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Abstract: Tomato is a favorable fruit and vegetable by consumers. Its nutrients include various amino acids,
sugars, organic acids, lipids, lycopene and vitamin C. In the process of picking, storage and transportation of
tomatoes, their quality will be affected by different environmental factors such as short-term high temperature
environment. This article used nuclear magnetic resonance technology, high performance liquid chromatogra-
phy technology and taste analysis system to study the effects of short-term postharvest high temperature
treatment (1, 2 and 4 h) on tomato fruit quality and taste. The results showed that the content of most amino
acids in tomato fruits decreased significantly after high temperature treatment for 1 hour; with the extension
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of high temperature treatment, the content of fructose, glucose, citric acid and vitamin C increased significantly;
the content of sucrose, lycopene and lipids significantly reduced; the taste intensity of sweetness, umami and
astringency increased. Short-term high temperature treatment will also affect the expression of genes related
to quality of tomato fruit. Among them, the expression of AGPL7 was significantly up-regulated at 4 h of treat-
ment compared with 0 h. The expression of LOX, Beta/old-gold (B/OG), PSY1, Tangerine (T) had a tendency to
decrease as the treatment time increases. Therefore, after harvesting tomato fruits, we should weigh the in-
crease or loss of the active substances, and use reasonable storage and transportation methods as soon as
possible to reduce the impact of high temperature environment on the shelf life of tomato fruits.
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Fe i (Solanum lycopersicum) )& T Hi £+ 85 i e,
IRFRVG LA, 2RI E 2Rz —, KN
KR HEHFERE RV, EHa R MY
ERCE, Pt FURAH LG, 20174 1 2
P ek 1.8244. i (http://www.fao.org/faostat.) . 75
Tl RS2 1B TR AL AE B Fh R R R A LI
JEZE. BAMARMYEERCE. H, B R
MR = R LR, HRYEAU = r
T2 RS it SR S AR AN S 7= 5T B T B (Snow-
denZ52015), FEFE AR IR HLFEF, BRI
AR AR FbE . AR S LR L3S
FrGE R AN SRR o 25 A BhARE () IR 2 el SR B . A7
15 R AN — G422 I 14 ) Jot Py 1 5 (1) (Bennett%5:2012)
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2018). PHlitk, iR SLAE B 2Rl fe v, s il
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SRR T i SR SE IR R R AN S
AHICIE R [P 520 o 38 I A% i 4R (nuclear magnetic
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A HLER I 2 55 ) i R5ORAH €415 £ R (high per-
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g, W LR 9 AR, T 0 A 5 8 i it DR O 2k
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(R RI A AT B 2o ACIR 5 1R AT ME TR RR 2, FREXZ50
mg /e A7 FIAEYIFE SN 212 mL EPE 1, FFid sk
WaFR R E . AT 180% H E /K 1% 1 600
ul, W HEIR AT, UK % B2 min)5 44U X 20 Hz
90 sEE RS UK 15 min (30 i, 30 sif
BN ME), 4°C 11 900xg 50210 min 5 HL_EiF
DL AE R 3R R L, KR A M LB R

WEIR AT G, 4°C 11 900xg 50210 min/FHL Fig. 16
FH B O IR AEA K R HUA R, 2 5 ¥ Uk T 1153 2
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D5 o A FRCRE S TUALEE: BX100 g 72 A7 % n
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2016).
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Table 1 The substance measured in this paper

WITE 5T R PRI
e e NBES 7N Aspartates, Asp
s 2 iR Arginine, Arg
W& Alanine, Ala
BRIR Glutamate, Glu
y-2 kT BT y-Amino butyrate, GABA
HAR Histidine, His
RNER Phenylalanine, Phe
%2 R Tyrosine, Tyr
AN Glutamine, Gln
TN Valine, Val
ST R Isoleucine, Ile
LB IR Leucine, Leu
R AT fie Asparagine, Asn
JiEEN JIE 7 (R-CH2) Lipids (R-CH2)
JI5 5 (R-CH3) Lipids (R-CH3)
GBS TR Sucrose
S Fructose
b Glucose
AL W Malate
P R Pyruvate
FrE IR Citrate
A& IR Y FC Vitamin C
FALL R Lycopene
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lent 2100254 43 #r ACE B SR 56 25 2R 42 X RINAE
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W2 (1 BBl A AL PRI (A A SE A, Pk A4 T A4k,
R2TLARI, M (His). KN ZF(Phe).

P& (Tyr) 4 2 % (Gln) A2 R (Val) 57352 2 B (1le)
SR (Leu). KA (Asn) 50 hf bk, 765 115
Ersgm TS ERAT h TR, 2 hhE, 4 hFRE
. o, W& R (Tyr) B9 & H10 h)32.5
umol-g 'F#{%F4 hf#123.38 pmol-g ', FE(K T £128%,
50 h& B PG, AP hi 40 & R (Val).
StorE R (lle). TR (Leu). A R(Phe) )&
50 bbb 28 BRI, (H AR 24 hH &2 50 hi L,
BHREZN. BRIZA, v-235 TR(GABA)N
B EARG A EAFERT h (185.98 pmol-g ). 2 h
(283.45 pmol-g ) Ft 7=, Bl J5 7E4 h (210.46 pmol-g ™)
TR IF HAE A hIL A B 50 h (17245
umol-g VHILL, BETIE. 50 hiitl, RITREMR
(Asp). AR (Arg). AR (Ala). 7% (Glu)
&, fEACHE] hF B, B S 70 ER2 14 hot s
Hrh, WRBR(Ala) & B AEA 4 h50 hiflll, &
&0 h#9129.50 umol-g ' J} 5 5/ 183.91 pmol-g ',
THE2142% . RITZ AR (Asp). FEATR(Arg). &
FERG)KFEAEMATE4 h50 WHLL R A B &=
5, (HTEAFEL h, HEEEA FH&EH, FHAA
FR(Glu) FkE Z R (Arg) & & 50 hAH LU 2 3 R

2 BMRELERFREY

=188,
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Table 2 Amino acid contents of tomato fruits under the influence of short-term high temperature treatment

after harvest

pmol g™’
TIEIR 44 TR R AREEO h iR AL EEL h R AL FE2 h AL EE4 h
HAER 19.13+2.64™"" 15.92+1.12 20.06+1.17* 17.65+0.88"
RN 33.88+3.44" 26.60+2.92 37.18+2.24" 34.18+1.55™
= A aAB bBC aA cC
P S R 32.50+6.86 27.96+2.30 34.26+1.85 23.38+1.16
y-R AT IR 172.45426.12<¢ 185.98+17.79°5¢ 283.45+13.94% 210.46+22.49"
SRS 135.10+12.3%48 125.12419.19"® 137.67+2.80™8 143.45+6.19*
A 439.65+48.12" 353.66+25.15< 534.89+25.69* 430.30+18.22%
bR 85.38+9.56™ 66.42+6.45" 81.19+5.04™ 84.14+2.43"
N 129.50+56.38"¢ 120.47+27.33™ 170.59+18.34*P 183.91+12.85"
ETEN T 20.65+3.01* 16.55+1.32"" 22.51+0.62* 22.25+1.15*
T R 20.05+3.02* 14.79+1.02"" 20.28+0.84* 20.09+0.69*
=R 16.66+2.71* 12.88+0.95"" 17.91+0.78* 17.51+0.58*
BRAR 325.60+19.07* 198.31+15.11® 302.38422.90™ 325.85423.04*
KA 121.02+11.80* 79.62+6.28° 110.83+5.29"8 107.19+5.02%®

AP 5B A AP HMALRRER, B —TF REZ K. DB FENFRTHREE(P<0.0)FRFH(P<0.05)KF. &

3~TR .
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DA b 25 R 3R B, 3 i B S AE SR s
R, AR & B o KA, Hoh K
FEFR )& BAEA TR h'50 hif Bk B 2 3 PRAK i
i LEALTRA hHLA B 50 WL, a8 k. B
AT L, A Al AR SRR SR S AT (R Y, SR T R
AR N E RIS RN, HAAFMER
HER I B 22 5.

2.1.2 RERHESEXELXSENEN

R A TR S EE B 2H R 4y, i RS R el
AR, RERE. RMEAL K. GRS I IR
IR R, BER A& B A E A A K, ¥Rk
TR Hor, B S RS . HR3A
1, 50 h (747.75 pmol-g HAHLL, fEALHEL h (753.65
pmol-g "), 2h (772.02 pmol-g ). 4h(785.13 umol-g ")
HEemRAREARMER. NS EELOs
1 h (140.88 pmol-g )50 h (277.44 pmol-g )AH Lt
BB EC. P52 h (149.77 pmol-g '), 4 h (176.18
umol g )& EEA TR, (HAM4 WL S EE
0 hf bb 2 2% Bk . & 50 hity & & 415 450.47
pmol-g ', ZEALFET h (14 361.63 pmol-g LA R[4
#BEE2 h (17 055.4 umol-g ) JHiE, 4 h (16 722.91
umol-g ') N FFRI#a%, (HALFE4 hH AR 50 hifl tb
BETE. UL R RRIL, Fah RS R S R
sz R, KRS B kAR, I HEE
Ab PRI ] A SE K LS 50 hE AR L, REREA

*3 EMRLERGEH

BRI, AR RS R B T .
2.1.3 RERPAEEMNELXEENEIT

NI4T R, 2 i HR S TE R S 0 B e UL 1 5
T, HIE S A Kb T N ) A 2 KT R AR AR
B FiR-CH2 % Ab BRI [ (I 2E K, Fo5 8 A T %
ks, E4bHE4 hH 5 & HO0 hff84.13 pmol g
BEAICEI68.52 pmol-g ', & & i 3 FAAIC, FA1K T 18%.
fig i R-CH3 /1) & S 7EALFE2 h (17.68 pmol-g )4
150 h (15.86 pmol-g WAL, B & T+ . AbFE4 h
(15.53 pmol-g Y150 h (15.86 umol-g HHLL,
HEBIRAE BERL. UL EGRRI, TR
ER G R mR A, RN EE2RE
Ak, I BB & 2 A B R K, BA
CEREER
2.1.4 RERPASENEHES EMET

i F S AE R G T R e R, A L
PR B Rl AL BRI R (K, SR AE T AR k. R
Sa[gn, HEARR & B AEALFE h (36.81 pmol-g )5
0h (50.37 umol-g YFHEL, 525 AR . fE 4L 4 h (52.73
umol-g )50 h (50.37 pmol-g YA EL & B8 3%
Ak, SRR A EAEA L h (208.09 pmol-g ')
550 h (243.73 pmol-g WA tb & 35 FAE. AP IR
o, RERE SN A KT m . e
4 h (667.07 pmol-g ") HA & 50 h (541.94 pmol-g )
FHEL 223 T 5

Ems il LS E

Table 3 Sugar contents of tomato fruits under the influence of short-term high temperature treatment after harvest

pmol-g™'
P4 H FERARFEO h AL EE L h FEm AL EE2 h E iR AL TR h
TR 277.44+101.51* 140.88+38.99" 149.77+17.32% 176.18+19.72%®
ok 747.75+0% 753.65+3.21 772.02+£3.21% 785.13+3.21™
A b 15 450.47+1 697.88"8 14 361.63+1 248.57™ 17 055.40+555.40"* 16 722.91+1 008.50*

x4 BEMRLERBRPSENTW TEXNSE

Table 4 Lipid contents of tomato fruits under the influence of short-term high temperature treatment after harvest

pmol-g™'
B e FERALFRO h FiRALFRT h FErm AL 2 h Erim A 24 h
JIg JFi(R-CH2) 84.13+10.69* 71.11+8.89*® 70.39+8.46™ 68.52+6.89"°

JIg i (R-CH3) 15.86+1.59**

15.20+1.72%

17.68+1.91* 15.53+1.53%
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=5 BEMRLEXRERPSENZN TEIBRNEE
Table 5 Organic acid contents in tomato fruits under the influence of short-term high temperature treatment
after harvest

pmol-g”™'
HHLEE 4 R ALFEO h FFRACFEL h R ALFE2 h iR AL FEA h
R G 50.37+4.31" 36.81+4.10°¢ 56.78+2.56™ 52.73+2.30"F
SE R 243.73422.55"8 208.09+25.00" 279.354+38.44* 222 20+7.80%8
IR 541.94+117.85" 573.00+55.88"F 647.77+48.73* 667.07+25.45%

DA b R, i JSEAE R 5 R A R
Wi, AT HURRIY 5 RS8Rt A FE A 8] (2K R A
AN AR TR 2 5 A 5 0 XU P E B T, L
B Ko iR A ER I TR R A K, A T s
2.1.5 RERHSBEXNEML ZF%EE ZCHRM

FAMA T RNRREPRIAY PR EEER
R, REPEMER. BTFEITRNERALEW
FE MR ZE, AR KRR S SEFHA R
(IR AR . AR R SIZEE R, 3 700 A SEAE SR I N iR 5
W N, WAL E I A AR AE T A . lR6TT A,
b 5 A BRI (] 0 I, AR S B R, 7E
K4 hF ML RS EHEOhA46.31 pgg  FHEE
39.28 ug'g, BRI T 4115%., 4eERCEEAE b
4 h50 hif L, Hg & 23845 ng-g ' FHe#313.53

ngg ', ATt 731%, 3 H RAREEZE R

DAL S5 RO B, 6 i R S A8 300 e iR M 45 1Y
SN, dEERCH S B EA T = &Y, L

CE R R PRI S, DR S 7R i NR AT g

BEAT S BB AF 7 2K, DO i AR L BRI 2
TS
2.2 RIGHEHAS IR EHREINR SEIK 5058 EERY
S

7 ik R SEAE R A R R R T, HBR
SRPEAE WART . Wbt 5 L A HE Ao AS LU N B
B 0t i, e 2 B RO ol SUAE B AT
MRZALR . Horp, WRIR AR 5L 38 B A A 131 D9 ok
m AR T 13RI BT RE, WA, HA W
R 5 B AR LLOAE 9 ok £, IR T O ZRIR B %

#*6 BEIMRLAERFEASENE TEMLEZMELERCHEE
Table 6 Lycopene and Vitamin C contents of tomato fruits under the influence of short-term high temperature
treatment after harvest

ngg'
Wi FERALFRO h FRALFEL h i AL EE2 h i b 4 h
ESTAR 46.31+7.27* 41.94+3.11%* 39.74+7.01%* 39.28+5.24%
#EC 238.45+13.34 285.82428.92°%¢ 337.00+£7.06* 313.53+3.42%8

FR7 BMREERBEASENEIE TR EEE
Table 7 Tomato fruit taste intensity value under the influence of short-term high temperature treatment after

harvest
Fer i AL R [A]/h FRIA ik VAHLUS AN EITS fisfik FEE
0 —4.56+0.10* 4.85+0.04*° 0.76:+0.04" 0.09+0.04™* 5.03+0.16%® 4.7340.09"
1 ~5.46+0.11"" 5.27+0.03° 0.80+0.02" 0.07+0.04™* 5.59+0.05" 4.85+0.04™
2 —6.46+0.18 6.13+0.05™ 0.77+0.03" —0.010.04" 5.95+0.06™ 4.88+0.10"
4 ~6.30+0.24¢ 8.05+0.05™ 1.2240.05* 0.15+0.07** 5.88+0.13* 4.84+0.14™
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RIS, K{E AR AR M b 5 BEAE K o Al
5 0 SRS PR A AR AT R [B] R AR T TG R
RU(0), MOIUERRR . R, VRS WER[EIRR, SRR
=5 IR A B 5 PR AL A DR P ) 9 i R SEAE R I
TEZIE T B BOR AR bR . R TR, SR 5 R
el T 7 A SR SR = AN s SR, CEAL PRI L
2. 4 h50 A HEWR G BEAE A B A8k, TR
TER R 52 R, fEAREE4 hb50 hAH bR b
bR JEE Y 2 1 5 o 5 A SR SRR PR R B 7 FH O h#5.03
W55 35.88, HA B RES . B bR LRIk
IR AE H10 hif)—4.56 AR F]-6.3, H I 2 2% FF
BT . BE A AL R] K, SR B B A 5
ERA T E s, fEAAFE4 hIH RS O hil)
4.85 F7+#8.05, H 2R E T =&, UL kg
AT LRI, F o R SEAE R S A e iR ) s
HERIR . EHBR. JERR. EEREIBR. SRR, FEE
L7 R (RO Py 2a o6 N (E X L7 SN L7 STRHEAS
IR s AR O B3 . PRI, SRS R S R e T
o AH FESLEAR L VR R B SR

23 REEHASEMNEMERRILSERREXE
ESESeN=apAl!

50 R i A R R B AT : Brix9-2-5. AG-
PLI. SUCR. IDIl. PSYI(R). Tangerine (T). SIN-
CEDI. LOX. Beta/old-gold (B/OG). iHiIRNA-Seq
G3 M T 5 SR 9 25 DR R U v IR S T T 3R
RAGBL(EID). Ho, AGPLIF) Rk BE % & il Ak 3
INFIA] B, BRI 3R IE R AR T AR 4, FEAL P4 h
KiLH0hHLIL, RIAE R #E ER. SUCR. SIN-
CEDIHBeta/old-gold (B/OG)I) 3235 & [ RERE 4 5
TRACBRIN R I RE K, Rk HA LIS . IDII
MRIEBERBLHE2 Wt K& E B, BEEE
P4 Wik Fifl. LOX. PSYI. Tangerine (T)+
Brix9-2-51)3¢1% B AT WA il AL BRI 8] (R A, T
SRS BRI, 6 e i R 2 s e Rk A it
S5 i SR DG FE R ) 2Rk

3 e
AR SLAERSE W J— RV E AT,

FIRES M SR ST R . i, UERSE . R, o
FOR e e 30 vl s PRk T i SR S E TR R

0

LOX Solyc01g006540 1

. Brix9-2-5 Solyc09g010080 0.5

. . PSY1(R)Solyc03g031860 0
. - Tangerine(T)Solyc10g081650 B s

IDI1 Solyc04g056390

.- AGPL1 Solyc01g109790
.. SUCR Solyc03g083910
.- Beta/old-gold(B/OG)Solyc06g074240

SINCED1 Solyc06g074240

(OH/2H)242901 .

(OH/LH)042901

=
o
Q@
N
5
2
T
S
=
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B fEHASIE X 5 & A am R X A E RS2
Fig. 1 Effects of short-term high temperature treat-
ment on genes related to tomato quality

LOX: lipoxygenase; Brix9-2-5: LINS; psyl: phytoene
synthasel; T: Tangerine; AGPL1: ADP-glucose pyrophsphor-
ylase; SUCR: sucrose accumulator; B/OG: Beta/old-gold.

o P55 R R O 2 R A I s, LA EE R
AR AR G AT G IE . RER R R LS
S HF

ARG R R 7R =R s R, K
SRFEBRI S EAMTE h'50 hif L, &8 5B
fiK, 434 hif &2 50 MR BE 2. Bl
A AR, F ARSI S 5EY AN A2
AR LR | A7 SR DR 30 | AT A DG Bl M 2 7 =X,
DA S AR )T 3 A 4 05 45 J L ) v A (AR 1B 55
2012). B BRAEAED A 84515 5 (Masatsu-
gui§2018), A5G H Ak LR R A =y i Y 2 e T
TR LB RN & B WS ERER
IS, HEMIL AT Ge 2 & R L i — M fE 5. &
BB Oy AR R A2 52 2 L A%, JF S Hofhog
BAEAE R, 52 AR b BRI O & 2R (Hil-
debrandt®2015). A 5K, FMNEGABAKLEE ]
RS 7 SR J D st R 7 A6 TR R R S B PR 1)
THAE, [FIIHE T AR A I g8 BE, W GABAXT IR
SE [ it i A7 RE 02 25 — 52 9 /E A (Sheng%5:2017).




SRHE R4 SR LN il o HEE B 2 it RS
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T A Sz A 5 GABA, 4 B 75 FF 18 1 3 5
SRR B B TR S, 7R L S RO S TN
(TakayamaFl1Ezura 2015). 78 3CH R J5 5 1 =it
F RSN I GABA M) & B B A, HAabr4
h& 550 hiftl, W& ThaE. HEN R AE 2 R 5 A
R AR E RS S BN GABA S &2 1 T 5
AW TR I, ¥4 B0 2 2 5 A 2 i R S Hh B R
(RIo i SHERR IV 56, 16 0 SE i 2 Bk
i (1 AR 222 B K R B R, X — I R T
RE 2> B RS20 5 R (Re252012), 7 il SR SETE K
JE R R AR R, TAERER . SE SRR 1 A A
4 h50 hibt, WA BEZN. FERNEE, A
A B A AL BRI R] B I T A s . 7E4 hHLY
B50hMtL, BETmE. HARE. FhE. R
o Y A AL ER ] (R K R AR, 50 h
EALL, R E A S B R E I, RS E
PR OB AT AR IR 2 52 10 75 50 110 LR, ARSI
56 v 9 R I AR BB AN AT R R I 5 3 B A A BT ()
e, A& B T, R e HE DU SR 5 A B ey i
A RE 2N o RS R O . IR R R
SI TR I, FEH AR PR A b i i o Ak PR ) ) S
Mg, X5 5MES 8 mAE — 8. ASLings
Rt RORTE R ERR AR R, 4R AR RCAE A
4 W5 R 50 hiftl, BETHE. FahHRsed
MFEMAL R G EAG RE KNGS, a2
A 0 50 R I AL B 25 5 5 B0 iR 41 3 ) S8 AL AN
e, AT B0 A 41 28 (1) % fi# (ShiFl Le Maguer
2000), Vi BH i AT BE 2 M AR AL AW I & &
0 R ORI it J5T 32 SR S AT VA R [ T A
[R5, A AGPLI 2 5 W 35 i vl 5 Y [ T4 &5
B R, g T R T R A A R R R IR AL
(R R 5, 3 e A T 27 A A Tl TR A g P 1 T 12
AR S Al Y [ TR () & 5 (Petreikov£52006) .
5 I R S 58 Al i I AR P4 h H Rk 50 hAH L,
AGPLIZR k58 %35 LR, o e HE DI R s 40 i v
ATRRR T AR LI T & B ) R AR
Brix9-2-5 %5 5 J5t &M TR 2 10 T 2 52 M) 25 i SR 5
(2 B e, JFG b 3 A R K A g R R
B 4 3L 72 (Fridman 5£2004) . A< % S 46 7 B 5 B,
bt i A BRI B B G, RE R B EE BRI, 1

R RE AN LR S B N . SUCRJE T V0 704 Ji
AT, SUCRAL ;AT LAHE i B 28 S S b 25
&I R, AT R I A e i A B[R] ) S
K, SUCRFK X &L # L. Beta/old-gold (B/OG)-
PSYI. Tangerine (T)E 5% N RIBFEA KM
HER, HrhBeta/old-gold (B/OG))@ T T #h 41 Z p-H
B, Betatjold-gold =53 K], Betadh bt 7 i 21
FB-ILI, old goldTh REHI I J AR A4 K TE v A 1l B-
E IR E AR AR N ENE iR T F RS
ot oI R 4% 1) 3% 73 41 2% 7E B SR S (1) 87 2R (Ronen
§52000). AL E A MBI R PSYI R 225
i 4 2 A ALLZR 1B %, (A A0 R R, (AR
2= B2 76 it 1) KUK 5 5 (Kang 252014) . Tangerine
(1) 4525 i 41 2% 14 S A BECRTISO, 2748 J5 52 M Ji
EMARIMRFHE R AF MR, 5
Tt S PR R A B R, ) B 2 B e 3 A 1R XU T
(Isaacson%52002). PSYI. Tangerine (T)1E A T Wt
RPRAEREEE T HNBASENLRSE
() FAG B A — B . LOXOE Y | T AN [ () 1 28
SR FE AT B B AN R D Ae, s e XU
WA DIRIEED G B RS R MR 6 T R4
157G A 1 TomloxCHe — P R IR E A 1, 2 5R
R AT AR I COREBE IR AL A 7= 2E, IF HAE KR
PR ()77 A o BAG B 24 FH (Chen®52004) .

ARSI R I, 1 i AT e 2 0 iE A kR SR S
1 Ja O HE, AT SRS, HERE . AR R4
ARCIHEERE T m; B, IRE. HFMALRY
I BRI BHR SRRV IR ) PR i 5 R 4 o,
I Ho2x 5200 5 35 i R 50 0 A SRR R i Rk . [
Uk, SR R AT R 2 R 2 o SR S T,
T R LE TR R AR, RO TRER &
BRI IE 7 20, J0H R TR A I )38 H B sy,
BT B K 52 B R A B R, R
K FH A BRI Ak 33 DA AE & AR A 6 (], DL 4 v IR
TR 1 R 7 40 SR 52 o ) A
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