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Determination of 12 phenolic acids in straw extract or straw decomposed liquid through high performance lig—
uid chromatography

YU Jian-guang®?, CHANG Zhi-zhou?, WANG Ning?, SHI Zu-liang*, LU Xin', ZHANG Chuan-hui*

(1.Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.Scientific Ob-
Serving and Experimental Station of Arable Land Conservation(Jiangsu ), Ministry of Agriculture, Nanjing 210014, China)

Abstract: A method of reversed phase high performance liquid chromatography was established, which could be used to determine the con-
tents of 12 phenolic acids(gallic acid, protocatechuic acid, gentisic acid, p-hydroxybenzoic acid, chlorogenic acid, vanilla acid, coffee acid,
syringic acid, p-coumaric acid, ferulic acid, sinapic acid, salicylic acid ) simultaneously in straw extract or decomposed liquid. Waters HLB
(500 mg, 60 wm, 6 mL ) solid-phase extraction cartridges were used to concentrate phenolic acids in aqueous solution. The gradient elution
was carried out using acetonitrile solution containing 0.5% acetic acid and 0.5% acetic acid solution as the mobile phase. The diode array
detector was used for detection, and the determination of 12 kinds of phenolic acids could be completed simultaneously in 30 minutes. All of
phenolic acids could reach the baseline separation. The recovery rate of 12 phenolic acids were between 79.41%~101.92%, and the RSD of
retention time and peak area of 12 phenolic acids were between 0.02%~0.1% and 0.25%~2.26%, respectively. This method is rapid, sensi—
tive and accurate, suitable for the simultaneous determination of 12 phenolic acids existed in straw extract, straw decomposed liquid, soil so—
lution and aqueous solution.

Keywords: high performance liquid chromatography; straw extract; straw decomposed liquid; phenolic acids
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1.1 U 5iF

R SO 3% { Agilent HPLC1200, HL25 7EZL i
ML G1322A, U ITHE G1311A, HHR 4 G1329A, 44k
& Eclipse XDB-C18(4.6 mmx250 mm 742 5 um) {4,
BEAT 3P4 XDB C18 /v (4.6 mmx12.5 mm, ki

25 um), trifE B SR gs G1329A,DAD i il £+
G1315D, fk2# T AE w4~ ChemStation B04.02,

JiE % 7% % A (Buchi Corp.,R-210, H %5 % V-
700) , [ AHZE B (R E AR 24 /], HSE-08 ) , SQP
T R (Sartorius Corp. ), 0.45 wm A HLAH— 1k M
B S 2 (RS L i s A PR v ) . Eppen-—
dorf B2k 7% .25 mL 7 {6 25 551 (Schott Corp. ) , #B 47K
Ak AL 5 CERRE A FD)  HEE . OR  OIF YR A
Tkl ] (Merck Corp. ), it ShAHRL i J5 3 2888 75 b 21
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Waters HLB(500 mg.60 wm.6 mL),

WEFIR JFILEIR JEMHRR SRR PR (4%
SRR AR ELR MMERR | T AR O SR BT ERR T
TR KRS 12 R IR S B Sigma 24 7],
BRIFILZSIR (SRR IR A BLRR AN T A R 4l B2 o 95%~
97%H , HARTH R AL L ¥I7E 99% LA I
12 BiE&EH

WA 0.5% LRI LIE A E 0.5% LR 1Y
Ak, @iEF::0~25 min Z i 5%~20%,25~26 min
Z I 20%~5% ,26~28 min ZJi§ 5%, i A 1 mL-
min™, A1 30 °C, #EAE L 5 b AR RS A I A6
Il 260.270.,310.,325 nm A A G5 A, DT FRSH
PRiiE & .

1.3 FRAER R AL

HERRARI 3k 12 FhEy R AR HE i & 25 mg, 2
BT 25 mL R, 0 A RO E S 18 T mg -
mL™ fY 12 FP RV BOR G, R AR U] FP B v
i F4% 500,250,100,50,20.10.5.1 pg-mL™ R AR
GV TR AERA AR 12 FhER R BRI AL 45 25 mg, 43
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mg - mL™ Y B — T P PRI VAL, P TROAH €2 33 PRI 114 5
A5 e
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Table 1 UV wavelength of 12 kinds of phenolic acids measured

by HPLC-DAD
PR G e By iR
Wavelength number Wavelength/nm Phenolic acids
1 260 JFILASR SRR B R A IR

2 270 WEFR. T &R
3 310 X7 DR IKAB IR
4

325 R SRR IR FTH
TR

2.2 mENEBEFEFRLL

55 SCRRHRGE, K B A CHCN-H,0 &
Gt It A TR A B e CHLOH-H,0 5 1A 2 i3 , {H
AT AN ERAR A BRI 500 I, 40 5 5 B J vl 3
HIEIE AR R A5 500 B K .

R VAR B DRDLET , £5 06 3 B AN AR, SR 6 B 0k
W 0 B AT | 28 22K BE VR B SR A AAL , S FRAR Y

VWS40 :0~25 min 2, )i 5%~20%, 25~26 min Z,Ji§
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2.3 IEMAEMGERE

43 BHG A T B — P PR AR TR I A TR A PR
Bl BIHEA T 20T, 3 3 5 A R B R X b R
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0.005.0.001 pug - mL™" bRk R TR AT, 2000l 3R A5 45
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12 R AR M4 mhi (3 3) . 8 HUE Ry, AR T
1% 25 19 i e 5 o [T R A5 TR/ N HLB Ay 7K 38 i 78 2R
AYIE AR, &) HLB AWK 1A 5%
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2.6 KIBRETRIREMERET 12 MEBBRYRNSE

IKAEREFFAE 20 C 4 24 h 2405, %A Bk
FETTIR AR BRI P A 10 By,
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1.Gallic acid; 2.Protocatechuic acid; 3.Gentisic acid; 4.p-hydroxybenzoic acid; 5.Chlorogenic acid; 6.Vanillic acid;7.Caffeic acid; 8.Syringic acid;
9. p-coumaric acid; 10.Ferulic acid;11.Sinapic acid; 12.Salicylic acid
1 12 ThEpERE A FR#EHE M HPLC-DAD & 447 &
Figure 1 HPLC-DAD chromatogram of a mixture of 12 phenolic acid standards
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[1] Becker M, Asch F, Maskey S L, et al. Effects of transition season man—
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Table 2 Regression equations, correlation coefficients(r), linear ranges and limits of detection of 12 phenolic acids
T3 R PR BFIE) P B B ) AR 0 T AR X TS g3 RFRE LM (L34 GoRAUIIINES
Phenolic acids Retention PR I 22 #rifEfRZ  Regression equation  Correlation  Linear range/ Signal noise Detection limit/
time/min RSD/% RSD/% coefficient pgemL? ratio wgemL?
B FRR Gallic acid 3.117 0.10 0.76 y=15.247x+19.369 0.999 8 0.1~1000 35 0.01
JEILASHR 5.910 0.09 1.40 y=19.434x-11.081 0.999 3 0.1~1000 52 0.02
Protocatechuic acid

JEJEER Gentisic acid 8.699 0.09 131 y=5.414 2x-6.706 4 0.999 7 0.1~1000 7.4 0.05

X ER LR R 9.416 0.07 2.26 y=30.991x+44.096 0.999 8 0.1~1000 135 0.02
p-hydroxybenzoic acid

Z})5 % Chlorogenic acid  10.211 0.05 1.15 y=11.37x-3.765 8 0.999 7 0.1~1000 45 0.02

¥R Vanillic acid 11.928 0.06 1.01 y=17.321+21.03 0.999 7 0.1~1000 8.2 0.02

mnmEBR Caffeic acid 12.408 0.07 0.25 y=20.976x+18.914 0.999 7 0.1~1000 3.1 0.01

T &R Syringic acid 13.291 0.04 0.40 y=13.553x+16.045 0.999 7 0.1~1000 6.2 0.02

¥4 SR p—coumaric acid  17.730 0.04 0.25 y=25.851 85x-6.977 17  0.999 9 0.1~1000 4.2 0.005

Fr 24 /% Ferulic acid 20.639 0.02 0.37 y=19.528x+93.984 0.999 7 0.1~1000 4.7 0.01

FFFR Sinapic acid 21.077 0.02 1.44 y=16.352x+119.02 0.999 1 0.1~1000 4.2 0.01

Ik Salicylic acid 23.834 0.02 1.28 y=5.704 7x-5.343 1 0.999 7 0.1~1000 3.7 0.05

% 3 12 MEAEAHE ML SPE J§ HPLC MUE EIK R (%)
Table 3 Spiked recoveries and precisions(RSD) of
12 phenolic acids

4 BRIRERBMEHERD 2 MBBRSE
Table 4 Content of 12 kinds of phenolic acid in rice straw extract
and decomposed liquid

[ AHAE BV Solid phase extraction column

3z Phenolic acids

ABN C18 HLB
7% Gallic acid 4.19+0.96 5.01+£1.17 79.41+1.90
S ILZRIR 2051+4.28  12.34:0.10 89.56+2.76
Protocatechuic acid
JrHHEZ Gentisic acid 16.44+3.65 7.51+0.26 98.29+2.24
X FRHEAE iR 45.35:10.64  21.18+0.32 101.92+3.82
p-hydroxybenzoic acid
2 )¢ Chlorogenic acid ~ 40.39+9.05 81.13+1.11  95.90+2.32
FELfg Vanillic acid 71.88+16.78 54.56+0.56 97.69+3.00
mnrEfR Caffeic acid 73.09+16.74 80.11+0.47  96.56+2.56
T g Syringic acid 74.40+17.34  95.10+0.39  96.24+3.02
ROEISAIA 87.96+20.41 101.32+1.25 100.15+2.60
p-coumaric acid
[rfER % Ferulic acid 87.11+20.46 99.89+1.57 92.06+2.41
JrF & Sinapic acid 91.07+22.25 104.58+1.13 95.22+4.89
7K ¥ Salicylic acid 58.21+13.43  20.75x1.21 86.06x+1.41

agement on soil N dynamics and system N balances in rice-wheat rota—
tions of Nepal[J]. Field Crops Research, 2007, 103(2):98-108.
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from Taiwan[J]. Biologia Plantarum, 1989, 31(6 ) . 458-470.
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FAFSIZELIK Rice A BRI Rice straw

i3z Phenolic acids  straw extract(E10)/ decomposed liquid(D10)/

ng-mL™* ng-mL™*
WA Gallic acid ND ND
JE LR ND ND
Protocatechuic acid
Je IR Gentisic acid 6.63+1.12 5.97+1.79
X LA R 9.16+1.25 ND
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2 )R Chlorogenic acid 4.98+1.15 1.18+0.39
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T2 Syringic acid 26.29+5.20 1.78+0.05
Xt 52 p-coumaric acid ~ 28.59+11.49 ND
P % B2 Ferulic acid 15.41+3.99 ND
V% sinapic acid 18.92+7.07 ND
K& salicylic acid 18.37+0.21 349.48+42.42

1 :ND /R A&#H . Note: ND indicates not detected.
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