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In Vitro Studies on the Lipids Absorption
Characteristics of Chitosan

Sun-Young HWANG

Department o Food Science and Technology,
Graduate School, Pukyong National University

Abstract

In order to study on the lipids absorption characteristics of chitosan as
different molecular weight and degree of deacetylation, in vitro tests under
condition of gastrointestinal track were investigated and the results were
summarized as follows.

The degree of deacetylation in chitosans were 70%, 85%, 92% as different
deacetylation time(lhr, 2hrs, 3hrs), respectively. The molecular weight of
each chitosan was controlled by enzymatic hydrolysis and then the molecular
weight of chitosan were 24kDa 28kDa, 4kDa, respectively.

The bulk density, water holding capacity and fat binding capacity of
each chitosan powder were 96.2 504.0%, 3744 1217.9%, 307.0 659.3%,
respectively. The higher molecular weight of chitosan was exhibited the
lower bulk density and further the higher water and fat binding capacities.

Binding capacities of chitosan powders to bile salts, cholesterol and linoleic



acid were 41.2 63.3%, 408 67.4%, 426 72.6%, respectively.

Cholesterol and linoleic acid were mixed with bile salts and then the pH
of each micelle was increased upto pH 74 with 0.IN NaOH solution.
Binding capacity of each chitosan to bile salts was showed 696 92.0% in
bile salts-cholesterol mixed micelle and 66.1 88.0% in bile salts-linoleic
acid mixed micelle. Binding capacities of chitosans to cholesterol and
linoleic acid were 478 744%, 524 87.0%, respectively. After pH of
chitosan solution was increased, the lipid binding capacity of chitosan was
more increased than chitosan powder.

In near infrared spectrum of chitosan absorbed lipid, the occurrence static
electronical binding between chitosan and lipid through the combination of
C-H in lipid and amide(NHs") in chitosan was identified. This result
proved the theological mechanism of lipid absorption of chitosan.

In conclusion, the higher degree of deacetylation and molecular weight of
chitosan was exhibited the higher lipid binding capacity. After the pH of
chitosan solution was increased upto pH 74, the lipids binding capacity of
chitosan was more increased than chitosan powder. The change of pH in
gastrointestinal track influenced the lipid binding capacity of chitosan. The
lipids absorption of chitosan was occurrenced by combination of C-H in

lipids and amide(NHs") in chitosan.



chitin chitosan(Fig. 1) 100 1,000
(Hirano , 1987) cellulose

chitin

chitosan chitin 2 acetyl group
chitin ( )
chitin . chitosan
chitosan (T able 1).
Chitosan
Chitosan
(Knorr,

1984). chitosan

, (Austin , 1981,
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Fig. 1. Chemical structure of chitin, chitosan and cellulose.



T able 1. Industrial applications of chitosan

Application fields Available functions

Removal of metal
Flocculant and coagulant
- protein

W astew ater

Treatment
- dye

- amino acids

Removal of dye and suspended solids etc
Food Indust Preservative
ood Industr
y Color stabilization

Animal feed additive

Bandages
Blood cholesterol control

M edical Controlled release of drugs
Skin bum

Contact lens

Enzyme and cell immobilization
) Protein separation
Biotechnology Cell recovery

Chromatography

Seed coating
Agriculture Fertilizer
Controlled agrochemical release

M oisturizer
) Face, hand and body creams
Cosmetic )
Bath lotion

Hair care

Surface treatment
Pulp and Paper .
Photographic paper

Permeability control
Reverse osmosis

M embrane




Casio , 1982, Latlief , 1983, Hirano, 1988, Knorr , 1988, 1991).
chitosan fat-binding
(Kobayashi , 1979, Nagyvary , 1979, Sugano

, 1978, 1980, Vahouny

(Austin , 1982, Knorr, 1984),

(Hirano

Chitosan

chitosan

chitosan

chitin  chitosan

chitosan

chitosan

chitosan

, 1983, Razdan

, 1987,

, 1994).

anti-lactose intolerance

(Sanford, 1988), ,

Kanazawa , 1993, Fang , 1994).
chitosan
chitosan olygomer
shiff Maillard
(Hirano , 1985).

. Chitosan olygomer

B -14-lingkage



(Hirano, 1985).
chitosanase
chitosan

chitosanase ,

(Muzzarelli, 1977, Akiyama, 1995). Panataleone

food- grade
1980
1993 36.99 18.2%
16.69
( , 1995).
, cholesterol
(Sugano

chitosan  chitin

B - 14-glycoside
(Aspergillus sp., Bacillus sp. )

chitosan

(1991) chitosan

, cellulase, pectinase, papain

chitosan

21.8g 9.81%
2
44 9%
. Chitosan  in vivo
pectin
lymphatic absorption
, 1978, 1980, Nagyvary , 1979).



, chitin

model system

in vivo
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chitin(C-9213, Sigma Chemical Co.) chitosan
, chitosan lipase(L- 3126, Sigma Chemical Co.)
bile salts(B-8756, Sigma Chemical Co.) cholesterol

(Junsei Chemicals Co., Japan), linoleic acid(L- 1626, Sigma Chemical Co.)

1. Chitin chitosan
Sigma  chitin chitosan
2N HCl ( 10 )
1 ,
IN NaOH ( 10 ) heating mantle
(E107, Misung Scientific Co.) 100 3

50
chitin . chitosan chitin
47% NaOH (chitin 15 ) 130
, 50
(Fig. 2).
2. Chitosan

chitosan 0.1IM acetate-0.1M sodium acetate buffer



Commercial chitin

|

Demineralization

|——

Deproteinization

.

Chitin

|——

Chitosan

Ground at 20 mesh

Add 1L of 2N HCI to commercial chitin(100g) and
agitate for 1hr at 25

Wash the material with D.W . until free of acid

Add 1L of IN NaOH to material and agitate for
3hrs at 100

Wash the meterial with D.W . until free of acid

Hot air blast drying at 50

Ground to 20 mesh

Add 47% NaOH for several hours at 130

Wash the meterial with D.W . until free of alkali
Hot air blast drying at 50

Ground to 20 mesh

Fig. 2. Purification and preparation procedure of commercial
chitin and chitosan.



(pH 4.0) 1% lipase chitosan 1:03

40 24 incuvation ,
100 15 autoclaving . Inactivation glass
filter chitosan , chitosan 0.1M
NaOH (5000rpm, 10min)

(SFDSM 12, Samwon freezing engineering Co.)

(Fig. 3).
3.
chitin , , micro-
kjeldahl Soxhlet (AOAC, 1990).
4. Chitosan
Sannan  (1978) 2 (200mesh) KBr 100
, pellet FT-1R(Spectrum GX, Perkin Elmer,
USA) 4000 ' 500 °* . IR spectrum 2878
1550 ! (A 1550/ Aze7s) Sannan  (1978)
(Fig. 4)
5.
Chitosan Ubbelohde
. 0.IM acetic acid-0.02M NacCl 0.01%, 0.03%,
0.05%, 0.08%, 0.1% chitosan , chitosan
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Chitosan

<
«

y

issolution

|
}<

ydrolysis

l:

Enzyme inactivation

JV‘

Filtration

|

Precipitation

-

\ A

Centrifuging

-

A A

Freeze drying

\4

Chitosan-1

Add 1L of 0.IM acetate-0.1IM sodium acetate
buffer (pH 4.0) to chitosan(100g) and agitate

Chitosan ; enzyme = 1 : 0.3

Incuvating at 40 , 160rpm for 24hrs

Autoclaving at 100 for 15min

Filtering with glassfilter
Adjust to pH 8.0 with 0.IN NaOH in chitosan

solution

Washing with D.W. until free of alkali

Centrifuging at 4 , 5000rpm for 5min

Fig. 3. Preparation procedure of low molecular weight

chitosan.



Y = 2.8403 - 0.02872X R = 0.990

2l
L= =]
<
=T
e,
[ =]
[T ]
o
< 4L

N 1 5 [} 5 i . | 2
0 20 40 60 80 100

Deacetylation degree(%)

Fig. 4. Calibration line obtained by plotting the ratio of the
absorbance of the bend at 1550cm™' to that at 2878cm™*
against the degree of deacetylation(from Sannan et al.,
1978).
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Relative viscosity ; 7, = _7;7_
S

(- 7s)

Specific viscosity ; 7, = 7
S

= /e 1

Reduced VisCOSity ; 7y = Z ZS - %
S

Ui
ép ) = (ﬂred)cﬂo

Intrinsic viscosity ; [7] = Iimo(
c—

ns: , N , C:

M ark - Houwink

K a Roberts (1983) 0.1M Acetic acid-
0.02M NacCl chitosan

h]=Kx Mw*

, [n1] , K 304x 10° Mw ,a 126

6. Bulk density

Parrot  (1978) bulk density
, mg/mL
7. (Water holding capacity)
McConnell  (1974) 0.1g (15mmx
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100mm) 10mL vortex mixer 1

1 15 5

(1600x g, 25min) 45° 30
(9)
%) = X 100
(%) (©)
8. (Fat binding capacity)
Lin (1974) 0.2g (15mmx 100mm)
( ) 10mL vortex mixer 1

1 15 5

(1600x g, 25min) 45° 30
(9)
%) = X 100
(%) (©)

9. Bile salts
Gregory and Pascoe (1954) bile salts
2mL  45% H:SO. 2mL  0.3% furfural 2mL
65 30
optical density 680nm spectrophotometer
(Biopec- 1601, Shimazu) . Bile salts
Fig. 5

- 15 -



L6 y=10.3623x + 0,044
R’ =0.9927

Absorbance at 680nm
=
= o

0 1 2 3 4 5
Bile salts(mM)

Fig. 5. Standard curve of bile salts in Gregory and Pascoe's
test.
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10. Cholesterol

Zak (1968) . ferric chloride precipitation reagent
2mL  ImL  cholesterol 2mL
20
spectrophotometer (Biopec- 1601, Shimazu) 560nm
. Cholesteral Fig. 6

11. Linoleic acid

Frings (1970) total lipid linoleic acid
ImL 2mL boiling water
bath 10 . 5 0.5mL
aliquot phospho-vanillin reagent 5mL . 15
37 5
540nm . Linoleic acid Fig. 7

12. Mixed micellar component
Cholesterol  linoleic acid bile salts micelle
micelle chitosan Eastwood  (1976)
Vahouny (1980, 1981)
bile salts 0.1M phosphate buffer (pH 7.0)
5mM , cholesterol linoleic acid ethyl ether
0.25mM, 0.5mM
Chitosan 1g 1IN HCI 20mL 0.25mM cholesterol  0.5mM

- 17 -



0.9

0.8
y=1.718%x - 0.0024

R’ = 09968

0.7

Absorbance at 560nm
s =2 =2 =2 =
b ta = n =

&

0 0.1 0.2 0.3 0.4 0.5

Choleste rol(mg/mL)

Fig. 6. Standard curve of cholesterol in Zak's method.
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0.3

0.25 y = 0.506x - 0.0003

R =0.9975

0 0.1 0.2 0.3 0.4 0.5
Linoleic acid(mg/ml)

Fig. 7. Standard curve of linoleic acid in Frings et al.'s

method.
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linoleic acid 50mL shaking incuvator 100rpm 3
37 . 5mM bile salts 10mL

, IN NaOH pH 74 37 3 100rpm
(1600x g, 25min)
bile salts, cholesterol, linoleic acid . Micellar

component (%) chitosan

13. Chitin chitosan

(1) chitosan
Lin  (1974) chitosan 5g 0.1 M acetate-0.1 M sodium
acetate buffer (pH 4.0) 500mL 1% chitosan(w/v) 50g

( ) 0.IN NaOH pH 74

. 3000rpm 25

45° 30 chitosan pellet
(2)
Chitosan
(Spectrum GX, Perkin Elmer, USA) , spectrum
1100nm  2400nm absorbance mode
near infrared spectral analysis

software(QUANT C+, Perkin Elmer, USA) principal component
regression(PCR)
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1. Chitin chitosan

Chitosan Sigma chitin
39.23%, 5.53% . chitin
3.57% ,
1.18% . 565 6.20% ,
(Table 2).
2. Chitosan
Chitosan chitosan
, Table 3
chitin ~ 47% NaOH 130
chitosan infrared spectrum(Fig. 8) 2878
T 1550 (A 1550/ Aze7s) Sannan  (1978)
(Fig. 4)
70%, 85%, 92%
70%, 85%, 92%  chitosan
24kDa 28kDa , chitosan
4kDa
3. Chitosan bulk density
Chitosan compectness bulk density (mg/mL)
Table 4 , MW. 24kDa chitosan @M W. 4kDa chitosan

- 21 -



T able 2. Ingredients of commercial chitin and chitin(dry basis)

Content (%)
Composition
Commercial chitin Chitin®
M oisture 6.20 5.65
Crude protein 39.23 553
Crude ash 3.57 1.18
Crude fat ND" ND"

Demineralization ; add 1L 2N HCI to commercial chitin(100g) and agitate for 1hr
at 25

Deproteinization ; add 1L IN NaOH to material and agitate for 3hrs at 25
® ND : Not detected.
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Table 3. Degree of deacetylation and molecular weight of chitosan

Degree of M olecular weight

deacetylation (%) (M .W)

_ 70H 28kDa
Chitosan® 70

70L 4kDa

_ \ 85H 26kDa
Chitosan 85

85L 4kDa

. 92H 24kDa
Chitosan® 92

92L 4kDa

* Deacetylation ; added 47% NaOH to chitin for 1lhr at 130
* Deacetylation ; added 47% NaOH to chitin for 2hrs at 130
‘ Deacetylation ; added 47% NaOH to chitin for 3hrs at 130

- 23 -
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Fig. 8. Fourier transform infrared spectrum of chitosan.
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T able 4. Bulk density of chitosan

Chitosan® Bulk density (mg/mL)
70H 96.2+ 6.5
70L 477.1£ 6.9
85H 106.8+ 7.5
85L 489.3+ 7.3
92H 111.1+ 6.8
92L 504.0+ 8.3

® 70H:D.D.70%, M W .28kDa chitosan, 70L ;D.D.70%, M .W 4kDa chitosan

85H :D.D.85%, M W .26kDa chitosan, 85L;D.D.85%, M .W .4kDa chitosan
92H:D.D.92%, M W .24kDa chitosan, 92L:;D.D .92%, M .W 4kDa chitosan
D.D.; Degree of deacetylation(%), M .W.; Molecular weight.
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96.2 111.1mg/mL, 477.1 504.0mg/mL , 70%, 85%, 92%

chitosan 96.2 477.1mg/mL, 1068 489.3mg/mL, 111.1 504.0mg/mL
chitosan , bulk
density
Chitosan , Fig. 9, Fig. 10
M W. 24kDa chitosan 1094 5

1217.9%, 6499 659.3% , MW. 4kDa chitosan 3744 4245%,
3070 338.8% . (D.D.) 70% chitosan 3744 1094.5%,
3070 649.9% , DD. 85% chitosan 3769 1153.9%, 3338 652.9%

, D.D. 92% chitosan 4245 1217.9%, 338.8 659.3%
Chitosan ,
Knorr(1982) Austin  (1981) chitin chitosan chitin

, McConnell  (1974)

. Kim(1994) Knorr(1982) chitosan
4, chitosan
Chitosan bile salts, cholesterol, linoleic acid Fig.

11, Fig. 12, Fig. 13

Chitosan bile salts, cholesterol, linoleic acid MW.
24kDa chitosan 566 633%, 57.2 674%, 624 726% , MW.
4kDa chitosan 412 49.8%, 408 49.6%, 426 52.8%

- 26 -



2y B\

Fig. 9. Water holding capacity of chitosan.
70H;D.D.70%, M W .28kDa chitosan, 70L ;D.D.70%, M W .4kDa chitosan
85H;D.D .85%, M W .26kDa chitosan, 85L;D.D.85%, M W .4kDa chitosan
92H;D.D .92%, M W .24kDa chitosan, 92L ;D.D.92%, M W .4kDa chitosan
D.D.; Degree of deacetylation(%), M .W .; Molecular weight.
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BiW

TN

GIH)

S

400

3 |

2iH)

Fat binding capacity (%)

104 |

G2

I

'S

T0H 701 BSH 85L 921 3L,
Chitosan

Fig. 10. Fat binding capacity of chitosan.
70H;D.D.70%, M W .28kDa chitosan, 70L ;D.D.70%, M W .4kDa chitosan
85H;D.D .85%, M W .26kDa chitosan, 85L;D.D.85%, M W .4kDa chitosan
92H;D.D .92%, M W .24kDa chitosan, 92L ;D.D.92%, M W .4kDa chitosan
D.D.; Degree of deacetylation(%), M .W .; Molecular weight.
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100 |

#0

70 |

Bile salts binding capacity (%)
2

NI

20+
10 |
0
T0H 700 851 921
Chitosan

92L

Fig. 11. Binding capacity of chitosan to bile salts.

70H:D.D.70%, M .\W .28kDa chitosan, 70L ;D.D.70%, M .W .4kDa chitosan
85H:;D.D .85%, M .W .26kDa chitosan, 85L:;D.D.85%, M .W .4kDa chitosan
92H:D.D .92%, M .\W .24kDa chitosan, 92L:;D.D .92%, M W .4kDa chitosan

D.D.; Degree of deacetylation(%), M .W .; Molecular weight.
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Y \
BN
" D7 N

TOH TOL 92L

Fig. 12. Binding capacity of chitosan to cholesterol.
70H;D.D.70%, M W .28kDa chitosan, 70L ;D.D.70%, M W .4kDa chitosan
85H;D.D .85%, M W .26kDa chitosan, 85L;D.D.85%, M W .4kDa chitosan
92H;D.D .92%, M W .24kDa chitosan, 92L ;D .D.92%, M W .4kDa chitosan
D.D.; Degree of deacetylation(%), M .W .; Molecular weight.
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1040 |

Linoleic acid binding capacity (%)
2

NN

70H

Fig. 13. Binding capacity of chitosan to linoleic acid.
70H;D.D.70%, M W .28kDa chitosan, 70L ;D.D.70%, M W .4kDa chitosan
85H;D.D .85%, M W .26kDa chitosan, 85L;D.D.85%, M W .4kDa chitosan
92H;D.D .92%, M W .24kDa chitosan, 92L ;D.D.92%, M W .4kDa chitosan
D.D.; Degree of deacetylation(%), M .W .; Molecular weight.
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bile salts, cholesterol, linoleic acid DD. 70%

chitosan 412 56.6%, 408 572%, 426 624% , DD. 85%
chitosan 46.2 606%, 468 64.6%, 49.2 694% , DD. 92% chitosan
498 63.3%, 49.6 67.4%, 528 726% ,
chitosan ,
linoleic acid chitosan 426 726%
bile acids cholesterol
Ebihara (1981) Eastwood (1968) bile acid
hydrophaobic bond , Herman
(1974) bile acid
, bile acid (bioav ailability)
. Vahouny  (1981) cholestyramine
guar gum, alfafa, lignin palmitic acid, oleic acid, linoleic
acid monolein
, linoleic acid
, monolein
5. pH chitosan
pH chitosan Fig. 14
pH 2 chitosan , chitosan
pH 74 ,

- 32 -



A Chitosan (dissolved form) £ Fnzyme (pancreas, intestine)
&  Chitosan (gelled form) 2= Apacked
0 Casein == Mot attacked

Fat dropict

Stomach Intestine

Fig. 14. Schematic illustration for the inhibition of fat

digestion by chitosan.
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chitosan pH ,
pH chitosan
, chitosan
pH , bile satls

micelle cholesterol linoleic acid in vitro test

Bile salts cholesterol micelle Table 5
pH chitosan  bile salts  cholesteral M W. 24kDa
chitosan 848 920%, 63.6 74.4% , MW. 4kDa chitosan

696 77.9%, 478 56.8% . pH chitosan
bile salts choelsterol D.D. 70% chitosan 696 848%, 47.
8 63.6% , DD. 85% chitosan 736 89.8%, 540 714%

, DD. 92% chitosan 779 920%, 568 744% . Eastwood
(1968) cholesteral bile
acid micelle , micelle bile acid

micelle micelle

Bile salts linoleic acid micelle Table 6

. pH chitosan bile salts linoleic acid MW.
24kDa chitosan 823 88.0%, 74.1 87.0% , Mw 4kDa chitosan

66.1 745%, 524 638% . pH chitosan bile salts
linoleic acid D.D. 70% chitosan 66.1 82.3%, 524
74.1% , D.D. 85% chitosan 714 855%, 598 84.8% ,

D.D. 92% chitosan 745 88.0%, 638 87.0% . Bile salts

- 34 -



Table 5. Binding capacity of chitosan to bile salts and cholesterol
in bile salts-cholesterol mixed micelle

_ Bile salts Cholesterol
Chitosan® . . . :
binding capacity (%) binding capacity (%)
70H 84.8+ 0.9 63.6t 14
70L 696+ 1.1 478+ 1.1
85H 89.8+ 0.6 714+ 05
85L 736t 1.0 54.0+£ 0.9
92H 92.0+ 0.8 744+ 0.8
92L 779+ 0.9 56.8+ 0.7

* 70H:D.D.70%, M W .28kDa chitosan, 70L ;D.D.70%, M .W 4kDa chitosan
85H :D.D.85%, M W .26kDa chitosan, 85L;D.D.85%, M .W .4kDa chitosan

92H ;D .D.92%, M .W .24kDa chitosan, 92L;D.D .92%, M .W .4kDa chitosan
D.D.; Degree of deacetylation(%), M .W.; Molecular weight.
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T able 6. Binding capacity of chitosan to bile salts and linoleic
acid in bile salts-linoleic acid mixed micelle

_ Bile salts Linoleic acid

Chitosan® o _ o _
binding capacity (%) binding capacity (%)

70H 823+ 1.0 741+ 1.3

70L 66.1+ 1.1 524+ 0.9

85H 855+ 0.7 848+ 1.1

85L 714+ 0.9 59.8+ 0.7

92H 88.0+ 0.6 87.0+ 1.0

92L 745+ 1.0 63.8t 0.6

® 70H:D.D.70%, M .W .28kDa chitosan, 70L ;D.D.70%, M .W 4kDa chitosan

85H:D.D.85%, M W .26kDa chitosan, 85L;D.D .85%, M .W .4kDa chitosan
92H:D.D .92%, M W .24kDa chitosan, 92L ;:D.D .92%, M W .4kDa chitosan
D.D.; Degree of deacetylation (%), M .W.; Molecular weight.
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cholesterol linoleic acid chitosan ,

. Sugano
(1978, 1980) Nagyvary (1979) chitosan cholesteral
pectin ,
chitosan cholesterol
coprostanal , sterol
Bile salts cholesterol chitosan 412 63.3%,
408 67.4% , pH 696 92.0%, 478 744% . bile
salts linoleic acid chitosan 412 63.3%, 423
726% , pH 66.1 88.0%, 524 87.0% micelle
bile salts pH chitosan
chitosan pH bile salts micelle
chitosan
Razdan (1994) Fukada (1991) chitosan
polyglucosamine chaine molecular solution

polyglucosamine chain  polyelectrolyte cation
hypocholesterolemic effect
chitosan
chitosan in vitro tests ,

pH chitosan
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6. chitosan

Chitosan
M W. 24kDa, D.D. 92% chitosan
Fig. 15
Chitosan pH chitosan cholesterol 67 4%, 744%
, linoleic acid 726%, 87.0%  chitosan
linoleic acid . Bile salts chitosan
63.3% , cholesterol micelle 92.0%
, linoleic acid micelle 88.0% pH
cholesterol  micelle bile salts
micelle . Chitosan pH
, bile salts micelle chitosan
chitosan pH
7. Chitosan
Chitosan (Fig. 16),
chitosan amide (NHs") ,
2 (Fig. 17) chitosan amide
(NHs") . chitosan
chitosan chitosan  amide
(NHs") carboxyl (-COOH)
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100 |
o0 |

;@ 80

:éw 70

g 6 s

i.l 7

S Ay %
10| /
0 ﬁ/

Various lipids

Fig. 15. Lipids binding capacity of chitosan®.
A; bile salts binding capacity (%)
B; bile salts binding capacity (%) in bile satls-cholesterol mixed micelle
C; bile satls binding capacity (%) in bile salts-linoleic acid mixed micelle
D; cholesterol binding capacity (%)
E; cholesterol binding capacity (%) in bile satls- cholesterol mixed micelle
F; linoleic acid binding capacity (%)
G; linoleic acid binding capacity (%) in bile satls-linoleic acid mixed micelle
® Chitosan : D.D.92%, M W .24kDa.

- 39 -



[P

12, Fat binding Chltosan | \’/\/mm
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Fig. 16. Near infrared spectrum of chitosan and fat binding
chitosan.
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Fig. 17. Second derivative near infrared spectrum of chitosan
and fat binding chitosan.
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Chitosan
, chitosan
, MW. 24kDa
chitosan
. Chitosan
Table 7
chitosan
chitosan
M.W. 24kDa chitosan
peak

M .W. 4kDa chitosan 177, 128

- 42 -

, MW. 24kDa chitosan

(Fig. 18) peak
chitosan M W. 4kDa
peak
in vitro
In vitro

M W. 4kDa

659.3%, 338.8%

, MW. 24kDa chitosan

, in vitro



92H*

92rP

|6a5 4 Vi i 17K 17 (1]

,
‘

TR 1&m 1540 %60 18T0S
mm

Fig. 18. Near infrared spectrum of fat binding chitosan.

* 92H; D.D. 92(%), M W. 24kDa
® 92L; D.D. 92(%), M W. 4kDa.
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T able 7. Differences between fat binding capacity and corrected
area by near infrared analysis

: - _ Corrected area
Chitosan Fat binding capacity (%) _
by NIR analysis

92H* 659.3+ 6.8 17 .7
92L° 338.8+ 85 12.8

*92H; D.D. 92(%), M W . 24kDa
°92L; D.D. 92(%), M .W. 4kDa.

- 44 -



Chitosan

model system chitosan
chitosan ,
1. Chitosan 70%, 85%,
92% chitosan , chitosan 24kDa
chitosan lipase 4kDa chitosan
2. Chitosan bulk density
, 9.2 504.0mg/mL, 3744 1217.9%, 307.0
659.3% . Chitosan bulk density
, chitosan
bulk density ,
3. Chitosan bile salts, cholesterol, linoleic acid
412 63.3%, 408 674%, 426 726% linoleic acid
. Chitosan

chitosan
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4. Chitosan pH bile salts

micelle cholesterol  linoleic acid chitosan
478 744%, 524 87.0% . bile salts
chitosan cholesterol micelle 696 92.0%
, linoleic acid micelle 66.1 88.0%
bile salts
5. chitosan(M W. 24kDa, D D. 92%)
, chitosan linoleic acid 72.6%
, pH chitosan cholesterol micelle
bile salts 92.0% micelle
chitosan pH
chitosan ,
pH chitosan
6. Chitosan near infrared spectrum
, chitosan chitosan amide (NHs") carboxyl
(- COOH)
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