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ABSTRACT: Objective To explore the non-targeted metabolomic changes of Tribute citrus stored under different

low temperature. Methods Non-targeted metabolomic analysis was performed on Tribute citrus stored under
different low temperature (-80, —20, and 4°C) by ultra performance liquid chromatography-mass spectrometry
With the

utilization of UPLC-MS in positive ion mode and negative ion mode, the analysis of 617 and 483 kinds of metabolites

(UPLC-MS), and the differential metabolites in the peel and pulp of Tribute citrus were screened. Results

in Tribute citrus could be achieved, respectively. Non-targeted metabolomics of citrus fruit showed that there were
a variety of up-regulated or down-regulated differential metabolites among the Tribute citrus groups with the
storage of different low temperature, and the common differential metabolites were obtained in the peel and pulp
of Tribute citrus with different low temperature treated. The differential metabolites in Tribute citrus were related
to the metabolic pathways of polysaccharides, flavonoids, alkaloids, polyphenols and other components of citrus

fruits. Conclusion The non-targeted metabolomics of Tribute citrus with the treatment of low temperature has laid

a foundation for the cold storage and component metabolism research of Tribute citrus.

KEY WORDS: Tribute citrus; low temperature storage; non-targeted metabolomics; differential metabolites
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Table 1 Analysis of differential metabolites in Tribute citrus under different low temperatures
TR Ak L %6 L FEEARAE 25 2 SR T2 SR
P2 vs P1 617 82 31 51
P3 vs P1 617 112 52 60
‘ P3 vs P2 617 44 27 17
IE & T
R2 vs R1 617 111 39 72
R3 vs R1 617 166 79 87
R3 vs R2 617 57 38 19
P2 vs P1 483 82 52 30
P3 vs P1 483 95 67 28
s AR P3 vs P2 483 39 25 14
R2 vs R1 483 86 69 17
R3 vs R1 483 123 99 24
R3 vs R2 483 30 19 11

R T TRAIRESEAS MG I 25 A 6T 5 A 0 A 38 1) 5 1,
S H—80 . —20 Fl 4°CAb B TR S Bz FlLAR Ay Ao AL
2SI 2). SRR EAE S, STHER R b
RS FEA SR RRRE: . AR R, PR
AR . L-AENER . P RER ., S8R, T 8%,

4,5- K FH-1,2- A -3H-MEmE I [3,4-c]mk -3 . 2-FR Ikt
BERR, TR FEARKEFILER . WRRRH
B L4 e BRCEARTY); TS FRIR AL 3 TTA SR A
W2 SR BB R E IR | PR - A T R
k. Boc-p-TAE-L-TNAMR . B, 4,5- "8 H-2,3-



7696

B b % A IR S

913 %

T - TH-E IR [3,4-c Mk E-3-E, IR NNy EEE
N-ZWE#ibhfE . XOokaF N. S#EH B, KO AEm
TR . D-TH g hE-6-BERR . WNMERR-O- 4 WH 1T . DIAT AR R
FR A rp R 22 S SRR I 2R A

A14 P2 vs P1 A2 P2vsPl
[ e i . s
g 3 ¢ ® o. =3 S : e VIP
2 °r @ ° VIP Q 1
g °d : o ol '7?, .9 ! ::‘ ® :;
& 2L ‘ o2 Qi 2L ) o ® 00 @3
S |e ‘% 0, DEMe I .x‘l .R ® DE_Meta
T 1t Nobiff & NoDiff
0 0 1 1 1 1 0 0 1 1 1 1
-4 2 0 2 4 -4 2 0 2 4
log2 (fold change) log2 (fold change)
Bl P3wsPl B2 P3vwsPl
® Y .1 o
e
4l .’ 4l °
—_ VIP —_ VIP
2 eo0® o055 B ®05
= 3L l. ®10 ?,3_ o.‘ ®id
> ®35 . ® @15 > @15
9:/ @20 Q;‘, ®20
S 2r ! e DEMew S 2r - DE_Meta
| . UP o0 .& -UP
2 -DW 2 “DW
T 1k Nobiff T 1 NoDiff
0r 1 1 1 0 il 1 1 1 1
-4 0 4 -6 -3 0 3 6
log2 (fold change) log2 (fold change)
Cl P3vwsP2 C2 P3vsP2
[ ] [
o 4r _3r VIP
g A %
< [ ® = .
> 3L < ® el5
S ® *2  Za2l . ® o @20
o Qo o® DE_Meta = w ®25
R O A R e
'-‘? 1L ® ® NoDiff TODI r g&,
NoDiff
0 1 1 1 0 1 1 1 1 1

-4 0 4 3 0 3 6
log2 (fold change) log2 (fold change)

F:Al, Bl, Cl.

AR Z B A5 20 4 AR OGP 140 il TR L 4o
I R B 7 — 7 R P B AT LASE A ST A AR B, {HHOK

RRHET — RIVZ AL, X T 5o E SR A
—E A R
DI R2vsR1 D2R2vs R1
° 4L °
4+ °
e é vIP § 3 . VIP
EEN . ol S°r @ © E%
®15 15
& P e L, .o:.\ o 20
e DE Meta — 3 (* o DE_Meta
o .tp @ 8¢ up
S 1L bW T 1 Dw
| NoDiff NoDiff
0 1 1 1 0 1 1 1
-5 0 S -4 0 4
log2 (fold change) log2 (fold change)
E1R3vsR1 E2R3 wsR1
6 ‘
] !
o ® 0. i
~4r vIP —_ i vIP
Q Q H
i 005 S, ! % ®05
S 3L 10 3 i o © el
> o 15 > |® ® .0 | ® @15
& ®20 & Ao | @20
S 2+ @ DE Meta S ) o0 DE_Meta
on . =0} r .
%1 S . | 3
NoDiff NoDiff
(S L | 1 0t 1 il 1
4 0 4 =S50 5
log2 (fold change) log2 (fold change)
F1 R3vsR2 F2 R3vsR2
°
al 4+ ® e
® VIP
—_ ° vIP PN
g3r o 2 . &
< >
> 0 'a® o3
°
o0 gg ©DE M % 2te SO F Mo
2 = A\ o . UP
&0 1 Nole & 1 *DW .
‘o r T T NoDiff
0 — 1 1 1 0 CL L 1 Il 1
-5 0 5 -6 -3 0 3 6
log2 (fold change) log2 (fold change)

. ELFIF1 MIEB 7K, A2, B2, C2. D2, E2 Ml F2 R T, Pvalue: P {H; fold change: ZE5454K; VIP: 45

R

T (Vanable importance in the projection); DE_Meta: 225/ tifi#)(differential metabolite); UP: @& [1d; DW: &3 T f; NoDiff: Jo2554:
B3 ARREMGEAIER IR AR ALA. B, OFRAMEMLAD. E. Pz kil

Fig.3 Volcanic plots of different metabolites in the sample groups of the peel (A, B, C) or pulp (D, E, F) of Tribute citrus stored under
different low temperatures
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Table 2 Common differential metabolites in Tribute citrus stored under different low temperatures
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