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Summary

Carotenoids focused on p-cryptoxanthin were extracted using
supercritical carbon dioxide(SC-CQO2) from Citrus unshiu press cake.
Extraction conditions such as extraction temperature, extraction pressure,
flow rate of carbon dioxide, extraction time, and type and concentration
of cosolvent were investigated.

Only 5.7% and 7.2% of total carotenoids and pB-cryptoxanthin were
extracted in juice by pressing - wunshiu in a hydraulic press, while
94.3% and 92.8% were remained in the press cake, respectively. The
press cake was dehydrated by hot air drying, freeze drying, and ethanol.
93.0% and 81.3% of total carotenoids and P-cryptoxanthin were remained
in the press cake after ethanol dehydration.

Response surface methodology was used to optimize the extraction
temperature and extraction pressure. The maximum yields of total
carotenoid and PB-cryptoxanthin were 31.3% and 54.6% at 70.4C/40.9
MPa and 71.2°C/39.9 MPa, respectively.

The flow rate of SC-CO: played a minor role in the extraction yield
of carotenoids. The extraction yield increased with the increase of the
extraction time. The addition of ethanol and isopropanol as a cosolvent
to SC-CO: increased the extraction yield. The extraction yield increased
greatly as the concentration of ethanol increased. The extraction yields
of total carotenoid and P-cryptoxanthin were 1.5 and 1.7 times higher,
respectively with the addition of 20% ethanol to SC-CO: compared with

only SC-CQOs. The extraction yield of p-cryptoxanthin was 1.7 times



higher than that of total carotenoids. The extraction pressure, the
extraction time and the concentration of cosolvent were the most

important factors in increasing the extraction yield of carotenoids.
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7+ #ZFuo] = carotenoids, flavonoids, limonin, d-limonene, 37]A] &

2ol df Tol Bol fHe deoern=m AYPoRA 1 JHX|7F g =)
(Kimball, 1999). #=e°] M A+ B-cryptoxanthin, B-carotene, zeaxanthin
sol 9k Add, 53] p-cryptoxanthino] FZF& ©]Fal vk vk 7
Fol &FUAIAE, 100 g@)ol = B-cryptoxanthin®] 485 pg, B-carotene
o] 71 ug, lutein®] 131 pug, zeaxanthin©] 112 pg Sti% o] = Aoz &
14 2t} Wingerath 5(1996)2 ©A4 & FZ Ao = dA Fx5gof H]3}
o]  B-cryptoxanthin®] 2794, PB-carotene®] 7.89], lutein®] 4.69], a
—carotene®] 2.9%, zeaxanthin®] 2.28] gF¥o] At H AT Ko &
(200008 &F9U7t S99 Pp-cryptoxanthin S A3 Ay HSoe=
0.78 mg/100 go] ¥l Jd&= ¥, A= 526 mg/100 go =, I5
o gyje] 678 o] FEo] vkl waste], e ZAFHE B
—cryptoxanthin® 8 ¢S & 5 9

AF7hA AFtell 9)st¥ carotenoidsE 13 A% HHAZR 57, H
oF, thaete]l wHo] A% A (Block 5, 1992; Steinmetze} Potter, 1993),
Azl A% Ael Zael FHdFF HEH a3 Ba Ha tH(Burton
9} Ingold, 1984; Wattenberg, 1993). &3t #eololx 32 =A3F 233

AFA 9 REZFgFd g AAaHE A TEAY A B-cryptoxanthine

o

i

d



At w 5% M T o oK uﬁ 7w o w M wm o) do ™ I om N
o Moo = x ool .o WK S GO S
X o Lt 0 \@' _ZT ‘U| OT — d! Q#O OME
T % X % T ew Loy ko . e o= E g
= 7owt N - F T g TR oW, e T o= o 70
B oo " CEC R V. s o< 0o — T .M o
s 2w - £ 5 TN WK ) = A Ho
HOSom ot Mm%_ﬁ%mov%ﬂﬂ%_zfm Nom BT
. = o) @ = n 2 oy T iy
g W T SR TV I . S R A % ] ° g = 2~
= o N o) = =0 F p|] ®® — o 5 o g
SR - 8 = ' W F = g & i ol
© S £ = ol | TA N — o}/ _ ~n
© L %o T e . I - R B oo R <
SESY s EAViegwm Ol w mawio, ¥
B = DU om B OF o ox e B i} aone T
. ) T L OO T X q o o w oF  No E s
el Iow oy LRI T U 4 X 3%
o . o o &= < ) 9 o ) mo AP = CSaNeY oo w oo S Uﬂulr
SH o g o o Mow oww T oo ool ow L&
= &E oy = N (UL = Woﬂ T o ok oot <) AR Mo o
H E g X CRCHAR TR ® g T T gy
Wm mo = ;Mo oo = oz o g T X aﬂ R o=
= 3 = = = 8 2 ='x 4 Ho M w5 R
o RO =
%Wmhw OMMAWMMWOW&W@EW SRR
5 5L AYIFEL _mrrif EImsLE
i — —_— . ) —_ —_— R l
v R LW 8 By S8 ogow ™y gR — o —
S I % 5§ F om B ° o * £ T O W
W - To Mrﬂ g * 3 ) m do — o | 8 o =~ °F U o W ok
= L T, KO H 9 L 5 ° L T = do =T
or i Y - X w B _zT OW H;l W ~— ‘2 To T = SRR~ N e ;Ir.” <= 3
u; o = ol o N T T T W OH P g oo g XOF
~ = — K<) - iy oo S o X G
roya 3 % 0N O o5 H ™ g @ wE > M X0 T Ot
0 s f s T g Be L swmE _ P Tou
o X | 5 % ST
Hog £ T o om T g & 57w
s 2 B® £ = ~ K oo - B % > -2 ) 17_,. ) Z
T o © S X Ty of ® = W ™ T o 8 " o o 2 o B
S B T oo oy A LRI T SIS I T

71
o
=

’

.

R

=

FAI g, @] = of] A
=, oleoresin

°

23}

)=]

o]

A

-
.

o
A

g Ao s ofg¥a

.

1

]_

S

, AA

=
=



of ] okl A AbistEof 3int.

p=2
¢}

N2 2ol A3, AT Az

A

Carotenoids+

ol

ToR

7} =& carotenoids 9]

.
—a-

o
B

Mo

A 7] ool 71

o

=

}2 2 carotenoids®] F& WHOoZ Hb

5]

A&

el

io]
A
-

B

fite)

et

A

juy

)

ZAZ + 9

el
il

A &t7] w 2ol vt

0]3

a

, 1994).

p=2
[}

(Hawthorne®¥} Miller, 1994; Langenfeld

—cryptoxanthine X33t carotenoids

=) o)
T':}ﬁl‘é

=94 total carotenoids®} PB-cryptoxanthin®

U



. AR R

Njm
R

AYely, FAHE 296 MPa

2002

SEEE

ol

A
N

e

Bo

b1 9l

<)

A A

60C AZ71(FO-450M, Jeio Tech, Korea)oll 4] 85417 s<t 3

-20C Coll A

T
Bl

gl

4

e Dt FFu FAC 2wl

&A1 Z7]1(VO-20X, Jeio Tech,

o

of gF
10.1, Ika Work, Inc., USA)Z 3000 rpmel 4]

Korea)Z 35T ol A

Fed -20C 9

S

g 3
=

14 mesh® A+

g3kt

o
-

)
o

Njm
R

!

o

AwA FEFX(SFX 3560, Isco Inc., Lincoln,

i
ol <t=e] 483 MPa 744 A& 7F

=

1

;01_

-
T

USA)

9} B ZEEujE syringe pump(100DX, 260D,



Isco Inc., Lincoln, USA), pump controller, sample cartridge’} #2F¥ 1%
chamber, % Z4S $3% restrictor 28] 1L collection vial® T+ %o
th wA ok 1g9 ARE 10 mL9 sample cartridged] FH@adtal gt
chamberel ##stct. =JA o|itserAho} Hx8&ul= ZHZE syringe

pumpol Al 7}t F Q3 mixing zoneol A & H ¥ supply valveE 535}

sample cartridge® FYHATE dA 2=} stgoA 58 fAE F
(static extraction) ZUAFAE= ANB7F FHE cartridges E3stHA >

%S P39 al(dynamic extraction), A o|itglet A9t FEELS 70TCE
7FeE restrictor® £33t o) 7] AElZ collection vialel ®lEE St} o]

o) o] AElElAE FEHEEZRE Ry Ho] collection viald] AHFE £

) 7] 2 WEEYa, FEES 10 mLe ethanolo] YA Y=
collection vialdl EH AT, THH FE=ELS ethanol® 50 mlL & -&3}¢]

=
=
AT FEFLOS FEA A

=9} 164~457 MPa2l FZ =A% syringe pumpe & 1
mL/min°l A 2021 FESAH v o= olAbster Aol F&5(1.0~2.

mL/min), FZAIZH10~50 min), RZ&u]2] FFF(ethanol, iso-propanol,

Nt

a1

acetone, ethylacetate, tetrahydrofuran)®} & %=(5~20%)E Y@ sl F=
skt

24. F& 259 FF 4H9 HHFJE A AFAF
Ry Z9A olattetie] 93k total carotenoids$t

B-cryptoxanthin®] FE&xo=A F&F 2= FF 49S HH3el]

=13
=

..
)
o

£

=]
T

$15ke] W3- ¥ EA 9 (response surface methodology, RSM)S ©]-&3} %t}

(Myers ¢} Montgomery, 1995). <A 32 2 ¥ (central composite design)
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H(Xy, 164~457 MPa)= SHAZ H33tsto] & HAYPS AAeAH
2 W9 483 MPa, 2%
Wl 150C) A8 AS st AAsAT Carotenoids®] AH3tE W

Aek7) il T5C oldke] 2% LEE MG olE £ Wi

Lo

a A W= F4 WHEEE total carotenoids®t B-cryptoxanthin® FE
TEE AdEstlon, 33 vk A3sto] 34320l o]&stAtt 3|4

of 93l o =& SAS(statistical analysis system) program< ©] &3+t
sl NEA A A7 A (critical point)o] A (maximum)ol Av HAH
(minimum)®] o}ty <& (saddle point)¥d Aol A4 (ridge

analysis)= stol HH = okl

Table 1. Coded and uncoded' values for the extraction temperature and
pressure used in developing the experimental data for optimizing

SC-CO; extraction of carotenoids from Citrus unshiu press cake

Independent variable Symbols Levels
Uncoded Coded Uncoded Coded
Extraction temperature T X1 74°C +1.414
70T +1
60T 0
50T -1
46°C -1.414
Extraction pressure P Xo 45.7 MPa +1.414
41.4 MPa +1
31.0 MPa 0
20.7 MPa -1
16.4 MPa -1.414




2.5. p-Cryptoxanthin, p—carotene? A%

g #ZFEd oF 0bg B ZET2 9F 10 mLol magnesium carbonate
1g¥} tetrahydrofuran @ methanol(1:1) 50 mLS 7}ste] #&sAIZ & A3
o HA FA Tl o] Mol 50 mL petroleum ether®} 50 mL 10% NaClS 7}3Fo]
33 Wt FE39 A, FE5S Rol HBTAA Fdd JF T dER2AN &

m

ethanol® 50 mL A §3tATE o]AS 4 mL 3t 4 mL 10% methanolic
KOHE 7tstel  @AIzE Bt oA HepAzh of7]e] 20 mL
petroleum ether®} 20 mL 10% NaClZE 7}ste] 33 wbE F==31 &7
TE 7tete] ddE TSR vhE F 3BTAAA IH 1T T AxA
& HPLCE mobile phase 4 mLol &3fste] -20CoA A &stHA 48
Al g =2 AbE-stth(Hart ©F Scott, 1995).

HPLC #4] Al2®2 Spectra-Physics(SpectraSYSTEM) = P4000 pump,
UV 1000 UV/Vis detector(Spectra-Physics Anaytical, Inc., CA, USA)<}
AS3500 autosampler(TSP Inc., USA)Z T4 %o At} Column< Vydac
201 TP54 Cl18 reversed-phase column(5-um particle size 4.6mmx250mm,
Hesperia, CA)S At-&38te] gttt AE594L2 450 nm S o o] 542
acetonitrile : methanol : dichloromethane(75 : 20 :5)% 2™, §%< 1.3 mL/min
2 sttt AEAES p-cryptoxanthin(Extrasynthese, Genay, France)¢} B
-carotene(Sigma C-9750)% 3H2F3kA] 2 0.1%(w/v)butylated hydroxytoluene
(BHT)7} 3$F+%  chloroformol] &38jA|7]a, tA] HPLC #4418 mobile

phaseol A% A7 HPLCE w#435te] dawyoz A st

2.6. Total carotenoids A &
Total carotenoids® 3$F#& trans—B-carotene(Sigma C-9750, <%

B%)s olEkEe] &g F 450 nmelA FAT FAEEZRYH A

AFAE ol&ste] -8t (Riso9t Porrini, 1996).

_9_



3.1. 2527 &5F 3 carotenoidse X
=TEts gFRA FAFTIE FAHFoste T FFHwoz sk ¢
carotenoids®] ¥ ¥ & ZA3t. 2SS FHFe9S v F29 FHF

o] FE% e ZH7E 59.7% ¢t 40.3%ollom, F249 TEE 11.2°Brix(22

S tH(Table 2). Total carotenoids® =2 F=27F 505 mg/100g, Z+&5
"ol 124.33 mg/100gel A =Hl, ="Aool ot HEFARE F9 total
carotenoids & 57%x F2E, 94.3%= ZAFulo 7 o|giEQon ol B
o} Zraya Fo thH-E9] total carotenoidsi= ZFHbe] HESE o=
LHERSE

B-Cryptoxanthin %S F27F 0339 mg/l100g, =F5Hre]  6.498
mg/100g ©] A=, 2 12%, &59o =2 928%7F ol o, &
B Fo giE ryptoxanthin®= #FHo] JHEsh= Ao e

t}. B-Carotene %2 =27} 0.072 mg/100g, 2H5Hro] 1.65 mg/100g S =,

_2'4
ol

Zgdrel A B-carotene®] 94.0%7F S o] AT
ol’fo] AMZHE tFE carotenoidst &FEAS FFS T 5

gro] JEdh= Ao R vEst

_10_



Table 2. Carotenoids content in juice and press cake of Citrus unshiu

Component Juice Press cake Total
Moisture(%) - 78.1
Weight(g) 2448(59.7%) 1653(40.3%)
Total carotenoids
Content(mg/100g) 5.05 124.3 53.1
Mass balance(mg) 123.6(5.7%) 2055.1(94.3%) 2178.7(100%)
B-Cryptoxanthin
Content(mg/100g) 0.339 6.50 2.82
Mass balance(mg) 8.29(7.2%) 107.4(92.8%) 115.7(100%)
B-Carotene
Content(mg/100g) 0.072 1.65 0.71
Mass balance(mg) 1.76(6.0%) 27.3(94.0%) 29.1(100%)

_11_



#4% Eol7] Ystel, #E FFWS 4% Az, B2 Az, UL 958
3 5

of FEFEFS W1%eIA=H, €5 Ax, 4 X, JdEs g5 F F7
S Zb7F 133, 115, 225% =, g4 WA e 7 FH&2 s

geutol 743wt

Table 3. Carotenoids content in Citrus unshiu press cake with different

dehydration method

The Hot Freeze Ethanol
Treatment . . . .
unhydrated air drying drying dehydration
Moisture(%) 78.7 13.3 115 225
wet basis 121.08 279.49 321.28 409.97

Total carotenoids

(mg/100g)
dry basis 568.4(100%5) 322.3(56.7%) 363.0(63.8%) 528.9(93.0%)

wet basis 5.717 9.871 13.19 16.95
B-Cryptoxanthin
(mg/100g)
dry basis 26.8(100%) 11.3(42.1%5) 14.9(55.5%) 21.8(81.3%)
wet basis 1.081 2.968 3.431 2.786
B-Carotene
(mg/100g)

dry basis 5.07(100%) 3.42(67.4%) 3.87(76.3%) 3.59(70.8%)

_12_



et HWAlo] wE total carotenoids® FTEEEL JdEEE B4EAS 4

total carotenoids® FE&HTF 10% o] wEokt}l. p-Carotened FE&L

B geate ge) azgAd wAglel AL viksnh wekd gE &

st= Aol 7 v skt Turner 5(2001)2 E5H%
carotenoids®] AtstE T ¢ Jorm =z I5t= o] Frhal Bt
Ad ZAFES o822 43 5T Ao A EFuty g4
°

=

9] carotenoids &2 Table 49} 7%t} Total carotenoids+= ©f &

T ggdo= 91%yre]l EAEST YRl 90.9% = Eukd FESIG L
=8 p-cryptoxanthin®= &9 0 2 83%uto] £25% 1 x| 91.7%=
gpute] ZHESIGEH, olE Hol E #HFHre] JekE 4= total

carotenoids ¢} PB-cryptoxanthin® <<=2AE&2 10% v Tke]Att. A B

—carotene< €& €95 F g5 Ao 162%7F S EH AL YA 83.8%
= g & 3t =4, carotenoids & 7Hd Bo] &AH T

olate] AR E eE GFEH}AA carotenoidsd £=AEES I1UHA
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Table 4. Mass balance of carotenoids in ethanol dehydration steps of

Citrus unshiu press cake

Dehydrated . ) . .
Component Liquor 1 Liquor 2 Liquor 3 Liquor 4
press cake
Weight(g) 955 3780 2237 1684 1483
Density(g/mL) 0.888 0.854 0.838 0.830
Total carotenoids
Content(mg/100g) 409.97 0.98 391 7.67 9.37
3915.2 37.0 87.4 129.1 1389
Mass balance(mg)
(90.9%) (0.8%) (2.0%) (3.0%) (3.2%)
B-Cryptoxanthin
Content(mg/100g) 16.950 0.029 0.129 0.236 0.449
161.8 1.09 2.88 3.97 6.65
Mass balance(mg)
(91.7%) (0.6%) (1.6%) (2.3%) (3.8%)
B-Carotene
Content(mg/100g) 2.786 0.008 0.060 0.082 0.143
26.6 0.30 1.34 1.38 2.12
Mass balance(mg)
(83.8%) (0.9%) (4.2%) (4.3%) (6.7%)

_14_
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Table 5. Experimental results for SC-CO; extraction of carotenoids from

Citrus unshiu press cake with different extraction temperature and

pressure
Coded Uncoded Total carotenoids B-Cryptoxanthin
Run
no. <1 %9 X1 X2 Concentration Extraction Concentration Extraction
() (MPa) (ppm) vield(%) (ppm) yield(%)
1 -1 -1 50 207 16.811.3 20.4+1.6 1.31+0.17 35.8+2.3

2 -1 +1 o0 414 22.2+0.3 27.0+0.3 1.51+0.13 42.1+0.4

3 +1 - 70 11120.7 12:2+0.3 14.9+0.3 1.04+0.06 30.5£1.8

4 +1 +1 70 414 23.610.8 28.7£0.9 1.73+0.11 49.4£1.9

5 -14142 0 46  31.0 21.2+0.5 25.7+0.6 1.46£0.12 41.0+1.2

6 +1.4142 0 74 31.0 21.6+0.7 26.3+0.8 1.63+0.09 49.4+0.6

7 0 -14142 60 164 6.4+0.5 7.7£0.6 0.53+0.02 15.5£0.6

8 0 +1.4142 60 457 24.2+0.7 29.5£0.8 1.74+0.14 49.1+2.3

9 0 0 60 31.0 20.7+0.4 25.2+0.5 1.48+0.05 435+1.4
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Table 6. Second order polynomials for SC-COs extraction of carotenoids

from Citrus unshiu press cake with different extraction temperature and

pressure
Response Second order polynomials R Significance
Total carotenoids 0.9788 0.0103
(%) Y = 20.386691 - 0.986772 X; + 1.595795

X, + 0003760 Xi° - 0.031594 X,° +
0.017136 X;X»

B-Cryptoxanthin
(%)

Y = 2387553 - 0555099 X, + 2469639 O0-9402  0.0470
Xy - 0.002339 X;* - 0.056686 Xo© +
0033525 X,Xo

X; = temperature(C), Xy = pressure(MPa)

Table 7. Optimum condition for SC-CO: extraction of carotenoids from
Citrus unshiu press cake with different extraction temperature and

pressure, and predicted responses by RSM

Extraction condition Total carotenoids B-Cryptoxanthin
Extracting temperature(C) 70.4 71.2
Extracting pressure(MPa) 40.9 399
Predicted values(%) 31.3 54.6
Morphology Saddle point Saddle point

_17_
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