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Studies on the Mass-production System for Making Biodegradable Film
Based on Chitosan/gelatin Blend
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Abstract To mass-product useful biopolymer films, chitosan/gelatin blend films were prepared by solution casting
method. Effect of mixing ratio, tensile strength(TS), elongation(AFE) at break, total color difference(E), water vapor
permeability(WVP) and oxygen permeability(OP) on chitosan/gelatin blend films properties were investigated. TS,
AE, E, WVP and OP values of chitosan/gelatin blend films were 43.43-38.30 MPa, 9.02-15.09%, 1.28-3.81, 0.8420-
0.9673 ng'm/m?-s-Pa and 1.5472 x 107-1.5424 x 10”7 mL.um/m?.s. Pa, respectively. TS of the blend films decreased,
while E and E of the blend films increased with increasing chitosan content. WVP and OP of the blend films did not
show any significant relationship with mixing ratio and thickness of the blend films. OP of the blend films were lower
than those of low density polyethylene and oriented polypropylene.
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Table 1. Mixing ratio of chitosan/gelatin film

Sample 5%(w/w) Chitosan 10%(w/w) Gelatin
No. |solution concentration (%) |solution concentration (%)
1 5 95
2 10 90
3 15 85
4 20 80
5 25 75
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I Chitosan / Gelatin —|

Adding plasticizer(glycerol),

Heating and stirring the resin solutions up to 80-90C

r Making the resin_solutions with mixing ratio !

Homogenizing at 6,000 rpm for 2 min.

| Heating and stirting the resin solutions up to 80-90C l

r Casting the resin solutions j

Onto the Teflon glass plate(300 mL)
| Drying the resin solutions at 23C for 72 hr

{ Making the resin square to 7mm ]

| Meaking the films by heat press at 45°C, 50 MPa ‘

[ Drying the films at 23C for 72 hr |

[ Conditioning the films at 25C, 50% RH for 48 hr |

.

{ Testing the films i

Fig. 1. Flow chart for the preparation of chitosan/gelatin film.
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Taole 2. Effect of mixing ratio on tensile strength and elon-
gation at break point of chitosan/gelatin film

Sample? | Thickness | Tensile strength® | Elongation
No. (mm) (MPa) (%)
1 7.65£2.54 4343+19.17° 9.02 £ 3.60°
2 6.68 £ 2.06 4290 + 8.76* 10.53 £ 6.51%
3 1845+ 6.27 40.30 £ 2.46° 1434 +2.78%
4 693+£235 40.18 £ 10.56* 14.76 + 1.22%
5 26.8 £8.13 3830+ 9.16 15.09 + 4.03*

1) Notation of blends of chitosan/gelatin are following. 1(5/95),
2(10/90), 3(15/85), 4(20/80), 5(25/75).
2 Mean + Standard deviation(n = 5).
#3b} Means with the different letter in same column are significantly
different(p < 0.05) by Duncan's multiple test.
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Table 3. Color spectrophotometer values of mixing ratio on Hunter values(L, a and b), total color differences(E) and yellow index(YD)
of chitosan/gelatin film

Sample! No. Thickness (um) L? a b AE YI
1 1058 +8.02 9538 + 001° 024+0.01° 2.61£0.01° 128 +0.01° 3.90+0.01°
2 16.88 £ 4.01 95.22 +0.12% 0.28 + 0.02% 3.05+0.11% 172 £0.15% 458 +0.16%
3 25.38+11.29 95.20 £ 0.01%® 0.29 +0.02% _2.91£0.08 1.61 £0.07% 436+0.12¢
4 12.54+9.56 95.12+0.21° 0.35+0.00° 3.52+0.59° 2.19+0.62° 529 +0.89"
5 6125+£1028 94.64 + 0.02° 0.66 +0.03* 507 + 026" 3.81+£0.24% 7.65 %039

D Notation of blends of chitosan/gelatin are following. 1(5/95), 2(10/90), 3(15/85), 4(20/80), 5(25/75).

9 Mean * Standard deviation(n = 9).

#) Means with the different letter in same column are significantly different(p <0.05) by Duncan's multiple test.
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Fig. 2. Effect of mixing ratio on water vapor permeability of
chitosan/gelatin film.

O-Q : Corrected water vapor permeability value(Correction
Method), @- @ : Measured water vapor permeability value
(ASTM Method)

) Means with the different letter in same column are signif-
icantly different(p < 0.05) by Duncan's multiple test.
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Fig. 3. Effect of mixing ratio on the oxygen permeability of chi-
tosan/gelatin film.

3 Means with the different letter in same column are signif-
icantly different(p < 0.05) by Duncan's multiple test.

Fig. 3% 7o) 1.5472x 107 mL - mm/m?. s - PadllA] 1.5424 x
107 mL - mm/m?. s . PaZ e 7| A Aetede] &
3 vl 15:85¢1 EFFE9 AAFHE(1.5397 x 107
mL . mm/m?. s - Pay} 7P ¥¢kem, &3 ¥lg 10:90¢]
AAEZE (16173 x 107 mL . mm/m?. s . Pay7t 78 =3k

o dutde Rz 3EA P Fiee vEAke] Ak, 2
A, AR, 7keAe] TR R 4 w5, I8 A 5
o wt W JTe Le AR duA ok 4 "
TAEY AmRA AE7] AF aea 258 2
§5S B3I fsle] 2Re] §7] R A Adshe

E37t ook st} Fellows®®%s 25°C, 45% RHOA
A7 0.025~0200mm<e] LDPE(low density polyethylene)
2] AAEAE7} 8,000 mL/m?.24hre]™, 25°C, 45%
RHOIA 57 0.020~0.030 mm OPP(oriented polypropylene)
PBo] AAEIFAEE 1,600~2,000 mL/m* 24hr2} 3 BIIS)
k. ol E AolMe] Azt ¥HE 2E<] LDPESH
OPP 59| ATAT HO; U453 2 B4
S vehiez YWE7de) Zagh AEFET
g Aoz wghEn.

(0] 5
.

kO

AL A 2Eol] B3 7]E A
0]-&3}] solution casting WHOZ

F F olF € ¥57(heat

Pant=] =
, i g AReTaesh 22 &

£0] nXe= gl el A
TR Axy B At Egdge J%
4343 MPaollX 3830 MPaZ HApH o= Zradh=
eERAS T, AAES 9.02%04 15.09%= 37}

ey stz Ass| X
T Aseks g ke 4%S BT 259 9@
& ARslE o3 549 Mesy A5, L] B8 7

1

B2k ghgo] /1RSSR EY Lgke A2El,
o L gl vl STk =3, T EANe] o)
7hekl wel AzE EREEY 4 D Y FES 7B
e 15%2 ALslze B B2 gER F4EdY
EET= 09673 mL . mm/m?.s. PaolA 0.8420 mL - mmy/
m?.s.Pa A HQUL, AATFAEE T ot
15472x10"mL - mm/m?- s Pacll Al 1.5424x107mL . mm/m’- s Pa
2 2459}k Duncand] THEHln FAAAR 7B
=iy 2718 weh E3EEe] £E 9 AFadEE f
9] ZQI(P <0.05) A}ol& ERHA] F3Ut.

=
(9

F

i

ral

AE

. Krochta, JM., Mulder-Johnsotn, C.D. 1997. Edible and
biodegradable polymer films: challenges and opportunities.
Food Technol. 51(2): 61-74.

. Park, JS., Park, J.W., Kim, B.H. 2005. Thermomechanical
characteristics of poly(vinyl alcohol)/chitosan films and its
blend hydrogels. Polymer(korea) 29(2): 183-189.

. Park, 1.S., Park, J.W., Ruckenstein, E. 2001. Thermal and
dynamic mechanical analysis of PVA/MC blend hydrogels.
Polymer 42: 4271-4280.

. Yoo, SM., Park, J.S.,, Chung, HY., Shim, J.Y,, Kim, B.H,
Park, JW. 2003. Effect of grape
methylcellulose film characteristics. Food Engineering Progress
7(4): 242-247.

. Kim, D.H., Lee, C., Kim, K.O., Lee, Y.C. 1999. Physico-
chemical and sensory properties of water soluble chitosan.
Korean. J. Food Sci. Technol. 31: 83-90.

. Cho, JM.,, Park, SK., Lee, Y.S., Rhee, C.O. 2003. Effect of
soy protein isolate and calcium chloride on the propeities of

seed extract on

water soluble chitosan film. J. Korean Soc. Agric. Chem.
Biotechnol. 46(2): 113-116.

. Kienzle-Sterzer, C.A., Rodriguez-Sanchez, D., Rha, C. 1982.
Mechanical properties of chitosan films: Effect of solvent
acids. Makromol. Chem. 183: 1353-1359.

. Caner, C, Vergano, PJ., Wiles, J.L. 1998. Chitosan film
mechanical and permeation properties as affected by acid,
plasticizet, and storage. J. Food Sci. 63(6): 1049-1053.

. Lazaridou, A, Biliaderis, C.G. 2002. Thermophysical properties

of chitosan, chitosan-starch and chitosan-pullulan films near

the glass transition. Carbyhydrate Polymers 48: 179-190.

Arvanitoyannis, 1.S., Nakayama, A., Aiba, S. 1998. Chitosan

and gelatin based edible filma: state diagrams, mechanical and

permeation properties. Carbohydrate Polymers 37: 371-382.

Begin, A., Calsteren, M.R. 1999. Antimicrobial films produced

from chitosan. Int. J. Biol. Macromol., 26: 63-67.

Hoagland, PD., Parris, N. 1996. Chitodan/pectin laminated

films. J. Agric. Food Chem. 44: 1915-1919.

Wong, D.W.S., Gastineau, F.A., Gregordki, K.S., Tillin, S.J.,

10.

11.

12.

13.



Vol. 12, No. 2 (2006)

14.

1.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Pavlath, A.E. 1992, Chitodan-lipid films: Microstructure and
surface energy. J. Agric. Food Chem. 40: 540-544.

Ledward, D.A. 2000. Gelatin. pp.67-86. In: Handbook of
Hydrocolloid. Phillips. P.O. AND Williams, P.A.(eds.). CRC
Press, USA.

Clark, A.H., Ross-Murphy, S.B. 1987. Structural and mechanical
properties of biopolymer gels. Adv. Polymer Sci. 83: 57-192.
Oakenfull, D., Pearce, J., Burley, W. 1997. Protein gelation.
pp-111-142. In: Food Proteins and Their Applicatins. Da,
pd.aram, S.and Paraf, A.(eds). Marcel Dekker. USA.
Normand, V., Muller, S., Ravey, J.C., Parker, A. 2000.
Gelation kinetics of gelation: a master curve and network
modeling. Macromolecules. 33: 1063-1071.

Wu, J., Chiu, S.C., Rearce, EM., Kwei, TK. 2000. Effects
of phenolic compounds on gelation behavior of gelatin gels.
J. Polym. SCI. Part A: Polym. Chem. 39: 224-231.

Bigi, A., Panzavolta, S., Roveri, N. 1998. Hydroxyapatite-
gelatin films: a structural and mechanical characterization.
Biomaterials 19: 739-744.

Bigi, A., Bracci, B, Cojazzi, G, Panzavolta, S., Roveri, N.
1998. Drawn gelatin films with improved mechanical
properties. Biomaterials 19: 2335-2340.

Sobral, P.J.A., Menegalli, F.C., Hubinger, M.D., Roques,
M.A. 2001. Mechanical, water vapor barrier and thermal
properties of gelatin based edible films. Food Hydrocolloids
15: 423-432.

Kim, B.H., Park, J.W., Hong, J.H. 2005. Study on the effect
of blending ratios on the antibacterial activities of chitosan/
gelatin blend solution. Korean J. Food Sci. Technol. 37(3):
405-411.

Kim, B.H., Park, J.W. 2005. Studies on the physical and
thermal properties of the chitosan/gelatin blend. Korean J.
Food Sci. Technol. 37(1): 30-37.

Kim, B.H., Park, JW., Hong, JH. 2005. Studies on the
thermomechanical characteristics of the blend films of chitosan/
gelatin. Korean J. Food Sci. Technol. 37(4): 567-573.

ASTM. 1999. Standard test methods for tensile properties of
thin plastic sheeting (D 882-97). Vol. 8.01, pp. 163-171. In:

A HE BHE E2N 2

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

S MR BEl

il

123

Annual Book of ASTM Standards. American Society for
Testing and Materials, Philadelphia, PA, USA.

ASTM. 1995. Standard test methods for water vapor
transmission of materials (E 96-95). Vol. 4.06, pp.697-704.
In: Annual Book of ASTM Standards. American Society for
Testing and Materials, Philadelphia, PA, USA.

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

Gennadios, A., Weller, C.L., Gooding, C.H. 1994. Measurement
errors in water vapor permeability of highly permeable,
hydrophilic edible films. J. Food Engr. 2: 395-409.

ASTM. 1991, Standard methods for oxygen gas transmission
rate through plastic film and sheeting using a coulometric
sensor (D3985-81). In: Annual Book of ASTM Standard.
American Society for Testing and Materials, PA, USA.

SAS Institute, Inc. 1990. SAS User’s Guide. Statistical
Analysis Systems Institute, Cary, NC, USA.

Ross-Murphy, S.B. 1992. Structure and rheology of gelatin
gels. Polymer 33(12): 2622-2627.

Gilsenan, PM., Ross-Murphy, S.B. 2000. Rheology charac-
terization of gelating from mammalian and marine sources.
Food Hydrocolloids 14: 191-195.

Cho, S.Y., Park, J.W, Rhee, C. 1998. Edible films from
protein concentrates of rice wine meal. Korean J. Food Sci.
Technol. 30(5): 1097-1106.

Banker, GS., Gore, A.Y., Swarbrick, J. 1966. Water vapor
transmission properties of free polyver films. J. Pharm.
Pharmac. 18: 457-466.

Park, H.J., Park, J.W,, Song, JJ., Kang, S.K., Vergano, P.J.,
Testin, RF. 1997. Tensile Strength, Elongation and Water
Vapor Permeability of Chitosan Based Biopolymer Film. J.
Chitin Chitosan 2(3): 135-141.

Fellows, P. 1988. Food Processing Technology Principles
and Practice. pp.432-433. Ellis Horwood Ltd. Chichester,
England.



