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Isolation and Purification of Chondroitin

Sulfate from Skate Cartilage

Joo-Hyun Choi

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

Abstract

Chondroitin  sulfate has a various hiological functions against
arthritis, osteoporosis, gerontopia and skin-aging. It also plays
biclogical biomineralization roles in templates, nerve system and
human growth. This study was conducted to produce a functional
food containing chondroitin sulfate from skate cartilage (Raja rhina),
which is by-product during skate processing in plants. At first,
skate cartilage was deodorized by different methods such as
autoclave, water or alkali treatments, and hydrolyzed by Alcalase.
Effect of deodorization methods on vields of solid content and
chondroitin sulfate was investigated, and the chondroitin sulfate from
Alcalase hydrolysate of skate cartilage was stmply isolated by
isopropyl alcohol, purified hy lon—exchange chromatography and then
identified by FT-IR and NMR.

Raw skate cartilage proximately consisted of 80.5% moisture,
10.19%6 protein, 0.8%6 lipid, 7.6% crude ash, 196 carbohydrate and 0.6%

chondroitin  sulfate.  Alcalase hydrolysate from  skate cartilage



proximately consisted of 4.1% moisture, 56.6% protein, 1.19% lipid
8.5% crude ash, 29.7% carbohydrate and 30% chondroitin sulfate.
After enzyme hydrolysis, ammonia odor occurred strongly (ie. VBN
© 620 mg/100g) compared to raw sample (VBN : 240 mg/100g).

The Alcalase of skate cartilage had a bad ammonia odor, which
deteriorated product quality. It is, therefore, necessary to deodorize to
improve final product quality during pre-processing. Deodorization
methods included the autoclave, water and alkali treatments.
Autoclave treatment was not effect to remove ammonia odor. VBN
values indicated that no big difference between before and after
autoclave treatment (599 mg/100g and 664 mg/100g, respectively).
Also, water treatment was not effect to remove ammonia odor. VBN
value after water treatment were similar to that before water
treatment (618 mg/100g to 642 mg/100g). Deodorization was
increased when NaOH was treated in samples. The conditions of
alkali treatment, such as NaOH concentration, treatment time and
volume, were optimized by response suface methodology (RSM). The
optimal conditions of alkali treatment by RSM for skate cartilage
were 012 M, 7.8 hr and 3.6 volume. VBN value predicted by RSM
was 6.5 mg/100g, which was closed to experimental data, 15
mg/100g. After deoderization wusing by NaOH, extraction of
chondroitin sulfate from skate cartilage was conducted hy enzymatic
hydrolysis using Alcalase.  Alcalase (2%, v/w) was added to the
deodorized skate cartilage solution in 3 times volume of distilled
water and enzymatic hydrolysis was carried out for each hour at 55
1T,

[solation and purification of chondroitin sulfate from Alcalase



hydrolysate were conducted by alcohol precipitation and DEAE-
sephacel anion—exchange chromatography. Chondroitin  sulfates
precipitation increased at 40% isopropyl alcohol with maximum
chondroitin = sulfate contents (45.9%), while chondroitin  sulfate
precipitation was lower (2.6%) at 50% isopropyl alcohol with high
condroitin ~ sulfate content (425%). After chondroitin  sulfate
precipitation in Alcalase hydrolysate using with 40% isopropyl
alcohol  DEAE-sephacel —anion-exchange chromatography  was
conducted to purify further, followed by ultra filtration (molecular
weight cut-off 3,000) to remove salt and other contaminants.
Chondroitin sulfate content of the chromatography-purified fraction
was 68%.

Characteristics of the chondroitin sulfate were investigated by
cellulose acetate membrane electrophoresis, FT-IR and 'H and “C
NMRs. The purified chondroitin sulfate from skate cartilage was
identified to chondroitin sulfate C by comparing spectrums of

standard with FT-IR and ‘H/”C NMRs.
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T FEol¥l g4t (chondroitin sulfate)® N-acetyl galactosamine®
glucuronic acid®] ol@a @7} HEHog HEolHi= £x2E J2E
glycosaminoglycan®l tf (Mucci &, 2000). o] &-& 32177 2 a5 o] 9
= A webs A B, C, D, E §e2 vHolAm (Sugahara =
1996), s=2 A&, AF, Axd S3p 2& Agdzzd ayda A
gk proteoglycan®] #el= a5 v} (John 5, 1095).

TEEOIRl Fie Agxde B3 ZAYRe qRPirs A4, 37
A BEG o e Al vl g0 oM gokE HAES v
8 e HELREA ol&EH 1 Ut (Koga, 1989; Nakagawa, 1993;
Park and Kim, 1998; Naito, 1998). 53] ¥-al®t} glucosamine® U4
ol A= BHA AsARAM 1 2L AFETY BAEL Zu Yo
(Hungerford &, 2003; Anderson, 2003; Burmeister, 2000).

ol g FERolEl bl Holdznyy FZsle] el ol&Hum
siem (Waard &, 1992), 314 (4 5, 1998), fradwAl (8 %, 1999),
A2 (Ehrlich 5, 1981), 28l 240 (Falshaw %, 2000)¢ 2&

We B FESS o83 FEWUd d7se dysel g we

) (Katsura &, 1969), & wicol2] = (Kitagawa, 1997)ell4]2] ¢

TR TEv, S4ERY Aol glolA: O-157, B34, Al
A9 & A EAFOR M 9B FAM 717} "ol 1 gaE
e ol due vFo]l Eobxln Uttt (FDA reports, 1997), E3|
FoldEe] A dolde tgd sleAde A ZERod e
Ys2A s ol W o¢rp o]fojx: 9ltl (Naito, 1998;
Waard =, 1992).
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1 A7 BASA g ol HolFe e BAFAMe B
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1. 2F8A =
1.1. A%
Ao AlgH Fojs vsAk 9% ¢] longnose skate (Raja rhina) 2
Aebgd o] A7 Zof 7AFHAQ] (F)GAEAFZEY T4 A
2oAggten, Ao F9 IF 4 FHEY AMAE A8 FoldF
s oA g2 A ARHA S B85E Weold FRAYS
A AASGAT, FAE TAAFE 27]E A AsL choppers

sl AA EAF 200 g8 Fepx

1Te) WlEae] Aasus A9

off

1.2. A} ¢k

Aol AL EolF HFF chondroitin sulfate C¥  Sigma©l A,
Alcalase¥™= Novo Nordisk Aol A, NMR 5 A Aok 7} A2k 3] AL
HPLCH % NMR w22 Fdlstflern], 7|6t Mg 5oz Fiy
Ak

e HAe FEe A% 105TA Aspldazyez 3

ofd
=y

A FAE SA4som, 2AW-E ether® o] 83t Soxhlet® 02 A
Aoy, 2dM AL KieldahH ez Z4stg i, 382 550T oAl 74
savion FFHA7A] Ao, weEe vz g9 R

= 100%0°0 M A $)g ghom vebUIlt),
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2.2. Auotoclavee] ¢}z A &

Zegolel gtk Az FAHAM gGaEElsty] A Al #AAHEA
ZulE ToldIT ABE 100 g AAZTerTo]l WA autoclaveo] A
H5CR 75718 AR 22 Fd 27 A5s F=2oldd &4 4
Zagd webs A zstel va Hgstath

2.3. gdZelo) o g dAA Y

dzhe]l A= AEuekr)elAd A2 18T =
200 rpmol A NaOHE FLd, Alzid, 59 H=2 nlw A9}
A vpzl S 2
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FoldEERE 2ERoR o] xFE Favtd - vwWA s FEEE
Bavbrs AxTge Fig. oAl ep gro] Frlel Ang A&t
gal FHRE 3 (v/iw) Wi, Bl 8]l Alcalase® 2% (v/w) ¥ olA 3
AIRHERE AREpkz oA 200 rpmeE FEEISY 1 F 84 282 9
on, 1400 goll A 307t ddEelsty 12EE o]&ste ofsle w2
teddlea Al ol oAl SRANEFEHINE o] Esle] FEEka 6
0CoM dedzste] Zz=rol®l 3ok #f 7Heials 428 89
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Skate cartilage homogenate

|

Adding D.W. (3 times, v/w), Adding Alcalase (2%, v/w)

Hydrolysis (55*17C, 3 hr)

Inactivation (99 17T, 15 min)

Centrifugation (1,400g 30 min)

Filtration (perlite)

|

Concentration (10 Brix)

|

Drying

Fig.

1.

Manufacturing process of mucopolysaccharide—

protein product from skate cartilage.
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r‘lo

WSy HEMNe AT A EYE  (central composite design, Box &,
1951)o 9JelA AAsP o, WA NaOHe 5% (M, X)), A%k

Fd# (times, X305 4AAste] range9t leveld 571
o

(hr, X2) Z18]1L &
™ (Table 1) oz} 2 (el 28]l coded @t

SR EREE T

Xz'v— XU

SR, W

Iy

XiE= code3t B WHolW, i codedts 2] ob2 Az WASE
(uncoded variable)gto] Atk 4X; v AA ®5 gheo] A< HH Xy
T FAA FHE 44 W ghe] ®vh 43 VBN (mg/100g, Y)&
2 el SAMe AUt 4S8 A4y mge 2P g9l Ay
ol oA 24 (e=2)3 o FHHeR ofFoix] HYPHUL
(2, 1995).

Ade] o5t AHZS SAS xR 2#W (Version 801, SAS Institute
Inc, USA)2] RSREG ol oaf &5« HAHA0e vz 24

w44 wae Fohd

Yobotbi X 1+be Xt baX st b Xt +bao X5+ baeX F 012X 1 X o b1aX) X ot boaXoXs (2)
A (D ATghel & JehE= A wAAY 7B ZEoin b
wes A e AeEelt AEd mde) AL SAS mE el A
RSQUARE A zlell ¢}af AIC (akaike information criteria, Akaike,

1973)9F Co7b b 22 grd whe] W2 dAgule] HA Rule] drt

2.6. A A
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Table 1. Experimental range and levels of the independent

process variables

Symbol

Range and levels

Independent variables
Coded Uncoded

-2 -1 0 1 2

NaOH concentration(M) X;* X
Treatment time(hr) Xs Xo
NaOH volume(v/w) X3 X3

0.04 007 010 013 0.16

1 3 5 7 9

1 2 3 4 5

*where:X1=(x:-0.13/0.03; Xz=(x2-5)/2; X3=(x3-3)/1

_13_



Student’s t-testoll &l&f I FEA ATl FAH FHE FFEe
1] Fischer’'s testo] 23] 2z 24 uwlA o] AAEQTE SAS g1
el ofsf) i sAd A& 3akd uwlE =203 Maple T2
(Maple 7, Waterloo Maple Inc., Canada)ell 23]+ 2| =35} st =
sk oglelel 52 Fox HFL one way ANOVA testdle] F valueZ
Dol v AFEE HEslgon, SAS 2 a4 Duncan’s range
test& Eot] 95%¢9 B FHAAM AFPder SXEL Sigmaplot =
213 (Sigmaplot 6.0, SPSS Inc.,, USA)e sl &2 3tsk o}

2.7. Brix #° 3

FoldEe BVt RAEESE F5T oA 22 e F5A

YE €7l Ssld tHEEA o) &

Refractometer, ATAGO N-1g, Japan)ZE ¢|85}e Brix gto=i] &4
=

on o2 i A do|ge unse 29

butl 53

ok
=
s
re
l
i
)
A
ot
_\L
T
o

=

O,

A3 sk

28. XA HE71Aa (VBN) 54
d 7] " A (volatile basic nitrogen: VBN)2 conway unit2 o] &
sh= mlEE W (Conway, 1950; i & oka)dt 3| sH, 20000 < 3

A EAaAch & dzd 4ES oF 04 g Akl S

&£
olo r
_EO ()
tlo
o

sle] ;e AEAMZ & TCA (trichloroacetic acid) 20
Aekel 108370 BAAA F840 @ude BAA F elshakel 100
mLE AE3ste] Aoz AgeAtt. Conway unit W29 boric acid
I mLE f4ds KeCOsz gz Hoas W 37T 8083 4
213 0.01 N HaSOsu2 A4 A Asbe] e
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Frgolgl ke AR oA MFZ oA oA EHlE 9E o &

1 1 T (&) O O -1 =
s HA7)A 58 AAFgch ols 2 EF Ao chondroitin sulfate #1914
ol o) Aste] A AlElec) (AlEejerEekd Al 2000). F, 5 cme] AE

h% ] =
F o2 ol HolEY & ZolA 1 emd YA 05 em E FAH o

2.10. E=2ojd 34t 4%

Aze F=golgl ghabe] gheke] A= A EFFZ chondroitin sulfate

2
g 78l 100 mL= g8t en, of A 4 mLe A& AFstd FHF
g 7t 20 mL2 Fgsta A%
g Aon vk EE 2709 v T SAGEFEL 5 mLAs AY
dol st dFEE F89] Waston, sl Zbzhe) Wy
of el HEgAL HEd) | mLAE FHa Al 2ol Feldte] vigh
o ZA 2asln wWzbele]l 99£1TC 2 oA 15 min BHSAI 71 W
24 A7z dzhsiddc) ol del dEle E 10 mLE ALEdlY &
dstA =23 AE blank® o], 530 nmelA] F3EE LHFEAZE S
At & Aol whel chondroitin sulfate®) &#3& 31310}

ol

ol&l Fate] gtk = 2 FFEANY) X 2593
ﬁ;"jjgf‘;}: < 5T ()0 11023
- ,\1gglook(g)><4 * 100> 2.593
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gare] 2ol

o wapee] 3]

ol 7] A1, 2.5930-2 €]
) 110232 FRFEAe] B/

hebd 7 4ol o

2.11. 577180} H8HA
20 Brix® ¥ 23 7l 2aES A% %3 isopropyl alcoholel

H HAAAT Tt EsEe] FHE 28 4L wEE 40%°A
L

2.12. Ion exchange choromatography

drizx B HA" VR AEel] @d=Es A7 sr sk
ol2xg ArvEIQAE ol &5tk 29 ecmx50 cm® ZHE
DEAE-Sephacel &-0]-2 w354 Zx&e pH 709 20 mM
phosphate buffer24] 2 M NaCle] §4S THEo|A 0 MolA 2 MAFA
gradient2 A)7FE 33 mlLe fF&ez S8mE 44 23, &8
=& spectrophotometer (Shimadzu Co. model No. UV-160A)= 280
nmoefl Al il 2l o] W3lE BaE 9 om, chondroitin sulfate 7@%1: =4

A AFEEE GAWANE o] gake] 630 nmelA Fe oW P W

i

515 wRslgr). 3 Fxgolyl Zalo] E3MH fraction tubed 3

2.13. Membrane filtration

_16_



o B4 S 284 DIAFLO® Ultrafiltration membranes
(Amicon, USA)2] YM3 (MW 30009S ol &5tk ol ol2msh
AnvtE gy g Zoae] NaClel #AlAy o]} AiEzke] e
Beun AA® 5 ok g 9P BEE OhA] 045 me A=A

ERAA AT G Fol A A eS¢ AT Fule

sEE 4

pw}

i

¥ E1

il

8 e
T

2.14. FT-1IR ¥4
Ion-exchange chromatographyg E3&te AAd" AMEZ2 FT-IR ¥4
9o Spectrum GX (Perkin Elmer, USA)E o] &3t TsE

Zezoly F47e 7 4L nm FASA

2.15. NMR 4]

FT-NMR Spectrometeri= JNM ECP-400 (JEOL, Japan)& %3 Ton
exchange chromatography & A1&3} sigmatle]l &% = 2ol" 3
AbCo9b vlmste] TH-NMR2 400MHzel A, “C-NMR- 100MHzol 4]

waystel $A5 )
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oy,
i
e
k
i

24 FojdZol AWt Re Table 20] vEbE ule}l Po], R
80.5%, Zotwa 10.1%, =AY 0.8%, 23% 76%, T2 1.0%

o

2 ouveigteon AZAA9 VBNS 254 mg/100g olli, 91 AA
#o ol kel FEe oF 06%FE A9 vEhA okl g4
allel oalA] Axd stealEe YRS SR 41%, 2oy
56.6%, AW 1.1%, 29 85%, Fe4+3lE 207% %2 dEon
DA A AE 620 me/100ge & A Lo Zogolg] gate] F
wooF 30%% mobith FEEE unaA] duryg R

e
=

gto vEhy el o, o el wWizl= wulze AgEejgle e
& L

=)
o

ol

2. AR e Wl we v 5%

g4 Fel9E ITxEoldl e Alxg flste dAE zdow
Autoclaveel] A A7 2

st FEAAVIA L (VBN)E FAG 7teialEe] gajol das
T gREUoFY A4 g 4% 43 599 mg/100gel A 664
mg/100ge] W el Walsl= FIRe Holn foHQ FFo Wi

a8 o] BogolEl 28 AR Az

=
T e Aoz vEhA AZPE R autoclavee]| 9 F WA A il
fle Aow vehld (Fig 2). £33 2o gold gite] hekw s F gk
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Table 2. Proximate composition of raw skate cartilage and

hydrolysate
Component Cartilage
Raw Hydrolysate
Moisture (96) 80.5+0.8 4109
Crude protein (%) 10.1£04 56.6+06
Crude lipid (%) 0.8+0.1 1.1+02
Crude ash (%) 7604 85105
Total carbohydrate® (%) 1.0*+1.7 297+22
Chondroitin sulfate (%6) 0.6%0.3 30,010
VBN (mg/100g) 25411 62017

“ 100 - (moisture + crude protein + crude lipid + crude ash)

_19_



Chondroitin sulfate (%)
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Fig. 2. Changes in VBN and chondroitin sulfate content of

skate cartilage as affected by pretreatment

autoclave for different time.
Pretreatment with autoclave was done at 115°C.
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ol 30.3%1A 328%7tAg e EEAA WHdA WHEE 949
Apol7t gle Fhelglvh, VBN2 A SFdxE &3 & vF4L
1200 mg/100g FFel o), 73 Fol& 600 mg/100gt= A2 Awh
o] ZolEt ol HnE: AHNA FHLG B4 AAHE o Felth
25 ol &3 AAE FHUM 3w FHRFTE 78kl Fig. 304
= ol AnE BoFed, 224 A g Fed Aoz WA
AANE wHRH o)A Faplch 1AM TAZAA] 2417 FH e R
) E9-S o, 618 mg/100geliAl 642 mg/100g7tA 2 F4 Aeolzt
ol Ao VBNAN: Yegon, Z=Rolgl ko] kol lolA
T 209% A 31.2%74A 2 el Al zojst fle Ao w WEETH

dZre] AA2lE & 2 A3 NaOHE 05 M2 522 fd5ZF4d 3
i (v/w) Fdske] 5417 A els A3 VBNe] 170 mg/100g 22 ol
v AFRE vdepdlen, & dA= e vudte a3t e AeR
uebstth (Table 3). wabs NaOHE o] &3 2] Aagrr 28344
VBN 42 WAt AlA"E Aoz B Ho) Algd NaOH M &

&

A8 Aol pa ¥ Az 2 A g

ol
jatal
st
ok
2
et
o,
=
1o,
%
R

>
o,
i
i

7} dlolel= Table 4% 7o, o]
ol o3 324 dolelE Table 53 7] tighom, ANOVA tahble
< Table 69 20}, 3 wrgxHEAd el o3 sz IgAde
A1 (3)# o] vlel =], akaike information criteria (AIC)o] 7}a wb
& gl e Ao W ME X 9 XiXert ZH2E 060367 0.4560
o) t valueol ol &EEA Aapghe] v X @do] Aomg A

¢ltt (Table 5).
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70 |- —O~ Chondroitin sulfate 4 1000

~@— Volatile basic nitrogen o0

(=]

~ 6or =

& q80 2

8 s0f =

& ° g

5 @ - & o0 &

@ 40 F =

£ =
e -

B 30@——0— 5 —O 2

5 3 & < w00 2

g =

£ 20k =

o 20 z

4200

10 - >

1 L 1 1
0 1 3 5 7

Time (hour)

Fig. 3. Change in VBN and chondroitin sulfate contents of
skate cartilage as affected by pretreatment with
distilled water for different time.

Pretreatment was conducted at an ambient temperature in
shaking incubator (200 rpm).
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Table 3. Effect of pretreatment on VBN content of skate

cartilage hydrolysates

Pretreatment Volatile basic nitrogen (mg/100g)
Control 62017
Autoclave” 636125
Water” 6301+ 10
Alkaline® 170+ 11

* Autoclave pretreatment was done at 115°C.

" Water pretreatment was conducted with distilled water 3 times

 Alkaline pretreatment was conducted with 0.5M NaOH, 3 times
at 5 hr
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Table 4. Experimental design and results according to the

central composite design arrangement and responses

Runs Variables Responses
Xy Xz X3 VBN (mg/100g)
1 -1 -1 -1 1265 131.0 1359
2 -1 =1 +1 63.1 59.1 68.8
3 -1 +1 -1 1185 114.2 122.8
4 -1 +1 +1 0b.2 50.5 48.2
5 +1 -1 -1 92.7 915 90.1
6 +1 -1 +1 359 35.1 34.7
7 +1 +1 -1 53.9 55.2 56.5
8 +1 +1 +] 33.9 32.8 32.2
9 -2 0 0 1914 198.7 196.1
10 +2 0 0 32.7 32.0 31.3
11 0 -2 0 43.4 40.2 48.2
12 0 +2 0 34.6 32.5 31.8
13 0 0 -2 2175 210.1 203.4
14 0 0 +2 34.3 33.2 31.2
15 0 ¢ 0 28.1 21.3 32.1
16 0 0 0 35.0 348 32.7
17 0 0 0 33.1 30.5 334
18 0 0 0 294 29.5 32.5
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Table 5. Analysis of variance (ANOVA) for the model

regression representing VBN?

DF SS MS F-value P
Model 9 157243 17471 69.94  0.0001
Linear 3 104438 139.35  0.0001
Quadratic 3 51112 68.20  0.0001
Crossproduct 3 1693.634583 2.26 0.0947
Error 44 10992 249.82254
Total 53 168235

“R*=0.9347; SS, Sum of Squares; DF, Degrees of Freedom; MS, Mean square
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Table 6. Results of the regression analysis using the central

composite design

Volatile basic nitrogen (mg/100g)

Term
Coefficient ~ Standard errors ¢t value P

intercept 30.494444 +4.408020 6.92 0.0001
Xi -29.785417 +2.281367 -13.06 (.0001
Xo -5.339583 +£2.281367 -2.34 0.0239
X3 -30.497917 +2.281367 -15.56 0.0001
Xy 20.281944 +1.953646 10.38 0.0001
Xz 1.469444 *+1.953646 0.75 0.4560
Xs* 22.261111 T 1.953646 11.39 0.0001
X1Xe -1.687500 13.226340 -0.52 0.6036
XXz 7.029167 F3.226340 2.13 0.0348
XoX3 4279167 +3.226340 1.33 0.1916
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Y = 30494444 - 29.785417X; - 5.339583X, - 35497917X; + 20.281944X,°
+ 22261111X5° - 7.029167X, X5 + 4.279167X:X5 (3)

£ w24 23 oEd #HHs AR 4 wa g X=0.697635,
X2=1.414916, X3=0.551173 |}t wapal A (1ol 234 uncoded 3t
o5 WY, x;9 NaOHe| 5= 0.12M o] x,91 e A|7he 78
AT, x39] FAFS 36 A HAsE, o] wel F2 VBN g
6.5mg/100g 2.2 et}

B e} s)A] detl g glemE olEg
g ad¥ mAIte 2 Wsl Ass delrEokry. w1A X;=0.697635Y

m, A AT T e Aol B B4 e ol (A P

v 2elar olwie] S Yeld D¥EE Fig 4olA e 7ol A 9
NaOH®#l $x<1 0.12M=E A A& we, Alzte]l Sl upet VBN

Yr = 19586207 - 5339583X: - 30594124Xs + 22261111X5° ~+
4.279167X2X3 (4)

ERL Xo=1414916 ¥ W w9t F9
2o Fig. 50 HolZo] el Maale] wtomgHRas A 2

gro]l 7} & vlebdo) 0.12M3 3.6v 9] Fl koA H 29 VBNo] u}f

ol
£
ot
e
o
=,
.
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hydrolysate ; Effects of NaOH time and

volume.
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Fig 5. Response surface plots for optimization

of VBN contents of skate cartilage
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Y = 22030383 -~ 20785417X, - 29.443255Xs; +  20.281044X,° +
22.261111X5° (5)

vpaieto g Rl #HAHES nAAFE X3=0551173 9 w9 AN
< (6) A7 2o 1 HEL Fig. 6904 &4 + v} Y=

7 A D, A7l w}a})\%% b

YAV

._n
Z
N
L
)
e
&
,_L_‘
_‘:&
o
i

Y = 10.928951 - 33.659704X; - 7.698144X» + 20.281944X,” (6)

A7 AYg el @3 2oy §

=
A At ES Axste AESNE A 1558 mg/100g 22 VBNO]
UEREA, whg R R A @ dSgtel 2eE Ao ek,

4. T2 ol¥l 3o A A

FoldERRE G4 7R wyos Trgolwl e Azs)

Hrh (Fig. 1). Axd 7heEafige dvgE-e Table 79 #Zo] 56.6%

of z¥ruzizt AduYRe W uolx HPol FBrER 207%E 1
Btk ol RmRolel B4 F¥ Z4elA o 30%7) e i
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Fig 6. Response surface plots for optimization

of VBN contents of skate cartilage
hydrolysate ; Effects of NaOH

concentration and time.
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Fig 7. Cellulose acetate membrane electro—

phoretic patterns of chondroitin

sulfate.
A authentic chondroitin sulfate C, B

means alkali pretreatment hydrolysate.
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AxeE shA @ JhrLlE g 20BrixE: wET S
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ZEA R 40% ol d o] TR A= Hael dejubA] ekakoem, Fig. 10914
g} o] AZE FAZ e $82 65.7%2 40%2 sEoA )
F oAU 5 S0%AFE e Ad R 2.6%, 1.4%, 7.2%, 4.9%7F 80%
A ] A7 A g RA GEigen, JAEA] g JEFde Ax
w2 F&0] 169%F vEbytt) 24 el AAge FrEolrl gk
ek B A 0% A 45929 o] el o™, 50%3= 42.5%
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Table 7. Proximate composition of precipitates of 40% isopropyl

alcohol from skate cartilage hydrolysates

Fractional precipitation by 40% isopropyl alcohol

Component Before After

Moisture (%6) 4109 4.8%+0.6
Crude protein (2%) 56.6*06 40.7+05
Crude lipid (%6) 1.1+0.2 0703
Crude ash (%) 85*05 2102
Carbohydrate® (%) 207+22 456=*16
Chondroitin sulfate (%) 30+1 45=+1

® 100 - (moisture + crude protein + crude lipid + crude ash)
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80 HER Chondroitin sulfate content
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Changes in chondroitin sulfate contents of skate
cartilage hydrolysate as affected by different
concentration of isopropyl alcohol before and
after 0.1M NaOH pretreatment.

Alkaline (0.1M NaOH) pretreatment was conducted
for 5 hours at an ambient temperature. Skate
cartilage was hydrolyzed by 29% Alcalase at 55T for

4 hours. Precipitate and supernatant were dried by

hot-air (607T).
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Fig. 9. Cellulose acetate membrane electrophoresis of
skate cartilage fractions by isopropyl alcohol
precipitation after NaOH pretreatment.

A’ Authentic chondroitin sulfate C, B: alcohol 40%
precipitate, C: 50% precipitate, D: 60% precipitate, E:
70% precipitate, F: 80% precipitate, G residue
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o1} cellulose acetate membranes ©] 838 YA EA Ay Wiz Adko)

o eFekAL el fhobA 2ERolRl gitel dHiE HoR )
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of AxES A F ¥HA GAZAM DEAE-Sephacel ion-exchange

chromatography & A Al&tgH T} L0]& W22 o83 mznE
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3}

2 gake] ol A
ox FrFEoly sig R d AT (Falshaw 5, 2000; Vieira
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0
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=, 1991)
dEHA BHEE <dgFA pH 700 5o A 2H3lg o, ol
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Fig. 10. Changes in chondroitin sulfate content and
yvield of skate cartilage hydrolysates as affected
by different concentration of isopropyl alcohol
before and after 0.1M NaOH pretreatment.
Alkaline (0.1M NaOH) pretreatment was conducted

for 5 hours at ambient temperature. Skate cartilage
was hydrolyzed by 2% Alcalase at 55°C for 4 hours.

Precipitate and supernatant were dried by hot-air (6

0T).
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Fig. 11. Cellulose acetate membrane electrophoresis of

skate cartilage fractions by isopropyl alcohol

precipitation.

A: Chondroitin sulfate C, B: alcohol 40% precipitate, C:
alcohol 50% precipitate, D: alcohol 60% precipitate, E:
alcohol 70% precipitate, F: alcohol 80% precipitate, G:

residue.
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ol B T RHYEo FTHAUZXEL Sigma Ao EFEF FZRold
ik Cob 71718 Blasiglel, FT-IR, H-NMR 1832 “C-NMR2
2=A TAT A Aeo]lE dotugtew, olE WWe FE - A"
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L OBl Bl AT @2 ol&o] Qlt}d (Servaty et al., 1998, Mucci et
al., 2000; Huckerby et al., 2001).
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Fraction number

Fig. 9. DEAE-Sephacel chromatograms of isopropyl
alcohol precipitates from skate cartilage.
The crude extract from skate cartilage was
transferred to a DEAE-Sephacel 1on exchange
column (2.9x50.0 cm) equilibrated with 20 mM
phosphate buffer (pH 7.0). Elution was carried
out isogratic with the buffer and gradient from
0.0—~15 M NaCl in the same buffer. The flow
rate was 33.0 mL/hr and 6.0 mlL fractions were

collected.
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Fig. 10. Cellulose acetate membrane electrophoresis of
fractions from DEAE-Sephacel chromatography
of isopropyl alcohol precipitates from skate

cartilage.

A 1 Authentic chondroitin sulfate C, B : fraction No.

100, C : fraction No. 105, D : fraction No. 110, E :
fraction No. 115, F : fraction No. 120, G : fraction

No. 125, H : fraction No. 130.
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Fig. 13. FT-IR spectra of chondroitin sulfate purified from

skate cartilage by ion-exchange chromatography.
A @ Authentic chondroitin sulfate C,

B : Purified chondroitin sulfate.
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Fig. 14. '"H-NMR spectra of purified chondroitin sulfate from
skate cartilage by ion-exchange chromatogram.
A 1 Authentic chondroitin sulfate C,

B : Purified chondroitin sulfate.
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Fig. 15. '"H-NMR spectra (1.7-4.9 ppm) of purified chondroitin
sulfate from skate cartilage by ion-exchange
chromatogram.

A Authentic chondroitin sulfate C,

B : Purified chondroitin sulfate.
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Al A 228 511, 678, 727, 741, 766, 80.3, 815, 1018, 1045,
1745 2123 175382 Ao} frabgh Ao s weFdt of¢ fAHg 7
T8 VM Ho® vhepsioh

HEHog Ay Ze ol Fgile] &

ot
rlo

FFEo] 73%o0]H, o]
Sk ARelE e u]o] o3 AAEe 68%EA ul$ Z2HEY =2
ZFE 71 Aoz yeludtt (Table 8).
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Fig. 16. "C NMR spectra of purified chondroitin sulfate from
skate cartilage by ion—exchange chromatogram.
A © Authentic chondroitin sulfate C,

B : Purified chondreoitin sulfate.
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Table 8. Comparisons of authentic chondroitin sulfate C with
chondroitin sulfate purified from isopropyl alcohol precipitation

and ion—exchange chromatography

Itemn Chondroitin sulfate content (%)

Authentic chondroitin

73%1
sulfate C
Isopropyl alcohol
propy 4541
precipitates
Fractions from ion-exchange
681

chromatography
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