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Modification of Na-Alginate Films by Ca(l, Treatment

Jong-Whan Rhim*, Ji-Hye Kim and Dong Han Kim'
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Effect of direct addition of CaCl, into sodium alginate film-making solution and immersion of alginate films into
Ca(l, solutions on tensile strength (TS), percentage elongation at break (E), water vapor permeability (WVP), and
water solubility (WS) of the films were investigated. TS of alginate films prepared by both methods increased. E of
CaCl,-added films did not change significantly (P>0.05), whereas that of CaCl,-immersion films decreased
significantly (P<0.05). WVP of films prepared by both methods decreased significantly, but the effect was more
significant in the CaCl-immersion films. Water resistance was not changed in the CaCl-added films, whreras
increased significantly in CaCl,-immersion films (P<0.05). Properties of alginate films depend on the concentration
of CaCl, treatments in both methods, and they also depend on treatment time in the immersion method.
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Table 1. Tensile strength (TS) and elongation at break (E) of
alginate films"

Films Thickness (im) TS (MPa) E (%)
Control 57.9+4.2° 26.4+0.8% 269+3.8°
mixing films
0.75% CaCl,” 543+1.8° 30.1 £ 1.8 199+3.8°
1.50% 50.9+1.2™ 33.2105° 16.1+4.1°
2.25% 50.8+1.5> 38.4+4.0° 17.4+3.2°
3.00% 499+2.6™ 41.8+2.1° 18.9+23°
immersion films

2% CaCl, 38.0+£2.8° 65.9+2.4° 22+0.2¢
5% 450+59¢ 78.1+6.2° 69129
10% 45.440.6 859+ 1.7° 52E1.7

YEach value is the mean of three replicates with the standard
deviation. Any two means in the same column followed by the same
letter are not significantly (p>0.05) different by Duncan's multiple
range test.

JConcentration of CaCl, is based on Na-alginate (w/w).
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Table 2. Water vapor permeability (WVP) of alginate films"

. Thickness WVP
Films (Um) (ng - m/m® - s * Pa)

Control 55.67£5.26* 1.47+£0.05*
mixing films
0.75% CaCl,? 52.73+2.57* 1.28+0.09°
1.50% 4533+3.72° 1.09£0.01°
2.25% 50.93 +4.74® 1.22+0.05°
3.00% 56.47 £1.68* 1.24+0.03°

immersion films

2% CaCl, 36.731£5.94° 0.61x0.03°
5% 44.87+3.7° 0.78+0.01¢
10% 47.53+497° 1.06 £0.08°

DEach value is the mean of three replicates with the standard
deviation. Any two means in the same column followed by the same
letter are not significantly (p>0.05) different by Duncan's muitiple
range test.

PConcentration of CaCl, is based on Na-alginate (w/w).

Table 3. Water solubility of alginate films prepared by
immersion determined at 25 and 80°C?

Concentration of

Cacl, WS,.2 (%) WSy2 (%)
2% 6.59F0.34° 6.59%0.25"
5% 12114074 9.35+1.26"
10% 18.4140.85° 1495+3.11°

DEach value is the mean of three replicates with the standard
deviation. Any two means in the same column followed by the same
letter are not significantly (p>0.05) different by Duncan's multiple
range test.

DWater solubility determined at 25 and 80°C, respectively.
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Table 4. Change in swelling rate (SR) of Na-alginate films
prepared by immersion method”

Swelling rate (%)
Time (min) -
25°C 50°C 70°C 90°
1 722+17 615+25 4724152 329405
2 7841132 67.1+87 4811+38 364%6S5
5 8224124 678+81 429+28 265%+1.7
10 979497 594+59 407+%55 264123
20 90.1+73 67.7+7.1 403+40 228*1.7
30 92.1£45 549+37 438+19 273%19
90 939+11.0 608+35 425x9.0 17.5%43

UNa-alginate films were prepared by immersing into 3% CaCl,
solution for 5 min.

b oy 5% CaCLgdel] 527 AAANA 834
ARG FD9 A9 25°CoME S3Eed de AT
o] 25 ulWe|P o} soCelE 2¢ PIRteE &9} &7t
ESFE Wyt hshe AFAE dol £ A7 A A
olslith. WS BAE ARg3lE dud wet A @A
7] HEA® olzjg oz TF A& Aold 7IUT
= glou oo thsiNE Bt AT A7t ol FolAe &
Aot} Table 491 3% CaCLENo 587 IAANA &8
AR G2 EEY] FEFT o BEESRS AH
g BN 408 289 SRS &9 2xd FHAR
of o8 FFS Wk, BES] SRS 2=7F SUFEl @
2 AAH oz 2T ol ARV} TNEFE &
12 ZAA ] Fol Faste] FE] Fol A% o#
2 Wgo] Zidhz AL Avjshe AL FEFF] ¥
o Sr2e] AF HEsrlel F2 54U Ao Addn.
L2 BE] SRl tiF Ak G A=l w
2 gEA Yebked, 25°col e AlTke] F7tel w2t SR
o] kst om, so°CeliAE Faig A3l YIS, 70°Ce}
90°Coll e AlZtol F71gtel Wk SRe| Aashe BEE Y
ERATh o) %o wEt SR EE 3 ¥sEHE AL
of th&y) wio= e

N
o]
AY

1

=

l

Ze QAER 3715 AE 2 FESAEE
ZAadged ol Aol 4lite] FIE2EA] Atold]
FAge] A=) &Ate BAFZE7F Het

th olg)d AL helix TRE 2= G714 ER Alold
ligand holeo] BAEIL 7)o} Ca™o] A= “eggbox”
model2 AR E QU0 Ca2of s B-g3E gt
FEFFAF 2ot dI)E Fojde IHE FOE A
o] 715 Fos Azpdrt

N
T
38
N
2
M
L

(=} OF
i =

FEgd9 CaCLE HAH A7iste Alzd S 2534



e
7,
22

0
l‘i
L oo [
N
=
ol
1 o

I

_o,]

e Sesos $8 antel an

EAe vlA= CaCLY HYaHES
. CaCL®] Aol we} dgo E4o T4
Wt ol Zgoldd) d7latel Jl2E47) Atolo] 7
7198k, CaCLE AY H715 4714 BE9
AFgsxo] Wt 1.14~1.588 Z7}sk b 912
% 1.35~167HH AAEIEoH, B45EE 1.15~1354 2
Ao CaCl 8ol AN HEL 1 F3E B} 84
e, 0]2P7Ptt ] wE} 2.49~3.254)

AHSER Y] e
Z7Fl9a, ANeL 3. 90~12 23] ZAadHon], BEEEE
1.39~2418) 7+

s}oa om, #2d e QYo A 27}
.

2

ﬂJ n‘E
> o8 By
oo > 8

1_

&Ale| 2

E QTE B)Re BN Aglahe AELAT7el
2R7ES )5H B4 NEAT) A3e) Dol A
Agel AArEGUT),

o
L

1. Kester, J.J. and Fennema, O.R. Edible films and coatings: A
review. Food Technol. 40: 47-59 (1986)

. Krochta, J.M. and Mulder-Johnston, C.D. Edible and biodegrad-
able polymer films: Challenges and opportunities. Food Technol.
51: 61-73 (1997)

3. Kaplan, D.L., Mayer, .M., Ball, D., McCassie, J., Allen, A.L.
and Stenhouse, P.S. Fundamentals of biodegradable polymers, pp.
1-42. In: Biodegradable Polymers and Packaging. Ching, C.,
Kaplan, D.L. and Thomas, E.L. (eds.). Technomic Publishing Co.,
Inc., Lancaster, UK (1993)

.Moe, S.T., Draget, K.I, Skjak-Brek, G. and Smidsrgd, O. Algi-
nates, pp. 245-286. In: Food Polysaccharides and Their Applica-
tions, Stephen, A.M. (ed.). Marcel Dekker, Inc., New York, USA
(1995)

. Lazarus, C.R., West, R.L., Oblinger, J.L. and Palmer, A.Z. Evalu-
ation of a calcium alginate coating and a protective plastic wrap-
ping for the control of lamb carcass shrinkage. J. Food Sci. 41:
639-641 (1976)

. Williams, S.K., Oblinger, J.L. and West, R.L. Evaluation of a cal-
cium alginate film for use on beef cuts. J. Food Sci. 43: 292-296
(1978)

. Rhim, J.W., Wu, Y., Weller, C.L. and Schnepf, M. Physical char-
acteristics of a composite film of soy protein isolate and propyle-

e

i
o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

i
o,
~J
e =
r,

221

neglycol alginate. J. Food Sci. 64: 149-152 (1999)

. Shih, FF. Edible films from rice protein concentrate and pullulan.

Cereal Chem. 73: 406-409 (1996)

. Shih, EE Interaction of soy isolate with polysaccharide and its

effect on film properties. J. Am. Oil Chem. Soc. 71: 1281-1285
(1994)

Grant, G.T., Morris, E.R., Rees, D.A., Smith, PJ.C. and Thom,
D. Biological interactions between polysaccharides and divalent
cations: The egg-box model. FEBS Lett. 32: 195-198 (1973)
Brodelius, P. Immobilization of cultural plant cells and proto-
plasts. pp. 535-546. In: Cell Culture and Somatic Cell Genetics
of Plants, Vol. 1, Vasil, LK. (ed.) Academic Press, London (1984)
Draget, K.I., Stgaard, K. and Smidsr d, O. Homogeneous alginate
gels: A technical approach. Carbohydr. Polym. 14: 159-178
(1991)

Kaletunc, G., Nussinovitch, A. and Peleg, M. Alginate texturiza-
tion of highly acid fruit pulps and juices. J. Food Sci. 55: 1759-
1761 (1990)

Pavlath, AE., Gossett, C., Camirand, W. and Robertson, G.H.
Tonomeric films of alginic acid. J. Food Sci. 64: 61-63 (1999)
ASTM. Standard test methods for water vapor transmission of
materials (E96-95), Vol. 4.06, pp. 697-704. In: Annual Book of
ASTM Standards. American Society for Testing and Materials,
Philadelphia, USA (1995)

McHugh T.H., Avena-Bustillos, R. and Krochta J.M. Hydrophilic
edible films: Modified procedure for water vapor permeability
and explanation of thickness effects. J. Food Sci. 58: 899-903
(1993)

Gennadios, A., Weller, C.L.. and Gooding, C.H. Measurement
errors in water vapor permeability of highly permeable, hydro-
philic edible films. J. Food Eng. 21: 395-409 (1994)

Rhim, J.W., Park, J.W,, Jung, S.T. and Park, H.J. Formation and
properties of corn zein coated K-carrageenan films. Korean J.
Food Sci. Technol. 29: 1184-1190 (1997)

ASTM. Standard test methods for tensile properties of thin plastic
sheeting, Vol. 8.01, pp. 182-190. In: Annual Book of ASTM
Standards. American Society for Testing and Materials, Philadel-
phia, USA (1995)

SAS Institute, Inc. SAS User's Statistical Analysis Systems Insti-
tute, Cary, NC, USA (1988)

Rhim, J.W, Modification of soy protein film by formaldehyde.
Korean J. Food Sci. Technol. 30: 372-378 (1998)

Rhim, J.W., Gennadios, A., Weller, C.L., Cezeirat, C. and Hanna,
M.A. Soy protein isolate-dialdehyde starch films. Ind. Crops
Prod. 8: 195-203 (1998)

Pavlath, A.E., Voisin, A. and Robertson, G.H. Pectin-based biode-
gradable water insoluble films. Macromol. Symp. 140: 107-113
(1999)

Banker, G.S. Film coating theory and practice. J. Pharm. Sci. 55:
81-89 (1966)

(2003 1€ 209 A4 20039 49 79 A



