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Determination of organic acids in different organs of soilless cultivated
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Abstract: The species and content of organic acids in different organs of soilless cultivated water dropwort jinling No. 1
were determined by liquid chromatography single ion monitor orbitraq (LC-SIM-Orbitraq). After the optimization of
chromatographic conditions, 25 organic acids were well separated, and the linear relationship was good within the mass
concentration range of 1x107°-10 pg-mL", and the correlation coefficient was between 0.991 0 and 0.999 9. At the added
concentration of 0.5, 5, and 20 pg - mL"', the recovery rates of add standard were in the range of 50.39%-125.32%. The
samples have a superior stability, the intra-day stability ranged from 0.28% to 3.99% and the inter day stability ranged
from 0.41% to 6.63%. The results show that the major parts of organic acids in water dropwort jinling No. 1 are oxalic
acid, succinic acid, malic acid, shikimic acid, citric acid and D-(-)-quinic acid. The oxalic acid in the root was the highest,
reaching (32 094.08 = 1 600.77) pg- g, which may be one of the main reasons for the strong environmental adaptability
of water dropwort. The proportions of malic acid, succinic acid and citric acid in stems and leaves were higher than roots,
indicating that stems and leaves had better taste and flavor. Moreover, the contents of D-(-)-quinic acid and shikimic acid
in stems and leaves is higher than roots. Therefore, water dropwort can be used for D-(-)-quinic acid and shikimic acid
extraction or functional health food development, and has great potential for resource utilization.
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XA, 4 LC-SIM-Orbitraq Jil 52 7t ARG AT AN A s B h A LR & &
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JK Fr[Oenanthe javanica (Bl.)DC.], X 4 B} .
KL HE LR, AT RHE RV 2 K A A
Yo FKOFRET 2 4 AT T B E 5 R AL SR (0 5 5
Z—, DA SR 2K Be AT B o B, KO DT A
R IRY , & & KA S T PERE R R R R
BT 4 AR 3% DL J5 76 3R 55 N AR T 75 118 77 1%
30, [R5 A R AT 4 L TR A%
KINER IR ITRE R, BA R & E
FEME A R AF B PRI Th e, dhak, K7 IE /2 — Fh
TR 25 IR, BoA 3o S e 0P iR PR
PSR F S i PR b AT BRI IR U L 37 #A0R) R 4%
BEIT DAk . KT BB — M N 25 & w5 F ) 2
RE DR K AR B 5, FoAT AROK I B0 B FH v ) AT
RAES . H AT XK B T 5T
T B R R A 2 D RE 4T, TR
AR A LR R BIE 7 6f LFRTE

AR — M ZHETEMEFR R EER
A VACE D), 727K R A B T R R 7y 22
LB R 7K SRR S8 1 R KUK L E 7R DA RO T
P A, R, 2 A LR B — A H
DIRe LA SRR B D250 o S SRR AT G R P LA
JYr & Ty R, A2 1 T A 8 R i =R IR
W, RABOR 5 D0, gt i R B 107 10k
JH B0 OE SO O R P DL S5 2
i DIRE . MbAh, KEF AR B, BE SRR A 5%
BRI B R o I A I8 BUws B DUbE PR 5
ZyEAE P R, BIF 5T K SRR R S A LR 1Y
Tt A AR 5 o JE 1 U XU R TR AN ) T A A S
24 3877 TR AR S R AN Iy e DR AR 8 ot () I R R A B
=98

AN TR] ) Ak 35 07 32 S 35 52 e 7K R R S 1Y) i
JRE FEANEE e KO I R8s 77 2R 48 5 51 7] 40
N KTHN TG R AT AR, B AT KT SR L 4%
RN g 0 R e S S e w7 % 22 I ]
T ARG KA B R P02 AR,
KBRS IR 0 R N KAE , a] 7K AR B S 42
A=K T 08 TR 5T, B BE S B T AR I
b, AR TL RS 8 77 A K Ak T A R /K A R
Sk 0F 7K AR F ik 378 SR A 5T 8 A 2 R FH R i B R
WA RAEER Y, F, B W RIS AT
BB FA KR AP 1 50l E
FeA KR KT T AR5 77 2, SR v RO € 7 e
I H 5% 257 J5fi 1% 7% (liquid chromatography single ion
monitor orbitraq, LC-SIM-Orbitraq) ¥f 4% 1 5 /K 7+

ANTEL S B R A LR A AN S Bt AT I E KO
(B P AN T REVE OR 8 B i FROT R AR BEAR S -

1R

1.1 ##

R T 2021 4F 5—6 H FEIL 7548 B R} 2 B
ST AT . B P &R 15, DL
B ZEME TIL A AT A LA EE
ook iR, Bhak K 385 — DR R U1
FRI7K AR 23 B EL 500 g FIB AR 25 o, AN
A 3 IREE, SRR ECE R B 2%

IR T IR T R B VHLIR IR IR 7 TR R
W O F O & S IR R IR K
FRER % R E R KR F R O R A
M2 B IR IF R TSR A DL- RAT IR VR IR
5 25 A HLER A5 e i B | Sigama 2 &, 44 35>
98% ; F i Al 2,5 (HPLC 2%) « 3- i 3 2% Jiff (3-nitro-
phenylhydrazine, 3NPH) 1 1- (3- — H & 3 7
F)-3- 2 7 mk — W (EDC) , 46 $>98% , $41 1
HE R RAF .

1.2 At

12,1 AR SbBH AATAA  TRFRHIA B 900 pL
) 50% FH I /K 5 (HPLC 2%) , 25 N\ 10 mL 75 &=l
AR I FRUE S 10 mg, T 50% FF RS 7K V3 WUE 25
£ 10 mL, iR HEIR AT, FEH MR 10 1% 5 B o) 15
PR f 2 R A ARl &R 25 B HLIR I &=
WIEIN 100 pg-mL "o U IR i 2 3% 1 0.001
0.01.0.1.0.5.1.5.10 pg - mL" B & # B, 2 A
1.5 mL [ EP & .

P dE S AT AR AL  BUE B AR E S BB O T,
SN 10 uL 0.1 mol- L' 1-(3- &P I)-3-2
FB = W% (EDCOAIT 10 pL 0.2 mol - L' 3-fi 4 it
(3NPH),40 °C# & < M. 30 min.

122 HBRBEATANL FEHRIFEA 0.1 g, 0
N 300 pL FEBUR (Y wm sV ws=7:3), 7o 0B 5T s UK |
$& B 30 min; il A 200 pL HO, /& %) ;4 °C R
12 000 r-min™ -0 10 min, BL_E3EW, AR 1K,
H0 40 pl B8 F HE bR S AT AR A A T AT AR
123 MLHE A% K LC-SIM-Orbitraq 4 #1 7
SRR TR A LR AT 8 e AT, BAR S
AT

5 5 0K FH IR 2 88 5 ROBAE 3 48 (Vanquish
UPLC, Thermo, Waltham , Massachusetts, USA) , %
H] Waters BEH C18(50%2.1 mm;, 1.8 um) (Waters,
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IR BT T fOE N R %36%
Milford , Massachusetts , USA ) Wi AH € 15 4 54T 70 5 Fz2 tEHZMERE
BERE RN 2 uL, IR N 40 °C. i3I A0.1% H Table 2 Standard fitting curve
R, 218 A B0.1% FH R, KPR 1), BHEME M /mn R X R K
=1 EEERE FEHLR 1.150 Y=35.225x 10% 0.997 1
Table 1 Mobile phase gradient ?‘é)ﬁ M 1240 Y=1.203 x 10 0.991 2
fif 1) /min Jtid/(mL - min®) A% B /% Mﬁ 1900 =1368 <107 09974
00 035 0 ” ] 3.740 Y=5.636 x 10" 0.996 8
50 035 10 % 5T 5.250 Y="7.463 x 10 0.994 5
120 035 % 0 TR 5.450 Y=7.176 x 10* 0.995 8
140 035 90 0 AR 5.580 Y=13.071 x 10* 0.997 9
141 035 0 90 R 6.230 Y=1.515x10* 0.995 8
160 035 0 90 BEII 6.650 Y=2.739 x 10* 0.993 9
[ 6.680 Y=1871 x 10 0.994 4
;ﬁi%/%éﬁ%ﬁﬁ @*&ﬂ-%@ Eﬁliﬁéhiéﬁgé\}ﬁi% %UZ% 6.840 Y=7.656 x 10* 0.995 5
{% (Q Exactive™ , Thermo, Waltham , Massachusetts , KR 6.990 Y=18.470 x 10* 0.996 6
USA) @ - HEB ik U R 48, LA L 55 & IR e 7.090 Y=1780x 10" 09974
(electrospray ionization, ESI) F Xcalibur T {E % . IR 7.110 ¥=7.227x10% 0.996 6
0 AL 10 8 3 5 B 4% 108 B 40 and, YA T 120 LI 09930
10 arb, B 1 W 55 H JE +3000 V (2800 V) , i /& :g@ 3233 i:;gi 13 gzziz
350 °C , B - & 1 B I JE 320 °CP. HIRIBER - 301107 00053
A Fullms-ms2; 34807 OV T T —Zfi B i 7.830 Y =9.424 x 10° 0.996 6
m/z 120~1500, KW 8.130 Y=9.413 x 10% 0.996 4
BT REfh i 1,22 AT /b3, 72 123 (0 DL-SivhR 8.340 Y=2.992>10% 09919
AR R RPRE S LR & R AT . TP 8370 Y679 10T 09992
YR i TR R e A B UR AT . om0
* FrRRIR 8.790 Y=3.708 x 10** 0.998 1
13 BRALIE FIR 10.900 Y=7.473 x 10% 0.999 5

i F§ Xcalibur 4.1 (Thermo Scientific, Waltham,
Massachusetts, USA) 7 Q-Exactive I REEEH , IF
i | TraceFinder™ 4.1 Clinical (Thermo Scientific,
Waltham , Massachusetts, USA) 347 Ab 2 , &4k £ 5
1t o Excel #30. BT A HodiE B R 1E WPS Of-
fice 2019 J% Origin 2021 % f: i Ab 38 | 2 il , K Fi
SPSS 26.0 X146 25 SR AT # [K 3 U7 % 70 M (Duan-
can) FLE E 4T

2 RS0

2.1 FrEfhzk

K AMRIE AT & B i, 5 1R 1.2.3 il
25 A AN TR A 55 D VR A Y VA I3 B 43 #7 (0.0011
0.01.0.1.0.5.1.5.10 pg-mL") , LAFRUE S IR R
REAL R , DUAR HE i B U T AR R A A, 400G A o it
LRI RN 7R, HFEAT A OC R AT, 0k 2 B .

H 3 2 AR, 1K 25 P LR AR E il 28 181 )5 7
FEHIAH % R BHIAE 0.991 0~0.999 9 2 [1], F WA HL
i 25 73 11 9 B FR U THT AR 2 TR) 4R 14 0% 2R R AT, 7T AR
FiZbrE R 40 1 SKER AR S E.
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25 FE HLER I BT S 8O 3R 3 Fos, 45 1
SEIR 25 PP AR b A i OR B T[] 55 A R B 1 ()
) 5 B4 B 1) 4 25 4E-0.03~0.02 22 [8] s bR v 20 7 J
B 5 FEAR > 1B W 2 75 -2.43~0.41 2 [A], & B4
RS S PF T RE BN & A LR 1 &5 & .
2.3 TREMFAE WK EE N LR

TERA E BRER 2% A N AT R I, DA 3 fi {5 L
CS/ND TS LR B R B PR, DL 10 £ 15 e bh iH 55
E B, g5 B IR KT RE S R 25 Mo HLIR A
H R A (5x107~0.005) pg -mL"', %€ &R A 0.001~
0.01 pg-mL" Z3 XS 7K i R A LR 19 H A AR
58 T CHIVRE S A A LR AE TE 5 658 2% 1 BRUE B
i DRAE B 2 A N CE — R RR e M) 5 H RIAR e 1
CRPRE & P A ALER TR 1E R0 26 1R B0E B RS L AR
TER A N IE 2 K Aa e MO AT R 43 B, 45
TR IR KRS P 25 FioA HLER 19 H P Fa e
£ 0.28%~3.99%, H A F2 & YEAE 0.41%~6.63%, 15t FH
B AR M (GR 4. AR, @ ks
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Table 3 Mass spectrometry details of organic acid target compounds
BH R P AR F/min - FRAES 2 T BUE/ (m/z) FEARGY T I B/ (miz) R B INF 8] 4 72 /min G A 2
FEHR 1.15 308.088 81 308.088 32 0.02 -1.60
TR 1.24 326.099 37 326.098 82 0.02 -1.70
LR 1.90 224.067 68 224.067 25 0.00 -1.94
[ 3.74 208.072 76 208.072 31 0.00 -2.16
5T 5.25 222.088 41 222.088 12 -0.02 -1.31
TR 5.45 222.088 41 222.088 00 -0.01 -1.86
NP aN 5.58 419.095 68 419.095 46 -0.01 -0.53
W 6.23 403.100 77 403.100 22 -0.01 -1.37
BRI 6.65 387.105 86 387.105 41 -0.01 -1.17
[z 6.68 373.090 21 373.089 75 -0.01 -1.23
5 IR 6.84 236.104 06 236.103 52 -0.01 -2.31
K HER 6.99 399.105 86 399.104 89 -0.01 -2.43
W% 7.09 401.121 51 401.120 94 -0.01 -1.42
RER 7.11 236.104 06 236.103 52 0.00 -2.31
R 7.28 256.072 76 256.072 42 -0.02 -1.33
[ 7.34 415.137 16 415.137 33 0.00 0.41
R 7.50 385.090 21 385.089 78 -0.01 -1.11
IR 7.71 359.074 56 359.074 22 -0.03 -0.95
B 7.83 429.152 81 429.152 40 -0.02 -0.94
KV 8.13 272.067 68 272.067 32 -0.02 -1.32
DL-FT5 1% 8.34 596.149 51 596.149 35 -0.02 -0.26
RO 8.37 250.119 71 250.119 23 -0.02 -1.91
[Siv 8.54 278.151 01 278.150 42 -0.01 -2.12
FrR IR 8.79 250.119 71 250.119 11 -0.01 -2.40
Ea 10.90 596.149 51 596.149 23 -0.02 —0.47
x4 k1 SKELRERE PBHERBIFEE EFNINRE K ER
Table 4 Experiments on the stability and spiked recovery of organic acids in different organs of
water dropwort Jinling No. 1
HHUERFP KPR/ (pg-mL"  EER/(ug-mL") H PR 1 (RSD)/% H 8] &€ T (RSD) /% DR [ /%
FEHR 0.005 0.010 1.50 1.15 50.39~91.48
ST 5x10* 0.001 1.25 1.98 64.87~95.04
FLIR 0.001 0.010 0.30 0.41 63.15~107.96
] 0.005 0.010 0.77 1.80 52.84~101.54
AR 5x10* 0.001 1.48 3.18 54.08~103.36
5 TR 0.005 0.010 1.74 527 61.53~105.53
T 0.005 0.010 1.36 3.41 64.45~108.25
IR 5x10* 0.001 0.40 3.24 62.92~107.17
[ 5x10* 0.001 0.82 3.65 67.98~98.06
BRHR 5%x10* 0.001 1.85 422 65.10~103.54
[t 0.005 0.010 0.52 6.40 65.29~97.46
KRR 0.005 0.010 0.92 4.94 62.65~97.55
IR 0.005 0.010 0.54 5.10 62.57~109.42
[y 0.005 0.010 1.95 483 64.36~92.52
3z 0.005 0.010 1.76 3.50 73.89~111.83
G 5%10* 0.001 0.28 3.61 64.60~97.72
R 5%x10™ 0.001 3.60 5.45 52.26~106.63
¥ 0.005 0.010 0.99 2.26 64.86~118.41
IR 5x10* 0.001 1.70 6.06 59.81~125.32
R 0.005 0.010 0.81 6.63 60.79~95.73
DL-FATHE IR 5x10* 0.001 2.03 6.39 62.77~123.05
IK¥ER 0.001 0.010 2.55 476 61.45~106.40
5O 0.005 0.010 1.08 5.87 63.13~111.27
FEEIR 5x10* 0.001 3.99 3.61 63.43~116.88
[&i7 0.005 0.010 1.92 4.57 61.29~108.78
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X ISR 5T

FOE R XK

H#36%:

ANE W (0.5.5.20 pg-mL™) B JLER br
T 5 AR AR S R IAR B R AT e AT, &5
REIR, B bR 5, KT 25 B HLER ¥ (]
WCRAE 50.39%~125.32% , 3= W12 77 325 e 1 B35 2 v
& T KRR R A HLER & E I E .
24 BHERESENESER

HE S AL &8 1 SKTARBETRSEE
N TR TR R LR IR IR R T —
RO OR W E DR BEIARR 2K R A IR
I R ERER KR R O R VAR V5
FR TR DL- AT R IR B TR 5 24 P A ML
1%, B R ANAE Z A B, AR B A L
P& (1) 7 & bl s BMIRAR AR (35 75438 pg-g') > 25
(824521 pg-g")>M(4991.77 ug-gH. HLEAKAF
AFEZFHEFHREMENRSERI, R FER
FK A B AE w7 & 00 38 v T4, i 78 AR R 25
Z ) ZE AN 3 K R AT I IR AEAR P & =
BEm T A 2 ] E RN E R
FVN R AE M A ) B S T AR RN 2K T AEAR

EHERARE  ROBRMNTRAERTH S ER
T TR ZE R 22 AN 2 3 DR TR AR i
MEERESTRANZE, MAR.ZERZRANE
EERERTHEERES T, E2hNEE
CEmTHARET TR S EEES T2, WE
W EMEFARE N _RAEZTHNEERES
TARFOM: T AE AR L o [A) 22 e AN 3 s T R AE A
THREERESTE AZTNEERE ST
W DL- AP B RAEMR P& & B #E T, m
M TR EERESTE  RFREZTMN S
B T, T AE AR A R AR Al
AHIREAFRSBSETNETEERARE. I
S EREESER 1 SKARMZERHFHIR S &
B &, 48 A~ (32 094.08+1 600.77) pg - g Al
(5 935.07+437.55) pg-g', o A RAZE S E
HLER & & 1 89.76% A1 71.98% ; BE 31 B2 Ml 3¢
RBRAEKFH AR REGRENEE, 750
381.23+253.74) pg-g' F1(1 399.69+305.15) pg-g', 77
il i i S LR S & 27.67%F1 28.04% o

x5 ER1SKFFRRETAIEKIE

Table 5 Organic acid content in different organs of water dropwort Jinling No. 1 (pg-gh
AN FNE Ui E i
FEHLR 27.05+11.45b 136.15+13.78 ab 196.63 +71.86 a
2R 1537+2.96a 412.16+51.81a 1018.15+697.28 a
WIRER 844.75 + 115.68 a 1231.84+212.25a 1399.69 +305.15 a
BEHR 667.39+99.27 b 176.17+47.41 b 1381.23+253.74a
FR 32 094.08 + 1 600.77 a 5935.07+437.55b 298.61 +99.41 ¢
PR ER 1958.04+165.72 a 227.11+59.05b 539.34+2238b
FLER 14.32+0.13 ab 10.63+1.09b 20.78+3.73 a
R 23.03+239b 5736+335a 26.14+3.08b
oAy ivy 530+0.49 ¢ 14.87+1.99b 2424+ 1.82a
R 29.00+ 1.60 a 17.00+3.97 a 22.67+4.47a
DL-SA715 1% 61.72+0.43 a 9.80+2.50 ¢ 46.45+1.61b
W2 479+0.30a 403+026a 3.14+0.14 b
T 2.19+0.14a 1.90 £ 0.12 ab 1.51+0.10b
S 0.79+0.47b 2.16+0.26 ab 240+049 a
BB R 3.17+0.19a 552+ 1.06a
W74 2.53+£0.17a 2.16+0.11a 1.92+0.32a
¥R 2.10+£0.07a 1.91+0.07a 1.70+0.19a
5T 0.29+0.01a 0.26 +0.02 a 0.27+0.02a
S 0.26+0.02a 0.20+0.03a 0.38+0.10a
AR 0.35+0.06a 0.07+0.01b 0.13+£0.01b
343 0.58+0.02 a 0.51+0.02a 0.38+0.04b
BN 0.34 £ 0.05 ab 0.49+0.03a 0.29+0.06 b
AR 0.03+0.00 a 0.12+0.01 a 0.12+0.05a
VI 71 0.02 +0.00 b 0.03 £ 0.00 ab 0.05+0.01 a
RO 0.06+0.01 a 0.04 + 0.01 ab 0.03 +0.00 b
Bt 35754.38 824521 4991.77

AL 3 ANMEV R, AT AN RS TR — AR EA A8 B S B AE 0.05 KT ER R .
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59 34 X 74,5 LC-SIM-Orbitraq Ml 72 J& + 35 K A AR B A VLR S &

XIS R 5T

3 W4

£l IS HPLC-MS £ J6 ks K O S Fh 4
B 1 SAESE AR F RS BT E,
TEARHI T 5 2640, A i (3l B 0T 808 4y
BB v R BE AR, AE EDWL SRR S R A LR
5, FLR FE VR B A LR b 14 i V5 Y 140 [ 051 5 R A 9%
FRHAE 0.991 0~0.999 9, i B 2545 HL IR 72 94 5 Y
NI EA RUFLNEC R, Al i % An i ih £ 71 55
ATTHRE S TR A LR & & 5 FF X RS A HLER 1 H
P9 AR E T AN H [R] AR E 1 A RN B i e 33k AT A
BT, GEREOR BER R 25 A HLER I H RS E T
1E 0.28%~3.99%, H 152 5E YEAE 0.41%~6.63% , IIA%
[ R AE 50.39%~125.32% , 156 B 7K R i A s
B s i R 4, 3R 8% 5V IE TR S R A AL
R I E

MWie s R ER, EL LR EE 1 5KAFAH
SEHILEE 25 FAVER, DA PR S = i w E
RPN (35 754.38 pg-g) >25(8245.21 pg-g') >
M(4991.77 ug- g, AT W4 FE 1 57K A A WL
FREE, SERE. LEAMEIRESSEF
&, RIS B m AR N R, &
(32094.08 + 1 600.77) pg-g", AR EG YRS =
1) 89.76%, 21 A HRERR ST 81 107 i 25 P & i
FIA HLER o R , 53k (5 935.07 £437.55) pg- g
AR R PR S R 71.98%, HUCNSERER, &
ik (1 231.84 £212.25) pg- g, 5 EE 14.94%; i
FIEHRAERRY B ARENSE, 2R
(1381.23+253.74) pg-g ' A1(1399.69+305.15) pg- g,
d R R HLER & ) 27.67%A1 28.04% , 1 B 7K
FAFSE AR S & AR H R
PR 2 5 f i » 1 REE RO AE ) 75 B i R WA
PR S5 LR , 2y T3 i TV PR S AR
RO, FLUR , BEERTE A Y0t A0 T 18 PR 1) 3E
DA S R h R ¥ AR, &k 1 5K
AR, WP AR S B, XE—ERE L
e R 1 TR U 5 00 5 A 5 3 N R R
SR, B2 5 NG TE 1) Ca &5 & TE U IR
BEAS XS Ca™ FIMRISC, PRIkt , R 7 i I v 2 52 T 8
LA KR S Y. T 2R R R A R, T AR
BAER 7K 25 B B B FH i 5 5 (L KO 25 B R ] I 1
B YEAEER C FE TR F B/, RN A LR R
PR A7 A5 TR RN BRI IR 1 B A5, A4 25 B T U XU
FAEHEFRME R, T =& e E R, 4R

W B A ) R, DR, X AT = 2
KT ZE B (R BRI 2 — BT IRk, ZE R R AN 2
JERRAE®IZ 1 5K M A s & &, 70 )
(13615 = 13.78) + (196.63 + 71.86) - (412.16 +
51.81).(1018.15+697.28) pg-g'. WKW, FE 4L
P& HL A PR PO B8 DUME B IRIT IR IR
JhE 4 2 R 24 FH DAY, W T A i A R A
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