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Abstract: Objective: To investigate the differences in metabolites of Chinese nectarine, peento, yellow peach, Yangshan
honey peach and Xinyi honey peach by using non-target metabolomics. Methods: 250 Fresh peaches of comparable
maturity were used as test materials, and the fresh peach pulp was determined by high performance liquid chromatography-

quadrupole tandem time-of-flight mass spectrometry (UPLC-QTOF-MS), and the metabolites of different varieties of fresh
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peaches were investigated by principal component analysis and metabolite variability analysis. Results: A total of 74
metabolites were detected, mainly phenolic acids, flavanols, flavonols, anthocyanins, amino acids, glycosides, iridoid
glycosides, B vitamins, etc. PCA analysis revealed that compared with the other 4 fresh peaches, Yangshan honey peach
had higher contents of 7-hydroxycoumarin, pinocembrin, chlorogenic acid, neochlorogenic acid, epicatechin, procyanidin
A,, cryptochlorogenic acid, plantagoside, procyanidin B,, and lower levels of vitamin B,, kaempferol, rutin. Based on
OPLS-DA analysis, 4 fresh peaches were screened for differential metabolites with Yangshan honey peach respectively.
Nectarine had 18 species of procyanidin B; and other metabolites, peento had 12 species of procyanidin B, and other
metabolites, yellow peach had 18 species of procyanidin A, and other metabolites, and Xinyi honey peach had 15 species of
procyanidin C, and other metabolites, which could be used as a potential biomarker to differentiate between Yangshan
honey peach and the other 4 fresh peaches. In this study, the differential metabolites of the 5 fresh peaches were mainly
plant polyphenolic compounds, and chlorogenic acid and procyanidin metabolites were high in Yangshan honey peach,
which were the key differential metabolites. Conclusion: The non-target metabolomics technology can effectively
distinguish the five fresh peaches, which is feasible for the identification of fresh peaches, and can be used to assist the
qualitative identification of fresh peaches and deep-processed fresh peaches as an important basis for the identification of
true and false Yangshan honey peaches, and it is of great significance to protect the development of Yangshan honey peach
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speciality industry.

Key words: fresh peach; metabolomics; UPLC-QTOF-MS; identification
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20 FERFAERAL T EERHER AR A PR F]; Milli-
Q EB /K EAH:  ZEE Millipore 23 ] ; Brand %
WA fEE Brand 23F] .
1.2 EWHE
1.2.1 FEfHlE RrAbEROEfL: PRI 5.0 g k¢
BT 50 mL RVUFK L 2508 D, RBUARIERE S
1R . lE . CE . FEE 3 FREEFI 20 mL 435 $2 B IGT
By, FHEIBEAR I 1 min, 28J5 FE&.0HLH LA 40001/
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B, T 40 C R TPiEREZE R IR T, AWK
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Fig.2 Total ion flow chromatogram of Yangshan honey peach extracts in positive (a) and negative (b) ion modes
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Table 1  Qualitative results of metabolites
=) AW P, 437 e rfE (min) - Fibmz BB
1 A T Pulegone C,H;s0 7.1 153.1274 [M+H]"
2 IS Kaempferol C,sH,004 8.5 287.0550 [M+H]'
3 MRz % Quercetin C,sH,00; 7.8 303.0499 [M+H]'
4 EJER 3 Morin hydrate C,sH,,0; 7.6 303.0499 [M+H]'
5 TAE Pinocembrin C1H,,0, 10.6 257.0808 [M+H]'
6 H4EEB, Vitamin B, C,;HyN,O¢ 5.7 377.1456 [M+H]*
7 AR L-Valine C,H, NO, 0.8 118.0863 [M+H]
3 S Adenine CsH Ny 0.8 136.0618 [M+H]"
9 FNEMBERIR Pipecolinic acid CgH,|NO, 0.8 130.0863 [M+H]"
10 St e Nicotinamide CeHgN,O 1.1 123.0553 [M+H]"
11 HFER Vanillin CH,0, 24 153.0546 [M+H]"
12 4-F BT T 4-Methylumbelliferone C,oHg0;4 3,8 177.0546 [M+H]
13 T-RERGR 7-Hydroxycoumarin CyH,O, 3.1 163.0390 [M+H]"
14 HUE Coumarin CoHgO, 2.9 147.0441 [M+H]'
15 L Myricetin C,sH,04 4.1 319.0448 [M+H]'
16 2-FH 4 L R RE R 2-Methoxycinnamic acid C,oH;(05 43 177.0557 [M-H]
17 PRI B 1R Ferulic acid C,oH,404 33 193.0506 [M-H]
18 S BELR Isoferulic acid C,oH,00,4 2.3 193.0506 [M-H]”
19 T-HERF TR 7-Methoxycoumarin C,oH;O; 58 175.0401 [M-H]”
20 R Chlorogenic acid CyH,504 2.7 353.0878 [M-H]”
21 e Cryptochlorogenic acid C,H,504 47 353.0878 [M-H]”
22 AR R Neochlorogenic acid C6H,50, 1.7 353.0878 [M-H]
23 R L-Tryptophan C,H,,N,0, 1.9 203.0826 [M-H]”
24 il 2% Naringenin C,sH,,05 8.7 271.0612 [M-H]”
25 FILEH Epicatechin C,sH,,04 3.1 289.0718 [M-H]
26 8-O-Z Bk LLIHE 11 H g 8-0-Acetyl shanzhiside methyl ester CoHy0, 15 493.1563  [M-HCOO]"
27 ARERFE Luteoloside C,H,0,, 2.3 447.0933 [M-H]”
28 EPaa Astragalin CyH,0y, 8.2 447.0933 [M-H]”
29 BT Hyperin C,Hy0p, 7.7 463.0882 [M-H]
30 SR Isoquercitrin CyH,00,, 7.6 463.0882 [M-H]”
31 LA Plantagoside C,H,,0,, 6.2 465.1039 [M-H]”
32 A -3-O- b Aempferol-3-O-rutinoside Cy7H300 8.2 593.1512 [M-H]
3 ) Rutin Cy7H3006 7.4 609.1461 [M-H]
34 JFAET KB, Procyanidin B, C3Hy0,, 2.1 577.1352 [M-H]
35 FREERE RER Madecassic acid C;0Hy 506 16.1 503.3378 [M-H]"
36 BEHIR Succinic acid C,HO, 1.1 117.0193 [M-H]”
37 L-3E5R R L-Malic acid CHgOs 0.9 133.0143 (M-HJ"
38 D- A D-Xylose CsH,,05 42 149.0456 [M-H]"
39 D-(+) /K i D-(+)-Glucose CH,,04 0.7 179.0561 [M-H]
40 FrCEIR Isoleucine C¢H,3NO, 1.1 130.0874 [M-H]
41 D-11124 D-Sorbitol CeH,,04 0.7 181.0718 [M-HT
42 JH2 Nicotinic acid C(H;NO, 13 122.0248 [M-H]”
43 REZUIE ) it 5-Hydroxymethylfurfural C¢HO;4 8.8 125.0244 [M-H]”
44 Frigm Citric acid C4H,0, 1.1 191.0197 [M-H]
45 TR Quinic acid C,H,,04 0.7 191.0561 [M-H]"
46 X FRHEAR TR 4-Hydroxybenzoic acid C,HO, 7.9 137.0244 [M-H]”
47 KR Salicylic acid C,HO, 24 137.0244 [M-H]
48 JE Lok mE Protocatechuic aldehyde C,HO, 3.0 137.0244 [M-H]”
49 S B Isovanillin CgHgO, 2.3 151.0401 [M-H]”
50 5-HE SRR 5-Methoxysalicylic acid CgH O, 3.1 167.0350 [M-H]”
51 HHM Vanillic acid CH;0, 13 167.0350 [M-H]
52 HNER Phenprobamate CoH,|NO, 1.3 164.0717 [M-H]"
53 G- %o} 7 3. P Cis-p-coumaric acid C,HgO, 1.8 163.0401 [M-H]
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k1
T &Y Y4 437 e EfE (min)  FiBmz BB
54 XA LR Trans-p-coumaric acid CyH 0,4 2.6 163.0401 [M-H]
55 LE=R Vanillin acetate CoH 404 3.4 193.0506 [M-H]
56 P ZILIR £ R Ethyl4-hydroxy-3-methoxycinnamate C,H,,0,4 9.5 221.0819 [M-H]
57 3% A TR 3-P-coumaroyl quinic acid C,H,404 2.6 337.0929 [M-H]
58 RIETFIR Rosmarinic acid CygH 0y 1.5 359.0772 [M-H]”
4-ZIFHIRF2-0-(6- KA -ALPHA-L- )
59 I EEEE) -BETA-D- I AT AT Ptelatoside B CyoHys0i 8.3 427.1610 [M-H]
60 MR B H Phloridzin CyH,,0 9.2 435.1297 [M-H]”
61 SRR -3-O-H A b Isorhamnetin-3-O-glucoside Cy,H,,0,, 8.5 477.1039 [M-H]"
62 FRABR-3-0-ZF A Isorhamnetin-3-O-rutinoside CygH3,046 8.4 623.1618 [M-H]”
63 WHE Anthocyanin C,6H 406 6.0 303.0874 [M-H]
64 FAEE R Procyanidin CyoH,,04 5.9 467.0561 [M-H]”
65 AT FEA, Procyanidin A, Cy0H,,01, 6.9 575.1195 [M-H]”
66 JFAET KB, Procyanidin B, C30H,50,, 4.1 577.1352 [M-H]
67 JRAETHC, Procyanidin C, C,sHy05 2.9 865.1985 [M-H]"
68 W SR Fumaric acid C,H,0, 0.9 115.0037 [M-H]"
69 JFILEETR Protocatechuic acid C,H0, 6.2 153.0193 [M-H]”
70 IS Catechin C,sH,,04 3.0 289.0718 [M-H]
71 A Amygdalin CyH,NO 3.8 456.1511 [M-H]
72 SRR T R Methyl chlorogenate C,;H,,04 3.4 367.1035 [M-H]
73 [RES N7y Cis-aconitic acid C¢HgO4 0.8 173.0092 [M-H]
74 THR Syringic acid CoH,,0s 1.6 197.0456 [M-H]
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Fig.3 PCA plots of 5 fresh peaches in positive (a) and negative
(b) ion modes
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Fig.4 Three-dimensional PLS-DA maps of 5 fresh peaches in
positive (a) and negative (b) ion modes
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Table 2 Differential metabolites of positive ion mode

Fy EETFERAAREY S—EMsrPpcl B EMPC2
1 T-REFEGR 0.50665 0.071885
2 PRI 0.44147 -0.1072
3 i % —0.063054 -0.53098
4 #eA#EB, -0.33893 0.14862
5 PN -0.42511 -0.0074948

*3 TR

Table 3 Differential metabolites of negative ion mode

5 fEFREUREY F-FRSPCl BT ERSPC2
1 LR R 0.36949 -0.097593
2 B RIR 0.30177 -0.14915
3 FRILAKFE 0.30114 0.076599
4 JFALE KA, 0.29034 0.12125
5 Sl 0.21068 —0.071646
6 EHIFH 0.20816 —0.00063224
7 JFALEEB, 0.20219 0.17992
8 i) 0.10376 0.24834
9 FRAEE-3-0-=F/H 0.0976 0.31581
10 JFILASER -0.10771 0.28358
11 RERREA —0.14065 0.22285
12 BT -0.23329 0.031808

M 3 ATLUE Y, FE B T, PCL ey
FEIRARGRIR . e RR . RILKE BT R
A, BREEER . AT AT R B, SH R IEAH
S, PTT S HIR ARG . PC2 Sz iy S E S bR 2
R SR R-3-0-Z5F/F 1 JFILASER . ARRRET 5 H
EIEAHSE.
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PC1 B AE S IEASSE, 1T PC2 15450 E LT 0,
A AT DA AR ST T oAl 4 FhEERE, BHILZK BBk
T-FRIEAF TR TR L SRR . IR . RILAS
E.OJFIEHFE A, REER. EiF17. FIEHEE
B, &g, migid 2 B, INZSWY . 2 T SRR,

R JH PLS-DA 43T X4 fE b &tk 17 i 5k, 7
Bk, WEPk . SRk FTUT KRR S PRI Bk 22
AR AR HE S PLS-DA A5 8 3= il 43 14 VIP {H =
1.0 H W ZHAE 5 ] 32 ik 1 LU AE 1 XU X4 Log,Fold
Change ZEXTMH = 1.0, 435 4 FhEERk -5 FH LK 25
MRUEAT bz, iRk L0 e 18 Fh2a S i, 1Ak
JLafige 12 Fh2s AU, kIR e 18 Fh2s
S, BT K ERR IS 15 PR 2E SRR .
2RI TH RS IR L 4, F 5,
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Table 4 VIP values of differential metabolites between 4 kinds of fresh peaches and Yangshan honey peach
75 Tk VIP{E 1Ak VIP{H bk VIP{H BT Kk VIP{E
1 JFAETT £ B, 3.3 JFAETT EB, 2.7 JFAETT HA, 3.4 JFAETFTRC, 35
2 SRR 2.0 JRAEH HA, 2.6 JFAE % B, 32 JRAET % B, 34
3 ARBEAF 1.7 ARERREE 2.5 £ 2.4 R 1.7
4 TRREEGE 1.7 JRAETZC, 25 BLRIFR 1.9 FIER 1.7
5 b a3 1.7 JFAEH %B, 2.5 FIHHE 1.8 JFAETH % B, 1.5
6 FILFE 1.6 JILASHR 24 JFAEH £B, 1.6 BRI 1.4
7 JFRAETFTEA, 1.5 HHE 24 T 1.3 MT 13
8 EAAT 1.5 FILAE 1.4 T-EIEF G H 13 JRAET FEA, 13
9 T 1.4 SRR 12 Sl 13 BRI R 1.3
10 PN/ 1.4 T-RIETH 1.1 PRI BR 12 T-RIEF LR 12
11 LLZR 13 i % 1.1 R~V 12 WHE 1.1
12 JELZERR 13 i/ 3 1.0 HRTTH 12 LB, 1.1
13 Al % 1.3 SR 12 LR 1.0
14 Nit-p-75 SR 12 RERREA 1.1 [SE A 1.0
15 Sl 12 KRR 1.1 1L 1.0
16 FEHFH 1.1 Y4 EB, 1.1
17 JRAETT#C, 1.1 JFLZER 1.1
18 SRty 1.1 HEHER 1.0
5 ARMEERE S BH LK L2 SR Log,Fold Change {H
Table 5 Log,Fold Change values of differential metabolites between 4 kinds of fresh peaches and Yangshan honey peach
T HPk Log,Fold Change IRk Log,Fold Change BBk Log,Fold Change ~ #UT/K##Mk  Log,Fold Change

1 JFAET #B, 4.1 JEAETT R B, -29.9 JFAETTRA, -27.1 JFAETFHRC, 249

2 LRJER -8.9 FALERA, -27.1 JFALE B, -24.1 JFALE B, -24.1

3 RERRIA 6.2 RERREA -24.9 SRR -13.0 23N —6.1

4 T-REFUR -6.0 JFAETF RC, -24.9 BRI -8.7 RILEE -5.7

5 TR R 6.0 JFAETF £ B, —24.1 FILEER 74 JFIEH KB, 4.4

6 FILER -5.8 JFILZE IR -232 JFAETF R B, -5.7 ek R —4.1

7 JEAET RA, -4.7 HHER -225 T 42 T 3.7

8 BRIV 4.6 FIEFE -7.6 T-REFEER -4.0 JFAEBFFA, -35

9 T 4.1 LRIFEIR 6.2 e -3.8 FRILFA T BR 35

10 THAER -4.1 TRIEEER -5.0 IR BR 3.6 TRIEGTH 32

11 IS} 3.7 T R -4.6 R 34 HHR 2.3

12 ULz 3.6 Thsg —4.4 HHTTH 33 4B, 23

13 TR % -3.6 S AR 33 FSEER 22

14 i-p-FHFER -3.0 REBRAF 3.0 [BEREA 22

15 St -2.9 HKINER 2.8 IIPSiT 2.1

16 LRI T -2.8 Hi/E#B, 27

17 JEIEEEC 27 L 26

18 G BRI 24 HE 2.5

5 Fpfdk 2z a] i 22 A QI s M 3 25 Bk G
HEFMRILE, Log,Fold Change J&— PP 5 #& ik
IKEAE L R /INBIFE R, % 5 7 Log,Fold Change i
“H AR AN P 2= S AR Y F s T RH LUK EE
B, AR E AT R IR ERL . 4 Ak S EH L
IK#E Mk Log,Fold Change X {H i o4 2.1~29.9,
) = 1.0, LA 22 AR Z 18] i 38 /K- 25 R I TE
2 R b

2% 5 Fda o, Wk b Y JSAETT 3R B, PR Y
JFAETT R B, A, Gy By ARBEH | JRJLASIR . {E
TR, FE R FE A, By, FrUT/AKER R

% C,. B; i Log,Fold Change #aXH{H 4 = 20.0,
H oA, B e BH LK BRI, 22 55+ {8AE 400 1%
VI b SREGEE SR, IRAET RIS 2 BH LK
5 HA 4 PPt Bk S22 AR . JRAETT R
LA R LS R el R LS R LS R 53R
JLZE R RGP, 2 I B ke-3 -l 2 (8] 2 227 Y
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Fig.6 Heatmap of cluster analysis of differential metabolites in 5 fresh peaches
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