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Tomato (Lycopersicon esculentum var. cerasiforme) Extract
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Abstract

The aim of this study is to investigate the effectiveness of a cherry tomato (Betatini cultivar) as a functional food
and food material by measuring total polyphenol and flavonoid content, antioxidative and anticancer activities. The
contents of polyphenols and flavonoids were 11.02+1.98 mg and 4.53+£0.59 mg per gram of dried cherry tomato,
respectively. The antioxidative activity of the cherry tomato extract was verified by measuring a-o-Diphenyl-p-pic-
rylhydrazyl (DPPH) radical scavenging activity (DSA), 2,2’-azinobis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS)
radical scavenging activity (ASA) and ferric reducing antioxidant power (FRAP). Half of the radical scavenging
concentrations (IC,)) of DSA and ASA were 340.26+4.28 pg/mL and 350.77+7.79 pg/mL, respectively. The FRAP
value was 25.47+0.79 umol Fe*/g. The effects of the cherry tomato extract on the growth of normal liver cell
(Chang), normal lung cell (Hel299), lung cancer cell (A549), cervical cancer cell (HelLa) and liver cancer cell
(HepG2) were also investigated using MTT assay. The cherry tomato extract showed high growth inhibition effects
against HeLa and HepG2 cell. These results indicate that the Betatini cultivar of cherry tomato would be a func-

tional food and food material.
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Eo] X3%H  lycopene®lt} B-carotenes  AFs)E )
(Frusciante et al., 2007), LDL2] 2}3}9A| & 7}H(Oshima et
al, 1998; Stahl et al, 2001) 5 71'54< Hole Zo] 3l
Ak 3 95 A (epidemiological study)E 53
lycopene, EFtE 9 EntE 73F] AF e} ohgFet oo
Y R obo] AAAAE et AWM oA 2
(Giovannucci, 1999; Barber & Barber, 2002), d|¢ 9#| &
FH(Polazza et al,, 2011) 5 EvlE2] dgdo] vhaixit).
HHH, WS ERLES] 0|88t Aot Z]Adel Ak A
T= B Ao R UEErES] AR, HIER A, H]
B C, 7hRE o= 5o gkt kst aFHRaffo et al,
2006; Lenucci, 2006), ACE A3l &3¢} lectin®] A 3}8H4
EAol] #3F AF(Na et al,, 2007; Roh, 2010)7} L+ )
ghtt. F 2ol Mol E AnlEgFe] sojual e HEER}
EO] )\]*’—6‘]-7(4 7}-;(]3 -H—Ui 01—7] _,,]OH}\i‘—— Aga:d—/l‘] l:r'.JJ‘
7155730l At A7t o ol Ha g Ao AlRE T
A& AT(Kim & Ahn, 2014914 B 7€ e E
v}E Betatini %‘%‘94 Frejobu| it o gt ARk Y
Z@)9¥E 3HES HPLC, LC-MS/MSE ¥4, F4 3 u}
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dth 53], ¢8R A& S(Yamamoto et al, 2004;
Iwamura et al., 2010), 95 A & 3}(Hirai et al., 2007), 2
& i} v A & F(Horiba et al, 2010) 5] L&
naringenin chalcone, ¥4t3} & ¥H(Metodiewa et al., 1997),
& o) 8-%] o Al| (Navarro-Nufiez et al., 2008), 2] A z-&
(Jung et al., 2007) 5°] &#F quercetin-3-rutinoside 5
Al g 4ol ok gHEo] JSS HALskith

E AFoMEe WL ENLE Betatini 229 7)%53 EA
< s fdE FEEY F EEds ¢ SR
3 ThFEE W o g gitkst 84

L

AT ThS BEOlA EAE FAsT B Aol 2

Rl a2 ol lﬂ o

WS ErlE Betatini 352 Fo] ErLEAEA(Chung-
Nam, Korea)ol| 4] 2012139 4=3He A& AL&-3s15iTh.
o-a-Diphenyl-B-picrylhydrazyl(DPPH), 2,2’-azinobis-3-
ethylbenzothiazoline-6-sulphonic acid(ABTS), 2,4,6-tripyridyl-
s-triazine(TPTZ) 5 Al 9F-S Sigma-Aldrich*K(St. Louis, MO,
USA)A  FY3FA T Chang, Hel299, A549, Hela,
HepG2 M *+= American Type Culture Collection(Rockville,
MD, USA)S.ZHE FYste] A3 a-MEM, RPMI
1640 5 AZ wj<F wjx] 2 AJeF2 Gibco BRL(Life
technologies, Cergy-Pontoise, France)ZF-E % 3}

WSENIE 747 AR KX

WEENEE gk At 2719 20 78 JHAIE Eof
TAE AASIL LS 4-5mm FAZ Aol dA] Ao
27 F9YAIZ T 52 7AZ71(PVTFD 10R, llsinbiobase
Co. Ltd., Donducheon-si, Korea)E A}&3le] 7AZ3s} T}
FAAzY WEEREES Wiley mill(Thomas Model 4,
Thomas Scientific, Swedesboro, USA)E #7 43 &
20 mesh A& FHAA EL A BE A ZSA T

FES M=

FAAZ B2 100mg T 80%(v/iv) WS 50 mLE 7}
sto] Z2gub Fxo] YaL 30°C°1W 607F FE3I T F
SN2 79 o 33H(Whatman No. 2) & oS H] sl
18,000 goll A 1027 4l siint. A5le 3|4sko

0.45 um nylon filter(Millipore, Bedford, MA, USA)E &

FHAA oS volumetric flaskol] 2 2 80%(v/v) Hl
Be-8 7tete] 50 mLE g5t WEe 5908 Axs)
th FE98 Y F5F SHEYELA N-1110, Rikakikai
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Co. Ltd., Tokyo, Japan) & 10 mL vialdl &7 ®Z71%3s
Ak HEgE FEde F s 9 T SYPEEolE
TS AFste ARSI en & AXRES 80%((VW)
Wergo]| FxEF 343le] DPPH radical scavenging
activity =7, dimethyl sulfoxide (DMSO)Z &]4J35}o] ABTS
radical scavenging activity 2 FRAP assay, &A1 32 oA &4

S0l AHg-sit

O
M

2lH=2 e
WEEVHE Betatini 5 WEe FE2d49] F s
SHakS Folin-Denis®] ' (Gutfinger, 1981)2 HE3slo] =
AT FE9 1 mLAl 10%(w/v) Na,CO, 84S 7}13}+o]
Egsta A2 A 287 ®WXg & Folin ciocalteus
reagent 0.5 mLe} SF5 7mLE F7isle] 1A]7F &<

o o

e

o TIT T
AXA 700 nmollA FFEES 24 A Gallic acidS
FEAZ 0-100 pg/mL FA FE=FHE 24 sl
22 y=0.0158x(R™=0.9981)2 Lom o]d wat &
e FFS FFsran

ruhq o R

oo
F=99] % ZElH o= S Dewanto et al.(2002)
%—Xé At &9 1mLE 10mL

NaNO, 02 mLE EZ}'Z_}-Q-E A7yste] 67k WA sk
047101] 02mL 10%(w/v) AICLE 718t 687 HESA
71 3 0.6 mL2| 4%(w/v) NaOHZ 7}8lal 2o ZH/<F
A7rste 10mL= g8ttt vEg-AS 415 nmell A
% Jste] & ZetHicolt RS A S
& querceting ¥EF=EE 0-75 pg/mL
S At HAHA y=0.0028x +0.0406
(R=0.993)S Ao ol me} F Eds FFS 4
FetaArt.
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DPPH radical scavenging activity(DSA) &8
WEERE Betatini % FE=o ks 24S

3171 98] Brand-Williams et al.(1995)2] "ol we} o-

a-Diphenyl-B-picrylhydrazylDPPH) free radical 4~ &/dS

380 = 0%(v/v) BlEre-oll 2} 50, 100,

250, 500 pg/mL=Z OE%“E A z3ske] 0.8mLE 0.15mM

A=)
Azx=S

DPPH 02mL$} E38tsle] AFLoa] 3087F HFSAA
517 nmellA F2=E Sk S 4S8 E o
2of we} AF=E319 2 DPPH free radical®] A4S 50%
A etE A7 FEZ IC, 28 Aot 9 T
= &4 4EstAIQ] butylated hydroxyanisole(BHA)S A}
&3tk

DPPH radical scavenging activity(DSA, %) =
Ablank)Xloo

(1-A

bdmp'L
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ABTS radical scavenging activity(ASA) &

ABTS(2,2’-azinobis-3-ethylbenzothiazoline-6-sulphonic
acid) )z 2AZAH LS Re et al.(1999)2] HHHS AL&3}
of ZAsA = Ax=S DMSO Z+2t 50, 100,
250, 500 pg/mLZ FEHE A F3FTh ABTS cation
radical(ABTSH2 A4A1717] 98] 7mM ABTS +&99&
YHE ¥ potassium persulfateE 2.45 mM°] H =5 H7}s)
of Y& Apetsto] ol 24417 HAslo] ABTS &S
AzstArh AxE ABTS'&H-S 732nmellX FF =7t
0.7£0.027} === 0.1 M phosphate buffer(pH 7.4)% 3]2] 3}
of 274G Sl AR sEE I4E =
ZE 10 uLe}t ABTS™&9 990 uLE &3tale] 1#7F uk3-
AL % 732 nmell A §3 =5 S gHE aAE
AL thale el A8 e ABTS cation radical®]
S 50% A ARG FEE IC,S=E ATt
4 R+  6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid(Trolox)S A3}t

ABTS radical scavenging activity(ASA, %) = (1-A
A,)*x100

/

sample’

Ferric reducing antioxidant power(FRAP) =4

WS EE Betatini %% W®E FEFE°] Ferric ion
(Fe’)S Ferrous ion(Fe?)Z YA 7]1E TH(FRAP)S
Benzie IFF & Strain(1996)2] "ol wia} =7 3sle] a4t
3t S YolRSkth TPTZ(2,4,6-tripyridyl-s-triazine) &2
40 mM HCIell ferric-tripyridyltriazine(Fe**-TPTZ)S 10 mM
T2 £33l A =39 FRAP reagent= 300 mM
acetate buffer(pH 3.6) 100 mL, TPTZ &< 10 mL, 20 nM
FeCI3-6H,0 10 mLE E%ste] A3t} A 59| dbst
ge =37l sl AlFE 60puLe]l FRAP reagent
1.8mLE 7}8}3 SR/<F 180 L2 FH718ke] 37°ColA 4%
7 HEAIA 593 nmeollA FEEE SN FHEE
0-2.0 MelolA AR HLAE Hlojuhd A EE 3
Aste] =435I AkslE-> FRAP #h(umole Fe*'/g)S
2 Yeiled A 871 AABHE Ferrous ion (Fe?h)2] %
< FeSO,7H,02 EFEZE AHg3lo] oo Agsles &
© 2 FAEATE FeSO, 7TH,00.1-1 mM)Z AF&-3le] o]
2 ZEFHoRRE M (y=0.3283x+0.0028, R’=
0.9987)% Fato] WEENE WES 259 FRAPIHS
AeFsiant.

UMZ ANEY =Y

WS EulE Betatini 2% FE=°] ZAMEL GAHE
e A= JEFE Gotrr] fste] A X
(Chang), A7+ #| A 3 (Hel299), 7 $HA E(A549), 7HeHAE
(HepG2), Aa7d F-H = (HeLa)S AHE-3te] MTT assayS
AN BT A EF= a-MEM EE RPMI 1640 Hj A ]

10% fetal bovine serum(FBS), 1% Penicillin/Streptomycin-s
7kt CO, incubatorMCO-20 AIC, Sanyo, San Diego,
CA, USA)9IA 37°C, 5% CO, 3tollA] vl <, #2353t
i E AZE 1x10° cell/wello] EA 96 well plateoi]
100 uLA  #+F3k32 DMSO®| z+zF 10, 50, 100, 250,
500 pg/mL FEZ A E A|EE 10 uly H7kske] 37°C,
5% CO, incubator oA 24 A|ZF w<FsFSTE 50 uL MTT
solution(0.1 mg/mL)S ZF wellol Y3 37°CollA] 4A]7F Hl|
& 3 F 100 uLe] DMSOE #7}3lal microplate reader
(Spectra MAX 190, Molecular Devices, Sunnyvale, CA,
USA)E ©]&3t 450 nmollA F3 =5 St A=
A &9 2TH(DMSO)eH A Fe| F3E 2polE 3}
of T3t 2ol S 6k

% inhibition of cells = 100x(A . — Agmpie)Apjan

sample.

SHXE

EEAR, AP

X

3 52 Microsoft Office Excell
20075 AHESFASL o4 HAS flsliA= SAS software
£ AHgate] JYELHEA (one-way ANOVA)S A A ¢
% p<0.05 =<4 Duncan's multiple range testS 2] 3}

Aot

o

1

2 2y =
g tefst 71sAS Zhethe A2 deE €EA g &
J & Toll= Aol e B
. A AT (Kim & Ahn,
2014 E3 WS EVLE Betatini 359l histamine &2
A5k LA A &5 (Yamamoto et al., 2004; Twamura
et al, 2010), 94 & ZHHirai et al, 2007), 28 o}
H|7kel ] & ¥H(Horiba et al., 2010) 5] <& % naringenin
chalcone, &+l a ¥H(Metodiewa et al., 1997), -3
A (Navarro-Nufiez et al., 2008), 2]} A| 28 (Jung et al.,
2007) 5°] €3 quercetin-3-rutinoside 5 AJ & &4
Hico|=7} v ShrE o] algol Hslith
WEERE Betatini % WEE FEE IE
i 39E SR eols kS Table 13 7o) W
EnE AxE 1g 3 ZYAES 11.02£1.98 mg, et =
o] =& 4.53+0.59 mgo] EF= o] UATE Na et al(2013)>

i
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Table 1. Total polyphenol and flavonoid contents in the Betatini
cultivar of cherry tomato.

Flavonoid content
(mg/g dry weight)
4.53+0.59

Polyphenol content
(mg/g dry weight)
11.02+1.98
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U Auix] e Ank EvtEe] YE F 3 (fresh weight)
100 g 3 EE|dlEa EefR ol =7t 712f 19.43-32.44 mg,
6.56-10.93 mgo] $HF-Ho] AThE B et Uuk EvtE
9] FHr3Fo] oF 90%U LS THsIH WS EvE Betatini
F5 X¢E ZPvs T2 o EvtEY 23E &
o= o] HAwH Ak v S eol= §F
F WtEnLE Blsf 40 o) =55 & AU ¢
WHEnE S} g EntE ] e Apo] & A gs] HlaLat] 9
M FH B2 F5o W ErES] Zeldsd SR

=
wol= e BASE 20| oY Aoz AlRH

WS ErLE Betatini 5 FEEY dAts 848 &ot
R7] 93] DPPH radical scavenging activity(DSA), ABTS
radical scavenging activity(ASA) 2
antioxidant power(FRAP)E =4 3131t}

DSA®} ASA= 7}7ZF DPPHS} ABTSel <8 A4 =+
free radicalol] AAE Fojste] AATgGoEZH 2H5LE oA
e 58S F4ske Mo vl 34 WhHol it
skal &2 Al F o) Tkt kst
o g AR&-== Wiolth FRAPE dH4ks)
Edo] gfE $dES THA Qe A S
Fe™'& Fe"o 2 7= 58S =4 @Qi’ﬂ
48 =4 3t= W o th(Benzie & Strain, 1996).
E Betatini =% DﬂE}i FEES TEHEE
DSASH ASAE &4 A= Fig. 13} 2l DSAE 5%
371 98 FZEL 50, 100, 250, 500 ug/mL & RE)
39S W Zhzb 4624151, 11.76+1.68, 42.29i0.56, 71.89+
0.93%°] DPPH 2}tz 27845 Belem A7 F=7t
= 7}ato) w}g} aolH oz 2ABA | 2SO 2= 919

Ferric reducing

031,‘—!_' o V75
>, ol — o
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olf mlo
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T TR [

A%o_gg
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o} 3 F2E-S 50, 100, 250, 500 pg/mL FEE 2Hs}
o] ASAE Zéf& Az 27 9.01+039, 17.61+0.67,

39.90+0.66, 68.08+1.65%2] ABTS Z}t|Zt A4S 1o
i%ﬂ 7]_ lr_o]_;q oﬂ Lq.pjr o]x% oz %/H o] 7].0].031—4_
rtstedd o] =& A Fstatr| flste] DPPHSE ABTS
o ols] WAEE free radicalS 50% AAATE FEE
o] TEE IC,O& ot A=A S™ FRAP a2 F
& 1g 3 A= Fe] 48 783 tH(Table 2).
DPPH ol gk 3its} gA4s ST 43 5=
9] IC, 2 340.26+4.28 pg/mLo] AT} EE3, ABTS Wl
ofs] kst S SAHIG AH FEEY IC2
350.77+7.79 pg/mLE JERY gz 27458 S =4
T el A Ak ARE A4S T 3
FRAPE =A% 23 &= 1g & 2547+0.79 pmo
T U ol8F 22 AHRE B3 v
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Fig. 1. Antioxidative activities of the Betatini cultivar of cherry
tomato.

(A): DPPH radical scavenging activity (DSA), (B): ABTS radical
scavenging activity (ASA) Bars with different superscripts indicate
significant differences at p <0.05 by Duncan’s multiple range test.

Choi et al2011)& SUjolx] AME 115 Atk =
o GuBYL

ErE
=73 A3} DPPH ol 23k | Csool

Table 2. 50% radical scavenging concentration (IC,) and
FRAP value of the extract from the Betatini cultivar of cherry
tomato.

DPPH value, ABTS value, FRAP value
IC,, (/mL) IC,, (/mL) (umol Fe**/g)
Extract 340.26+4.28 350.77£7.79 25.47+£0.79
BHA" 4.35+0.31 - -
Trolox? - 6.73£0.17 -

PBHA (butylated hydroxyanisole) is the control substance for measuring
DPPH radical scavenging activity.

ITrolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) is the
control substance for measuring ABTS radical scavenging activity.
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Cell Viability (%)
2

Concentration (pg/mL)

Fig. 2. Inhibitory effects of the Betatini cultivar of cherry
tomato against normal liver cell (Chang), normal lung cell
(Hel299), lung cancer cell (A549), cervical cancer cell (HeLa)
and liver cancer cell (HepG2).

Bars with different superscripts indicate significant differences at
p <0.05 by Duncan’s multiple range test.

145-496 ng/mL, FRAP kol 1245 pmol Fe*'/g2hal KL
st9ed ol WEEVLE Betatini % FEE9 1C,7
FAFSFA L. EE3F Morales-Soto et al.(2014)2 44 59 X
H AL A3} 2 42¢] st EA S Bl Aol Lt
ErtES] FRAP #©| 29.1-67.2 pmol Fe*'/g o]}l XL
st W ERE Betatini % FEE9 FRAP 3kl
H|E) 27 =2 Frolth Yt EntEe} W ErfES] &
2eted & S A gt Hlaestr] flsiA = ol A A
HiEs o B2 F59 WEErE gig ksied 4
<o Faste|etal AkEn

UM K| 2N

WS ErLE Betatini 3% F&E°] 42 74 Z(Chang),
A B A EHel299), ¥ GAl E(A549), A7 KAl E
(HeLa) ¥ 7HHHIE(HepG2)2l A5l m A= 93-S Lot
2 A= Fig 289 2h 28] 7F AR ASS 50%
JA st FEE L 1C,S 2Hg3le] Table 39 o
ERf AT

WEENLE Betatini &2 10, 50, 100, 250, 500 pg/
mLE FEHE 7F Alxo] AHEs A3 A4 X
(Chang)oll A= F91%Q1 A5 Asivt 571 &47F vehvt
A ¥k HA; HAE(Hel299)= 500 pg/mLe] FLEFEE
AR g -9 kA Aol Asl = ATk gk, H oA
Z31 A5499 FE2ES AYEAS A= A HAAE
o] 7%-9} Al 500 pg/mLe] TFEE AR S A
5 oFgk AS A mapt #EEY FEES A 3z
oF HGAE BFo] oFt A5 A aHE HYS &
AATE FEE2] Hel299 2 A5499 gk A-&A s gz}
7 Ao A F=< 500 pg/mLolA ZH 18.56%, 20.36%
2 gkl IC,, & 4AP8E 4 Itk Choi et al(2011)2 &

Table 3. 50% inhibition concentration (ICs,) of the extract from
the Betatini cultivar of cherry tomato against normal liver cell
(Chang), normal lung cell (Hel299), lung cancer cell (AS549),
cervical cancer cell (HeLa) and liver cancer cell (HepG2).

50% inhibition concentration, IC, (ug/mL)

Chang Hel299  A549 HeLa HepG2
D >500% >500 326.24+16.83  385.13+24.60
" No inhibition

? Estimated ICy, is above the maximal treatment concentration (500 pg/
mL)

v EnlE FEEo] # 9 E(A549)9 e s &t
UTFL Hrste] 2 Ate] Aol AT

F2ES A3 AR E(HeLa)dll A 2)6199S 49 2
Skl wet oA AlEe] Aol Aol 250 ng/mL,
500 pg/mLE A SIS o Z-7; 41.78%, 71.6%°] =2
oA EFE B HeLa Al X0 ek F2E9] IC,,
2 326.24+16.83 pg/mL= AP H AT HaAT A3 A
HEH ErtE 5 A FAFEQl EvlE B(tomato
waste) FEES 25mgmL T2 X239 S A% HelLa
Mzl Aol 80% ol A3 = A L(Cetkovic et al.,
2012) ErES] glycoalkaloidE +2|3le] 2|3t < 4%
1 pg/mLo] ko] v FXollA HelLa Al £9] 5o A2
100% A& A th= ¥.3(Choi et al., 2010)7} o] WEE
vlE Betatini & =°] HeLa Aol tha] 73gk A3 &4
< Ztete B A7 A3t A o 5 U

7HHH £ (HepG2)2l Aol mXe 259 9
obE A3} 250 pg/mL, 500 pg/mLE A 2lsklS wW 2zt
42.82%, 56.46%2] AE&AA a5 BTt HepG2 Al Eol
3t FEE9] 10, 385.13+24.60 ug/mLo] 1 tt. Friedman
et al.(2009)2] A-TolA= ANk ErfE 9 Fo] WEE F&
& % glycoalkaloid & &°] HepG2 Al 3ol 23+ H5A
& @77t 9l2o) wE e ol WS ERIE Betatini ¥
Z WES FEE0°] HepG2 A2 A &4 z=te
2 AT fFAksk T

W ERLE Betatini 5% =8| A28 Al 29
g mAs TS ol 2
AFols A FaFol Iy 2pa7d F- A E (HeLa)2t
ZHEA| X (HepG2)ell tlaliA] At EntEel fAFSHAl 4
s A3 o] AFS FAATE ol WEEVE
Betatini %&°] 58l sl &322 &ehlFel &
Atk EE, I FOEZA ] T}

o}

SERES] A3 HlEel o I =T
aaAle] gk 71291 S8 A (epidemiological
study)7t H @ 3lth At BEvtEe] F94F Wert =85
A9t #He ARt 5 oohde o] RS W

™ (Mayne et al.,, 1994; Giovannucci et al., 1995; Agudo
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1997; Giovannucci, 1999; Barber & Barber, 2002;
Hwang & Bowen, 2004; Polozza et al., 2011) X & <l
#H et A5 AEES Fo|=(Goodman et al., 1992) &
B2 A7AHTt FHE do] FFoEA ] THX|7F
FHEQo e ErlEe gat Aol o Fof B
I o g WS ErLE Betatini 359 A F O 29
84S Goliy] fEiME FY B2 A 28T A

W U

et al.,

o2 AR
o oF
i@ =
H A= HEEPLE Betatini 252 7|5 EL
2A9 §EAL dolry] 95t = ZPus 2 Zgkn
wol= e, gAks) B4, A ASOIA aRE ATt
e

o Bt} WS ERLE Betatini £330 ZdE
AZE 1g T 11.02£1.98 mge & U4l duk EvnlEs)
FrAretR o SR eolEs X 1g T 4.53£0.59 mg
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