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Production of Chondroitin Sulfate

from Skate Cartilage

Joo-Hang Lee

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

Abstract

Chondroitin sulfate is added to foods and cosmetic products for its
biological functions against arthritis, osteoporosis, gerontopia and skin-aging.
It also plays biological roles in biomineralization templates, nerve system

and human growth.

The most effective liquefaction condition of chondroitin sulfate from skate
cartilages(Okamejei kenojei) was studied to develop a functional ingredient.
Enzymatic extraction method was applied by using various proteases.
Compared with various proteases, Alcalase treatment was most effective by
higher degree of hydrolysis of chondroitin sulfates and lower economical
cost. In the case of skate cartilage, 2.0 % Alcalase treatment(dry basis)

gave the degree of hydrolysis of 61.6 % and chondroitin sulfate content of



21.3 %, when hydrolyzed at 551 C and pH 8.0 for lhr. Hydrolysates of
skate cartilages were filtered by centrifuge, concentrated under vacuum,
dried and ground to a fine power for preparation of crude chondroitin
sulfates. The purified chondroitin sulfate from skate cartilage was separated
by fractional precipitation with isopropyl alcohol, DEAE-sephacel
ion-exchange chromatography and ultrafiltration.

Precipitation of skate cartilage hydrolysate by 40.0 % isopropyl alcohol
had higher yield of 20.0 % and chondroitin sulfate content of 69.0 % than
those by other isopropyl alcohol concentrations. The optimum condition of
isopropyl alcohol treatment was 10 Brix concentration of skate cartilage
hydrolysates and 40.0 % concentration of isopropyl alcohol. One fraction
was obtained from the isopropyl alcohol precipitate using by
DEAE-sephacel ion-exchange chromatography. Chondroitin sulfate content of
the fraction was 78.0 %.

Treatment conditions in a batch type ultrafiltration unit using YMI100
(molecular weight cut-off, MWCO0=100,000), YMS50 (molecular weight
cut-off, MWCO0=50,000), YM30 (molecular weight cut-off, MWC0=30,000),
YMI10 (molecular weight cut-off, MWCO=10,000) membranes were
transmembrane pressure of 1.0 kgflem’, temperature of 23=1C, and pH
6.5~75. The contents of chondroitin sulfate from skate cartilage
hydrolysates in YM50~YM100, above YM100 membrane unit were higher
than those in the others. The contents of chondroitin sulfate from skate
cartilage hydrolysates in the YMS50~YMI100, above YMI100 retentate were

shown to be 81.3 % and 82.2 % based on dry matter, respectively.



Chondroitin sulfate C of standard reagent and three purified chondroitin
sulfates by precipitation of isopropyl alcohol, DEAE-sephacel ion-exchange
chromatography and ultrafiltration from skate cartilage were compared by
using a variety of 'H and ”C NMRs. The 'H and "“C NMR spectra of the
chondroitin sulfate purified by ultrafiltration from skate cartilage were

similar to those of chondroitin sulfate C.
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Chondroitin sulfate= Aol & YA 43} mucopolysaccharide®]
F 2% N-acetyl galactosamine¥} glucuronic acid®] o] @ x| w7} ur& A
o8 HIoHE 72E /MM Fre AgHFd 2 A A e u
2t A, C, D, E, K& EFf5 o]z ch(Mucci et al., 2000 ; Sugahara et al.,
1996)(Fig. 1.). Chondroitin sulfatet: TE %2 F A=, 9y, HN¥y =
o dgzAd g £¥xHolA Qo dwAs Atsta] proteoglycan
o) gul2 EAFTHScott et al,, 1995). ¥l AFL 20 %] ZepA

<

6 %2] proteoglycan® & A ¥ o]z ¢l o v (Meyer, 1990), proteoglycan-&
core protein®)] keratan sulfate$} chondroitin sulfate”} 7 3+3}¢] =7 3k}
(Naji, 2000).

Chondroitin sulfatet= 1% o] F7}8bo] wpe} Zd4sta] w32 YEh)=
Atz gAdE&ded #ost 29 ojyel, 2F Aol= A zz A
T &4 zd&A H= Aoz A4 vh(Bayliss, 1999) o,
chondroitin sulfate:= collagen Ay 34 5ol Bodsta iz W chulzlo] A
o £ o wste] £3E Al Ao HuHol 9o
H(Ha, 1999), St 5% dolol HE4HA 249 A48T A4S o
Asto Foke] Aol - 248 olAdcm  FH}(Kim, 1995, Moon,
1998). 53], chondroitin sulfatel= HFA A AP &9} oule)] =Y
s MR A& But ofugt v 5A(LDx=9,800 gkg)S Mol
ol @A, ofekiLotol A HPgRdgde Ago] o] &% rH(Omata,
2000).

Chondroitin sulfate®] ¥ U8 &A SATFEE = 2~ dAF &9

i



chondroitin sulfate”} = f¥EL A st Yoy A 5o Fo8, 7
A, diF 0-15752 29 o=z A3 A4 otdAo] A3l H o7 o
FHol Adol dF [el chondroitin sulfate”} o] & A3l JcHFDA
reports, 1997). FAEE F Aol 2 BB s ATolRmE
o7} dEAoln, AEsE AZIFRE A Lol 2Ll F 30
AFos F4d A Fob(Holocephali; chimaeroids)a} ol &, 7}e el
2 o/ T 9 850~1,000F 22 FAH= FA] o} (Elasmobranchii;
sharklike fishes)© 2 Um 4 Q= o] F Fo|F of 280F 0] Ry
of AEa HeuF F o W ol4e Axed AZolFAN
Wog 25 2o % @reong, 2000)

Folt ozrH fHUdE nEd 5% AN AAGON ow
A AFew Il AdrE FHow sl wAAEoY aw
7bEol ol g Anj7t o] Fojxa Ut Folek e AFolfHe e o
FEG HAa3eEs 24, dEYol, TMA 5§ %ol it glo]
572 o#HE 7R Cha et al, 1985; Park et al., 1968). & A, = &
of ZhEHAANAME 7hERAEQ A= Aehs H8 AlsRy &
& ARHEUOY olHF EFo4H 5H oFAE g 1 o] 89
ol &ol Wol 1 diFEol #H7 A de Aot

GEkA 2 AFelAM = T EAACANA A EHE JFERAE]] A

L
T

S o] &3t a¥77Al 71 A chondroitin sulfate A ¥& % - E g
st AE2A 2 AFORY FRIEWNS AR Hote] wu

2 2ARAE
%8 ZodF FANFTENESZRE chondroitin sulfate® F & &0
2 8- AAste gy #ate Ay



COOH

NHCOCH;
B n
Chondroitins R’ R? R R°
Chondroitin H H H H
Chondroitin sulfate A H H SOsH H
Chondroitin sulfate C H H H SOsH
Chondroitin sulfate D SOsH H H SOsH
Chondroitin sulfate E H H SOzH SOsH
Chondroitin sulfate K H SOsH H H

Fig. 1. Structural formula of chondroitin sulfate.
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Ll A=

= AelM A8 F-ol(Okamejei kenoje @& Hebd=el 91x&
Zol ZHEA (AT EAFoEREH dF JHE Aewgod o
T AF Hojgle 5 R JF=E AAY] AW FoAdzE
97+1 T |49 A5l I m
& YoM FAdez AAR | A, Wi A Holx F
o] Z L chopperE E3] 2 F, 200 g8 ZTetxg Wo] W
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k1
o
>
N
o
ug
2
ox
i
2
o)
o
Ho

in 4

1.2. A<}
B 280 A}f 5 0]& chondroitin sulfate C, D-glucuronic acid lactone L
2] 31 Papain(EC 3.4.22.2)2 sigmaAle] AL U353 2, Protamex &35
Av A EFA3 AL A F U5 2™, Neutrase, Flavourzyme 18] 31
Alcalase:= Novo NordiskAlol Al 743t 71gF Ak A8 5+

Ape-a gt

o



&t A mad HA PP JheRestsit. 5, Papain(25T,
pH 6.2), Neutrase, Protamex, Flavourzyme(50C, pH 6.0) 2 Alcalase(55C,
pH 8.0)5 Al&38lo 7hEsiE AAISAY. 48 48 A77] 989
99+1 T "8 FolA 15 min ¥x3 }-& 3,000 rpmoll A 30 min YA
wddta 5 dxste ZodEFo e EdE(Radd - @ &

Aye Azsr.

14. dZe] AAA & Ngo Ax
Fole dFoF 549 TMAOS} ureaol A F#dtE TMAS ¢t=uo}
o A AUIAL Tl ol oo a&A AAE A& Ya9
Axe dAZA 2 AeE dAdr A 5348 Fig. 20 4
ElUiglch. wix, AYPEE chopper® 3 ohe EHE 200 g 3u)
Z9] 0.1 M NaOH&4& 7}slar 4421 CollA 24A17 5<¢F alwkA] AT
T ZFoldIT L pHIE TG G DI EE FFWAK)=EA
T3] FAG I o]F 50E1 TeollA 4% dxs oS Bdste £ 2

‘60 mesh)o. 7 AFxtGTE Fold R dol Alcalase 2 A5tz
oz 7lrpRaE AAZ 7 245 A" A7]7] fste] 9911 C

moj| A 30 min YA Eesla B

p
Azt FolAze AFEABHATY - dwd 22 Az

FojdHE FAEUY - M A2 RE chondroitin sulfate® H-2]3)7] ¢ s)

isopropyl alcohol #W AL sHeeh %, FoldF FaThd - guwAg
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Emission Spectrometer, Thermo Jallell Ash, ICP-IRIS)®} <=}

(Atomic Absorption Spectrophotometer)
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2.4. Brix o] =A
Thris oA FHAEE FREr] st dEAZ7|(Hand
Refractometer, ATAGO N1, N2)Z A}&3}o Brix 32 =435t}

2.5. Chondroitin sulfate®] A 3F
21 F-F (20000 99 MAF) 13-16 H-ATF - HAAE HAFHEE (3)
D3}9] chondroitin sulfate 3+3F AJFPEAHaAl 9 AstA AHF AT, =,

AAE FRo| FHHA WES AHA 03 g U AYH & F

zkzre] vl Mo AAH FFEAE AT 1 mNE FH AlY 9ol
Foste] 7k & FA] E3hetar Wzt 9+1 T ol 10 min
HEAZ 5, FA LEEE G A H ZHzbe] u] X g
FhtEAl Y 02 mlE 53] 7hste] E3)sta 99+1 T &AM 15
min &AL YR A7hA Yzt ol < diste] &
1.0 mlE AMEste] FdshAl £238 & blank®2 3}, 530 nmol| A F

FeE B3I AE A3 v Ao ue}l chondroitin sulfateo]

N

- 12 -



ZzRolz 4k §FF = SFAELH%) X 2.593

T =aas aago <ETE(£)x1.1023
- el PECRCICEY 100 2.593
7|4, 25930 1 = ol Ao B /) FRFLEMNS B
1.1023 : SFF &Y FAF / §-SFFEYHEY EAH

2.6. Cellulose acetate membrane electrophoresis

A EF374(20000d 99 A W) 13-16 wEHTF - EUAE HDAFEE )
o] chondroitin sulfate FAAF(A7)1FS)Holl oAzt A8 d
Z, 5 cme] AEZ QA ofMHolET S TH(E)olA I cme] Ao 0.5

em E HACR Aol W EEEAL 47 1w AHsL HE)el

FEx HelA 0.5 mA/em 20 min G52 5L, FES EF AERQ
22 opMHolEvhE AUl FAA 5 min 8
13 A5 thgodl B2 23] A2 4S5, Fr2o|xage g8 &

Qg 9)Ae] Aol WE()E BHelsech

2.7. Ion exchange chromatographyol 2] 3} chondroitin sulfate?] ¢
Chondroitin sulfateE A A 37] Y3t chondroitin sulfate 3}2Fo]

40 % isopropyl alcohol A & 20 mM A4t (F LA (pH 7.0)2 5
AeAz) 0o AdBa st 4Zole Hahw, ge $Egolow ulg
¥ & 3} 3t DEAE-sephacel ion exchange column (3.0 X30.0 cm)9] loading 3t
NaClE 73 458 A4S A&t F=7wH0.0~1.5 Mes &
(4, 30.0 mbhr ; 6.0 ml/fraction)g+ Th3, 280 W 530 nmoj| A FF =

+

._13..



2 Z=2A38}9 crude chondroitin sulfate ¥%-8 A Z3s ).

2.8. Membrane filtrationol] 2] 3 chondroitin sulfate2] ¥ ]

Chondroitin sulfateE A A|3}7] $13te] membrane filtration(ultrafiltration,
UF) 34<& AA#2o1 membrane filtrationo] A}§3 RELS FTFAMY
(Hollow fiber modules)©] 1 11 molecular weight cut-off MWCO)E & 5}
o YM100 (MWCO=100,000), YMS0 (MWCO0=50,000), YM30
(MWCO0=30,000), YM10 (MWCO=10,000)c. 2 Rz 3Ac}t. A, o4

= Faod - 9wMae 20 Bixz S84 7 odulelvaAEg 4
A8 olX 5% AS 5% CZ ALgdle] JRSURL, RFHL AL

A AAZte g wmgEd o3t WlE WA sty fs 121 TolA 15
min Ad A E AT AvE AHdE AR d4AD H,
YM1009] feed® st o 7z} @A 9 feed:= A @A S permeate® 3}
th. 7} @Al9] retentateE 3| et FE - Axd H, e A AL
HtE #A5T

2

29. FT-IR £ 4

S 718 B3 AHME 3 ion exchange chromatography 12} 3 membrane
filtration 2382 217} A 7|9 58 %3] A3 2, chondroitin sulfate’}
gelxEo] M}, o]lg gt B & E-S FI-IR / Raman Spectrophotometer (Bruker
IFS 66 / FRA 106, Germany)Z 2A{3to 2 B3 E 0] chondroitin
sulfate® A s34},

2.10. NMR 34
300 MHz FT-NMR Spectrometer(Varian Unity Plus 300, USA)S 53} -+

- 14 -



7180 2EIHdE9 jon exchange chromatography 18|31 membrane
filtration X &< chondroitin sulfate X &Z3 H]W3a 'H-NMR,
PC-NMRo 2 FA 39t
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Fig. 2. Manufacturing process

Crushing raw skate cartilage (Chopper)

l

Treating with alkali of 0.1 M NaOH, 24 hrs,
3 times(w/w), 4 C

|

Neutralizing by running water (pH 7.0)

Drying raw skate cartilage (50 C, hot air drying)

Crushing (Mixer)

Sieving (60 mesh)

I

Adding phosphate buffer (3 times, w/w)

Adding Alcalase (2.0 %, w/w)

|

Extracting (55+1 C / 1 hr)

Inactivating (991 C / 15 min)

Centrifuging (3,000 rpm / 30 min)

Removing

precipitates

Concentrating (12 Brix)

|

Drying (Spskate dryer)

Mucopolysaccharide-protein

product from skate cartilage.

...16...

of mucopolysaccharide-protein




L FolazFe ANAR 2 T4
B Ao AIE3 o] A9 AR ¢ HBAQIIEL

o] Table 1¢] YetdIdct 2 A3 AEFY AFoAes 2dwd A&
o] 43.6 %, 3|F°] 403 %EH Ao UFF& AAFPRL BFIES
9.9 %, FEL 47 %o ZALL 15 %9 F& FFE By
Chondroitin sulfate®] Z$-olAE 1.0 %= ¥ F=XE ez glo
1} o]l dwiga AstE 3 e}l mucopolysaccharide-protein . 2 & A 3}
7] wi-o]1 chondroitin sulfate®] S =o]7] YA+ ol]dt G
Aol AU E Bo] FEdEE w=x Zo] d4 4 o] th(Huckerby
et al., 1998).

g d7] dae A4S 2263 mg/100ge 2 vl 2 & Hil=H
ol Aoju} rteg 2 WAFAE 4 FdEFY g4y TMAOE 3
Fate grdel, TMA 2 DMAS] A o] B di5olHdA 7
3 Zo]tiCha et al., 1985).

N
X
I
e
K-
K3
o
o
2

p
>
=2
R

72 %2 & F/EEY A HEHUAL
% Ca¥} Po] 742} 30.7 %9t 188 %=EA w2 IS HEHHH. T4
F MR Ee] A$e Cadt Pol ZHz}t 1.63 %<k 0.03 %3l S3} Nag
ol 247t 2.56 %9 1.78 %= ¥ IS veludr. 53], 7R
s Eeo] FrIHEA Cadt Po] T Hla] S o]l ¥ & FE
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Table 1. Proximate composition of skate cartilage

Components Raw Dried*
Moisture (%) 779+1.4° 4.7+0.1
Crude protein (%) 10.8+0.2 43.61+0.2
Crude lipid (%) 1.3+0.1 1.5+0.3
Crude ash (%) 9.2+0.1 40.3+0.0
Tatal carbohydrate® (%) 0.9%0.2 9.9+0.2
Volatile basic nitrogen (mg/100g) 30.60.5 2263123
Chondroitin sulfate (%) 04+04 1.0+0.7

? Dried skate cartilage
® Mean * S.D.

c

100 - ( moisture + crude protein + crude lipid + crude ash )
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Table 2. Metal contents of skate cartilage before and after

Alcalase treatment

Content, ppm (Dry basis)

Metals
A B C
Ca’ 10.4 (%) 30.7 (%) 1.6 (%)
P’ 7.2 (%) 18.8 (%) 0.03 (%)
S’ 1.9 (%) 0.7 (%) 2.6 (%)
Na' 1.3 (%) 0.4 (%) 1.8 (%)
K’ 6601.4 39.0 2120.6
Fe' 74.1 333 73.9
Zn’ 80.6 219.4 17.3
As’ 35.7 N.D. N.D.
Pb’ 10.0 18.6 6.6
Sn’ 1.7 N.D. N.D.
Cu’ 9.7 21.3 61.6
Hg™ 0.02 0.7 0.02

*  Analyzed by ICP Atomic Emission Spectrometer

** Analyzed by Atomic Absorption Spectrophotometer (AAS)
A : Dried skate cartilage

B : Residues of hydrolysate by Alcalase skate cartilage

C : Supernatants of hydrolysate by Alcalase skate cartilage

_19_



JEeERIY+=H ©]E chondroitin sulfate®] A7 2 HE 7)28lE £x9)
P

AT FY FEUYGS IdRAI Fd3gd dHE SA4TH. 2dER, 7
sohg 248 Azss] AeAE aude 5849 Aras Qe
58 Asadstn e
520 7142 =9 chondroitin sulfate® =X 30 24 FA7I5 R3]0
A% HA 3405 HAAstaA oA
Zold =g 7E2 & o 74F ol i A4S AHEStY] Tl
30 % W 7t Bael A pHoIA ASEaety, 4
Zhri e & o 7}E el =9} chondroitin sulfate 35S =7 3to] Table. 3
of el 1 Ax, 4% 9l F8 54 ddAE S 4F o
wARNgs HolF FAH<1 Flavourzyme £39] EAEA
chondroitin sulfate®] %2 17.5~20.0 %oz YEQY. =, 7tE @
AR aiol dAAE L HHEAE o2 A3 chondroitin sulfate] 3=
Aol A5 ZhrEsl e dolA= 63.1~80.0 %2 I AES
E 4o uwe} xo]lE rojir ¢lor} chondroitin sulfateo} 3tk Al g5
520 7144 med BeS o Alealase:= 1 kg § 8654 ¢} &
Ao vs) M AT 7t ow AvjHE Ao AP o 84 F
L dAdS e« 7}

yls

ok
o,

o) A} chondroitin sulfate®] FE a3 2 F&

3 Age Aoz vpehych
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Table 3. Degree of hydrolysis and chondroitin sulfate content of

skate cartilage homogenates by proteases

Proteases® Degreff of Chondroitin sulfate(%)
hydrolysis(%)"

Flavourzyme 71.3+0.2 19.23+1.5
Alcalase 63.1%1.1 17.85+0.8
Alcalase + Flavourzyme 748+1.9 1747120
Neutrase 69.8+0.4 19.95%+0.7
Neutrase + Flavourzyme 79.8+1.3 18.82+0.6
Papain 69.5+0.7 18.03+1.6
Papain + Flavourzyme 79.5+1.1 18.96 0.4
Protamex 669119 17.81 1.1
Protamex + Flavourzyme 76.9+t1.4 18.53X+0.6

* Enzymes were treated at the optimum temperature and pH ( alcalase; 55°C/pH 8.0,
neutrase; 50 C/pH 6.0, papain; 25°C/pH 6.2, protamex; 50TC/pH 6.0, flavourzyme; 5

0°C/pH6.0).
b Dry basis(w/w, %), Mean®+ S.D.
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3. Alcalaseo] 9|3 FoldI9 HA 7lis) £19 4A
Fojod 2o 2 BE AlcalaseE ©| 83 chondroitin sulfate &9 #H2 o
sz AR Y8 Alcalase 5%, 7FrisiAl W A4t etE &
o] 7ol FhpEed] uXe dFE Lobr gttt Alcalased] HA 7}
FEE 25 A7 95, AlalaseE 71EY FojdE 2

ato] 0.0, 0.1, 0.5, 1.0, 2.0, 3.0, 6.0, 10.0 %% HTE& 7}& w<
188 =9} chondroitin sulfate®] &2FS A 38lo] Fig. 3o Y e
t}. 2 A, JeEsEe] A AlcalaseE 0.1 % H7HA S o 7 &3
T7F 65.0 %2 7 1o AL ALsE 0.5 % ol 10.0 %A= JF
FRHATI 680 % WgE FAdA vEkwt. 184y, chondroitin
sulfate®] 3k F74et a4o] = FHEA 170 %2 Az Fd
stAl vebwth mebA, Alcalase 7S FoldEo dETF 2.0 %S
7vell Fe Aol AAsAT.

Alcalaseol] ©}3F Tojdd & R - xR ue rpeEsAl a3 Y
A 7+S ZAFE7] 98k 0.5, 1.0, 2.0, 4.0, 8.0, 16.0 hrse 2 HFSA|A
Fig. 49 Yetulith. 1 A3, 7R 05AZ7HA & 60.0 % 1
1A ZF o]T9 JMFRIAEE 700 % U2 AAS A JeElhgon
chondroitin sulfate®] 3t 17.0 %= WA 7o ule} Aol AAE A
vetsith whekA, sRERAIZEE A Ag s W bR
oAl & Ael7t fle THEEE A te] 7HE AR E Aos ddy
A

A
e d
2

N
3

w3, Alcalaseo] 213k ZolddZ B4 - ALY JtgEelA o
AZ B - AdxELe THE VT AT &N Tt
7} =9} chondroitin sulfate®] ¥#& =A3lo] Fig. 5o Jeh A
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o 2 A%, FoldF ¥4 - AP FIY B A ¥ AY

F2BE 1,2, 3, 4,5, 10, 15, 20, 258] o] AN AL AS Flalo] 7}

TR 3 Fo] 7R =9 chondroitin sulfate?] dFakFe QlAbehZ8-of
g Abad Qere WRY 2 & FoldE B4 dziwe]

24 2w el ANAFEAL AL WA= Haol vs) Aol
Fol $-Zate] @etel iz A ol Azt BrhEsA 3
Feol  dagFgAe FAYS W= SRR 750 %A@

chondroitin sulfate:™= 21.0 %= 7}4 2 S YeElUdn 4u)d3} 5ol
oo 7RI EE 22 740 %9 73.0 %% 31, chondroitin sulfate 2]
sere 7bzb 21.0 %9 20.0 %ol 18l 3, 10u) o)Ak spFke] o]
A 7y 3] =9} chondroitin sulfate] 33F> Hah A4S YeE AT
agug, 7o) wE alcalase 7hrESolAE HA 3w ket
FE&NEg 7tste] Ealste Aol 7H AGE Aew Addd.

w2k, AlcalaseZ o] €3 FoldE ¥ - dxid HAH A3
S AES A 49 HIFEHS 2.0 %ww), QirgkEg Aol s
3uf(wiw), Bl FAIZES 5511 TollA]l 1A7HESE 7heiaiste o] HA
A3tz o7 vEth

4. Zolo EAH AAE AT A AA) 9F

Zojdze Ry wy 971229 g849 AAE 959 NaOH
A Aeexg Auusit A, Fojdd 24 - Azl 0.00,
0.05, 0.10, 0.15, 0.20, 0.25 M9} F% =5 7}30S w2l chondroitin sulfate9}
AU d71d2 92 Fe] FFE FAS A, &7 AdTEE H8A

712 @2 7]¥£9 chondroitin sulfate FE&5FAHS T3] AxHARN 732
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Fig. 3. Degree of hydrolysis and chondroitin sulfate of

skate cartilage hydrolysates as affected by Alcalase

concentration.
Dried skate cartilage was hydrolyzed by 2% Alcalase (dry basis) at
55C for 1hr.
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Fig. 4. Degree of hydrolysis and chondroitin sulfate of
skate cartilage hydrolysates as affected by

hydrolysis time.
Dried skate cartilage was hydrolyzed in 10 volumes(v/w) of
phosphate buffer (pH 8.0) at 55T by 2% Alcalase.
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Fig. 5. Degree of hydrolysis and chondroitin sulfate of
skate cartilage hydrolysates as affected by

amount added phosphate buffer.
Dried skate cartilage was hydrolyzed by 2% Alcalase(dry basis)
at 55°C for 1hr.
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- G A v W ete] Fig. 60 YEhlAY. 2 43, 0.00M NaOHeJ
AL, A 47124 FHE 99.0 mg/100go 2 YEgm o= &t
2] Az @A ddel fodo] opd ERAT AL wx=
A A71AAe Fo] V&Y FEFTA vlE] Fols 4 AU
TE, Fo FFE 980 my/l00miz YEGa 7jEe] FESIAH
go] &F S 99.0 mg/100mlo 2 vtelUle] 0.00 M NaOHS =& %7

A & e WsteE A4S ¢ 4 I Chondroitin sulfate2] 33

o

& 30.0 %E Jego] 71€9 FE=F Ao ulE chondroitin sulfatee] g}
ZQ 210 % Ho A5FS &4 £ AUt 005 M NaOH=E =23t 4
T+, e d7124E 500 mg/100ge 2 el Y& FE3A4 %
000 M NaOH= A& v Hrp W yopzxs & 5 Unh
Chondroitin sulfate®} 3}o] ke 7+z} 29.0 %<} 89.0 mg/100mls U} E}
ol 000 M NaOHA o] Z¢¢ FAHE &S YEUIH. 010 M
NaOHol 39 s & Aeg 49, A4y d71249 %S A% g4
& Yo & gHzHAE /g & Jdoy & 3 chondroitin
sulfate®] &Fo] L X o7 7+ o] chondroitin sulfate®] F&F Ao ¥
vehkth 5, ¢Ee 899 $xt 5555 FoldE
2

chondroitin sulfate®] 3Fako] Lt

NaOH sx9 «¢ze Ay o] Fojdd Fuo Faod - &Hd
o 2lo]A] chondroitin suflate & S FA7]o] & &4 Qlo] BAA o
2 3 GUNIALE AAT F JdE AR YEurh
FoldZREH g V1AL T&AR AAE A% HA Ae
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6. Change of chondroitin sulfate, volatile basic
nitrogen and sulfur contents of skate cartilage
hydrolysates as affected by alkali concentration.

Skate cartilage was treated with sodium hydroxide for 1 day at 4
C, and hydrolyzed by 2.0 %(w/w) Alcalase at 55+ 1 C for lhr.
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Fig. 7. Changes of chondroitin sulfate, volatile basic
nitrogen and sulfur contents of skate cartilage

hydrolysates as affected by alkali treatment.

Skate cartilage was treated with 0.05N sodium hydroxide at 4 C,
and hydrolyzed by 2.0 %(w/w) Alcalase at 55+1 °C for 1 hr.
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Fig. 8. Cellulose acetate membrane electrophoresis of skate
cartilage hydrolysates after alkali pretreatment.

A : Authentic chondroitin sulfate C

B : Skate cartilage hydrolysates by Alcalase(pH 8.0, 55t1 T and 1 hr)
C : Skate cartilage hydrolysates by Alcalase after alkali protreatment(0.05 N

NaOH, 4 C and 20 hrs)
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3,000 rpm, 30 min F¢F YHEEs FFAS FF - BV &2
o] ¢urAd R 9 FutA 7] A9} chondroitin sulfate®] 3% =33}

of Zhed A3 Tt ol F e dFWsE Table 40 YU
O A, FES 55 %P 2ALE 06 %o 2N Ve AFe F
F Aol ZadFHoY =

Ao sHol 124 %A i
Aol A& Zhie o] F E&AE AlIAE R IE ol
= ol FdiAor zaiAdn vestEe o] Frtshs
AAXG =3, A F7] 249 A= 2259 mg/100go| YL o] 2
3t ZkS chondroitin sulfate 55 T3 AoA AAHA i YA 59
g @7 dAa ol B 3l olFdxe FAEE & F A
r}. Chondroitin sulfate™= 213 %= Z7}8lgd =4 ol $ojd o] ubw
A3 A= oA QW chondroitin sulfater} Tz Ra Fiol Hgo
2 A FAdHE Eedoiz AS vYedoh

A4 seuet AFETAFeEE FAHE - B FFe AFS AA
HEAFETo] st RO Table 50 Ypebd whe} gZo] F=EL2 8.0 %
o]slo] 31 chondroitin sulfate A A HollA] BRI ojof st {FAF -
G A 3hEFo] 77.0 % o]’ olojok s} chondroitin sulfate9} THud E 9
SEEI7E 3014 9mjke] W lol Fojof stE A V|ES wEslofok
gt} webA], chondroitin sulfate®] F&F oA AXHAZ FojdF
7h 58 B 2 5-F chondroitin sulfate®] A& 3913517 Y35t cellulose
acetate %t A 719 E S 3t Fig. 99 Yelysict. 2 A3, chondroitin
sulfate Co] ¥ olF w7/l U3 Aoz Yeryy. 18]35, Table

A

A AEFAY RO GMHE JRFEE JehhAT ol
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BE FoldE rraRe Faod-wuAgozsel 4Rde 3
e3get. 2 Ad7, FEE 55 %, dM A} chondroitin sulfate?] H] &
3.198 Jelygdz @Ay} chondroitin sulfate®] & 332 89.1 %X Ul

metA], B A& 9] chondroitin sulfate FEF AN AZFHAZD o
AF JIFEHES AETAYY Fagdd - gl Fozy AHyts A
o2 Jeyc
6. TolAEZ FAVIFEHANEZHEH chondroitin sulfate2)

2 2 A

Zoldx Hagy - dWAZRE chondroitin sulfateE O FF-sle
! %3l7] 9ste] IAAE H71sle] chondroitin sulfate 31
i HAES AxAY. WA, Fo4dE FEUT - ¢ A S 20 Brix
T2 833 F, AAAZA isopropyl alcoholE: AlEdtg o ZHF
T 10, 20, 30, 40, 50, 60, 70, 80 %= Y@l st M7 I, 1A AE
Wxsle] 2EAE ¢ F &% chondroitin sulfate, 94 Frldx
& Z43to Fig. 10e] Yeb Ut 2 A3}, isopropyl alcohold] HF &
E7F 10 %9} 20 %2 2E AP, AHEo] AAAHA FRoen HFFE
30 %2 3Pes wWRE Aol AAHHUY. el isopropyl
alcohol® HZEEE7} 40 %= A7 L #W7F &9 30.0 %A1 9]
u] ©] chondroitin sulfatet= 52.0 %= 7} =& #S vEeEU o 3]
A d71d A= 25.0 mg/100gE -9 7ZHASgE ). #H7FE o 2]+ isopropyl
alcohol®] F %7} FolAFE F&E HA FT7HFEE ol Yoy
chondroitin sulfate:= FHF 5% 40 %<2] isopropyl alcohol ¥xFH o} 7HA %
S Yepiiln iy d1A29 FHE HIFTEE 40 %9 isopropyl

il
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Table. 4. Proximate composition of mucopolysaccharide-protein

extracted from skate cartilage by Alcalase treatment

Component Mucopolysaccharide-protein®
Moisture (%) 55 + 0.1°
Crude protein (%) 679 £ 0.1
Crude lipid (%) 0.6 = 0.0
Crude ash (%) 124 = 0.1
Tatal carbohydrate® (%) 13.7 = 0.1
Volatile basic nitrogen (mg/100g) 2259 £ 26
Chondroitin sulfate (%) 21.3 £ 0.1

® Hydrolysates treated by Alcalase from skate cartilage
® Mean + S.D.

100 - ( moisture + crude protein + crude lipid + crude ash )
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KFDA®

mucopolysaccharide-protein

Table 5. regulation on the

foods containing

Regulation of

Product from

Items .
K.F.D.A. skate cartilage
Moisture (%) < 8.0 55 + 0.1
Chondroitin sulfate Positive Positive
Ratio of chondroitin sulfate
) 30 ~ 9.0 3.2
and protein
Total amount of protein and
z 77.0 89.2

mucopolysaccharide (%)

" KFDA ; Korea Food & Drug Administration.
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Fig. 9. Cellulose acetate membrane electrophoresis of skate

cartilage hydrolysates by Alcalase.

A : Authentic chondroitin sulfate C
B : Skate cartilage hydrolysates by Alcalase (pH 8.0, 55+t1 C, 1 hr)
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Fig. 10. Changes of yield, chondroitin sulfate and
VBN contents of precipitates fractionated from

skate cartilage hydrolysates as affected by
isopropyl alcohol concentration.
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alcohol grF¥ & wW3glol dASHA FABRAG. wEbA, isopropyl
alcohol 3 Aol QlojA HAFEE 40 %YE Yeb Y. 718 £
RS AaMds 1A, So|dE FaudTd - dAs FHT &8
Al Aok d=dl o] wjo] chondroitin sulfates o}z 358 4= 9l

FTEE AR s 5, 10, 15, 20, 30, 40 Brix2 223 9, AFF
% 40 %¢2] isopropyl alcoholE H7lsle BHIAAHAEL s &3

chondroitin sulfate, 3|'ZAl A7) AAE 2AH3 o Fig. 119 JeERA )

4y, 3ojdE FIEYd - G AS 5 Brix 902 3 5, HAA
E HtsHE "= FAHEO JFAFAHA &Y, 10 Brixe] Qo2 3
A TE€L 20 %Y o] We] chondroitin sulfater 69 %= 713 =

S s Jelh o ety A7l EAE 25 mg/100g2 YER T 30
PE wAUF - @ F o] 7HEEE7E 15 Brixd "W, &2 30 %E =
okxlon o] ¥ Jl8¥ % Brix7t A5l g £8E F/1ES U
W21 37, chondroitin sulfate®] A9 63 %1 718X Brix7} A5
u}2} chondroitin sulfate®] 3} 7HAdle] Zoldd Haod - dwza
o] 7F&F% 40 Brix¥d o 39 %= e JAUH drjFELE 25
mg/100go] A YA %S dEAT. mebA, 2= 9] chondroitin
sulfate FHAELE A7) AT ToldE Faud - dWdEe HFH Brix:s
10 Brix® el

F7180 Edidde HAAHzx7A 10 Brix o9 F Fagd - ou
o] N HFFE 40% isopropyl alcoholEZ H7}dte] Alx3 crude
chondroitin sulfate& cellulose acetate ¥} A 7|9 F & 3}o] Fig. 129] yE
Usdch 2 43, ¥5E< chondroitin sulfate C&} el Axa] AL

] 8Al 7] A ¢F-& chondroitin sulfate 334 ¢ HFa2ohd - A o
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Fig. 11. Yield, chondroitin sulfate and VBN contents
of 40% isopropyl alcohol precipitates from skate

cartilage hydrolysate of different concentration

as affected by concentration of soluble solids.
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A B C D

Fig. 12. Cellulose acetate membrane electrophoresis of isopropyl
alcohol precipitates from skate cartilage hydrolysate.
A : Authentic chondroitin sulfate C

B : Skate cartilage hydrolysates by Alcalase(pH 8.0, 551 C and 1 hr)

C : Skate cartilage hydrolysates by Alcalase after alkali protreatment(0.05 N
NaOH, 4 C and 20 hrs)

D : 40 % isopropy! alcohol precipitate
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band °o]F X FU}ML, &2 AHEAIAS HEAMY F2UTF -
WA g §-7] &) 23 A E< crude chondroitin sulfate®] band ©] &%
T THAN RFEFHE 0 AolE YEYIAH.

ToldE waUT - dudeRE 80 2EIY A4 xdow
A2 £ Y ES tA] DEAE-sephacel ion exchange chromatography 5 4]
W 835d o, 1 chromatogramS Fig. 130] el 2 A3, 13
oo 278 &85 €& & Ao, & 12 20 mM Q14HeH3-8 < (pH
7.0 2 oM REgion, g I d4g4Fd] NaCls
00~15 M7H#] &= THlE §3AA £83dd. 24 F& F 530 nm

ANA =L FHE UeldlE 38 O9 2o}lA, membrane filtration

f

(molecular weight cut-off 10,000)0.2 29 % =3 v sZ2474x3Y

N
9

Zo]H & 2] ion exchange chromatographyol]l 23t AZx FE S A %234
t. 2 Az, FE 09 chondroitin sulfate 32 78 %= JERAA.

T3k, cellulose acetate =+ A 7|9 %2 3t Fig. 140] Jeyet 1 24
7}, ¥ F3E9Q chondroitin sulfate C2} S E 19 band o557t £dUsY
o},

Byl AHgHE EEY FHE A FARY(Plate & Frame), #F
(Tubular), 1} 3J(Spiral Wound) 1] A} (Hollow Fiber)o. & U}
NAH, ¥ AdgdMe @9 79T
& AHgsidd. 8, el FRE 1 540 wet PM, XM L
gar YMom FRHoA s, £ HAFAqAE FEEAFC] 2,000~

100,0000] % WA Tre] EAS zt= YMZWS A28 tHYoon et al.,

oK

a5

T Aol F F 3 A (Hollow Fiber)

1995). FojdE HFAUYG -G AZEE  molecular weight cut-off

(MWCO)E &3t YMI00 (MWCO=100,000), YM50 (MWCO0=50,000),
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Absorbance

Fig.
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13.
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Fraction number

DEAE-Sephacel chromatograms of isopropyl
alcohol  precipitate from  skate cartilage

hydrolysate.
The precipitate from skate cartilage was eluted on a
DEAE-sephacel ion exchange column(2.9 X 30.0 cm) with 20mM

phosphate buffer(pH 7.0) and gradient from 0.0~10 M NaCl
same buffer. The flow rate was 30.0 ml/hr and 6.0 ml fractions

were collected.
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A B C D

Fig. 14. Cellulose acetate membrane electrophoresis of the

fraction II isolated from DEAE-Sephacel column.

A : Authentic chondroitin sulfate C

B : Skate cartilage hydrolysate by Alcalase(pH 8.0, 55:+1 C and 1 hr)
C : Skate cartilage hydrolysate by Alcalase after alkali protreatment(0.05 N

NaOH, 4 T and 20 hrs)
D : Fraction II
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YM30 (MWCO=30,000), YM10 (MWCO=10,000)2.2 ®zist J& & &
Z, Az% 5| 71749 28 gAd AP WstE A8t Fig. 159
el o1 A3, retentate 3589 H-F YMI100o] 43 YMI10o] &}
ol 77t 407 %9 357 %= WEES A E9 T, YM50~YMI00S]
49 128 %E YEldo] FoldE {FIATG - WA S YMS00] 4
YMI10o]3tz FAHA Q= Aoz ey, zgwAe S
MWCO®] 277 Be BauAdss gae] Rolde vehglal,
chondroitin sulfate®] 7-9- ZdwWAol Ailolyx wigle MWC0O<E =77}
=2 FEAAAFE FFo] HolHd S ¢ 4 U} Chondroitin sulfate
stdo] =& B dAlE YMI00o| 43 YM50~YMI100o &2 7z}
48.6 %<} 44.0 %= e A TH % 9] chondroitin sulfateE 7] ¢
g A 2 GAls YMS0o]l Ao eyt 2diA o] g
YMI1000] 42 o 385 %E YEtdAZ MWCO9 =7|7F ¥ £
AL S FAA R FFste] YMI0o]SY # 61.8 %= e
Sl Ar|E Ao A, 7 BEldAEE & WEgle] 5~10 mg/100g
o2 44% & ek E=8, 1559 chondroitin sulfateE 7]
A& FoldF FEUF - dHEe {UE&EEI A E =4 molecular

weight cut-off (MWCO)E @alsle] YMI100 (MWCO=100,000), YMS50

i)

gl

(MWCO=50,000), YM30 (MWCO0=30,000), YM10 (MWCO=10,000)&. 2 *
2 JES ez Az © 747t Bl dAw MR WaEs 2

At 1 AT, retentate 31589 A9 YM1000] 37} YM100] 3ol A
Zb7t 423 %9F 29.1 %22, YM50~YMI1009] A 255 %S vehdof
ZodE Faudd - dEdL YMS00] 47 YMI0olst2 T4 5 oA 3l
T Aoz ey Ao A9 MWCOe| A7t v EEd
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drE FFo] wobd& YL, chondroitin sulfate®] 7§ Zvhuld
of Aztet= W2 MWCO9 =77t 2 B dAdFE dFo] =
olds &  UAATH F, DA YMI1000] 3T YMS50~YM1009] A]
chondroitin sulfate®] $F2F& 717} 822 %S} 81.3 %S UEFU QL Zohul
4 FE YM1000o] 3 = 27.1 %E YERIRI MWCOe] =77}
W BeeAdrE HAAHSE AEste] YMI00jad o 586 %=
UEbstth 3R @A A9, 4 FEdAdERE & Wl 5~10
mg/100ge. = dAs kS e Y. webA, membrane filtrationol] A]
115 % chondroitin sulfateE 7] Yl E {7 8o AIAEZH B
A YMS0o] G 91 Aew ey 2z BEdAe RI¥EEH
cellulose acetate 2 Z7]19% 2 3dlad Fig. 169 Jegder. 1 A,
YM1000] 43 YM50~100, YM30~502] R FE37 #FFA9 chondroitin
sulfate C¢] band °] 5 X7} FYstAl YElU o] chondroitin sulfate7} = A
ol gl YM10~30, YMI100]5}9] 3 Eo) A= band7} 331 %]
o} chondroitin sulfate’} £A48}% &S2 & F+ U}
Zoldzzry AAWHE dedtd EFA9F chondroitin sulfate C9}
A FT-IREA S ko] Fig. 170] 7pz} Yeldiddoh. 1 23, HAAE
® A9 chondroitin sulfate C2] F43A4 7} A= FASE H3gS n
Hom, 53] membrane filtrationE F3] AHAI RIEFo] FFA|ek
chondroitin sulfate C9} 8-4=3} o] w9 SA}stg )

71 8ol 38 A A3} jon exchange chromatography, membrane filtration™s
o5 77t AANYEE 283 9S W Aol 3714 chondroitin sulfate A
AL #EFA Y chondroitin sulfate CE 'H-NMRZA] $A3}o] Fig. 18
of FERASIT, Zh2te] AAEol #28 NMR signalss T8 o
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Fig. 15. Changes of yield, chondroitin sulfate, crude protein and
VBN contents of skate cartilage hydrolysates as affected

by molecular weight.

A : Skate cartilage hydrolysates by Alcalase.
B : [Isopropyl alcohol precipitates of skate cartilage hydrolysates by
Alcalase.
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Fig. 16. Cellulase acetate membrane electrophoresis of the
fractions from isopropyl alcohol precipitates of skate

cartilage hydrolysates by membrane filtration.
: Authentic chondroitin sulfate C

: Above MW(molecular weight) 100,000

: Between MW 50,000 and MW 100,000

: Between MW 30,000 and MW 50,000

: Between MW 10,000 and MW 30,000

: Below MW 10,000

mm Y O w

- 47 -



u-’wx\ P T \\\ }, / A\M.\ /,.\r
- \\ \/’ i
% \\\ o \ r \;“ V\\F/j ’
m I | | [ A
ey TN
™ AN e \\
\\ //

rel

¢
s

Transmittance (%)

4 ¢ VA
e \\// | N\

1\ 1 C

N ' : |
1 ’ i
~ :
4\ /“’/
T | D

Fig.

18. FT-IR

skate

chromatography and membrane seperation.
A : Authentic chondroitin sulfate C

B : Fractionated by isopropyl alcohol

C : Fractionated by membrane seperation
D : Fractionated by ion-exchange chromatography
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spectra of chondroitin
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st F2E st tHMucci, 2000). 77 A#, FFA) ¢l chondroitin
sulfate Coll A @=3¥ proton signale 277Fo g td = om wWxH,
2.0~2.1 ppmoj A #AZH signale acetamide methyl signald & FA &
F 9on, UmMA RE signalss 3~5 ppmolA #BEH =], 4.78
ppmoll A #Z5 = signal2 N-acetyl-galactosamine 4-sulfateo]™ 4.2 ppm
ol ] #AZ5+= signal2 N-acetyl-galactosamine 6-sulfated]-S A 3
AATE A4zt AAYY S 22U S ° dojx chondroitin sulfate 7 |
ol oA #FH signals®] B, FEAHSE 20~21 ppm9
acetamide methyl signal®} 4.78 ppm<2] N-acetyl-galactosamine 4-sulfate,
420 ppm2] N-acetyl-galactosamine 6-sulfate 2 T4 & 4+ Agor}t 3~5
ppmoll A #55 = signalsdl] lojA = oF7ke] zpolE yERaL Q). o]
218t zlo]lE vl E uff, XFA]2F chondroitin sulfate C9} 7} §A}
3t signalso] #=%H+= A A E L membrane filtrationel] ¢) 3k chondroitin
sulfate A EZ YElGT. mela, 2zbe] AAWW  F  membrane
filtrationo]] <]3] A A= o]Z chondroitin sulfate A A Eo] ELFAF
chondroitin sulfate C9} 7} FA}3 signalsE Jel= =z 713 g3F <l
AAEHAE & & IAT

Chondroitin sulfate®] “C-NMRe]l glojxe] 2z} ©22] chemical shifti=
2 deA ez 2(Mucci, 2000) z+zt FAYHS 2EstAdE o Aol

Z chondroitin sulfate Az &3 FFA]eF chondroitin  sulfate CE
PCNMR2A FAsta] Fig. 199] vehiiam, zhzhe] AAlZolA @3

© NMR signalsi= #@3% vlaste] 725 3<le% th(Mucci, 2000). 1
A7, EFA R chondroitin sulfate Coll A #Z4 signal & 3770 &

3l

F Qe WA, 25 ppmol| 4] FZF signalS acetamide methyl carbon
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AE 5AH & F don, 178 ppmo A #5E signal2 carbonyld & 5
2] BEE signals¥ 50~110 ppmoll A #3539k 242 A
3t918 o do]F chondroitin sulfate A Eof ¢lo}A

et

24 signals®] AL, FEAXAOE 25 ppmol A acetamide methyl carbon
signalS HA & F ddomn, 175 ppmol A carbonyl signalo] =5 ¢]
o Um A signalsell QlolMi= Zpzbe] AAl=ol SlolM oFite] Aol &
Jetllar =g o3k zolE vl E u, FFA%F chondroitin
sulfate C2} 7} FA}3F signalso] #Z& 5= A A 2-& membrane filtration
o] ¢]3t chondroitin sulfate A A 232 Jelykth oreba], zhzre] A A|Hkdy
% membrane filtrationol] ©]3) # A= o] & chondroitin sulfate A A &o] F
Al ok chondroitin sulfate Co} 7} #FA}g signalsE Yehjn g 7134
a4 AATUAE ¢ + AN

'H, "C-NMR Z#}& 2 o, A<} chondroitin sulfate C} 7+ fAL
$t signalsE Y} ERJ membrane filtration & &) 52} chondroitin sulfate 3%
7 A AFFH 3 Y= chondroitin sulfate FFAJF 28] A A Z 9
chondroitin sulfate $}%F-& W@ 3] B 7] 93] Sigma ChemicalAl 9] F A
2FQl chondroitin sulfate C$} chondroitin sulfate A, “12] 31 Sankyo pharma
FranceA} 2] A} 3% <1 chondroitin sulfate marin 32 A2 B As09
Table 6o Jelty. 1 A3, EFA]9F chondroitin sulfate CY= 84.2 %,
FFA ¢F chondroitin sulfate A¥ 77.2 %, chondroitin sulfate marin& 75.9

%, membrane filtration A A &8-S 81.7 %= EFJ©] membrane filtration

AAELS BTAY, A AESS A 13 %9 chondroitin sulfate &4 &
el & YA
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Fig. 18. 'H-NMR spectra of purified chondroitin sulfate from

skate cartilage by isopropyl alcohol,
chromatogram and membrane seperation.
A : Authentic chondroitin sulfate C

B : Fractionated by isopropyl alcohol

C . Fractionated by membrane seperation

D : Fractionated by ion-exchange chromatography

ion-exchange
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"C-NMR spectra of the purified chondroitin sulfate
from skate cartilage by isopropyl alcohol, ion-exchange
chromatography and membrane seperation.

A : Authentic chondroitin sulfate C

B : Fractionated by isopropy! alcohol

C : Fractionated by membrane seperation

D : Fractionated by ion-exchange chromatography

_52_



Table. 6. Comparisons of authentic and purified chondroitin

sulfates

[tems Chondroitin sulfate content (%)

Chondroitin sulfate C
from shark cartilage 84.23
(Sigma chemical CO.)

Chondroitin sulfate A
from bovine trachea 77.15
(Sigma chemical CQ.)

Chondroitin sulfate marin
sankyo pharma 75.90
(France)

Chondroitin sulfate purified

. 81.71
from skate cartilage
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Fo AQANA ATRABEA dF A0H: FoldBg ol g
o FLX7}7LA] 71 eA A A chondroitin sulfateE 726t 7] 935l FH
Arastprazae BASAT, ol 549 A2 AAss e
dZHY A0S FETH oLy, F7] & d A A3 ion exchange
chromatography 1#] 3 membrane filtration®y % 7|7]8 A& %359

chondroitin sulfateE £} - A A - A& A}

L Folaze maos ARHE vwd wiase dstse
|28k A3}, Alcalase’} =8 ¥ chondroitin sulfate 32k
Zwolq b3 E#HQ Aoz UEYD FoldES Alalasen b5

i3 8td chondroitin sulfate &A1& AT A5, Foldz EHES A

=9

9 2.0 %(w/w)e] Alcalase® 3uf o] QQ4th& 8 l(pH Loa
551 ColA 1AZF 52 Al Zo| HAY AF Zdor waA

o,

2. ZojAF22E chondroitin sulfate & FANA FBAg A7
Axo T&A AAE A &2 AAY FAE F7He v NaOH
E Abgsto g 3R Ageda HA Mz 4 Co Wy =4
o4 0.05 M NaOH %24 20A]7Fo 2 Yelton, o] wjo 3hal¢l
714 A2E 43 mg/100g, 3 33 98 mg/100ml, chondroitin sulfate:= 30.0
%5 SoldF Fd9 FaYY - G 9lo]A chondroitin suflated}

F R e & &4 Qlo] adpHoer LA AVALE AAY &
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3| ° 2 Jeygrh

3. FoldHE S Alcalase HAxNA AHeste] AzxH ozl AA
9] chondroitin sulfate 3+ 213 %, FHWMAL 679 %, FHEL 55 %,
ZAFEE 0.6 %, E53E0] 137 %R 3FEo] 124 %E JEelgon
Al @712 AE 22594 mg/100ggch Ea, AEF A Fagy -
Gl E AT B ] B kS d, cellulose acetate 2 A 7] Fo] AA
w2 ol A chondroitin sulfate C2] FFFE 3 o|F %7l Hds Aoz el
Wi, AFgEAY dH2e £ F¥el 55 %, 9#A I} chondroitin
sulfate?] 8] &o] 3.19, & A 3} chondroitin sulfate®] & 3=+ 89.1 %=
Uehgiol HFFde Fand - 9l Fogs F8 sisAde] g

4. Folad¥ Hxugg . dwAFRE chondroitin sulfates U}k
shste AA AAE AESH7] 95t isopropyl alcohol H-8 # A& o]
83kl chondroitin sulfate 313t N AES A =3} o). isopropyl alcohol

o] ¥ AAA HAXAL 10 Brixy FojdE Fagd - gz go

R LN

4

W HFTEFEEM 40 % isopropyl alcoholS H7tglom, o] wjeo] Fgo]
20 %% 3L chondroitin sulfatex= 69 %= 71 & g JeE WA oH

S Fr)"AAE 25 mg/100gE LFERT).

FAGG -Gl A2 Y {180 2dHAd HH
o2 A EIEL YAl DEAE-sephacel ion exchange
chromatography 2 4] 3 3le] [, ¢ 271e] RS dglon, FHE [T



9] chondroitin sulfate &2 78 %% ).

6. Fol¥E FEAGT - -duWAY {FrE&w FEIHEZNH
molecular weight cut-off MWCO)E a3ty YM100 (MWCO0=100,000),
YM50 (MWCO=50,000), YM30 (MWCO=30,000), YM10 (MWCO=10,000)
om PYW YL ¥F, AZE T 247e ¥al v g W

=43 2 43, 2459 chondroitin sulfateS #8]8 & ¢l

il

A= YMS0~100, YM1000]A4+o & el o, o] ufo] retentate 3]
& Z}7F 255 %9} 423 % 3l chondroitin sulfatet= 81.3 %S} 82.2 %

7. 7] 8o ¥ 8 2 A 523 ion exchange chromatography, membrane
filtration A AHL E& AxHo]x z}zre] chondroitin sulfate X A & &
## A< chondroitin sulfate C9} 37 FT-IR# 'H, "CNMRZA 54 8t
g% & ZA3¥, membrane filtration®]ol]l & AAZo] FFTA|C
chondroitin sulfate C2} 713 A}t signals7} 3= )t}

8. Membrane filtration® A &3 F FA]9F chondroitin sulfate C,
chondroitin sulfate A “12] 3 A A E<¢! chondroitin marin®] A XA A
3}, ¥ F A%k chondroitin sulfate C¥= 84.2 %, ¥ 3=A) ¢k chondroitin sulfate
A 772 %, chondroitin sulfate marinS 75.9 %, membrane filtration &
L 81.7 %= e} membrane filtration g A B & H Ak, A A E
1 37 31gFe] chondroitin sulfate EAE 3¢l 3 4+ YAt
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