##fEzt(Korean J. Crop Sci.), 48(S): 72~78(2003)

Carotenoid2| 2|

29
=

A

dhm -

i

Kt - of

=5

Oh

2 0

*

-
o

2k

=LA] =

=0

It

1z

=
-

|

\

*

- BB - UBEH

0:0.|=|
Mo

©q
2
(o,

,?_

Biological Activities and Analysis of Carotenoids in Plants

Jung-Bong Kim*', Sun-Hwa Ha*, Jong-Yeoul Lee*, Haeng-Hoon Kim*, Sang-Hong Yoon*, and Yong-Hwan Kim*
*National Institute of Agricultural Biotechnology, RDA, Suwon 441-707, Korea

ABSTRACT : Carotenoids are the major pigment of pep-
per (Capsicum annuum) and tomato (Lycopersicon esulen-
fum) which are very important foods in Korea. However the
analysis of carotenoids is quite complicated because of their
diversity and the presence of cis-trans isomeric forms of
these compounds. The objective of this review is to collect
the achievements on the field of the chromatographic sepa-
ration of carotenoids in food and some vegetables, to
describe and critically evaluate the techniques, And to com-
pare the benefits and shortcomings of the various chro-
matographic methods such as adsorption and reversed-
phase HPLC and thin-layer chromatography. HPLC
equipped with ultra-violet or photodiode array detection is
most often employed in routine use for the analysis of caro-
tenoids. Here, the method to analyze carotenoids by HPLC
separation after solvent extration and purification from
pepper powder samples done in our laboratory is also men-
tioned.

Keywords : carotenoids, analysis, HPLC

9|‘§E—L'EO|E(Carotenoid}‘E 7 ollo] HE(carrotellA -8l
slo] FeBo]Z A (cojugated double bondyS $:8H= “ene’x
o] AojE A “carrot+ -ene”2] 7IEEl(carotene)®| Ao
o] BlgtEt] Bol= HuAl “oid™7} EoJA carotenoid
7} H9) AAE g2e] H& A o, B, ¥ carotene®]
E812o] JehE MZEA polyene(-CH=CH-CH=CH-)°] 4
7Zoll AAAQ g dh}, gk vkst seky e} 7%
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& geranylgeranyl pyrophos-phate(Cy) X} 7
M7t AEsle] 2FEHOR tetraterpene(Cyp)R! 7HEEx=0] =7}
Hr}hBuchanan et al, 2000).

T2 BAdl we} FlZE ol ABFER! oxygens X
Sabitol] webd, ZAPEE (xantophyll)? 742 E (carotene)2]
T E BEFEed FAFE"Y= zeaxanthin, antheraxanthin,
violaxanthin, B-cryptoxanthin, lutein, canthaxanthin, capxanthin
o] A FI=Eo= g3kpaz gl o]F0f2] lycopene, B-
carotene, o-carotene’s ] UTH

E3] carotene®] ¢ A o, B-, y- FelY 7HA]
A7F Dl giHEorE 2 HE s EAg 53] 1=
Ellol= AEA| tiREe] 7PeA BolsfuM = FEig %}
43} 71%5¢ 7 e b e AEATAM Fe
238 R A A G4 AReltt BERT Af] A
o71=

= E|TT
or=9o
ULOE

o4

5
3l AR JlZEeolE W glolu: ), A3,
ofWslhe ol EFrE 0O erithropoietic proto-
porphyria’s el A A X7l FTHLE A}
25]ojgit}. B-carotene ©JLt HIER A2l x-Ael] thgh #A
o] HOAZ Y& 7Hd UREHOZ 2139 HERANA o]
E Ao getolu JlRE ol AA ggoel tg A B
7} Z7¥8ba Yt Granado er al, 1992; Hart, 1995; Muller,
1997).

A Zo|u}t ZHEA carotenoid®] 273
AL s olu) Yol FAH

U=
chromatographyoll 2J8ix Ha]sled LR E][ o
whgo] AR Eo1A ghout FlRE el =l Ei]
gz Askek gl EAdel tfst 2AMPH-E o ]
o} o2 By AZed maEde} FRES A
02 AOACHPEE o123 open column o &
Axol™ 77| carotenoid® EE3hs WL ZE 3
t}. Al%E chromatography?] 71&3} 2] 202 Qs H
2 "pgol|A FAlol 7ao] 7153 photodiode array detection
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(PADY7} dutste]7]ol ol231 3 T2 T3] 9A] chromatogram
Fell A= BE peakE Yok FolA dulex] AMel 7He
s HATHAOAC, 1998; Van, 1999).
wEhA B =RolME
o] g szEskr Ad
£ =%

ester -rE]‘%'i }‘3}&’13}.

chromatography°1 o]k JlRE o=
& EofX A9siie carotenoid

7I2H| 0| =0| Ha|Ey

Lutein, zeaxanthin®} 7+2 F4EE2 AFAAG Al “E
o £ 3 &= /‘QE] AEHEAM Yo] F4E o &4
A& GORTE MEE B3 715 i Al Ee] B
o a3l dgg t?_Pl:]-(Seddon 1994; Olmediller 2002)

lycopen e% ErlEel # *@*}foﬂ 2ol 29 de Aeg
AEARAM 593 5 = 7152 A 7)olH, Al
27 AEA Sl lyCOpen e7boll oFstEl A W&ol
lycopene®] &4do] A== 540 oM 7hgE AjFo] &
ol ¥ Zsith(Shi, 2000)

B-cryptoxanthin> EAAAZHE AEE HIske 7|58
71 FFRE|mo|=2A butter A2 Wt AME-EAL glom
ot sajol Fof Wol EA)Etal vlEl Al HTAHEA &
Zdo] Zslth(Kohlmeier, 1995)

B-, o-carotene- Alge] 7 Fof HE FIERIOZA o
carotene® 2T} B-carotene®] Fujoll eullA = ol Eof glo
gPakslA| 2M 9] EA % 7sttH(Kontush, 1999)

HIERR] AS] A¥A] ol I 2Hdsl, brxE, H
A AJEE], ol dAAE] 5L futslng gurtis ¢
g AFREAZ vloprtot 9 ol HUlHw HIE A
REAlE F7PRrE 2o B2 s Utk Scots
2Zof] EAsle ZRHEM A JI2E] o= S retinolS-

71592 3} retinol equivalent(RE) X|4-5 olefje} 7o) 1}
Ei71= $thScott, 2000).
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I retinol equivalent(RE)=1 ug retinol=6 pg
B-carotene=12 pg BIERT A1A]
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o] 24} golden rices THE
01*1 Harghat Qivk, g FA 0 R sl ofAlo}, oz}t 2
gl ol 27} 5 3] gk 2071= o1 4e] Uk, 53] Adobrlof
o] 54 ofs} ofglo]e] | Azl elafA

F_Vi

S W dtks FoA o] AFe FEE Wkth JHEE
o= FR7F 700% ool EASKL cis ¥ rans] ol
A7 Ao R zhzh o ZIE VER7] wiel A
g - AR 7]5o] obF] AgshA o WHAAE & AUtk
(Neil 1992). thAEEFA o 2= M= Ha er al (2003)

Z 3o 54 o)A mevalonate pathwayoll #sh=
7},§E]1_o]1: A3 E42) GGPS, PSY, PDS9| tiA4=
25z Sl disid d7Eta sioh

Y - Yy
& % AERZN

o3 ATl T2 PR W, 24, Dol v
FIZE|ro| = Ao} aeld FAME +

VAAL B2 o gol th wxel TS F 5 e old
QB AR EAlshs 712E=0]=E &) TE WAL
Aom 27T vl 4= vk 22 <8 JfRE 0=

AT wjs ARl Folg o] Bom oo tisixe 7|
g WSl AFERAL ). dE E1, Ao it
shAle] AR FARRAME Fal| dEzdM AeEtal, A3
golld 52 A FAv o2 R Al WA e
°ﬂ3} 2000004 ARE gt Alg dAE Pl st
E 3R8l7] HsiA 7HE Bo] 2ol W eE sHIE o]
ket 53] A8E Hrskele fE] JRExo|=E ¥4
o @o] o] &g} FZ ol FAISIAZE ethoxyquin,
pyrogallol, ascorbic acid “22]3 sodium ascorbate7} 12
£3] butylated hydroxytoluene (BHT)= 73 ®o] AL
UE WEHEA 00101% B=S] FEE 2RIT (Ritter,
1981; Taylor, 1983; Britton 1991; Britton, 1991).
AEFOIU T - AE 5 BAHAES] M7 B Tk
ol FEst ?% AA] AR met zpo) 7} “‘Ol 7] o
Bl AR FE2UHE Qi) 2FolA FIEEeo|=E F&
g mie= MeOHO]L} MeOH &3o1g F2 AMg3M=0] Hart
o} Scotte] WHE dE E9W, 7HE e AAGE ] Fdo]
L ofaell A ﬂi]ﬂ oj=& ¥4 u} MeOH-THF (1:1, v/v)
Sol-g AMREIH O™ MeOH-diethyl ether(Weissenberg, 1997),
MeOH-chloroform (Oliver, 1998), MeOH-hexane (Schmitz,
1989) MeOH-acetone-hexane (Gregory, 1987; Ferruzzi, 1998)
S AkgsleE Bt lvk dFollAE acetone(Ittah, 1993)7F
A8 AL hght petroleum¥} 4 o{A ALE-38L7]% ghrk
(Mouly, 1999). B3} water convolvulus(EH|Z)ellA 712 E]
0]‘: BAIA] hexane acetone-MeOH-toluene(10:7:6.7)5 A}&-3}
jon 222700 BReke AAE Aol SulRIe ol
Xﬂ 78I cHChen et al, 1991). ZYAFZ (supercritical fluid
extraction; SPE) MP'H-& &3kl HejsiA @ A7) 218
% A tHModey, 1996). Tonucci & Beecher (1992)x ¥
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CHOl
.m>_° Pyruvate +Glyceraldehyde- 3-phosphate _>‘°"

Dxs ‘ o
1-Deoxy-D-xylulose 5-phosphate °\Hj/\u
Dxr(IspC)‘ o,
2C-Methyl-D-erythritol 4-phosphate f<(\
IspD §
4-Diphosphocytidyl-2C-methyl-D-erythritol R 4‘9‘
IspE §

4-Diphosphocytidyl-2C-methyl-D-erythritol 2-phosphate f<f\
Mecs (IspF) | W
2C-Methyl-D-erythritol 2,4-cyclodiphosphate < ; /;
GepE, LytB? |
M M
Isopentenyl pyrophosphate (Cs) =

on  OH

Ipi
Dimethylallyl pyrophosphate (Cs) FM
Ggps l+ 3xIPP

Geranylgeranyl pyrophosphate (Czo) )v\/l\/\/k/\/l\/\opp

Psy |+ GGPP

Phytoene (C4) MMVY\A(\AM

Pds l

Z-Carotene )\/\/k/\/k/\/k/\/\(\/\/\/\r\/\/

2 |

Lycopene WK/WY\/Y
Leye(Cril-e) = w‘—b
§-Carotene - y-Carotene Ej:\/WYVY‘/Y\Af
Lcy-b(Cn‘L—b)“ Ley-e Ley-b J
a-Carotene B-Carotene
Beh(CriR-b) | Bch |
a-Cryptoxanthin B-Cryptoxanthin
CriR-e l Bch l on
Lutein Zeaxanthin

l ZeplT Vde
Lutein epoxide Antheraxanthin = Capsanthin °

AN ZeplT Vde Zep 1

Neoxanthin 4—————- Violaxanthin — Capsorubin

Ccs o
NCER‘ A}ED

Xanthoxin
} SDR
Abscisic-aldehyde

} AO
Abscisic acid mﬁm
Fig. 1. 2] 2ol 7lZ2Hzo]=2] A3 714 Abbreviations: AO, aldehyde oxidase; Bch (CrtR-b), B-ring hydroxylase gene; CrtR-e, &-
ring hydroxylase gene; Ccs, capsanthin/capsorubin synthase gene; Dxr, 1-deoxy-D-xylulose 5-phosphate reductoisomerase gene;
Dxs, 1-deoxy-D-xylulose 5-phosphate synthase gene; GGPP, geranylgeranyl pyrophosphate; Ggps, GGPP synthase gene; Ipi, IPP
isomerase gene; IPP, isopentenyl pyrophosphate; Lcy-b (CrtL-b), lycopene-B-cyclase gene; Ley-e (Crtl-e), lycopene-g-cyclase
gene; Mecs, 2C-methyl-D-erythritol 2,4-cyclodiphosphate synthase gene; NCED, 9-cis-epoxicarotenoid dioxygenase; Nxs,
neoxanthin synthase gene; Pds, phytoene desaturase gene; Psy, phytoene synthase gene; SDR, short-chain dehydrogenase/
reductase; Vde, violaxanthin de-epoxidase gene; Zds, &-carotene desaturase gene; Zep, zeaxanthin epoxidase gene (Ha, 1999).

227}t t& 24004 MeOH=F EIOH Z18]3. 2-propanol®] & BoA 96%2] 3FE&2 FEIIAT. A5 ] wet
S sl CO2E o83 FEUEE riEsld XFd A 3lggo] 27| diifol] A5 dxue] Fatd s41%
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ol 7P $2 3788 JERITHSpanos, 1993).

H|=8l(saponification) & &

FIRE| o= AYFE ue dutFoz &34 g2
gl o vlrsE AAlgith Fdolut ofAle e FF
EExo|Ex AAtate] dAEAEE sk e A9t B
obM ¢ FIREo|=R WA= o] sy uE
olt}. olAElZA%e] A% xanthophylld] 9 OHZ1Y <2}
o} 75l wbA zo|7t Bo] drh. & B-cryptoxanthind} 7+
< monohydroxy-carotenoid= 3H+2] X ¥4H(monoester)s} o1
B3-S 32 2™ lutein®\} zeaxanthin 2] F 7HY]
OHE Zl= 7'RE|xo|=& 31 (monoester) B8 F 74
(diester)®] A4kt AEste] At} (Spanos, 1993). whehAd
o]l & peaki= HPLCOIA E&lst7] ojH7] wjZe] A%
Al B1Est - AR 2o YW o]F AHMARE AASIAL W
F AFATH(Chen, 1994). ¥I*s= &3] KOH §o= 3}
< Eou} oflehg E wERge] EshA7] 88 AR
(Goodwin, 1976). §H8-341& UNEZ o2 Aol &gt vt
AR ©@=37] flsiA 7HEE IR Sth(Tee, 1991). Bl
3Pt B¢ tgolle 7T diethyl ether = hexaneQ 2
SE8E B3l KOHE A At

Heal 3ol WAlshes Zb FLZE o]l =(Muller, 1997;
Oliver, 1998; Ittah, 1993)¢} A A FI2E|xo]= $}(Deli,
1992) &) tisfix Barb @ol AW whgz7ol A8
o 240 webA t=2A Ve 5549 F4S ) 9
&M vE3kE skx) 2 (Oliver, 1998) 2] X ester FEN]
IR olEE IR sk WHEC] YR ARREAA L
Ak F 718 FAIEAM FIRE 0| EE B EE A
Ao ek (~45%) ©] EAY FI=RE ol =7} 22 2] matrixol
EEo] U= &) &l vlslag-e eHoly B
B33 EAE 2 U

FIRE:olE B4 71} & BAETY shie IEE
Z2e TR AN £ gicked Aok & g AdAl 2R
Sk 7IRE|=o| =] FR7F WolA Wk ohve}t 2 B9t
B4 2 oA EAl o EAS FRE T eI A
PHoE2L fEHR = JIRE|xo|=e] FRI} Aol
dnkx o2 HA 7 § Qe JIRE0|=EE B-carotene,
o-carotene, lutein, zeaxantin, lycopene, B-cryptoxanthin 5-¢|
021 capsantin, capsorubin 5% BlwA A4 79 & ¢
W= AT 28 REEAE AT 4 S AxEE &
w7 58 AL BA ol TRz lEE ddRE gzt
opiut HdolA A e - AAst] HFEIR AME & 3
7t Botth. ZE2]|(phase separation), thin layer chromato-
graphy(TLC), liquid chromatography(LC) B So2 Ez]sl
o] AMgElg e XF2 34 HPLC(prep-LC)NA Ho} 7h
HalaL A& B278 407 7Fesi AT

297} Brse 75

(=]

BEFEAS ST e BF FA @A AAAE S AR
=4 Z FI2Heo|=HE ARSSHE A|EE EW, neoxanthin-
Hi 3=, violaxanthin-A1= 3], antheraxathin-EF}E, o-cryptoxan-
thin-F%, capxanthin®} capsorubin paprikaZ A E2 To]
AMg-Et FHRE o) EE 38R AFE (spectrum)dl] 23]
A A2k FHsAY BFP IR £5E rled= sl
S 289} 745 T (Riter, 1981; Britton, 1991; Foppen,
1971)& |43 1% 33 e B33 AU HPLCO 28]
Mz &Ho] 715t JI2EH IAEES A= open
column®] ARE-E]oJA QT} A5 HPLC/F 220|2 §lont A
FE AOACHWHOZE open columno] AMEE I UTh
(Hollman, 1993).

7IEE 0|5 AAY o 2ol FHARE ¥R o
271 3FA %t alumina, silica gel, MgO, MgCO,, Ca(OH),,
CaCO,, Celite Z©] 2 3(Van, 1997, Rentel, 1998) silica
gelollAl TLCE AME-3 7329l light petroleum ether, diethyl
ether, toluene % EtOH 5¢| &7} ARE-Hch(Britton, 1985).
Silica gel TLCel| &JaiA 7t2E| 0|28 2T 75ole &
¥ 24E Bopx S fulo] TA] o sgE AHE
d 250l oA FHAY At

7hEEeol=E EEskedl oM FHIo I TLCE ¥
o] ARgstar A=dl light petroleum ether-acetonitrile, (Me-
CN)-MeOH®| thFst 8ul2/d(Van, 1995y& AME-3FHA silica
TLC Rt 27} AHe S 7L vk Chen(1992)
silica gelol|A FAYEH3} Bcarotened H2]3H=H hexane-
acetone-chloroform-MeOH(70:25:10:5) fujz=Aoz ZvZES
FA3IH0™ A silica gelellA] light petroleum®l] 5-10%2]
acetoneS A3 §iE ARESl] NS 88 TLCA <)
Ae Yo ANELS BEsI= sttt (Philip, 1988). #
<of 7 high performace TLC(HPTLCME S S-H 04
lycopene s A& A5 7] % 3Ftl(Anderton, 1996).
HPTLC+: silica geloll dichloromethane-MeOH(1:1, vAv)2. 2
ez ARg-sl zF B 3k spectra= densitometer
(370-700 )= 715H Y ¥FEEHE] FEEE Y FJ93F
& FARIA EEFACE TE U AlltE ok

HPLCS} 7o) 34 HPLCE 7}2Eol=g Eadlet)
83 AREELL led 48 HPLCS: 9e] 2474
UAZ7] (7-10um)7} B 23 KT Bl Wingerath(1996)
= Ciz 992479 MeOH-MeCN-DCM-n-hexane (20:40:20:
20) S5 4 ml/min. £ 2 ZAdte] FUAF2NA carotenol
fatty acid esterE #231H 2. Yuang & Chen(1998)&
Ultrasphere C18, 5um semi-preparative Z % 22 MeOH-
water-DCM(90:8.2, v/v) €92 3 mlmin SEE 3l ZF=E
Y trans-astaxanthing 22800 712 eolE 22EZ
o] A= AAE Ao olgAsle} Bal| wjiRol g F
ol a7t ddt AL FAH BFEHLS 20°C0)
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HPLCO|| 2|8t FI12H|'c0|=2| Hek

Granado et al(1992)2 spheri-5-RP-185%} spheri-5-ODS Z
He FHetd MeCN-DCM-MeOH(70:20:10, viv)2l ©]&7d
(1.8 mi/miny=A o2 2714k okl FIZE o= 2YE
ARt Ze|d 2e]9e] 7R oW E Blasiith
Lutein®} zeaxanthin® £2]35}7] #1814 MeCN-MeOH (85:15,
vivyE ols e g Bl v|ZZH|ERY A(lutein, zeaxanthin,
lycopene)®t ZZH|EFR]  A(B-cryptoxanthin, y-carotene, O~
carotene) S ¥2sted HISAEH  B-apo-8-carotenal 7}
canthaxanthin®- ¥-F5lo] QA 2% 2™ echinenone®] L}
retingl palmitateE WF EF=FE ARSI 450 nmellA &
At

Al &g ¥Fslshs #gollA xanthophylls: tHE wie A4
gk Fol7F dastal aFellXk lycopenee] 7HE EFE I
t}. Ben-Amotz®} Fishler (Ben-Amotz, 1998)= }o|i} of
AollA 7IRE ol 2AE BWol 481w Vydac 201
TP54 C18 5um ZHE-S AREsFAL 30°CeA] MeOH-MeCN
9:1, viv) o] 84S o183l | ml/min 204 B35l o
WH EFEFZ+= B-apo-8-carotenal I echinenones AME-3}
o). FI2E ol =ef welrM e oA E 9-cis-B-carotened
ke A= Ut SElHoA FR2YF JIRE R0 EE
2] (Rouseff, 1992)5=tl= %4 ion-pair HPLC Spherisorb
ODS-2 5um ZHL A3l =0 non-linear gradient ©]-57¢
A(water-& 1] P-MeOH, 1:1:8, viviv)¢} ©]F4F B(acetone-
MeOH, L:1, vivy& 2 ml/imin F4:22 #elsiith. olnf &rf
P0.05M tetrabutylammonium acetate®} 1M ammonium
acetateS E°| =<1 gdojr}, FRZA FIREO|EE X
ghallA 1859 AAE Helsk=t 3087 A spectrum ©]
o] =3t}

7IZEzole B4l QoM Zie] e ¥else Sum
spherisorb ODS 2 ZAH-& ARS8l MeCN-MeOH-DCM(75:20:
5, v, 1% BHT), 1.5mlmin Z7°l4] lutein, zeaxanthin, [-
cryptoxanthin, echinenone, lycopene, o-carotene®} [-carotenes
g o 2571 1°C AT ekt B5E Alde] 124 &
e 7P HEd on 2L 20225°C 9 g U
EPTH MeOH 348902 A4 S AMgslo] 7h2E e
o= ¥2]& w| monomeric?} polymeric octadecylsilica®] =}
o) (Epler, 1992; Jinno, 1995y ZAKF A3} polymeric ODS
2 e o] monomeric ODSHEE} 2 H2]5-S YERITH
3|58 SHNAE MeOH ©]57d0] MeCNEL} 4] Ve
o (Epler, 1992), MeCN-THF(90:10, viv)7174 Z &3 o]Fd2

2 Fol¥irkStahl, 1993). Lutein®} zeaxanthin® monomeric
ODSoA E&j3h717t o5l

ZZollx= chromatographyoll 93+ 712E|x0|=9] o] A &
2ol Falo] Wol RokAal =ti(Neil, 1992) BRI 9
gl 71&e] W2 cis-trans®] ©]AdA] EE]71 oJE Y polymeric
ODS ZHE o83l UHEpler, 1992)

Stahl et al(1993) 5712 B-carotene °©]/d A<} 7712
lycopene °|g A& #2l¥ vl U=Hl, Sum particle size
Suplex PKB 100& MeOH-MeCN-2-propanol(54:44:2, viv)©|
1} MeOH-MeCN-2-propanol-water”} B-carotene®] ©]/dA] -
2ol F2 ol FAUE FAEeH a-, B-carotene ©)FAE
Al £2157]91E MeOH-DCM(99:1, viv)el A3t ol%
Ao 2 JVeEbdth Al - trans-Yt 9cis, 137cis,, 157cis”
astaxanthine chiral HPLCOA E2)7F 7}53F9 thAbulafi,
1997). 2ol @o] ALE-HI A& polymeric Cyy T
FIRExol =g QAR E HAsL & ASZ luein,
zeaxanthin, B-cryptoxanthin, o-carotene, [-carotene, lycopene
59 7IEEmol=E Cell BlaiM Y53 8 fdES
B % vHSander, 1994; Emenhiser, 1995; Van, 1997).

Sander et al.(1994)2 47 B-carotene ©]’3A|(All'trans™, 9~
cis™, 137cis”, 157cis)e A E Eelsketl Cy 284S ol &
&4 MeOH-methyl-tert.-butyl ether-water 89} 81:15:4—
6:90:4 gradient ©]54 ZALZE -3 Bel5S HoF oL}
Fl2es AMNELE Fsirlde AAstA erdth
Monomeric®]4} polymeric Cg AHL 2= B-carotene ©]/3 A
& Edsiriol HEskA ko MeOH-MTBE(1% 1 mM
ammonium acetate¥:3H) 292 85:15—10:90 gradient Z7 ol
A IFuEZREE AEE EASATH(Van, 1997). Cisoll B
A e Beles 7 G 23 7F JIRE =0 =(B-
carotene, a-carotene, lycopene) @} xanthophyll(zeaxanthin,
lutein, B-cryptoxanthin}e F#|sl=dl ©]&¥ 22 MeOH-
MTBES ©]-8-3}53 HEmenhiser, 1995; Emenhiser, 1996).

BuoAe Azt o] IFE AER A 489 e
AEZ ol 7tEE| o= FZollA HPLCO] g 7 7ol
o|2717x] 3 WS- Minguez-Mosquera er al.(1993)°]
ARSSE WHHS U AT Ao R FEATIAY &
o2 Awsiazt gt

FI2Eo) =9} FIREL0]E esterS FEI] fI5kd T4
Azste] ElE AR 05g0] 20 ml methanol/ethyl acetate/
light petroleum (1:1:1, vivv)y&43 WRIEFEZ 1ml
(sudan II, 500 ppm)yS & Hoir] EEL1 AFsion 7+
A4S Al W REESt] FZHE e 109 anhydrous
sodium sulfateZ HolA £715 AASIAL A ofasle] 3)1A
7104 sE39 5FH FEE) S0ml diethyl ether
2} 30% potassium hydroxide (in methanol) &< 2.5ml&
7hale] Aol wWhxlsle] 12417 ot ¥FEE AlH Y Fo
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Table 1. N2 T F 2 A sudan S T 83 629 FI2E|xolE EZEF & 9 SujxA
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43l o333k & HPLC A2 ARS8t o3 zh gopr -18°Cel WEEF SHHA AR s
HPLC+ Shimadzu 10Avp HXE 2 controllerd] PDA  RASA] Y31 AML5I6 0™ A8 5% 2 £9d9] 202
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