FIRF=MITFFT 5 IF % Nat Prod Res Dev 2024 ,36:1874-1888

FF UPLC-MS/MS M E kBB 2L H 53 47 1

BER FHA, 29008,
EEE LR ALBER L W BeR

A AR A e R A AR A AR
RE AR AR 2 B VA TR 5 £ R TR S T A S AR M 350002

& B ONRA TSR SRS DR B SR BT, A9 R F R v 5 VAR (3 FR BT % ( UPLC-MS/MS) 5% 18
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Analysis of phenolic acids in Nasturtium officinale R. Br. base on UPLC-MS/MS
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Abstract : To understand and explore the functional nutrients in Nasturtium officinale R. Br. ,an ultra-high performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) method was established for the qualitative and quantitative anal-
ysis of 17 phenolic acids in 18 N. officinale cultivars. The optimal detection method obtained by optimizing the parameters of
UPLC-MS/MS condition was as follows ; the samples were separated using an HSS T3 column and eluted with 0. 1% formic
acid-acetonitrile as mobile phase,the flow rate was set to 0.3 mL/min and the column temperature was set to 30°C. A total of
17 phenolic acids in N. officinale were detected by negative ion mode scanning. The separation effect of compounds is good.
The linear ranges of 17 phenolic acids showed good linearity (R = 0.999 2) ,the limit of detection ranged from 0. 8401 wg/
mL to 4. 040 pg/mL,the limit of quantitation ranged from 2. 001 pg/mL to 20.50 pg/mL,and the average recovery ranged
from 94.63% to 102.4% ,relative standard deviation<4.4% (n = 6). All 17 phenolic acids in 18 N. officinale detected by
our method were quantitatively measurable. The total phenolic acid content in different cultivars and the accumulation of 17
kinds of phenolic acids in the same N. officinale cultivar were significantly different. The total content of phenolic acids ranged
from 106.0 mg/g DW to 230.0 mg/g DW. Among them, p-hydroxybenzoic acid, ellagic acid, chlorogenic acid and 3 ,5-di-
hydroxybenzoic acid were the main phenolic acids in N. officinale. In summary ,the UPLC-MS/MS method can quickly and ac-
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curately analyze the composition and distribution of phenolic acid compounds in N. officinale ,and establish a technical plat-

form for the subsequent mining of excellent phenolic acid-rich germplasm resources of N. officinale ,which is helpful to accel-

erate the improvement of N. officinale cultivars.

Key words: Nasturtium officinale R. Br. ; phenolic acid; ultra-high performance liquid chromatography ; tandem mass spec-

trometry
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Table 1  Introduction information for seeds or seedlings of different N. officinale cultivars

ETRe Gk TR TF AL [i1] TR 45 S ]

No. Country of origin Flowering time Pod-setting time
NASI1 GBIMS of the TPK FIFAE FegEJE
NAS2 GBIMS of the IPK ( France) 2021.3.22 2021.4.25
NAS3 GBIMS of the IPK ( Morocco) 2021.3.18 2021.4.15
NAS4 GBIMS of the IPK ( Spain) 2021.3.23 2021.4.27
NASS GBIMS of the IPK ( France) 2021.3.26 2021.4.26
NAS7 GBIMS of the IPK ( Cuba) 2021.3.9 2021.4.27
NASS GBIMS of the IPK ( Cuba) 2021.3.22 2021.4.12
NAS9 GBIMS of the IPK ( Cuba) 2021.3.16 2021.4.16
NASI11 GBIMS of the IPK ( Germany) 2021.3.24 2021.4.25
NASI12 GBIMS of the IPK (ltaly) 2021.4.2 2021.4.28
NASI3 o FE R AR A A R AT BRA RITHE FSTES
NAS14 R b stk 4 i AN A BRTTAE A A 2021.3.12 2021.4.7
oF24 H A R e A5 P 2021.3.18 2021.4.18
1079 PR AR MR R A R 2021.3.22 2021.4.12
NASI5 oL AR I L B R £ KON SR RS A R A KRIFAE ENAE
NAS16 r A e T K E X P & B AR RITIE NI
NAS17 FE AR ARIFHE ESAES
NASI8 R E P E T IR R RO A R 2021.2.28 2021.3.28

1.2 FE5IRF KT 50 mL BLLAE T, A 20 mL Y 70% FH i

ACQUITY UPLC H-Class 8 & 50 A (% (3£
[E Waters 2\ ] ) ; Xevo TQ-S = 5 UL AT JFi 1% ( 3£ [H
Waters /7y 7 ) ; Millipore Direct-Q5 # 4li 7K 4% ( 3%
Millipore /A w] ) ; UV-1800pc 43 56 B2 it (¥R 5 Sig-
ma-Aldrich 28 7)) ; AL2002 HL - K (Hg 4 #-4E F1
ZAEFARAFD) -

WETFR PHFER FER. T HR AR,
SRR PR LA IR R AR T ELRR 3, 5-
TREIREWIR SRERIFIR A JK IR KRR |
RESR TR | o v R | RN X AR B RS A A v S (SR =
98% , gt A=Y R IR A W) s LC-MS 24 &
Ji5  H L. Z, LA Folin & Ciocalteu 1) 2t #1) (7[5
Merck R F) ) 3 ZUEALEA Ehm2 R (AR, P Bl
T A BRA T 5 &R TR EDTA (T I8 1L /2
(AR) .0.45 wm F10.22 pm GLFLUE BT 845 (E 24
AL A FR A W) 5 5256 HI7K A Millipore Di-
rect-Q5 8 A KAL 45
1.3 XWHZE
13,1 29§ R 4RI 09 41 &

SRR B S R AR BUS % Liu Y
B, FETE B 2, FRER 0. 200 g &R RFE ST

W, 55 B IRBEIR 215 65 °C 458 5 $2 11 30
min,5 000 r/min B5.0> 10 min J5%F _F 15 R &RHER
250 mL FR A I AE 4R S A 10 mL /Y
70% Wk, B LRI, AR RBGRIA E A R 50
mL,JBA], 1 0.22 pm JEMEEUE, & THR G
4 CLRAERE BT, BAEREA 3 1K,

1.3.2 By BRAT B I8 ik 44 BL )

K RFRIL 1T Ay B AR S i, TP A i s
SRR IR SR LR (R IR IIMERR (A5
f2.3,5- R AR IR XA T R IR AR
g K EIR SaRJRER A BB S B AL AR | S8 A
AR REIRIR R WY IR K A R Mk BE 4393 A 20. 06
32.21.80.63.16.72.16.25 .120. 55.250. 89 8. 16,
80.36.,20. 02,20. 99.8. 85.8. 12.8. 96, 20. 28,
20.94 .160.52 Fi1442. 11 wg/mL B FAbRE W, T
20 CykFahEECIRAE B H o IR G BB ARE S TR
WA TC ] : BB I 12 1) E R bRt £, IR A
BEMmBZE0.16 ~160. 52 png/mL (1) R 5 IR G B R
FRUES I, 785018, BRI
1.3.3  2# X Emumenl T

ST R I 42 5% FH Du 251 %) Folin-Ciocalteu J5°
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2o RN . BE—E R IR T IR AR A
JH PP P R A B A B R SR 0 ~ 79,52 wg/mL
B FRRPRME SR W . P53 1 mL b iR AR
an T 25 mL HIEPE IR, A 1 mL Folin-
P A TR A B, TR S B 5 min J5, TR A0A 1 mL B
BLi) 10% Na,CO; ¥, 1RA), 5 Lg%, T35 C
KV A Y 30 min J57E 765 nm AbNAE TG
(Bo A R R 2 ) < MER G 1 mLL
“L30 17T A B O, AT I A R, AR )
BB TR bR 2 R T ik
1.3.4 UPLC-MS/MS 4-#7 %44
1.3.4.1 fajss¢

{6, 3% 4 . Waters ACQUITY UPLC HSS T3 (2. 1
mm X 100 mm, 1. 8 wm) , Waters ACQUITY UPLC
BEH Cig (2.1 mm x 100 mm, 1. 8 pum) F1% £ &
ZORBAX SB-C; & 3% £ (2. 1 mm x 100 mm, 1. 8
pum) s FEIR 30 Co AR IR EE 12 °C MR 2.0
wL; Ji s A:0. 1% B R /K W, o 0.22 um A HL
AR TCALAT 08 2o 0%, R B S s AH B: 05
#:0. 3 mL/min; £ LA )F: 0 ~ 6. 50 min,
92.0% —50. 0% A;6.50 ~8. 00 min, 50. 0% —
92.0% A;8.00 ~10.00 min, 4537 92.0% A, il
WK 243 nm f1275 nm,
1.3.4.2  JRigsff

SR HTER B T 3% (LC-MS/MS) F1 22 5 i h W il
( MRM ) B0 573 52 v %) 1 2 25 ) o b A 7 2 M o
Mro SRHIHLMEZs HL 25 I ( EST) #4785 71k, MRM £
KIATIE A FHH, BAE B E 3.0 kV; B
TR 300 °C, B FIRIR B 350 °C 5 i i 7] <R £ 500
C B : 1 000 L/h il 48 < 9 0. 15 mL/
min ; HEFL AR : 150 L/ h 43 55EF (m/z) 250 ~ 550,
1.3.5 S X PERENS DG THTZHH
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2% 1( Continued Fig.1 )
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Content of p-hydroxybenzoic acid

TEVELSA DT o SR NARIEXS 1. 3. 17 A SR UK Y
ARV RIS R A7 7 5234, LA 275 nm 42b 58 4P IR
T R A A TR R AR A, DA PR A R B g A A0 A o)
VERYARAE M 2R m1 )3 5 A AT & B A
1.4 HRESH o

% F Microsoft Excel 16 4% {4, GraphPad Prism
6. 01 Fi1 TB-tools v2. 012 %k BEAT 5P 2& 1 &K bR 22
i, S 56 B A P B {E + bR 25 3R, SR T IBM
SPSS Statistics 26 GEit T PFEAT R F VAT, L
P <0.05 R BAGEE L
2 HR5SH
2.1 HmuErbIEEHRIERE

T 1) A [ i A6 88 350 B8 1 R s oHE i VA UL, 229
IO, IR BE (X, pg/mL) EOGIE(Y) 7
B AR AR AN AR AR AT 2 R 5 e, B T IR bR i
MZRRI M7 FE R Y = 10.432X + 0.001 4(R =
0.999 5) ,FHC R EAGE , KA 5 R CR R
4

A AAE I 5 R MR i 1) 13 PR ) 4R T v, 22
JH 2 - /K 35 R WK R B B S S s 2
TR e SOV €0 % - R R T 3 140 s AR R 3 22 8 TR -
KB KT R e A e A A R A X
WA RN P 52 ), DAL 456 P K VR SR 3R B0 ) . il
HEGER A [ e 3 Y s o) SRR v 2 B R il o 2
IR B FEN | e A5 193 TR 1) 4 BRORAR B A Y etk
R4 v 52 B S B AR B T AR E 1 i
(JLIE 1), LA 70% P st W oA 4 BOR) s 0 45 1) &2 0
SEEEAETR 3 ,5- R B TR S J5L IR % 8 oK
R LA K S R & e o PRLG, S SR BIF9E L 70%
F SV W A S 1y e ) 42 BB
2.2 BiLEHNRK
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SR A5 R R, R 0. 1% B R KIE K- 20

vy
3
.

1004

(mg/g DW)

504

0 10 30 50 70 90 100
PR

Methanol concentrations (%)



1878 FR WIS TT & Vol. 36

; a a
B 251 T 2001 I :

> a b S b

HE 204 b 'S
&3 Gig 150 o
g3 15 d £28
ﬁ;?é’ gsa 1004
= 104 2y B
52 16 2~

VE 5 504 d

§ 5 £

£ 3

© B —— ———

0 10 30 50 70 90 100 0 10 30 50 70 90 100
PR PR R

Methanol concentrations (%) Methanol coay?cemmuons (%)
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Fig. 1 Effects of different methanol concentrations on the extraction efficiency of main
phenolic acids and total phenolic acid in N. officinale
AR NG FRERRTE 0.05 KF 255 5.2 FIRl, Note:Different lowercase letters indicate significant differences at the 0.05 level ,the same below.

VER TSI, BEATRERE VeI, I U 1L 0. 1% Bk HIL ARG, MR g (R MR & A 3] — &
W 0. 1% HIR-HEE 0.5% LMR-CHFFA W MBI sl (8 TR b S W B B, BRI R
WHGE 1T D BTREA S YRR BB I > B, I IR R R 0. 1% B ER K A 2 )l AF:
P L MR R B WA B, P A B R PR S A a0, KR DS il i A TR BRI, £ 10 min PN, SCEL T
HA BRI T AW s F I A R SR, % B GYWIIR 22 (WK 2) . 5 Zhao
B —E M " RS A — @ E F SR 15 min 58 R4 B R 2 ) A
(AT I T 1 By PR 2 5 B AR B A L AT TR I 4 T 5 ming

} 1112
i \ Ei ‘r e
DI LI ]
| 1 1
_/ VU UM UV U L A e
11l 112 I
B T % 5‘4\ 17 8l 9“”M - |16 w‘”
5 | it |
N | ;\ w 7\ \W | 1 1 ‘1“_‘;\,,,,

250 3.00 350 400 450 500 550 600 650 7.00 7.50 800 850 9.00 9.50
fif 8] Time (min)

B2 ESEHER(A)MBERELSYWHESHRE(DB) NiRERIER
Fig.2 Liquid chromatogram of N. officinale sample(A) and mixed phenolic acids standards(B)
T B TR 2 JFULAEHR 3 AR EURR 54 IMPERR ;5 - A BEIR 56 23, 5- R SEOR IR 7 X IR FE R IR 8« TR IR0 MRAE IR 10 X & iR 11
SO IFER A 12 PIBRAR ;13 S PBR R ; 14 . AR TR ; 15 RE SRR ; 16 . KW iR ;17 . /K412, Note: 1 : Gallic acid ;2 ; Protocatechuic acid ;3 ; Chloro-
genic acid ;4 : Caffeic acid;5: Vanillic acid;6:3,5-Dihydroxybenzoic acid;7 ; p-Hydroxybenzoic acid ;8 ; Syringic acid ;9 : Ellagic acid ;10 ; Coumalic
acid ;11 ;Isochlorogenic acid A ;12 :Ferulic acid;13 :Isoferulic acid ;14 ;0-Coumaric acid ;15 ; Ursolic acid ;16 ; Benzoic acid ;17 ;Salicylic acid.

2.3 BIEHMNIERE B 10 FRERER, 1 Waters (1) HSS T3 {4 H: il BEH

ARWFFEHEEE T AR EATEFEX 17 DHIREA S C ORI REI I 17 B RR A /355, SR, 76 1%
PR A b HE i 1Y B €0 35 g g 78 % nie) 7 45 5 1Y) E; B4y B B J7 1T, HSS T3 {8 A ms tkF BEH C &
M, 46 45 SR AR W] . ZORBAX SB-C (4,35 A1 (L E ) P, EAT T AS I BB AT R RN 3,5-T 8%

\
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SRR R MR EOR R & Y b 22 57 0 %
(WLPE2) o 7 EG PR A e B0 A B T 0 2 0 A
Pt , 721 PP R T HSS T3 AR 3B
2.4 FUEFMHHEFEMMEL

Waters = H PURRAT 503 26 1R 1O 0 Ak 2 2 A0 A5
ERE YRR T TR T HELHE(CV) (Rl %
fEfE (CE) 525 ARAEACH 1 500. 0 pe/L ¥R JE
(4 17 A~ B RS I3 SRR W, T BIAH A 0. 1% HR-
KW FEhAR B(ZME) =50:50(V/V) i i i

L 4 A O A o U R AT Y 5 OE B T AR X
(ESI") Rt e 74X (ESD) T A sl i,
DARE 17 MR 00240 fL I (R AE . SCBR SR
W 7E ESU AL B 07 20 P AR T ESIT A 5 15 2143
TERREE T T B 1, OF B N AE S A R R
AR R (14 73 A SR ER I B3 MRM B R AT 45
KA e ESI-RLE U7 3 UR, 17 AN By R 24 P A 2
ST R T (LA 3) o BAARSE T2 By R b
an B RS S ROE LR 2.
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22 3( Continued Fig.3)
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Fig. 3 Mass spectra of 17 phenolic acids and N. officinale extract
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Table 2 UPLC-MS/MS parameters for target compounds

EY RS ’ 43 F= oy m/z HEFLHLE ﬁm&;ﬁ_ﬁﬁ
Compound tg (min) Molecular Compound B - FrT Cone Collision
number Formula Parent ion  Daughter ion voltage (V) energy(eV)
1 3.036 C,Hg O B TR Gallic acid 170.20 126.09 * 28 14 24
2 3.888 C,H,0, J5LZER Protocatechuic acid 154.11 110.26 * 6 14 22
3 3.967 CisH5 0y %¢JE % Chlorogenic acid 354.17 191.19* 15 31.14
4 4.183 CyHg0, WIMERR Caffeic acid 180.15 136.24 * 30 15 .30
5 4.552 CgHg0, FHHE R Vanillic acid 168.25 153.03* .124.04 36 14 .19
6 4.647 C;HgO,y  3,5- R FLHHIER 3,5-Dihydroxybenzoic acid  154. 11 110.24* 14 14 .18
7 4.728 C;HgO4 SR FEFHBR p-Hydroxybenzoic acid 137.1 93.0" 36 12.16
8 5.023 CoH,( 05 T Syringic acid 198.27 183.00* .154.03 48 14 20
9 5.238 Cy4HgOg WAL Ellagic acid 302.27 258.15% 230.18 30 12,14
10 5.28 CoHg 04 X7 DR Coumalic acid 164.19 120.10 " 44 16 26
11 5.418 CysHy Oy, lmhﬁiﬁ;ﬁfiid N 354.27 191.18* 30 16 .32
12 5.499 CioH,0, BJZRAR Ferulic acid 194.22 150.24* 135.17 15 12,14
13 5.933 CioHyo 04 SBTELRR Tsoferulic acid 194.22 159.14* 135.18 6 12 .14
14 6.126 CoHgO4 4% 5. o-Coumaric acid 164.13 120.12* 40 30.35
15 6.423 C30Hys05 RESRLR Ursolic acid 455.50 408.37* 263.26 44 30 .42
16 6.842 C,H,0, HH % Benzoic acid 122.10 78.14 " 26 12.16
17 7.146 C,Hg 04 K& Salicylic acid 138.16 94.18* 36 16.12

T EEET
Note; * Quantitative ion.

2.5 FHiEEMH 0.999 8 ], JyiEks HFR (limit of detection, LOD)
2.5.1 &nERER FE & BR (limit of quantitation, LOQ) & T4 5 1

TEACRI T E — RV RIMERY 17 4> (3 (E 5 3 AHEMR L (S/N=3) il 10 fFE1
R AR VA, AR R BE (X, wg/mL) HXIRIAG T H(S/N=10),LOD JE [ 0. 840 1 ~4. 040 pg/
T I TR RR MR S AEL (V) AEARMERN R, T A7 mL,LOQ J [y 2.001 ~20. 50 pg/mL, Al i i E
FASC R S45R R, X 17 M BEARR NS iR, BARS R ISR 3.

I ARG R  HC R EU(R) 4 T 0.999 2 ~
®3 1T BBEASRNN T EZRIE

Table 3 Method ological verification of 17 phenolic acid components

ettt SR HRRH i LOD L0Q
Compound number Linear equation Correlation Linear range (pg/mL) (pg/mL)
coefficient (R) (pg/mL)

1 Y=11424.01X +7 791.70 0.999 8 0.546 7 ~20. 06 1.440 5.303
2 Y =9 067. 80X-8 651.90 0.999 6 0.510 2 ~32.21 1.120 12.00
3 Y =7 007. 50X-6 730. 50 0.999 6 0.900 0 ~80. 63 1.241 3.122
4 Y =13 083.01X-9 917.40 0.999 7 0.920 1 ~16.72 2.101 4.651
5 Y =12 488.02X-11 762.01 0.999 6 0.530 4 ~16.25 2.520 4.212
6 Y =1 057.90X-905. 41 0.999 7 0.700 4 ~120.6 0.8401 20.50
7 Y =552.43X-448.78 0.999 4 0.280 0 ~250.9 0.0500 20. 50
8 Y =25 984.40X-22 837.04 0.999 7 0.5423 ~8.16 1.421 20..00
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3% 3( Continued Tab. 3)
et i s L by gﬁﬁ%ﬁ& AL LOD LOQ
Compound number Linear equation orrelation Linear range (pg/mL) (pg/mL)
coefficient (R) (pg/mL)
9 Y=1954.50X-1 739.80 0.999 7 0.930 1 ~80.36 1.472 20.40
10 Y =164 760.0X-15 400. 0 0.999 6 0.164 5 ~20.02 1.465 2.001
11 Y =22 028.08X-21 040.04 0.999 6 0.852 1 ~20.99 1.011 2.002
12 Y =30 434.04X-26 503.05 0.999 5 0.420 1 ~8.850 1.092 2.001
13 Y =17 079.04X-14 269. 10 0.999 7 0.650 1 ~8.122 0.950 2 2.005
14 Y =28 611.01X-27 500. 10 0.999 6 0.410 0 ~8.960 0.941 0 1.302
15 Y '=3 950. 60X-3 028.20 0.999 2 0.851 0 ~20.28 1.091 1.201
16 Y=2 432.80X-2 243. 10 0.999 2 0.610 1 ~20.94 4.040 15.00
17 Y =736.45X-798.01 0.999 3 0.920 4 ~160.5 1.092 13.20

B 100 we/L (IRA PRI BOESEVERE 6 I, 1T
17 A B AR e R A X i 22 (relative stand-
ard deviation, RSD) , B HNE ., 45 R BN, 17
AR RS 25 B RSD S5 0.23% ~2.3% , 255
FWIAST I 5 1 B A B RS 2 B
2.5.2 RBEMHXE

HRR)— R S HE SR, 43 5IFE 0.2 4 .8 12 Al
24 h JEFE 6 R, M B ARME A P LAY RSD, 4%
HAREME, 453 5WR 17 AW R R E 4 RSD i Hl
H}0.41% ~6.5% , FrhoniE g 5 R LA R
gk iR A e RSD & T 5. 0% , R WA S i
TAE 24 h YIRS e P R AT

2.5.3 EHMHRE

R[] — GRS i, F B 1L 30 17 300 R Jy ik ol
26 YRRV HE 1. 5. 27 TR £ 17 4
PR (R TR, 1145 0 i i Y RSD Yu [l 0. 31% ~
3.5% ZERRUIH S EE R
2.5.4 Dk R

MG A 1 IR S 2H 73 7E NASI3 A it v &5 2 F 45
AP S B H R LA W ZERE S Th i inds
g /W W S L B i (NG R =% N O 1 6 e
AR R 6 IR Z5H R, 17 A ERFR -4 hnbr
[R5 Ky 94. 63% ~ 102. 4% ,RSD Jy 0. 64% ~
4. 4% ,FKINZ T BA B ER R (R 4) .

F4 TMEESEHEN 17 A BHBEOEKEER (1 = 6)
Table 4  Recovery rates of 17 phenolic acids in N. officinale samples (n = 6)
&Y AR AE ﬁﬂﬁﬁﬁ ) i -2 Il RSD
Compound Backeround Addition Measured Reconeny % ) Average ()
number (mg/g) (mg/g) value(mg/g) recovery( % )
1 0.320 1 0.403 0 0.688 5 95.21 99. 64 3.1
0.3199 0.810 5 1.149 101.6
0.3213 2.014 2.384 102.1
2 2.541 0.402 4 2.913 98.95 97.80 1.7
2.532 0.805 4 3.307 99.09
2.529 2.205 4.514 95.36
3 2.981 0.204 7 2.951 92.62 97.80 3.7
2.983 0.400 4 3.391 100.2
2.979 1.056 4.058 100.6
4 1.351 0.400 4 1.652 94.32 96.50 4.4
1.355 0.800 5 2.213 102.7
1.352 2.054 3.155 92.50
5 0.9911 0.405 6 1.289 92.28 96.52 4.1
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214% 4 ( Continued Tab. 4)

ﬂéé%% ) Al e bk T . T <D
ompound Background Addition Measured Recovery( % ) Average (%)
number (mg/g) (mg/g) value(mg/g) recovery (% )

0.989 9 0.800 3 1.665 92.99 96.52 4.1
0.990 1 2.000 3.029 101.3

6 9.850 1.000 3 10.16 93.66 95.76 3.1
9.854 2.010 11.09 93.45
9.849 4.006 13.88 100.2

7 162.5 10. 89 164.2 94.69 96.49 2.5
162.4 20.54 173.4 94.76
162.4 50. 89 213.4 100.0

8 0.799 9 0.404 7 1.150 95.43 98.87 3.1
0.795 6 0.800 4 1.570 98.34
0.797 8 2.230 3.114 102.9

9 27.24 10.01 36.32 97.51 96.71 2.0
27.21 20.23 46.82 98.69
27.23 50.04 72.57 93.92

10 0.680 1 0.400 1 1.096 101.5 102.40 0.65
0.681 1 0.800 4 1.524 102.9
0.684 2 2.171 2.936 102.8

11 0.030 1 0.202 1 0.2353 101.4 98.43 2.1
0.030 4 0.400 3 0.415 8 96.55
0.030 3 1.021 1.024 97.39

12 0.170 1 0.200 2 0.3717 100. 4 98.99 2.7
0.170 7 0.405 4 0.548 7 95.24
0.171 1 1.058 1.246 101.4

13 0.380 4 0.200 1 0.537 1 92.53 94.63 1.6
0.380 7 0.400 4 0.742 4 95.05
0.3813 1.002 1.332 96.32

14 0.150 7 0.200 1 0.343 4 97.90 97.98 2.7
0.150 9 0.400 4 0.558 7 101.3
0.1512 1.023 1.112 94.71

15 0.751 1 0.400 1 1.097 95.29 98.31 2.2
0.757 3 0.800 4 1.565 100.5
0.751 5 2.001 2.730 99.17

16 0.680 4 0.410 0 1.056 96. 86 97.43 3.4
0.680 6 0.8210 1.405 93.58
0.680 7 2.025 2.756 101.9

17 1.112 0.400 4 1.441 95.29 98.31 2.2

1.117 0.800 4 1.926 100.5

1.121 2.021 3.116 99.17
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2.6 TRXHRPBRBHONELSR
2.6.1 BIWERF AL LY R AT

NAS14 Al 253, HoAp 2 5 5 i 3 55
F-,NASI3 FFARGE I, (A7 AR A 5 L b X ] B 5
SRR AR SR A, A UPLC 43T, HLER T
K3 iy NASI4 Fil NASI3 A bE bR MR 2K
M ARG SR B EUY) T B R Y E i, 4
N 4 JroR , SISO T S B R Y i 25
W3 7E NASL4 [ Bl A [R] 7 9 6 180 R 75 2 i
i BRI I 8 AR IS i B R
H N 142,06 mg/g DW , 2520 2 rp S R 1Y) 75 it
i,k 74. 04 mg/g DW; 78 NASI3 5 i (16 i i ik
S fih s, o 210.33 mg/g DW,

F T S I R 2 W) It 3 A i 4 4
NASI3 G Rh Ay S s 2 1 A 6 0 v, PR 3R AT R
FHl UPLC-MS/MS 4347 T NASI3 i Ft (¥ # pk AR 25

< R ¥ The whole plant
250{mm % p "

FERE S TP R AL B W R B i, SR anA
5 FiR , EIRERAN R U S L e 17 AR 2k
AW, F B BRI R AR I R T 2K
MR A =45 R 328 SRR IR iR 3 ,5- ok
R BRALIR JRLASTR KR B TR H R
KR T HR B THREEAR AL e | 5 2R
iz BTERIR SR & ER B TR I RER AL ; 53 4b, Ak
IR IR SRR AR T4 G Wk, Yl
TR A G W) T 2 PR IR IR AL R, &
iR () 3 R R A X PR LR R BRAE R AN 3,5-
R, Horp i v X YR S IE W R AR G T
WA 78, 13% o AN ) 5 3R 4 40 I R 4 5 —
HARSEA PRGN EEERDE,
RTINS T REERATAE Y, X R IR
HR I & S LU h S i ey, BRAE TR IR Z o

.

; Root
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3
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52
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Fig. 4  Content of total phenolic acids in different parts of N. officinale
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Content of each phenolic
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Fig. 5 Content of phenolic acids in different tissues of N. officinale
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KA b Fp SRS e & I IR L & ) &% &= R o P X R IR R B B AR A5 R o H:Ejt

(LIF331) JEE 4 0. 120 1 ~ 181.6 mg/g DW, A~
[F] IS s A By it 25 T R B i s R AROK, E D
FRER IR AU R Y U AF AR, ELR R W RS 1 R
SRR KT REERRISIHTR, &R rhAs I 2] ()
FERAP AN S AR OO X EIR R > ﬁi
AR > 5158 > 3,5- R R HIR > KGR > fE
R > FH IR > R LAEIR > KR > THRK > X FD

AN 76.49 ~181.6 mg/g DW, |5 MR &

1 62.06% ~80.22% , ok WEEALTE, © imlﬂﬂﬂ
19.30 ~28.90 mg/g DW, [ i) i EE/‘J 9.770%
~17.64% . TGRS hHAW P PR ANE B 1R 4
JRPR A BTERER | S BB IR | S A R RK A R )
o P 0, e, SR AR IR A ORI R BT BRI Ak
Wl RAERR 3 AR RS U .

%5 FARERESHMABBEASNSE (x+5,n=3)

Table 5 Content of phenolic acids in different N. officinale (:ultivars(; +s,n=3)

poR=) PRI AW &1 Content of phenolic acids (mg/g DW)

No. 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17
1079 0.31+ 1.04£10.59+0.97 + 0.42 + 5.85+120.32 +1.15+24.05+£0.49 + 0.27 = 0.29+ 0.18+ 0.53 £ 2.53 = ND
0.03 0.02 0.01 0.02 0.02 0.18 8.8 0.02 0.33 0.00 0.01 0.01 0.01 0.00 0.00
NASI 0.30+ 2.03 +12.82+0.64 + 0.54 + 4.98 £156.75 £0.93 +28.90 £0.58 + 0.20+ 0.22+ 0.13+ 0.19+ 0.65+ 1.53 + 4.96 +

0.02 0.04 0.02 0.03 0.01 0.21 2.94 0.02 1.43 0.00 0.00 0.01 0.00 0.01 0.00 0.13 0.13
NAS2 0.29+ 0.42+ 7.07+ 0.90 + 0.48 + 4.22 +£109.40 +0.80 £25.47 +0.53 + 0.20+ 0.18 + 0.34 + 0.21 + 0.52+ 1.53+ 3.57 =
0.02 0.14 0.01 0.04 0.01 0.06 7.26 0.03 0.59 0.00 0.00 0.00 0.01 0.00 0.00 0.04 0.23
., 0.26+ 1.36+ 7.34+ 0.94+ 2.13+ 7.30+96.85+1.27 £23.25+0.34 + 0.13+ 0.14+ 0.56 £ 0.65
NAS3 0.01 0.04 0.00 0.11 0.02 0.18 1.10 0.09 0.23 0.00 ND ND 0.00 0.00 0.00 0.01 ND
0.31+ 1.23+ 9.62+ 1.86+ 0.25+ 4.55+110.32 +1.02 +21.57 £0.50 = 0.13+ 0.67
NAS4 0.01 0.04 0.17 0.05 0.03 0.16 8.13 0.13 0.52 0.03 ND ND ND 0.00 0.00 ND ND
0.35+ 2.59+ 5.52+ 0.98 + 7.56 £146.50 £0.85 £25.96 £ 0.54 + 0.18 £ 0.19+ 0.18 + 0.15 + 0.66 +
NASS 0.01 0.08 3.32 0.01 ND 0.14 2.00 0.01 0.63 0.00 0.00 0.01 0.00 0.00 ND ND 0.01
NAS7 0.33+ 1.29+ 1.18+ 1.58+ 2.99 + 4.86 +117.15+1.44 £26.19+£0.60 = 0.37 £ 0.17 £ 0.29+ 0.25+ 3.17 ND ND
“ 0.01 0.01 0.00 0.11 0.00 0.02 9.38 0.22 1.52 0.00 0.00 0.00 0.02 0.00 0.02
NASS 0.28+ 0.57+ 9.84+ 1.40+ 1.48£10.71 £97.34 +1.60 +27.78 £ 0.53 = 0.37 = ND 0.31+ 0.27+ 3.12 ND 1.27
0.04 0.03 0.57 0.02 0.03 0.01 0.79 0.02 3.43 0.07 0.00 0.00 0.01 0.06 0.00
0.27+ 1.26+ 1.01 = 1.47+ 2.73+ 4.18+76.49 +1.58 +15.42+£0.45+ 0.16 + 0.21+ 0.18 + 0.56
NAS9 0.03 0.05 0.05 0.00 0.03 0.28 32.76 0.37 5.50 0.09 0.00 ND 0.00 0.00 0.01 ND ND
0.26+ 0.45+ 3.74+ 0.30+ 1.05+ 5.22 £153.06 £0.50 +24.41 +0.62 = 0.15+ 0.78 £ 0.67 =
NASH 0.03 0.11 0.16 0.18 0.09 0.21 12.03 0.06 1.59 0.08 ND ND ND 0.09 0.12 0.02 ND
NAS]20.301 1.21 £ 1.28 £ 0.63 £ 1.76 £ 5.19 £102.06 £0.84 + 19.30 £ 0.90 = ND ND 0.24+ 0.25+ 1.15+ 3.69+ 5.88
0.02 0.08 0.09 0.02 0.09 0.37 2.76 0.03 1.07 0.00 0.01 0.01 0.02 0.00 0.22
NA§]30'30i 2.57+ 2.94+ 1.25+ 0.78 £10.03 162.45 £0.83 +22.64 £ 0.69 = ND 0.19+ 0.31+ 0.16+ 1.04+ 0.63+ 1.11=
N 0.02 0.62 0.02 0.17 0.00 0.64 9.67 0.01 2.08 0.05 0.00 0.01 0.00 0.14 0.00 0.17
0.29+ 1.12+ 1.16 = 1.06 + 4.61 £109.75 +1.33 £20.76 +0.38 = 0.13+ 0.63 = 0.54 =
NASI4 0.01 0.02 0.03 0.02 ND 0.06 3.19 0.04 0.44 0.02 ND ND ND 0.00 0.02 0.00 ND
NASISOAOi 1.43+ 3.53+ 1.18+ 0.90 £ 11.63 +181.64 £0.97 +22.12 = ND ND 0.19+ 0.31+ 0.17+ 0.66 + 0.63+ 0.67 +
0.03 0.05 0.05 0.04 0.04 0.41 6.23 0.03 0.69 0.00 0.01 0.00 0.00 0.01 0.00
0.31+ 1.98+ 3.32+ 1.77+ 2.71 £10.14 H144.85 +0.88 +20.47 +0.62 + 0.18+ 0.31+ 0.72
NASI6 0.02 0.78 0.03 0.05 0.15 0.30 0.58 0.01 1.73 0.00 ND 0.00 0.04 0.07 ND ND ND
NASI7O'33i 2.21 £ 2.92+ 1.39+ 0.69 + 11.19 £144.80 +0.88 +27.65 £ 0.69 = ND 0.23+ 0.29+ 0.16 £ 0.67+ 0.62+ 0.71
0.01 0.70 0.11 0.18 0.00 0.28 7.75 0.01 1.50 0.00 0.00 0.00 0.00 0.00 0.00 0.02
NA918O'231 0.97+ 1.14 % 1.23+ 2.55+ 4.64+90.27 £1.09£22.48 £0.71 = ND 0.19+ 0.19+ 0.14 £ 0.98 £ 0.66 ND
- 0.03 0.04 0.04 0.00 0.04 0.27 22.84 0.21 2.43 0.00 0.00 0.00 0.00 0.05 0.00
op4 0.32+ 4.08+ 5.50+ 1.16+ 1.00 +12.14 H173.72 £1.17 £27.68 +0.68 = ND 0.19+ 0.29+ 0.14+ 0.79+ 1.11 = ND
0.01 0.04 0.15 0.03 0.05 0.45 8.07 0.20 0.12 0.02 0.00 0.02 0.01 0.00 0.06

H:ND TR AA
Note : ND ; not detected.
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Fig. 6 Heat map of phenolic acids content in different cultivars of N. officinale
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Fig. 7 Content of total phenolic acid in leaves of different N. officinale cultivars
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BEZE X G B UPLC-MS/MS (¥ G2 i R 28 241 4 1) 4 AT 1887

3 Ttit54%iR

13 R SR A ) IR AR = W Hh i — KRG,
MY R R B L B ZF A Y Dihe.
H Al 2 MR P T oy B %55 T 1 000 43 i
BB, 0 Ho — Se i iR S HA A P e 1
]z AT S 25 BT RS o B R A AE X
N A PR i B B BB, Lin™™ He ' Al
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FHEE 2R FK 18 % £ 5% 06 1) 7™ 5 R AL, A 7 i R e
JKAR A R Sk e W Y, DL 3 AR R & i
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R A LR RACTR PTERRR AN & TR S 10 Rz
FACE Y, AW 5T R B VR B AR 2] 8 min FE
AT LA R o B GRS 17 AR, AH L Zhao
271y UPLC-MS/MS 77 5 4 b6 B2 e Jid i 1] (15
min) U5 40, ASAFGE P RS A Ak LA T 7
BT EORNE B BRI, 25 R =W, BT
B BRSO T IR B T, sk, R RS
PRI SE R PR T, 76 1R TR FE B RO T AT, 15 5]
(%) ER IG5 3% 1 B 4 T, ACOE 3 £ 8 1 S Xk A
Bto g LArk AR 5T 7 1) UPLC-MS/MS J5ik R
i PR HERR 38 T SRS b R 2 S A 43 1Y
FEPERE REAHT, PR SR Y B IR T R R AR A S
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ARHF I ) 18 73 15 ol o5 9 U o R T i
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TR RIS 2l 40 1 B i 25 57 O B, Lo B 2
IRESER I OP24 SR A A R S i R, HLE
i S A NASO b 2. 17 A%, i s 4 =
FUERTRF R TR AL TR (R IR IR AN 3, 5- Ak
FHR, A EREAL BRI AR & &
S0 AR R R Fh o AR R A R R
JERZE MR R R 5 ik 142. 1 mg/g DW, HZE

AL 15, B FRRA R F , SIS T AEAR
(AR By IR , Ho% A A A [R], 7E T 20 BT i
SRR TR 17 DRSSy, S R B
EILFE A 0.120 1 ~181.6 mg/g DW , fufh R FA
R AU IR ek AR IR B By R N4 5 IR , EE DR
FER PRI FRIE AR, FLR R W RS 1 IR &5
BB R THERIEEHE, X5 Klimek-Szezykutow-
oz S AR BIFIE IS IR o AT AL R 4
3, AEFITAT B SRRt v, W SR RO T R 1Y) 5 B A
- rp s S fsy , A OO i b 80.22%
HOONBEAETR , fe = 5 1 4 28.90 mg/g DW, F iK%
74 19.30 mg/g DW ; HABE R U B TR 4k 5t
g A TR S T RIS | < A LR Ak A R 1Y) %
e P A, Hrh, SRR A R R TR IR A K A
i JAETR o AR PO i, S SR AT HE I, X
FRHEIR IR AT e e S S AR I B S RE 1 L 23
Z— BT PR SE . (EARE R, A
WF5E NASS 5t L 2% R 1 5 3% 52 2. 590 mg/g
DW, B it & F Klimek-Szezykutowicz A1) 9] A1 g
SRR E LSRR 1Y & 5 (0. 970 0 mg/g DW) |, #fE
T 7 R v g 2 ) B ) £ S AR SR
Ko

AMFFE S T UPLC-MS/MS {5 & ¢ 17
AR Y D7 1% 2007 vk AT R PR R A A
VR AR o T DT R A B IE , R B SR T 5
SE IS 17 DS IRZ T & & R4, K i R 2
BIRATG M 85 B o, AR PRI, D7 ik I P A5 0K, il
AT S P IR RAL G R E PERE A, AR
WEFEIHT T 18 1y SRS AR B2 I8 b B R 2H 20, K
IR TR v I PR i B DA R R R PR R T =X
FAAE AR BOR R BEAETR &% I R AN 3,5-—
BRI R A5, S R % B YU I O 106. 0 ~ 230. 0
mg/g DWW, AMFFEAAT B T NS 1 ik T
B PR W 2L S o A TR X6 3F — 2542 4 T R
BN AA BRI IIE L,

S 30k
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