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Abstract Tomato fruit quality is determined by the con-
tents of various functional metabolites in addition to fruit
appearance. To develop tomato cultivars with higher amounts
of functional compounds, an efficient quantification method
is required to identify the natural variations in the compounds
in the tomato germplasm. In this study, we investigated
tomato varieties, which included 23 inbred lines and 12
commercial F; cultivars, for their contents of seven water-
soluble vitamins (vitamin C, vitamins B1, B2, B3, B5, Bo6,
and B9) and five polyphenolic compounds (quercetin, rutin,
kaempferol, myricetin, and naringenin chalcone). The results
of high performance liquid chromatography and liquid chro-
matography-mass spectrometry showed that vitamin C and
naringenin chalcone were the major water-soluble vitamins
and polyphenolic compounds, respectively, and their abundance
was highly variable depending on the cultivar. By contrast,
the contents of vitamin B1, quercetin, and kaempferol were
lowest among the cultivars. With regard to the relationship
between metabolic compounds and fruit characteristics, a
significant association was found in fruit size, indicating that
cherry tomato varieties contain higher amounts of the com-
pounds compared to large fresh-type varieties. However, no
direct association was detected in fruit color, except for
naringenin chalcone. The results of this study provide new
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insights on the quantification of metabolic compounds and
the selection of breeding materials, which are prerequisites
for the development of functional tomato varieties.
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EutE (Solanum lycopersicum L., 20=2x=24)+= 7} A Z}(Sola-
naceae)©f| <5k A = A 4xH] FEfof] whef A A E(fresh
tomato) 2} 7}-&-8(producing tomato) & 2 E-F E| o, t}oFst 7}
& (flat, rectangular, ellipsoid, obovoid, round, oxheart, long, heart,
ribbing 5)2} T} (green, yellow, white, orange, red, pink, purple,
brown &) X d th(Rodriguez et al. 2011). EU}E=2015d =+
) A el A 21 0] 6,976 ha, A AHF-S 456,982 ton ©. =2 L2 3| =
PVBIL Qs T APEA) 2224 AT T = et o
SR A AN B EEE R AF R MY
w0} ZEET QYrkKim et al. 2011). E3] @A (Citrus
sinensis L.) Th& © & 7}AF X35} vitamin C F3-Y o)A i &
%3] Iycopene -4 A R2A 0] F o] &3k 7|54 AE9)
427} ofuhs ZAjo]ch A4 ErlEo] E3E oy
2} A ARo] #sjAE amino acid, carotenoid,
flavonoid, polyphenolic compound, vitamin 5-2] g+gkof| ojj &) &
F7} B 115 v} Q) th(Kim and Ahn 2014; Moco et al. 2006).
Vitamin ¥ @H, 2719, AFH S, 18, G, 77 A
WGP w0l Y Ao FEHA Uk ¥ e F
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(vitamin B1), riboflavin (vitamin B2), nicotinamide (vitamin B3),

Z 52 = ascorbic acid (vitamin C), thiamine

pantothenic acid (vitamin B5), pyridoxine (vitamin B6)T} folate
(vitamin B9)7} ¢) =1 En} & of| = folate, vitamin C, vitamin E
7t A A3 =t &2 A QL tH(Gahler et al. 2003; Agarwal
and Rao 2000). Polyphenol compounds®]|+= flavonoid, favones,
flavonols, flavonones, isoflavones, flavan-3-ols€} anthocyanins
ol o, gH4ts}, g uh, ke, AmtolH &, g4t I
5, FLY 2N, FHS A DT e I o] gy

o] Q= AL 7 WL o] 2th(Anna et al. 2010; Stewart et al.
2000). EulE 180 A dHA = 714 53 flavonoid=
quercetin®] 11, 7 2 of| A ¥FA ] += 3= 8 flavonoid+= naringenin
chalcone¥} rutin®. 2 A Eul & 3 712 0] 2 Q 9] © 2 uhg
] Q) th(Ballester et al. 2010). Carotenoid+= X A7 ol A F
= A 254 Q1 gAkshA] 8- sfal, A E o A g Wt
HA Sof a50] 1o EutE 7189 lycopene-2 carotenoid
o FaA RO R IS0 AMG HA e},

ENEY 7|5 A2 EE A &4, 571, o8 0
glofl whe} ekt &g ofl ZFo] 7k i th(Dumas et al. 2003; Na
etal. 2013). En}E 7 A o] ApA, 14, 745, pH, AR B
9 5 59 329 A1 &} carotenoid compounds 7Fe] ARt
A S Lol Lo A pHE} lycopene, lycopene} (3-carotene
o] AkE|o] A5 AIAFEH HE QITH(Son et al. 2011). 2h=37]
9] BEulE AEF L ALEZ A lycopene, 3-carotene %
xanthophyll2- UPLCE o|-&3}o] ] 543 2 3}, xanthophyll
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2 &% ‘Delice’of| ] 7W ol eH-ES & 4= AL lycopene
3} xanthophyll oF&F2 724 Q1 AT A & Hol= Ao &
B 3% 9 th(Jo et al. 2014). £33+ 94 EnlE ZXE3) BEo}

B 713 A& ol ] 3}¢] ascorbic acid, lycopene, [3-carotene X} a
-carotene 0] 9+F Afo| & FARGH Aufo| Mk FF 1} 7H Al
Fol nh2 A2 BB A ek 20| Fol7l EAfeti= A0
2 Lreh Bl QIth(Choi etal. 2011). 3} 9k TR Rl 48 =0}
EF FoU S5z &8 7Hse AR 7 18
71573 sl thall vl 247 A A= WA otk
2 Ao = BEvrE Y =0 g 42 Qe 84 vl e
W} o) o)z 3hehE o 24 1o 8l vha= Aol o
o FAlol A& 7Hsgh 5 H 2 HPLC % LC-MS/MS =
& AT sholek B 0] o) golo] 3532 Euie
A% 2 U A8 FLESo] 8l o) 5 AR S Heks)

Qo 1754 BolE f A a0 0 94 5
3k 8 G AT AL B A3 B S,
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Fig. 1 Image of 23 tomato inbred lines (S. lycopersicum) in which water-soluble vitamins and polyphenolic compounds were

quantified
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Fig. 2 Images of 11 domestic commercial F, cultivars (S. /ycopersicum) in which water-soluble vitamins and polyphenolic compounds

were quantified

B F) B 5 (F cultivar) 12%(Fig. 202 A5to] Q)24 45
S0 4 240 ASTAE AR AFE AF S
2} Tomato Germplasm Research Center (TGRC; http://tgre.
wodavis edw) 26| B4 B U, F EFL T F
AL AHS 25 E] EoF ot Table 1)

A A EETY A S 01680 A RET
ol 1715k 5 7ke] pol Au 3 w5920 A ST
BB G A3~ 47 Sh) 947 TS 2 B
o o3 EE Fue) 92370, PR EUHE Y] 920~ 30
NE 3NA 278 L= =2} % plastic bag (Zip Lock) °f <+
AshA et o] 1UF F2 AR,

E= N

L

+8A4 HEH: 54 AxH AR 50 mgol| WREFEA
(Internal standard) 1 mg-mL"'& % 7}3} 32, 10 mM ammonium
acetate 700 pL, 70% methanol 650 pL3} 0.1% BHT (Internal
standard) S0 uL& &3sto] EnbE 28 Al = of 37}t
HE AJekE A 718 A| 25 55 229t vortexd| 1l Ultrasonicator
(2510RDTH, Bransonic®, Danbury, USA)o]| A &S A2 0
252 AP b3 4,000 ppm o & 57 Foh AR
(CT6E, HITACHI, Ibaraki, Japan)3} ] A} -2 PTFE syringe
filter (SMI-Lab Hut Co, Ltd. Maisemore, UK)2 3Z3}%th
(Fig. 3A). o1} &5 LC-MS/MSE A aFiA] ok it
(Santos et al. 2012).

E3 &4 3HE: 52 429 A Z 50 mgo] 70% methanol
5mLE #7Felal 18 5o 735HA| vortex 3t th-2 parafilm &
2 wbeo] 975 Bastol 1AHEE Aeehelet. of ¥
Ultrasonicator (2510RDTH, Bransonic®, Danbury, USA)]| 4] A4
E5 24°Co A 10 ¢ A2l sqlar o] & g2 ‘=84
H] bl of A 9} =215} 9 th(Fig. 3B) (Park et al. 2012).

C

MHI

.|
=~

HI

484 )€}l Aascorbic acid (vitamin C), thiamin hydrochloride
(vitamin B1), riboflavin (vitamin B2), nicotinamide (vitamin B3),
D-pantothenic acid (vitamin BS), pyridoxine hydrochloride (vitamin
B6) ¥ folic acid (vitamin B9) &7 2] v|el7l EEE2 3 U
F3F5 4 hippuric acid & ARE-3H] 224 & T8I
oh 7t 584 vEEle] B B0 A8 E BEEAL
SUPELCO (>97.0% purity, Bellefonte, Pennsylvania, USA)oj| A
a3k ARR-5F ) HPLCE= 1260 series liquid chromatography
system (Agilent Technologies, Palo Alto, CA, USA), column-=
Eclipse plus C18 (4.6 mm x 150 mm, 5 um) column (Agilent,
USA)& AHE-3Ho] e e okl ol 54 2 2= 20mM
ammonium formate - 0.1% formic acid in water (A)2} 20 mM
ammonium formate - 0.1% formic acid in methanol (B) 81} & A}
&stlom B 8o 71 7] (linear gradient) S A 14 &2t
40%01 A 95% &7 o1, 832 5 95%= 4] k3lTh & &
A A7 8E 0|9t T3 4 (flow rate)= 0.5 mL-min”,
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Table 1 Tomato variety used for the quantification of functional compounds in this study

Variety Fruit Color" Fruit Size’ Type®
SJIG0009 Red Big Inbred
SJG0025 Red Big Inbred
Gold Nugget Orange Small Inbred
LA0797 Red Big Inbred
LA1996 Red Big Inbred
LA4425 Red Small Inbred
NC84173 Red Big Inbred
SJG0088 Pink Big Inbred
PI564169 Orange Middle Inbred
P1647532 Yellow Big Inbred
Tropic Red Big Inbred
SJG0214 Red Middle Inbred
M82 Red Middle Inbred
SGJ0303 Red Middle Inbred
Alisa Craig Red Middle Inbred
Black Plum Brown Small Inbred
Gold Ball Yellow Middle Inbred
San Marzano Red Middle Inbred
Yellow Pear Yellow Small Inbred
Yellow Stuffer Yellow Big Inbred
Cherokee Purple Pink Big Inbred
SIG0404 Orange Middle Inbred
PI114490 Yellow Small Inbred
Toast Red Big F,
GS Red Red Big F
Marathon Pink Big F,
K-star Pink Big F,
Rapito Pink Big F,
Black Ace Brown Middle F,
Orange Orange Middle F,
Candy Red Small F,
Crown Red Small F,
Mini Chal Red Small F,
Miracle Red Small F,
Yellow Yellow Small F,

*Fruit color was determined visually from fruit exterior

*Fruit size was determined based on the range of fresh weight: Small=0 ~ 60 g, Middle=61 ~ 150 g, Big= >150 g
‘Inbred is a genetically homozygous heirloom (landrace) or breeding line introduced from the USA and Europe. F; is a commercial
hybrid cultivar. In this study, all of these plants are referred to as variety in common

column®] &%= 25°C, 18|31 F£U=F> 10 L] 2402
gtk

LC-MS/MS £4-2 APT 4000 system (AB Sciex, USA)E A}-&
3} Electro spray ionization (ESI)-Z Positive mode 2 A A| 5} %
1!, Multiple Reaction Monitoring (MRM) Mode & A}-&-3}¢,
650°C Source Temperature, 5.5KV Ionspray voltage, 5 Collision
gas (CAD), 10 Curtain gas (CUR), 752} 70 psi Ion source gas 1, 2
ol x o2 =A3}9th Dwell time2 75 msecE A A 3}

FTAE REBAYHEZEY = vof T E2 B
M EEEA A b G4 e glc 422 (Limit

of Detection, LOD; ng-mL™")= “Signal-to-Noise ratio of 3’& ©]
2351931, AeF3HA (Limit of Quantitation, LOQ; ng-mL™)=
‘Signal-to-Noise of 10’2 o]-&-3} o] =43} %t}

ETHE FYFE: Eu=4 3tE 5 quercetin, rutin,
kaempferol, myricetin, naringenin calcone®] tf3F A 2242
S35k o 5252 SUPELCO (98.5% purity, Bellefonte,
Pennsylvania, USA)o] A -t} ko] A}-&-3} 91k, HPLC= 22§
4 vlekal HPLC 3413} 591} 7] 7] & AL§-5190 0. of A}t
Column-2 XTerra MS C18 column (3.0 x 50 mm, 5 um) (Waters)
S Ak o] FAS 2 20 mM Ammonium formate in
water (A)£} 20 mM Ammonium formate in methanol (B)&- -8
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Fig. 3 Extraction schemes for water-soluble vitamins (A) and polyphenolic compounds (B) used in this study.
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Fig. 4 HPLC chromatograms of water-soluble vitamins (A) and polyphenolic compounds (B) for tomato cultivar LA0797
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Table 2 Quantification of five types of water soluble vitamins in different tomato inbred lines

Vitamin C Vitamin B3 Vitamin B5 Vitamin B6 Vitamin Bl

Inbreed line Conczg}t;ation RSD Concieggation RSD Conciglgation RSD Concfrsllt;ation RSD Conciggation RSD
SIG0009 116.73£1.94 1.66  0.04+0.003 596  1.19£0.029 2.44 0.43£0.035  8.11 0.0047+0.0004 9.22
SJG0025 111.13+4.56  4.11 0.05+0.004 7.27 1.00+£0.100  10.01 0.27+0.010 3.59 0.0064+0.0002 2.86
Gold Nugget 93.53+3.43 3.67  0.05+0.002  4.27  0.39+0.005 1.35 0.60+£0.092 1536 0.0070+0.0009 12.33
LA0797 203.60+15.74  7.73  0.09+0.001 1.34 1.2140.090  7.50 0.60+£0.005  0.88 0.0207+1.0006 2.79
LA1996 115.2742.39  2.07  0.10+0.004  4.71 0.73+£0.031  4.17 0.31+0.005 1.60 0.0142+1.0005 3.74
LA4425 124.60£6.76 542  0.11£0.005  4.94 1.2740.097  7.66 0.36+0.023  6.31 0.0176+1.0005 2.76
NC84173 91.96+£2.40 2.61 0.05+0.001 1.08  0.83+0.023  2.74 0.25+0.004 1.41 0.0075+1.0004 5.18
SJG0088 89.47£3.43 3.84  0.05£0.002  3.31 0.81+£0.084 10.39  0.41+0.012  2.89 0.0143+£2.0001 0.35
P1564169 77.6842.01 2.59  0.06£0.002  3.77  0.71£0.021 291 0.46+0.006  1.30 0.0121+2.0003 2.55
P1647532 83.93+4.31 5.13  0.04+0.001 1.50  0.84+0.123  14.61  0.23+0.027 11.76 0.0126+2.0010 7.55
Tropic 69.90+£3.75 537  0.04+0.001 1.46  0.68+0.034  4.96 0.20£0.006  3.09 0.0080+3.0006 7.74
SIG0214 105.32+40.59  0.56  0.07+0.007 10.07 0.38+0.018  4.67 0.20£0.005  2.46 0.0126+4.0004 3.52
M82 113.62+5.81 5.12  0.07+0.005  8.09  0.62£0.010  1.66 0.53£0.014  2.62 0.0104+5.0001 1.20
SJG0303 135.46+2.40 1.77  0.05£0.003  5.00  0.37£0.018  4.90 0.38+£0.006  1.49 0.0136+5.0007 4.86
Alisa Craig 115.13£8.44 733  0.07+0.006  9.10  1.20+£0.118  9.89 0.28+0.007  2.50 0.0128+5.0012 9.32
Black Plum 87.80+£3.99  4.55 0.04+0.001 1.81 0.65+£0.075 11.61 0.17+£0.005 3.03 0.0183+6.0009 5.13
Gold Ball 136.00+8.74  6.43  0.06+0.000  0.18 1.10+£0.119  10.76  0.27+0.016  6.02 0.0168+6.0008 4.91
San Marzano 75.87£1.79 236  0.05£0.003  5.63  0.49+£0.019  3.89 0.15£0.004  2.73 0.0169+7.0002 1.33
Yellow Pear 118.72+1.38  1.16 0.06£0.008  13.05 0.64+0.013 1.97 0.15+0.006 4.13 0.0123+£7.0003 2.33
Yellow Stuffer 138.24£2.90 2.10  0.07£0.003  3.56  1.17+£0.094  8.02 0.40+0.022  5.39 0.0205+7.0011 5.41
Cherokee Purple  95.8140.68  0.71  0.05+0.003  5.62  1.37+£0.077  5.61 0.39+£0.009  2.23 0.0108+7.0004 3.58
SIG0404 123.9844.40  3.55  0.07+0.008 11.72  0.30+0.003 1.09 0.34+0.016  4.82 0.0061+0.0001 1.26
P1114490 124.20+44.33 349  0.10£0.003  2.66  0.74+0.042  5.71 0.34+0.021  6.26 0.0131+2.0005 3.99

(0.10), “PT114490° (0.10), ‘LA4425° (0.11)0] A] 7H4F =9k o,
PI647532” (0.04), ‘SIG0009’ (0.04), “Tropic’ (0.04)0] 4] 714+
wofth. Vitamin B5 T 3F vitamin B39} H| 28 -5 0. 2 HE

1=t ‘LA0797 (1.21), ‘LA4425" (1.21), ‘Cherokee purple’
(1.37)0)l A] 7} 39k 0.1, SIG0404” (0.30), ‘SIGO0SS’ (0.37),
‘SIG0214’ (0.38)0f| A 7} ot #% 1t A A= 4ul &] 2o &
5.9t} Vitamin B6= ‘M8’ (0.53), ‘Gold Nugget’ (0.60), ‘LAOTIT
(0.60)0]| A =9k 2w, ‘Yellow pear’ (0.15) ‘Sanmarzano’ (0.15),
‘Black Plum’ (0.17)0]| A 7} Wkt Vitamin B1-2 A B 2= 7}
Ao w2 &5 % +=d ‘Black Plum’ (0.0183), ‘Yellow
stuffer’ (0.0205), ‘LA0797’ (0.0207)0] 1=}, SIG0009’ (0.0047),
‘SIG0404° (0.0061), ‘SIG0025’ (0.0064)©] Tt

ol

Fi &5 1230 tiet =84 HIED &

- Bao

r

N

¥

PR S o ¢ fle 2371 Algol A BEE vhel 5o 8t
CH(Table 3). Vitamin C2] 3+F2- ‘Miracle’ (153.27)0)| 4] 7}
} 20k g, “Yellow’ (59.85), ‘Marathon’ (70.40)9} 2uj o] Ab

oN

9] z}o]E H ¢t} Vitamin B3+ ‘Minichal’ (0.0328), ‘Black
Ace’ (0.0332), ‘Miracle’ (0.0344) 5-0] =9tov; 714 Fe st
2o B d ‘Rapito’ (0.0248), ‘Yellow’ (0.0258), ‘GS Red’
(0.0263)2} - 2po] & Ko A= ¢kt Vitamin B5S+= 2 §H2]
© & 200 mg-kg'o] Yo Fheko g Y519 oLt ‘Rapito’
7}2.0554 mgxkg”, “Yellow’ 7} 0.28300 mgxkg' & & 7o =
=7 8wl 2] 2}o]S ). Vitamin B6X= ‘Candy’ (0.4683),
‘GS Red’ (0.4714), ‘Miracle’ (0.5824)0f| A =& 7 §FS H G o
L}, ‘Rapito’ (0.2898), “Yellow’ (0.3489), ‘Marathon’ (0.3687)°]]
A=\ 12 ket Vitamin B1-2 ‘K-Star’ (0.0127), ‘Miracle’
(0.0136), ‘Marathon’ (0.0174)7} 7} =9+1, “Toast’ (0.0074),
‘Orange’ (0.0074), ‘Black Ace’ (0.0081)7} 7} ok o). wh2tA]
vitamin B13} B60l| 1o} A= &% 7F & Afol= LA = A ¢

oret.
AS 2350 tit B2lHs 3RS B

A ¥ Zg| ¥ 313HE = naringenin chalcone®} rutin©] 7}

M
s,

=i
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Table 3 Quantification of five types of water soluble vitamins in different commercial tomato F; cultivars
Vitamin C Vitamin B3 Vitamin B5 Vitamin B6 Vitamin B1
Fy cultivar Concieggation RSD Conczrslgation RSD Conczg}t;ation RSD Conciggation RSD Conciggation RSD
Toast 82.47+0.63  0.77 0.03+0.001 236 0.999+0.068 6.85  0.448+0.011 2.46 0.0074+0.0002 2.55
GS Red 99.47+1.33 1.33  0.026+0.002 596 1.614+0.037 229 0.471£0.019 3.93 0.0105+0.0001 1.24
Marathon 70.40+0.35  0.49  0.027+£0.002  6.02  1.220+£0.037 3.04  0.369+0.017 4.74 0.0174+0.0010 5.58
K-star 84.03+1.42 1.69 0.026+0.002 6.62  1.182+£0.057 4.85 0.389+.0.009 2.25 0.0127+0.0007 5.87
Raptito 58.81+£2.73  3.18  0.025+.0.001 3.59  2.055+£0.111  5.41  0.290+0.020 6.76 0.0124+0.0007 5.60
Black Ace 95.47+3.64  3.81  0.033+£0.003 7.75 0.787+0.012 1.52  0.459+0.018 3.94 0.0081+0.0003 3.78
Orange 99.60+1.64  1.64  0.03+0.002  7.57 2.02240.115 5.67 0.376+0.007 1.90 0.0074+0.0005 6.67
Candy 132.4042.41  1.82  0.031£0.003 9.89  1.007£0.041 4.10  0.468+0.015 3.21 0.0115+0.0003 2.70
Crown 80.08+0.29 036  0.027£0.001  3.91  0.512+£0.024 4.71  0.386+0.015  3.85 0.0124+0.0005 4.40
Mini Chal 89.07+2.88 323  0.033+£0.000 1.29  0.429+£0.008 1.91  0.375£0.010 2.78 0.0107+0.0004 3.73
Miracle 153.27+7.49  4.89  0.034£0.001 4.29 0.636+0.034 539  0.582+0.032 548 0.0136+0.0005 3.57
Yellow 59.8542.56 427  0.026+0.002 824  0.283+£0.008 2.91  0.349+0.008 2.23 0.0114+0.0005 4.54
Table 4 Quantification of five types of polyphenolic compounds in different tomato inbred lines
Quercetin Kaempferol Myricetin Naringenin chalcone Rutin

Inbred line Concieggation RSD Conczrsllt;ation RSD Conozg}t;ation RSD Concieéllt;ation RSD Concieggation RSD
SIG0009 0.72+2.20 3.30 0.7048.90  14.00 0.04+0.23 6.70 77.70£127.02 1.80  96.20+£518.59  5.90
SJIG0025 0.72+0.50 0.80 0.71£9.28  14.30 0.03+0.25 10.20 96.80+845.95 9.60 90.40+544.43  6.60
Gold Nugget 0.72+3.87 5.90 1.79+10.50 6.50 0.05+0.33 7.70 235.00£1457.17  6.80 109.80£557.52  5.60
LA0797 0.87+4.52 5.70 0.71£3.46 5.40 0.04+0.34 10.30 111.90+£545.62 540  55.30£502.92  10.00
LA1996 0.89£8.26  10.20 1.60+9.07 6.20 0.08+0.64 930 82.10£997.61 13.40 113.204986.78  9.63
NC84173 0.61£3.61 6.50  1.00£13.76  15.20 0.04+0.45 1240 110.90+£886.12  8.80 95.40+728.86  8.40
SIG0088 0.18£1.72  10.30 0.01+0.04 3.90 0.01£0.16  13.70  0.02+0.26 1140  7.16+61.23 9.40
PI564169 0.78+£5.09 7.20 1.00+£7.41 8.10 0.03:029  11.10 67.20£805.87 1320 97.20+551.94  6.20
Tropic 0.40+3.06 8.50 0.92+7.72 9.30 0.02+0.15 870 67.20£516.82 850 47.50+312.25  7.20
SIG0214 0.48+1.92 4.40 0.4743.47 8.10 0.00+0.00 - 58.00+133.17 250  52.10£15044  3.20
M82 1.81£3.79 230 L17£11.69  11.00 0.06+0.49 9.10 144.50+1550.27 11.80 115.10+£288.68  2.80
SJIG0303 0.76+6.44 9.30 0.9242.67 3.20 0.04+0.30 8.60 78.70+263.50  3.70 122.10+£793.73  7.20
Alisa Craig 0.54+3.53 720  1.18+11.55  10.70 0.02+0.11 550 67.60+645.16 10.50  76.10+606.22  8.80
Black Plum 0.26+1.53 6.40 0.48+3.40 7.80 0.01£0.16 1340 18.70£110.15  6.50  50.30+198.58  4.30
Gold Ball 0.52+6.87  14.60 0.54+5.08  10.30 0.02+0.18 11.00 50.50+389.74 850  50.20+249.87  5.50
San Marzano 0.60+1.48 2.70 0.77+8.11 11.50 0.00+£0.00 - 45404317.65  7.70  51.70+167.03  3.60
Yellow Pear 0.72+3.69 5.60 1.25+7.23 6.40 0.00+£0.00 - 83.504366.92  4.80  81.30+128.97  1.70
Yellow Stuffer 0.85+5.66 7.30 1.15+8.16 7.80 0.04+0.27 6.90 124.30+1113.55 9.90 47.50+£528.49 12.20
Cherokee Purple 0.27+1.92 7.830  1.20£10.15 9.30 0.00+0.00 - 1.09+2.06 2.10 64.40£551.57 940
SIG0404 24122479  11.30 0.61+4.99 9.00 0.05+0.62 13.60 132.004916.52  7.60  52.80+640.10 13.30
P1114490 0.91+7.56 9.20 0.7244.67 7.10 0.03+0.22 8.00 66.80+496.42 820 44.00£389.36  9.70
A =2 S B Yo, quercetini} kaempferol H] il mg-kg'2 7H3 Gol ZE 71 108] o] Aol Xpo]E K gt
2o 4222 0 2 ZRY 5 A myricetine | & AU E4 Kaempferol-2 ‘LA1996° (1.60), ‘Gold Nugget’ (1.79)f| 4] H] 1L

FEoNM= HEEHA EATH(Table 4). Quercetin >
‘97L97°0] 2.410 mgrkg' & 714 =11, ‘OhioMR13°©] 0.180

2 9k oL}, “OH9242 (0.47), ‘Black Plum’ (0.48) ‘OhioMR13’
001l A= vl AU A o HE= 2] ¢kt Myricetin
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Table 5 Quantification of five types of polyphenolic compounds in different commercial F, tomato cultivars

. L. Naringenin .

b v Quercetlrll Kaempfer.ol Myrlcetull cilalcgoenej Rutin |

Conc;:;lgatlon RSD Conczg}t;atlon RSD Conc;:;lgatlon RSD Concig]t;atlon RSD Conc;:;lgatlon RSD
Toast 0.11+0.38 3.70  0.04+0.32 9.60  0.00+0.00 - 46.20+241.32 570 22.80+125.30 6.10
GS Red 0.14+1.06 830  0.04+0.08 2.00  0.00+0.00 - 58.70+347.71 6.50 32.90+92.92 3.10
Marathon 0.02+0.25 13.40  0.03%£0.36 12.40  0.00+0.00 - 0.01£0.05 430  2.45+19.52 8.80
K-star 0.04+0.25 6.90  0.00+0.00 0.00  0.00+0.00 - 0.56+0.92 1.80  9.92+17.56 1.90
Rapito 0.07+0.87 1440  0.02+0.42 13.50  0.00+0.00 - 22.00+£147.31 740 13.40+151.00 12.40
Black Ace 0.17£1.15 7.60  0.27£2.69 10.80  0.01+0.09 7.70  76.30+233.02 3.40 38.80+436.16 12.40
Orange 0.34+£3.06 10.00  0.00+0.00 - 0.01£0.02 1.50 77.80+£566.66  8.00 14.90+58.59 4.30
Candy 0.5442.74 5.60  0.62+0.68 1.20  0.03+0.17 6.80 152.90+854.40  6.10 104.20+196.55 2.10
Crown 0.274+2.25 920  0.92+2.55 3.10  0.02+0.24 11.40 143.70+1604.16 12.30  79.00+£780.02 10.90
Mini chal 0.27+1.54 630  0.80+7.68 10.60  0.02+0.18 8.40 168.30+1743.56 11.40 97.60+505.21 5.70
Miracle 0.35+1.68 530  0.78+6.86 9.70  0.02+0.20 10.40 135.70+£351.19 2.80 93.20+£539.66  6.40
Yellow 0.3442.60 8.40 1.53+6.08 440  0.02+0.27 12.40 221.50+1908.75 9.50 115.50+700.00 6.70

£ ‘QH9242’, ‘Sanmarzano’ ¥} ‘Yellow Pear’ 0| A= A& = A
O¥2ka1, 97197 (0.05), ‘M82’ (0.06), ‘LA1996” (0.08)%] 4] H]
274 kol RUTH AR B 714 A BHE Ao B
2+ naringenin chalcone-2 ‘Gold Nugget’©] 235.000 mg- kg
©& 7P =9k 97197’ (132.00) ‘M2’ (144.50)0] 7} %=
9] 3k, ‘OhioMR13’ (0.02), ‘Cherokee Purple’ (1.09), ‘Black
Plum’ (18.70)0l| A = 7H¢ R AY A AEEHA ot &5
7k okt 2Fo] & X It} RutinS ‘LA1996° ‘MS2’, ‘OH88119°
0] 11320 ~ 122.100 mgxke & 7H4 =9+ L}, “OhioMR 132
7.16 mgxkg"' & 7} Yo} naringenin chalconeo]] A @} Zro] &
% 71 3ol 7} At

Fi 23 12301 tiet 2cjdl= slgts =

2t 5 o e 291 23 Agol B vel 9 5
& th(Table 5). Quercetin -2 “Yellow’ (0.34), ‘Miracle’ (0.35),
‘Candy’ (0.54)7} )& =¢kal, ‘Marathon’ (0.02), ‘K-Star’
(0.04), ‘Rapito’ (0.07)7} 7} s okch. Kaempferol-2 “Yellow’
o A 1.530 mg-kg' & 7} =9k 11, ‘Rapito’ (0.02), ‘K-Star’ 2}
‘Orange’of| Al = w9 EAYU AE = A 2SkTh. Myricetin®]
22370 Al 5ol A ot w7 2 AN © 2 0.03 mg kg
o] 5t & uj©- roF | ‘Miracle’ (0.02), ‘Yellow’ (0.02) ‘Candy’
(0.03)0] 7}AF =SFa1, ‘Toast’, ‘GS Red’ ) ‘Marathon’ o] 4] +=
HEE A &ttt Naringenin chalcone-2 ‘Candy’ (152.90),
‘Minichal’ (168.30), ‘Yellow’ (221.50) 7} &%k, ‘Marathon’
(0.01), *K-Star’ (0.56), ‘Rapito’ (22.00)7} 7}3+ Lro} 237} 7 =
o Al T2k E Q% o] FF 7t & Aol & E Stk Rutino] A &=
‘Minichal’ (97.60), ‘Candy’ (104.20), ‘Yellow’ (115.50)7} =%k

1, “Marathon’ (2.45), “K-Star’ (9.92), “Rapito’ (13.40) 7H4 o
o} naringenin chalcone of| 4| @} ALt 7 32 B &t

=

22 Ao kol sl AR E o] KF A Bt Al o]
213t 7] 5/ &9 At Al o] 851 F o] grth(Nicolas et al.
2006). Mass Spectrometry (GC-MS, LC-MS) 2} & 2}-7] -5 H(NMR)
I+ Gas ¥ Liquid Chromatography+= T AFA| &4 of| A 7}3F
g AHgE = 7142, GC-MSE EntE ofAZ-9] 9}
YA O thARA| Z 2 ut Y | of) ARE-E| 0] 90F 0] 4F 2] th ARt
ol ZlESla, o] EvtE o AHEE = AlF Al
of 7] 9k-2 A|-&5t v} ) th(Schauer et al. 2006). T A B 5 A
RS 48017 A i FE0] A Qdd, 24 £+
F3HE 918l A7tehe viERl AQFES] o 5%

M oE 58S AR gl A A” P
HPLCE §A| #4& 7Hs 8| 8Fo] 4143 £4& o] 0]
W vk A Th(Kwak et al. 2004). H]E}R 2 54| o) vl ebql oFwf
4 WO d & 918l -84 vlekRl BoX(vitamin B1, B2, B39}
Bo)oll th gt A A 2] 27(5%)3} HPLCO] FA] 24 205
S gh Bt Qlth(Kim et al. 2013). & Ao A = o] of 2 &
Al A 20E S8 st &R 9 A RS 210k
O 2 A A&t 7HEsHA oo 28-S EA T 5 e
H6]F ¢t} thut vitamin BY (folic acid)?] &2 9

M A
4o 1o g

O

o

o
=

N oS
o

o
o
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50 mM potassium phosphate, 1% ascorbic acid, 0.5% mercap-
toethanolZ} 1 mM calcium chloride & A =3} & 5}5)of =23
of gtt}al ¥ 1% u} QI TH(Tyagi et al. 2015). =2 & Lo A=
of ] 484 HlEb S AT 2 B3 WS 1AL 95}
o] 2Z8 9102 1) mM ammonium acetate2} methanolS A}
853171 W< oll vitamin B9 &} F=Zof] o &0l JUSH A&
Z AR H

EOLE el FE) v FHRE o S8 A B4
LR AREL $ e 22 B YT A

© 2 FATIA 2 A B 712 7} Q) th(Stevens et al. 2006
2hH o] E o) ghFS F7HA717] §18f ofF BEntE
pennellii var. puberulum< A2} W Hl 3] quercetin $HF-S
ZZ A1 71 v} Q) 3 (Hanson et al. 2014; Willits et al. 2005), S.
hirsutumS S AN 2 AFE-5Fo] A vl = EulE of A carotene
S S7HAZL EE Tk o] &k [ AVSHA, S. pimpinellifolivm,
S. cheesmanii X S. chmielewskii OFR £ 0]-&3F 532 v
9 G &F= 57 2 th(Stevens 1986). EULE 4 FF
‘Hei’+= ‘Kame’of| A &3t 14 AlFS HEC R 341, {
YT AL B0 2 so] $4E o] At EnlE ] ghol
9 3+eFo] 0.31 mgxkg' ¢l d] ¥H3) 18.5mg-kg' o] T3] o]
154 740 8% 7442 1ol v} 9l th(Seo et al. 2013),
EokEo] 8 B0 A% 714 5 9k e 3719}
S FE bl A E Atol & Kol 145 A d &
UHE A8 Fi 53 3L lycopene o & WER = 2L A4 A
& F1 &3 4% AFo| o) A] lycopene, [3-carotene, a-tocopherol,
vitamin C, total phenolic} flavonoids 3+ @] & | 5} 2} 0| & vf
&)W v} ) t}(Choi et al. 2014; Lenucci et al. 2006). 2 & 5-2 7}
o A A1+ 9] red EFQ] 9] ‘M82’°+= kaempferol-S- A| 2] 3} quer-
cetin, miricetin, naringenin chalcone, ruting 24 A% 23% &£
| 2 2] 7H o] - 5F gl ok, 42 3hE 2] red 14 Q1 ‘Miracle’
2 vitamin B3E A 2]t vitamin C, B5, B6, B1S =< F, &%
12% % vl 7 74 wol Bestel 27154 8% 27 A
ol 71018k A 0. = Abm ETh 4231459 yellow ¥} Q1 “Yellow’
+ kaempferol, quercetin, miricetin, naringenin chalcone} rutin
= JW A8 FF 2% 5 vl A 74 wo] gHi-shof AL
7SR AEEFFTLEA A7 IS Ao 7 AT 4
A% 23%F 5 TF 2 red 2H4 Q1 ‘LA0797° -2 vitamin B35
A €]3} a1 Vitamin C, BS, B6, B1-2 v & 7}%F Wo| &-9-3}
of 17|58 FFLYZA S8 7T ACE AR EHh
g T 127H4] 24 F 7 ol A S ascorbic
acid®} naringenin chalcone-2 ‘LA0797°, ‘Gold Nugget’, ‘Miracle’
3} Yellow ol A 714 B a8 1 9k B5] 584 vle}
w9 Beus SheE 258 Wnd AP ol ged
‘LA0797, ‘M82’, ‘Miracle’ T} ‘Yellow' = 11 7| 54 &% 4
24 &8 7540l =0

~—

re
o ta MH X ok

l_,

i)

F

N

or

N

Red7| EntE 1419 1tu] & A0 2 e = 99 52
2l naringenin chalcone™} rutin®| o3t -5-F 519 37 =%

(‘Marathon’, ‘K-Star’, ‘Rapito’)-> X5 pinkA| o 70|11, gt
4% A$] 37) &3(‘Candy’, ‘Minichal’, ‘Yellow’) 25 red
U yellowA] 42750 2 5= vpa) 7} g Q] A 0 2 LpEbyE
t}. Naringenin chalcone ¥} rutin> E 0} & 713 of) 3+ A A E
22 A| A red, orange, yellow I} & & 45111, 0] = SIMYBI12
FAAGY 75 A B Ud gasr wdo] e Ao r
Hago] gl B = o] 5 &9 4 BE2 oo w}
< 5 2] 9} pinkA] TS = THrH(Adato et al. 2009;
Ballester et al. 2010; Fernandez-Moreno et al. 2016). @W-2}A] o] &
AES ot 35k ‘Candy’, ‘Minichal’, ‘Yellow’ o] A+
SIMYBI2 532 Z AR o] 7} 24T 7hs A o] QLo =5
A7t B 8.5}t

| B o1&t =84 vEYl 7E
(vitamin C, B1, B2, B3, B5, B6, B9)¥} ZZ|H| &4 A& 5%
(quercetin, rutin, kaempferol, myricetin, and naringenin chalcone)
of gt eheke vla £ Stk HPLCoF LC-MS #4] 4
I}, 487 vl EtRI T Z 2 EA 2] =8 A& S & vitamin C
2} naringenin chalcone¢] Z}ZF A& E o E2X 7t =2 4
=9 ot Ho|7F 2 TS & 4= Uik W of vitamin B,
quercetin ¥} kaempferol-> 7 &0l ¢lo] g=Fo] 7H Wk
oh A& S BEutE BRAEA 7F A o 9lof
A B27)(E)eF =& Fod o] wEE =Y tREe
AR U WELEME FF0| A8 ENE S HT =
heF-S- ® ¢t} 3} A Tt naringenin chalcone-& A| 2]}l o
B I 7HO] At A = S EHA| e A gkt
Tz EntE S0 o) E8E 4= s AEA U A
RS AAS B oty et 754 A& gk
27 Atol| Fast JHE A5t

p

AL Ab

o] THA| & FakeetaL 7]

TH A5

BATA YA e)e] ofstel @
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