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Abstract

Chitin and chitosan samples prepared from crab’s shells under different conditions were compared
for their physicochemical properties and functionality in gastrointestinal tract by in wvitro test. Their
bulk density was in the range of 127~208 mg/m/, and their viscosity was 80~581 cP in 0.1% chitin
and 80~3,670 cP in 0.5% chitosan solution, showing a wide variation, The degree of deacetylation
in chitosan samples as determined by IR spectral analysis was relatively high, showing 81~93%.
At the same alkali concentration and reaction temperature, a longer reaction period gave an increased
degree of deacetylation and lower viscosity. The water holding capacity of chitic substance became
greater at higher soaking temperature; chitosan D at 37C showed the greatest value. Chitic substance
with lower bulk density showed the higher water holding capacity. The retardation effect toward
glucose absorption was higher in chitic substances of lower density and higher water holding capacity;

chitosan D showed the highest value of 38%.

The retardation index toward bile acid absorption after

1 hour dialysis was 15~34% in chitic substances, 39% in pectin and 9% in cellulose. The retarding
effect showed the highest value cf 34% in chitosan D at 3% concentration.
Key words: chitin, chitosan, crab’s shell, glucose, bile acid, in wvitro absorption
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ChitinF 2= 3479 chitin®} 7279] chitosans A}
|39 v £FE EAZE 0|2 Sigmaste chitin(C-
4666, practical grade from crab shells)(chitin A)3} chi-
tosan(C-0792, practical grade from crab shells)(chitosan
AYs, A4 Aoldf2E a-cellulose(C-8002, Sigma
Chemical Co.), pectinJunsei Chemical Co., Japan)&
AH-8-3kqict.

Bile acidZ+ taurocholic acid®] sodium <3(T-4009,
Sigma Chemical Co.)%-, glucose(Duksan Pharmaceutical
Co., Korea), cholesterol(Yakuri Pure Chemicals Co.,
Japan), oleic acid(Showa Chemicals Inc., Japan), mono-
stearin-Z A& Ab&-dtadch 5 A uk(dialysis sack, M.
W. cutoff>12,000)& ©v]=* Sigmar} 23 E] 4l sleic)

Al Chitine] Z=H|

F3 kit EA(Chionoecetes opilio)23-E] No Z®o
& W3 ste] 28579 chiting Azt & g
ARRE FfiEel glold w7z a8 e 2
LECF 50T AA 4827 AxAA dHI A7 B
A3tdet. ole} o] 12 A Fk 60gel IN HCI
1600 mi-E& A7}slar 10C ol A 24A17F §-=| s} A A3
AL A7l oS FAde) dujrtr] B AAE
FAE 9 2FHEL ethanol 1Le] 3087 A=}
thA] o zhate] Ay @ Holl 4 40T oA H 24 Fc) o] 9}
Zeol M3]"(CaCO:)& A& crude chitin® 10%
NaOH&-H %ol 4] 20417F 2] 2] 3(refluxing) 34472
chitine] WA % Ab=9 os] 1% H,0,28d) 44] 7&%?}
HAF oAHste] B2 288 AMy o2 AxA|HY
(chitin B).

o= g 79 chitin C= 434 A7) 10T o]l
0C & #7894 2447 AFlabels, A3 9 g
A& A A crude chiting H,0,%EW 2|8 stx &
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No 59| "o we} chiting Fdzelz 2zlse
golAgd s} 73LE AH chltosan—— A #3}¢d cHchitosan
D, E F, G). & At Zel~=(three-neck flask, 500 m/)
of chitin A(Sigma Chemical Co.) 30 g& i1, 375 m/<]
50% NaOH&-(w/w)S & 7}ateic). o] %S oil bathel 4]
A% L‘ﬂ%}fad 60C ol 4 6] 7HD), 100°C ol 4 305-(E),
2*]7‘}(F) EE 6A7HG) F3F vHAIR oA s}
Foll = ZoflA] F3] YA ok A9 4R
(Sorvall RT 6000B Refrigerated centrifuge)S 4l &) 5}od
AZR A Ae] FAdo] Hujrbx) whiEslic), whx|qt

g 754 349

dHAlelle 42 dpsla, oMESR Axd F AL
ol Ax2]# 20 mesh& F-#slsict

o} & 2579 chitosan B, C& Eslakat AoA] 2
£ chitin B, CEZXE| 7t7} ofelje} o] Alzagich
% 2% chitin 30 g4-& 1L9) 50% NaOH£) el A
100C & fAshd A 10417 Bk A=sigc). M £
Aol Bu7hr] B2 AT b 297 B M4
Aow 1 thd ethanoldel 2970 AA % A=A H].
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A 7HE AZRY ez 105T ol 4
gy, A4 ke mlcro-Kjeldahlt{j% 0] &3}
shodo, glucose eF-2- Somogyi-Nelson® o] u}le} =
Astadet. Bile acid ‘é}a}t Gregory and Pascoe test'9&
o] 8-3lo] tg3} o] ZAslgic}. = bile acid £ 2
mlol 45% H,SO, &4 12mi2} 0.3% furfural £ 2
miE #7}5ke] 65C ol 4 308k ukA| 7 uf Ao
wAgl 718 spectrophotometer(Spectronic 21, Bausch
& Lomb, Germany)E 680 nmofl 42| &FFE& =33}
s} Taurocholic acidel] & ¥F 2412 1 mmole/L
FX7) 8l B4 S e gk
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Bulk density ¥ Mz =X
Chitin 2 chitosan®] bulk densityt= Parrot 51v¢]

el ahub o] wiAAl Aol dAeke] AgE
A F HEEY RaE Ao, mg/miE EA
sledr). 4%+ Brookfield Viscometer(model DV-I)E

o] &-3led &) algir) o] uf chiting N.N-dimethylacet-
amide/N-methyl-pyrrolidone/lithium chloride-§4o] ‘=
Ql 0.1% 445 AF8-3}] 77, chitosan- 1% acetic acide]
=) 0.5% 445 Al&-sl¢ic) zbzhe] 2908 Brookfield
Viscometer, spindle No.4-Z o] &3} shedr rate 0.63~
12545 9] Mol d #Mr] g A&, po-
wer-law el tgdete] Prn Ao f5A5E Fa}
Oﬂou% 2| &7 oll+= shear rate 6.27s 'oxe] HK )
A FRE Blastgdc

SoiMEslr 25X

Chitosan film$ 4| F3}ed FT-IR spectroscope(model
Alpha-Centauri, Mattson Instrument Co.)& ~#E&-S
Ao & ootefe) Falel o HolNLsw(% degree of
deacetylation)E A AF8}gd v},

X — X100
Auso 133

A 555 1
% Deacetylationi( 1- - )

E42(water holding capacity)

McConnell 5192 wiilo] wha} AA|slsich & A
Alg 0.1g8 25 ml%%k«] plastic centrifuge tube°ll =
FHT 10miE TRk F A EEe] Fan 24407 89
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71 % Sorvall OTD-Combi Ultracentrifugeg o] -£-3}o
14,000 rpmel| 2] 127} EoF Al Bejsln 4AlaNe o
2 5 G pellete) FAES EHAuigink By
(g water/g dry material)e- %-& @& |89 4} G
pellete] oFof ztelz¥-e] Alskabgivt.

Glucose &5 N &g
Adiotomre S192] ¥} o tﬂré} wHEEH (MW, cutoff>
12,000 el AoldHfrot Fpwlolop 3 s
LQJ’— A& 74]5“"‘5}““4 Afr A FaEA 4
o’E"‘% '?: i }’" 130]-6]_9_1 "‘—__15{3‘3]—91
A7) 0.1% sodium azide
Q1 chitin?l, cellulose %
sholc). FA{uke oS whuhs
%o} 184170 Sk 5344170 b 100 ) 0.1% sodium
azide 8-Ho]l EoQ)E 300m/ £ekol tubedl 2gict.
] 71§ water bathell 4 37C & %% 4] 7|21 4 60 rpmo. &
shakingal| 3¢ 3L, 30, 60, 1208 3o T4 o]ol-S 1 m/#
Hslo] glucosedaF-s "”6}05\:}. Glucose &+ 4
A olef e} el AAbalsiar, T4 21712 chitosan,
cellulose = pectin®] 5ol fﬂr% a5 E vwsedch

Glucose retardation index(%)= 100—
total glucose diffused from sack containing fiber

total glucose difffused from sack without fiber
X 100

Bile acid &5 A Alg

Adiotomre F'9] ubel| whzb glucose &7 A
Aol A9} 3o] AYsieict & T Wiele 0.1%
sodium azide®} 0.1 M phosphate buffer{pH 7)¢l 5 mM
9] sodium taurocholic acidE ¢l £<§ 15mi¢} chi-
tin3, cellulose % pecting z+7zF 05g #H7}sl 18
A7k Fot viel p#A e o175 100 /9] 0.1 M pho-
sphate buffer(pH 7)7} w71 tubeoﬂ 37C water bathel 2]
60 rpm .2 shakingd}gict. o Flo] AlzbglA] 14]
7h} 2A17F Foff F4 9ol g 2ml’>” #}#}ed taurocholic
acid @& ﬂ?’*ﬁ}ﬁ‘”ﬂ% bile acid &7 < A++
obefst 7ol Axtstaich FAlg x4 30%, 1L 2
4, 6, 24X 7} o E/H_Q,]o“ o A sled X Ao g1, B4
Azl whE oddg AbwEgterw, chitosan, cellulose
9l pectin® 55 0.7%, 2% 3% 5% 2 dol Fiol
e E3e Adsc,

Bile acid retardation index(%)=100--
total bile acid diffused from sack containing fiber

total bile acid diffused from sack wihout fiber
X100

4o % nF
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Chitin ! chitosan?| 0|33 EA

ZAZNE AFF chiting FF & o 25%9 1
chitin® 2 5%-¥ chitosan®] 7 F42 <o 80%S e}
ek FA49 84 chitingrael 27.6%9) vind of 2
Agoll 49} chiting&-2 of-¢ =gich

B Adgol A3 chitinde] 8 2 "4 ke
Table 15} #v} 42 ek2 ww@ chitino] 7.1~7.2%,
chitosan®] 11.2~11.8% 2.4, chitin® ¢} chitosansl] 4] T
wded L oolfE HE FEe Ao ooz Az
®lc}, &8 "4 FeRS chitine] 6.6~6.8%, chitosano]
7.7~81%% 4} chitine] &o}A| € 3}%]o} chitosane] ==
g H oz gl FopAlrt, Chitosand o] &30
= gZolielsl ol upe} A LgeFe] o)) AH HoZ
A g LA H L] ke Rlele ofdled HoldEsin
= A A4bst dole FEivE S Hew A7
ek g Ao A @8k chitine] 6~7%, chito-
san©o] 7~9.5%=}3 R ¥ v} glowm, B Ao A&d
g2 25 olzgh el slgsiadch

Fe]d EAFe] dh}al bulk densitye] =3 Ay
Table 2¢} 7t} Chitine 127~153 mg/m/2] 3] 2,
chitosan& 128~208 mg/mi 9] t}okgh AxE eyl
Chitin % thtosan/] bulk densityt A<=k com-
pactnessE A¥3le= Zolmg Azdy 7Fd A#
PAE 7P Ao g wolr, wkeA] AR|EMA= A%
He)d &yl Z chitindE AR B2 dx g e
Wk Parrot 5Vl whE W AlEA Aol f9 =S
2" (direct measure)2.2 g 7-;31} 79~560 mg/
m/g] 2 lelE: Hodow o] Mfo] Fdz FFol
wet Wxe] ezl F& o 7 ‘1131‘4-

Chitin#l¢] &% EA4-& 17| 23lo] chitosan C &
oo thil A== plottingd}d Fig. 13} 7t} & shear
rate7} Z7}3toll w2} shear stress7} &7}1519d 1, power-

Table 1. Moisture and nitrogen content of chitin and
chitosan

Sample Source  Treatment Mo(n;:)u re Nlt(r‘%gen
Chitin A Sigma 7.2 6.7
product
Chitin B Demineraliza- 72 6.6
tion at 10T
Chitin C Demineraliza- 7.1 6.8
tion at 0T
Chitosan A Sigma 115 7.7
product
Chitosan B chitin B 100T, 10 hours 11.2 8.1
Chitosan C chitin C 100C, 10 hours 116 8.1

Chitosan D chitin A 60C, 6 hours 118 7.8
Chitosan E chitin A 100C, 30 min 114 7.7
Chitosan F chitin A 100C, 2 hours 116 < 8.0
Chitosan G chitin A 100C, 6 hours 11.3 79
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lawa]ol| 4 & 52 4(flow behavior index)7} 0.7564
o2, Al 7pA FAl(pseudoplastic fluid) &3¢
ehlidom, o]zle 209 L3 zre AxZ woid
=3} HZ% #|F(consistency index)E 30.61 MPa-s"e)
93, ABATE 099552 power-lawAlel]l & A-43-g
& 4= 2lglth. Shear rate 627s o9 HEB7] HT
22 A3 Table 29} %}, Chitin 0.1% £-He] e =
80~581 cPEA] chitinF% 274 wle}l & o] E X
dE & 7 Uil FZAkel %9 0.5% chitosan &4 2]
AEx Al87He] 2po] 7} # 4] 80~ 3670 cPich Chitosan
B, (&= 25 AxA9) whg A|zbo] #Har, golAeds}
X7} 93% % ARty HEE 7hzk 80 cP, 3670 cPY
#Ag zlo) & vleplict Chitosan BE A 931 2%
SigmaA}l chitosan AX¥ch HEr} Eglow =olAg s}
FHAA A odae f9e] Fx, whE 20 UAHY o
Hh Aj7be] Ao ASE M= ghasks HES Bk
Z chitosan E, F, G&] A% 421, 319, 140 P2 A=}
7rAadbedc) 60T o]l ¥b-$-A1Z] chitosan D& 2318
ZAolgle g 100T ol 4] & A7F wb&All AMc}
At A & A3E ek #4302 chitin
Aol He] 274 wel e, & B w= FHes)
thokgh X E Bk

£ Aol A3 chitosand IR #Aslo] ghols
YHE(%)E At A3he Table 29} 7o) 81~93%2
WAt Sigma4} chitosan A 88% 2 7 Hmqo
o, Fak FAZYE A2 chitosan B, C& 4He
Al7bo] ZAer g BE 9392 Holddstwr} 713
Utk 238 27102 A2 chitosan D, E, F, G=
A AR olddstes} F9tedl 53] chitosan
D& 85%= 41 100T o 4] 304 k&)%) chitosan EX.c}
o] F4t}h B3 chitosan E, F, GE B A FA19) HH-S-
AlZke] AAAFE Holdr= F7hsloc)

Chitin %! chitosan2| E<=2i(water holding capacity)

Chitin ¥ chitosan& 3T, 25C, 37C & x| &5 &
2ejste] Ryds £43 An, 257t Ao we
Ao g ¥apdo] Frlslgivk(Table 3). &% wheb
AN A8F AHRE, 3T A chitine] 66~99¢g
water/g, chitosano] 7.9~13.5g water/go. 24 Hulb#
© & chitin®c} chitosan®] ©] B5EE vhehlgl o,
SigmaA} chitinel] 4] A Z3} chitosan D, E, F, G7} t}-&
chitosan¥c} ©] & 7AHdolgdrt. 25T ol 4= 3C oA
B} Beo] BE A gl 7Y A= o) Knorr
Wel Aslo) wEw, chitosan®] HHol 440%= 713
#1232, chitin, microcrystalline chitin, cellulose] <%
o},

g, AejA =719l A& aedste] 37C AN A 3}
A7l As}, BE A RS Haao] 3T 25T Kot o3}
Lo, chitesan D @8 Zrbste] 19g
water/ge] it} Celluloset= 28 LxLol4 e ¥4

200

150 -

100+

Shear stress (dyne/cm?)
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() 2 4 6 8 10 12
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Fig. 1. Plot of shear stress vs shear rate for chitosan
C solution at 14°C

Table 2. Physical and chemical properties of chitin and
chitosan

Sample Bulk density Viscosity” Degree of
(mg/m{) (cP) deacetylation(%)
Chitin A 129 401 —
Chitin B 127 80 -
Chitin C 153 581 -
Chitosan A 168 100 88
Chitosan B 145 80 93
Chitosan C 208 3670 93
Chitosan D 128 918 85
Chitosan E 129 421 81
Chitosan F 136 319 87
Chitosan G 130 140 90

UMeasured by Brookfield viscometer at 0.1% chitin or
0.5% chitosan solution at 14C, shear rate 6.27 s !

S ek 37C olAe) RyEe AejHorn Fad
ou] & 7bxj Alo] AH-7} ¢4 FHgastrointestinal tract)
S e ) 43hy AEA 9} e 2E-S dhE, B
o] HALE stool weighty Z7}3tm, 1 2]l intra-
luminal transit, % %A9] &, fecal electrolytese} e &
2io] qlu}ar gch®, 37T o] A B4 o] Z chitosan D,
E9 Az x7& Auidd 23d 27lo|n2 =ol4
g3lxy o} chitosanel wvlsl ob7b Wty EARRE
Y = YR 22 oo At A3 A
Aefeld oleldt fgle] EgHew akfsle] Z Ha
H& vehle Ao Aggch McConnell 5M& 4
o) 4df-2 B 2 25, AR A7 YAl FE
Sk So wep gepx|a, Flel wel 15~237g
water/g9] & zbo)lE vlehdciy stk

Aot o g chitinde AlEA Alo] HAfe HEAH
cellulosest w58t} B4 ¥& 254EE el
chitin® t}= chitosane] ©f &x}7} gt} wb=A] A3}
A= ¢+Aub bulk density7} W& chitin % chitosan2
3 #2ke] Atel7l bulkyslEm g ¥o| AFE7] 47] oF-
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Fig. 2. Retarding effect of chitin, chitosan and other
fibers on the passive transport of glucase in vitro test
within 30, 60 and 120 min

E; 30 min, Z; 60 min, §; 120 min

off 287 ore o} uwldl 4B WG o] r
Zlth 2222 chitin® 8] R48Ee gdoAelsie Bal
gko] o13knr} bulk density & crystallinity®) o ske
7V ZA e Aoz Alsdr)

Chitin ¥ chitosan2| glucose &4 2| 1}

FA Aol Wt dgk F42 o187 glucose F5
A (z]1) &3}ell B} chitin ¥ chitosan®] 18-S 4!
&3k A3= Fig 29} 2t} Glucose retardation index(%)
& AHRSHE o, F4 Agte]l A E HA A
%T AR AHrF asldsd 7 &b £ %)

HE 3087k Ay} H 2 oulE A ejetal
A}}Q%c}, st glucose®] &5 LA 30%
ojujol] o)Fold o R &4fx7] wii-elrk

Chitin2] 761"?’ 18~29%2} =ed  &#7E 9lolar,

20~38%2) Geloll A ofal Eahi vpe§e v chitosan
De 38%=A /P & &35 vlebyel Pectin® w3
AgE WA =S 47%9] A E3E Jeped oL
o] f+ pectine] o Fof Fabxlel wi§- viscousstA
HD 2 glucose] &5 Aolrl7)i= oz A=

Aol Af7} glucose FF daFE vl oI E
°E~ gastric emptying rate S 71}57/(]; a1, 2 Abo]| 49

F3 Bdo? glucose?} EAME S 7k4aAF7] o

4l 26 4

A 4 5 (1994)

0.08

b 30min |

0.06 -

Glucose in dialyzate {mg/m!)
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[ 1 2 3 4 5 o 1 2 3 4 5 (]

Polysaccharide concn (%)

Fig. 3. Effect of polysaccharide concentration on the
passive transport of glucose in vitro test within 30 and
60 min

& ~&: chitosan, A—a; pectin @—@; cellulose

welebal ey qlok ole]dt e Fiw $hAjo) A
Hpo] FAs st AS oA HAdel T Ao
Af7b doka FFE AAATled ] ZAdbdelsn

BorE s oo, Chitind Fol| A &3t 713 2 chito-
san D Rp¥e] w9 ZiA|ub ®pge) el mpet
glucose &7 #ld A7} A== AL ol ofefdt
Aol fI= e Aol F3 dgelely] Hr} 4o
2 o) Hadolt bulkydt Aol @& W), AE
2}9) chitin, chitosan®] matrixell EzbeFe] =k glu-
cose?t w8l entrap®l e W7bxich Cellu-
loset= glucose B4 oA A7 wiotch

F-A 80 Folli= Aubro R zlad @3y} 30¥-Ho)

223}91 31 chitosan D9} pectin®) &3~} F1re{x 7hzb

.32%, 38%aoledrh, ¥4 1208 Fo) = chitosan D¢}
pectine] ¥]5:& %) FHHE lebdcl

Chitosan Fxol| @& o3k Glucose vl’y‘“ el &
7} 7}AF 2 chitosan D& #sled B4 W HNZE glucose
v ol HEbA 3l chitosan?) %“E—_i q&ﬂ] Blod
pectin % cellulose} vl T&¥ A= Fig 37 2o
Chitosan3} pectin® 1 %7} 3% 5ol Huj7bx]
Gap 74 2 BF glucoseF ) Aol L oolAe
el M A9 A pEe eblinh &8 cellu-
losets oFqbe] 32 glovt RE Frolx AT 4
#Folglal glucose 4+ A Hhel disfx A8e] F
wrb ed3ke upax] o= o Beldh Glucose 4
o4 g3k pectino] A RE Frel A sHF FAUAL
chitosan, cellulose] #9 & w¥ofc}

Chitin & chitosan?| bile acid &5
EX A]ﬂ—oﬂ ok o3k Chitin % chitosane] bile
acid % F2Hate] % ‘~H FrE oA AE SAE
ﬁﬁ}"i in vitro=. A8 A= Fig 49t 2ok £4
1417 & %4 9lolg 28] bile acid® #4& As}, chi-

Ax Fu

1 O



A7 A Chitin

4 Chitosan® Astahy 7]%5 4

50
¥ s}
= G
o
o
£ %
© £
o 4
s % g
[ 4 :/; 4 7 ;
o 20 £ 7 1 [ ';1‘ <. é}
E SO EHE T {
2 B 12 ERERE ;
= cRINC BRI RN
o HE L ] ;
TR EHEE L ;
YRARERSRERER R Z
A I
A HEEEHEE 1 [
A 4
oL._Eii : 134 134 13
A B C A B CUDTE F GCel
f A | (8 1
Chitin Chitosan Pect.

353

2 hours

Bile acid in dialyzate (mmoie /L)
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Polysaccharide concn (%)

Fig. 5. Effect of polysaccharide concentration on the
passive transport of taurocholic acid in vitro test within
1 and 2 hours

¢—@&; chitosan, A—A; pectin @—@; cellulose

Table 3. Water holding capacity of chitin, chitosan and
cellulose at different temperature
(g water/g dry material)

Temperature(C )

Fig. 4. Retarding effect of chitin, chitosan and other
fibers on the passive transport of taurocholic acid in
vitro test within 1 and 2 hours

Z; 1 hour, £3; 2 hours
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