
RESULTS AND DISCUSSION
C H A P T E R  I V

4.1 Characterization of Chitin

Shrimp shells compose o f three major components, which are chitin, 
calcium carbonate, and protein. Calcium carbonate and protein can be 
removed by solvent extraction and chitin w ill be obtained as the remaining 
substance.

In this research, chitin was prepared from shells o f P e n a e u s  
m e r g u ie n s is  shrimp by demineralization with hydrochloric acid solution and 
deproteinization with sodium hydroxide solution in order to remove the 
calcium carbonate and the protein, respectively. The yield obtained during 
chitin production is shown in Table 4.1.

Table 4.1 Yield o f chitin production from shrimp shell

Material Yield* (%)
Shrimp shell 100
Product after demineralization and deproteinization (chitin) 34.17
* dry weight basis

4.1.1 Structural Characterization
FTIR spectrum o f chitin is shown in Figure 4.1. The 

characteristic absorption bands o f chitin were observed at 1648, 1554, and 
1310 cm ' 1 due to the amide I, II, and II I bands assigned to c = 0 ,  N-H, and C-N 
stretching o f acetamide groups, respectively. The sharp band at 1375 cm ' 1 has 
been assigned to the C H 3 symmetrical deformation mode. The characteristic 
absorption bands o f this study are sim ilar to that o f chitin reported by Sannan 
e t a i ,  (1978).
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Figure 4.1 FTIR spectrum o f chitin.

4.1.2 Degree o f Deacetylation
Chitin has some extent o f amino groups other than acetamide 

groups at C2 position o f N-acetyl glucosamine repeating units. The degree o f 
deacetylation o f chitin depends on the nature o f chitin sources and the 
conditions used during deproteinization. The chitin used in this study was 
inevitably subjected to N-deacetylation during deproteinization process under 
alkaline condition and heating. The degree o f deacetylation o f chitin  
determined, based on an infrared spectroscopic measurement, was 27.32%.

4.1.3 Viscosity-Average Molecular Weight
The molecular weight o f chitin was determined by viscometric 

method and derived from its intrinsic viscosity according to the method o f Lee 
e t a l . , (1974). The plot o f reduced viscosity (Psp/C) and inherent viscosity [(In 
9rei)/C] versus concentration o f chitin solution is shown in Figure 4.2.
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Figure 4.2 Plot o f reduced viscosity (♦ ) and inherent viscosity (■ ) versus 
concentration o f chitin solution.

From the calculation, the viscosity-average molecular weight o f 
chitin was 824,807.

4.2 Characterization of CM-chitin

Chitin is insoluble in common solvents. However, the dissolubility o f 
chitin can be improved by chemical modification. Chitin was modified to be 
CM-chitin, a water-soluble derivative, by carboxymethylation with 
monochloroacetic acid. Table 4.2 shows the yield o f CM -chitin produced 
from chitin.

Table 4.2 Yield o f CM-chitin production from chitin

y = 48.695x+ ^4.173
♦  ♦1 ---------- m-

y = -42.654x + 14.132

Material Y ie ld* (%)
Chitin 100
Product after carboxymethylation (CM-chitin) 95.25
* d r y  w e i g h t  b a s i s
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4.2.1 Structural Characterization
CM-chitin obtained was characterized using FTIR. The FTIR 

spectrum o f CM-chitin is shown in Figure 4.3. The characteristic absorption 
peaks o f CM -chitin were observed at 1732 cm '1 (C=0 stretching o f carboxylic 
group), 1659 cm '1 (C=0 stretching o f acetamide group), 1564 cm '1 (NH 
deformation), and 1075 cm '1 (C -0 stretching vibration). The characteristic 
absorption peaks o f this study are sim ilar to that o f CM -chitin reported by 
Muzzarelli (1988).
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Figure 4.3 FTIR spectrum o f CM-chitin.

4.2.2 Degree o f Substitution
Degree o f substitution o f CM -chitin estimated by elemental 

analysis was 0.58.

4.2.3 Viscosity-Average Molecular Weight
The molecular weight o f CM-chitin was determined using the 

intrinsic viscosity method. Figure 4.4 shows the plot between the
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concentrations o f the sample solution and the values o f both reduced and 
inherent viscosities.
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Figure 4.4 Values o f reduced viscosity (♦ ) and inherent viscosity (■ ) o f CM- 
chitin plotted against concentration.

The value o f intrinsic viscosity obtained from the intercept o f 
the plot was 6.29 dL/g. The molecular weight o f CM -chitin calculated 
according to the method o f Kaneko (1982) was 79,419.

4.3 Characterization of CM-chitosan

CM-chitosan was prepared by deacetylation o f CM -chitin in alkaline 
and heat condition. Table 4.3 shows the yield o f CM-chitosan produced from  
CM-chitin.

Table 4.3 Yield o f CM-chitosan production from CM-chitin

Material Y ie ld* (%)
CM-chitin 100
Product after deacetylation (CM-chitosan) 92.86
* d r y  w e i g h t  b a s i s
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4.3.1 Structural Characterization
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Figure 4.5 FTIR spectrum o f CM-chitosan.

Figure 4.5 shows FTIR spectrum o f CM-chitosan. The 
absorption frequencies o f characteristic bands o f CM-chitosan were observed 
at 1741 cm '1 (-COOH), 1084 cm '1 (-C -0-), and 1627 and 1506 cm '1 (-NH3+). 
The sim ilar characteristic bands o f O-CM-chitosan were also observed by Liu  
e t a l . , (2001).

13C-NMR was used to confirm the chemical structure o f CM- 
chitosan. 13C-NMR spectrum o f CM-chitosan in DSS, as shown in Figure 4.6, 
shows signals at 180.50 (C =0 (-0 )), 163.67 (C -O (-N )), 105.26 (C l) , 80.81 
(C4), 77.56 (C5), 76.61 (C3), 62.89 (C6), and 59.18 (C2). The resonance at 73 
ppm to be the -CH2- groups both from C-3 and C-6 (Hjerde e t a l . , 1997). 
Moreover, the spectrum indicates the presence o f -N-CH 2-COO' at 57.07 ppm 
(Chen e t a l . , 2002). From FTIR and 13C-NMR spectra, we can deduce that the 
carboxymethylation o f chitosan is on -OH  (C3 and C6) and -N H 2 and N ,0- 
(3,6)-CM-chitosan was obtained.
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Figure 4.6 13C-NMR spectrum o f CM-chitosan.

4.3.2 Degree o f Substitution
The degree o f substitution o f CM-chitosan was confirmed by 

elemental analysis. The value obtained was 0.76.

4.3.3 Viscosity-Average Molecular Weight
The molecular weight o f CM-chitosan was determined by 

viscometric method. The molecular weight o f CM-chitosan was derived from  
its intrinsic viscosity according to the method o f Kaneko (1982). The intrinsic 
viscosity was 3.18 dL/g. The viscosity-average molecular weight o f CM- 
chitosan obtained from the calculation was 40,152.

Figure 4.7 shows the plot o f reduced viscosity and inherent 
viscosity versus concentration o f CM-chitosan solution.
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Figure 4.7 Plot o f reduced viscosity (♦ ) and inherent viscosity (■ ) versus 
concentration o f CM-chitosan solution.

4.4 Characterization of Sodium Alginate
The molecular weight o f sodium alginate was determined using the 

intrinsic viscosity method according to the method o f Yan e t a l . , (2000). 
Figure 4.8 shows the plot between the concentration o f the sodium alginate 
solution and the values o f both reduced and inherent viscosities.
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Figure 4.8 Values o f reduced viscosity (♦ ) and inherent viscosity (■ ) o f 
sodium alginate plotted against concentration.
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The value o f intrinsic viscosity obtained from the intercept o f the plot 
was 10.02 dL/g. The molecular weight o f sodium alginate was calculated to 
be 283,866.

4.5 Preparation and Characterization of CM-chitosan/alginate Blend Solution

4.5.1 Preparation o f CM-chitosan/alginate Blend Solution
Three spinning solutions were prepared in this study. Pure 

alginate solution was a clear yellowish solution whereas 0.5% and 1.0% CM- 
chitosan/alginate blend solutions were turbid yellow ish solutions.

4.5.2 Interaction in CM-chitosan/alginate Blend Solution
About 5 g o f spinning solution and 1.0% CM-chitosan solution 

were prepared into film  form. Weights o f the film s obtained from 0.5% and 
1.0% CM-chitosan/alginate blend solutions were 0.331 and 0.352 g, 
respectively. From the calculation, the films obtained from 0.5% and 1.0% 
CM-chitosan/alginate blend solutions were 7.55% and 14.20% blend films, 
respectively. The FTIR spectra o f alginate, CM-chitosan and CM-
chitosan/alginate blend films w ith 7.55 and 14.20% CM-chitosan contents are 
shown in Figure 4.9. The FTIR spectrum o f pure alginate shows the 
characteristic absorption bands at 3382, 1609, and 1036 cm’ 1 which are 
assigned to — OH stretching, c = 0  stretching, and C-O-C stretching, 
respectively. For pure CM-chitosan, the characteristic absorption bands were 
observed at 1741 cm '1 (C=0), 1084 cm’1 (C-O), and 1627 and 1506 cm’1 (—  
NH3+). In the blends, the — OH stretching vibration bands (at 3300 and 3280 
cm’1) were broadened and shifted to lower wavenumber compared to pure 
alginate and pure CM-chitosan, suggesting that intermolecular hydrogen bonds 
involving hydroxyl groups exist in the polymer chains. Furthermore, the peak 
became more broaden w ith increasing CM-chitosan content in the blend. In 
addition, the absorption band at 1609 cm’1 o f pure alginate was shifted to 
higher wavenumber at around 1630 cm '1 by blending w ith CM-chitosan. 
Moreover, the intensities o f the absorption bands at around 1740 cm’1 became



Ab
so

rba
nc

e

3 7

higher in the blends as compared to pure CM-chitosan. The increasing in 
absorption intensities at 1740 cm '1 in the blends might be caused by 
electrostatic interaction between — COOH groups o f alginic acid and —NH 2 
groups o f CM-chitosan present in the blends (Zhang e t a l ,  2000). The FTIR  
results indicated that the electrostatic force and intermolecular hydrogen 
bonding occurred in the blend between alginate and CM-chitosan.

Wavenumber (cm-1)

Figure 4.9 FTIR spectra o f alginate, CM-chitosan and CM-chitosan/alginate 
blend films with 7.55 and 14.20% CM-chitosan contents.
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4.6 Characterization of CM-chitosan/alginate Blend Fiber

A b o u t 195 g o f  s p in n in g  s o lu t io n s  w e re  s p u n  in to  f ib e r  fo rm . W e ig h ts  
o f  th e  f ib e rs  sp u n  f ro m  0 .5 %  a n d  1 .0 %  C M - c h i to s a n /a lg in a te  b le n d  s o lu t io n s  
w e re  1 1 .7 8  a n d  1 3 .3 0  g , r e s p e c t iv e ly .  F ro m  th e  c a lc u la t io n ,  th e  f ib e rs  sp u n  
f ro m  0 .5 %  a n d  1 .0 %  C M - c h i to s a n /a lg in a te  b le n d  s o lu t io n s  w e re  8 .2 8 %  an d  
1 4 .6 6 %  b le n d  f ib e rs ,  re s p e c tiv e ly .

4 .6 .1  S E M  M ic ro g ra p h s  o f  C M - c h i to s a n /a lg in a te  B le n d  F ib e r
In  th is  s tu d y , S E M  w a s  u se d  to  o b s e rv e  f ib e r  s u r fa c e .  S E M  

m ic ro g ra p h s  o f  th e  b le n d  f ib e rs  a re  s h o w n  in  F ig u re  4 .1 0 .

(c)

Figure 4.10 S E M  m ic ro g ra p h s  o f  (a ) a lg in a te  f ib e r ,  (b )  8 .2 8 %  C M - 
c h i to s a n /a lg in a te  b le n d  f ib e r  an d  (c )  1 4 .6 6 %  C M - c h i to s a n /a lg in a te  b le n d  f ib e r .
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It w a s  fo u n d  th a t  th e re  w a s  no  n o t ic e a b le  c h a n g e  in  th e  su r fa c e  
m o rp h o lo g y  o f  th e  f ib e rs  sp u n  w ith  d if f e r e n t  C M - c h i to s a n  c o n te n ts  in  th e  
s p in n in g  d o p e s  a s  s tu d ie d  in  th is  w o rk .

4 .6 .2  C a lc iu m  C o n te n t  in  C M - c h i to s a n /a lg in a te  B le n d  F ib e r
T a b le  4 .4  sh o w s  th e  c a lc iu m  c o n te n ts  in  th e  p u re  a lg in a te  an d  

C M - c h i to s a n /a lg in a te  b le n d  f ib e rs .

Table 4.4 C a lc iu m  c o n te n t  in  a lg in a te  a n d  C M - c h i to s a n /a lg in a te  b le n d  f ib e rs

F ib e r C a lc iu m  co n te n t (m g /100 g fiber)
A lg in a te  fiber 8301 .53

8 .2 8 %  C M -ch ito san /a lg in a te  b lend  f ib e r 7 0 1 7 .5 4
14 .66%  C M -ch ito san /a lg in a te  b len d  fiber 6 6 7 9 .7 6

T h e  c a lc iu m  c o n te n ts  in  th e  C M - c h i to s a n /a lg in a te  b le n d  f ib e rs  
w e re  lo w e r  th a n  th a t  in  th e  p u re  a lg in a te  f ib e r .  F u r th e rm o re ,  th e  c a lc iu m  
c o n te n t  in  th e  1 4 .6 6 %  C M - c h i to s a n /a lg in a te  b le n d  f ib e r  w a s  lo w e r  th a n  th a t  in  
8 .2 8 %  C M - c h i to s a n /a lg in a te  b le n d  f ib e r .  T h is  m a y  b e  d u e  to  th e  d e c re a s e  in  
a lg in a te  c o n te n t  in  th e  C M -c h i to s a n /a lg in a te  b le n d  f ib e r s  a s  th e  C M -c h ito s a n  
c o n te n t  in  th e  b le n d  f ib e rs  in c re a s e d . T h e  lo w e r  th e  a lg in a te  c o n te n t ,  th e  le ss  
th e  c a lc iu m  io n s  tr a p p e d  in  th e  b le n d  f ib e rs .

4 .6 .3  M e c h a n ic a l  P ro p e r t ie s  o f  C M - c h i to s a n /a lg in a te  B le n d  F ib e r
M e c h a n ic a l  p ro p e r t ie s  o f  th e  C M - c h i to s a n /a lg in a te  b le n d  f ib e rs  

a re  s u m m a r iz e d  in  T a b le  4 .5 . T h e  te n s i le  s tre n g th s  o f  th e  b le n d  f ib e rs  w e re  
lo w e r  th a n  th a t  o f  th e  p u re  a lg in a te  f ib e r  a n d  d e c r e a s e d  w ith  in c re a s in g  o f  
C M -c h i to s a n  c o n te n t.  It is  k n o w n  th a t  c a lc iu m  io n  p la y s  an  im p o r ta n t  ro le  in  
c r o s s - l in k in g  o f  a lg in a te .  T h e re fo re ,  th e  d e c re a s in g  o f  c a lc iu m  io n  in  b le n d  
f ib e rs  r e s u l te d  in  le s s  c ro s s - l in k in g  o c c u r r in g  in  th e  b le n d  f ib e rs  as  c o m p a re d  
to  p u re  a lg in a te  f ib e r .  In  a d d it io n ,  p u re  C M -c h i to s a n  a n d  p u re  a lg in a te  f ilm s  
w e re  p r e p a re d  to  d e te rm in e  th e i r  te n s i le  s tre n g th s .  I t  w a s  fo u n d  th a t  th e
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te n s i le  s t r e n g th  o f  p u re  C M -c h ito s a n  f ilm  (5 9 .6 6  M P a )  w a s  lo w e r  th a n  th a t  o f  
p u re  a lg in a te  f i lm  (7 8 .5 6  M P a ). T h is  r e s u l t  in d ic a te d  th a t  C M -c h i to s a n  c a u se d  
th e  w e a k n e s s  in  th e  b le n d  f ib e rs  c o m p a re d  to  p u re  a lg in a te  f ib e r .  H o w e v e r , 
th e  v a lu e s  o f  e lo n g a t io n  a t b re a k  fo r  th e  b le n d  f ib e r s  w e re  h ig h e r  th a n  th a t  fo r  
p u re  a lg in a te  f ib e r  a n d  in c re a s e d  w ith  in c re a s in g  C M -c h i to s a n  c o n te n ts .  
M o re o v e r ,  th e  l in e a r  d e n s i t ie s  o f  th e  b le n d  f ib e rs  w e re  lo w e r  th a n  th a t  o f  th e  
p u re  a lg in a te  f ib e r .  T h is  m ig h t b e  d u e  to  th e  lo w e r  c a lc iu m  c o n te n t  in  th e  
b le n d  f ib e rs .

Table 4.5 M e c h a n ic a l  p ro p e r t ie s  o f  a lg in a te  a n d  C M - c h i to s a n /a lg in a te  b le n d  
f ib e rs

F iber L in ea r
d en sity  (tex )a

T en sile
s tren g th

(c N /te x )a

E lo n g a tio n  at 
b reak  (% )a

A lg in a te  fiber 5 1 .30  ±  1.67 12.34 ± 0 .2 4 11.69 ± 0 .5 0
8 .28%  C M -ch ito san /a lg in a te 4 1 .4 4  ± 0 .5 3 11.66 ± 0 .5 9 13.18 ± 0 .4 5
b len d  fib er
14 .66%  C M -ch ito san /a lg in a te 37.21 ±  1.30 9 .94  ± 0 .3 7 14.02 ± 0 .5 7
b len d  fiber

a A v e rag e  o f  20 fib er sam ples.

4 .6 .4  A n t ib a c te r ia l  P ro p e r t ie s  o f  C M - c h i to s a n /a lg in a te  B le n d  F ib e r
A n tib a c te r ia l  a c t iv i t ie s  o f  th e  C M - c h i to s a n /a lg in a te  b le n d  f ib e rs  

a g a in s t  E  c o l i  a n d  5. a u r e u s  w e re  q u a l i ta t iv e ly  in v e s t ig a te d  b y  o b s e rv in g  th e  
c le a r  z o n e . T h e  c le a r  z o n e  w a s  o b s e rv e d  b e tw e e n  th e  f ib e r  an d  lu x u r ia n t  
b a c te r ia  c o lo n ie s .  F ig u re  4 .11 a n d  4 .1 2  sh o w  a n t ib a c te r ia l  te s t s  o f  th e  C M - 
c h i to s a n /a lg in a te  b le n d  f ib e rs  a g a in s t  E .  c o l i  a n d  ร .  a u r e u s ,  r e s p e c tiv e ly .
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(a)

(b) (c)

F i g u r e  4 .1 1  A n t ib a c te r ia l  te s t  a g a in s t  E .  c o l i  o f  (a )  a lg in a te  f ib e r ,  (b )  8 .2 8 %  
C M - c h i to s a n /a lg in a te  b le n d  f ib e r  a n d  (c )  1 4 .6 6 %  C M - c h i to s a n /a lg in a te  b le n d  
f ib e r .
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(a)

(b) (c)

Figure 4.12 A n tib a c te r ia l  te s t  a g a in s t  ร .  a u r e u s  o f  (a )  a lg in a te  f ib e r ,  (b )  8 .2 8 %  
C M - c h i to s a n /a lg in a te  b le n d  f ib e r  a n d  (c )  1 4 .6 6 %  C M - c h i to s a n /a lg in a te  b le n d  
f ib e r .

T a b le  4 .6  sh o w s  th e  a n t ib a c te r ia l  te s t  a g a in s t  E .  c o l i  a n d  ร .  

a u r e u s  o f  C M - c h i to s a n /a lg in a te  b le n d  f ib e rs  w ith  th e  f ib e r  a re a  o f  a b o u t  1 cm  
X  4 .5  cm . T h e  C M -c h ito s a n  c o n te n ts  in  th e  te s te d  8 .2 8  a n d  1 4 .6 6 %  C M - 
c h i to s a n /a lg in a te  b le n d  f ib e rs  w e re  a b o u t  6 .9 8  a n d  1 1 .1 5  m g , r e s p e c tiv e ly .  
T h e  c le a r  z o n e  w id th s  w e re  o b s e rv e d  to  b e  v a r ie d  f ro m  0 .8  to  2 .0  m m . T h e  
c le a r  z o n e  s u r ro u n d in g  th e  te s te d  f ib e rs  w a s  a n  e v id e n c e  th a t  th e  C M - 
c h i to s a n /a lg in a te  b le n d  f ib e rs  c o u ld  in h ib i t  th e  g ro w th  o f  E .  c o l i  a n d  ร .  a u r e u s .  

M o re o v e r ,  L iu  e t  a l . ,  ( 2 0 0 1 )  r e p o r te d  th a t  C M -c h i to s a n  in h ib i te d  th e  g ro w th  o f  
E .  c o l i  u s in g  th e  o p tic a l  d e n s i ty  m e th o d  to  in v e s t ig a te  its  a n t ib a c te r ia l  a c tio n .
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It c a n  b e  c o n c lu d e d  th a t  C M -c h i to s a n  in  th e  C M - c h i to s a n /a lg in a te  b le n d  f ib e rs  
a c te d  a s  a n t ib a c te r ia l  a g e n t  fo r  a lg in a te  f ib e rs .

Table 4.6 A n tib a c te r ia l  te s t  a g a in s t  E .  c o l i  a n d  ร .  a u r e u s  o f  C M - 
c h i to s a n /a lg in a te  b le n d  f ib e rs

C M -ch ito san  co n cen tra tio n  (% ) C lea r zo n e  w id th  (m m )
E .  c o l i 5. a u r e u s

8.28 1.0 ± 0 .5 1.5 ± 0 .5
14.66 0.8 ± 0 .3 2 .0  ± 0 .5

4.7 Characterization of Chitosan-Coated Alginate Fiber

4 .7 .1  C o n f irm a t io n  o f  C h i to s a n  C o a tin g
T h e  p re s e n c e  o f  c h i to s a n  o n  th e  c h i to s a n - c o a te d  a lg in a te  f ib e r  

w a s  c o n f i rm e d  b y  d is s o lv in g  c h i to s a n  fro m  th e  f ib e r  u s in g  a c e t ic  a c id  s o lu tio n . 
T h e  c o lo r  o f  th e  n in h y d r in - te s te d  c h i to s a n  s o lu t io n s  e x t r a c te d  fro m  th e  c o a te d  
a lg in a te  f ib e r s  w a s  l ig h t  y e l lo w  b e fo re  h e a t in g  a n d  b e c a m e  d a rk  y e l lo w  a f te r  
h e a t in g  w h e re a s  th e  c o lo r  o f  n in h y d r in - te s te d  s o lu t io n  e x t r a c te d  fro m  p u re  
a lg in a te  f ib e r  w a s  s t i l l  l ig h t y e l lo w  a f te r  h e a t in g .  G e n e ra l ly ,  a m in o  g ro u p s  
r e a c t  w ith  n in h y d r in  to  g iv e  a p ro d u c t  w ith  b lu e  to  b lu e - v io le t  c o lo r . 
H o w e v e r ,  S h e n g  e t  a l . ,  (1 9 9 3 )  w h o  s tu d ie d  c o lo r im e tr ic  a s s a y  o f  L -a s p a ra g in e  
u s in g  n in h y d r in  a n d  fo u n d  th a t  th e  r e a c t io n  b e tw e e n  a m in o  g ro u p s  an d  
n in h y d r in  g a v e  c o lo r  c h a n g e  to  d a rk  y e llo w . T h e  บ V /V is ib le  s p e c t r a  o f  th e  
e x t r a c te d  s o lu t io n s  te s te d  w ith  n in h y d r in  a re  s h o w n  in  F ig u re  4 .1 3 .
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Figure 4.13 U V /V is ib le  s p e c tra  o f  n in h y d r in - te s te d  c h i to s a n  s o lu t io n s  
e x tr a c te d  fro m  a lg in a te  f ib e rs  sp u n  th ro u g h  th e  f ir s t  c o a g u la t io n  b a th  
c o n ta in in g  d if f e r e n t  c h i to s a n  c o n c e n tr a t io n s :  (a )  2 .2  X  1 0 '2% , (b ) 6 .7  X  1 0 '2% , 
a n d  (c )  11.1 X  1 0 '2% .
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T h e  s p e c tr a  sh o w  th e  a b s o rp t io n  p e a k s  a t  4 4 0  n m , w h ic h  is a 
ty p ic a l  v a lu e  fo r  a  m a te r ia l  c o n ta in in g  a m in o  g ro u p s  th a t  a re  t r e a te d  w ith  
n in h y d r in  s o lu t io n  le a d in g  to  th e  c o lo r  c h a n g e  o f  s o lu t io n  to  d a rk  y e l lo w  
(S h e n g  e t  a l ,  1 9 9 3 ). H o w e v e r , n o  p e a k  w a s  o b s e r v e d  in  th e  U V /V is ib le  
s p e c t r a  o f  n in h y d r in - te s te d  s o lu t io n  e x tr a c te d  f ro m  p u re  a lg in a te  f ib e r s .  T h e  
a b s o rb a n c e  in te n s i t ie s  o f  th e  p e a k s  a t 4 4 0  n m  in c re a s e d  w ith  in c re a s in g  
c o n c e n t r a t io n  o f  c h i to s a n  s o lu t io n  in  th e  f i r s t  c o a g u la t io n  b a th , in d ic a t in g  th e  
in c re a s in g  o f  th e  a m o u n ts  o f  c h i to s a n  e x tr a c te d  f ro m  th e  c h i to s a n -c o a te d  
a lg in a te  f ib e rs . In  a d d it io n ,  th e  c a lc u la t io n s  fro m  th e  a b s o r b a n c e  in te n s i t ie s  o f  
th e  p e a k s  a n d  c a l ib r a t io n  c u rv e  y ie ld e d  th e  c h i to s a n  c o n te n ts  c o a te d  o n  th e  
a lg in a te  f ib e rs  o f  2 1 .0 6 6 , 2 2 .4 8 2 , a n d  2 3 .0 7 3  m g /1 0 0 g  f ib e r  fo r  th e  c h ito s a n  
c o n c e n t r a t io n s  in  th e  f i r s t  c o a g u la t io n  b a th  o f  2 .2  X  1 0 '2% , 6 .7  X  1 0 '2% , an d
11.1 X  1 0 '2%  w /v , r e s p e c tiv e ly .  T h e  r e s u lts  s h o w  e v id e n c e  th a t  th e  a lg in a te  
f ib e r s  w e re  c o a te d  w ith  c h i to s a n  a n d  th e  c h i to s a n  c o n te n ts  c o a te d  o n  th e  
a lg in a te  f ib e r s  in c re a s e d  w ith  in c re a s in g  c o n c e n t r a t io n  o f  c h i to s a n  s o lu t io n  in  
th e  f i r s t  c o a g u la t io n  b a th .

4 .7 .2  S E M  M ic ro g ra p h s  o f  C h i to s a n -C o a te d  A lg in a te  F ib e r
F ig u re  4 .1 4  sh o w s  th e  S E M  im a g e s  o f  th e  c o a te d  a lg in a te  f ib e rs  

sp u n  th ro u g h  th e  f i r s t  c o a g u la t io n  b a th  c o n ta in in g  d i f f e r e n t  c o n c e n tr a t io n s  o f  
c h i to s a n  s o lu t io n s .  A lth o u g h  th e  su r fa c e  o f  th e  a lg in a te  f ib e r s  w i th o u t  c o a tin g  
w a s  sm o o th ,  it b e c a m e  u n e v e n  as th e  c o n c e n t r a t io n  o f  c h i to s a n  in  th e  f ir s t  
c o a g u la t io n  b a th  in c re a s e d .
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(c) (d)

F i g u r e  4 .1 4  S E M  m ic ro g ra p h s  o f  c h i to s a n -c o a te d  a lg in a te  f ib e r s  s p u n  th ro u g h  
th e  f i r s t  c o a g u la t io n  b a th  c o n ta in in g  d if f e r e n t  c h i to s a n  c o n c e n tr a t io n s :  (a ) 0% , 
(b )  2 .2  X  1 0 '2% , (c )  6 .7  X  1 0 '2%  a n d  (d ) 11.1 X  1 0 '2% .

4 .7 .3  C a lc iu m  C o n te n t  in  C h i to s a n -C o a te d  A lg in a te  F ib e r
T a b le  4 .7  sh o w s  th e  c a lc iu m  c o n te n t  in  th e  p u re  a lg in a te  an d  

c h i to s a n -c o a te d  a lg in a te  f ib e rs . T h e  c a lc iu m  c o n te n t  in  th e  c h i to s a n -c o a te d  
a lg in a te  f ib e rs  w a s  h ig h e r  th a n  th a t  in  th e  p u re  a lg in a te  f ib e r .  T h is  re s u lt  
m ig h t  b e  e x p la in e d  b y  th e  c h e la t in g  p ro p e r ty  o f  c h i to s a n  (S tru s z c z y k ,  1997). 
C h ito s a n  a c ts  as  c h e la t in g  a g e n t b e c a u s e  n i t ro g e n  a to m s  in  th e  c h i to s a n  h a v e  
lo n e - p a ir  e le c tro n s  w h ic h  c a n  c h e la te  w ith  m e ta l  io n s . In  th is  s tu d y , c h ito s a n  
c o a te d  o n  a lg in a te  f ib e r  c o u ld  a lso  c h e la te  w ith  c a lc iu m  io n s  in  th e  f irs t 
c o a g u la t io n  b a th  r e s u l t in g  in  th e  in c re a s in g  o f  c a lc iu m  c o n te n t  in  th e  c h ito sa n -  
c o a te d  a lg in a te  f ib e r s  a s  c o m p a re d  to  th a t  in  th e  p u re  a lg in a te  f ib e r .  H o w e v e r ,
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th e  c a lc iu m  c o n te n t  in  th e  c h i to s a n - c o a te d  a lg in a te  f ib e r s  d e c re a s e d  w ith  
in c re a s in g  c h i to s a n  c o n te n t  c o a te d  o n  th e  a lg in a te  f ib e r s .  T h is  m ig h t  be  
e x p la in e d  th a t  th e  in c re a s in g  o f  c h i to s a n  c o n te n t  c o a te d  o n  th e  a lg in a te  f ib e rs  
r e s u l te d  in  th e  re d u c t io n  o f  th e  p e n e t r a t io n  o f  c a lc iu m  in to  th e  a lg in a te  f ib e rs .

Table 4 .7  C a lc iu m  c o n te n t  in  a lg in a te  f ib e r s  sp u n  th ro u g h  th e  f i r s t  c o a g u la t io n  
b a th  c o n ta in in g  d if f e r e n t  c h i to s a n  c o n c e n tr a t io n s

C h ito san  co n cen tra tio n  (% ) C a lc iu m  c o n te n t (m g /100 g fiber)
0 8204 .63

2 .2  X 10 '2 9 0 7 3 .3 6
6.7 X  10 '2 85 2 4 .9 0
11.1 X  10 '2 82 1 7 .8 2

4 .7 .4  M e c h a n ic a l  P ro p e r t ie s  o f  C h i to s a n -C o a te d  A lg in a te  F ib e r
T a b le  4 .8  sh o w s  th e  m e c h a n ic a l  p r o p e r t ie s  o f  th e  c h ito s a n -  

c o a te d  a lg in a te  f ib e r s  sp u n  th ro u g h  th e  f ir s t  c o a g u la t io n  b a th  c o n ta in in g  
d i f f e r e n t  c o n c e n tr a t io n s  o f  c h i to s a n  so lu t io n .

Table 4 .8  M e c h a n ic a l  p ro p e r t ie s  o f  th e  a lg in a te  f ib e r s  s p u n  th r o u g h  th e  f ir s t  
c o a g u la t io n  b a th  c o n ta in in g  d if f e r e n t  c h i to s a n  c o n c e n t r a t io n s

C h ito san  co n cen tra tio n  (% ) L in ea r
d en s ity  (tex )a

T en sile
s tren g th

(c N /te x )a

E lo n g a tio n  at 
b reak  (% )a

0 2 6 .4 6  ±  1.09 10.35 ± 0 .8 8 14.10 ± 1.92
2 .2  X 10 '2 3 5 .59  ± 0 .6 1 12.43 ± 0 .6 8 16.48 ±  1.49
6 .7  X  10 '2 4 1 .2 7  ±  1.38 12.38 ± 0 .8 0 18.16 ±  0.65
11.1 X  10 '2 45.31 ±  1.11 12.61 ± 0 .3 9 19.89 ± 0 .6 9

a A v e rag e  o f  20 fib e r sam ples.
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T h e  te n s i le  s t re n g th s  o f  th e  c h i to s a n - c o a te d  a lg in a te  f ib e r s  w e re  
h ig h e r  th a n  th a t  o f  th e  p u re  a lg in a te  f ib e r .  I t h a s  b e e n  r e p o r te d  th a t  c h i to s a n  
d e p o s i ts  o n  a lg in a te  f ib e r  d u e  to  th e  e le c t r o s ta t ic  in te r a c t io n  ( T a m u ra  e t  a l . ,

2 0 0 2 ) . T h e re fo re ,  th e  p re s e n c e  o f  e le c t r o s ta t ic  in te r a c t io n  b e tw e e n  c h ito s a n  
a n d  a lg in a te  in  c h i to s a n -c o a te d  a lg in a te  f ib e r s  r e s u l te d  in  th e  im p ro v e m e n t o f  
te n s i le  s t r e n g th  o f  th e  c h i to s a n -c o a te d  a lg in a te  f ib e r s  a s  c o m p a re d  to  p u re  
a lg in a te  f ib e r  ( T a m u ra  e t  a l . ,  2 0 0 2 ) . H o w e v e r , th e re  w a s  n o  s ig n i f ic a n t  c h a n g e  
o f  t e n s i le  s t r e n g th  o f  th e  c h i to s a n -c o a te d  a lg in a te  f ib e r s  w h e n  th e  
c o n c e n t r a t io n  o f  c h i to s a n  in  th e  f i r s t  c o a g u la t io n  b a th  in c re a s e d . M o re o v e r , 
th e  e lo n g a t io n  a t  b re a k  fo r  th e  c h i to s a n - c o a te d  a lg in a te  f ib e r s  in c re a s e d  w ith  
in c re a s in g  c h i to s a n  c o n c e n tr a t io n  in  th e  f ir s t  c o a g u la t io n  b a th . T h e  r e a s o n  fo r 
th is  is  th a t  th e  a m o u n t o f  c a lc iu m  io n s  p e n e tr a te d  in to  th e  a lg in a te  f ib e rs  
d e c r e a s e d  d u e  to  th e  in c re a s in g  o f  c h i to s a n  c o a te d  o n  th e  s u r f a c e  o f  a lg in a te  
f ib e r s .  F ro m  T a b le  4 .8 , th e  l in e a r  d e n s i t ie s  o f  th e  c h i to s a n - c o a te d  a lg in a te  
f ib e r s  w e re  h ig h e r  th a n  th a t  o f  p u re  a lg in a te  f ib e r  a n d  in c re a s e d  w ith  
in c re a s in g  o f  c h i to s a n  c o n c e n tr a t io n  in  th e  f i r s t  c o a g u la t io n  b a th . T h e  in c re a s e  
in  l in e a r  d e n s i t ie s  o f  th e  c h i to s a n - c o a te d  a lg in a te  f ib e r s  s u g g e s te d  th a t  th e  
a m o u n t  o f  c h i to s a n  c o a te d  o n  th e  s u r f a c e  o f  a lg in a te  f ib e r s  in c re a s e d .

4 .7 .5  A n t ib a c te r ia l  P ro p e r t ie s  o f  C h i to s a n -C o a te d  A lg in a te  F ib e r
A n tib a c te r ia l  a c t iv i t ie s  o f  th e  c h i to s a n - c o a te d  a lg in a te  f ib e rs  

a g a in s t  E .  c o l i  a n d  ร .  a u r e u s  w e re  q u a l i ta t iv e ly  in v e s t ig a te d  b y  o b s e rv in g  th e  
c le a r  z o n e . T h e  c le a r  z o n e  w a s  o b s e rv e d  b e tw e e n  th e  f ib e r  a n d  lu x u r ia n t  
b a c te r ia  c o lo n ie s .  F ig u re  4 .1 5  a n d  4 .1 6  sh o w  a n t ib a c te r ia l  te s ts  o f  th e  
c h i to s a n - c o a te d  a lg in a te  f ib e rs  a g a in s t  E .  c o l i  a n d  ร .  a u r e u s ,  r e s p e c t iv e ly .
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Figure 4.15 A n tib a c te r ia l  te s t  a g a in s t  E .  c o l i  o f  c h i to s a n - c o a te d  a lg in a te  
f ib e rs . C h ito s a n  c o n c e n tr a t io n s  in  th e  f ir s t  c o a g u la t io n  b a th  (a )  0 % , (b )  2 .2  X  

1 0 '2% , (c )  6 .7  X  1 0 '2%  an d  (d ) 11.1 X  1 0 '2% .
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Figure 4.16 A n tib a c te r ia l  te s t  a g a in s t  ร .  a u r e u s  o f  c h i to s a n - c o a te d  a lg in a te  
f ib e rs . C h ito s a n  c o n c e n tr a t io n s  in  th e  f i r s t  c o a g u la t io n  b a th  (a )  0 % , (b )  2 .2  X  

10’2% , (c )  6 .7  X  1 0 '2%  a n d  (d )  11.1 X  1 0 '2% .

T a b le  4 .9  sh o w s  th e  a n t ib a c te r ia l  te s t  a g a in s t  E .  c o l l  a n d  ร .  

a u r e u s  o f  c h i to s a n -c o a te d  a lg in a te  f ib e r s  w ith  th e  f ib e r  a r e a  o f  a b o u t  1 cm  X

4 .5  cm . T h e  c h i to s a n  c o n te n ts  c o a te d  o n  th e  te s te d  a lg in a te  f ib e r s  sp u n  
th r o u g h  th e  f i r s t  c o a g u la t io n  b a th  c o n ta in in g  2 .2  X  1 0 '2% , 6 .7  X  10 ‘2%  a n d  11.1 
X  1 0 '2%  c h i to s a n  s o lu t io n  w e re  0 .0 1 6 , 0 .0 2 0  a n d  0 .0 2 1  m g , r e s p e c t iv e ly .  T h e  
c le a r  z o n e  w id th s  w e re  o b s e rv e d  to  b e  v a r ie d  f ro m  0 .7  to  2 .2  m m . T h e  c le a r  
z o n e  s u r ro u n d in g  th e  te s te d  f ib e r s  w a s  an  e v id e n c e  th a t  c h i to s a n -c o a te d  
a lg in a te  f ib e r s  c o u ld  in h ib i t  th e  g ro w th  o f  E .  c o l i  a n d  ร .  a u r e u s .



51

Table 4 .9  A n t ib a c te r ia l  te s t  a g a in s t  E .  c o l l  a n d  ร .  a u r e u s  o f  c h i to s a n - c o a te d  
a lg in a te  f ib e r s  sp u n  th ro u g h  th e  f i r s t  c o a g u la t io n  b a th  c o n ta in in g  d if f e r e n t  
c h i to s a n  c o n c e n tr a t io n s

C h ito san  co n cen tra tio n  (% ) C lea r zo n e  w id th  (m m )
E .  c o l i ร .  a u r e u s

2 .2  X  10 '2 0.7 ± 0 .3 1.0 ± 0 .5
6 .7  X  10 '2 1.5 ± 0 .5 1.7 ±  0.3
11.1 X  10 '2 2 .0  ± 0 .5 2 .2  ± 0 .3

H ig h e r  a n t ib a c te r ia l  a c t iv i ty  o f  c h i to s a n  in v e s t ig a te d  b y  a  p a p e r  
d is c  m e th o d  w a s  r e p o r te d  by  N o  e t  a l .  (2 0 0 2 ) ,  w h o  o b s e r v e d  th a t  c h i to s a n  
(M w  ra n g in g  f ro m  5 9 ,0 0 0  to  1 ,6 7 1 ,0 0 0  a t 0 .1 %  c o n c e n t r a t io n )  in h ib i te d  
g ro w th  o f  m a n y  b a c te r ia  an d  th e  v a lu e s  o f  c le a r  z o n e  d ia m e te r  w e re  h ig h e r  
th a n  14 m m . M o re o v e r ,  L iu  e t  a l . ,  ( 2 0 0 1 )  r e p o r te d  th a t  c h i to s a n  in h ib i te d  th e  
g ro w th  o f  E .  c o l l  u s in g  th e  o p t ic a l  d e n s i ty  m e th o d  to  in v e s t ig a te  its  
a n t ib a c te r ia l  a c t io n . I t c a n  b e  c o n c lu d e d  th a t  c h i to s a n  o n  th e  c h i to s a n - c o a te d  
a lg in a te  f ib e r s  a c te d  as  a n t ib a c te r ia l  a g e n t  fo r  a lg in a te  f ib e r s .
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