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Yy, AR B AE AL 5 4 5 40 B0 i A DG 1,
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1 #MEFE
1.1 RIEHRR 412

VLIRS SR SR i B0 AR, 7 S U i V32 A A7 i
PSR MY $7 5 My NV NS G GRS K5 I WY 7]
qE TOAUAR R AL TSR 55, SR A 52 S5 3 BV iz 3]
S FEAT I AL FR R P a TR SR S04 12
A AR LIG (PE) PR LS AR L Al 95 %
B G HCE TR N (15+1)°C A XFRJE 85% 1Y
E TR IV 42 d, TRV, RAAS SO o] Ak B2 £ A%
SESHCE T AR R A5 R X IR AL, R b
P 3 WA R  BAEE 3 AR, 75
FEN 5 0,14,28,42 d #H47H Bz HURE 8 R Bz Lk
R TS 3200, W1 2R 45 5 7 B 8 96 4R fu. 2% |
A B A% B T80 CHY MR VKA -, T
J S5 IO A R A
1.2 MESKH

Q Exactive™ HF-X Ji % {¢ .Vanquish UH-
PLC 634 , 5 E Thermo Fisher /A &) ; (@i 4+
Hypesil Gold column (100 mmx2.1 mm,1.9 pm)
HBE, BERREE . W% ik R, 321 Thermo
Fisher 7 7] ; D3024R ikl 250041, 22 [H Scilogex 23
A R O (PE) 4% (BLAE 4 400 mmx400 mm,
XU R FE 44 0.05 mm), TP A Ak 3 A R 2>
Gl
1.3 REAH*
1.3.1 #WEEREEINE 2 & E S Knight
SRR T M AE I B R BE S BARMEAT R .0 9. 2R
B SE 4 A BE 5 1 9 .0~1/4 T FUR B2 H 308 048
BE;2 9. 1/4~2/4 TR K AR BE 53 9% . 2/4~3/4
T AR B Y BAR B 54 2. 3/4~4/4 TR R AR K2 o 8™
HAGHE

W BEFE BU=3 (8 BE G x 2 2 ) SR 52 2R
SE ST .

132 W 28 Want S J7 2 f
FEVEE ., FREL 100 mg 28 ZNIF I 28 493 oK 118 i A
TFRESL, 500 WL 80% B 58 4k 5 1R &) K
HFESAE VKIS PR 5 min, 7E 4 °C 15 000xg %
PF R B0 20 min, BRI BOMA B S H0 i B
2 RT3 80 53% ;s TEAR TR 2500 T 0 20
min, ZRJF A EEAFE dL 550 WL HOAHT B9 R dh
Brh, 0 SR AFRE S A FRORUIY | B fe AR 1
FEA T30 WL IR A QC A DL 53% W1 I
VE Ry 25 FIREAS i A B 5 A 5 il g R A A [] 5 LA
bR ERARE, T8 LC-MS 73
Mro

133 @ik &M (%4 :Hypesil Gold column
(100 mmx2.1 mm, 1.9 pm);#E¥E 40 °C; HE 0.2
mL/min; IERE R s AH A ARF 80 0.1% 1R |
WA B B, A 2 IR A A5 mmol/L B B2
B pH 9.0, Wi s AH B F B ; HEAE & 100 pL; (B
BB VR R PP 2 1 B

x1 BERERHER
Table 1 The gradient elution program

of chromatographic

B 1 /min A A% A A8 BI%
0.0 98 2

1.5 98 2

12.0 0 100
14.0 0 100
14.1 98 2

17.0 98 2

1.3.4 ARSI R FH o0 R AR I 0T SOk
Jo R A PR T R 1 A AR o B AT IR R
TR, b E S A A I S R B 2
100~1 500;ESI Y5 (W1 & a1 F . B4 H K 3.2
kV, ST (GS T )Rk T (GS I ) 43 5l ik &
40 PSI 110 PSI, &R R 320 C,

135 R %E T HLEE (raw) X
A CD # A (CD3.1, Thermo Fisher) ff, /2 45
AR 1 B B T) 5 Aoy b A5 2 80 A T 0 A8 O ik, 4R
Ji 1 8 4 B3 B 1) i 22 0.2 min AR & 22 5x10°°
A3 X AN [) R SR R R A AT XS 5 DA AR
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LR 03

1.3.6  BdiHr SR CD3.1 84k 4b BEAR A 55 e 00 -% 28 5
a€ qinHE

P00 S RO . R 3 8043 43 T (Principal com-
ponent analysis, PCA) FIEEIE53H7 53 5l X e 2R
Sk BRZH (CK) FAL 3 4 (PE) B i 47 22 5 A
WIoy AT o L B PR R S M E B9 CK I PE 4LREA
[B] f4) 22 5 A5 8 (Fold  change, FC)F1 ¢ {H % i i
25, L FC=1.2 80<0.8333,¢ H<0.05 1E
i 22 e AR B A5, AL R (vB.3.2)
pheatmap F4 7 XJ AT A7 SR 58 BE A Az o i v i 8
22 SR o HEA T R A A IR IR, IR
HFIH KEGG %4t % (https : //www.genome.jp/kegg/
pathway.html) F1 HMDB %4 4 % (https ://hmdb.ca/
metabolites ) FE 774 1 97 4% 15 10 10 ¢

2 HBR5H5WH
21 BEMNHBEHRIEHMNZMm

HY L1 AT 7 AR SR S I A [ | SR R 4 B
5B A R R TR Y AE R 2 B O b T Y
MM PE A2 A0 FERIR SR SR8 14 d B RA
RAEARBENG , UL PE A2 Ab 35 AT o o) R 2R S
B Y &2
22 REMERGEER

FeF I T AR BOE R B A BR 2 | H AR
B 12 SR DG B B i, AR A T LB
AT CD 48 FERR A, X AR SR e 4 B
o o T A A AT MR ST . R
F 2 AIH, AERENE S IR e 1 191 A AR
& 16 CK-42 d vs CK-0 d #EAS o A I 3]
107 Fb i 25 22 AR, Horb B35 s 8 Y
ZSACEIY Sy BN 62 F1 45 B, TiAE PE—42 d vs
CK-0 d FEAS Hp LRG0 2 124 Fh & 3% 25 SR,
Horp S 3 ORRNT A 22 AR 4 Bk 65 Fh
F159 B, XL g5 B UL Ab T 48 BE A AR Y

Storage time/d
0 d A8 B A5 HOH 0,
B 1 PE &3 EBFEHNZME
Fig.1 The effect of PE packaging treatment

on brownspot index
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Table 2 Identification differential results of metabolites

%Rd REE ZHFE RET
R R AR AR
WER MER MER SR

vb 3t A

CK-42 d vs CK-0 d
PE-42 d vs CK-0 d
PE-14 d vs CK-14 d
PE-28 d vs CK-28 d
PE-42 d vs CK-42 d

1191 107 62 45
1 191 124 65 59
1191 41 17 24
1191 50 15 35
1191 84 21 63

BE A 3 LR R A B A —E
Z5,
2.3 PCA%R

i i Xt CK—42 d vs CK-0 d Al PE-42 d vs
CK-0 d PLLREAR 5> AT 32 L4343 B, 40 DB 48 B
Joa U (CK—42 d) 48 B 2 5 v 25 (PE-42 d) Al
TCAR BN (CK-0 d) £ 2L AR 2 [1] 14 43 241 2 [] FT 2
WFEAS Z B8] 978 5 B2 R/ PCA 45 R 3 i =W 2
ASKE PRI 3 UCE AT o B A B R L, R
MRS BN 22 K, #F CK-42 d vs CK-0 d
A PC1 A1 PC2 (Y TTHR 43 518 38.70%F11 20.
28% ,CK-42 d #1 CK-0 d Wi 20 k£ A 6] PCA 54>
255 0 I HAHBE R , IO T 95% & A5 X [ Y,
VL] CK-42 d vs CK-0 d REA 1] 254 i 4 77 A0 428
KHZE5 ., 76 PE-42d vs CK-0d BEASH PC1 Al
PC2 ) 51 #ik 2R 43 3 A 35.28% Fl 28.69% ,PE—-42 d
vs CK-0d FEA[R] PCA 372 R B EHET 95%



2286 H8M

T AR Fe e ARG 0 MG R OE B BER R A AR PG 2 R 4T 319

- o F{il-ll:l’l
1 - CK-0d
-+ CK-42d
10+
g’ ”
] 18
g 0 °17
|
& -5t
*16
_10.
|’3 L 1 i
=20 -10 0 10
PC1(38.70%)

(a)CK-42d vs CK-0d

G
20N *20 + CK-0d
- PE-42d
10 [ 21
IN 0Fr
2 ©
0
S
8 -10 1
~ *19
-20
<
30— T
-20 -10 0 10 20
PC1(35.28%)

(b)PE-42d vs CK-0d
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B2 WHEMK PCALER
Fig.2 PCA results of two groups of samples

EAF X, B PE-42 d vs CK-0 d FEAS[A] 45
OB BA AR R 2 57
24 PLS-DAZR

TR PCA 3 M ik RE U8 A %0 32 R AS 32 %2
A (B X R AR TR DG 1 2 /N 1) 728 e AN BURKR SR
1M 2R 3 M /N 2 15 K0 9 40 BT (Partial least
squares discrimination analysis, PLS—-DA) ] DL Afii
F A X o e KA, A BY TR E 25 A
Yy, HR4E PLS-DA KR (18] 3a) X 1 191 FfCi 41
Bl AT 20 B, JCHE BEAE 2R A A (CK-0 d) 73 A1

FE
= CK-0d
* CK-42 d
201 €
101
—~ - 16
@\‘) h 17
E 0 *18
N
o -lof
O
(=
-20
30+
-20 -10 0 10 20

PC1(35.14%)
R2Y :1;0Q2Y.0.57
(a)CK-42dvs CK-0d

T B AT X 0] A 2200, 48 BES ™ A SR B R S A A
TE AR DX IA) A A, 2 AR A X0 50 320
&, PLS-DA 5 %] 2 4~ F 4 ,PC1 B STHR F H
35.14% PC2 1) 5TER % Ny 23.73% ,R2Y =1 ,Q2Y =
0.57, JoHaBERG R K AE i (CK-0 d) 431 76 8 45 X
V) P8 Z A0 T 48 B0 b 45 R 8 R g B i (PE—42 d) 43
MAE B AG XA A, CK-0 d 5 PE-42 d X /3%%
S PCT M BTik %R 36.81% ,PC2 [ BTHRR N
19.26% ,R2Y=1.02Y=0.65( 3b).

FE i
=« CK-0d
=+ PE-42d
20
201
©
< 10f
=
o)
N
S
S Or 21
]
=
-1of "
<
, ) | ) ) *19
-20 -10 0 10 20
PC1(36.81%)

R2Y:1;02Y.0.65
(b)PE-42 d vs CK-0 d

E 3 PLS-DA#4E
Fig.3 The score chart of PLS-DA

25 ERREHALE

F 4 % 5% #5221 (Variable importance in the

projection, VIP) FC Fl P {8 i B flt 6 SR 55 48 B
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1.0,FC>1.2 8 FC <0.833 H P<0.05, Witz R
FE5 053 B (FC) A1k 1l (D 4) vl B4 1d BH A

VIP
[ I
®:

lg(P)

DE_Meta
° UP
* W
©  NoDiff
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(a)CK-42dvs CK-0d

R CK A PE AEAR [ 10 835 4, 2 T 2]
25

VIP

® o5
® 10
[ RE]
@ 20
@ 2

DE_Meta
e UP
e DW
*  NoDiff
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(b)PE-42 d vs CK-0 d

TE: UP R B35 LR AR s DW 3Rom 835 T I i AR NoDiff 327i B A1 22 5 i AR
4 EBEFEATHARANL

Fig.4 Volcano map of two groups of samples in positive ion mode

26 E=RNRPHRESN

N T 7S TR R R AR i R AR
A AR, X REAS v i) e 3 4 22 S A P AT
I — b B8, I MR SR HIET 1] 5 R 6 B
1 L3t S5 P 0 A A B A 2R o AR P A G

CK-42 d vs CK-0 d
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Fig.5 Cluster analysis of metabolites in positive ion mode

s, 7 CK=42 d vs CK-0 d FEAR 78 107
P B2 R, A8 B R
FE il (CK=42 d) FHXT JCHE BEJG 5L J A (CK-0 d)
A 62 Fi A ¢ 2 VA RIAR S B, 3
PR b7 107 Fh 22 AR Y 57.94% ,45 FiAR

PE-42 d vs CK-0 d

0 Q Q0 S Q0 RS 9 % 9 QS N Q.
Q@‘/ Q?f Q@‘/ N N N
Qo%/ Qoe/ Qoe,/ Qo%/ Qoe/ Qo%/

6 EBFTRANRGWRESN

Fig.6  Cluster analysis of metabolites in positive ion mode
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W R E TR AR MR A RT
Tl A-CEEAR M WEH T e S A, BAR XS
AR, BEAR A A 107 B 22 S AR Y
42.06% (I 5), 1€ PE-42 d vs CK-0 d FEA ],
i Y 124 Fh i 2 v 2 AR D, W BERR
S5 IR 2R BERE S (PE-42 d) A JE 48 BE0 2R B2 R
(CK-0 d)A 65 Fr G ¥ w2 LR, RIAH X & &
B, 84 may ACE s 124 Bl s R YR
52.42%,59 F A 22 T, BIADGS EREAIR
WEAR A i 124 Fh 22 5 AR 19 47.58% (&
6).

2.7 Ri¥ERRE S L ERE

27.1 KEGG @ g{ER @it KEGG Pathway %(
i 0T AR R S48 B i A= o AR b i A R AT
T R R AT S5 R s (8 7)), TR A AR R AR
P R R0y 3 R 1 NIRRT
(Environmental information processing) , {45 {5 5
% 3 (Signal transduction) Fil 5 52 12 % (Membrane
transport)2 1> 2 3, Hrb Ay 3 MUY
FoiT®AE, A 10 #EY S 5 5Kz Mk
7y 52 K ABEE BINT (Genetic information
processing ) , 5 F1% (Translation ) F14T & 7328 K
f# (Folding, sorting and degradation)2 4~ 2 2% 43
g H A 7 RS S S B R A 2 R
W= 54 & o3I B B IRAR 5 3 S B R A
(Metabolism), fi & & % B8 18 #f  (Amino acid
metabolism) . B AW W 0 A Y AR
(Biosynthesis of other secondary metabolites) . ik
K AL A YA (Carbohydrate metabolism) | Jig ifi g
X4 (Lipid metabolism) . % 1 & 18 i} (Nucleotide
metabolism) % 10 4~ 2 g o328 Hop g 12 FRAC
Y2 5T RABHE I A 42 R 2 5 d
1R A % A 59 R RS 2 5 Hoe AR AR
YA A iGE 1%L A 13 MR S 5ok d
PR s, A1 A 2 5 s s e A
%

2.7.2 HMDB 73Z26iER: i@ id Human Metabolome
Database £54f8 22 X #6468 B Ak 2o A v i 1389
Pt T HMDB 73 28 B 45 2R (K 8) o | fiHRE 2R
SR E B A 11 SR AR 2L
RIS FE % 43 )2 DA P ot AR i

FEEEMT
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BEERMT
iz
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Fig.7 Metabolite KEGG enrichment map
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Fig.8 Metabolite HMDB enrichment map

b & ¥WiE % (Phenylpropanoids and polyketides),
TR FATE R AEIR AR U R KR
BYILER BlR FEl KRR 102 fA
W, QI AN (Lipids and lipid-like
molecules) , 3 B AL 45 &F Tl EAE E 11-%1C
AW ()RR R RO AR 70 AR AL
51 s @F HLA R 1L A ¥ (Organoheterocyclic com-
pounds) , = E AL FE A ZE Wy B K IR
MR |8 = 1y BRERS DL—(0 2R % 65 F AR i i
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9y @A WL M H A4 (Organic acids and
derivatives), T EALHE N8— L Bt W K % N6 ,N6,
N6- =W Be—L-Mi 2 W2 W mE H 2R il R
L-BRA MW D-223 1% L-H A RS 62 F sk
43 s & R S 2 (Benzenoids ), B AL FE 4- 78 5
TR A-FF ALK TR | X O BEE S 3 A3
R T R 3,5- W AR H R 5 46 R
BT

3 itig

iy 25 Wy o e R S v B i R R AE AR
Y BB PO PUR PR SRR I X
FEAR NS Z B 1 2 A2 58, HIRAH) 55 0 4 i 5 1)
S5 7 T HAT RGP A RICR e S R I R 2 A
1% FEE 2RI, Wang S59F] ] HPLC 4% R 2%
2 N ARG SRS T 5 b B R W) ST RN 9 b 2K R )
Jii, Abad—garcia SF"H] 5 R0R A €838 7 (HPLC)
e A A AT 58 AR 2, WL, A
HPLC % A 80 A B B & (R 4 2= 7 i
F A A K R DL R TR A RS A 2 i A
A5 TE A= W R i o [ B A 0 5T A AR A G 9
A BEMS, Metlin LU T RAE © M4 04 A
B, BT R R F T % AR A o Fi
He st SR AR 6, JF B AT Lot AE S8 m)
8 AR 0 1 S AR AR BRI A R 1] ) 4R
2 22 AR N SR F5 R A SR S48 B s 1o AR
AT 7TIE9E, DURFEAM I &Y 51
TE 5 0 AH OGP AR SR R R 21 2 v 3 A I 3]
1 191 Fifb &9, KRGS YA TE i 3%
PE2E 5, RA D BURCEI I AF 1 W R 25 5 | L InAE
oy DR ™ B A SR B R (CK—42 d) #H B T 1 BT
B RE L (CK-0 d), JEAG I 3] 107 Fp 22 5 A0
Yy, b 62 AR 2 L 45 R AR
T 9, Doppler &2 H] LC-MS 25 & £ #E 1) 19 4C
WA 2= BORTERE W %0 1 996 R AL &4 .
Vrhovsek 252U F LC-MS 4% A 76 7K 5 b % 5 13
113 Al 2ib &9, nr WL A ) (AR 4 2= R
BA®SS BKEGYFEL IEES EEGK
(=¥ TR S

AHIEFE I A B o) £ 35 2 2 A R 2R S 4 I
RN R R E R MR AR TH&

By 4- FEOR T M NCT M4 45 AR %
VR, 2R X P 2 T R AR A R A B 1Y) &
A BEYIRAOC , Li SR R I, Sl & it bE A A
SRS AR B A R O IR S B BT MR s It
H5 PPO POD )7 14 %% Y AH G , b AR 5 52 76 K )
IR 58 1 5 e A v 8 o) A48 L R B o it 44k
KRN Y, T T 240 0 XS4k 5 e &=
gt AN 2 BT PPO POD %5 MR A
T t1 5 AN BB A A, bR T A R A A A Y
T 75 SR e 26 0 A8 BRER (R RV 3 BB Y 36
BH |, FH A7 5 B e B9 T2 WL ) — A S A ) i
PREY Y RS S i B AR R E A 2
ZHX,

4 Z5ig

AT ) FH AR B 1] A5 2 2 A T A S S04
B & AR o R AR 25 55 . 45K PE &
e U D B RS S AR B KR AR, 7R R A
LG 1191 FP2E 7B 1, 7E CK-42d vs CK-
0dFEAH | HOF gkt 107 A 21k 22 SR
Hrb 62 40 Ll IR R MR R AR TH
Wy 4- 30Ky BEF T e 4E 45 R w3
TV, ATRE S BERS Y kA DI G, 4 HMDB
s e m ke, Y R R 2 R S A
T [ 43 S 2 AR TR e R R T A6 B i aE i . g T A2k
NR B> T AN IS Y A PR S H AT A K
HH R R 2l % . ASBIE ST ) A0 R 1 AAG SR S48 B
g A SRR T A, A I B A Ty
R AR S Bz B D RBAIE 9T e — 25 1 & Rl HR AL i
WA

Z % x #

[1] FAN J, YANG Y W, XUE G, et al. Expression of
a senescence —assoclated cysteine protease gene re-
lated to peel pitting of navel orange (Citrus sinensis
L. Osbeck)[J]. Plant Cell Tissue & Organ Culture,
2009, 98(3): 281-289.

[2] PAUL J R C, ZACARIAS L, ALFEREZ F. Suscep-
tibility to postharvest peel pitting in Citrus fruits as
related to albedo thickness, water loss and phos-

pholipase activity[J]. Postharvest Biology and Tech-



2286 H8M

A& T 3R S A4 5 09 M AT R R AR B R R A i AR P ARG £ 5 AT

323

(3]

(8]

[10]

[11]

[12]

[13]

nology, 2017, 123. 77-82.

KADDURAH-DAOUK R, KRISHNAN K. Metabol -
omics: A global biochemical approach to the study
of central nervous system diseases [J]. Neuropsy-

chopharmacology, 2009, 34(1). 173-186.
WISHART D S. Applications of metabolomics in

drug discovery and development[J]. Drugs in R &
D, 2008, 9(5): 307-322.
DUNN W B, ELLIS D I. Metabolomics: Current

analytical platforms and methodologies|J]. TrAC Trends
in Analytical Chemistry, 2005, 24(4):. 285-294.
FERNIE A R. The future of metabolic phytochem-
istry: Larger numbers of metabolites, higher resolu-
tion, greater understanding|J|. Phytochemistry, 2007,
68(22/23/24) . 2861-2880.

BUSATTO N, FARNETI B, TADIELLO A,
Target

et al.
metabolite and gene transcription profiling
during the development of superficial scald in apple
(Malus x domestica Borkh)[J]. Bme Plant Biology,
2014, 14(1): 193-193.

FARNETI B, BUSATTO N, KHOMENKO I, et al.
Untargeted metabolomics

investigation of volatile

compounds involved in the development of apple
superficial scald by PTR-ToF-MS[J]. Metabolomics:
Official Journal of the Metabolomic Society, 2015,
11(2): 341-349.

i, BIEE. B HER LR BEED]. '
m Bk, 2009, 30(8): 280-283.

GAO X, LI Z G. Physiological study on peel pitting
of “Fengjie” navel orange fruits[J].
2009, 30(8): 280-283.

KNIGHT T G, ANDREAS K, MARGARET S.

Structural basis of the rind disorder oleocellosis in

Food Science,

washington navel orange (Citrus sinensis L. Osbeck)
[J]. Annals of Botany, 2002, 90(6). 765-773.
WANT E J, MASSON P, MICHOPOULOS F, et al.
Global metabolic profiling of animal and human
tissues via UPLC-MS[J]. Nature Protocols, 2012, 8
(1): 17-32.

GONG Y H, FANG F, ZHANG X, et al. B type
and complex A/B type epicatechin trimers isolated
from litchi pericarp aqueous extract show high an-
tioxidant and anticancer activity [J]. International
Journal of Molecular Ences, 2018, 19(1). 301.
SIR ELKHATIM K A, ELAGIB R A A, HASSAN

A B. Content of phenolic compounds and vitamin C

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

[22]

and antioxidant activity in wasted parts of Sudanese
citrus fruits[J]. Food Science & Nutrition, 2018, 6
(5): 1214-1219.

ASSEFA A D, SAINI R K, KEUM Y S. Fatty
acids, tocopherols, phenolic and antioxidant proper-
ties of six citrus fruit species: A comparative study
[J]. Journal of Food Measurement and Characteriza-
tion, 2017, 11(4): 1665-1675.
BECKMAN C H. Phenolic —storing cells:

programmed cell death and periderm formation in

Keys to

wilt disease resistance and in general defence re-
sponses in plants? [J]. Physiological & Molecular
Plant Pathology, 2000, 57( 3): 101-110.

WANG Y C, CHUANG Y C, KU Y H. Quantita-
tion of bioactive compounds in citrus fruits cultivat-
ed in Taiwan[J]. Food Chemistry, 2007, 102 (4):
1163-1171.

ABAD -GARCIA B, GARMON -LOBATO S,
BERRUETA L A, et al. On line characterization of
58 phenolic compounds in Citrus fruit juices from
Spanish cultivars by high —performance liquid chro-
matography with photodiode —array detection coupled
to electrospray ionization triple quadrupole
spectrometry[J]. Talanta, 2012, 99(15). 213-224.
GUIJAS C, MONTENEGRO-BURKE J R, DOMIN-
GO-ALMENARA X, et al. Reply to comment on
METLIN: A
and unknowns [J].
2018, 90(5): 3156-3164.
ZHU 7 J, SCHULTZ A W, WANG J, et al. Lig-

uid chromatography quadrupole time —of —flight mass

mass

technology platform for identifying

knowns Analytical Chemistry,

spectrometry characterization of metabolites guided
by the METLIN database|J]. Nature Protocols, 2013,
8(3): 451-460.

DOPPLER M, KLUGER B, BUESCHL C,

Stable isotope—assisted evaluation of different extrac-

et al.

tion solvents for untargeted metabolomics of plants[]].
International Journal of Molecular Sciences, 2016,
17(7): 1017.

VRHOVSEK U, MASUERO D, GASPEROTTI M,
et al. A versatile targeted metabolomics method for
the rapid quantification of multiple classes of pheno-
lics in fruits and beverages[J]. Journal of Agricultural
and Food Chemistry, 2012, 60(36): 8831-8840.
LI Z G, XUE G, JING F, et al. The relationship

between activity and gene expression of phenylala-



324 E N W 2022 445 8 4]

nine ammonia —lyase and peel pitting in ‘Fengjie [23] KATINA L. Physiology of chilling—related postharvest
navel orange fruits[J]. Journal of Plant Physiology rind breakdown of navel oranges[D]. Boundoora: La

and Molecular Biology, 2006, 32(3):. 381. Trobe University, 2007.

Differential Analysis of the Metabolites on Citrus Pericarp Brownspot
Based on Untargeted Metabolomics

Gong Yihui', Zhou Guihua', Peng Shujun', Wu Zhimeng', Liu Jie', Huang Hua?’, Chen Zhiyin"
("School of Agriculture and Biotechnology, Hunan University of Humanities, Science and Technology,
Loudi 417000, Hunan
!Institute of Fruit Tree Research, Guangdong Academy of Agricultural Sciences, Key Laboratory of South Subtropical
Fruit Biology and Genetic Resource Utilization, Ministry of Agriculture and Rural Affairs, Guangdong Provincial
Key Laboratory of Tropical and Subtropical Fruit Tree Research, Guangzhou 510640)

Abstract In this study, untargeted metabolomics method was used to detect and analysis the differences of metabolites
during the development of brownspot at storage stage. Sweet orange fruit were used as experimental materialsl, and their
metabolic compounds were detected and analyzed by sample repetitive correlation analysis, cluster analysis, partial least
squares discriminant analysis (PLS-DA) and KEGG pathway based on the high—performance liquid chromatography and
tandem mass spectrometry (HPLC-MS/MS) instrument platform. The results showed that brownspot was significantly inhib-
ited by PE packaging treatment. A total of 1 191 metabolites were identified in citrus fruit. In the CK-42 d vs CK-0 d
samples, a total of 107 significantly different metabolites were detected, which 62 metabolic compounds were significantly
up-regulated and 45 metabolic compounds were significantly down-regulated. While in the PE-42 d vs CK-0 d sample,
a total of 124 significantly different metabolites were identified. Among them, 65 compounds were significantly up-regu-
lated and 59 compounds were significantly down-regulated. The different metabolic compounds mainly distributed in 10
KEGG metabolic pathways, the first top 3 pathways are global and overview maps, amino acid metabolism and biosyn-
thesis of other secondary metabolites. While the different metabolic compounds mainly distributed in 11 HMDB metabolic
pathways, the first top 5 pathways are phenylpropanoids and polyketides, lipids and lipid—like molecules, organohetero-
cyclic compounds, organic acids and derivatives and benzenoids biosynthesis. These results are helpful to improve the
formation mechanism of peel pitting, and can provide a reference for improving the preservation effect of citrus fruit.

Keywords sweet orange; brownspot; packaging; untargeted metabolomics; pathway analysis



