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Chitosan and Acetylchitosan from Squid Pen and
Their Characteristics
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In order to utilize the processing wastes of squid, chitosan was prepared by intermittent deacetylation treatment of S-chitin contained
richly in the pen of squid. Acetylchitosan also was synthesized from squid pen chitosan with anhydrous acetic acid and their charac-
teristics were investigated. The amounts of nitrogen and ash of squid pen chitosan were 5.8+ 0.2% and 0.2+ 0.03% respectively,
the yield of squid pen chitosan was 25+ 3%, the degree of deacetylation was 92%, and the molecular weight was 1.15X10°, Acetyl
contents of N-acetylchitosan powder, acetylchitosan bead, N-ACF-1 (N-acetylchitosan film-1) and N-ACF-2 (N-acetylchitosan film-
2) were 55.9%, 63.2%, 56% and 58.7% respectively. Two major peaks, amide I (1,653 cm™') and I (1,558 cm™") bent, on FT-IR
spectra of the N-acetylchitosan from squid pen were almost similar to these of p-chitin. While there was a broad single peak at 1,601
em™' assigned to be an amide 1 bend in squid pen chitosan. The CP/MAS NMR spectra of f-chitin, squid pen chitosan and N-
acetylchitosan from squid pen showed a relative broad and single peak at 74 ppm assigned to fifth carbon (C-5) and third carbon
(C-3). In case of B-chitin and N-acetylchitosan from squid pen, single peak at 74 ppm was showed as the same of B-chitin type.
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A ARz B o 3479 g A7 19 44007 E
ol 4 (Kim et al, 1997) 019, A M3 4F& @A F2 o329 chi-
ting AT F Q7] W Ed F2 AY NS 53 2L AGF=E
BE chitosano] AZEZ At #AFA FHE chitin ¢-chi-
tino. 2 BAto]wt L8 =o] (Austin et al, 1981) ThFE 7154
AFAZA F437] e $H, A ol 59 AL F4¢ 2}
Yoju} 4o Ertwdite FAHE AL 9ot

olglg EAHES NI A% Wgez e £oo oF
F2A Agol Lo 2 o] AFAM FAF chiting o] &3
o chitosand ¥3e FHE Azdte RAo] B}t ARFHolg 4
Zrgh 240 dFo FHE Bchitin® a-chitin®] H)F EAA}
£0] A2 22 wgoz A4 Q7] Qo] FAL FAZER
8 AATFZE o] 29 gchitin X 833 F£40] 41 id
TFZol7] Yo guigh ZUSNNE 4 FEAE U £ 9
(&R, 1992).

dAFEY FE5F £3te Aol LA gd oF
o2 Y 1A% A AHEo] s¢ oJUE AAY AxE Ho
A2H5I glon AAES AYT AF 7HE A dF HEo

ua T
A FE gk 2 J9FL AX FF F 4% FE
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chitin® ¥ (Hirano, 1988)3l1 & ofze} 3o A
gle2 g (Kim and Lee, 1997) chitin AIZA) AlY A$-9 HE
Y52 A=Y g9 vuste &3 g A o= Hug AR
HQ oA e el FFAE JHAZ A mEpA 270
AEE o}4% chitin¥ chitosand] 4HF 0§42 FAE H71ES
A%E AHelge guldA o F_3UT & 5

AENA chitosane B2 7|54E 7HASdE E7381, 4
oM AAFeZ L Aoy frldde HAT 4009
4 #4937 22 fude SR &7 I H4gHeR
s o] 852 Eatn YUtk HIe) 2 J)F4E AN 9
3 weto g 38 F 44 g FEA Jfdo] TLHFoRH
chitosan®] st o3 7)53 A7t )AL QT (K
HEB %, 1995). L ¥ F Fu2 £ U OH, NH,, #3d 59
HE RCO-& X&d= wgog ofddst e chitosand
N-opdsle 712844 AHEE AEFE T 93 o]Fo3
o, 22} o} FME AR o2 N—o}43} 8o N-acety-
Ichitosan ¥H& @71 oF, $A719 oIt ks Fig
13} Zo] 3714 F5F9 o}43} chitosano] THE 2 £ Tt 9
N %79 o}43} chitosan F N-acyl chitosand S84 & A A
Aol AHg-EE goly} EA4T ZHEHNZ Fo o]&5H1 O-acyl
chitosan® FAZ%E AFEE (Hirano, 1988).

Hirano et al. (1975)2 F #3502 ol g3 chitin (o}
NEE8E 45~55%) £ I #4948 4279 71860 Fd
go] 152 BE A7) F acetic acid/dicyclohexyl carbodiimide

we rlo
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Fig. 1. Structures of chitin, chitosan and acylated chitosan.

(DCC) v BFz4oz Aolidadtozn ¢4% chiting
dg F dgn stk EF Bchitin® 2 FHol JE 2AE H
&ea xabo] EFE Lol £33 g Frxatez Mg
OS2 N-oid8 g §28 4 7] W& DotHEs =7} 009
4% chitin® 9¢ 4 A 349 (Moore et al, 1978).

A274] chitosandl B AT AU A$ 42L dsg @
achitin® 9832 3o F2 o]Fo] I, 240 A F/E
Bchiting ©] 43 chitosan?] FREA 2 EE58d. E4o #
47 9 2 F2A Adel B d7dde ojdg Yo,

2 dApdAe 240 438 o439 chitin, chitosan E ©}
28" =AY N-acetylchitosan® AZ2F F, FT-IR spectra,
CP/MAS NMR spectra® o] &3t o] 723 54§ ¥l
TN8t1, golA gl S S T3 Essy §4
& A,

R

1 dEx=

A 2% Y9 4 713 FFANA HriHe LA (Om-
mastrephes bartrami) 9Z-& 533t o] EAS AAZL AT
¥ 40CAA AL 4F AZAA S0mesh B2 EAE O
chitin AAZE& AEZ A3

2. Chitin ¥ chitosan H=
B 240 ¢Z9] 1N NaOH $94& A 5F &9 154 7135t

HEv - FHYG - - o] TH

ALoA 4T A F FA Az FAHLE AA chiting
A z3t gt Chitin 100 gol 40% NaOHE% 16LE 7H3tx 110~
115Ce A 907t awkdk 3 A9} Az FEE AA 14 chi-
tosang A2k 12 chitosand] 40% NaOHE% 16LE 7t
33 110~115Co A 3083 Zwhst F #A9 dx9] T3E& AA
AgoN st 23 chitosans AHZ3HH . 1344} 23} chitosand
0.IN CH;COOH &%o] &322 ¥ 10% NaOHE 7}8te] chi-
tosand AEA 72 F4 F 2 Az2so FAE 37 chitosand
Azt k.

3. duiME By
Aol AFH @
FEE FYrtdAz
dahi' o] wte} £A3

HE

Aol AF2RH %3¢ chitin? chitosan]
W, 38 243y, A2 FL micro-Kjel-
19 (AOAC, 1990).

4. N-acetylchitosan®| Xz

(1) N-acetylchitosan %M =

N-acetylchitosan £%-2 Hirano et al. (1975)9) Wifiel whet
chitosan 2g& 10% At 40mLE $ol §33tn o7]e) W
160mLE ¥ol aWd & 2M T2 200mLE 7H) 2&
ol A &7 u wEge) o o FAHE gelol HEEE Vs 2
g g gelt @2 223 uof dEH2 4 F P07t 9
e HA A HA AZAAL.

(2) N-acetylchitosan filme| H|=

Chitosan 2 g2 10% 2389 40mLel &3A7|Z &2 160
mLEZ 3A38d 1% chitosan&dE WE b oAFH3o] T
B (R2emX36cm)el ¥ F 50T IFAZTIAA AxA
At 2M FF24 200mLE Fol A € g8 feBdA
HEL 9 ¥ FHFE FASA FHAA F gel dryer2 F7 9
we 50~60TAM 20~30% AE Ax3Y FEFE Az
(N-acetylchitosan film-1; N-ACF-1). ¢] N-ACF-191M 42! car-
bonyl groupg AAF7] 18] | M-KOH/MeOHOl 4417 A= A
AANZ g2 27552 FHG FHAU F gel diyerE 23]
HE (N-aceylchitosan-film-2; N-ACF-2)& A 23t} Chitosan
film (CHF)& chitosan 2g2 1% 244 200mLol £33t
1% chitosan® e o d#3std 43T FEF (32emX36
cm)oll & F 50T IFAZAANAN FHF] AZAA 7]
IN-NaOH$& 5% ¥ 241 A% § W¥ N-ACF-13% w37t
A2 ZFFE A gel dryer2 22389 &S AxsYY.

(3) N-acetylchitosan bead2| H|Z=

Roberts and Taylor (1988)2] Wel et FHEAAL sorbi-
tan monostearate 0075 g€ %< 30mLol &3 & oA
10% ZA4Edd %2 7124 & (2%, wiv) 10mLe EREAT
o] TFEL N&H O warmning blenderZ F3A 71 65mLY
BE2AL dvbste B A2dA A3 mwaigd. oof ¥
o emulsion?® W&o o] 1A% ¢ AAT 5 e
G2l 2 beadsE diethyl etherd] HAAZ F wfAFOZ beads
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g oFstn 420 Az}

o] acetylchitosan bead= N-acetylchitosan film$ & o) &)
2 AHEE AgE2 AHEEA gted WeeS AHE-Etd beadE
HEUS W beads7t A2 FEASE e AT VAR Ao
Az A 74 FHE Foi)y] i & AHNE chito-
sang 10% ZAEAd) g3ete FF2a HEAA beadsE
Az A

5. Chitin, chitosan ¥ acetylchitosan2| E2|35X EM

(1) LR. spectrum &%

Chitin, chitosan ¥ acetylchitosand 200 meshZ v ¥ 4
Zo] AEEY 2mg? KBr &% (200 mesh) 100 mgs & H3}of
vibration millelM 1087 #43] EHFTF F pellete2 THE
FT-IR (BRUKER LTD: Germany, IFS-88)2 4,000 cm™'~500
cm™' FYA FA 3}

(2) NMR 24

2EAY T2 B NS 43 5L ¢ + U= NMRE
412 Varan Unity Plus 300 MHz NMR SpectrometerS AH4-3hoq
Zt AR E 1A FEE 25C, 74469 MHzol A BCS 2R3 QT

(3) EotME 3T ofME B2 &

Chitin, chitosan®] 2ol E3EE Sannan et al. (1978)¢]
Bl wet LR spectrumE EA3 Al M9 amidell bend$}
Axu®1 418 CH bendoll 3t FHE vl (Aisso/Aurs) S FHF Sa-
nnan et al. (1978)°] AAG AFNE o] &3l LGopdzLE
T3

90% ol4e] BelNEsEE BolHEsEst FOIE amidel
bend® 43 YEUAT amidell bende BEWEI T CH
AEAFN A Axad bendve "ol HEE7 Folx ¥}
AL 18 Miya et al. (1980)9) ¥E 2 IR spectrume
FAT AesNA Y amide I bend® AnaIA S CH benddl
FEE 4 (Awss/Ane)E T3 F Miya et al. (1980)0] #
AEFNE o] &3l dolAgse s T =& ohEF

¢

£ 2
o oX rlo

>
ol

| 5
%)& Domszy and Roberts (1985)%] W02 ofgjol ze
ZREH P39

Acetyl (%) = (Ajsss/Asaso) * 100/1.33

lo

F
2

4) 1#dz &Y

IFHEE AEE 27 02gS formic acid 200 mLol 3¢ ©
+ Ubbelohded EA# HATAE A&t 25ColA 43R0
o ALR-d o] diEd 4 AlE £ AYIEE gRH)g
BA#HS Fhsted 298 Azt w2 3§ OF o|2RE H
Fed FUAEE oty HJoziy g o 4 #9F=
g TE9e BAE Fxdte Yo TRHEE Figey
Aol ZAugtel wE WaE FAIAL

Relative viscosity; 1= 7;"

Specific viscosity; 1= (_TI%Q =1
=0 _ M

Reduced viscosity; flea= n_ C

Intrinsic viscosity; [5] =lci_rg(} (%m) = (Threa) o
7 S Ax g £99 Ax C 299 F&

(5) Chitosan2} X2t =3

Ubbelohde¥ H=AE AHE-3lY chitosan® 02M AcOH-01M
AcONa &3 899 = 30CHA THHAEE 731 THAEY
TAFY #FAE AFHFeZ Jebd Mark-Houwinkd 3 Ri-
naudo et al. (1988)0] & AFE o] &3lo] ¥z Faigt.

[n]=K M*(K=1424X107%, a=096)
h_/['_ 0 log[vﬂ—logk

- a

27 o 1%

I. 230 9F chitin ¥ chitosan?] YHIME
€ AFe AEA 240 A2 o]2HH AZF chitin ¥
chitosang] Y¥HYE 2 F£8£2 Table 13 2 240 A==
chitin, chitosan®] FAgHFE 2t 121%, 81%, 58% olglon
S ¢FS 42 08%, 04%, 02% 2 YEINT 240 Az
chitin, chitosan®] HEHFL 1% |32 A A8 EF v]x3H
o god 434S AZRSAE B3 chitin 2 chitosan®]
&3] 8.1%, 58%¢ AL chitin ¥ chitosan AA 7} 7FA 2
Ae obueie] AAVE 4 Fol £7 HY7) fEolg 44d
gAY A9 e gutdoz ALdge] 8% IE I
FFol 40% A=Y Aoz 2eA ded (Kim et al, 197) &
o] A2 A A9 el vle] AihFee) Gt & WA
e A %e Aoz vgyd, geta £ d7dAE chito-
san A28 FLDARY chitin AXA 23 B & AFE = Y
A= ol 23 #Ago HFL chitosan AF Al @53
Ay A7 ERE 7[g¥ § 9oH, chitosan HMFAl GAFE

Table 1. Yield and chemical composition of squid pen, chitin
and chitosan (dry basis)

Squid
Pen Chitin Chitosan
Yield (%) 100 36+1° 25435 (70% )¢
Nitrogen (%) 121£05 81403 58+02
Ash (%) 0.8 £0.03 0.4£005 024003
Moisture (%) 56201 37103 25104

Each value was expressed as the mean standard deviation for
5 samples.

a; chitin (g) / pen (g) 100 (dry basis)

b; chitosan (g) /pen (g) 100 (dry basis)

¢; chitosan (g) / chitin (g) X 100.



566

ol A 7 oG gF BEE ox Fx A F AL
Aoz 71 At £% chiting &2 36% 2 gitdoz Az
B 2% chitind $& (22~23%)9 v3lH xe Hojglon
Ao dFzRH HFHoZ UoA = chitosan® F&E 25%
A

II. Chitin, chitosan ¥ acetylchitosan®| S2|313HH E4A

1. Chitin, chitosan % N-acetylchitosan?| #+XEA
(1) LR. spectra

Chitin, chitosan ¥ N-acetylchitosan®} +Z& #913}7] $13¢
IR. spectrumS 43¢ (Fig. 2). Chitin 1,653 cm™ '} A
amide I & 1,558 cm ™' Al amidell o 9 & &< peak7} VrEFSLT),

EF A A$9 #Fo2REH Az§ ochitindl oA
amide I bend (—NH,)¥ 1,640% 1,620cm 'l A 2719 peak7}
A71e ¥4 (Kim et al, 1996)9] ¥ o) AHS3 240 dF2
58 A2 Bchitin® 1,653 cm ™'l A 1719) ©Y peak?} YERYTH
(Fig. 3). ©] A#E Kim et al. (1996)0] 230 GZZHH Az
B-chitin® FT-IR spectrum Z#¢} YR)& At ol d a-chitin®
Bchitin®] FT-IR spectrum 20| g-chitin®] B3t p-chitin®]
A4 WF e B 2A4 Ateld A= e $AhEF0
3 JdAeR W AYTZRE o|F1 QU] WEog Ay
of Atk ol T AT x Aolv A& ¥E 5HOE 49H
ofd & dedl, achitin® ERAIE0] M2 9¥YFoz FX 0
o By Atoly Be £4A%d o3 Auyd AYFRE

Transmittance(%)

ol
2

L= 3
\\/
IS0

2500
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Fig. 2. Infra red spectra of chitin, chitosan and N-acetylchitosan.
a, Chitin; b, Chitosan-1 (deacetylation for 90 min at
115~120C); ¢, Chitosan-2 (re-deacetylation for 30
min with chitosan-1); d, N-acetylchitosan.
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Fig. 3. Infra red spectra of amid I bend in chitin, chitosan and
N-acetylchitosan.

o] F glo] Eoll o3 g HA FAT fchitind RE ZA4
7} 2& WEo 2 HyEs o] A&tde F2A% o) EA3A ol
Atg Atold) EEAZL AYdte] Bgo] dojuA @] wieldt
I B2 Bchitin® g-chitindl B3 & $$A4E 744 £ 3le
o arebx] GotxgEst §olsttt (Kurita et al, 1994). Chitin#
chitosan®] LR. specturme AHE Y, chitin®] A= amidell bend
7b 1,558 em ™'l A UERSEAL chiting 110~115C9) 40% NaOH
Lol 90&7F BolHEstet chitosan-191A4E 1,589 cm™ ' A
Uttt E o] chitosan-1% FYE @A 3083 A2olA
93}é chitosan-29 A+E 1,601 cm™'A W& peak’t WERS
REZ Hot amidel bend?l RO 2 A7 ot} E3F N-acety-
Ichitosan®] 7 p-chitin® wF27FAZ 1655 cm ™'l A amide I
bend?t YEFE2 B 1560 cm ™'l amidell bend?t UhERWtTH
Kim et al. (1996)°] 2|38 N-acetylchitosanE 1,640 1,620 cm™
o] A 2789 peak7t A7cizn FFded B 4PN Bchitine
AZE chitosand N-acetylation ¥ ZAF 1,640 cm 'A<
peak’} WERST
(2) NMR £4

& A5 9= chitin® chitosano] ¥t fujdls HX| oo
Z 1A gyl M 2T 4 v 1A LESF NMR (CP/MAS
BC-NMR)& ©|-43}4 chitin, chitosan 2 N-acetylchitosan®] +
Z& #4389 (Fig 4). Chitosand] 24 90% °]’de 2olMdY
3171 A8 = o] chitinol A Yele 22 ppm 29 CH:$ 173 ppm
229 C=0719 peak?’t A teh}A] gsioh EI #4297
C-39 C-5 7} a-chitin®l A= 73 ppmTt 75 ppmel A 27] 9]
signal2 e} =Y, a-chitin AFEE 59 & 274 AE C-3 4
Bchitin®] UAME 74 ppmol A & A9 signal2 ERTH o] A
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Table 2. Degree of deacetylation of chitin and chitosan

a —chitin
Chitin <3
“ 4
C=O ‘
sS58B
",
Chitonan

N-=acetyichitosan

250 200 150 100 50 o P

Fig. 4. CP/MAS “C NMR spectra of chitin, chitosan and N-
acetylchitosan.

& achitin® ¥ ZE OHZI7} #42% Fed 9943 72
7hA 3 Ao ArAhAe g AMe F9 27 W C-5 dAY A
Azt Atolol 4] AHIL, FAld CH,0HS thE 7]
o C-6o ZHE AAaYa} Apolo] ¢aAFe] FAH o] glod
Bl B-chitin AbE9 BaFo] 2L HIYFRE o] FR 3l9f
M2 g 2719 C-2 A AMT #aZ7 ] oty giolt,
HAZ g, p-chitind] Aol C-37 C-59 383 o|F (chemical
shift) xte] wEoletn W@} = N-acetylchitosan® Z+E o-
chitin¥¥ FeaA e ¥AT pchitin?e TE signals 98
& 1Atk Takai et al. (1988)2 PB-chitin® 170ColA 243t 7}
A3t A& chiting B¢ 2T 74 2¥HE S/HAA C-3
B C-59 94 signalo} 2709 signal2 &, achitin® 2 Wi
g A7 st B AgoA Aol L chitosand o] -3}
o & Z=F N-acetylchitosan q-chitin® p-chitin®] FE3H .

2. Chitin ¥ chitosan®] ElOIMEBIT e} Sxi

Chitin® chitosan®] @olAE3 =S A3} Table 29] YE)
Aok, gz o2 A A% chitin® EorAERET o 10~17%
Ade vE 240 AF chiting] ol EIAEE 132% AZR Y
2 g2 o] A& I N NaOHE AH43to 2oy 3l A A
Bchitin®] 7FAE F2H Aoz 3y o= Hx GolAH
7} dojuiy] wEoletm AEek 110~115CAHAM 908237 EofAl
93} & chitosan-19) Bl E3 e 787% 0oy o) AL 308
Ax Aol a3l chitosan-2 92% 9 ol Es =S Yel
At

Ao AF2HE HZ# chitosanS 02M AcOH (CH;COOH)
-0.IM AcONa (CH;COONa) §o $=82 = Ubbelohde

Degree of deacetylation (%)

Chitin 33.2
Chitosan-1* 78.7
Chitosan-2° 92.0

a; deacetylation for 90 min in 40% NaOH at 110~115C
b; re-deacetylation for 30 min at the same conditions of chito-
san-1.

Y AeAZ £ THHEE 93815dL/gol AT THPES B
Ao #AE Mark-Houwink?), [n]=KM°Z Ueld # glo
B 714 [n]& LHAEZA 3 A9 SHE TEA AHE0] &
o YoM xRde F3 (hydrodynamic volume)E 97]3}9 K
9 g TEAY B4 Lo 219 g 2R 4ol
Rinaudo (1988)9) A4 K=1424X1075 a=096% A ¥ A T3
IFHE 93815dL/gS Mark-Houwink 4o thl3te] 7 chi-
tosan®) ¥AFL 1.15X10%]t}h (Table 3). ©J A& Kim et al.
(1997)0) gk 424 @40 AF chitosand] £AHF 1.20X10°
g} oz &gk

Table 3. Intrinsic viscosity ([n]) and molecular weight (Mw)
of chitosan manufactured from squid pen

[yl (dL/g) Mw (X109*
9.3815 115

*Calculated from Mark-Houwink’s equation with Rinaudo co-
nstant (K=1424X107%, @=096), Mark-Houwink equation;
[n]=KM®

3. Acetylchitosan HZgtg{of CE OlME &2fo] H|w

Table 4% acetylchitosanE 9] obHd &F (%)& vetd Ao
Z N-acetylchitosan ¥%9] oMY & 559% AL, acetylchi-
tosan bead, N-aceylchiotosan film-1 (N-ACF-1), N-acetylchito-
san film-2 (N-ACF-2)€ 4% 63.2%, 56.0%, 58.7% ©Z N-acet-
ylchitosan €23 N-ACF-19] obH Y #F& & Aol & veEhiA
skt

Table 4. Acetyl content of chitosan derivatives (%)

Acetyl (%)
N-acetylchitosan 559
Acetylchitosan bead 632
N-acetylchitosan film-1 (N-ACF-1) 56.0
N-acetylchitosan film-2* (N-ACF-2) 58.7

*The film was treated with KOH/MeOH to remove the ester
carbonyl group from N-acetylchitosan film-1.

FiK et al (1991)2 && ZA/MeE o T LojAdA v
$AN71E amino?|7} AdFog ofdsise dR O-opdd}
dojd AL 1 M-KOH/MeOHOl 427 AR O—oli7]E
Aeadoz AAE 4 ddx FHdoh & 4F 9 N-acetylchitosan
film (N-ACF-1)& 1M-KOH/MeOH9l 447 Az HAAA
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BHE N-aceylchitosan film-2 (N-ACF-2)cllA] o} € ko] 7}
g Astol ARGl E£F acetylchitosan bead’} 63.2% Z oAl
9 #ol 7} U9 AL AAHO 2 N-acetylations 371 9
g goie] 202 Agdte WEES AHSEtA 91 10% 24
g 4ul2 ALSEH7] WE O-acyl®rl 3WH 61 ©i9
OH7IY o= Ax dojit7] Yoz A= oA

4, Chitin, chitosan % N-acetylchitosan®| DFHT 3|

Chitin, chitosan % N-acetylchitosan® E &4 (88~92%, 4§
Aehel 01% 2 &8st 229A Ubblehode® FEAZ A7
o] B2 nHPE WS BFAEYDL (Fig. 5. Chitosan®] B4
chitin® N-acetylchitosan®) ¥l AAFo2 I{FHE7} %
3, odayol Hlsh 59 AH F IHAZE chitosan 1641 dL/g,
chitin® 545 dL/g, N-acetylchitosan®] 3.81 dL/golQtt. 2 F 2%
A gtstAl g43te] 25UAE chitosan 1439 dL/g, chitind
1.31 dL/g, N-acetylchitosanol 106 dL/g0 2 IHAE7} 248
t}. Chitin® N-acetylchitosan chitosandl| ¥3te] HFAE7} 2
A gAzAes 53, chiting A4 SE9A AHAE ZFFHEL 7L
A 2 Zo 2 A3 Jean et al. (1982)0] EEAte] 3 E 1%,
2% chiting A&l 409 ¢ FUE @ FEWs}t A
3 A% 2o 492 dehhdth B8 2719 chitin® Y N-acety-
Ichitosand] HE7F ¥ A& N-acetylchitosan®] ot E =7}
chitin 2t} ¥ @Folzgtn At 304 AH F chitinF
N-acetylchitosasn® LHHE7F A9 0o 71HAl vebd o=
Bo} ol5 ¥x9) 37t diE AFHALE ¢+ AT A9
AR Mo} o)n] PHE0]A N-acetylchitosan 22 bead't film
S Az&7) g3 TEAA %Y A UF B BAF At
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Fig. 5. Changes in intrinsic viscosity of squid pen chitin, chito-
san and N-acetylchitosan in formic acids a function of
time at room temperature.

—{}, chitosan; —/—, chitin; —O—, N-acetylchitosan.

SR - o2

dojut beadtt filme AZY 71 Aok wetA o9 AdFez
beadtt filme VEE HF Fo oMEFE e o] BFA3F
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