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Analysis of Free Amino Acids and Polyphenol Compounds from
Lycopene Variety of Cherry Tomatoes
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Abstract

In order to elucidate the usefulness of Lycopene, a cherry tomato variety, as a food material, the
compositions of free amino acids, amino acid metabolites and polyphenol compounds were analyzed using
HPLC and LC-MS/MS method. Lycopene contained eighteen free amino acids except for L-Cys and L-Try.
L~Glu was the most abundant free amino acid, followed by L-GIln and L-Asp. The percentages of L-Glu,
L-GIn and L-Asp of total free amino acid were 55.5%, 15.9% and 9.9% respectively. Lycopene contained
essential amino acids with the exception of tryptophan. The following amino acid metabolites were found :
y-aminobutyric acid(GABA), camitine(L-Car), o-phosphoethanolamine(o-Pea), hydroxylysine(Hyl) phosphoserine
(p-Ser), N-methyl-histidine(Me-His), ethanolamine(EtNH). Especially, GABA known as a neurotransmitter
was present at a high level(305.99 mg/100 g dry weight). We identified the following polyphenol compounds
in the chenry tomatoes : caffeic acid-hexose isomer I (CH I), caffeic acid-hexose isomer II (CH II),
3-caffeoylquinic  acid(3-CQA), 5-caffeoylquinic acid(5-CQA), caffeoylquinic acid isomen(CQAI),
quercetin-hexose-deoxyhexose-pentose(QTS), quercetin-3-rutinoside(Q-3-R), di-caffeoylquinic acid(di-CQA),
tri-caffeoylquinic acid(tri-CQA), naringenin chalcone(NGC). Large quantities of Q-3-R and NGC known as
bioactive compounds were found. These results revealed that Lycopene variety contained various nutritional
and bioactive compounds and would be a potent functional food material.

Key words: Lycopene variety, cherry tomato, free amino acids, polyphenol, bioactive compound,
functional food
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enzyme(ACE) A3l £3}9} lectin®] A3}e14 &
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1. At

Quercetin-3-rutinoside(Q-3-R) 2}
quinic acid(5-CQA)< Sigma-AldrichA} (St. Louis,
MO, USA)ZHE %3} 3L, naringenin chal-
cone (NGC)<> ChromaDex Inc. (Laguna Hills,
CA, USA)dlIA Fiate] A&t 415 9
3] HPLC-grade acetonitrileZ} formic acid= 2H2t
J. T. Baker (Phillipsburg, NI, USA)<}
Sigma-AldrichA} A|&-& A}8-31 a1 1= pore
sizeZ} 0.45 pm<l membrane filter (Millipore,
Bedford, MA, USA)& ©]3}3F & 253} =30
Al ©7](degassing)sto] AH&-aF3ITE.

5-caffeoyl-
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0.45 pm nylon filter (Millipore, Bedford, MA,
USAYE B3pA17] elatelg ofnledt 243} &
ol 3R B gt

5. Ol0I=tt & OH0[=bt CHARME 24

Alge] olnAibe oln]w-Ab FAd7](Hitachi
L-8800, Hitachi Co. Ltd., Tokyo, Japan)E A}-&-3}
of AT AR 5 o3 10 lLE o=
A EATI FYEt] v 2 2R
25}t Z¥2 Hitachi custom ion-exchange
resin 2622 (4.6 i.d. x 60 mm, particle size = 5 yum),
post column reactions ¢34 lithium citrate buf-
fere} ninhydring A3l 752 712} 0.35
mL/min, 0.30 mL/min®|t}. A3 &%=+ 30-7
0CE YAEE S23FM I reaction coil®] =
= 135CT=E A8t Alse 33 T%SPO:] =
Mgk & @I} FFUAE 2} ofnlieste] 3

& Az,
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6. Z2lH= =2 2M(HPLC)

Alme] EedlE & HPLC(Shimadzu
Prominance LC-20A, Shimadzu, Kyoto, Japan)&
AHgSte] EA IS A4S Sl AR FE o
el 20 uLE 745kl HH-E Inertsil ODS-3V
(5 pm, 4.6 - 250 mm) HPLC column (GL Sciences
Inc., Tokyo, Japan), 73 &7]= SPD-M20A photo-
diode array(PDA)E A}-8-3}1t}. Mobile phase=
acetonitrile (A)Z} 0.5% formic acidE &33s}e] tf
w3 Zo] FETHE Fol EHFRth A =
5%(0 -5 min), 18%(5.1 - 30 min), 70%(30.1 - 90
min), 90%(90.1 - 100 min) 5%(100.1 - 120 min).
A 2%+ 300, 752 0.8 mL/minS 2 4|3k

o 24 FAAR,
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7. Liauid Chromatography-Mass
Spectrometry (LC-MS/MS)
LC Al2=El(Agilent Technologies 1200 series,
Santa Clara, CA, USA)Z} 2% 3200Q Trap
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LC-MS/MS A]ZEl(Applied Biosystems Inc.,
Foster City, CA, USA)= Al&3le] Zeldls A&
& T8I LCEA S AT ZH, mobile
phase B F=TH, F& T EAXRAS 4719
HPLC #2277 23ttt Mass®t tandem mass
spectrometry(MS/MS)+= m/z 160 - 1200 H 2ol 4]
negative ion mode= A1 ¥ 1 2™ collision gas+
A F, o]22] #2E 2 DaZ 391tk LC-MS/MS
ATE AgPAT 2 FrEA P Hlwste] njx|e]
peakE I e, T8 E Fejdls A&
o FFE FF] fald= 5-CQA, Q-3-R,
NGC #FE4S 4719 HPLCH| F=E = 9
sl A AT EEHEd ] &S
Aeslr] e AEA L 5-CQAS vy = 661.6x +
9170.9(R*=0.9937), Q-3-R& y = 1617x +
7786.6(R*=0.9871) % NGC2 y = 813.7x +
3653.9(R*=0.9999)0]} o FE-2.0 33| 2 A]5lo]
Hid FFAAE 7 FEHE sjtEe] e
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Lo 77 B E S olF 1 o FA=
1457 g0 2 WEENE FF FoA 22 &
st S EntE Ay Fo] FES Y 2ok
Feko] zkz) 87.78%, 1.25%= Auk EnlES] &
sheF 9l 2oy sheka) fAkshdth(Lee HB
et al 1972).
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2. W2ENIE 210138 =59 K010
AE ZEA

UH(Friedman M & Levin CE 2008). wW&hA 217 &
9] frejobr| st S dolie 3 d ol
v xe] SHdA on] e dolgt & 9l
WEERE glo] 3l FFo felohn| it
A3 S BA493%F A= <Table 2>9F 20},
Frelop| etk -2 F 5 4AHL-Glu), L-2FEH
(L-Gln), L-o}~3t2 ELKL-Asp) & 18%2] o}l
ko] gHREe] Atk L-Glus 73 F% 100
g B 2,499.02 mge] o] Slo] A o=k
% 55.5%% 2SR AL fElom| At F M B
o] 3HrE] USFE & F UMTE 1 tHo R
L-GIn°] 72 % 100 g & 715.66 mge]| 75
o] AA| ofn] =t F 15.9%S A8 Al H
A= L-AspZt A2 2% 100 g & 444.97 mg,
Al opu| =it T 9.9%7F o] AT L-Gluy,
L-Gln 2 L-Asp7} 24| opu|w=ak ahake] 819 o]

{Table 1> Dimensions, weight, moisture and crude protein contents in Lycopene variety of cherry tomatoes

Color Length (mm) Width (mm)

Weight (g) Moisture (%) Protein (%)

Red 29.39+0.38 28.39+0.92

14.57+0.99 87.78+0.47 1.25+0.10
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{Table 2> Constituents of free amino acids in Lycopene variety of cherry tomatoes

41

Amino acids” Concentration
mg/100 g (dry weight) % of sum all amino acids

L-Glu 2499.02+14.46 55.5
L-Gln 715.66+1.44 15.9
L-Asp 444.97+3.58 9.9
L-Pro 188.41+41.01 42
L-Phe (EAA) 128.92+2.19 2.9
L-Ala 114.64+1.13 2.5
L-Ser 78.11+0.37 1.7
L-Thr (EAA) 47.96+0.86 1.1
L-Arg 43.59+1.68 1.0
L-Val (EAA) 42.64+0.21 0.9
L-Lys (EAA) 40.33+0.44 0.9
L-Asn 29.51+0.04 0.7
L-Leu (EAA) 32.62+0.47 0.7
L-His (EAA) 28.99+0.39 0.6
L-lIle (EAA) 23.78+0.33 0.5
L-Tyr 16.54+0.68 0.4
L-Gly 12.42+0.12 0.3
L-Met (EAA) 13.53+0.09 0.3
Sum of essential amino acids(EAA)” 358.77 8.0
Sum of all amino acids 4501.64 100

1) Amino acids abbreviations follow IUPAC standard
2) Sum of Thr, Val, Met, Ile, Leu, Phe, Lys and His

= 7738k lo] Fa T oAl S &
UATE Lee HB et al(1972)2 LMt ErnjlEo]
frelopladt s S99 Aa de(eed
A7) 100 g B L-GluZ} 13.67 mg F-H-51o] 9l
3 opu| At F 7S ol ghtEe] dvka B
gk ub Qo] 2 Ae] Aol frAbeksith BEg,
Boggio SB et al(2000)X} Pratta G et al(2004)=
f&7)0] EntE A AAtAL T g4e] 97t
o} e apg ol el L-Glu =23} AaaA 7} 9l
S-S 93l 3 Choi SH er al(2010)& ErtES] A
SHAE fElon| At Sk FATGo RN B
ntE7} 270 HolEWA L-Glu &&o] =7}
sto] frejobn)iedt T 7Y B 2 A gt
I SFATh B ATl AR ol =all FFo W
SEFIENME L-Gluzl felofuit FollA
7 B2 gt Ho o EnfES} AR A
e UepdS & F ok 1 ¢ L-ZE-

(L-Pro), L-#'d<ebd(L-Phe), L-L2Hd(L-Ala)

e

2 L-AF(L-Ser)e] AA| ofn] =

4.2%, 2.9%, 2.5% 2 1.7% -
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Zo] GFHA 7HE FeA A flel=
O Be WEErE 539 ofnlwat gl o
3 A7 Bad Aoz dAvkH.

3. Y=2E0iE clo|ZH 2| Ol0]=At
UHAISZ

WEENE glo]ad F52] A5 3 ofnfwnt
o2 A" drEHS HEgd Ads
<Table 3>¥} Zth W EVIE fo] 33l FFol
2] y-aminobutyric acid(GABA), carnitine(L-Car),
o-phosphoethanolamine(o-Pea), hydroxylysine(Hyl)
phosphoserine(p-Ser), N-methyl-histidine(Me-His),
ethanolamine(EtNH,) % -F2]o}n|=4ko 25 E
A tAabEe] A EIT. oAt tiARE
2 F GABAS] ool 7HE 8ol A=z $%F
100 g & 305.99 mge] FrHo] &S & & 3
21tk Choi SH ef al(2011a)S LRF EnlEo] tha)
ofu] it AV A &Sk A3 WEERE 2t
o|Z FFA LA opu| At AREA ]9

o| = B-alanine, citrulline 5°] &% 7=

A THShelp BJ et al 1999). =3t GABAE=
A7, B Foll &7 FHElel g o
A

[e]
=4
o] E EAstd A173dE =42 ST

Todst B de o=
(Nicolas B & Hilled F 2004 ; Chang JS et al 1992
; Leventhal AG et al 2003) A&/ do] 3 &
A= 73 Qloy, WEErE glo]| 33 FF
o= ARk EnfES} o] thEke] GABAZ} 3
ol lof 7154 AFaAR &8 JHsAdol

o & 4 ek

5

S
Zo 23t E2ldE

== A= <Fig 1> 2
. E2]¥ peak®] retention time(Rt), UV/Vis
spectrum patternZ} MSell 2|3t [M-H](m/z) &,
MS/MS ion fragment®] m/z #t= A3 A+ 23}
o} Uyt EvlE flavonoide] MS/MS data base
(Moco S et al 2006)Z Bl 2 7} Za)vs A
1S $435to] <Table 4>l JERASITL

Peak 13} 2= MS %9 [M-H](m/z)7} 212} 341
2 ol Exgo] Fdd 4R B F Yo
MS/MS ion fragment pattern®] F-AF}At) 53],
MS/MS fragment - 179, 1352 caffeic acid®] 12
3+ MS/MS fragmentZ4(Moco S et al 2006)
peak 13} 2 caffeic acide] =AY & 5 U

). WHH HPLC #2344 retention time- peak 1

{Table 3> Constituents of amino acid metabolites in Lycopene variety of cherry tomatoes

Metabolites” Concentration
mg/100 g (dry weight) % of sum metabolites

GABA 305.99+2.60 60.7
L-Car 76.82+9.37 15.2
0-Pea 46.40£5.27 9.2

Hyl 28.89+0.61 5.7

P-Ser 22.09+0.09 44
Me-His 14.14+0.20 2.8
EtNH, 10.11+0.54 2.0

Sum of metabolites 504.44 98

1) Abbreviations :

GABA(=y-aminobutyric acid), L-Car(=L-carnitine), o-Pea(=o-phosphoethanolamine), Hyl(=hydroxylysine) P-Ser(=

phosphoserine), Me-His(=N-methyl-histidine) and EtNH, (=ethanolamine)
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<Fig. 1> HPLC chromatogram of phenolic compounds in Lycopene varety of cheny tomatoes

727k A= gt o] AR R F4 53T Choi
SH et al(2010), Moco S et al(2006), Mullen W et
al(2007)= A=A =5H 2 Oq:rL/] Aol e
MS, MS/MS #= zte= B2 23S caffeic acidol|
glucose 2 F7% == hexoseZ| F-718 o]/ g2z}
3 B33k vf 9lo] Peak 17} 2% £ Ao e
hexose®] &3 FHe & F A2 caffeic
acid-hexose isomer I (CH 1), caffeic acid-hexose
isomer 11 (CH IDZ 533t}

Peak 33} 4& UV/Vis spectrum 7 ZHt] &<
943 [M-HJ(m/z)°] 353, MS/MS fragment”}
P12 Fdsla o=
(3-CQA)YY 5-caffeoylquinic acid(5-CQA) & caf-
feoylquinic acid ©]A & A< MS,
MS/MS #te2 &defx] SIth(Clifford MN et al
2003, Clifford MN ef al 2005). Ana P e al(2004)
< burr parsleyZ5F-F peak 33 L3 UV/Vis
spectrum, MS & MS/MS &= Ze Z2|d =4

m= R =

3-caffeoylquinic acid

=479l

{Table 4> Identification of polyphenol compounds in Lycopene variety of cherry tomatoes

I - .
Peak l.{etentl.on UV/Vis (nm) [M-H( . MS/MS Identification
No. time(min) m/z) ion fragments
1 24.51£0.01 292, 244 341.2 179.2, 135.0 caffeic acid-hexose isomer (I)(CHI)
2 28.79+0.02 316, 248 341.3 221.3, 179.2, 135.0 caffeic acid-hexose isomer (II) (CHII)
3 29.27+0.01 326, 248 3533 191.2 3-caffeoylquinic acid (3-CQA)
4 30.97+0.01 326, 248 353.0 191.0 S-caffeoylquinic acid (5-CQA)
5 31.86+0.01 326, 248 353.2 273, 204, 191.0 caffeoylquinic acid isomer (CQAI)
6 41.15+0.01 354, 254 741.1 300.2 quercetin-trisaccharide (QTS)
7 43.63+0.16 354, 256 609.1 300.1 quercetin-3-rutinoside (Q-3-R)
8 50.23+0.02 328, 250 5154 354.0, 173.2 di-caffeoylquinic acid (di-CQA)
9 57.72+0.03 328, 250 677.1 353.0, 173.2 tri-caffeoylquinic acid (tri-CQA)
10 63.15+0.03 366, 250 271.1 151.1, 119.0 naringenin chalcone (NGC)

1) Numbers of Peaks are the same as those shown in Fig. 1.
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2o B

=4S Tl 3-CQAR 573 vl vt gl
Choi SH et al(2010)2 ¥Uxt EnfEZFE Peak
3, 49} FYL3F UV/Vis spectrum, MS 2 MS/MS
= e FeEed 245 wElske] 3-CQA,
5-CQAE T3 3IAtE ¥ AFoME 5-CQA %

S (standard) = AF8-3le] UV/Vis spectrum, MS
2 MS/MS 7 v we A3} peak 49 LTS
& = ISITh kA peak 32 3-CQA, peak 45
5-CQAR =43t}

Peak 5= [M-H](m/z)°] 353, MS/MS fragment
7} 1915 Hod caffeoylquinic acidl S & 4= U
=4 MS/MS #kel 273, 20491 fragmentE - &5}
3 910] 3-CQAL} 5-CQASH= ThHE o] )| 2]
caffeoylquinic acid isomer(CQAIZ 573}

Peak 83} 92] UV/Vis spectrum®] peak 33} 49}
FASIA 2L MS/MS %k©] 354% peak 3, 49] MS
#(353)2 AR caffeoylquinic acid®] F=4
2 F43lth peak 83 99 MSake] Z+zt 515,
67724 Eajeko] The AL o 4 9l9t)
Moco S et al(2006)2} Choi SH et al(2011a)2
UV/Vis spectrum, MS % MS/MS %k©] peak 8, 9
o} dxete B2 S sl 27} di-caffeoyl-
quinic acid(di-CQA)<} tri-caffeoylquinic acid(tri-
CQA)ZHaL &ttt webA] peak 82 di-CQA, peak
9-‘1 tri-CQAR 534t Peak 63 72 A2 &

A3+ UV/Vis spectrum= X3l MS/MS kel
3002 = flavonoid % A 2] 5}e]
(Fabrea N et al 2001) quercetin =4 U= & 5
AATE Moco S et al(2006) 2 72| peak 63}
Z2 MS, MSMS#H Aok E4-& Telstd
quercetin-hexose-deoxyhexose-pentose(quercetin
trisaccharide, QTS)Z 58 3l%th &3k Choi SH
et al(2011b)& 52 5-E peak 72 UV/Vis spec-
trum, MS, MS/MS#to] dxete 24& welst
o quercetin-3-rutinoside(Q-3-R)-& E.a13}%] 1L
Q3R FTEd5 AH&ste] g<lgk A7} Ret
MS, MS/MS Fke| peak 72} LAkl =, peak
6= QTS, peak 72 Q-3-RY= & 4= AU, Peak

quercetin¥}

10> Moco S et al(2006)°] X313+ naringenin
chalcone(NGC)2] UV/Vis
MS/MS 32 4|8t 3 NGC 5L S ALE
slo] 2Ho13l A3} peak 109] MS 2 MS/MS 7k}
dx|ste] NGCE 58T + UATH

l

spectrum, MS %

t}. 3}etpzrt 5418 CHI(peak 1), CHII(peak
2), 3-CQA(peak 3), 5-CQA(peak 4), CQAI(peak 5)
di-CQA(peak 8) % tri-CQA(peak 9)2] g2
5-CQA ETEH S UEELR A8st] FFs
931 QTS(peak 6), Q-3-R(peak 7)2] & &= ¢4l
M Q3R ETEA S AH8-31% 21 NGC(peak
10)2> NGC ETE2E AH8sIsth

NGCeo] AZ £ 100 g T 67.6 mgoi 713
ol grElo] UL Q-3-Re] 50.9 mg FHrH o]
T thro® BT gk dRtEntEd wo] 3
9 Aoz 2e)A (Choi SH er al 2011a) 5-CQA

= WEErE go]adl F3ol 35.5 mg T g

5] o] A Th NGC2 histamine %=
< JAIsl] L#A] JA| &5 (Yamamoto T et al
2004 ; Iwamura C et al 2010), 954 53
(Hirai S et al 2007), 28 D} tﬂﬂwxﬂ &3}
(Horiba T et al 2010) 5°] <214 J& 7154
EZo|t} 181 Q-3-R& rutln__igﬁl—t— =7
2 ksl g F(Metodiewa D et al 1997), &
A A (Navarro-Nufiez e al 2008), 2] ﬂ
(Jung CH et al 2007) 5 AJ=|&A a3yt 2 &
7 Bdolrh. & AFE S8l WEERE NGC,
Q] 6 40l gl oA gl

g zey 7kl 282

71 &+ e Zigi “&r

0

i

_lZi _I%
_W_‘i oo ol



elolzAl PEErES felolldt 2 FelE AE 45

<Table 5> Concentration of polyphenol compounds in Lycopene variety of cherry tomatoes

Concentration

(mg/100 g dry weight)

Phenolic compound

Concentration

Phenoli d
enofie compoun (mg/100 g dry weight)

CH I 4.6+0 QTS 8.9 +0.1

CH II 32 +0 Q-3-R 50.9+0

3-CQA 4.9+0.1 di-CQA 8.9+0.1

5-CQA 35.540.1 tri-CQA 6.60.1

CQAI 12.0+0 NGC 67.6+0.2
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