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Fig. 1. Effect of salt stress on fruit weight (g) of cherry (cv. Mini Carol) and normal-fruited (cv. House Momotaro)
tomato fruit. Data are shown as the mean =+ standard error (n > 20). Different letters indicate significant

differences at P < 0.05 according to the Tukey—Kramer test.
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Fig. 2. Effect of salt stress on polyphenol content on a fresh weight (FW) basis of cherry (cv. Mini Carol) and
large-fruited (cv. House Momotaro) tomato fruit. Data are shown as the mean + standard error (n > 6). Different

letters indicate significant differences at P < 0.05 according to the Tukey—Kramer test.
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Fig. 3. Effect of salt stress on antioxidant capacities (ABTS, DPPH, SRSA) of cherry (cv. Mini Carol) and

large-fruited (cv. House Momotaro) tomato fruit. Other details are the same as for Fig. 2.
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Fig. 4. Effect of salt stress on polyphenol content on a dry weight (DW) basis of cherry (cv. Mini Carol) and

large-fruited (cv. House Momotaro) tomato fruit. Other details are the same as for Fig. 2.
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Fig. 5. Correlation network analysis of polyphenol and agrochemical properties such as fruit weight, brix (%), acid (%), Na',

organoleptic compounds (sugar, organic acid, amino acid), ascorbic acid (ASA) and antioxidant activities (DPPH, ABTS and

SRSA) of tomato fruit (cv. House Momotaro) grown under different salt stress intensities. Only significant (P < 0.01)

correlations are drawn. Correlations are indicated with solid lines (positive correlation) or dotted lines (negative correlation).

Sizes of vertices indicate the betweenness centrality.

4. F ;|

AN IBNT, AR A T CHEE LI RMREED
RVT7 = /) — V& BT mFEIC L o TERARDN, AR A5R
FED EFIZENEELGE R ENPLNITIe ST,
INFETOREIZBNTY, A RMEA (EC =8 dS m™) %
" hOFIEREZ 5252 TR 7 = ) — V& &N 10% F
F4 5z L) 523812 NaCl(EC = 10 dS m™) Z¥RIN4
BHIETRI T 2 )=V E BN 20% EF-4252 LB
SNTWD, Fex OfERTIEL, HM IZ 100 mM NaCl(EC =
12 dS m™ ) (5L A DI, R T =/ — VGBS i
XO#) 1.7 1% (K 70%) £T_EHL (Fig. 2) . ZNETOH
HIVEW EREEIR L, ZOZEND | AR AGRE
25 100 mM NaCl(EC = 12.0 dS m™") KRN EAIE, RV
Tx )=V EBRD EFEMEOD HHNNTIFEALTRDS
NN EARIBRE -, £7-. Krauss et.al. ! 13, AR
VRZE DR T = /= VB RO EREN Va5 k&
B-HaT G 'O ERBIVIRNZEEZREL TS, 2
HDOZEND, RV T = /) —)VE i, Ok Lt~ Tl
AR AN DI M35 < LAY SR A R L ABR L

81

DA TRWEENBLIN2NEE X HND,

— 7, INETOREITB T, AN ARRY 7 =/
—VEBICKIZTT B RFEMZEIC OV TIMRFIEN
TR, ARFFEIZ I T, RER AL/ N R M2
WU TG R AR AR 7 = ) — V& Bl RIE T
RN TIR coT, T RERMFETHS HM [T
ANCAIZE S TAKRE 1g B7-VORI 7=/ — /L& &t
FESTZN ISR CTHD MC TIXEEN 20T,
T, EWE 1g B2DIBWTH, mEMZENTRD LI
7o ZOZEIT, AN RIZELR) 7 = /) — Va8 L RA
AL E . MFEOBRNEE THLHIEEZRL TS,
M MREICBITDRI T = /) — L& B0 SRR 2, %<
OIFFECHES TS B Y REBRCHER LRI
BWT RV 7 =/ — L EEESRXCHE LSS
HM ORY 7 =/ —/L & &IE MC OF) 172 THY, AR
Az 570125 5T MC OXFIRIX & RIFRE =L
(Fig. 2), L7235 T HHARL A2 X THRANCRY 7 =
)= NEBEEODLG G R T ) — LG B R
< HEARV ARSI O @O SR O RIS M FE T



ovR

AR RZEDR) T = ) — VG BDIEMAT = A LT
DT, Krauss et. al. PN3, AR A2k A ST
FOo TR 7= /) — V& BB LA THILERIEBL TN,
LU i, RFEBRIZET D, HE 1g B0 DR)7
= /—/VE T HM T ENFRDO BT, MC Tl 25,
50, 75. 100 mM NaCl TxfHIX IV L7 (Fig. 4), =
DZEND, HM IZBITAHAN AL AR E 1g 24720
DRV T =) —)VEBEO EFIE, EREDOE(E L7
WREO/NEITHE IR Th D EEZbND, —
J7. MC IZBIJAHAN AL BR) T = ) — G D
B, RV 7 =/ — V& B D AR E B ARORNT IR
HEEZBND, ZIVETORFIZIBNT, MC TIIHEAR
VAN G E L JIEMERESE O A RSk T A it by 2T
AZEoT, PiRBIL Iy D— D> THDHT AL E U ERIME
T HZEARENTODS M ARBFFEIC VT, MC 12
BIFDRYT 2 )=V EBOK T A =X NI G The
W AR RIZ Ko THI LY AT 203 &M BL . RY
Tx ) —)VINT AV E P L [FRRICTE R SR D B
FIASNIZ LR R T D06 Laveuy,

— T, PR M E D B OMSRENE A Tl A A . &
FIELRFIRAIEMEZRIEL | TR LI D L ChihE
PEARHI 2L EHI, P biEMEIC T 53 DR 25
DINTT D, REBRIZIHBWT, AR AT TREF LIRS
OHBALTE LS LOVIEE B 12X > T2 A
720 HM TITHEARN RIZE->T EH LA, MC Tl
SRSA D& FHLUTc, SHIZHRLIEYEDZEALERT T =
J—VEBOZEAIT, HM Tl L7228 MC TiEH72
272 (Fig. 3), ZNHDZENG AN AL LR 7 =/
—ILEBOEbIX, MC TIEHEBRLIEIE~D % 5 2MK
WZEDBBBNT 5T,

WAN AL TRV 7 = /) — Vg 8D EE E(baik
D6 MO BRI IO BN AL D0 | BEAK
Sy DEALZE R DML, 250 BEEZ R
DENDD, T T, KERIZBWN TRy N — 7 75
HAWTRY T = ) — V& S LD R A5y O BB 2 4
LIRS R, HM Tl R 7 =/ — V& BO AL LR
FRIE, 7T, 7 2=V T =07 E OB EIED
HBERFROOLNT=ZZENG AR RZE S TR 7 = /) —
VG BEFIRFICEW D B &L EDDLIENTEHIEN

82

BTz, LInLRD D, R 7 = /) — V3 BDOEA
INFEERDBIRIZE DI 7258 % FAT T MEA RO
FEETHD, — . MC IZBWTE, RY 7=/ — L&Ak
s DRI IFRD Lo Te T D, Doy E
TR RIS CTEHEBOEMNPELTCNDEEZLND,
LLEDZEND, B I AN AGREE FCHEE L7Zh
~hORV T =/ — )V E BT, I ED B2 D03, iR
ARV AGREE TN C LR/ THZEBRHLNIIeoT, T2, £
DAH=ALEL T AN R Z LS TAKEY -V T L
AT DGR IRMGERICEN T, W E Y0 T
K T2 A3 A AR B R OBUD TN T 52 L2 HESR
STz, SHIT, BRBL OB LIEMEL FIRF IR 7 =/
—NVEEL ERTAHELHHIEND, AN RIZLD
RIT = ) — NV OEACITIARN AT CTHREELIZ b~ RO #HT
TR L CRIT A EMTEBLEE ZHND,

5 SHRORE
BROFHE T, il 2 DRV T =/ — VLD 2L TS

FJOBIERERTE MR E T D2 IR DB AT =X LD

WZATHO T E T 7oy, AFFEB R N TIE 43012k

FT&Eehoto, HH%IT H L ORV7 =/ — A ES X

UEDEEN AT =X 2% LOFERINTRREIL . AR AT X

S TR T =/ — V& Bz im0 578 O B 245 T

WET, Fio, REFEICBWT, AN ZARR) 7 =/

— VA RICE R DR BT ZERE DO T2 E)

b, Atk AN AL TR 7 =/ — L E BB EED

S D AT == T HITOTE Th D,

6. 5| A

[1] Zushi, K. and N. Matsuzoe, 2011. Ultilization of
correlation network analysis to identify differences in
sensory attributes and organoleptic compositions of
tomato cultivars grown under salt stress. Scientia
Horticulturae 129, 18-26.

[2] Slimestad, R. and M. Verheul, 2009. Review of
flavonoids and other phenolics from fruits of different
tomato (Lycopersicon esculentum Mill.) cultivars.
Journal of the Science of Food and Agriculture 89,
1255-1270.

[3]Luthria, D.L., S. Mukhopadhyay, and D.T. Krizek, 2006.



Content of total phenolics and phenolic acids in tomato
(Lycopersicon esculentum Mill.) fruits as influenced by
cultivar and solar UV radiation. Journal of Food
Composition and Analysis 19, 771-777.

[4] Martinez-Valverde, 1., M.J. Periago, G. Provan, and A.
Chesson, 2002. Phenolic compounds, lycopene and
antioxidant activity in commercial varieties of tomato
(Lycopersicum esculentum). Journal of the Science of
Food and Agriculture 82, 323-330.

[5] Dorais, M., D. Ehret, and A. Papadopoulos, 2008.
Tomato (Solanum lycopersicum) health components:
from the seed to the consumer. Phytochemistry Reviews
7, 231-250.

[6] Toor, R.K., G.P. Savage, and A. Heeb, 2006. Influence
of different types of fertilisers on the major antioxidant
components of tomatoes. Journal of Food Composition
and Analysis 19, 20-27.

[7] Toor, RK., G.P. Savage, and C.E. Lister, 2006.
Seasonal variations in the antioxidant composition of
greenhouse grown tomatoes. Journal of Food
Composition and Analysis 19, 1-10.

[8] Zushi, K. and N. Matsuzoe, 2009. Seasonal and cultivar
differences in salt-induced changes in antioxidant
system in tomato. Scientia Horticulturae 120, 181-187.

[9] George, S., P. Brat, P. Alter, and M.J. Amiot, 2005.
Rapid determination of polyphenols and vitamin C in

plant-derived products. Journal of Agricultural and

83

Food Chemistry 53, 1370-1373.
[10] Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M.
Yang, and C. Rice-Evans, 1999. Antioxidant activity
improved ABTS cation

an radical

applying
decolorization assay. Free Radical
Medicine 26, 1231-1237.

[11] Oki, T., M. Osame, M. Masuda, M. Kobayashi, S.

Furuta, Y. Nishiba, T. Kumagai, T. Sato, and 1. Suda,

Biology and

2003. Simple and rapid spectrophotometric method for
selecting purple-fleshed sweet potato cultivars with a
high radical-scavenging activity. Breeding Science 53,
101-107.

[12] Incerti, A., F. Navari-Izzo, A. Pardossi, and R. Izzo,
2009. Seasonal variations in polyphenols and lipoic acid
in fruits of tomato irrigated with sea water. Journal of
the Science of Food and Agriculture 89, 1326-1331.

[13] Krauss, S., W.H. Schnitzler, J. Grassmann, and M.
Woitke, 2006. The influence of different electrical
conductivity values in a simplified recirculating soilless
system on inner and outer fruit quality characteristics of
tomato. Journal of agricultural and food chemistry 54,
441-448.

[14] Zushi, K., N. Matsuzoe, and M. Kitano, 2009.
Developmental and tissue-specific changes in oxidative
parameters and antioxidant systems in tomato fruits
grown under salt stress. Scientia Horticulturae 122,

362-368.



No. 1309

Production of Tomato Fruit Containing High Health-Promoting Properties and
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Summary

In the tomato production, salt stress has been applied to improve the organoleptic and health-promoting
qualities. However, although many researches about the effects of salt stress on fruit qualities were accumulated,
changes in health-promoting quality such as polyphenol content are not conducted. Here we investigate the effect
of salt stress on polyphenol content of tomato fruit. Two tomato cultivars used in this study; normal-fruited type
‘House Momotaro’ (HM) and cherry type ‘Mini Carol’ (MC). Plants were grown under different salt stress
intensities (25, 50, 75, 100 mM) at a closed irrigation system. Red-ripe fruits were harvested on the second truss,
and polyphenol and antioxidant capacity were measured. In the HM, polyphenol content on a fresh weight (FW)
basis was higher in the 100 mM salt-stressed fruit than in the control fruit. In contrast, in the MC, polyphenol
content was not affected by the salt stress. In antioxidant capacity, in the HM, all antioxidant capacities were
higher in the 50, 75 and 100 mM salt-stressed fruit than in the control fruit. However, although in the MC, only
SRSA was higher in the 75 and 100 mM salt-stressed fruit than in the control fruit. Furthermore, polyphenol
contents and antioxidant activities on a dry weight basis were significant lower in the salt-stressed fruit than in the
control fruit in the MC fruit, but not in the HM fruit. To visualize the interaction of polyphenol and organoleptic
data profiles, by using a network-based analysis, we indicate that salt stress modulates the design principles of
interactions, and their interactions depend on cultivars. We concluded that polyphenol content on a FW basis was
increased by the salt stress, but the effect largely depends on cultivars. In the physiological mechanism, the
higher level of polyphenol content on a FW basis may be contributed to the ‘concentration effect’, but the lower

level on a dry weight basis leaded to regulate of salt-induced metabolic changes.
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