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Carotenoid Pigment of Citrus Fruits Cultivated in Korea

Hea-Jeng Whang and Kwang-Ro Yoon

Department of Food Science and Technology, Chung-Ang University

Abstract

The carotenoids of 14 Korean Citrus were analyzed by HPLC and spectrophotometry. Selected
Citrus varieties were Satsuma mandarins, Orange, Ponkan, Marumeru and Iyeagam. The amount of
carotenoid in peel and juice of Citrus is 0.82~10.64 mg% and 0.23~3.38 mg%. respectively. Among
the 14 peaks obtained from each samples, a-carotene, B-carotene, lycopene and lutein were identified
by the direct comparison with authentics. Eigth peaks were assumed to neoxanthin, violaxanthin, anthe-
raxanthin, lutein-5,6-epoxide, isolutein, cryptox-diepoxide, cryptox-5,6-epoxide and B-cryptoxanthin th-
rough reference tg and two peaks remained unknown.
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Bzsoz 94 carotenoidEol A 712 HHE ¥
et Awstget. AL FHelM Al ctrusS
o) F 1478 EF& A=ste] 217b] carotenoids 45
Balste] HPLCo) 9§ B3 & =A3tn, obge] R4
B o2 % carotenoid ¥ A3l

Mz % WY
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LFUREL 2AFY FAF 222 WFE FF
HWg FEAFY AFAEtez HH PPdsten,
ae AF=d e #edeld AR st
(Table 1).
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A}-2-% carotenoid EE-& lutein(70%, Sigma, US.A),
B-apo-8'-carotenal(99%, Fluka, U.S.A.), lycopene(90~95
%, Sigma, U.S.A), a-carotene(98%, Sigma, USA) %
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Table 1. The selected Cirrus varieties for analysis

Varieties”
Citrus unshiu Mags: Hungjin(##54)
Satsuma mandarin. early Sambo(= 5 4)
@ M E D ripe type Kungcheun(#)I|54)
IbganChfF54)
medium  Namgam(Eg#t20%%)
ripe type Mitaek CKEZ{EM)
Kuneung (AEERE M)
Beunjeun (%)
rate Imonju (VKB M)
ripe type

Citrus iyo Hort, ex. Tanaxa: Iyeagam(E P
Citrus obovidea Hort, ex. Taxauasn: Marumeru(4:HiF)
Citrus sinensis Osprck: Navel orange.

Citrus reticulata Branco: Ponkan mandarin.

DAll vareities were harvested in winter, 1989

Fresh peel{50.0g}
Extraction wlth sethanol and distilled water(1:1)

]
Residue Fliterate
t— Extraction with acetone(at room temp.)

Flllerate Relldue
|~ Evaporation(at 40T, in vaccuo.)
- Treatment with ethyl ether and saturated NaCl solution

Upper layer L;}ver iayer

|- Concentration to 20 el

— Saponification with 10% alcoholtc KOH solution
(overnight, at room teep.)

— Separation with saturated NaCl solutlon(3 times}

Upper layer L;er layer

= Drying ¥lth Na2S04,anhydrous,

— Evaporation{at 40°C, in vaccuo.)

[~ Dissolving in chiorofora contalning 0.01% BHT.
Crude carotenold solutlon(Sal)

Scheme 1. Extraction scheme of carotenoids in Citrus
peel

B-carotene(97%, E. Merck, Germany)e|¢l:, column
%214 Wako gel C-300(Wako, Japan)o)glc}l. zelx
3141314 2= butylated hydroxy toluene(BHT, Sigma,
USA)E AMg3tglon, 2 yhe] mE Ajeke HPLCH
e 558 ARSskch

A28 7171 Spectrophotometer(Hitachi U-3200,
Japan)¢} High performance liquid chromatograph(Gil-
son system, U.S.A)o)g]r}.

AlEe| Mz

7H2e] carotenoidF&-2 Curl®e] why& &85}
43 732 Eelsla zZhzt waring blender® 2%
k& 500g4& F3led Algg AHgstedch

3] F%29 methanolst Z758 E§3te] FA17H
Fab Ao wubgk F, oG F-el, AAsgich
LAY 27 ALY AHE acetone 0 FHF9) Yol
el 7hA] ubE 3% 3}e] rotary evaporator® Sl

FAF 32 Carotenoid# 44 951

Table 2. Operating conditions of HPLC for carote-
noids

Apparatus : Gilson 305 system

Detector : Gilson 119 UV detector

Wave length : 440 nm

Column : uBondapak 10 Cy
(double column in series)

Flow rate : 1.6 m//min

Injection volumn : 20 W

Mobile phase

A solvent 1 90%(v/v) methanol
B slovent . acetone
Gradient table
Time(min) A(%) B(%)
0 90 10
10 90 10
60 30 70

FEAD)FACE WA FE5EL ethyl ethersl ¥3}
NaCl&a (1:1, v/v)ol] detrlx Aetsielct. Felss
e #3ke] 10% KOH/ethanol4-4-& #H7hsbar A
27k FA, SR Fob A9 haelM ubA, A
st3tedel. o whS-Yo thA| £3} NaClgotg 713t ¥
Aedatol WAt ohg Fel == A NS #3led NaSO,,
anhydrous % 71#3F ¥ rotary evaporator=2 73, &
(400)3k ). o] YA yEE-E 0.01% BHT7} &3 ch-
loroform 5mlo &afste] dAeko 2 sleirHScheme
1).

82 2A acetonel T FZEslo] u|e Hgof
o) F&, A3l RFeEe d £ 001%
BHT7} 3% chloroform 5miel &&)3tc) o] & 4
Z2HEL2 290 nm~750 nm A}o]ell 4} absorption scan-
ningg 3hsich

o3

Mool BRI

ZZA 4 de MArd 2miE silica gel column(2
X 10 cm)ol] F9) 3} pet.ether-methanol-acetone(110 : 2
: 440, v/v)E& AHEste] A A Selo R 854130k
4-&3lo] o A Mo BEG wolA rotary evapo-
rator2 73¢t, EEA0T)E o} o] MA4dE 001%
BHT7} &% chloroform 3 mie] £sj3hsic}.

o] A 4o Eol| tf5to] absorption scanning(290 nm~
750 nm)# HPLCE 4l 4)8t¢ich

HPLC

HuA) g A AHE-S Takagi®™, Nogas}t Lenz 5%
2] ubHR 4% Z=Ho|A HPLC3Ich. HPLC #-A
%712 Table 29} 7ith

# carotenoid2| XMzt
Umeda 5%"¢] ¥4 H-& &83fe] EFF P-caro-
tene2 chloroformol] &&%F ¥ 465nmell A ZHFFAE
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Table 3. Comparison of spectral absorption maxima of crude carotenoids and purified carotenoids in Citrus varie-

A E7eta)2] 427 W A6 E (1995)

ties
Peel Juice

Varieties Crude Purified Crude Purified

carotenoids carotenoids carotenoids carotenoids
Hungjin 476, 450, 304 455 460, 435, 303 460, 437
Sambo 476, 455 452, 431 466, 434, 303 458, 435, 410
Ibgan 476, 449, 304 454, 432, 304 461, 436, 304 459, 436
Kungcheun 453, 433, 304 453, 432, 304 459, 436, 304 460, 437
Namgam 453, 436, 412 455, 434, 302 433, 305 436
Beunjeun 477, 450, 304 451 452, 304 460
Miteak 480, 454 453 460, 434, 304 458, 435, 302
Kuneung 433, 380, 305 453 434, 304 463
Imonju 470, 435 454, 436 432, 302 458, 437
Iyeagam 476, 449, 304 449 432, 407, 300 432, 380
Palsak 429, 300 455, 433, 383 434, 353, 304 433, 382
Marumeru 32, 406, 304 431, 352 434, 409, 376 458, 435, 410
Orange 430, 410, 315 434, 409 434, 409, 303 434, 409
Ponkan 476, 451, 304 451, 432, 382 456, 443, 300 459, 435, 410

Underlined: spectral absorption maxima

2AdslAac) HegkgAlel 787 y=0.367 x(y : B-caro-
tene mg%, x: absorbance)o]x, E*=2660°]%lt}.

FE2HAANM JL HEYL ML 465 nmollA] FRT
7} 0.2~052] H$7} B =& chioroform&<j o 2 A
t}2 465 nmol| 4] FH =& 2R3l Fcarotenoid I-&
B-carotene A2 mg%Z. AHE3lsich

Hot g @

MAoio| A

FZ5 YAES Wako gel C-300(silica ge)s+ =&
vtE 2 v sle] Jopl MAode 290 nme} 750 nm A}
o]ollA] visible absorption scannings}e] HoF5TA-L
ZAEEY 24 58 HAE54aa, Amaxe A3 A
37 Holl= 300~460 nmoll 4 Jehd wd Agdza)
¥2] Amax+t 430~460 nmol 4 e}t Table 3).

Fig. 19} &4 4doA B wle} o] o]z ERH
#HD 3= 2 carotenoid#8-& column®|2] Ao Amax+=
304 nmo)gl.o}t A7 e £2] Amaxt 449 nme]| g o.w
carotenoid £F% 52 Amax7} 453~482 nme| < A&
7retst o) silica gel column]2] ¥ HA g Eo} oA x
AA=EGES & F Ak

Curl®2 grapefruit®] carotenoidE silica gel co-
lumng ¢]£3}e hydrocarbon, monol, diol3%} polyol®]
A% 309 fraction2® 7<%, Henry2}t Curl®
& lemon®] wA&AAMTN AsHAdE ME w23l
sisled g9} e wpgo 3} BEE 9L Fol &
PAe] B4 AYPEL o]4-314 35749 carotencidE ¥
g3 vt glov, £ A= o] UYES sty
2% AYPEX10em)E A3t BEAIZHE F 4}

BM‘Q nm}

ABSORBANCE

750Cnm)

Fig. 1. Visible absorption spectra of a Citrus, leygam
peel carotenoids
A: crude carotenoid, B: purified carotenoid.

gdomn, ¥ 15mE §EA1AA 4x]7kol el i
55 #9¥ 5 U

Carotenoid &F/
Noga¢} Lenz®& d8AF 23U 3919 carote-
noid& RP-C;; columng F7| Adslx 40853k 24
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Fig. 2. HPLC chromatogram of authentic carote-
noids
Chromatographic condition: double column in series,
flow rate 1.6 mi/min, sample volume 20 pl, linear gra-
dient elution from 100% A to 30% A(A: methanol/distil-
led water 9:1, v/v, B=acetone) for 60 min after initial
stabilization for 10 min.
Peak No. 1: lutein, 2: B-apo-8'-carotenal, 3: lycopene 4:
a-carotene, 5: f-carotene.
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7)¢7) iy o 205 2| carotenoidE #2]¥ vl glch
o]% z7o uwhe} 4F9 EFE AU AFol didte] W
HEFEAZ  B-apo-8-carotenalS YAF Fshe
HPLCE AlAlslgdch. BFEHE 2 27 lutein 181
min, lycopene 34.1 min, a-carotene 36.0 min, B-caro-
tene 36.0 mino 24 Noga®} Lenz®9j A& Awje}l <
#sloich. w3 Aol A 952 peakr} s e
o|5 & 5% XF % lutein, lycopene, a-carotene, f-
carotene®) tz# B-apo-8'-carotenald WHEFEAE §
Bl A FE A7k o'o] Bt 2] 552 Nogast
Lenz®7} AAE 2.2 v]Fo] neoxanthin, violaxan-
thin, antheraxanthin, cryptox-5,6-epoxide, p-cryptoxan-
thino & F A=} o] E peakEo] ¥ejsol Fxorsket
Bejsae gaA7)7) $ste] &efAlE 10854
6057kl A= acetone?] B1&-E 0%l 4 70%Z gradia-
tion A7 @ 14%F olW9] peakEo] Fel=ict w3
%¥ g-carotene(ty=53.93)7} B-carotene(ty=56.73)2} 7
<% HastA FEEAL o] FHR A B-apo-
8-carotenal s WHEFEA2 AHgste] TEFS w3
o'y Table 49t Zeow Fdg A vebd 7 A
52 peakE-& Faistedl NE2 AHE-EIcKFig 2).
52 xge HPLC ZZwle 29 Z lutein, lycopen®}
a-carotene 121 B-carotened X E 3 A3 wliw
olalejony, EFo] HBEz £F peakE FHale
Noga$} Lenz®o) ¢a)4 A% carotenoidE] te3}
Ao uw =AU T 259 peakSe H]l3)A|

Table 4. Retention times evaluated from HPLC of carotenoid in Citrus Varieties

Peak tr

'

o= = : Carotenoid
No. X SD CVv. X SD CVv.
1 19.55 043 2.20 0.51 0.04 7.80 neoxanthin®
2 20.67 041 198 0.55 0.05 9.00 violaxanthin®
3 25.74 0.60 233 0.71 0.04 5.60 antheraxanthin®
4 2648 0.68 2.57 0.74 0.02 2.70 lutein 5,6 epoxide?
5 29.84 0.35 117 0.85 0.04 4.70 lutein®
6 3145 0.85 2.67 0.90 0.02 223 isolutein®
7 33.00 0.96 2.82 0.99 0.05 5.10 cryptox diepoxide?
8 34.00 0.31 091 1.00 - - B-apo-8'-carotenal®
9 35.66 0.33 091 1.06 0.01 0.94 unknown [
10 38.38 0.37 0.95 117 0.01 0.85 unknown II
11 40.80 0.54 1.32 1.23 0.06 4.88 cryptox 56 epoxide?
12 4484 0.40 0.89 1.37 0.07 511 B-crytoxanthin®
13 5241 0.79 150 1.63 0.08 491 lycopene®
14 53.93 0.80 148 1.70 0.03 1.76 a-carotene®
15 56.73 0.62 1.09 1.78 0.04 2.25 B-carotene?

DStatistics are based on 28 repeatitive injections.
DInternal standard

dentified with directly corresponds to standards
YAssumed from tg value of Noga and Lenz®®
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Fig. 3. Chromatograms of Citrus juice carotenoids Numbering of peaks corresponds to that in Table 4
A: Hungjin, B: Sambo, C: Ibgan, D: Kungcheun, E: Miteak, F: Namgam, G: Beunjeun, H: Kuneung, I: Imonju, K:

Orange, L: Palsak, M: Marumeru, N: Ponkan

Z3&tojtHTable 4).

L2 carotenoid £AFFL peak BH%BE JePY
onl, 7 azobeTde) e A2 wEehl ebgeh
(Table 5, 6, Fig.3).

% carotenoid(100%)ell tH&+ 7N carotenoid 9 =
A} e JgAos FHule] A$ 2FUZL neoxa-
nthin 15%, violaxanthin 30%, antheraxanthin 7%, lutein
56 epoxide 7%, lutein 6%, isolutein 1%, crytox 56
epoxide 6%, B-cryptoxanthin 20%, B-carotene 1%°1%i
2uj, lycopene, a-carotene, cryptox diepoxide< vl
23] 3, 373Fo 4= neoxanthin 22%, violaxanthin
32%, antheraxanthin 7%, lutein 5,6 epoxide 6%, lutein
4%, crytox 5,6 epoxide 6%, B-cryptoxanthin 20%, B-ca-
rotene 3%©°]<%] 2™, isolutein, lycopene, a-carotene, cy-
ptox diepoxidet= vl EAstelch Ed &) A5
Lzl 7b2 = yiglaxanthin 10%, antheraxanthin 10%,
lutein 7%, cryptox 5.6 epoxide 8%, B-cryptoxanthin 35
%, B-carotene 7%©)%12.™, neoxanthin, lutein 56 epo-
xide, isolutein, lycopene, a-carotene, cryptox diepo-
xide= vlzk &A)slsich 3Rl A neoxanthin 6%,
violaxanthin 12%, antheraxanthin 33%, lutein 5%, cry-
tox 5,6 epoxide 5%, isolutein 2%, p-cryptoxanthin 20%,
B-carotene 5%°]1%1.27, lutein 56 epoxide, lycopene,
a-carotene, cryptox diepoxidet= ©vlsk EAstdct &5
WA el ARFe] AS $EHE carotenoidFHt =
Ao sele F=ejd xo|7t giglovt, B-caro-

tene ZA TS &3} A g wlwsle) 2y 3
5-9] A9y dAsA E9kom 19]d) carotenoide &
2Fo)7h gk
% carotenoid &2t

Haaey o % carotenoid? S Falste e
EzEde A83 B-carotene?| FFA T+ chloro-
formel 4 E'* = 2660(Amax 465 nm).2.2 4] Umeda %"
E*=2500(in petroleum ether, 451 nm), Ivan“”2] |
=9505(in n-hexane, 441 nm)sh& 2F7ke] xjo)r} glent
HZE B-carotened] #%, 4oz, FHHA Goll whE
alol 2 Als ¥k

Agle oA wkEele] BEgtez e, ol
ue] FEAxL= 0.01~05401¢ 00 HEATE 0.73~
9.380]|%]t}

7+ 22w gepe o #olrt oy HAgedAE
0.23~3.38 mg%, A 0.82~10.64 mg%°| <tk
(Table 8). ©]|7-& valencia orange®] -5} whjolj A
2.4 mg%, 9.8 mg%®", Mayer lemon®} =53} 7oA
0.24 mg%, 056 mg%®?, ARA FUZ; el A
194~288 mgh®, 7]e} z-de]l THEolA 043~2.23
mgle®E B.agk o FAze} vt

exu@EEEAS A% Folde Fd 7.0 mg%2
carotenoid A7t FHs Az #HA5 A5E 15
mg%olddeh. HuE AR(ZEEA)7F 106 mghZ
£ QIZHEATRE)C] 28 mg%R el TP FL
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Table 7. Total carotenoid contents of Citrus varieties
(mg/100g, wet basis)

Varities Peel Juices

X+ Sp» C.V. X+£SD (A'A
Hungjin 572+ 047> 822 223+t 0.17 762
Sambo 10.64+ 0.84" 7.89 1.37£ 001" 073
Ibgan 4.62+ 0.34¢ 7.36 2.83+022° 7.77
Kungcheun  6.36+ 056" 8.80 226+ 031  1.37
Miteak 6.03+ 0.15% 249 0.77£ 006 7.79
Namgam 9.40+ 0.50" 5.32 0.75+ 0.07* 933
Beunjeun 579+ 054% 938 128+ 005 391
Kuneung 553+ 0.15% 289  0.93+002° 215
Imonju 559+ 0.02% 036 1.66%0.05% 3.01
Iyeagam 6.63£052% 784 041+ 0.04% (.10
Palsak 0.82+ 0.02f 244 023+ 0.01" 423
Orange 570+ 043% 754 0.74+ 0.05* 6.76
Marumeru  152+0.11' 743 041+ 004* 976
Ponkan 697+ 006° 086 338+021' 621

DStaistics are based on 5 repeatitive measurments
BMeans with the same lettered superscripts in a column'’s
are significantly different at the 1% level by Duncan’s
multiple range testtDMRT)

geko] 7Ha B F52 Holol M YRITRE) R
46 mg%el gL F5-2 HIHEH2090)°]) 0.8 mg%ol 3
ok AAFEHF NN e r 2uje} 7] 2
7 4mg%, 0.74 mg%elson E7ZHponkan)e] %1}
794 34mg 69mgho T =t BAHANDS 2}
$37 497} 08 mg%, 02 mg% o2 A ok}, Ak
Ho2 ¥ HojolA 1 ko) of 6mgh
3w 539 7te] AFEe) dgw) wur) 7t o 15
mg%, 40mgh A% ] &9l 3] F carotenoid
ke B Tmg%o 2 Rosenberg %o o4
Aoz A A Valenma orange®] 37 mg%ell Hl3}ed
g e} ol FEI FE ax JAERA e
g zol2 Alg s

2 o

% carotenoid ¥EF& B-carotene 39 mg%hz A
239 W TF 14F9 B85 Hulef g 44
0.23~3.38 mg%, 0.82~10.64 mg%ol ». Hdx+= 344
3 oAzt 15 mg%h, 7 mg%e)sich. HPLCe4
14%-9] peakE #zl3lglon} o]F peaks lutein, lyco-
pene, a-carotene, B-carotene- XFZ3 Ay wlw 3
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