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Development of High Purity Purification Method of Chondroitin
Sulfate Extracted from Skate Cartilage

Kap-Seop Jeong
Department of Food Science & Nutrition, Tongmyong University
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71 EEgetA S A4ste] e FrRoldl kS A7 913k AAH-S AESST 2% alcalase = %ioiﬂ
7HEREBEIL 40 °Brix® FHI FEE] 782 233%0I o, RS 13] B 23] F71 4 , 3
2 AoH T} 1% alcalaseS} 1% protamex & &5 AFE-310] FE58)511L, 40 °Brix® &3
FEFE] 1662%%E S50l dd Fag4s EFT ALY B TS A

o gh-& Sujjn]ol ulg} 39.88~45.08%2] B*Hi =A% o, alcalaseTt AF&Ao= -2ulB] 1:1014 42.92%= M =4 =
A% 31, alcalase®} protamexE T3 AFESH Z9-oll= Suln] 122014 45.08%% 71 E%o, o e 93 FEHE]
A wHE A 24]7bo] A o] ATt j-#i 1§l 3H4Fe] GPC (Gel Permeation Chromatography) 57 2} alcalase 2}
protamexE &3 ARET A olgE Al Slgrol whep FEREolR gMte] BAEN ke 47 118319 Dadt
24.87%~49.92%°] WA FAHN o, Ao E Fato] FAF oF 1% Da, L &= 53, 93%4 ZEROE e
A& T A FERd ke WA Bre ollekE A ﬂ&oi# 33%, SAE Ao} oeke AAE WA 4 38%
o] Ayt dojxlon, &Adw Aeof 23]9) olehs A GEURE 52.1%, TMA (trimethylamine) = 37.89%°] &
T7E Ao, WAAdEY SRS AAE Asie FIHER B3k vt a4 E vk

Abstract A purification method was established for high-purity chondroitin sulfate from skate cartilage. Hydrolytic
extraction of skate backbone cartilage was investigated with the proteases alcalase and protamex, and the extraction
contents of chondroitin sulfate were measured with several physicochemical processes. The yield of extract from skate
cartilage with 40° Brix concentration was 23.3% with 2% alcalase hydrolysis, which was decreased to 8.47% and
3.37% with the first and second additional ethanol purifications, respectively. The yield was 16.62% with one ethanol
purification after hydrolysis with a mixture of 1% alcalase and 1% protamex. The content of chondroitin sulfate was
measured as 39.88-45.08% with different ratios of ethanol solvent. The content was 42.92% at a solvent ratio of 1:1
with alcalase protease and 45.08% with a ratio of 1:2 using a protease mixture of alcalase and protamex. The
molecular weight range of chondroitin sulfate was about 110-310 thousand Da, and the purity of chondroitin sulfate
was 24.87-49.92% with a mixture of alcalase and protamex in GPC analysis. The maximum purity of chondroitin
sulfate was 53.93% after ultrafiltration. The odor strength of chondroitin sulfate was decreased by 33% and 38% after
ethanol purification and additional filtration with activated carbon, respectively. The odor concentration of ammonia
and TMA from chondroitin sulfate was decreased by 52.1% and 37.89% with activated carbon filtration and two
ethanol purifications, respectively, but it was necessary to eliminate the odor components efficiently using additional
physicochemical processes.
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AL SFrrel Fel wHehal et ¥ edARE € carbazole A9 02 mLE 7hete] E£7F ¥ 100C %
o oY E e ZERCIY Bate] AFE SAsIE golA 1087 THdaln A A Wzt
o} o]E do] ti& SF5 | mLE ARgste] FUsH
2.2.2 5tQ|ojnt U GPCEHM s
40 °Brix®2 3%, 55, ZA #4& AR Edste A

2 Z759) 3 °Brix®] ¥ =& 3]4J8le] Fig. 13} 7o)
5K Da.2] ©]Z}2(Omega membrane, PALL Co.)< 72
3l 312] o] X (EMP series, EMS Tech., Korea)E A}
83te] 24417k ERt of it o HS ZghsS B
AR zsto] wdstelal, wde] FERolRl gt Pk
S ZAste oEkE A Aol wlwakleH, GPC
(Gel Permeation Chromatography, Tosho, HLC-8320,
Japan)E o] &g AN % BAF F4E ABE A
4399tk RI detector’} ¥-2E GPColl  Guard+2x
TSKGel GMPWx14 columns AH&-3te] A9 3
% 40T, pH 749 ¢#Z&Ho= ¥ o]F4S 1.0 ml
/min?] fr& 22 ZAste] ATk Alse] & 100

(U= SFSAT.

o off

&——— Retentate

é_,,../ Pressure gauge

Sample

Reservoir
Screw clamp

(valve)

Filtrate

E E (permeate)

Fig. 1. Ultra filtration module for separation of chondroitin
sulfate using UF membrane.
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Fig. 2. Chondroitin sulfate content of skate cartilage with
the dosage ratio of ethyl alcohol. (CHS:
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Fig. 5. Comparison of chondroitin sulfate contents with stirring method (A) and reservoir material (B) (CHS:
Chondroitin sulfate, Puri.: purification)
ol  wle] olehe g Folste] 2407k Bek 283 A 36 BEZO|El EAN BTl CHHE ol
o 0 A s e A, 1 A%E Hlm
Fig. S(A)l =AISHATE Fig. SN Al Al 3 e 0= ke ol go) 2AM2 13 AA AR
30.11%0 Blske] Z1AA sinkell o3k 18] o &2 AA = gyow megolel shab 4] 9] o8 2ol
Aok Zok ARel Sfeh ARkE AN TR A gy gap) Keldahel 913 T ARFS 248 2
45.08%¢} 45.71%= SOl 7144 A 259 A 512 wmma o)tk 2% alcalase T2 FalT HHE
el ofeh AAlErhs A9l Aeu 23 AT o o) oerem AAE A 2o zolEl sake A4
A akel] oY= Al Histel HE A WEO g el gl ishel 930% ~ 13.6% Skt
ghar At = glgioh Wl o] SO oF 109 A% 7hAaste] o EFS A=
T Zgut AA £719) Aol e BATAE gy 2z gy eusl 248 o 2 QU Kimd}
Sl 3] = = Q5 — - -
Hlanshz] sl 2 rish SesE TS ClESl opofs)m o)z 2 oehge] sl uheh o] Az
TP A Fig WO 45710 WEE WU neje) s zolal el el Sn wastel
A 8710l vkl SeRnE A A 2.58%21 amel 4413k Aske stelsl)
e el 2407 Be) A e o) ok Sl
s A 8718 cl8 Zaoh ARl HEL T 2ope) me gye) T Fke B & gk ol
2k ° L - - =
gt ke 1 A Ql Mol A= alltell SRk ygre1 1oy, alcalase®} 1% protamex & &3+ AME-8t &5
AAZE HS maadd Alew Azt 2o oere AA A3} 2% alcalase A ALEA] HT}
Table 2. Comparison of chondroitin sulfate content and protein content with purification treatments
Prot (reatment Purification treatment CHS Protein CHS
rotease freatment Sample/alcohol Stirring (%) (%) + Protein(%)
No purification 30.11 67.57 97.68
30 min 3943 59.21 98.64
110" 60 min 39.50 58.29 97.79
2% alcal o 120 min 42.92 51.40 94.32
o lealase 360 min 4371 54.60 98.31
1:1.5 120 min 40.68 55.38 96.06
1:2.0 120 min 41.50 55.29 96.79
1:2.5 120 min 41.16 56.28 97.44
1% Alcal 1:1.0 120 min 4191 55.26 98.17
v 115 120 min 39.88 58.14 98.02
1:2.0 120 min 45.08 51.77 96.85
1% Protamex .
1:2.5 120 min 43.62 54.16 97.78

CHS: Chondroitin sulfate,

14

: Ratio means sample to alcohol
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Zo] AZERE F2H E52oi" MY 1= AR NL
T =2 9.77% ~ 1497%9] 3 F7HE UEhidle. & Bag Aol viste] £ AT Fke] o w4 vt
v, o] ghFo] oF 9.43% ~ 15.8%°] AT Hol  uWTh o]z HolE oIt ofste] A Bl of ghzte]
Zrzoldl ikl AAl et Sk Aol 5 ofe] aglel oJgh Zlow AzhEr. gk kel
olgigt A= oehSE G uf ﬁ‘:iol‘ﬂ b T8 o) by g BT ade Zeolw gt
of Agtelo] ol Wil F AR7E Bufol &aljwlo] Al o] oA B2 o Kol FERol’l ik A
AE Ag ougit), o] Aar E o, e&S o83 it e AeR Helth
A= ol AT FET T2 FERO|R G4t
sty S5 Fol=d Y a9t JE Ao E B Table 3. GPC measurement of chondroitin sulfate with
FAl=, purification method
Treatment Division (I\D/Ii) Arca(%)
3.7 2=20|El FAte| GPC X ZTt No purification oen e
So] AZERE £ - BAG AR FERoY o CHS 306793 3282
/‘\l—jl} ?:31—9401131}@— /\]E_EL] %Eio]% Q—/‘\_ ;j]—ﬂolr—% GPC Alcohol Protein 1,217 67.18
2 3%, vaste] 7 ABE Table 3ol Yehulick o M g R TR0 B8
= @ Table 29k wlalste] 1 FA7F 2 AR A Under CHS 0 0
Al BAE AAEA T Gl ks A2 s de Ulta- _5000Da  Pmtein 1136 10000
B e M
B0 GPCEA A3} 14,5804 B4 278,065 Da.o) ’ '
peak’} AEE AL 20.02°14 1,169 Da.2] peak’} 7 3.8 LHANEIR| ST}
F5glov], ool A7 Brzeld AT BMAZ Lo mare] ) D sl A% AF F
T8I, GPC chromatograme| A 2HE At oy gy g 5040) oz B AP T olEe 4
#OFEE 2487%st 75.03%E AARHEY peak g me ooy sabe) wAE BaE A A5 B
sheet Al&=A] =), Lefuh 18] ok BAS A oo axw v 7R el 24em 1 A
4% 306,793 Da.2] peak®} 1,217 Da.2] peak’} HE 5 = Table 49] LFERRSITH
er, @EZCIT YA IHE YIE AL 28%  gag A5 AR e Azl ddjel 29 A
9} 67.18%Z AL AT 3 23] o HAE F3) 7] oj b 57 A WAle] AEs= S
o] 113,170 Da.9] peak$} 1,105 Da.2| peak”’} AZEIY o 12.5%4 g 9glon, 13 oﬂ%% A=
1, 23] AAES E3lo] e 7H7t 49.92%9) 50.08%2 = e e ok 11.1%2] 98 adst 99, g
ARSI AE S B3kl LEROIH T B g o st oF 25969 AR ek 2
17.1%2) 717} ot 8] o AN NEE B Al vis) 24
5000 Da. oJ3} Al5E A|&Jg BE AlmeA 54 4 Bl ALRA] 38% AEe] 225} 9gleh 12T A)E
kel 27 RS AT T GE FEZ g g el g BR AR ol BAG
OFF Bk iAol A S TR ARG A o e gamemE 70%e) AEATL A= A
Aolli= 24.87%% SAY ZEo|dl 3t o] 13 o= weEYrh
AN 32.82 %, 23] AANA 49.92%2 LEREIL, 2 g9 ofz)e] FA4Rel obwujolel TMAS 7]7]5A]
8] AAIFE A EE 5000 Da. 17 o8l 244 45 magey o) B osle] OB AA A AL obw
cloispotef eligh Al ofpax] KR ARE TEE op 5 195, TMA 37.89%9) B EAT} 9L Ao
of 24T Av oA e ARE 093%E F o gpyg
10%7} F5atict Aol das dos &8 A 7171 840) o8t =A 0 mBE Aa =O e E 1)
2% ojstel @9jolauE AFESHel 3 WAL AT o eirony wote] oo EAelA Eol 159 WAL
AT Kimh ChofS]9] @A 02-1 gL FFS7F - ypgjoior 421 5w SR Ao A7En
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Table 4. Determination of odor component from
chondroitin sulfate with sensory test and
instrumental analysis

Concentration
Sensory test

Activated  Alcohol (ppm)
Carbon  purification Od
P Strength o Ammonia TMA
Contents
No 24 100 1.23 7.84
Without Ist 1.8 30 1.50 6.59
2nd 1.6 30 1.00 5.18
No 2.1 100 1.21 549
With Ist 1.6 30 0.96 3.54
2nd 13 30 0.58 341
4. AE
o] Az WA Il Sael ofd ZrRol
gl kel FEEA AT FERojd 3akS A
7] st AAHES AES A7 g 2L AES
AU
1. 3o dFE 2% alcalase® F3 3310 40 °Brix
2 558 $E5EY T8 23.3%010aL, °1F 9
geR 13 9 23] A B 44 8.47%,
3.37%= Aol A 2™, 1% alcalase®} 1% protamex
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