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Physical Properties of Chitosan Film made from Crab Shell
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Department of Food Technology, Korea University

Abstract

Chitin was isolated from the residue of enzymatically hydrolyzed crab, Portunus trituberculatus, and
further deacetylated by alkaline boiling to make chitosan. The physical properties of chitosan solution
and its film forming properties were examined. The functional characteristics of chitosan film were
compared to those of cellophane, polyvinyl chloride (PVC) and polyethylene (PE) films. The proximate
chemical composition of chitin obtained from crab residue was 6.95% nitrogen, 0.3% crude ash and
4.57% moisture and the product yield was 12.8% based on a dry material basis. The degree of deacety-
lation of chitosan was 79~92% and 70~86% as determined by IR spectroscopy, and 70~86% as
determined by colloid titration method each respectively. The chitosan at 1% acetic acid solution sho-
wed distinct pseudoplastic flow behavior. The flow behavior index and consistency index were 0.8886,
0.2084 MPa-s" for 0.4% solution and 0.8498, 0.6190 MPa-s" for 0.8% solution, respectively. The chitosan
film had the highest tensile strength (888 kg/cm?® and water permeability (100 g/m?-24 hrs) among
the tested films, but relatively low elongation property (49%). It showed the similar tear strength
(90 kg/cm) and light permeability (87.7%) to other films tested in spite of the relatively high haze
value (12.5%). As the thickness of chitosan film increased from 0.025 to 0.050 mm, the tensile strength
of film decreased distictively, and the degree of elongation, tear strenth, and water permeability of
film also decreased slightly. Whereas the light permeability of film did not change and the haziness
of film slightly increased by the increase of film thickness.
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Fig. 1. Overall process for preparation of chitin from
Enzymic hydrolized crab residue
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Table 1. Characterization of chitin isolated from enzy-
matically hydrolyzed crab residue

Specification Description
Moisture (%) 457
Nitrogen (%)" 6.95
Ash (%) 0.30
Fat (%) N D?
pH 6.5~7.0
Particle size (mesh) 25
Color Cream color
Yield (%) 12.8

UTheoretical value=6.89% calculated on moisture-free
and ash free basis
2Not detectable

chitosan®] amino”?| #2F¢) 10 F3 chitosan?) o}
Adztes 24 we} 59.1~85.6% 23t

Fig.2& 2ol 3tsl chitosan®] IR spectrum® o
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F 2%z velhd 547 M o o ¥ =ob
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loid AAH e} o ¥ A%E Jebldeh
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o] A& Table 3o vehd vie} o) {-EX|9}
H2EA$E 04% chitosan £l 0.88863} 0.2084
MPa-s"o]¢32 0.8% chitosan B-HoAx= 0.84985%
0.6190 MPa-s"2 & 24} 7}4A A &4 e ek
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Fig. 2. Infrared spectrums of crab chitosan produced
with 50% NaOH at 150°C for 5 hrs

Table 2. Comparison of total nitrogen, amino group content and deacetylation degree of chitosan by heating time

and temperature

Nitrogen content(%)"

Amino group content(%) Deacetylation degree(%)?

NaOH(%) Time(hr) Heating temp.(C) Heating temp.(C) Heating temp.(C)
100 150 100 150 100 150

50 1 7.05 744 591 7.01 59.1 70.1

50 2 712 7.68 6.23 7.64 62.3 764

50 3 7.20 7.74 6.46 7.80 64.6 78.0

50 4 725 7.78 6.66 8.02 66.6 80.2

50 5 7.33 7.82 7.05 8.56 70.5 85.6

UTheoretical value=8.7

Amino group content was measured by N/1200 PVSK solution using colloid titration method

YDeacetylation degree=amino group contentX 10
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0002 mm H$l ol Heldlew Eelx Wy, A
59 AAE FAse AR} AR AdAFE
9] 7% chitosan(888 kg/cm?) > cellophane (760 kg/cm?®)
>PVC(615 kg/cm?) >PE film(204 kg/cm?) 2] &2 8 H
4 filme] %7t A4 filme Zxrch Egrony A
42 PE(585%)>cellophane(115%) >chitosan(49%) >
PVC film(10%) %o by},

Filme] #oid o Ade ARE Az Agal
3197} x = cellophane film(108 kg/cm)eo] 7}3F =4
vrely e chitosan film(90 kg/cm)-& PVC film(89 kg
/em) 3} §-AH) 1 PE film(80 kg/cm) Bt} 4| vhebydc)

FH%+  chitosan(110 g/m?- 24 hr) >cellophane (101
g/m?-24 hr) >PVC(27.3 g/m?-24 hr) >PE film(17.6g/m?
‘24 hr)s=2 2 chitosan filmo] 7}8 =4 e}yl o]
21§ chitosan filme] £& FHEE o|&dte] m5o

i

Table 3. Rheological parameters of chitosan solutions
at different concentration.
(25T, solvent: 1% acetic acid)

Chitosan Consistency Flow behavior correlation
conc. index index coefficient
(%) (MPa-s")
04 0.2084 0.8886 0.9985
0.8 0.6190 0.8498 0.9999

QA E A3 A 243 A6 5 (1992)

Hge] 5o AHALE M3 o chitosan filme e ¥
Asted Az Az U HH Fo FAWHINE
ZFAaA )= Astel] fd A7 HousEl ul glupn,

Hazinesst filme] FE@eo] m2x Esiri} u¥o
Fo] slow Wl ity AL I Aoz
3% 382 cellophane>PVC>PE>chitosan film &2
2 chitosane] 7}A} gk o™ hazinessi= chitosan filmo)
PE film3} Fratepelx 4 Fahgol
phane®] 79 7} A el

Chitosan film-& 0.025 mmel| 4 0.050 mm7}#] 0.005
mm# F7IAZIHA AL Wit wE A 5A
H3lE %A% Asbe Table 59 o) AYEE F
A7} 0.025 mmell 4] 0.050 mmE Z7}5kell w2l 888 kg
Jem?oll A 438 kg/cm?E. 100% ©)4 7hAishe 3¢S o}
et AlE3 G E e Tz} Sobeel wet
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Fig. 3. Changes in the viscosity of chitosan solution
+—+; 04%, m—m; 0.8%

Table 4. Physical properties of chitosan, cellophane, polyvinyl chloride(PVC), and polyethylene films”

Specification Tensile Elongation Tear Water Light Haze
Uni strength strength permeability permeability
it - ;

film kg/cm? % kg/cm g/m?-24 hr % %
Chitosan 888 49 90 110 87.7 12.5
Cellophane 760 115 108 101 91.6 0.7
PVC 615 10 89 27.3 91.0 26
PE 204 585 80 17.6 895 13.1

YMeasured at 20+ 2T, 65 2% RH. Film thickness: 0.025% 0.002 mm

Film direction: Width=Transverse direction
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Table 5. Changes in physical properties of chitosan films by the thickness®

Thickness Tensile strength Elongation Tear strength Water permeability Light permeability Haze
(mm) (kg/cm?) % (kg/cm) (g/m?-24 hr) % %
0.025 888 490 90.0 110 87.7 125
0.030 773 470 87.5 110 875 13.0
0.035 646 435 80.6 108 87.5 130
0.040 525 42.0 75.6 106 87.0 135
0.045 470 40.5 739 106 86.5 14.0
0.050 438 40.0 735 105 86.5 14.0

DMeasured at 20+ 2T, 65+ 2% RH
Film direction: Width="Transverse direction
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