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Physicochemical Properties of a Betatini Variety of Lycopersicon
esculentum var. cerasiforme (Cherry Tomato)

Hyen Ryung Kim and Jun Bae Ahn*
Department of Food Service & Culinary Arts, Seowon University

Abstract

This study was carried out to elucidate the physicochemical properties of Betatini, a cherry tomato variety. The com-
positions of free amino acids, amino acid metabolies and phenolic compounds were analyzed and identified using
HPLC and LC mass spectrometry. Eighteen free amino acids were found in the Betatini variety. The most abundant
free amino acid was L-Glutamic acid (L-Glu) which comprised 48% of the total free amino acids in the Betatini.
With the exception of tryptophan, the Betatini variety contained all of the essential amino acids. Several amino acid
metabolites were also detected. Particularly, 4-aminobutyric acid (GABA), a known neurotransmitter, was present in
high levels. Ten phenolic compounds were identified and their contents were measured. Large quantities of querce-
tin-3-rutinoside (Q-3-R) and naringenin chalcone (NGC), both bioactive compounds, were found. These results
revealed that the Betatini variety of cherry tomato contained various nutritional and bioactive compounds and would

be a potent, functional food material.
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7](PVTFD 10R, Ilsinbiobase Co., Ltd., Dongduchun, Korea)
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of FANE F7) B3 FAE SH s4Ux & F
719} @7 105°C dry ovenoll A 8A17H&<t 2 2} AZ3}e]
Gl EEsles ofal FAIE S8 Adx A, F
TS S5t FETHFS A Fshirh 2 Ed e
A& 1.5ge AF sk 2 E2497](Kieltec 2300 Analyzer,

2kl manualdl WeEE AR 100g B 2T E S

SIAe.

HUSEIE F2H M=

HEENE $244% A8 50mgs F& dZetaa
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exchange resin 2622(4.6 i.d.x60 mm, particle size =15 pum),
post column reactionS $I3lA] lithium citrate buffero}
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Prominance LC-20A, Shimadzu, Kyoto, Japan)E A}-&3}¢]
AT A8 F5 o FUZFS 20uL Ao 2
F L2 Inertsil ODS-3V(5 um, 4.6-250 mm) HPLC column
(GL Sciences Inc., Tokyo, Japan), 7 & 7]+ SPD-M20A
photodiode array(PDA)E AH&-3l3ith AH &%+ 30°C,
&S 08mL/mine 2 FAEATE Mobile phases
acetonitrileZ} 0.5%(v/v) formic acid® E3sle] A3}
om AZVEE acetonitriled] FEZ 5%(0-5 min), 18%
(5.1-30 min), 70%(30.1-90 min), 90%(90.1-100 min), 5%
(100.1-120 min)2 243l EHFAY. Zus &S
S-S 7] Y8A = S-caffeoylquinic acid(5-CQA),
quercetin-3-rutinoside(Q-3-R), naringenin chalcone(NGC) 3%
2249 Mgl ABAL Ae F AL AL
el dae FFs) A8 AL 5CoAL
y=661.6x +9170.9(R* = 0.9937), Q-3-R y=1617x+7786.6
(R* =09871) ¥ NGC2 y=813.7x+3653.9(R*> =0.9999)°]
ow BAL2 3 3] AAste] Wt XFUAR 7L FEHE
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Mass Spectrometry

LC AlZ=®l(Agilent Technologies 1200 series, Agilent
Technologies, Santa Clara, CA, USA)S 3200Q Trap LC-
MS/MS A] 2H(Applied Biosystems Inc., Foster City, USA)
of AdAste] A5 EFdE =S w58k
LCEAS 93 29, mobile phase ¥ F=7H), 75 5&
4719 HPLC &4 Z7A3 Z%th Mass®} tandem mass
spectrometry(MS/MS)= m/z 160-1200 H %ol A negative
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Table 1. Dimensions, weight, moisture and crude protein contents of Betatini variety of cherry tomato.
Color Length (mm) Width (mm) Weight (g) Moisture (%) Protein (%)
red 37.324+0.67 30.26+0.80 19.56+0.83 89.95+0.45 0.91+0.23

0.67 mm, 30.26+0.80 mm= E}L P S ©o|FiL gloun FA ol 9Jsha L-Glurt frElotn it F 7 Bol i35
£ 19.56x0.83 g0l Ut} FE-o3F o zZ+zk o o] WAL Boggio 5(2000)7} Pratta 5-(2004)
89.95+0.45%, 0.91£0.23%% A ut g9 k7o) At BEnfEoA AatiAl #E 450 grte}
A Sk fAFSFATH(Lee et al., 1972). kAol A o] L-Glu F2 2] JaaAE FHAT
TS Choi 5(2010)2 EntEe] AJAE Fglolu]at
i

FE[of0] At =Y S AFS Ax BErvfEr)t g7 HolEWA L-Glu

WS ENLE Betatini 59 frElotn| =2 AR Axp F7Fo] FUletal fElotneAt T P B S AAF
= Table 29} 7Fqtt}. HF2-EnlE Betatini E22] ¥ o}v] 2 H 3} v} gJo] HHE-ENLE Betatini 52| Fgolv]| =
A Fole L-FFEHL-Gl), L-FFE(L-Gln), L-o}  AF 2Ao] Ak EntES] fejolu it 23 §AME A
202 ELKL-Asp) & 18 59| ofn=2to] o] U g2 HAS & & UG 2 9] L-ZEJ(L-Pro), L-Hd
o L-AJZHCN(L-Cys)#t L-EHEIH(L-Try)S TAEA| 242} (L-Phe), L-&2Hd(L-Ala) 2 L-Al & (L-Ser)o] A A
ATt FElot =gt F 7Y Wol i A2 L-Gluo] olm Al ShF F 74zt 3.8%, 3.0%, 2.5% = 2.0% I

Rom HAE FTH 100g T 1,628.17+37.55 mg &5l o] H Zo® vepstom 7|g opw|iito] AfF E3E o] 2l

AA frelotm it & 48%E AASIAAL L-GIndt L-Asp  Ath

7F AA obmeit F 742 22%, 1% FREo] Slof L- WEEVHE Betatini $5-& EHES A9 5] 2Ed

Glu, L-GIn 2 L-Asp7} AA| o}v]icAl gHaFe] 81%5 +  (L-His), ©|&FAI(L-lle), FA1(L-Leu), 2Fo] A1 (L-Lys), W E] S

Agelal glo] 8 4 ofvmate S & 4 glSdth Awk H(L-Met), #'d L2HA(L-Phe), E A (L-Thr), 3 E=(L-

Erntge] FEjopu|inal dHaES B3 Lee 5(1972)2] 4 Val) 5 8709 Fpolmaete AR F¥H 100g T
[e]

303.51 mg e8-3}27 Q) oj okZ] ZH oA 2L A E 4
Table 2. Constituent of free amino acids in Betatini variety of g Bkl 2lo] 9 5 1M T2 A E8A

cherry tomato. Ye & T AT YUY WL ERFE Betatini $59 9
I —— ¥ RS A8 Bhel) el frlobrlmar o))
Amino acids” HFL 55} AR T P - R A
mg/100 g (dry weight) % of all amino acids ?ﬂ FEEvHEd X3 ‘Q_“ S ke ofrlmate] of
L-Asp 38230£12.87 11.28 & EAe] ofeiAor @ Jlo = Als
L-Thr 51.35+1.69 1.52
L-Ser 68.52+1.46 2.02 OI-EI |_'T_*,_|' EHAEQPJ ,3:"%:
L-Asn 26.940.55 0.79 ul9 EUlE Betatini 229 olu]wAl QALER S A st
LGn 16217755 4804 A5 Table 33} 294k, WEETE Betatini FFIA 4
L-P n 127.82i6 7'3 3'77 aminobutyric  acid(4-Abu = y-aminobutyric acid = GABA),
-Pro . . .
L-Gly 0.54+0 38 028 carnitine(L-Car), ethanolamine(EtNH,), hydroxylysine(Hyl),
L-Ala >1.30+1.59 151 Table 3. Constituent of amino acids derived metabolites in
L-Val 36.08+1.06 1.06 Betatini variety of cherry tomato.
L-Met 9.58+2.58 0.28 -
L-lle 24.49+0.59 0.72 Metabolites” Concentration '
L-Leu 28.64+0.92 0.85 mg/100 g (dry weight) % of sum metabolites
L-Tyr 13.51+0.83 0.40 GABA 362.70+8.53 67.16
L-Phe 98.51+2.70 291 L-Car 78.30+0.08 14.50
L-Lys 32.51+0.25 0.96 Hyl 29.46+0.08 5.46
L-His 22.35+1.44 0.66 o-Pea 26.03+0.58 4.82
L-Arg 28.24+0.62 0.83 p-Ser 19.46+1.02 3.60
Sum of essential Me-His 13.79+0.36 2.55
. . 303.51 8.96
amino acids? EtNH, 10.28+0.08 1.90
Sum of amino 3388.92 100 Sum of metabolites 540.02 100

acids

- — ! Metabolites abbreviations : GABA (y-aminobutyric acid), L-Car (L-
2) Abbreviations followed IUPAC standard. ) carnitine), Hyl (hydroxylysine), o-Pea (o-phosphoethanolamine), p-Ser
) Sum of Thr, Val, Met, Ile, Leu, Phe, Lys and His (phosphoserine), Me-His (N-methyl-histidine), EfNH, (ethanolamine)
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N-methyl-histidine(Me-His),
phosphoserine(p-Ser) 5 ot =4t 2 RE FEH A}
chzo]l HAEAT frEjobu| =it tiAbEE 5 GABA7L
AX % 100g F 362.70+8.53 mgl 2 74 ol hirH
o] 9Tt GABAE L-GlulZHE A =™ 9Fs ~
Eg 2o o&) ggo] SkskE Aoz dE A U tH(Shelp
et al, 1999). GABA= AFe] 2177, @ Fof &g 3
frelo] A PR He| Fo] EAlst ARAE =
AL S7MA7IL W75 EF](Nicolas & Hilled, 2004;
Leventhal et al., 2003) A|Z ¥4t o2} HYA s}, o=z}
&, Fsta Tt e AeR GeA Uk(Chang et al,
1992; Park et al., 2002).

Choi 5(2011a)2 UR¥F EvlEd GABA7l AXE
282.9-1,199.0 mg®] FFO =2 vheF x| of = 5
v QEE 2 AFoA LS ERLE Betatini 250 ¥
EnlEsl 7ro] thEke] GABAZF $HrHo] dgo] ¥E
7154 AF 9 AR 87 =52 ¢ T AU
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W& ENHE Betatini F52] 2|9 S9HES HPLCE
2238 A3E Fig 13 2ath 289 peak? retention
time(Rt), UV/Vis spectrum pattern3} MSol| 9] &t F=0]2 2]
[M-H](m/z) %, MS/MS ion fragment®] m/z 3t A3 A
T Ao} dul EntE  flavonoid®] MS/MS data base
(Moco et al,, 2006)Z vlgo 2 7} ZEds HES 543}
o] Table 4] YER AT

Peak 13} 2= MS ¢l [M-H| (m/z)7} Z}7} 3412 Zro}
Exwko] 593 Edz 2 4 gdom MS/MS ion

fragment pattern®] -A}3FAth 53], MS/MS fragment %
4

(1]

Absorbance mAU

179, 135 caffeic acid®] 53+ MS/MS fragmentZ A
(Moco et al., 2006) peak 13} 2= caffeic acid®] F-=AY
S & 4 AT 28I HPLC 4] A] retention time
peak 13 27} M2 g} o] ddA =2 FH At Choi 5
(2010), Moco 5(2006)7+ Mullen 5(2007)& 4] &4 £ 3L E
B Ao Axfel -2 MS, MSMS e ZH= B4 2%
S caffeic acidoll glucose® FFE = hexose”’} F-71E o]
AR B3 8} o] peak 13} 2+ B AFoAM =
hexose®] A3 TR/ A fx= ¢ F ey
caffeic acid-hexose isomer I(CH 1), caffeic acid-hexose
isomer II(CH INE F¥ 543

Peak 33} 4= UV/Vis spectrum®] ZHol &4 33374}
[M-HJ(m/z)°] 353, MS/MS fragment’} 1912 FY3A L
o] = 3-caffeoylquinic acid(3-CQA)Y 5-caffeoylquinic acid
(5-CQA) 5 caffeoylquinic acid ¢’ & A| 2] 5% MS,
MS/MS 7to.2 SHi#] QltKClifford et al, 2003, Clifford
et al., 2005). Ana 5(2004)2 burr parsleyZFE] peak 33}
F93F UV/Vis spectrum, MS 2 MS/MS #& z2te =
=g E2S 25t 3-CQAR A% vt Aok F4,
Choi 5(2010)% YWt EvlE 2 HE peak 3, 49} Y3
UV/Vis spectrum, MS 2 MS/MS #< zte= 94
28 BEsto] 3-CQA, 5-CQAR T4 & A7
A= 5-CQA ZF=2S AHE-39] UV/Vis spectrum, MS
5 MSMS E4E& A A peak 49 AAFES & 5
AATE wWEbA peak 3& 3-CQA, peak 42 5-CQAE &
AakiTh.

Peak 5= [M-H|(m/z)°] 353, MS/MS fragment’} 191&
Ko caffeoylquinic acidyl S & 5+ AUAA=H MS/MS #el
273, 20431 fragmentE EFsta o] 3-CQAY 5-CQA%F

(N

k) 2 ™ E - ] » = ko » =

Time (r; in)

44 - a3 £ = - L L] L ez Lo

Fig. 1. HPLC chromatogram of phenolic compounds in Betatini variety of cherry tomato.
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Table 4. Phenolic compounds identified by HPLC and LC mass spectrometry in Betatini variety of cherry tomato.

Peak" Retention time

MS/MS

No. (min) UV/Vis (nm)  [M-H](m/z) ion fragments Identification
1 23.92 292,244 3412 179.2, 135.0 caffeic acid-hexose isomer (I)(CHI)
2 28.78 316,248 341.3 221.3,179.2,135.0 caffeic acid-hexose isomer (II) (CHII)
3 29.17 326,248 3533 191.2 3-caffeoylquinic acid (3-CQA)
4 30.05 326,248 353.0 191.0 5-caffeoylquinic acid (5-CQA)
5 30.96 326,248 3532 273,204, 191.0 caffeoylquinic acid isomer (CQAI)
6 39.56 354,254 741.1 300.2 quercetin-trisaccharide (QTS)
7 42.03 354,256 609.1 300.1 quercetin-3-rutinoside (Q-3-R)
8 48.47 328,250 5154 354.0,173.2 di-caffeoylquinic acid (di-CQA)
9 55.84 328,250 677.1 353.0,173.2 tri-caffeoylquinic acid (tri-CQA)
10 61.48 366,250 271.1 151.1, 119.0 naringenin chalcone (NGC)

" Numbers of Peaks are the same as those indicated in Fig. 1.

= Y& o|dAAZA caffeoylquinic acid isomer(CQANZE
LR ke =

Peak 83} 92] UV/Vis spectrum®] peak 33} 49} f-AFs)
A3 MS/MS %ol 354= peak 3, 48] MS Z(353)3 AL
ko] caffeoylquinic acid® X &3+ 3}g-Eo|™ ZHzke] MS
el 515, 67724 Ao e =242 FHsTh
Moco 5(2006)2+ Choi 5(2011a)S dut EnlEZFE
UV/Vis spectrum, MS 2 MS/MS 7to] peak 8, 99} U=
she B2 2As ZH7} di-caffeoylquinic acid(di-CQA)
9} tri-caffeoylquinic acid(tri-CQA)2} 574t v} Sl w2}
A peak 8% di-CQA, peak 95 tri-CQAZ F-& 5433
th. Peak 63} 7= 7] Y3t UV/Vis spectrums H 5L
MS/MS 7ro] 300L.F flavonoid & quercetin® U %] 3}
(Fabrea et al., 2001) quercetin =AU & 4 AU
Moco et al.(2006)> 2 A9] peak 63 -2 MS, MS/
MS## dA e E22S
deoxyhexose-pentose(quercetin trisaccharide, QTS)Z &7 3}
At E3hH Choi 5(2011b)S 248 peak 72 UV/
Vis spectrum, MS, MS/MS7te] A5l B3-S 25l
quercetin-3-rutinoside(Q-3-R)d & ¥ & AFM = Q-
3-R FF=2 & AHESte] 1% A3 UV/Vis spectrum,
MS 2 MSMS #tel peak 73 AX|3HE Felstdint. wet
A peak 62 QTS, peak 72 Q-3-RZ T4 3%t} Peak
102 Moco 5(2006)°] X 33 naringenin chalcone(NGC)
o] UV/Vis spectrum, MS 2 MS/MS #3} 72 A5}
3 NGC #F&HE& A&t &Rlgk A3} peak 109]
UV/Vis spectrum, MS 3 MSMS #3} |3t NGCZ

AL T A

H2]35}4]  quercetin-hexose-

A
A

Zo|hlz sgtEe| gt

WS ENLE Betatini F5° - 29 sgEY] &
22 Table 591 YERHSITE CHI(peak 1), CHII(peak 2), 3-
CQA(peak 3), 5-CQA(peak 4), CQAl(peak 5) di-CQA(peak

Table 5. Concentration of phenolic compounds in Betatini
variety of cherry tomato.

Phenolic Concentration Phenolic Concentration
compound (mg/ 1(.)0 g dry compound (mg/ 1(.)0 g dry
weight) weight)
CHI 4.5+0.1 QTS 8.5+0
CHII 2.0+0.1 Q-3-R 31.4+0.1
3-CQA 3.1+0.1 di-CQA 7.6+0.1
5-CQA 42.1+£0.4 tri-CQA 4.2+0.1
CQAI 8.4+0.2 NGC 92.1+0.1

8) # tri-CQA(peak 9)°] &2 5-CQA XTEZES UxE
A7 ARE-3te] G QTS(peak 6), Q-3-R(peak 7)2]
AES falM= Q3R AFEZ S AHE319 2 NGC(peak
102 NGC =25 AHE-3te] A 3ot

W EVHE Betatini F3l= NGCo| A% T3 100g &
92.140.1 mg2 & T} = o] AATEH NGCS histamine
=5 ATt dHRA JA J 5 (Yamamoto et al., 2004;
Iwamura et al., 2010)2 Ho|H d359A] G3(Hirai et al.,
2007), 28 Ty ¥R Al G 3K (Horiba et al., 2010) 5-°]
a7l e EZoltt. HEgt ksl a I(Metodiewa et
al,, 1997), 8487 =] (Navarro-Nufiez et al., 2008), 2]
A 2H-8-(Jung et al., 2007) 5 7154 & <& Q-3-R
o] 31.4+0.1 mgS & v FHFE U & F AU
a2 gutErlEd tiF Ex)dtty 48 F(Choi et al.,
2011a) 5-CQA%E W& EFLE Betatini F350)| 42.140.4 mge
2 g% dfEol Aol WAtk neA HEEE
Betatini 52 FSH o2t olye} 7154 AF A=
&8 77l =S 5 AT

0]

ok
o+

B AFoM e HEEES] I T &89
ool 7] 93 Fjol|A] AlujE WL ERLE Betatini %
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o] frgjoln] =itz opw| =4k
HE sHEe] 48 2 I
o} fElobrlieat e A A 18 F 9 ofn|iito)
AT FFE] ANL L-Glue AA| olu]=it T 48%F

Felobreal 3 /b BE %S A stk £, Do}
eat 3 EYERS A S2EH, ol LR, FA,
golal, Wy, uged, Eded B 99 5 2%
ohletiel 25 FHslol slo] FFHe2 T N 2
At & 5 Qe G, obrlmabe] TARYE F A4
24 371 BA S, PAskaz 5 AByol B ey

.

GABA7} thg &4
o] ZEvHE 3%
SAAE, 28 = 2 vyl advt gEA 5 2
3 e NGC, gitstas), dagFdA 5 71548e 2
Q-3-Ro| o FHTHE Al o= Wit o]9 7

Tl WEEVE Betatini 82 FFH 2R ofY
7158 AFE AR E8 VRV S 52 S Y T

Aot
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