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R FE S K FELE DBP FIABHE iR —(2-2
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T TR AT A 0B I AR e (DR A S I ) TR
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AR A AN A5 ek F- PAEs & G A R 5,
SEZEH A BT E bR, A A R m A = S
ZILG T RGAT PAES 288 028 1 A 5
ZRE TR BT B S e S A R AR AL 2 E A
PRI PREE 15 G By #5 S At PR AR -

1 MHBEFE

1.1 XTI 548

Centrifuge 5424R % ¥k 250 AL, 78[5 Eppendorf 2y
Al SBL-10TD # i P s BEHIL, T 08 2 A= Pkt
Fe e A BRZN ] ; Wonbio-96¢ Z2#E 5 A RBFERAX, |
T RAA IR A BR A 7] LNG-T88 £ 0P 0
Wedi T AR, KRR 5 IXDC-20 AR
WA, b {5 Sl A JR A BR 23 W) 5 Vanquish Hori-
zon system UHPLC i AH {43 5 4t . Q-Exactive i
%, 3 Thermo Scientific 23 7] .

Tezd 2 5 2 AR A R R B EBE .+
A AR A RS S B 0~20 em R Z .
HEFRALPE T : pH 6.09 A ML 14.52 g/kg HUACER i
RO ALY )k 201.41.,50.57 .34.06 mg/kg ",

P A1 DBP ¥4 8 4 B 46, W 11 [ 25 42 H Ak 27
%145 R 25 7 s DAP .BBP . DIBP £l DEHP ¥ % 4 7
afi W 7 b SR A AR A BR S | 5 F AN 2
YIS HPLC 90, | 2= e 5 /8 (rp D) A R | 5 HE
1% HPLC 951, 1 A 32 Sigma-Aldrich 28 7] 5 2-15
fis > HPLC 9000, W B B3R v ik THOR (il ) A R
Al 3 2-G-L-R N AR (=98 %) W H L i Ze 1 Bl 47 it
Py AR

1.2 REigTt

5B X I (Control) ATERALER(TO) AR5 & 434K
PAEs(T1) . " Jfi B 70 U PAEs (T2) F i it & 43 5%
PAEs(T3)5 MRS, Apdl i B 4T, 4201~ F
Bro FEEDHAR AN D42 45 em 55 30 ecm. T 2022 4F
7320 H KRB 13R85 B AR R AA
A 2 ot B G, BRI + 32 kg (55 2 20
em) IFHKIR WL, T 20224E7 A 22 H , K3
UK/ B — B 28 H A0 08 A, B AR AE 1
/NERL

FEEE AT KBRES, T20224E10 H 1 H
i 25 . Control 2 AT AR &S, TO &5 >k V3 i X B
H,T1. T2 T34 LL15 mL R EIE R BEF), 4
Ff PAE #8405 4 25 mg(T141) 500 mg(T241)
A110 000 mg (T3 41) . T1AULFY ks ik 0.78
mg/kg, % & &5 4 R R AR AT
P e e U] %0 B A 2E LA P Rl A PAES.
YT PAEs 7E M5 8 A7 7F , R BB T & 5l
AbERZH . T2, T3 nbs i 43 5 R T1 2409 20 £ 1
400 % , B FEIRIEAN A & B0 FE PAEs 7828 UK 1Y
RS LA B AR AR 5 S TR B s . S B
1B RS2 &L T PAEs & &, #5813 A, K
i RGE S AE TR . AR AR D, BT
HEAME 2K, MK 10 g0 FKREUR KN E ,
FEKBR 3~7 emo XPZEE4 AR B G =S H+
e sk PAEs #ET 1RI, A S & i (3R 1) Sithn
A LG AT Z BN T

®1 AEERPPAESHESEEMENMIPHERE

Table 1 Background concentrations of PAEs in different sources and the total amount in each tank

I3t T4/ (pg/kg) FI2kK /(png/1) REHE/ (ng/g) A/ (pg/kg) G RTT /pg
Analyte Soil Tap water Fertilizer Seedling Total amount in each tank
DAP ND ND 0.60 ND 12.00
DIBP ND 2.68 ND ND 1608.00
DBP ND 1.37 ND ND 822.00
BBP ND 0.60 0.49 ND 369.80
DEHP 13.12 ND 0.80 11.67 552.54

11 Note:ND, A3 i} No detected.
1.3 HEmREFMAE
T 2022 4F 11 H 2 H R4S 21 Fh iR R/ VR
EER S A B 2R HTRB ALK e i ) 25 i L
DB ARG T 7K 3, 25 bR L B 8 3 40, X Y BT A s
SIS & NGRS EA LI/ I 2 50 SO iRA RSV
O3 GO JEORE TR AE IR VAR AR 1 i B R R |

5 AT

PEEL Control 4, TO 41 , T2 20 F1 T3 25 3 4 FF i
5P R 1~2 mm B /N 78 TR A
FE T —80 CLUMEA I By FE . PR i & 641
b3,

HEFIFRIL(5045) mgFEdh 2 2 mL 308, A
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o545 3%

1B 2 6 mm (Y B 5 2k A1 400 pl $2 B (Vg -
Ve=4:1), 8 BUR % 0.02 mg/mL L-2-5 K N & iR
WHR o FHE R 2L0F AW 6 min(— 10 °C .50
Hz) J& , 75 A T4 30 min(5 °C .40 kHz) o ¥5FE S
T — 20 “CHE 30 min, .0 15 min(13 000 r/min .
4°C) , e Ja B M L0 W 2 AR A MR RE /N P
LA o O3 80, WA FEAS a3 il A8 B 20 pll b3
W RS TR BTHEREAS
1.4 LC-MS# il &4

UHPLC-Q Exactive & 4t & 3% 4 ACQUITY
UPLC HSS T3(100 mmX2.1 mm i.d., 1.8 um; Wa-
ters, Milford, USA) ; i sh 40 A 8 95% /K +5% £ g
(Z01% W), MM B A 47.5% LNE+47.5% F
PIBE+5% K (% 0.1% HER) 5 i i 4 0.40 mL/min,
PEREEN 2 pl  BEIR N 40 °Co VERUBRIE WL 2. FESh
SR RS, A SR E R A AR AR AR i
WeAFT o BARBTE S 50003R 3.

F2 RAEEIERIAEERAESG
Table 2 Elution conditions for liquid chromatography
M hoene A% w0
0 0.4 100 0
0.1 0.4 95 5
2 0.4 75 25
9 0.4 0 100
13 0.4 0 100
13.1 0.4 100 0
16 0.4 100 0
x3 RiLESH

Table 3 The parameters for mass spectrometry

#i3iA Description ZH Parameter

FEVERE (m/2) Scanning range 70~1 050
By ik /arb Sheath gas flow rate 40
AN /arb Auxiliary air flow velocity 10
Jin#ARJE /°C Heating temperature 400
BN IREE/C Capillary temperature 320
5555 1 (IEAE3L) /V Spray voltage (positive mode) 3500
5§25 B i (17 4%25X) /V Spray voltage (negative mode) —2800
Lens H£/V Lens voltage 50
fif# it /eV Collision energy 20.,40.60
53 PR (Full MS)Resolution 70 000
4R /MS? Resolution 17 500

15 &/ #&

JFi 2 (quality control, QC) REAS Hi BT A REAS 47 B
TR AR BRTR A ) 8 T s, R T o3 AT R S A () 1 1
Ab BRI, B> QC RS FEAAH A . ZEALAS AT

et B B S~15 AT FEA I A 1T QCHEAS,
DA G AR I o AR A T
1.6 EIETALEE AN B

LC-MS Jifi B0t S A A 2H 2 Ak B4R Pro-
genesis QI (Waters Corporation, Milford, USA) i# 17
FeLe ok uk TR RSy IR R I TR A T R X 5 4
RO S 275 3] 1P B3 I [R] | J5 Ay b R e 5 J32 114 %K
0 AE o B5CH A 1 80 00 AU 2 R ik R AR, BV AR BA
/0 TN PAEERME 80% LL LA AS & , B R IR
J R rh e/ ME AP 23 BB . A BNV i A RS 2
ANKRE R B R 22, R RINE — b 7 X R AR Jo 3 0
(8 W 1 5 B2 AT 5 — 4k, [RT IS R QC #E 4K RSD>
3000 125, AT logo WAEULAL BE, 15 B I T
Ja LA AT B R . B MS iS5 8 5 AR A
5B A A\ B4 45 £ % (Kyoto Encyclopedia of
Eenes and Eenomes, KEGG ) IEHL , 75 2 4C I #115 B .
J 4 ) A 2 D R D BT AR 2 AR
()50 B i £ (8] & K >85 00 , R AR WA R B ) ]
P 22 <20.1 min, 32 APy 0 180 R 4 R XoF s 1 g 2
(RSD)<20%6 5 QCHEAS 1 ik 5 Uit i3 &1 25 1] dnd
NG —E A5 5 FE (RSD<T15%) , R A H il
T M RAF , FEAS T A R SRR SR A o 7R i o M
FFE AR AR A 2 BT 2K
1.7 ZRREYIH

Ak HS R EUE EAESEH A =B BT
P53 AT, AL G 3 B 4370 B (principal component analy-
sis, PCA) i fc /)y — 3 3 F1 51 73 B (orthogonal par-
tial least squares-discriminant analysis, OPLS-DA) |
— B 78 5 A A (variable importance in projection,
VIP) B4k r-test . 2 b5 %k (fold change, FC) 2% &
ZE R I 25381 (one-way ANOVA) FIAX 1518
e pr . KLVIP>1 . FC>18<C0.5,P<<0.05 1 22
SR L B . A B Y TE RS T KEGG £
P 1 (www.genome.jp/kegg/ligand.html)

2 HR5HMH

21 PAESBMETHRZEEFMBRETL

F 4 Jg A R A3 KL PAEs e PR B ik 30 5 P
LE SRR, TO T T2 M T34 m T
Control 41 , {H 41 ] Jc &t 3 22 5 (P=>0.05) , 2& W] A il
FANTR) J57 15 43 K PAES 38 X 28 1 PR Jo 25 0 22 52 )
NG AT 25 O ML 5 e A bk 3 LA — S T
ZAE . B PAESs H B o0 50T R = 1



o5 2 1A

WREFIT 25« 400K — TR IR0 X 28 11 P T8 85 57 it S BCHCA s S ML ) 32 231

B, T340 M B KT Control 41 (P<<0.05) , ¥
BH = 0 20 B PAE s W i 3 BRAIEE (1 PR 25
HETT S AL BT o T2 40 SR 43 Rk M IR 4344
i T HAL AL, T3 40 3 B AR (P<<0.05) , 151
T i3 PAESs e A2 F K 43 WS sl RS 1R I
LY RS RGN 1 PAESs FR &0 80wt X

PR G2 2 S0

5 Control Z4AH b, TO, T1 F1 T2 4l /K 4 5 & i
AR (P<<0.05) , TO H1 T'3 ZEUHLLT 2 & 43 5134
T 7.69% F146.15% , < W T R 1S T 3 4 2L PAES
Joip 36 S 3 BN 2 1 PR 2R AR A i, T RR R A
JRZE B R AR

F4 PAEsFIAFAMEN ARZEE FRRIIIE

Table 4 Effects of PAEs and acetone stress on nutritional quality of succulent stems

F845 Index Control TO T1 T2 T3
T# 4 /g Hardness 3282.73473.94a  3520.03+234.40a 3 658.80%705.91a 3701.54+634.68a 3 617.854-493.51a
F1JE Whiteness 73.5744.00a 69.85+4.02a 69.71£3.88a 68.92-£3.70a 65.93-4.32b
HLZF4E/ (g/100 g) Crude fiber 0.397420.01be 0.4274-0.02b 0.344-0.01c¢ 0.3740.01bc 0.5740.01a
BKAY/(g/100 g) Total ash 0.6040.01b 0.5840.01c 0.6440.00b 0.754-0.01a 0.5340.01d
KBRS/ (g/100 g) Water-soluble ash 0.6274-0.00b 0.5240.01c 0.584-0.00b 0.6740.01a 0.4740.01d
K4 E 4/ (g/100 g) Moisture content 89.98+0.19a 88.06+0.15d 88.51+0.16¢ 89.11-+0.11b 89.63-+0.15a
ATHPEFEIEY/ (g/100 g) Soluble solids 5.1740.12¢ 5.3340.05¢ 5.7340.09b 8.5340.05a 4.83+0.05d
A4 E R/ % Titratable acid 0.334-0.00a 0.3120.00a 0.294-0.00b 0.247-0.00¢ 0.2340.00¢
W JEHE/ (mg/g) Reducing sugar 45.3940.09d 61.13+0.81a 44.3340.40d 53.48--0.30b 47.94--0.09¢
41 % C/(mg/100 g) Vitamin C 4.6974-0.23a 4.3940.07a 3.56=-0.13b 3.06=0.06¢ 2.344-0.17d
AT 1/ (g/100 ) Soluble protein 0.104-0.02¢ 0.144-0.03c 0.414-0.05b 0.4474-0.04b 0.5140.02a

T 2 5502/ (pg/g) Free amino acids 235.09+0.94e

#fili/ (mg/g) Flavonoid 1.6840.11a

W/ (mg/g) Total phenols 0.24+0.01b

248.36+2.37d
0.9540.03b
0.252£0.01b

259.2940.55¢ 271.27+4.24b 289.06+3.54a

0.954-0.09b 0.934=0.03b 0.7340.05¢

0.302£0.01a 0.2740.00b 0.22£0.01c

=17 AR TR/ING - REAR R4 ) 22 57 2 (P<<0.05) . Note: The different lowercase letters in the same row represent significant dif-

ferences among the groups(P<C0.05).

FEIR I 5T it 43 B L Y Bl S A T PAES it
I, PRI 5T 25 AT O ) 5 S B M in L T2 2H Tk
e W) 5 8K o3 & B TO 41 4% 1 48 in 64.99%
25.00%, B & & T H A4, T3 4 & & FMK(P<
0.05) , 156 B P4 1 A1 3% Jt 51 3 43 50 19 PAESs RE 842 it
PR 25 R 1, T PAEs 5t 5 0 %4 & ), 7] fig
SO A T T A T A O A B AR AR
FTOH , T1. T2 Ff1 T34 8 JF B & & F & T
27.48% .12.51% 1 21.58 % (P<<0.05) , ] ifi %€ & &
TP R 6.45% .22.58 % H125.80% (P<<0.05) , {ifi
PRI 25 114 1 2 B (] 3 [ B 40 45 T i o TR 1) LA
S U B AR 43 B0 v B i B PAEs Bt el
T TR T ZE R AR XU

5 Control ZHAHEL, TO.T1. T2 F T3 4H 44X C
B IR T 6.40% .24.09% . 34.75% F150.11 %
(P<C0.05) , B EZE A4 W & 150 AIREAIR T 43.45%4 .
43.45% . 44.64% F156.55% (P<<0.05) , By 21L& ¥
5B B RS 0N Y A B LT IR T A B
PAEs [ i 35 B UEAE , 2 W8 1 P 5T 2532 31 3 i 1

PAEs Wit i, 85 i A4 A= R C AR bt A b ok &
THFELATH B A 1 & (reactive oxygen species, ROS) ,
(7] 22 368 o 48 v A PN 22 T 5 kA 30 o 08 22 b3
1R I A AR TR B PAES 230 28 117 4E
NI BULE U F TG 36 I 2R AL /D518 i 23/ WA

Ui B9 S R N A VP B R SR SR M (A Y
B RGR , S 5PN AR EE DUtk i
R P4 5 Control 4440 1, TO.T1, T2 F1 T3
2H i B A R R & R 4 ) 3 i 5.640%6. 10.29%6 .
15.39% 1 22.96 % ; AT % PE 85 H 43 51 38 n 40%6 .
310%.340% F1410% , U6 BH A il 1 PAEs Wi 35 25
I 25 (R TR B LR AN n R UL, L PAES
[T H o BORK e R R A A, DA R IE H B AR, A
AL ) [ B ARV

SE LRI AR R A8 PAESs Bt (i v] 355 52 R 5
W JFOBE 25 5 R W TR BB, oA 1A T 25 AR XL
R 5 0 25 2 BE IR R T P A 1 R T R
3R . T8 PAES Bk (8 9 4 5 a5 1k
Tt de v PR IO 2 XU S e 5 U0 25 2 i A ]
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o545 3%

SRR S AR T . R T 3 A PAES JBhE
Hh IR T 2R A7 B, B EREL A R
AREMEEN TR ER HERC EITERE T
B, B T S b Ak o S 3 A (R P B
5 LR AN B iR B (B LA A R I A I
2.2 HARILBSH

R FHTE W PCA J5 i WA AR AR (] 1) SR 5375
oo ERNE PR, 1 FERS (PCL) FIES 2 5k
43 (PC2) 1) STHR R 43 51k 22.40% F116.90% . FE4
HST AT i A T A B S T ] — A X, SR A
PAAE S BRI, TE I T A PR ) R M R S
Ji A5 41455 Control 41 W 3 43 5, Ui W PAESs 1 T4 i
30 44 0 2 T 2R AR . QC REAS ZEH5 /N X
PRI 7 R SR 2 3R IS B A A A AR M R
FIE
23 RiERER

1 % 5 B0 1Y 689 AR ™ W 5 A AR A
¥4 72 (human metabolome database , HMDB ) i# 47
Fexd, A 526 b G waE R 12 K5 (E 2) .
1854k & W i 1 B B B B FH 2 g 4125, 92 4k
B W R BN ML B AT A W 25, 81 A pl T B

=

FURIES
Lipids and lipid-like molecules:
185 (35.17%)

/

AR B AT
Organic acids and derivatives: 92 (17.49%)

144> Scores (PCA)

®0C

- ® Control
40r ®T0
T2
W T3
20f .
-20r o :
P .
T S :

_6—080 -60 -40 -20 O 20 40 60 80

PC1(22.40%)
Bl 44E#mIMQCH PCABLSHAE
Fig.1 PCA score plot for the 4 groups of

PC2(16.90%)
=
@

samples and QC samples

A PAA G, 62 D BB & A ALk
BY 38R B PRI R S W, 26 D TE R R
NSRBI , 19 W B BAZ T AL R M2k
Y, 14D BE BB A LA G Y, 44 B0 B3
B S AL B Y, 3 BlE R B AR Wy S AT AR L 1
MHTERBIYAAE SRS Y, LR BRI A L
WS .

¥R EE S

Homogeneous non-metal compounds: 1 (0.19%)

LGS
Organosulfur compounds: 1 (0.19%)

SN\ A H AT )
Alkaloid sand derivatives: 3 (0.57%)
wEEY

Hydrocarbons: 4 (0.76%)
BHE AP
Organic nitrogen compounds: 14 (2.66%)
B, BEm Ry

Nucleosides, nucleotides, and analogues: 19 (3.61%)
IR IER AR &)
Phenylpropanoids and polyketides: 26 (4.94%)
\ e
Benze noids: 38 (7.22%)
AULEEY
Organic oxygen compounds: 62 (11.79%)

OIS

Organohetero cyclic compounds: 81 (15.40%)

2 HMDB&#143 2
Fig.2 The classification of metabolites compared with HMDB database

24 EXREN_FEHARSH

A & 3\ 1, TO vs Control, T2 vs TO F1 T3 vs
TOIX 3% LA R U B9 X 73848 . £ OPLS-DA
MERI | R? R m T BRI Y B A i R, Q7
FRAE A B T BE T, 3X 2 DR PR BRI T 1R R AR
bR E TR MAE s R 2 2 R

PR AR B R RPE YR T°0.997 H Q°fHI K
F0.951, e iz A5 A JE: 1] 52 1) FLAE f PR R AR 18] A9 £
W25 . HIRIE OPLS-DA #88 J& 75 47 76 i 1l & 3
G 3 BEHLE AR 73 7 Y IHESIUY |, B A 16
200 Y LASRBUBEALIE 20 (1 R QB (1 4) , 45 5K 1
BRI ] 5, RTEAEd A A
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30, ®T0
A ® Control

30 T2
B ®T0

30 oT3
C ®TO

20 20

51

10 10

0 0

o
0 0% o

[

-10 -10

=20 -20

S — IE 2y
Orthogonal component1(5.26%)
(=)

S — IE 2y
Orthogonal component1(5.26%)

(2]
B 1E3E Y
Orthogonal component1(5.26%)

230 20 <100 10 20 30 %0 0 Sio 0 10 20 30
A — W 3 A S A5 — W 3 RSy
Component1(53.90%) Component1(43.50%)
A:TO vs Control;B: T2 vs TO;C: T3 vs TO.
B3 Rtk EH OPLS-DABHHEE

Fig.3 Pairwise comparison OPLS-DA score scatter plots

-30
-30 -20 -10 O 10 20 30

S — PO 3 Sy
Component1(50.50%)

25 ERKIFWHTHEMEE

R T k2 B AN ] 5T A 5350 PAEs K PR R
3% 28 AR 520, %7 TO vs Control , T2 vs TO
FIT3 vs TO A AR AT it e . AR 4
A LIFE 4, TO vs Control 41 W 28 52 B )G 4 FR IV 22 57
R B Ry 228, AL 1154 B8 A1 113 4~ F
T2 vs TO L % 7 B A 44 FR i 22 AR R

227 435 136 A~ FIAFI 91 AN I 5 T3 vs TO 4L H 4
FE B A 24 FR 1) 22 A P B0 o 267, 4035 139 4
FIAAN1284 T IH . AE 3R, R AL
RTINS £, =W PAESs RIS R 38 g
WA ZE TR A S E ARG 3. 455 T2 vs TO
T3 vs TOA AT LA LI, 22 AU 8 5 PAEs it
OB ] R B IE 1) ) AN R

14 16 18
-
12 14 16
o Ll 14
10 K eI 2
i B 2.0, e kimupas) T o Li Up(136) 5 2 o Fil Up(167)
. 8 o e Mo o R Nosigd6l) L © AW Nosig462) . 10 © AU Nosig(427)
ES p e e * 4 ® [ §i Down(113) S ® i Down(91) ] 8 ® [ i Down(95)
v LR i S R T vIP v VIP
® % § 6
4 s & ML 3' 0.0 0.0 0.0
oo, oo lat 1.4 4 1.6 4 1.4
2 N 28 32 # .. 2.9
!: - 4.3 2 : 48 2ty et | 043
0 - 0 S 0
-2 -15 -1.0 0.5 0.0 05 1.0 -1.0 =05 0.0 05 1.0 15 2.0 =
log, FC log, FC

A:TO vs Control; B: T2 vs TO;C: T3 vs TO.
4 RABTFEXTHI LB ESRKE~WAL

Fig.4 Volcanic diagrams of differential metabolites obtained from paired comparison In the mixed ion mode

26 ERKRFWHTHRESHT

3 5 ARG e g v 3 2 2 AR i AE A
i 2R W], 76 PAEs R R 09 e T, PR 5T 25 b 00
R R AR I IR A S ST SO AR 2
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Table 5 Changes of the major differential metabolites in different contrast groups

255 Category 205 Group R4 Metabolite VIP FC P
L-RAF W L-Aspartic acid 1.5858 1.1010 0.0000
TOvs Control B4R p-Alanine 1.7327 1.131 1 0.000 0
L% L-Glutamine 1.3486 0.943 1 0.000 0
SR T2 vs TO LA 5% L-Lysine 1.0327 0.9732 0.000 1
Amino acids LR L-Lysine 1.298 7 1.050 7 0.000 0
B-NER B-Alanine 1.2825 1.056 1 0.000 0
T3 vs TO
L~ % L-Tryptophan 1.3633 1.066 8 0.000 0
L-#%#% L-Tyrosine 1.595 7 1.099 9 0.000 0
Jfi# Cytidine 1.564 8 0.921 2 0.000 0
JfgmEIE Cytosine 1.1445 0.9570 0.0000
. . IS Hypoxanthine 1.593 4 0.894 4 0.000 0
T0 vs Control
M3 Adenosine 1.0250 0.961 6 0.000 0
) B E 4 Guanine 1.009 5 0.954 7 0.0000
WA 835 G ) Lo7a
Nucleotides 5 Guanosine .07 0.960 9 0.000 0
B4 Guanylic acid 1.460 0 0.946 4 0.000 0
T2vs TO I IRTE Cyclic adenosine monophosphate 1.966 8 0.883 6 0.000 0
JIZE04 Adenine 1.3152 1.0409 0.000 0
Jfi45 Cytidine 1.3424 0.9399 0.000 9
T3 vs TO R = L )
PR 2", 3B R Uridine 2', 3'-cyclic phosphate 1.140 2 0.954 1 0.000 4
S TO vs Control  BEJSEEARGH(16:0/0:0) Phosphatidylcholine 1.6885 1.099 7 0.000 0
Lipids T2 vs TO A3 Linoleic acid 1.1247 1.0397 0.010 1
REME Sucros 1.9050 1.176 6 0.000 2
ik TO vs Control Fﬁp*j# gucrose ] °
Carbohydrates 2 3 =# Maltotriose 1.908 2 1.150 1 0.0000
T3 vs TO 3 3 =# Maltotriose 1.677°9 0.8929 0.000 1
5K
ﬁm_m# T3 vs TO TR Citric acid 1.3916 0.864 6 0.000 0
Organic acids
TO vs Control 1Z i Pantothenic acid 1.062 3 1.0407 0.000 0
\ AEENE Nicotinamide 1.2427 0.953 1 0.000 0
R ML Pyridoxal 1.69: 901 ).000 (
Vitamins T3 vs TO yridoxa .693 6 0.901 8 0.000 0
1Z 2 Pantothenic acid 1.044 7 1.0329 0.000 1
D-Z#% D-Pantothenic acid 1.283 1 1.0700 0.000 0
TO vs Control  #E#ifi% Shikimic acid 1.4158 1.091 2 0.000 0
ENLESS FFF B Sinapy! alcohol 1.085 1 1.048 3 0.004 4
Phenylpropanoids T3 vs TO 2R trans-Cinnamic acid 1.6605 1.064 9 0.0000
6] ¥ L I RERR m-Hydroxycinnamic acid 1.8374 1.1812 0.000 0
. Hili 2 % Naringenin 41185 2.3237 0.0000
TO vs Control
pGES Jr3%# Apigenin 2.3850 0.728 6 0.0010
Flavonoids T2 vs TO Al 2 % Naringenin 4.260 6 0.3279 0.0000
T3 vs TO fili 2 % Naringenin 2.7516 0.6255 0.000 3
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Fig.5 The plot of significantly changed metabolism pathway enrichment for groups obtained from paired comparison
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Table 6 Metabolite information annotated to the metabolic pathways

alkaloid biosynthesis(map00960)
TBURR SR

Glutathione metabolism (map00480)

/

205 R VIP FC P Z:5 R Y D
Group Metabolite ’ ID of metabolic pathway
JE# I Putrescine 24582 1.5772 0.004 2 map00330, map00480, map00960
¥ Spermine 2.2070 1.2700  0.0000 map00330, map00480, map00770
TO vs Control B % Ecdysone 1.7606 1.2581 0.0000 map00960
4-FRFENAERE T e 4-Hydroxycinnamoy! butylamine 3.3492 0.4616 0.000 2 map00330
A4 H K Glutathione 34299 1.2585  0.0000 map00480
T2vs TO  4-3FERAERE T % 4-Hydroxycinnamoy! butylamine 3.4786 1.8952  0.000 9 map00330
J&5 W Putrescine 1.7137 1.6970 0.044 4 map00330, map00480 , map00960
ST BT K Oxidized glutathione 2.5661 1.2000  0.0000 map00480
T3 vs TO HEH Spermine 2.6266 1.3441 0.0000 map00330,map00480, map00770, map00410
Vs
iS58 K % Ecdysone 24392 1.3800 0.0000 map00960
AL AL T 1 4-Hydroxycinnamoyl butylamine 21506 1.7187 0.0124 map00330
A H K Glutathione 2.5661 1.4000  0.0000 map00480
[ wamman |
{ Arginine biosynthesis i
i o | EERAHEGA LY
! i L- YRR i A il | ] e e
| Arginine —~ L-Omnithine Arginine and proline metabolism ! Idi (ma]}al00770) :
| | anc | onc (map00330) AN /
i = ; : /i P Can— P
{ o RSROMTE gy S e R L ppimmitl )
| p-Coumaroy lagmatine Agmatine Putrescine permicine D! i H B-Alanine i
4 m m o ] i metabolism !
} L (map00410)
SOETMTRE | LWORNOERSS < NOpsegme Y /O ABEHE ATy
i Ecgonine 1-Methyl pyrrolinium N-Methylputrescine | | K = AR == Glutathione disulfide |
i methylester i | Glutathionyl Glutathione (GSSG) !
il B RBERIMENE R R { | spermidine (B
1 28 / Ecgonine Tropane, piperidine and pyridine . o s |
g b RN H R |
i 11 i
' I3 ]

. Pseudoecgonine
<

7
-

\,

.

ed

YT J7 B9 3ANHE 22 8 47 4331 3675 TO vs Control \ T2 vs TORI T3 vs TO 4 i AR LAE I, 21 (0 R B, S (0 378 T, IR (38R

Jo ki #754k . The three boxes below the substance represent the changes of the substance in T0 vs Control, T2 vs TO, and T3 vs TO from left

to right. Red indicates upregulation, green indicates downregulation, and gray indicates no significant change.
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Fig.6 The main metabolic pathways of Zizania latifolia under the stress of PAEs or acetone
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Effects of phthalic acid esters on nutritional quality and mechanisms
of metabolic response in succulent stems of Zizania latifolia

CHEN Shuyan',ZHANG Dan',ZHOU Kai*, ZHONG Lan**, LI Xiujuan'

1.College of Food Science and Technology/Ministry of Education Key Laboratory of Environment Correla-
tive Dietology/Hubei Province Key Laboratory of Fruit & Vegetable Processing & Quality Control, Hua-
zhong Agricultural University, Wuhan 430070, China;
2.Vegetable Research Institute, Wuhan Academy of Agricultural Sciences, Wuhan 430064, China;
3.Hubei Hongshan Laboratory, Wuhan 430070, China

Abstract The mechanisms of metabolic response in the succulent stems of Zizania latifolia under dif-
ferent concentrations of phthalic acid esters (PAEs) were systematically analyzed using ultra-high perfor-
mance liquid chromatography-tandem mass spectrometry combined with untargeted metabolomics to study
the mechanism underlying changes in nutritional quality of Zizania latifolia succulent stems under phthalate
esters (PAEs) stress. The results showed that high concentrations of PAEs significantly increased the con-
tent of crude fiber (46.15% ) , soluble protein (410% ), and free amino acids (22.96% ) in the succulent
stems, but decreased the whiteness, the content of vitamin C (50.11% ), and the content of soluble sol-
ids. Medium concentrations of PAEs increased the content of total ash (16.67% ) and water-soluble ash
(11.48% ) in the succulent stems, while the content of crude fiber and reducing sugars in the succulent
stems were the lowest under low concentrations of PAEs. 689 differential metabolites were identified with
untargeted metabolomics. Medium concentrations of PAEs induced changes in 227 metabolites, among
which amino acids were down-regulated and lipids were up-regulated, significantly affecting the metabolic
pathways of arginine and proline. High concentrations of PAEs triggered changes in 267 metabolites, lead-
ing to the up-regulation of amino acids and phenylpropanoids, and the down-regulation of nucleotides and
organic acids. It will help to clarify the effects of PAEs pollution on the nutritional quality of crops, and
provide a scientific basis for agricultural production and environmental protection to promote the sustainable
development of agriculture and ensure food security.

Keywords Zizania latifolia ; phthalic acid esters (PAEs) ; nutritional quality ; untargeted metabolo-

mics ; response to stress
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