

Equilibrium moisture content (%)
w
(@)

20
10
O 1 1 1 -l
0.0 0.2 0.4 0.6 0.8

Water activity

Fig. 3. Adsorption isotherm curve of edible films prepared with
alaska pollack protein at the different water activity.
The mixture of glycerol and sorbitol (1:1) was used
as plasticizer, and added to 30 (@), 50 (W), 70%
(A) of concentration on protein.

ZtmAe) Hs

He 99d g EHS $IAM7] A3 AN #
714HE @71t HEE AZe 9EY URAE, AFE L &
BEERTE do}rgtt} (Table 29 3). Ascorbic acidE #7138t
€ g ARARTE 29~36MPa, AFEL 92.1~1206%, FEF
¥ 025~030ng/m*s*Pac] A 2.1, citric acidE H7IHE o
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Table 2. Effects of cross linker on the mechanical properties
of edible films prepared with alaska pollack protein

Cross linker Thickness Tensile strength Elongation
(%, /protein) (um) (MPa) (%)
0.0 765+ 49 25401 1213+ 121
0.1 784+ 31 29+02 1134 +£323
Ascorbic 0.2 800+ 7.1 36£0.1 114.6 +28.6
acid 03 766+ 44 35+02 947+117
0.4 750+ 6.1 35104 92.1+£227
0.5 783+ 34 36+0.1 120.6 + 62.6
0.0 765+ 49 25401 1213+ 121
0.1 759+ 114 34+03 96.8 +12.0
Citric 02 24+ 39 31200 8311106
acid 03 714+ 62 35£02 1044 + 187
04 834+ 30 33401 101.8 £533
0.5 785+ 72 33+£03 1064 £ 219
0.0 765+ 49 25101 1213+121
0.1 719% 49 32402 1388 £19.1
Succinic 0.2 743+ 85 25+0.1 964+ 89
acid 03 709+ 31 26102 118.1 £31.1
0.4 706+ 3.1 30+02 122.5+20.1
0.5 789+ 39 22100 822+ 99

Table 3. Effects of cross linker on the water vapor permeabi-
lity of edible films prepared with alaska pollack pro-

tein
Cross linker Thickness ~ Water vapor permeability
(%, /protein) (um) (ng/m*s-Pa)
0.0 711134 0.20 £0.00
0.1 80.7£32 027£0.01
Ascorbic 0.2 846140 0.30+0.04
acid 03 788154 0.26 £0.01
04 802164 0.25+0.01
0.5 154+£17 025005
0.0 710+34 0.20 £0.00
0.1 81.1£36 026+0.03
02 81.8+32 026+ 0.01
Citric 03 803177 0.24 £0.01
acid 0.4 80.1+46 025£0.03
0.5 71.5+£87 024 £0.02
0.0 710+ 34 020£0.00
0.1 759154 023 £0.04
Succinic 0.2 743+98 023£001
acid 03 723+24 0.23+0.01
04 706 £39 021001
05 71.5+43 021£0.03

AAREE 3.1~35MPa, AZEL 83.1~1064%, FEFHEE
24~026 ng/m*s Pa®l 2, succinic acidg A7teAHE o 9%
EE 22~32MPa, 4AFEL 822~1225%, FEFIAET
21~023 ng/m*s*Pag WERN O 7pA] H A7 BE] w3ty
AR FRERTE Zrtetn, ARES Tadte %S Y
El Ik (Table 29 3). o8& A= 7taA 9] o} 23t A
Atojo) g taARe] Yojgo A YEUe ALR AgH
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Ak 2y 7tEA Frbsxd Hdste WssAe Fgkon
7t A 24 ascorbic acid® 02%, citric acide 0.1%, succinic
acide 01% F713hs Aol wigzad Aoz FUHUT oy ¢
AREE 4%, 40%, 28% 7T Cho et al. (1998a) 9] F4F
G A S o] 43 WEAZ o|AE succinic anhydrideE A
39S o AFAEs} B vk 4ok 2a 3 g
g o] 43td AxT AnEA g AFFEE sorbitol S 30%
A713+9S W sodium citrate7}, sorbitol& 40% H7MEHAE o
% sodium chloride7t 7H8 A& o)gtin Bu g o] (Cho et al,
1998b), 7haAlE Az Y dad 7kaA T weh B ¥
g womz FF guld PE AzAldE od W AEV
o]Folzol & oz WG

i=)

SLEY A&
B guds S455 dmAdg A2 o]FUFo] He v
o2 AZF BEA ¥zte QRFEE 24 o #RL, A
FEL 120 ol3tE ggton FREATE 036 ng/m s PaclA
25~028 ng/m*s*PaZ 9 20~30% 2ttt &¥, AAFIAEE
F gg3d FAole gl polyethylene filmel ¥3tdE 109
e A2AFER} $5HE ¢ F ANT (Table 37 4). o F
g AxA S5 99F YgY 7taA FFE 2 Ax
g W 7tAaA A7MFo] BEFE ARBEE RFopioYy, A
e FEFHRR= & dFo] $I1th Kester and Fennema
(1989)= hydroxypropyl methylcellulose?} beeswax$] laminated
film& hydroxypropyl methylcellulose ©5 22 A3 AR
BAGA0l SAH TR Budle B APy AR ZHE U
el At

AT g 89, Weo &4 gidg o] §3td Az o5
Eol 9] 9B A dx5o2 A3 YEI vsd LgH a2
woton] bgkd AEZS o}, S5 T A 93 & Ao
g0z MaHe Ae ¢ 4 UAdD 28y 54 99F 9
89 74aA A7t BE AxY Aol AA ¢§gkth (Table 5).

T, You et al. (200009 FriolEg ©8F @A BF o
e vad o Jy gdd 4502 Az PFo| Lake
¥, agh, b3, AEGS H o, BWH g S5 gud S o8
o] FYUEME Lae BL, a@t® AEHE B oH, b#2 A
3 AFE Yl & Heol o2 Axd o v B
o 593 458 AZE & AN
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it A oF
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Table 4. Mechanical properties of laminated films prepared
with alaska pollack protein and corn zein

Plasticizer  Thickness Tensile strength Elongation

(fcorn zein)  (ym) (MPa) (%)
Control 76t 37 58106 6431208
30% 759+ 22 148+ 15 32+ 03
Laminated 35% 682+ 23 1381+ 1.1 29+ 0.1
o d0% 773+ 30 127415 32% 05
i 45% 687+ 29  159%08  33% 02
50% 734+ 114 12811 31t 04
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Table 5. Water vapor and oxygen permeability of laminated fi-
Ims prepared with alaska pollack protein and corn

zein
s . Water vapor Oxygen
(/I;lgl::czlég) Thezl;?)ess Fermeabili perme%bility
ng/m's-Pa) (L-m/m*'s*Pa)
Control 704+ 19 0361002 0.0043
30% 746+ 32 0264001 0.0048
Laminated 35% 717+ 81  025£001 0.0040
film 40% 717+ 41 028£001 0.0030
45% 80.71163 0.28 £ 0.02 0.0040
50% 684+ 74 0251001 0.0063
Polyethylene _ -
film 0.0409

Table 6. Colors of laminated films prepared with alaska pol-
lack protein and corn zein

Plasticizer

. a b AE
(fcorn zein)
Control 9533+0.14 -—126+001 801+006 6441009
30% 9369+012 -412+£023 2304+083 21.77+085
Laminated 35% 93734015 —388%012 22574101 2127103
film 40% 93811012 —404+005 293062 21634062
45% 9365+015 —417£002 24981038 23.67+£039
50% 04141+033 -—336+044 18724293 17371297
o oF
b =
He gAg o] &3t Az M BB EAE AT
Aol € AZA 7tAA 9 StaA ZoL 2E3 o]FFE
% ARFAE, AHE 3 ¥ 5% F9 9% FEIYT
7taA H7b wE JHAA BEY ARAEE PG, sorbitol,
PEG 200 ¥ glycerol®] 22 £33, AAE2 glycerol, sorbitol,

PEG 200 % PGY «¢2o2 w3toH, #EFJLE PG, sorbitol,
glycerol 2 PEG 2009] £22 Wit &8 7tAAY %7t &
7hEel wel 989 dAFEE ZAsn AFEL FUlEe A
F& e PGS PEG 2002 AR EA  4%E FINA
23 gelddd o] slaAz AR Z3yoy, AR
T AgEo] M2 s glycerol® sorbitol s ZHTLZH
Zg9 EAL 248¥ + Utk ¥9, gEL st &
TE QAR TE 74D AFEFN YYPFEGEFL Tolee 4
< vehi it
Ascorbic acid, citric acid 2 succinic acid ¢ 7t2AE 7}
ato] A2 "go] ZtuA vt g vdo AZBES F
BRIz Z7hetn AREL #adte A VERLn,
ascorbic acide 02%, citric acid¥ 0.1%, succinic acide 0.1%
A7 ste Ao vF A

e dyd 45 dilAZ A2 o}FYEL

o o
ofX

e} iy
202 Az Wi v)dty AFAFTE 29 o)F FHAH L,
EEARTE o 20~30% ZaAZ 3E, AdxEREe F U

&3 Aol= g2, polyethylene filmoll ¥ldtelx 1080 H=E
ArAGEHI 4G Mg Y g S5 oA S
o] &3t AZF o]FUEo Hel v H TEOE AT YE

Hate] Lgtd agke W3 bE I AERS =T
ZAtel =
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