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Recovery of Functional Materials from

crab Shell Using Supercritical Fluids

Hyun-Seok Youn

Department of Food Engineering

Graduate School Pukyong National University

Abstract

The solubility of  astaxanthin in carbon dioxide were
measured under the supercritical conditions of a pressure range
from 80 to 300 bar, and-temperature range from 303 to 333 K,
using a dynamic flow—type.  The solubility of astaxanthin
increasing from 0.78 < 107 to 4.89 X< 107 with higher
temperature and pressure maintains certain density  of
supercritical carbon dioxide(SC-COy). The solubility data
obtained were applied to the Chrastil model, based on the
density of carbon dioxide. The data fitted well with the Chrastil

model at most experimental conditions.



According to solubility measurement result, astaxanthin
extracted from crab shell by SC-CO: at 308, 313, 318 K and
100, 200 bar. TBARS(Thiobarbituric Acid Reactive Substances)
value in extract compared other anti—oxidant that a—tocopherol
and ascorbic acid.

The effect of operating parameters(reaction temperature and
time) on the behavior of chito-oligosaccharide production from
hydrothermal decomposition of crab shell was investigated. High
temperature and high pressure water hydrolysis- of chitin and
chitosan were carried out. 423 K to 523 K and 1 to 3 hour. The
TLC analysis result of chitin hydrolysis show high recovery at 1
hour, 473 K and in case of chitosan show at 1 hour, 523 K.

It was found that SC-COz extraction and sub-critical
hydrolysis reaction can be used as an alternative separation

technology to recover funetional material from crab shell.
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Table 1. Process design protocol

Preparation of feedstock

grating, grinding, rolling, wetting, drying

Extraction Conditions

Pressure, Temperature, Solvent/Feed Ratio, Superficial velocity
Recycle effects, Entertainer and Co-solvents, Extractor Size, Shape,

Configuration, Processing Modes(Sub/Supercritical CO2 . Dry/Wet Extraction)

Separation Conditions

Pressure, Temperature, Fractional Separation, Adsorbent Separation.

Others

Screening Unit Testing — Assessing Technical Feasibility
Process Development-Unit: Testing — optimizing process

performance and economics
Pilot plant testing — Scale—up verification

Commercial plant design configuration
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Ago] Algd T4 F+ $A(Chionoeoetes japonicus) il

A FAe A% 990 AAF (FIFERORIY AT} ALE

=)
2
o
H
N
U
Hﬂ

AHMW 5,000~10,000) (7] Egfo] Z2HH
Tdste] A&t A AAe 2F 60TCoAA 12 A2 Ho AlH
T A2olA Az AEigith. EH et -20T Gl BAsAT
ot etAE AEE % 999 % & AMEddon, ZFAGoRE
astaxanthin(Sigma, U.SA)Z AR&etAaL, 71 ¢ &4 B Hx 8=
AR AE B A%kl &= S8l AEE £ ooks &

AR A3t

52
o

2. A3y

2-1. Astaxanthin®] €3 = =3

il

Chloroform 3 mlLol| astaxanthin ¥3% 0.2 g & =9 £9

IF Hrd & AZ7]|A 30 min < AFAA chloroforme] H&
3 IAHEE 1T &l ot EtAaE AdYoA -10T 377
2 FYste] A7 F 2F ¢4 xHo] 7538 Thar AP AZFEEL

g o3t Agstgion Agd WrlE 10 mL ¥o] u¢

o

stainless steel A9 FE=ZFE AL3519T. F=Z9 On-off MH =
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=3 F&& HusHzl H& Chen?}t Meyers(1982) HHZ 383+
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A AHAZ5H astaxaithing F=317] A =AA o]rkstebsh
& FA = Fig. 201 JeldY. FEZFE= 300 mL &332 198

stainless steel2 AF839 1 ZAA A lined 1/4“9F 1/8“¢]

FAEE oltsteLe] F¥S AFHSE pumpingshlal, H

Solvent Delivery Pump(Young-lin scientific Co., model No. : 930)
E ARSI Y HHE FEXO B0Vt ' YA ol4tks
Ao 252 =A3%E digital temperature measuring(WaveteckA},

model No. : 461 -112020) #ZAE o]&slo] =IdA FAL =&

Ay

daplon FExo FELE 2AA FAVF FE2= Sol7ke st

w

< digital pressuresmeasuring(ValcomAl, model No. : VPRQ-A
-350K-4C) FAZ, QA FAZF F=E25 SHdt Hos F=2
A8 Cole parmer gauge® =A3EF9TH Systemwo] 4=ELE 1749
back pressure regulator valve® ZA3sIR 1 vAS 3 ZdL
metering valve® ZAslqlth. o] wl, 4% FHAE Q] FA=
Joule - Thomson Effect(Fachbereich, 1999)7} #2§38}A] = o] pipe
7b 5984 "ok ol WASHA Hdll pipeE 9% 2 gxol S3e

Al skl FAlel 35S g3 st
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1: CO, tank [Fo) | 10

2: Pressure gauge
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4: Safety valve

5: Pump

6: Temperature indicator 7
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Fig. 2. A schematic diagram of supercritical CO. extraction.
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Baol Fe AW F o2 BEARG F U9 olisheiat 23

mL/min ¢ FFo R FUePaL, BEEuE o]Asterro 5 vold ©
3} 1.0 mL/min 9 FFo g FYs . LA 7HE 60209 a1, trap

o] 2xE -10C®E AAst, FE2H EZL2 ethanol(99%, HPLC

grade, Aldrich) & Rinse 3}9it}.

) F=59] astaxanthin &

S

H

, BE2 UV/VIS variable-detector2 485nmolAl =73}
AT AlE9] 13 FAF2 20 L o3, =8 v= ACN : CHxCl
: MeOH : H:O : propionic acid (71:22:4:2:1, wv/v)Z 3} tHTable
2). EgNe FE  astaxanthin (Sigma, U.S.A)S toluene
methanol (1:1, v/v)ol =9 HPLC moble phase® 3|4, 3, 5, 7 1
2]l 9 ppm?| &N At HIFTde LA

FZ=59] astaxanthin AFES 93] Chen I Meyers &
(1982)°] W Z S8t EFF=Heol 93 F astaxanthing 0.5,
1.0, 2.0, 4.0, 8.0 ppm& AFste] HAHFTA(Y=1994X-0.2213,
r’=0.9958)% ¥& F FFALel AEEAA, ARE A7 5~108 3

A138}e] UV/VIS Spectrophotometer(KONTRON, UVIKON 933, USA)
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5) Astaxanthin® &4kstd 49

o] 7|5AdE olr7] sl ©E FgAakskAl(ascorbic

i

=
acid, a-tocopherol)¥ H]ausle] TBARS A <A ay& dolx ot
T}, TBARS A4 oAl @3+ Bueged Aust(1978)] MW S 583}
o FA3Fet "7lgl AZ3F oil emulsion 0.5 mL o] A&} FeCl,®
A7ksko] 37T water batholA Bbg ARl % 7.2% BHTSF TBA/TCA
AleFS 93 100TCoA BAAIA 53 InmollA T3 =S A8

T FEE0 s so] ARto] we oD A WE=A
free radical scavenging activity?] =73 WHo g dolH Ut FEE&

astaxanthin® free radical scavenging activitye= Blois 5(1958)

0

o ofy

Wil +=

bl # S(1994)3 Kang 5(1996)9] $8< 8319

O]

AHgE

e

=59 astaxanthin®] FE+E 8 ppm °|%loeH Azt &

o _\1

o] 1-diphenyl-2- picrylhydrazyl(DPPH) &%& H7}dte] 308 vt

olo

A7l % 12, 24, 48, 72X @ E 517 nmolA FF = w3
btk

il

z

r o)
ol
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Table 2. HPLC conditions for the detection of astaxanthin

Hewlett Packard(USA), Model

Instrument 1100series

Column Z Waters C18 (4.6mm X 250mm)

Column temp. 8 Room temp.

Detector ; UV Visble Dectector

Wavelength : 485 nm

Injection volumn : 20 nL

Flow rate : 1.0 mL/min

Moble phase : ACN 7
CH2Cl3 22
MeOH 4
H20
Propionic acid 1
(/v /Nl V)

_18_



2-3. 719, 71 EALS] n23¢t & JeEE

b Bg 2 100g (FFH] 1020002 A& FH|8F

vkl sl dE7I=A hdste A2k (150T, 20
2l

2) Thin Layer chromatography(TLC)el|l °]3F HA HA]
TS T AYEN Bo] ol&HE TLC &4 ®HE

18Tt FHENE AP JlE AT mE Aozt

Z,

monomer ¢! -Acetylglucosamine  (GIcNAc)¥}  dimer I
N-Acetylchitobiose  (GlcNAcs), Trimer$l N-Acetylchitotriose
(GlcNAc3)E SigmarHU.S. Aol A F)8te] A3 T}

718l

A

pat

Z1EAF B3] 2HE2 TLC plate silica 60 Faosq(Merck)
o] spotting ¥+ ¥ n-propanol : ammonia water(32%) = (2:1)°] &

o] A7l AFHh 2 F TLC plateE 7AW Aol AZxAZ 5 A

z49 plates #2 A/ &vi= 22 A AR 23 A7RE TLC
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plateZ AXAIZ & FWol| 0.1% Ninhydrin(Fluka AG)o] *3td
water—saturated n-butanole 53 H 110TCoA 10% FAX WA

A spot= &3 THChoi 5,1997).
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1. Astaxanthin®] €3=

Ao o] astaxanthin®] &=

Astaxanthin®] E¥&2 U3 2oz ALty o

Table 3& 7} =3 2x9} <t

A A¥ES HoFr).

.

[

2

— nastaxanthi n
yastaxanthi n +
nastaxanthin nCO2 ( 1 )

o:] 7] }\1 Yastaxanthin '19: astaxanthing]

= Z}7} 889 astaxanthind} &9 2 ARREH o] Al

Nncoz2 —
£ b,
A8 2QA ol shErol

=

107°9] W9 gho]l S AL B-carotene? 74

(M. Skerget 5 ,1995). Astaxanthin ¥} B-carotened A=

°
or

% g oAb 2ol
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Table 3. Solubility of astaxanthin, as mole fraction (Vastaxanthin), in
COs at temperatures in the range from 303 to 323K and

pressures from 80 to 300 bar

*Pco2 Y astaxanthin X 105
T P(bar) (kg/m”) (mole fraction)
80 702.06 0.78
100 772.10 1.09
120 809.52 1.02
303 150 847.55 1.27
200 891.08 1.78
250 922.96 1.81
300 948.53 1.91
80 424.32 0.76
100 714.16 1.43
120 768.33 1.46
308 150 816.12 1.65
200 866.66 1.91
250 902.12 2.09
300 929.95 2.10
80 278.41 0.42
100 630.18 1.49
120 719.70 1.80
313 150 781.79 1.92
200 841.09 2.46
250 880.67 2.62
300 911.01 2.81
80 278.41 0.48
100 500.19 1.62
120 660.39 2.59
318 150 743.99 2.85
200 814.27 3.70
250 858.59 4.18
300 891.71 4.32
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T(K) P(bar) *pco2 Y astaxanthin X 10

(kg/m”) (mole fraction)
80 218.92 0.47
100 384.65 0.80
120 587.58 2.53
323 150 702.21 3.06
200 786.15 4.01
250 835.88 4.53
300 982.04 4.62
80 203.02 0.53
100 325:82 0.79
120 509.04 1.87
328 150 657.71 2.98
200 757.59 3.89
250 813.25 4.46
300 852.63 4.69
80 191.71 0.80
100 290.09 1.20
120 437.10. 2.09
333 150 608.34 3.17
200 726:88 3.96
250 789.27 4.51
300 832.30 4.89

#* Density of pure CO2 obtained from published data(S. Angus el,
1976).
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yastaxanthin = IOCO exp( +bj (1)
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Table 4. Parameters in Chrastil equation of astaxanthin mole

fraction (Equation 2)

T K) k a b
303 2.10 1.00 -1.74
308 1.74 1.00 5.1.61
313 1.87 1.00 -1.62
318 1.90 1.00 -1.58
323 1.90 1.00 -1.56
328 o | 0.91 -1.62
333 1.28 0.96 -1.37
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2. Al AA 2R astaxanthin® F&
1) Astaxanthin®] ZAFA
Jaf EFFPHe] o =

astaxanthine 0.5, 1.0, 2.0, 4.0, 8.0 ppm= A Z3d}] HFFA

tlo

Astaxanthin® A% EA

(Y=1994X-0.2213, r’=0.9958)% & 3 A ilo] A48}

tHFig.5).

2) YA o4 2E9 o B E F2
Table 5% ZYA| olitstetie] =9 e W F= 243
£ Yeldidlth 12 A48 2 F &£9E A AEE =94 o)t
dJetirgr %3 23 astaxanthin® FEE & 259 oF
oA =4 YeElEE 100, 200 bar EF 35T XU} 45
59 F=E & 11004 208] 747 £A YElon ol x

ol A o]Aalzlet Ao W3t astaxanthin® {7t 2= o=

_28_



Absorbanced 485 nm

1.2

0.6

0.4 r

0.2

y =0.1994x - 0.2213
R% = 0.9958

0.5 1 2
Astaxanthin(ppm)

Fig. 5. Calculation-curve of astaxanthin.
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Table 5. Astaxanthin extraction  concentration by
supercritical COsq
Temperature Extraction Temperature Extraction

() at concentration (C) at concentration

100bar (ppm) 200bar (ppm)
35 6.8 35 7.8
40 31.5 40 45.5
45 81.8 45 150.6
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Fig. 6. DPPH radicals scavenging effect of fast astaxanthin at

7.8 ppm during 72 hrs storage at 4C and 257TC.

_31_



3) A ARA F&3 astaxanthin®] FALHA

=3} astaxanthin®] ¢HAA S F21dl7] Yol F=E FolA =

4y

7.8 ppmo.Z DPPH &A% =4 ZA7} 4T, 25T ¥ 714 &

H

T BT FE 3 24470 AYd grtsksgol] o= Ae A
gto] 72N = dASHA FAEE & AATHFig. 6). B

I 4, 7] T F7] ZF ¢ 1@ astaxanthine -20T
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7l A8 A ditsAE 29 ¢#HZ ascorbic acid ¢ «a
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Table 6. Antioxidant ability of astaxanthin in oil emulsion

by TBARS method

Sample Antioxidant ability (%)
Astaxanthin
48.9£4.8
(15 ppm)
Ascorbic acid
49.4+4 4
(100ppm)
a-Tocopherol
51.7£5.2

(100ppm)
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Fig. 7. TLC analysis result of chitin hydrolysate using high

temperature and high pressure water.
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Fig. 8. TLC analysis result of chitosan hydrolysate using high

temperature and high pressure water.
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