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Abstract

BACKGROUND: Purpose of this research is HPLC
analysis method development of lycopene in tomato. And
then, three components of carotenoid in four kinds of
tomatoes (general tomato, cherry tomato, red and orange
date tomato) were compared with each other.

METHODS AND RESULTS: Lycopene in tomato was
extracted with hexane likes other carotenoid components
using 500 mg of dried powder sample. HPLC analysis
conditions were column temperature (40°C), detection
wavelength (454 nm), flow rate (1.0 mL/min) and injection
volume (20.0 puL). Lycopene was analyzed by the gradient
elution (60 — 100%) of the mobile phase solvents A[water:
methanol=25: 75 (v/v)] and B[ethyl acetate].
CONCLUSION: Three components of carotenoids (lutein,
[S-carotene, lycopene) were observed in tomatoes. The total
carotenoid contents was the highest in red date tomato
(662.0 mg/kg dry wt.) and the lowest in orange date tomato
(111.3 mg/kg dry wt.). Lycopene contents in tomatoes was
the highest percentage (93%) among all the carotenoids.
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A3} A= IR C9} E (vitamin C and E), w|vl=
(minerals), F53Feka(phenolics) ¥} 7}2E] 0] =(carotenoids)
dEgkekal glom, o] AAToEN W JUAE FT
A THBurns et al, 2003). 7+EE] 0] == 2} A o]
R A R R = R e R
7} Bre| g oK(bacteria), % (algae), - F(fungi)
of o3l AEY == 2E318E4 (phytochemicals)©]th

iGhl

(Campbell ef al, 2007; Dias et al, 2010).
Elol=g ek Sl Agel olEsta
)3} A20) 2nl2 Fa AHsR=T, S9)

TEES 7R
AEL F7

i avw

wgbolut 7

A 9, hEaALst JETIA A S-St West  ef
al, 1993; Dias et al, 2010). B3t 7}ZE]wo]= AR 2}
& AzelA 4 A3 (plasma vacuole)oll A= ALt 24
Hlipid membrane)°ll T A=, 2to] 73l (lycopene),
H|EF}E 8l (B-carotene) & H|F$F F4HEE (xanthophyll) 7
F2 welA 7FEE| 0] S(hydrocarbon  carotenoid) &
ST West et al, 1993; Burns et al, 2003; Yang et
al, 2006)(Fig,. 1).

AIAA 02 EnkE(Lycopersicon esculentum) 17+2]
A} FQEARRA ARl S AL Stk Uyt
AoR EnlErZtd Ao R An)d Aolzal AZsARE B
nFE AH]9] 80% o] ErtE F2, i, AR, a9
B2 7hEEolA o] Fo)Ztk(Rao ef al, 1998). EvlES} &
uhE ZhEel shrE] Sl ElolZale e WxiAls o
T T8 TFAesolrt Esh EnfEoA F AL 3R
80~90%%E #HAek= 7HE S5-8 FFRE| ol B, FHtol| T
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Fig. 1. The structure of carotenoids (adapted from Tuan e
al, 2012).

oSt AT Tl FEEX
2003; Maiani ef al, 2009).

EnlEo|| 71 wo] df¥ Zow Izl glo] e
a7 HAE 60001F2] FHEE| 0= F SRR, 1910
A& o2 BuEtiYang et al, 2006). 2073 A
SH(prostate cancer)= o'sh= GEEA A5 dHF oM,
ZE2H[EFI-A (provitamin-A) 2] &/d0] §l= FFEE o=
Al dAiFslEZ(carotenoid antioxidant)o|t}. QIZF oF AlE
A} &S et dAE eped], F2 A"y 4
3H(cardiovascular disease)Z} F|H-9H(skin cancer)s A"
o= 98-S dti(Sathish et al, 2009). = AFolx= &
A Az el EAlshE gholz3e] ko] A A
(coronary heart disease)®] 913¥ Auld] sitl= A3
UATHAgarwal and Rao, 1998; Campbell et al, 2004;
Ross et al, 2011). AHdo)A glo]aAL A9 all-trans
B2 EAekATE 4, &, Ak mg- weiA fJA el
At o ddske] o ARt tHCurt et al 1995; Henry et
al, 1998; Andreia et al, 2013). Er}Eo| = ol o4
all-trans eto]z3o] tekst F572] cis o] dA] 2ol
07 WHEEEH|, as oAA golmAlE fsiido] 9,
all-frans o AA R G F1telA F57F ZEo] g0l
$7FsAdo] B EtHCampbell ef al, 2007). 2% 7Fe e
Zol all-trans eto|FAAL cis T+Z2Z W 4= glow, 7}
TAE = BErkE AES] st @46 s & e o
£ i8S 3%t Lee and Chen, 2002; Sathish et al,
2009). ErHES] TFe A dAtsEA e ool 9FS =
l, 7P st drkslE<l vlER] C (ascorbic acid)&
EvEFAS AAkskes sdlA oF 30% & e T
gk 80~110C oA ErtES HAxx k= &<k A9 o
o] 3l ¥tk(Sathish et al, 2009).

dnbrow, go|sidl £ Ale] ¥ A7]e FE 150
4.6 mmel A& AREetaL, AE g i 450~485 nm
HE UollA K Burns et al, 2003; Dias ef al,
2010; Tuan et al, 2012). ©]54 v A= methanol ¥}
waters =3 84 &1, B methyl tertbutyl ether

SItHGomez-Prieto ef al,

o2 N

e

o} e A8 fulE T2 AMESITE 3 ozl vt
opz} FHQloly HEpIEE, dupted it 42 tE S
o] FFEE o] EE FA[EA 0] 7hsdt

EnfEoes vFst JtRE|molE AR F, HEplEY
(56.1), Fo|E4N(234.2), Efo]FH(522.5 mg/kg dry wt.)°]
shR-Eo] QlthBurns ef al, 2003). & 7}2E|w0|= Sl
F 7P =2 g ARk Qe e oz delty B
nhE U gto] 3l SRS 24 50 mg/kg wet wt.FE] L
250 mg/kg fresh wt.7FA UERY™, & 7F2E| ol §HeF
thH] 58~98%% 2A|etaL ItHRao ef al, 1998; Burns et
al, 2003; Dias et al, 2010; Sun et al, 2012).

2 AgeA s golzas X3St 7IRE 0|t 5 (F
HQl, Alotastd, dupztEE, Heptzd, gto]l)e] A
NS Sslety, ErbE 45T (ANErLE, WeErkE, W
R gl = IS ErkE) of glolZAe] SRS Y

salol.
RS

Alef

Ethanol (CHsOH)¥} methanol (CH;OH)< J.T
Baker Chemical Co.(Phillipsburg, NJ, USA)E AH&-5F31
i1, ethyl acetate (CH3COOC:;Hs)x= Burdick&Jackson
(Ulsan, Korea)s ARESITE Hexane (CgHis)< Fluka
Chemika(Buchs, Switzerland) A& ARESIIOH,
dichloromethane (CH;Cly)<> LiChrosolv (New Jersey,
USA) Al¥-5 AHE-sISItE Potassium hydroxide (KOH)+&
Junsei Chemical Co. (Tokyo, Japan) A& ARS-3F3ITH

NI

En}E(Lycopersicon esculentum) 476 UREEVHE,
WEERNE, W 9 S RS ERLE) B
atellA Aplst A8 2014 3¢ diFrREA Ffsielt.
AEE -70C v% A& WYFISFDSF 12, Samwon
Freezing Engineering Co., Busan, Korea)°ll 52171 $-
471 % (Samwon Freezing Engineering Co., Busan,
Korea)sto] =ape} wpxpapdtz 26l

Carotenoid £&

Az 29 AF 500 mge FHsl] 5.0 mL-Falcon
tubell ¥l EtOH (5.0 mL)E ¥ &, I253(75C)°l
A 587 78soit) 80% KOH (1.5 mL)E Wil thA] &
252(75C)ollA 1027 I3tk JEst $ol= 587
dSof Yol w8 XT3, 259(2.5 mL)$F hexane

o g

(3,000 rpm, 3 min)dtil AFH(hexaned) S A58k &

FEepade] Stk A sYst Y ow F 33 &

afo] 7} Ao S BT deisith et A S At 5571

(40C)Z %3 Fol, dichloromethane: methanol [50:
=

431 sonicatorE ©|-&510 ¢H3] =41

a1
=
<
S~
=
—
o
g
—
ul
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o} =591 §92 0.45 pm hydrophilic PTFE syringe filter

=
(A7 13 mm)=Z FE{3F 5, HPLCH vial'gell ¥o] HPLC
2 A sltHFg. 2).

HPLC 2A

o] 7S 8t FFEE] 0= 42 YMC carotenoid
C30 column (250 x 4.6 mm i.d., particle size 3.0 pm)<
72+t HPLC (Perkin Elmer Flexar, Inc, USA)E AM-3}
Atk FAEACE 7Y 2% (column temperature)= 4
0C, % TH(detection wavelength)<- 454 nm, %

(flow rate)<> 1.0 mL/min, %% (injection volume)-

I Weight I

<+ Add 5.0 mL ethanol
< 5min, 75C

[ Extract 1 I

< Add 1.5 mL KOH

<~ 10 min, 75C
l Extract 2 I
<« Cool

<+ Add 2.5 mL water and 2.5 mL hexane

[ Centrifuge l

« Separate upper layer

I Evaporate l

<+ Add 1.0 mL dichloromethane: methanol= 50: 50 (v/v)
« Filter

I HPLC analyze l

Fig. 2. An extraction scheme for carotenoids in tomatoes.

20.0 L2 2735tk o5 £l A [water: methanol
=25: 75 (v/v)]¥} Blethyl acetate] = AH&-3}3iTE €4l B
A5l 60%% AAEte] 4ktol 70%7HA] 7M7), 9ol
75%2 F7IAZ) B 20874 AAZEE 2350l 100%7F
A F7AA 2887 FAIA7]4L, 28.1%¢] 60%E 26
WA 388744 1027 ZS AFssitt 7 7h2E
olE 542 t&shs QFETFEZS] HPLC ¥2 WA
(area)™ 7 AdH-2] WAS v|wate] st Table 3).

SH M

BE ERE ARE HHECER BN, ¥4 duE
Microsoft Ofiice Excel 2010°.% i #k(average) ¥} X+
HZKSD, standard deviation)E T-F3itE FAZZ 1S
IBM SPSS® version 21 AR-3lo] Agufjx] FAHEAE A
A8 3(n=3), AR Tukey H9H o2 AA330Th

Za o o

1
=

2 APAeA = w5 W 7FRE ol 13 AlE A
= Slste] golzAE A9) g FHEE o] = 4AR(FHISL, A
ofFAM, duprtRH, WElIER)S] HPLC 4% < ofu
73t tslightly modified from Tuan, 2012). 41
A Al HPLC #4 2315 HAslslr] 2l w2 A=
& 7% S@dET e A7, oleE3} KOH 8719 =
2 9 AR deEste] FEAEE etk A7) ke

wolt FEIAE sl AWk, wiF AsE A7
100, 200, 500 mg, 1, 2, 5 g¥ 67HAE FFstal, ek,
KOH, water, I & 5= & W72 27
th2 7 skSick(Table 1). 2 A7, 1 g o)) AlgoflAlE= A
o] Wol Alge}l g7} FEskAl EREA Aokt whet
A FEO] & HA S 1 g ol AEE FEEH A Al

il

=

Table 1. Extraction conditions of carotenoid analysis from Chinese cabbage

Sample Extraction solvent volume (mL)

Weight EtOH KOH Water Hexane Total
100 mg-1 0.1 0.3 0.5 0.5 2.3
100 mg-II 1.5 0.5 0.8 0.8 3.6
200 mg-1 2.0 0.6 1.0 1.0 4.6
200 mg-II 4.0 1.2 2.0 2.0 9.2
500 mg-I 5.0 1.5 2.5 25 115
500 mg-II 10.0 3.0 5.0 5.0 23.0
lg 10.0 3.0 5.0 5.0 23.0
2g 10.0 3.0 5.0 5.0 23.0
5¢g 10.0 3.0 5.0 5.0 23.0

Extraction temkperatures (75, 80, 85C) for EtOH and KOH in the water-bath.
Extraction time periods: 5, 10, 15 min for EtOH and 10, 20 min for KOH.
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Table 2. Carotenoid contents (mg/kg dry wt.) in Chinese cabbage at various extraction solvent volume and sample

amounts (7=3)

No RT (min)  Trivial names 100 mg-I 100 mg-1I 200 mg-I 200 mg-II 500 mg-II
1 11.95 Lutein 6.01+2.77 6.51+3.71 6.58+0.60 1 2.25+1.31 13.75+0.44
2 12.47 Zeaxarfhin 0.32+2.28 0.07+0.06 0.09+0.02 0.09+0.08 0.14+0.02
3 26.10 a-Carotene 0.19+0.09 0.31+0.15 0.10+0.06 0.37+0.34 0.16+0.07
4 27.99 [3-Carotene 0.525+0.26 0.61+0.27 0.51+0.01 1.02+0.04 0.99+0.22

Total 7.03+2.87 7.49+1.21 7.30+0.55 19.73+1.71 15.04+0.55
Analysis conditions Solvent gradient by retention time
0% 70 100, 0 0%
Previous method | 1 1
Unun® 20 24 241 30 min
% M 7575 100 100,60 0%
@ | L ,
U nan 6 7 10 15,151 2 mm
_ A M 7575 100 100, 80 a0 %
@ I [ 1 ]
Omon 4 & 7 10 15151 25nmin
% M 75 75 100 100,60 60%
® [ | | | | |
Omn 4 & 17 20 25,251 35mm
a0 % 70 'II’5 5 1?0 100,60 &0 %
@
0 run 79 4] 23 28,28.1 38 min
&% 0 75 75 100 100,60 0%
® | | | |
Orun 4 9 i pe] 23,281 38 nin

*Solvent B gradient;

“Retention time

Fig. 3. Retention time (min) and solvent B gradient (%) of HPLC analysis for five carotenoid compositions including

lycopene in tomatoes.

DL

53t 500 mg-11 hexane?] 945 mL)©] @ol 5

2= Al A7ro] o8 AY vk 22 o2 AuslA] ool A

%2 454 nm

stk

KR =R

y ol

[e] [e]
e

40C

1.0 mL/min®.% A%
o5 &1 BE 0% 0%= Al&sle] 2080

70%

S5tk

4 & 202 HPLC ©4 4%d7KTable 2)% HIE
O% 500 mge] AEE °l§he(5.0), KOH(L5), #(2.5), &
25 mL)O% % o] e Alge] sl oA} A
% 9 5% A 240] golrz o WOz APk
5] 200 mg-Il AR AR 24 A3} o Fgkort 7
% A 23 woly wiel, WA ke FES WY 5
£ 500 mg AEE AMga]E Adaol
ErE o 7hRE]E w2l 1% HPLC w433
Tuan 5(2012)C25E A% g3} o) & Fujzd
& Wity 24 A9 carotenoid A-§ AHI YMC
carotenoid C30 column (250 4.6 mm i.d., particle size
3.0 pm)= F&3I3 T, o)’ §ulE A [water: methanol
=25: 75 (v/v)]¥} Blethyl acetate]E AH§-sI3ith AE 3t

0 1o It 4

2 Z7AZEE 2450 100%2 F7H7) 5, 24.1380] 0%
2 3438 AA2AA 3087 FAAALE wiF AEE 4
st Ay, golFsle Al9ldt FhRE| ot 44E(FEIR, Al
ofFAM, UuFkEHl, WEPLER)S] 97t B o]
o] WS FIZE o= FAHOoRE HEEilth
JEAR EvlEE JREolE F ol thg 3
8} PGS
ko BEntE 754 Adws Frk] $lsiMe JFRE R
o= 4W(FHQ, Aok, dubzted, Weptze)
g ope} glo]Zal S FAll E—“ﬁ‘ T = A
Ho] st} whha 2 AdeA= s 7] uiE ol
7} E] o] =2 HPLC 4 4hy] }ELE EnfES] 7t
Eo|t 58S FAll 4 S+ HPLC #44<

33k olF fl8l] vt o] oled grfel Tz

KNt
=
3k 2=
=
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Fig. 4. HPLC chromatograms of carotenoids in various tomatoes. (a), General tomato; (b), Cherry tomato; (c), Red date
tomato; (d), Orange date tomato; Peak 1, Lutein; 4, §-Carotene; 5, Lycopene.

A3 HPLC #4AE =4
O] TS HESISITHFig. 3).

7h AR @ - 710l AEsk A elA gtolmHlE
Al Qe FHRE| 0= 47F4] 4] FA7F BT 203 o] $-ell
wEE B, o]F) 1) Blethyl acetate]oll WslE o] &
A ARES dSAIZTE o] 81 BE 60%=E A&t 4
ol 70%% S7MNR T, 650 75%% S F 7E7IA]
XA 1080= 100%7H] Z7HA 158744 §4A12
T, 15.130) 60%2 H28] A7) 2030l 0%E FHa

2

| okt SAPEEA

m

@-

QaQ

2

A FAk 1 Ay} 2oz =7} 19.7%-¢ YeRyith
U [B4%4 @) : [BAxRE O] B3 43, B4
7o) Fd] AA ol glolzHe] ¥ A7} B =F EA
A AIRES S7RAIELE olsd &4 BE 60%1A 4+
70%%E F7 713, 650 75%% S7IAA 7RIFA] FAA)
Ztk 1030l 100%7H] S7HA 1557 FAA7 F,
15.1%] 60%7H4 FASHA A7)l 255744 FAAA
otk 71 Ay} glo] o] 19.74 2= STk
th [EAZRE Q) ¢ [B4Fd @ellA s 2elEA
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Table 3. Carotenoid contents (mg/kg dry wt.) in tomatoes (n7=3)

No” RT (min) Trivial names Tomato 5
General Cherry Red date Orange date Average*
1 11.95 Tutein 19.01+4.46a 11.12+2.01b 24.19+1.20a 8.24+1.05b 15.64+6.95
2 1247  Zeaxanthin ND" ND ND ND ND
3 26.10 a-Carotene ND ND ND ND ND
4 27.99 [-Carotene 12.66+2.30ab 7.46+1.28¢c 11.60+0.28b 15.64+1.43a 11.84+3.32
5 36.42 Lycopene 433.04+156.19a  422.58+28.46a 626.18+56.50a  87.39+11.89b  392.30+214.86
Total 464.71+162.95ab 441.16+31.75b  661.97+57.99a  111.27+14.38c  419.78+217.91
a>No, the elution orders of carotenoids from HPLC chromatogram. b>ND, not detected. “n=12.
< pcaoene 1
410 %
500 S \
gg@ 400 § BLuiein
Tgw e
gE
o] 200
100

Generaltomato  Chemrytomato  Reddatetomato Orange datetomato

Fig. 5. Total carotenoid contents (mg/kg dry wt.) in
tomatoes. (These data are recalculated from Table 3)

&2 FEHQIY Alota4 ] F3E A7) S8, olsd
S FelEAs WA Al F 24 ARES ST
Atk o5 £ BE 60%% A&t 4% 70%% F7F
A711L, 60l 75% % S7HA 175 7H] FTAAATAS. 1
Zof 2080l 100%7H4 Z7HA 25874 A8 & 251
ol 60%= FHaAlA 3574 A8kt

2k [BAx2A @) : [BA2A QeI % EelEA] ok F
g3} Aotk 935 ®eshr] &, o5 £l BE
60% 1A 750 70%= ZF7HA7]aL, 9%-ol| 75%74A4] F7HAIR]
T, 20871 FAIAFALE 23805 100%7H] 7 FA1A 284
7HA 4181, 28.1%00 60% 2 A A 3857 A4 F
o, FHAF} AopAatel T s] wElHA ottt

n} [A2A @] - ol &l BE 60%E AlAste] 4
ol 70%7H4] 77111, 9ol 75% %= S7HAFATE 20277}
A FAAZL T, 2336l 100%2 S7HAA 288744 FAA]
Atk 28.1%0l= 60%=E A8 THAAIA 38E7HA frAle
Aok 1 Ay, FEHQIE 11.6%, AolHAES 1228, du
728 S 26.21, HEFIZELS 27.9%, 2lo] 73 36.4%-
A 2= Ak

ol5AF g1 B FHjERAed W3K60 — 100%)E F°]
A% A3, FREwoE 5% EFES 9t B F
e [EAERY @12 EAYs Fslth 7] Rad o

93%

Fig. 6. The ratio (%) of individual carotenoids (average of
four kinds) to the total carotenoid contents in tomatoes.
(These data are recalculated from Table 3 and Fig. 5)

& BAHES oY 7K &lE £3ete] Azt wHd

WhH(Burns ef al, 2003; Dias ef al, 2010), ©] ¥
AE olsd & Alx7) Bl 1kt o] Qith
T3 [FAE2 O & SRRl 380z A Al
50~60F AQFE 7|E A E(Gomez-prieto et al,
2003; Tuan ef al, 2012) Rt} Aoz Fr= Aol 9l
of vl AlZ A Alell frEfsith [AE2d @]ETE 4
AlZro] #e BT B uHATHRao et al, 1998; Dias
et al, 2010), 4 7Fs8t 7hRE ol E JRGE T AHE
e, gl s, wEptEE)o] & AFelA Ejleh 7k
o EAM(5ET: FEIQ, AlotmAtd, duprtEd, wE}
2d, golzs R} Ak

N

ENIE 20| U2 7|2E|L0|E &kt

EfE 4FF(YUNERLE, WS ErLE, Wik gl 33k
FYEErE) U glo]male sl FHdlsity Enf
EoX= dlo]lZAE et JhRE o= 57F4] AdE(FH|
Ql, AlotaAH, duzt2d, WEFIEE, 2to]lFd) F FH
Ql, weptEH, go]Z3 3R HEHUkFig. 4). T 7t
REo|E e Wb OIS ErE(729.9) > UREE
n}E464.7) > WEENIE@4412) > TN ) FEErE
(111.3 mg/kg dry wt.) =% #9431, 7} 7k E] 0| = /]
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i gl o] (45T EnFE FH#3k(392.3) > FEQ
15.6) > HEFERE(11.8 mg/kg dry wt) 0% A Y
E}5iTHTable 3, Fig. 5). 4572 EvkE Wl & 7hEE -
ol 3 T WA oE go]o] 93%E thite A4
AL, FEQL 4%, HEPEZEL: 3% 214|511 thFig. 6).

FEQD g2 dRtEnfEel Wb ok ErE oA
O 7 SRRt 2w 52 0% eyt weptEE S
T3 S-S ErREA 15.6 mg/kg dry wt.E UE E
WHE BHUF oA g3t o] mAe) el A o
EulE626.2) > URFERFE@433.0) > U2 ERFE422.6) >
T3 S EVHE®7.4 mg/kg dry wt) O E7
ER AL, R S ErEE A e ErE
wry ok 7.2v) Eokth 7Y IS H2AS W kA ol
SEIFE(626.2)°14 2to]zgl o] T Al T2 EnfE
Hoh AddA o R A veRa, 3 g ErtE87.4
mg/kg dry wt)olx 7H¢ Al et ofelsh A=
gfo]zHlo] A& H2AE YA k= MAio|nE, AfFow
HoM AAE AA 7 AL e A diEEErEEA
o]l e EvnkEe] vls) utA Yehd zlew Azt
(Gomez-Prieto et al, 2003).

B 2o A AuteEntE ] #o]F3 ko] Markovic
5(2006) Rk =A YEREI(50.3 mg/kg wet wt.), &
ErolE U glo]zdl g Toma $(2008) XU} wtAl Uet
wWtH1,240 mg/kg dry wt.). Burns 5(2003)°14 & Unte
nhE f glo]ssl ko] 522.5 mg/kg dry wt.iE & A3
Bo} 2o A et oY, & JHRE ol 3 5 ApA[s)
= HE2 58%0l Btk o= & AfelAe XA ¢
& 7}ZEeo]= A phytoeneo]| T g0 Qo] F
FFEZE o= e oiy] glo]FAe] SRS wholxl Zlow
HAItE Sun $5(2012)°14= ErtE7} A53ke] wet glo) =
A FF> 0 — 250 mg/kg fresh wt.7H] F7H3leH, &
FhEE] o= gHeF X5 0 — 300 mg/kg fresh wt.7H] <
7¥eoitt. olgl 2 A= Ale] s Aol wet 7F2E
wo|= geko] Flely] witel, BErfE U glo|wHl dego)
ZfolE Kol Zow A7t

—~
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