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1R 4H 2% (Metabonomics ) & 4= W) 4H 24 vh & T
R — DR %2R, S R ] e il A2 A
AR — A=y R ai i . 2 rh pr A /N o 4G
P AT e v RE BEREIE R — T TR 2R, i Ui
2 R oK I i ) A A R T R 22— B, Horp R
1] £ 155 41 2 (Untargeted metabolomics ) fE 4= il ;2
WA YA B ., A B TSR A Y R
AT A AR T A5 A A 2 R T ] T
YA B 300 B o [0 AL BT 8 SRR 20 R S e 12
WTIST it o 5 S V5 T, Busatto S5O FHE 1) AR 15
21 273 K (Targeted metabolomics) %8 % T SF F 2
Bk Kl AR R AR 25 5, R LR LZE R L
WER . BRERREIEY 5 R E I A & % )
KR, Lee FWWRIH LC-MS B ARMIE T KM
(DPA ) &b 1% 36 SR 5 40 1] 25 A5 25 & 10 228 Ak
U, RV O | PR TR B S35 R PEAR IR )
PR 5 R RS A E BV KR, Pedreschi
SRR LC-MS 52 A it A7 Bt 0 AL A0 I it 7
RO R R R RN, R A A R A GABA W
AE 2 S04 8 FUPHSE (AR AR S Y . Gong F1PIEE
T A ) AR U A R R A S SRR e b I g
833 AR 1, Horh 59 Fh 3 22 AR S 5 R
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BOmIIE I, HAr, FE N ohea B EE 18 22 | L0
B AR ETR AN ST T HESR IR ZE AL 141 4R
T, A2 27 B AR 20 B R BB SR P A 7 i
e S BT H R IO S RGE . ASBIFSE R
LC-MS/MS A | DL BB SR 92 il g p ok F A HE
B i) A 2 2 B AR R i B B R P 7 R A R Y
RBPIEATOETE, AR S0Pk SR P A8 A i A P Y
FEEACHYY, it — 2P 5 3 PR AR AR AR LB K
HAEh Rt 2% |

1 #REFE
1.1 R E

DR H ¥ ZK T T 7K 2 U 5 b ) Bk 2R 5y ik
B AR TR A SR S 0 A A PR RIAR B A P — 3L
Pk o U SR A0 — B SR A R ALk
30 AN EBRIR S —4 26 PE BEREAS A IR
&R (20+1)°C, HR BN 859% (1) 16 A i 758 12
do PATJCAR Ay BE R SEAE R 6 BRAH (CK) , ZE[R] A
AT AE 12 d, 30T 3 WA~ ER /3 ilTE
RS 0,3,6,9,12d JEWIEL 1 em BRI SR, H
TG R 5 ST BV ECFE—80 SCHY B AR IR VKA Hh AR A7
FHF 5 S2FE 5 ) LC-MS/MS 4347
1.2 FERXFISMHE

7K, fH ] Merck 23 &, SRR &4 R | FP I 45 IR
%17 , 25 E Thermo Fisher 2 %], PE 3 4% (K1
¥ A 200 mmx200 mm, J & 4 0.05 mm), ] JH f
FHA= R A FRA ]

D3024R Ikt &5 .0 #L, 3 [ Scilogex 23 A,
Vanquish UHPLC 3%{X .Q Exactive™ HF-X Jit
A, 75 [E Thermo Fisher 23w, Hypesil Gold col-
umn @354 (100 mmx2.1 mm, 1.9 wm) , 3€ [& Ther-
mo Fisher 23 7% .

1.3 FHik

1.3.1 AR e 5yl = B8 2 i Mg A5 U Oy
2% o K BRI (R ER A O B e BE AR OR
WA R E AT 9, 04, RATETHA ;1
92 :19%~10% 18 B R R AR 52 94 10%~30%1
WA TR 53 9 2 30%~50% 1 18 728 T AL 4 4. 1A
8748 T A >50% .,

W AR FEBU=S (M8 28 B xR S8 B
BB H 4 1)

132 BRI R Want 5507
()75 ¥, Bk 100 mg B SR PIAE A, 37 B AU A
TR I AF S R A, i 500 WL 80% FH B FH 4R 95 7
AT, R EBk R AL B2 ORI A VK L S
min, 4 °C 15 000xg 2514 &L 20 min B35,
IS 1% K K R B R 20 RO B 2 53% 5 B R i
TE 4 °C 15 000xg 518 T B0 20 min B 100 pL Y
BV, AR 0.22 wm B9 HLAR S 38 J5 A LC
PERER DU R SR O T IR 30 WL 1R A1
MR QCHEAS, L 53% W AR S 25 o0 i 5
B kR i HEAT FARE RO R4, R A5 R BRI SR 4T T
N GRAR IR VKA R AF T IS 22 B a9 R 46
133 @ik AMF HR 40 °C; Wi :0.2 mL/min;
IEE TR W AL0.1% /e, Wi B
B, BT WEIAH A5 mmol/L B2 %4 (pH
9.0), L BhAH B H B s BEFER RN 100 WL, #22 HE AR
PEAEAT BRI, DEBEAE Y8 :0~1.5 min, 2%~
2% B;1.5~14 min,2%~100% B;14~17 min, 100%
~2% B,

134 Bk B 7R H I E mlkz
100~1 500; Fiig [k 3200 V, & 7R E 320
°C,GS T #1 GS I 43514 276 000 Pa 1 69 000 Pa,
SR FHRSCHE AR5 78 3 0B o 33 vk HE AT MS/MS
i

1.35 sttt SeEs FIH Compound Dis-
coverer 3.1 B4 X B Ak SR AR A 19 R LB (.
raw ) SCPFHEAT TUAE B8 1 SR 306 1 Al AC P A9 1R
BN B] 43 BT | oA LU S AT ) 2P 0 L L AR S
iz 5T i 22 DR B I 1) i 22 76 S [ 2R AR AR L
B P REATIERS 5, S L SR R EUE R By
A BRA B A Y B R mzCloud (https://
www.mzcloud.org/) \mzVault 5038 % 17 DT L, 2
E BHEAR A PP AR . R AR AR R A
B O IETEAT Uy, B> (0 1 I X i — AR
Yy, HARXS & T AR AR OR

1.3.6 it f#H Compound Discoverer 3.1
A X BB R PR R A2 v i 4 S 1 A ) Bl R A T
FEOGH S PE A GE B oA o SR F2 Ly (PCA) L IE 32 A
e /v — F H Gl 43 Bt (Orthogonal  partial least
squares discrimination analysis, OPLS-DA) %575
AT T BRI AR AS TPy B 3 22 AU
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HRAEOPLS-DA ¥ 1 Wi B AU A vk Ao i v o A
Z Y51t VIP A | 22 57 5 80 (Fold change,FC) X
e q (a0 A s MR ARG ZZ by Y, B
R L FC=1.2 5<0.8333, H ¢<0.05 Wi}
S, It Heml1.0 2 Fr X g Ak 2R P34 A2 9 #
B 235 25 AU Y E AT SRR A M R il A TR, A
A HMDB %4 % (https : //hmdb.ca/ metabolites ) FI
KEGG %kt % 2 (https ://www.genome.jp/kegg/path-
way.html) Xt 2Bk A 4 22 1o e v A9 AC 4 47
B3

2 GRSW
21 PEESEMRABTHZM

TER 5 BORk IR ST (A) , PE A2 0 X BRZH
4 2R TR 45 728 5 B4 AN W N, PE 25 Ak 21 Y BBk
RRAES 3 RIEA IR R EMIL ,PE 3
) 2R PR 4 A8 48 IR 2R T X IR (18] 1), BB PE
A2 b 3 I A0 Ak SR PR A Y
22 ERREYHFEER

T F AUt i AR BOE RN B A FR A F] A AR
W EE I mzCloud .mzVault S5 504 72, %F 8 Bk
IR PR 7 o R v ) AR AT R A AT

mmm CK
== PE
g4
= £
o 3}
B2
%3
= 2 2f
e
=
= H
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b5 s 177
Storage time/d

TE:0 d AR PAHEZRECH 0,
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Fig.1 The effect of PE packaging on pulp

browning index

1w, AEFBRA A PRI 991 AL
AW, 75 CK 12d vs CK 0d FES P IEGR o 232
ot f 35 22 S AR, AR 0 3 R R AR
Y435k 206 Fh AT 26 F;#E PE 12d vs CK 0
d FE & e RO BE Y 203 Bl i 3 22 AR Y, A
o LR R A 4 0 145 FhRn 58
Fofr s 1 76 FL B SRR A p | I 2 2 S A A S B0
POR T

F1 BEHRRIIOEEESRERREGYHFE

Table 1 Identification differential metabolites during the storage of peach fruit
H o H 4R R A B A 2 EFZFRMH 2 F LR 2 F FIRAKRMD
CK12dvs CKOd 991 232 206 26
PE12dvs CKOd 991 203 145 58
PE9dvs CK9d 991 64 4 60
PE 6 dvs CK6d 991 73 12 61
PE3dvs CK3d 991 13 7 6
2.3 PCA & #h R HE RO AR A 22 AR (18] 2a)  TIAE

¥ CK 12d vs CK 0d A1 PE 12d vs
CK 0 d FEASEFT W43 (PCA) 43 #T, LA [ B 48 A8
JEHE RN (CK 12 d) 28 i A5 A B2 9 2R A (PE
12 d) FITEH# 25 (CK 0 d) £ 43 ] F1 25 N A i 2Z ]
A8 S B2 R/, PCA 45 R ok, 76 CK 12d vs
CK 0d BEAH PC1 PC2 1Y BTHk % 5 510 46.69% ,
23.85%,CK 12d vs CK Od FEA A E I
PN Z R4 7 7 i 0 R AR A BN TR AR Y
RAFES  PCA 45 R EWITE CK 12d vs CK 0d

PE 12d vs CK 0d #:A4H PC1 PC2 ) STHR 33
BN 43.35%,23.23%, H PE 12d vs CK 0 d £
ARAE i R R A, ANz
iy 7 v AR B A R IR R A 40 B /N T 0 AR SR A
FEAh ,PCA 255 U0 . 76 PE 12d vs CK 0d FEA
AR AR R R 22 5% (K 2b)
2.4 OPLS-DA &k

A5 R 04 s e /N 3 15 H0 3 B (O-
PLS-DA) & 5% 3 8 Bk 5L P AE i 21 [0] X 43 1Y) e K
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< (95K = CKOd
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2 ©
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. 26
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£ £
=20 -20
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(a)

(b)

WL EH1.2.3,22.23 24,25 .26.27 5305 #5 CK 0 d.CK 12 d.PE 12 d EEfh 3 AW ¥EE TR,

B2 #miAEE PCARSE
Fig.2 PCA results of samples

o, A Ui 1 Ak R PR AR A P i 25 SR . R
OPLS-DA AL 43 # 1 # kSR P 4 748 A i 2 v
991 A AR 4 , & A 48 A8 1 SR R B (CK 0 d) il
o A0 AR ™ E A AL R RE Y (CK 12 d) 43 5l 7 T
5 X ZE M AA i, 9 H CK 0d Al CK 12 d FEA
) ELA B R X 4 B (] 3a), PC1 A PC2 119 Bk
RHy 56.28%H1 10.77% ,R’Y=1.0°Y=0.91, iESZ T
OPLS-DA f# b PCA 43 BT 2 ik 5% 1A 48 7% 22 S+ AR
WIROREAE (K 3a), #E— D XPZER AT T
200 K HEF IR K400, MR AR 200 W HT AL IF A IS
() Q> H A R? {E 7] LIS B E AT [0l 5 26, R?=0.84
KT Q*=-2.22, I H Q* MIHLK 5 Y #i#k#E /N T
0, F BIZAE R B AT “ L BUA ™, B 7 B Ml 4 38 B AR
A5 B (1 3b), WA AR AL IR 5L (CK 0 d) At
LA TR R A (PE 12 d) 20 9 T 845 X 8 42

-~ CKOod
& CK12d

15¢

10 |

, PC2 (10.77%)

20 -0 0 10 20
PC1 ( 56.28% )
RY:1.00,0Y :091

(a)CK 12 d vs CK 0 d

A4, H CK 0d #1 PE 12d X4B &, PCI,
PC2 ) 5Tk R 5 51 Ky 52.24% ,17.82% ,R*Y=0.99
QY=0.81(1 3c), [FBEXHZMRIVEFT T 200 KAy
HeF A 50 5000 , R>=0.88 KT 0°=-2.09, [FAf 156
PREARLR G B B SR R A R
(F 3d),
25 ERKEWALE

W% CK 12d vs CK 0d F1 PE 12d vs
CK Od WA FEAZE T KL 5B (B 4) 20 R
TR 3 Fof 0 43 590 2 s AR P (R AR G i R R
JE LW E o E AR, RW CK 12d vs CK
0d A PE 12d vs CK Od PIdLEEA th R FB /AL
O W AR, DRI A X R R

CK12d_CK0d
A%=(0.0,0.84), Q%= (0.0,-2.22)

0.5+
0.0

-0.5

RZ

e R?

15 = Q2

2.0

1 1 | 1 1 | |
04 05 06 07 08 09 10

BEHLT LAY Y SR04 Y B ARG
The correlation between Y in random group
and Y in original group

(b)CK 12 d vs CK 0 d
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(c)PE 12 d vs CK 0 d

PE12d_CKOd
R2=(0.0,0.88), @%= (0.0,-2.09)
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15t . e
'
'
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BEHL2H 0 Y SRR G020 Y P DG 1

The correlation between Y in random group and

Y in original group

(d)PE 12 d vs CK 0 d

B3 AEHEMKREN OPLS-DAGHERE#RE
Fig.3 OPLS-DA score chart and replacement chart of different yellow peach pulp
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(b)PE 12 d vs CK 0 d

B4 EEFEXTHADNLE

Fig4 Volcano map of two groups of samples in positive ion mode

26 ERRKREHRELH

SR IR 203 B i ke Bk R PR U R s R
22 A AT A AT, R B 3R SR A P A
P AT i, T T 2R S P R
ARG By, 0 e s SR A v AR 1% A
AL, S FE 6 B4 Ul B T ) 7E Bk
KAWL PRI, 75 CK 12d vs CK
0 d FEfh i, 7E 232 Fh g 25 22 AR b SR AR
AP B (CK 12 d) AH % JC 48 28 1 2R AR i (CK
0 d)#f 206 Frftit &3 LM, B E AR Y
i 232 Ff 22 AR Y 88.79% , fL S AZEE A 4N

Hu PR 43 TR 22K 3R I 55 206 FR RIS
SamE LW RMILER RILER BAEFTFR
B2 #EX % B MRS 26 FCI M 0 & R B E
TR AR A S 11.21% (8 5) i fE
PE 12d vs CK Od PR S Lk i 2540
W) 203 i, 4748 72 FE h A R SR A RE 5L (PE 12.d)
AHEETCHE S R ARG (CK 0d) , AHF H &R K
W BT R LT R A 2 BRI S 145 MR
I LR N E Y SO 71.43% , 1 Uk
AR (RS R S S8 LS A R
T &R REE A ) 28.57% (1 6) .
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2.7 ERKETYER ST

27.1 HMDB @4t FIH] Human Metabolome
Database 4 2 XoF 8 Bk S PR 4863 722 2o A v 1) J 25 A
Y AT HMDB 8% 7047 (B 7). BBk 2R P 22
PEFR b A 2 AU R F) 13 4% HMDB i@
B, Horp AR Y RO o A R A4 T 6 A AU
AR5 A . (DZR P bt AR T Ak £ 41X gt 3 B
(Phenylpropanoids and polyketides) , il 57 & % |
MR AT LA R AR RS 75 Fiik
E 1 QN5 BRIZEHE T 43 F (Lipids and lipid—like
molecules) , {0 HE D72 B 7 BREE A5 AR L+ 7S Tk
i A PR RE RIS 71 RS s O LAk
b A W) (Organoheterocyclic compounds) , 32 %241
5 T8) R =y R | R T fh | 5 WS 11— PR IR
W 3-mlWEpNER | 4EE R B, HIIHERS 53 kG
Y, @A K HAm ey (Organic acids and
derivatives) , £ B ALHG LR N &R M AR L-1E
B AR IRVERR L2 IR L-75 =R et L
2, FEEIEIRE S0 LG ; G H R

I'e
>
e
=
=
)EE
i
b

fam2an

Al siflaTen

1P 21 Mo sod
2P 2k Mo sod
€7p 2L %0 sod

(Benzenoids), EEAUFEHFR 2K T HFR EET
M2, T 4-CHER | FILERRS 40 Ml &
Y., ©F WA EY (Organic oxygen com-
pounds), FEALKEH A 1-0ER L- L2 N-
LW -D—F UMM M BERR R L4 25 Fiik &
.

272 KEGG @ MR KEGG Hude 2 Xt #
B A 4 7 v i 22 S A o AT B R 0 B
S5 (& 8) ow B v Mk AR A 4 B AR 4y 3
K& . 1) (5 B0 T, (Environmental information
processing) , {05 15 5 % 3 (Signal transduction) Fl
5 512 fi] (Membrane transport ) P 4~ 37 2 | Hirpk
WiR WIW-3-2 1 B S 5555 3w, 44
R B L-TA R L-ENARE 10 Fiik 525
15 1551 e A0 T 5 2) 38 A% £ 2N T (Genetic in-
formation processing) , fi 45 ## 1% (Translation ) Fl 4/t
B R MM (Folding, sorting and degradation )
P Horpy L-R AW L-Tg 2 W2\ L-4% AR
7 ML G S S B B, S- IR H B AR (4

17P 0 YO sod
2P 0O sod
€7 0 0 sod

E5 EBFEKXCK12d5CK 0 dERREMRESTHRE
Fig.5 The differential metabolites between CK 12 d and CK O d in positive ion mode performed in heat map
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1"P 2} 3d sod
27pel 3d sod

€7p2i3d sod

£7P 030 sod

6 EBEFHEXPE12d5CK 0 dERRFWRELSFTHRE
Fig.6 The differential metabolites between PE 12 d and CK O d in positive ion mode performed in heat map
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Fig.7 Differential metabolites of yellow pulp

in HMDB enrichment map
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Fig.8 Differential metabolites of yellow pulp

in KEGG enrichment map



272 hoE

M

2023 455 2 #

R B ZHIE I M B 5 3) BT RS
(Metabolism ) , £33 Fo &2 vk A= A5 9 1) A= W) -6 il
# (Biosynthesis of other secondary metabolites) .
2, FE R A 1 B (Amino acid metabolism) | %l A
TRgE A EAGICIE B (Metabolism of cofactors
How & m e Hm
(Metabolism of other amino acids). J§ /i B2t i
(Lipid metabolism) %% 10 > 2%, Hpgts
Fii S PR A 44 Mk A2 S e kg
AR A2 W5 OH B IR LS IR (D- 2 1R | i
JHe s 22 KA 38 Pk B2 5 A SRR iz
R HHEERE AR RS 28 Rk & 2 5 5l Fn
e RAVHIERR  L- A E IR A K 55 14
ik &¥ 2 5 e @ RR AR E, LA miE
g R B IR AR AE 12 Fiik & 912 S5 IR R AR

JUIpE R

and vitamins) .

3 itig

WAk, [E AR R HPLC AR X Bk 2R
S H A B S S G EAT T O R E Y, K IR
AR RIS Y, B L0,
Zhang S5 20f) Hl HPLC $ A %5 R LK FE
T &R LR AT S W R A kR
RES ]S/} NEIRGRE S S A L =g BN
YR FR 2 A A AR I 2200 RILATE )R
FiR . JL2% 2 RHT A% SR R 41 APk T S A 2
WOy, FZILRR BRRAILE R R R AR
TR T e R R AL R WAL T
1 R 32 2 A T 2 B A2 X SIS R T R ]
HPLC %55 5 ip AL & WA 2 G BR AT 9% 3=
B FH AR A 2 2 B R R S EEE SR A AR
KA R AR AT T AT, ETEERR A
e 991 R I, R 2 B 1 A X
TRAERANBZSEDEA B EEL, RA05%
AR AR X B i s T ) e e
CK 12d vs CK Od FEAH# & 232 Fh i 2 (R
V1,4 206 Fhib &9 B 3 LR 26 Fiib &1 B E
T 5 B AR )RR AR A e R R AR R
o 058 (A% ik P9 b R rp ARG M 680 A vk A AR 1
Y. Gong ZF1H FH ARSI 1) £ 35 20 27 B AR A b 51
PR 22 3 5L 58 R s A 2o A P o S S 1 833 AR

WG, ALk th 59 Fh2E A . Doppler %524
I A 30 ) £ 2 2 7 I o i e N R 2
ML U A e 871,785,733,517 FACIH . X
Lo ZE SRR R ) AR 4 2 R A B HPLC 4
REAG Y ERIF R L HETE SRR

TR AR 5 U B I Bl 2 AR X 3
FEXREY), HAT KR ZHFH R, R
F14) kI A SR S 0 i bR ™ T 2 B B AR Y
IR K Ry ik e 2R M9 PPO AL A AL RS
TE RSAR €0, I, AT A A R S48 A i bR 2 B
Ko A AT A A T 4 2 R A R SR A AR AR
HBRPERILER RILER SR JEEHR
B, #E4E B MHAR AT 26 Rl A9 A A X i i
FH R, Rk L) 5T AT RE AR S BEE AR AR AR Y
W, 98 PPO 1k S AL IS #E , I T 35 Bk 2R A 4
AR, B PITE R BRI A TP R AR AR §R
SRR & AR 2 XN R, A
FHRIUILER RILAER BRI 0 & w5 bk
S AR 7S AR A T T 26 B HE AN DRI S g g a7
Duan 5P B 24k T Bk A #3584 PPO, 3171
FH HPLC # AR 4081 PPO 1 KARIEY) ¥ PPO 5
JEE IR A I 57 BVE A €6, 25 SR B T PPO fgfi#
AL Y B R BOR AR AR ) AR XS5
T SREMRABEAZMHNRBRL B, RE
TR AR R 2 R B AR A A AR R R
CIEE P

4 Z5if

ASCHEANL T 3T LC-MS/MS X 8 Bk IR P # 28
T AR e 2 S U A AR 1 AR S e AR A 2 o M T
o FEEBER I L %o 991 AR , 7F CK
12d vs CK Od FEfhrf, B4 206 Ry 2
VA AR R A VG 4R T R 22—
FEOR W A 206 FhACHEY & i 2 LA LR R |
FRILAEE JRAE R B L E B MRS 26 F1C
WY B R R, R SR AT REAE R R
PR 5 1) IS 00, 5 2 T SR A T . 5 78 3K 22 4R i 9
AIRES 5 EMR NIRRT E PR
PR 75 3o 8 e T 68 2 ) S AR 1T o SR PR A AR
2 il H AR 0 F & AR A B e A
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Analysis of Metabolite Differences during the Browning Process of Yellow Peach
Based on Untargeted Metabolomics
Gong Yihui', Li Limei', Huang Hua®’, Li Lun', Tian Zongqiong', Zhang Juan', Zeng Yongxian', Chen Zhiyin"
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Abstract

In this study, untargeted metabolomics method was used to identify and analysis the differences of metabolites

during the browning of yellow peach. Yellow peach fruit were taken as experimental materialsl, and their metabolites were

analyzed by principal component analysis (PCA), cluster analysis and orthogonal partial least squares discriminant analy-

sis

(OPLS-DA). The results indicated that pulp browning was significantly inhibited by PE packaging treatment. A total

of 991 metabolites were detected in yellow peach fruit. 206 significantly up-regulated metabolites and 26 significantly
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down —regulated compounds were identified in the CK 12 d vs CK O d samples. While 145 significantly up-regulated
metabolites and 58 significantly down-regulated compounds were identified in the PE 12 d vs CK O d samples. There
were 13 HMDB metabolic pathways by using HMDB database. The first top 6 pathways were phenylpropanoids and
polyketides, lipids and lipid-like molecules, organoheterocyclic, organic acids and derivatives, benzenoids and organic
oxygen compounds. KEGG results showed that differential metabolites mainly distributed in 10 KEGG metabolic pathways,
the first top 4 pathways were biosynthesis of other secondary metabolites, amino acid metabolism, metabolism of cofactors
and vitamins and metabolism of other amino acids. This study revealed differential metabolites during the browning pro-
cess of yellow peach, which could provide a theoretical reference for improving the quality of yellow peach fruit.

Keywords yellow peach; browning; packaging; untargeted metabolomics; differential metabolites; pathway analysis



