ETF UPLC-MS/MS B9 Z B SEEYES J540 43 90 #hr
EER2, BHAL LRI,

R, BOR, BEE, B2, HhE

VAR R AR A S B P R A R B ARGy AR AR AR e VRVt i 6 P 5 45 B R R BUE 6
H AR EE, 48 M 350002

W OB RN T AR SRR ThREVEE TR, A R FH e R8CHUAR € - B 56 B (UPLC-MS/MS)
VEXE 18 AN ISR i Fh Y R S oy HEAT sE VERE S A0 AT . 45 SRR WY, G2 A HSS T3 (ailid, JiahAR 0.1%
BRI - RGBT, 5% 0.3 mL/min, i 30 °C, ePF A 35 88 570 S s TR N g, St
GRS 17 BRI, A BT s A vt h 2R 7 RS TS FE Y B RAF IR TE (R>0.999 2),
¥ H PR AE 0.8401~4.040 pg/mL, E&EPRLE 2.001~20.50 pg/mL, “FEIINAEREIZRTE 94.63%~102.4%, AHXTHR
WA 2E<4.4% (n=6) o ZJIENE M 18 4 GIRER 17 FhIy R v 8 &, AN[A] it P GRS () G Ty PR 5
LA [ — dh AR i) & Bh R & S AE B R 2 57, A IRTR & =V 106.0~230.0 mg/g DW,  H P ¥R B8 R |
BAER . SRR 3, 5 TR FENMIRYF . PR, T UPLC-MS/MS 77 %7 HRIEHE
HEIHT LIS T YRR A WAL RN 23 A, R 5 2 2 By R 1A S MRS O e P o R D R 2408 S T BOR P
&, ATk R AR .
REEAE: TIE: MR @R SUIH R SRR
hE SRS RI32 AR IR A
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Analysis of phenolic acids in Nasturtium officinale R. Br.

base on UPLC-MS/MS

LIAO Su-feng!-2, LUO Jin-feng!, LAN Zi-yi!, HUANG Ting-ting', XIONG Fan!,
YANG Zhi-jian'-2, XU Ming" 2, ZHENG Jin-gui’**
'Cross-straits Agricultural Technology Cooperation Center, College of Agriculture, Fujian Agriculture and

Forestry University; 2Key Laboratory of Crop Genetics, Breeding and Comprehensive Utilization, Ministry of
Education, College of Agriculture, Fujian Agriculture and Forestry University, Fuzhou 350002, China

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 analysis 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 pg/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-dihydroxybenzoic acid were the main phenolic acids in N. officinale. In



summary, the UPLC-MS/MS method can quickly and accurately analyze the composition and distribution of
phenolic acid compounds in N. officinale, and establish a technical platform for the subsequent mining of excellent
phenolic acid-rich germplasm resources of N. officinale, which is helpful to accelerate the improvement of N.

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

mass spectrometry
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1 R 55
1.1 KE#RE

P GRS i« LEAR £ A8 M T AR G AROPROR 2R 7= it BRI 58 BT il H, B4 269057,
RE 119°14', 18 NEHESE MM T 2020 4F 10 H RS —HR, Fim 10 om L, Bk
45 d JERFKIA RAF, MR o RE R G R XU . A SR BEAL
KA 3 Mo B SIREEVEIT R B-40 CCUKFE TG 24 h, TAETIEILFE T, BERMAR, JFid
40 HPf, -20 CCUKFEIRAT &

18 NS R I 51 R B 0 T - NAS1-NAS12 S Fh Al 7T 2020 £ 8 H 6 H 5l A1
[ R AL FE YW S BT (IPKD B 5T 95 U5 {7801 0 (Genebank Information Management
System, GBIMS) , #hFAHIEHIME S0 1E GBIMS Wsf; B A Fh oP24 Rl 5] H H E ARk
BEABEBRSIT: NAS14 (E W EEELM I - NASI8 (A BT #1079
AT E A T AL A R SE: NAST3 (R ERE M) M NASI5~NAS17 52 2019 4
AR SR 5 M P 2 B B AR AR I RS B R . AR TR SR 18 AN TSR R
TR ARV K27 el 2 el b 2 5 SR B A AR bR OR 2V B B BT 5 0 %5, 384 Nasturtium
officinale RBr. (M. 1) .

R 1 A F SRR PP FEFE R T FE R

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

OTRS 51 o THRFFAERS IR JFAR 45 e [H)
No. Country of origin Flowering time ~ Pod-setting time

NAS1 GBIMS of the IPK RIFAE K&

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
NAS5 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
NASI1 GBIMS of the IPK (Germany) 2021.3.24 2021.4.25
NASI12 GBIMS of the IPK (Italy) 2021.4.2 2021.4.28
NAS13 Hp [ AR AR N A SR R AR A KIFAE ERAE S
NAS14 R SRS E A R E A F 2021.3.12 2021.4.7
9P24 EEF R = T e R T WS 2021.3.18 2021.4.18
1079 HETRE DT RER R T AR AT 2021.3.22 2021.4.12
NAS15 R TE RH L B R KN S IR IR B AR RITFAE AP
NAS16 Hh [ AR I T KO X P8R 2 BT AR A KIFAE K&
NAS17 HETARFL RIFE PP
NASI18 HHETEE AT RN A R A A 2021.2.28 2021.3.28

1.2 S ER St



ACQUITY UPLC H-Class # =1 28068 AH (1% 4% (35 E Waters A7) 5 Xevo TQ-S = H U
R B (SE[E Waters 73 ] ) ; Millipore Direct-Q5 #8241 /K% (3 & Millipore 22 ] )5 UV-1800pc
IIEE T (BRTE Sigma-Aldrich A ®]) ; AL2002 HL 7 KF R EI-F0R AR A R A 7).

BETR. UFCURKR. F5R. THERKR. XPR. 25K, REKR. J5LRR. %L
M. PIBEER. 3, 5-REHEWIR. FEEM A, KWIR. WK PR, FERMR. MIHER.
AR B GRS E R (ALE>98%, HIRM AR AR AR « LC-MS R L5, HEE.
LA Folin & Ciocalteu Byt 7] (f&[EH Merck HIRAFD) ; AAMP. L. FiR (AR,
PUEEAL T PR AE]D + ZBRZHE. EDTA. HiAIER (AR) . 0.45 pm A1 0.22 um L
PEL RS (HZ B A G R AR + SE5 A 7K Millipore Direct-Q5 4l KA i %
1.3 XWHE
1.3.1 2 F R a9 4] &

YRR RS T RO R EU S Liu U8, IR, FREL 0.200 g SESRAE
aR TR E T 50 mL BOE T, I 20 mL ) 70% FEEE, &5 IRE, WIEIRAJE 65 °C
A N A HEEL 30 min, 5000 r/min B0 10 min J5K BIER A S E 50 mL AE B E Rl
iy BREARAEIIN 10 mL (1) 70% 1, EH FRDSTR. AIFRIGRE 4% S0 mL, R4,
F10.22 um JERS I8, B FAROHFERT 4 ORI BN . B EE 3 K.

1.3.2 B B AT R 18 i 69 BT )

FE R PRI 17 My IR AR AE fhE &, H I REE S 2 A IC RO & TR TR LARIR . 4R R TR
PIHERR . AFEER. 3, 5- R ERHRR . WRERFR. TER. BER. IHFTRKR. a5
TE AL PUERIR . RFTERRR. APETIR. RERR. KHRAKMIRIKIE /79 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 1 442.11 pg/mL HJHARERIR, T-20 CCUKFE TP ROLIRAE S H . IR E B RIR
AR O] : #2 I —E B 0 bR BbRfl 4, FIBR EE M BRI RE 22 0.16~160.52 pg/mL
R B A Ty B HE i i, RS, IR .

1.3.3 29 R BB BR a9 2

JETB N 52 K F Du 2509ff) Folin-Ciocalteu 7772, AHINSGH. BI—w &S TIRE
Pt 35700, PR BT T FE R R 13 2R BN 0~79.52 pg/mL (3 & FERARME S AT . FE5 31
U1 mL ERARAE SR T 25 mL B EESEEEE T, M 1 mL Folin-Byva UM B, TR &
# Smin J5, FIA 1 mL IACHT 10% NaxCOs ¥, TRE), 7% Bl %E, T 35 cCkitset
AN 30 min JG7E 765 nm AN EROGAE o GOESERE SRR S BN E : AR 1 mL
JiE 130 P BRIIREU, AT RN, 4R RV T R AR Y R R R vk
1.3.4 UPLC-MS/MS 7 #7 & 14
1.3.4.1 taifh 414



ik : Waters ACQUITY UPLC HSS T3 (2.1 mmx100 mm, 1.8 um) . Waters ACQUITY
UPLC BEH Cj5 (2.1 mmx100 mm, 1.8 pm) F1%Z 54 ZORBAX SB-C s i (2.1 mmx100
mm, 1.8 um) ; Fif: 30°C; FESEIRLEE 12°C; AR 2.0 ul: FshH A: 0.1%H Rk
W, 1 0.22 pm A VUL BERL 38, IUECELH : WizhtH B: 4JF: #iE: 0.3 mL/min;
B RE R LFE R : 0~6.50 min, 92.0%—50.0 % A; 6.50~8.00 min, 50.0%—92.0% A; 8.00~10.00
min, ZE5F 92.0% Ao KBy 243 nm AT 275 nm.
1.3.4.2 Ji % %A%

KRBT (LC-MS/MS) A1 F B IR (MRMD A5 20 5335 (14 Ty 8 2540 ot
HEAT SEHEATAT . SRFH B 25 FLES YR (ESD HEAT B 146, MRM BLUEHT IE 7 & FH4, £
EHE 3.0kV: BAERE: 300°C, B FURIREZ: 350°C; BiiEA<RE: 500 °C: i

AL E: 1000 L/h; AEESAHE: 0.15 mL/min; HEFLSIE: 150 Lh; HFHER (m/2):
50~550.

1.3.5 298 % P ErdR L5409 2 M2 2 94T

H UPLC-MS/MS I E BT HEBUR I BR A& W I E VA5 R AT, T B8 IR 2 L
2 AN M S5 R AR AT o SR FH PIARTZRG 1.3. 1 (R SR B A AN [RL R 2R I R kA7 5 &40 AT, LA 275
nm Ak 58 AN (3% P (R e TR AR A AT, DA P ARk FEE Rt A s i 4 (A0 s o4 T 28 [ )9 O AR
AT E R,

1.4 BRI G T 57#

% FH Microsoft Excel 16 ¥ . GraphPad Prism 6.01 1 TB-tools v2.012 # {4347 ¥ %
HEIbR ], SRR HUE HIF I EbR 230K, SR IBM SPSS Statistics 26 Gt i+ 7 #r 8 A2t
FEEVESHT, L P<0.05 NERBEAG R
2 RE55H
2.1 HmATA IR R IR

P ) AS [0 94 P88 o6 T8 B 1 R A T, it A0 e BE i b, DR (X, pg/mL) <
WG (YD 3 BB ARAR A AL AR, BRIEE7RE, R FERAsdE & B R ¥ =
10.432X+0.001 4 (R=0.999 5) , FHKZE R m, HEIETTREMCR R,

FECACE DU e A A LR St B R AR TE 218 ) I - /K B PR /K A S B 2R 400 I )
VAR 3200, 5 v AR €1 - £ I B R B A A R 22 0 FR B K B0 2 /K 0721, el
T v il DV )8R U R PR s, R Ik a2 49 PR R KA BRI o e P B AR T AN R
FR 0] R o SR IR B o 42 AR 1 B2 T, A AL 25 Py R (1) PR A8 R T A R Ak B2 0 2 v
SIS G BREGE TR G (WA 1D, BL70% H B R A5 ) 2 30
SEPERIEIR . 3,5-CRRIORHIR . SRR, WRIR R L SR A . Bk, JR4E
WEFE LA 70% RS A S IR I R PR AR LR«

TRF



<o 121 =
=2} 2
4z hiEoe 1501
= g =2
SE2 91 &8
=sS0 = é\ =
o =] o=
XS D BEw 10
wAHE 6 22D
HCE =&
1 g N 3 :f: = 501
2k %E
o S — < 3 —
0 10 30 50 70 90 100 0 10 30 50 70 90 100
HIETHRE PR
Methanol concentrations (%) Methanol concentrations (%)
~ . i 8w om
5} 45 B 200- .
=n 2
=E 201 g S
@3 «fc 1501
25 159 2509
T O iy
&5 E22 100
33 10 25 E
5 e
Z Z s0{ ¢
S £
g &)
= T . S e e
0 10 30 50 70 90 100 0 10 30 50 70 90 100
i e L
Ml1lfm¢u_ . PR
ethanol concentrations (%) Methanol concentrations (%)

B 1 7] PR B S P T B R AN B R H HR R
Fig. 1 Effects of different methanol concentrations on the extraction efficiency of main phenolic acids and total
phenolic acid in N. officinale
H: AEVNG FEERIRTE 0.05 KF LEREE, TEH.
Note: Different lowercase letters indicate significant differences at the 0.05 level, the same below.

2.2 BIEFHIMRL

KW FHELE T ARSI R UL AE R BN A IS F R H ARG & 4 B - i g i
R R A 5 (R o 2558, SRA 0.1% R /KVEW- C IS ah A, JEAT A BE e B i
UEERIEE 0.1% R KIS V- T IE . 0.1% T IR-HRE . 0.5%LMR- OIES5A W R X, 17 MRk
WA YIREAT BV ELF T « o B8 FE AN IR AR o T 2 AT OB R S 2 4, KB B Ty F2
B R R N & AT ek R AR A, R — e R SSIRIEDS . ARSI AR I — g Wk
AT T4 By R R 20 73 5 (s M B BB, B RIS, SEBIETY, (AR & Bk
B — @R G i) 8 TR S R, BRI R . Bk, 5 R 4R 0.1%
HRRK R ZIEVE R ANAE, @ AT RRBEBERL, 7E 10 min N, SEIL T S ERE AP 14
KA (LE2) o 5 Zhao ZENISCRRIRIE A 15 min 58 B4 BRI AR L, A 71544 B
TR A 44 T 5 mins
2.3 BIgAERIRE

AT ST AN F E AR 17 Bl BRI Ak A 0T B b 5 (10 12 1 €00 3% UG DA TR G i )95
S . IS5 KR : ZORBAX SB-Cis (il AN AE 4> 55 10 FMYEZ, 1f7 Waters ] HSS
T3 3% A A1 BEH Cis 354 RESCI 17 MR 70 B8 . KT, (EVETEAN S BSREJT T, HSS

6



T3 (i AERR L T BEH Cis tAilihE, HAEARKIERIKAE, JCHRAERS 3, 5- “F I8 H IR AN
AR FREFN YT ERLOEE (WK 2) o A HXIFRINERAT BT HE6h € & 04T,
ltt, FEB i 7 HSS T3 /A it

8
ET ‘lm
| { 17
T O A P
I
S s
B 3 5178W%un‘ %m‘
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I ||
}/\. 2A|‘ H M‘“‘ ‘ ‘.“HJ‘ ‘Ils4 1d le ‘\
pa% Y UYL B e dho
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B 2 BRI S IR SRR A SIS & KB G
Fig. 2 Liquid chromatogram of mixed phenolic acids standards and N. officinale sample
W A SRR EEE: B WAWFEAIERL 1 BETR: 2. BFEILEAR: 3. SER: 4 oz
5: FHMR; 6: 3, 5-FFORHIIG: 7 XFREKARE: 8 THM: 9: AR 10: XEER 11: AR
MR A; 12: BUBERR; 13: RETERR; 14: OFEE; 15 BREE: 16: KT 17: KBK.
Note: A: Chromatogram of N. officinale sample; B: Chromatogram of mixed standard samples; 1: Gallic acid; 2:
Protocatechuic acid; 3: Chlorogenic 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: o-Coumaric acid; 15: Ursolic acid; 16: Benzoic acid; 17: Salicylic acid.

2.4 g E IR ERM K

Waters = 5 UM 5 1% 2% A AR AL - ZEAHEH € S EMIEFE T TR 7. #EfLH
& (CV) | fillfERERE (CE) 28, ARIHELH] 1 500.0 ng/L WL 17 FhEp IR R4 7 5
PRI, BN 0.1%F FR-/KIEW - sl B (45 =50 050 (V/V) , it ik B4zt
BEXTHARAE A HEAT B 55 IE B A (BSIY) Ff s 7t (ESI) T H3hifis 7 X433,
DA SE 17 PR RO oo I . Rl RE B . SRR 4G R, 76 ESIHES U M AHEC T ESI'HE
B R BNRGE M RERS 7 K TR T, JFH MRS 5 S AR . BN GRS BRI 73 A7 R A8 K B i
MRM A HEAT(E 5 R4, 7E ESI-HE 7 0R, 17 Pl BRYS I T8 s e i HE 7> 12 7 (I
K3) o BARKT &AM RRARAE i K B S 80 W& 2.
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Fig. 3 Mass spectra of 17 phenolic acids and N. officinale extract
X 2 B &R RS S5
Table 2 UPLC-MS/MS parameters for target compounds
&S (i) s & m/z HEFLHE il 12 R
tr (min
Fe Molecular Compound REEST TET Cone voltage Collision




Compound Formula Parent ion Daughter ion QD) energy (eV)
number
1 3.036 C7H:Os BT Gallic acid 170.20 126.09° 28 14, 24
2 3.888 C7HO4 J5JLZRER Protocatechuic
154.11 110.26" 6 14, 22
acid
3 3.967 CiHisOy  £EJHPR Chlorogenic acid 354.17 191.19" 15 31, 14
4 4.183 CoHsO4  WNHEER Caffeic acid 180.15 136.24" 30 15, 30
5 4.552 CsHsO4 .. o 153.03",
FHER Vanillic acid 168.25 36 14, 19
124.04
6 4.647 CHeOs  3,5- “JRFEIRR
154.11 110.24" 14 14, 18
3, 5-Dihydroxybenzoic acid
7 4728 CHeOs  RFRIEAK R
137.1 93.0" 36 12, 16
p-Hydroxybenzoic acid
8 5.023 CoH 005 . T 183.00".
TR Syringic acid 198.27 48 14, 20
154.03
9 5.238 C14HeOs .. S 258.15%,
1R Ellagic acid 302.27 30 12. 14
230.18
10 5.28 CoHs03 X7 R Coumalic acid 164.19 120.10 44 16, 26
1 5.418 CasH2O12  FERER A
354.27 191.18" 30 16, 32
Isochlorogenic acid A
12 5.499 Ci1oH1004 .. o 150.24"
Fi%EEZ Ferulic acid 194.22 15 12, 14
135.17
13 5.933 CioH1004 . ) ) 159.14",
SFFIERFER Isoferulic acid 194.22 6 12, 14
135.18
14 6.126 CoHs0:; 4875 1R o-Coumaric acid 164.13 120.12° 40 30. 35
15 6.423 C30H4303 N .. 408.37".
RESRER Ursolic acid 455.50 44 30. 42
263.26
16 6.842 C7HqO: ZKHR Benzoic acid 122.10 78.14" 26 12, 16
17 7.146 C7Hs0O; KR Salicylic acid 138.16 94.18" 36 16, 12

G EEET
Note: "Quantitative ion.
2.5 AT
251 KA EF R

FERAHI SRS D52 — R U () 17 P BRI, ARAE IR (X, pg/mL)
5% I8 () i I I TR L BB (YD ERRAEMN 2R, THEL R TR O R %, SRR, X
17 R BIAEAR RO FE L A B2 RAFERPESC &R, MR AR E (R AT 0.999 2~0.999 8 Z 7], J7
AR (limit of detection, LOD) FE &R (limit of quantitation, LOQ) & THRE{iF B5 4
U A A 5 3 A5 5 L (S/N>3) AT 10 £ {5 1 LK (S/N>10), LOD {3 Fi 4 0.8401~4.040 pg/mL,
LOQ JEH A 2.001~20.50 pg/mL, R 2 E BT R R, HARLRNE 3.

R 317 MR I IR J7 i A i
10



Table 3 Method ological verification of 17 phenolic acid components

WEDG 5

LMt r e HRAH AL LOD LOQ
Compound Correlation Linear range
Linear equation (pg/mL) (pg/mL)
number coefficient (R) (ug/mL)

1 Y=11424.01X+7 791.70 0.999 8 0.5467-20.06 1.440 5.303
) Y=9 067.80X-8 651.90 0.999 6 0.5102732.21 1.120 12.00
3 Y=7 007.50X-6 730.50 0.999 6 0.9000780.63 1.241 3.122
4 Y=13 083.01X-9 917.40 0.999 7 0.9201716.72 2.101 4.651
5 Y=12 488.02X-11 762.01 0.999 6 0.5304°16.25 2.520 4212
6 Y=1057.90X-905.41 0.999 7 0.7004-120.6 0.8401 20.50
7 Y=552.43X-448.78 0.999 4 0.28007250.9 0.0500 20.50
8 Y=25984.40X-22 837.04 0.999 7 0.542378.16 1.421 20.00
9 Y=1954.50X-1 739.80 0.999 7 0.9301-80.36 1.472 20.40
10 Y=164 760.0X-15 400.0 0.999 6 0.1645720.02 1.465 2.001
1 Y=22028.08X-21 040.04 0.999 6 0.8521720.99 1.011 2.002
12 Y=30434.04X-26 503.05 0.999 5 0.4201-8.850 1.092 2.001
13 Y=17079.04X-14 269.10 0.999 7 0.6501-8.122 0.9502 2.005
14 Y=28 611.01X-27 500.10 0.999 6 0.410078.960 0.9410 1.302
15 Y=3 950.60X-3 028.20 0.999 2 0.8510720.28 1.091 1.201
16 Y=2432.80X-2 243.10 0.999 2 0.6101720.94 4.040 15.00
17 Y=736.45X-798.01 0.999 3 0.9204°160.5 1.092 13.20

B 100 pg/L (7R & Fr E IS R SEERE 6 U, TS 17 Pl E b i 40 W TR 119 AH R i 22
(relative standard deviation, RSD) , FHZLHIEHE ., 45 L BIR, 17 MEER IR % % RSD
TN 0.23%~2.3%, 45 REHIARLL T BA BUF RS %
2.5.2 fa ke
B[R] —RE S AR A, A BIAE 04 24 4. 8. 12 M1 24 h #EKE 6 ¥k, WllE B AR &Mk
A RSD, HRHAEM. SR ER, 17 FHERMTRE M RSD EHA 0.41%~6.5%, H
MR . FEER . LA R M SR JFEER AR E M RSD & T 5.0%, RUNZFE MBI 24 h
PR Fe s PR R AT
253 F 5 MK
W] — S ke iy, 42 HR<13. 17T F 7 A 4 6 ke S IE T, 12<1.5. 27T B S6AF I E 17

ol R HAOUEETET AR, THSE AW B ¥ RSD E LN 0.31%~3.5%, 45 BRI fEE M RIT.
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2.5.4 Ao B R K I

R 5 Ty BR 2R 20 43 7F NAS13 FE 5 o 8 SRS B 10 26 5 R s E Ak (R
R bR . ERAL SIS R REATIR . PR AT InAR, A IFR K EE 6 k. SR E
R, 17 FREYER BT 35 AR (RN SCR VS 94.63%~102.4%, RSD A 0.64%~4.4%, 3R IZ5HT
TERA B RS (KD .

R 4 EWSERERDHIN 17 BRBERERER (n=6)
Table 4 Recovery rates of 17 phenolic acids in N. officinale samples (n = 6)

E T s i ae2ciliEs
Compound Baﬁﬁfﬁm lijgj;ifn hjljgfljrﬁed e vaﬁi RSD (%)
number (mg/g) (mg/g) value (mg/g) Recovery (%) (%)

1 0.3201 0.4030 0.6885 95.21 99.64 3.1
0.3199 0.8105 1.149 101.6
0.3213 2.014 2.384 102.1

2 2.541 0.4024 2913 98.95 97.80 1.7
2.532 0.8054 3.307 99.09
2.529 2.205 4.514 95.36

3 2.981 0.2047 2.951 92.62 97.80 3.7
2.983 0.4004 3.391 100.2
2.979 1.056 4.058 100.6

4 1.351 0.4004 1.652 94.32 96.50 4.4
1.355 0.8005 2.213 102.7
1.352 2.054 3.155 92.50

5 0.9911 0.4056 1.289 92.28 96.52 4.1
0.9899 0.8003 1.665 92.99
0.9901 2.000 3.029 101.3

6 9.850 1.0003 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 2134 100.0

8 0.7999 0.4047 1.150 95.43 98.87 3.1
0.7956 0.8004 1.570 98.34
0.7978 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 0.6801 0.4001 1.096 101.5 102.40 0.65
0.6811 0.8004 1.524 102.9
0.6842 2.171 2.936 102.8

11 0.0301 0.2021 0.2353 101.4 98.43 2.1
0.0304 0.4003 0.4158 96.55
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0.0303 1.021 1.024 97.39

12 0.1701 0.2002 0.3717 100.4 98.99 2.7
0.1707 0.4054 0.5487 95.24
0.1711 1.058 1.246 101.4

13 0.3804 0.2001 0.5371 92.53 94.63 1.6
0.3807 0.4004 0.7424 95.05
0.3813 1.002 1.332 96.32

14 0.1507 0.2001 0.3434 97.90 97.98 2.7
0.1509 0.4004 0.5587 101.3
0.1512 1.023 1.112 94.71

15 0.7511 0.4001 1.097 95.29 98.31 22
0.7573 0.8004 1.565 100.5
0.7515 2.001 2.730 99.17

16 0.6804 0.4100 1.056 96.86 97.43 3.4
0.6806 0.8210 1.405 93.58
0.6807 2.025 2.756 101.9

17 1.112 0.4004 1.441 95.29 98.31 22
1.117 0.8004 1.926 100.5
1.121 2.021 3.116 99.17

2.6 FIHSHE R ERER HO M TE 25 R
2.6.1 9 E B LB BR R 40 A A b

NAS14 SR 4538, HA72 HarE N B8R T, NASI3 HEEALEIE, (ArEMmem L
Hiy DX AT R, AR AR S A A L I UPLC 20 #r, BR T K3 —50 NAS14 Fl NAS13
TR BERR . ML 25, b EEaE O3 R h MBI & & . ARNE 4 R, &
A SR S B R R . E NAS14 SRl A [F] 36 A7 ) e B R 25 v e AR
RN fE. L IR, MR RS E e N 142.06 mg/g DW, ZEH S R Y
FERIK, N 74.04 mg/g DW; £ NAS13 St sy ie & A & =, 9 210.33 mg/g DW.
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Fig. 4 Content of total phenolic acids in different parts of N. officinale
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B RS R AR 5 R, EMSEARASRERILEE D 17 MBI EY), 1A
FRHLOR R BRI PR BE U RERR R 28 o AR HAL 22 85 7028, XTI 3, 5- —FR ok il
MR BAER HILRIR. KBIR. BB TR HFHEIR. KFR. THR. B THRERFRAY,
PIMERR . PRI PTRRIR . MEHFEIR. BT HRENERE; 54h, BRR. SER. i
JRR AR THETWIR. SMEhRmREL Y TR RERTRUEMER, &8R&EH3
FRE R ot R IR FH R . BRAE IR AN 3, 5- —FRJL R WG, FL A it voxt F B 8 F R AR X 1 70
EEFEIE 78.13%. AF G FIRA Y — 2, HEHA PRSI S EE
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Fig. 5 Content of phenolic acids in different tissues of N. officinale
2.6.2 13 I EMSEM R D BBRN R ER S HIER

AN IR, HTHER T 18 fr G IR KA SV AN B &, a5 Rk 5
N, SLIRSE g R o S A e e O P R Y IR AN A A BRI T R 1R RIS, AN T i b S SR Py
A GV E (LT3 JEEN 0.120 1~181.6 mg/g DW. N[ S HESE S A i - AR
TR EEREKN, FEUBIERFRUMBRY AL, HRERFREHR S EHEXR
T A EEBR R IR « RS I rhoksn U 2 f) 32 By BR M AN B AR VO R R FR R > e
B> 25 >3, 5- R HEIR IR > KR > RE SRR > H AR > i L RIR > R IR > T &R
>0 SR o IO FR B OR R & B AE & it A b o iR oK, S BV RN 76.49~181.6 mg/g DW,
IR E R 62.06%~80.22%, HUONERAERE, SRV Dy 19.30~28.90 mg/g DW, 5
PR & 1K 9.770%~17.64% . S i A By IR ANk & IR . ek SR AL FIBEIR . f
IR A EZRAKZRM S EEERIK, K, RaER A KPR FZRAKZRA
FEFRB 3 MR R
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Table 5 Content of phenolic acids in different N. officinale cultivars( xts, n=3)

#5 NAZWELFHHMBREASMEE ( xxs5, n=3)

%' MR AV & & Content of phenolic acids (mg/g DW)
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1079 0.31+0.03 1.04£0.02  10.59+0.01 0.97+0.02  0.42+0.02 5.85+0.18 120.32+8.80 1.15£0.02  24.05+0.38 0.49+£0.00  0.27+0.01 ND 0.29+0.01 0.18+0.01 0.5
NASI1 0.30+0.02 2.03+0.04  12.82+0.02 0.64+0.03  0.54+0.01 4.98+0.21 156.75+2.94 0.93+0.02  28.90+1.43 0.58+0.00  0.20+0.00 0.22+0.01 0.13£0.00  0.19+0.01  0.¢€
NAS2 0.29+0.02 0.42+0.14  7.07+0.01 0.90+£0.04  0.48+0.01 4.22+0.06 109.40+7.26 0.80+0.03  25.47+0.59 0.53+0.00  0.20+0.00 0.18+0.00 0.34+0.01 0.21+0.00 0.5
NAS3 0.26+0.01 1.36+0.04  7.34+0.00 0.94+0.11  2.13+£0.02  7.30+0.18 96.85+1.10 1.27£0.09  23.25+0.23 0.34+0.00 ND ND 0.13£0.00  0.14+0.00 0.5
NAS4 0.31+0.01 1.23£0.04  9.62+0.17 1.86£0.05 0.25+0.03  4.55+0.16 110.3248.13 1.02+0.13  21.57+0.52 0.50+0.03 ND ND ND 0.13+0.00  0.¢
NASS 0.35+0.01 2.59+0.08  5.52+3.32 0.98+0.01 ND 7.56+0.14 146.50+2.00 0.85+0.01 25.96+0.63 0.54+0.00  0.18+0.00 0.19+0.01 0.18+0.00  0.15+0.00 NI
NAS7 0.33+0.01 1.29+0.01  1.18+0.00 1.58+0.11  2.99+0.00 4.86+0.02 117.15+9.38 1.44+0.22  26.19+1.52 0.60+£0.00  0.37+0.00 0.17+0.00 0.29+0.02  0.25+0.00 3.1
NASS 0.28+0.04 0.57£0.03  9.84+0.57 1.40+£0.02  1.48+0.03  10.71%0.01 97.34+0.79 1.60+£0.02  27.78+3.43 0.53+0.07 0.37+£0.00 ND 0.31£0.00 0.27+0.01 3.1
NAS9 0.27+0.03 1.26+0.05  1.01+0.05 1.47+£0.00 2.73+0.03  4.18+0.28 76.49+32.76 1.58+0.37 15.42+5.50 0.45+0.09  0.16+0.00 ND 0.21£0.00 0.18+0.00 0.5
NAS11  0.26+0.03 0.45+0.11  3.74+0.16 0.30+£0.18  1.05+0.09  5.22+0.21 153.06+12.03  0.50+0.06  24.41+1.59 0.62+0.08 ND ND ND 0.15+0.09 0.7
NAS12  0.30+0.02 1.21£0.08  1.28+0.09 0.63+£0.02  1.76+0.09  5.19+0.37 102.06+2.76 0.84+0.03 19.30+1.07 0.90£0.00 ND ND 0.24+0.01 0.25+0.01 1.1
NAS13  0.30+0.02 2.57+0.62  2.94+0.02 1.25+0.17  0.78+0.00  10.03+0.64 162.45+9.67 0.83+0.01 22.64+2.08 0.69£0.05 ND 0.19+0.00 0.31£0.01  0.16+0.00 1.(
NAS14  0.29+0.01 1.12£0.02  1.16+0.03 1.06£0.02 ND 4.61+0.06 109.75+3.19 1.33£0.04  20.76+0.44 0.38+0.02 ND ND ND 0.13£0.00 0.
NAS15  0.40+0.03 1.43£0.05  3.53+0.05 1.18£0.04  0.90+0.04 11.63+0.41 181.64+6.23 0.97+0.03  22.12+0.69 ND ND 0.19+0.00 0.31£0.01  0.17+0.00  0.¢€
NAS16  0.31+0.02 1.98+0.78  3.32+0.03 1.77£0.05  2.71+0.15  10.14+0.30 144.85+0.58 0.88+0.01 20.47+1.73 0.62+0.00 ND 0.18+0.00 0.31+0.04 0.7240.07 NI
NAS17  0.33+£0.01 2.21+0.70  2.92+0.11 1.39+0.18  0.69+0.00 11.19+0.28 144.80+7.75 0.88+0.01 27.65+1.50 0.69+0.00 ND 0.23+0.00 0.29+0.00 0.16+0.00  0.¢€
NAS18  0.23+0.03 0.97£0.04  1.14+0.04 1.23+0.00  2.55+0.04 4.64+0.27 90.27+22.84 1.09£0.21  22.48+2.43 0.71£0.00 ND 0.19+0.00 0.19£0.00  0.14+0.00 0.
9P24 0.32+0.01 4.08+0.04 5.50+0.15 1.16+£0.03  1.00+£0.05  12.14+0.45 173.72+8.07 1.1740.20  27.68+0.12 0.68+0.02 ND 0.19+0.00 0.29+0.02 0.14+0.01 0.

7: ND R H.
Note: ND: not detected.
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Nt — A AR RR RS WIAE 18 A TIESE il b (5 5L, ASHIE TR L B BR 2R AL & Wb 28
SEMATHESTT (LB 6) o SRRV, 18 A IR MIL I B SV T SIS B r] LLAF R 3 KIS
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Fig. 6 Heat map of phenolic acids content in different cultivars of N. officinale
MAFR R SR & ERE (LLT3E, W 7)), 18 4 SRR i WU b 1 S B iR & B A i 3%
Z, SRS EICEY 106.0~230.0 mg/g DW, & &k SRS 9P24, HIGZ NASIS, & &K
Bl NAS 9. SR & &5 T 200.0 mg/g DW G IESE SRR 4 43, 43l 7& 9P24. NAS1. NAS13 fil NAS15;
SR & BAE 100.0~200.0 mg/g DW G R A 11 43 SEERS EKT 100.0 mg/g DW 1) IHE M fh
A 3 6. S5REY], AR GRS BER S 82RO, Hr 9P24. NAS15. NASI3 Al NAST e
B EMRINAE YN SIS IR, WO S S ST B R ECE BT 5 IR 0 AR I AL AR A R
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Fig. 7 Content of total phenolic acid in leaves of different N. officinale cultivars
3 Wig 54t

B A IR GARM = h i — KRB &Y, efEMm R r k%2, BAZMAEYY¥Thee. Hil
O S5 25 %58 T 1000 RN AN, Fu Hrh— L AT R T 2 A
ﬁﬁ&%ﬁﬁﬁ%ﬁﬁo%%%ﬁﬁﬁk%iﬁﬁiﬁ&ﬁﬁigﬁmouw&Iwmﬁ“Mngﬁ%%
B, SR FH e ROBMH i E T B T IE I Y R R A & B . AW FUE T - o sk Al it
T ] 2% 7 V7 SR A ST R e ROV €S - B TR B VK [ N T SR P B A S AT T e R BT
N T ARAR T R 0 S B AT O, ASHIE T S T AN E] B B AR AR BE BRI . B RS B R R E P R
PEAHXT A, B R 8%~50% LM BB Wb, %7785 Liu U8 78 5 454 ZHE R LI fR. 5340, i
TR Al 2RI KGOS i 0 1 7 AL, AT VE TR AE KA TR IO SR S I T, LA B JH-0.1%
FER K OB FE BRI, T8 Moy (i e AT, WA B, R4k P B . Klimek-Szezykutowicz 25 16R
HPLC-DAD 7774 85 min W73 & 1 G IR . FER. BAERR . PFIBLRME & TR 10 PR R4t
AW, ARWETT BB FE B B (8] AN B 8 min st AT DAES € & 4 B SESE T 17 MR ER, AH L Zhao ZFUTIHY
UPLC-MS/MS J7 KBS LB BT 18] (15 min) BT, AHIT 58 i s S5 AR A LB T 008 7 s R IR 28
TR, SREH, AE ARSI RT ES . Wb, ZRIM G, 7€
=R R S NGRS S e i QT (3 e oy TV vk = A R S A 1 = W/ v I o O w0 [ 5 RN O
FOEEILI) UPLC-MS/MS JiE R B P #kffy, &M T SRS BRI 5 e e =i, WA S
WM BRI KR IR 5%

AHIT ST TE Y 18 A7 T2 S o B3 U5 A P R 1) 5 BV LY 106.0~230.0 mg/g DW, - AN [A] it b &3S
TR ALy (& B 22 W R, HCrp B A o SRS A o OP24 SR IK S R & B f LR S B AR I
) NASO st AfiEr 2.17 1%, i th iy 2R R R IR . BRIEIR . ZRIAIR A 3, 5- R A RX R . AFE
TERA AT MRS R ET RS, SN SR H RS EMRICH. 16, R, E3RZE, HHrE
%EQEE*IMIm%DW,%%H VR 1A NIRACRE , GIEEhAAEAR T MR, &
AR SAHIE, TEFT/HT I GRS S AR 17 R SR AL Sy, SR S A EIEHEY 0.120 1~181.6
mg/g DW, EFERIIKHRMME. RERNERMMBRANS MK, FERIERPRUBKIYAE,
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P Ry R R 2 5 PR AR 2 2 K
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BT Y 18 1 SRSE R SRV T Y BRZH 43, R I SIS T By R 4 il - B AR B OR R U R Y A2 AE, B4
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