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(8/N=13). The results indicated that the method is accurate, rapid and reproducible for the

determination of organic acids in plant samples.

Key words . sequential extraction; high performance liquid chromatography (HPLC) ; organic

acids; plant
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i AR AR N IBE KSRGS
(+FHREERR, X2 - H 2%, %4 Orycho-
phragmus violaceus) B H i FIAR . &M Fi 4R £
HER K sk T, R R ME K, & HRE 100
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FEA K RO PR, A KRBT R L
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HRESF 25 mL, it RIEBBRHN 8 fKkBEEA
PIBRAES (BB 1), M LR EBRAFMAS
mL 0.5 mol/L HCIl %A% ,80 CAKBHEHIEI 1 h,
12000 r/min E.» 10 min FUk&E LE®. KA S
mL 0.5 mol/L HCl I rh e s it , Al R IR I, &
HI3R,AEAKEFEBKZE 25 mL, LR EBE N
REFAHERER(BRBEL) . 45 1.5 nL
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H,PO, i#l pH 3y 2. ) fE R WL BAH; AR 5 pli ke
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mL/min; 1.4 ~ 1.9 min, 0.5 mL/min; 1.9~ 5.0

min, 1.4 mL/min,
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ZPERAREST B B4 85 H Wi sh M b KH, PO, ¥
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% 10 mmol/L 2 Bl #F,8 Fh 45 HL R RE 58 4F M S0 B 4y
BMHAZEMm T N 2B I 07 89 5 B %
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A8 .
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KH,PO, % .

2.1.2 Fsh 48 pH v #

HHLER Oy 55 R, WA pH M K/NEBH W H
ERREZEMER T WBERE. ALK E U
H,PO, WA A AR pH &4 F M & A YLEE £
Hafm (RE 1), FREW, K5H VLERR B | %t
W B A pH ZE L JE 4% Uk, pH<2. 6 BB AR . 2 B
BB BRR A A pH 2. 8 BB A LR K
BT RAEABERE;pH>2. 8 B Z MR . 2 R FIIE
AR SRS, HERM TR AGE LR, HiKk

e pH fE N 2. 8 i KH, PO, W,

t/ min

pH

1 a8 pH X G Y E BEE R
Fig. 1 Effect of pH value of mobile phase on the
retention times of the organic acids
1. oxalic acid; 2. glyoxylic acid; 3. tartaric acid; 4. glycolic
acid; 5. malic acid; 6. acetic acid; 7. citric acid; 8. succinic
acid.
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Fig. 2 Chromatogram of organic acid standard mixtures
Peaks: 1. oxalic acid; 2. HCI; 3. glyoxylic acid; 4. tartaric
acid; 5. glycolic acid; 6. malic acid; 7. acetic acid; 8. citric
acid; 9. succinic acid.
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Table 1 Regression equations, correlation coefficients ( R?}, linear ranges and LODs of the eight organic acids

Organic acid Regression equation R? Linear range/(mg/L) LOD/ng LOD in references
Oxalic acid Y=0.8326X+0.0776 0.9998 1-2000 1.0 1.00#1~4 ot17)
Glyoxylic acid Y=8.787X+0.3761 1.0000 10-2000 5.0 -
Tartaric acid Y=9.132X-2.6265 1.0000 10-2000 5.0 7.5-161 —50l12]
Glycolic acid ¥Y=25.316X-1.5013 0.9999 10-2000 5.0 -

Malic acid ¥Y=18.315X+0.2363 1.0000 10-2000 4.0 4,719l —gg71)

Acetic acid ¥=32.051X+0.5513 0.9998 25-2000 10.0 7.28%) —15:16]

Citric acid ¥Y'=20.45X—-0.0511 0.9999 10-2000 8.0 10178 —71711

Succinic acid ¥Y=51.02X-2.2041 0.9996 5-2000 10.0 8.0[%1 —75011]
Y: peak height, mAU; X: mass concentration, mg/L; —: no related data in references of analogous methods.

F2 HPYHRSHRPEVNRHEKERBEER (n=7)

Table 2 Recoveries and precisions of organic acids from plant leaves and roots (n=7)

Organic acid Sample Original/(mg/g) Added/ (mg/g) Found/(mg/g) Recovery/% RSD/%
Oxalic acid ( water soluble) leaf 21.46 20 41.67 101.0 0.35
100 124.62 103.2 0.15
root 12.96 10 23.03 100.7 0.31
50 63.78 101.6 0.47
Oxalic acid (acid soluble) leaf - 1 0.98 98.2 1.10
1 0.98 98.2 1.10
root 4.45 1 5.30 85.3 1.18
1 5.30 85.3 1.18
Glyoxylic acid leaf 0.89 1 1.93 104.0 0.96
5 6.11 104.4 1.43
root 3.2 1 4.15 95.0 0.86
5 8.23 100.7 0.57
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Table 2 (Continued)
Organic acid Sample Original/(mg/g) Added/(mg/g) Found/(mg/g) Recovery/% RSD/%
Tartaric acid leaf 1.24 1 2.22 97.8 1.39
5 6.19 99.0 1.07
root 0.61 1 1.59 97.6 1.55
5 6.05 96.3 1.97
Glycolic acid leaf 0.96 1 1.90 93.5 0.96
5 5.81 97.0 0.87
root - 1 0.98 98.2 1.48
5 4.90 98.0 1.59
Malic acid leaf 18.73 10 28.73 100.0 0.59
50 69.35 101.2 0.49
root 0.49 1 1.48 99.4 1.10
5 5.48 99.9 0.92
Acetic acid leaf 0.63 L 1.63 99.5 1.58
5 5.69 101.1 1.90
root 3.49 1 4.40 91.5 1.13
5 8.28 95.8 1.26
Citric acid leaf 6.59 10 16.66 100.7 0.88
20 27.12 102.7 0.70
root 3.12 1 4.17 105.4 1.21
5 8.37 105.0 1.10
Succinic acid leaf 0.16 0.5 0.65 97.4 2.43
1.15 98.7 2.15
reot - 0.5 0.48 95.0 2.90
1 0.97 96.7 2.76
—: not detected.
24 SKEFERUE K S TR st 8 6% - 3 B L 55 7K SF, 43 00 R R 1K 4L
KSR T B S AR B AR T AOF (5 mmol/L) A1 45K F (50 mmol/L)
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Fig. 3 Chromatograms of organic acids in real samples
a. leaf (extracted by water) ; b. root ( extracted by water) ; c. leaf (extracted by HCl); d. root ( extracted by HC1).
Peaks: 1. oxalic acid; 2. HCl; 3. glyoxylic acid; 4. tartaric acid; 5. glycolic acid; 6. malic acid; 7. acetic acid; 8. citric acid; 9. suc-

cinic acid.
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Table 3 Contents of organic acids in real samples

Contents/ (mg/g)
Organic acid Sample Calcium supplied Calcium supplied
at 5 mmol/L at 50 mmol/L
Oxalic acid leaf 21.46 131.99
( water soluble) root 12.96 25.77
Oxalic acid leaf - 1.85
(acid soluble) root 4.45 11.7
Glyoxylic acid leaf 0.89 2.04
root 3.20 6.92
Tartaric acid leaf 1.24 2.13
root 0.61 0.72
Glycolic acid leaf 0.96 2.63
root - 0.32
Malic acid leaf 18.73 36.45
root 0.49 0.58
Acetic acid leaf 0.63 2.12
root 3.49 2.39
Citric acid leaf 6.59 11.53
root 3.12 3.15
Succinic acid leaf 0.16 0.17

root - -

—: beyond linear range.

HREWR. (M FRKESHEILREESH]
FARFAHBRIFRmG PR R RHAR PR OBRME
BR AL, HoAth 7K 78 A5 A PLBR & B X 45 K F A U
() AFHATAFEESERY S &5 5 H#HE5KF
RAAREFRWBRXE

3 &

ASCEESL T B RBE . — W E W7 R
By b 32 B E T A P A R R R RE 25 B9 = BR LA R F
ERREMARRK 8 fAPLER ., [ W35 AL bR it
il E ST RRA AR MER AT 38, B E K T HAR
A HLBR I E W) B R PR 3B & T TR REUR, AT
A AR EER S5 A ORI KBTI P . A7 ke
T AR BB B A& kiR, A
MERR T TALER X W E K T ,5 min M52 RIE,
s TMERE, R, 405 %M ERESH LR
B, % B3 LA TCHLER 4R O 3 B B B 42 BRI A 43 8K
LKW B TR R sl BN B 4%, T RE &= T
FEA SL 5 BT R A 89 38 &4 T BRE RS HoAl B iR
A VLR B SE , B A J7 3k R RIS BREE , AEH
HAh G BRI EIE . 55 0 TAE, BEE W E X
5 BR BT, A HLER B9 T IR AT T B S

BHENGEF T R R S R HES T (8 REERT T
=TTk o

SEXM:

[1] Franceschi V R, Nakata P A. Annu Rev Plant Biol, 2005,
56; 41
[2] Chen Z, Geng H C, Wang S S, et al. Molecular Plant Breed-
ing (BRER, BKEE, EVW, & S FHEPEM), 2007, 5(6
(8)): 105
[3] XuHW,JiXM, He Z H, et al. J Exp Bot, 2006, 57(9):
1899
[4] YulL, Jiang J Z, Zhang C, et al. J Exp Bot, 2010, 61(6):
1625
[5] Tuma P, Samcova E, Stulik K. Anal Chim Acta, 2011, 685
(1): 84
[6] Han HF, Wang Q, Liu X, et al. Chinese Journal of Chroma-
tography (#idguk, E K, X &, & @), 2012, 30(5);
538
[7] GuanJ, Wang HZ, Ren LY, et al. Chinese Journal of Chro-
matography (6%, T 3%, {Twf, % fi%), 2012, 30
(1): 107
[8] Lin XJ, Wei W, He Z G, et al. Chinese Journal of Chroma-
tography (#hbesE, S0, (TEN, . @), 2014, 32(3);
304
[9] GaoHY, Liao X J, Wang S G, et al. Chinese Journal of An-
alytical Chemistry (¥ #, BNE, L&, & 4k
%), 2004, 32(12): 1645
[10] JiX M, Yang C, Yang J, et al. Chinese Journal of Analyti-
cal Chemistry (#EF W, B2, HE, F. M%), 2005,
33(4) . 527
[11] Guo Y, Xiao Z P, Wang H, et al. Chinese Journal of Ana-
lytical Chemistry ( ¥58%, H¥A¥, £4, % S Hf¥),
2004, 32(12) . 1624
[12] Jin G W, Zhang F F, Xue X Y, et al. Chinese Journal of
Analytical Chemistry (& &, ECF, EXT, . 4k
), 2006, 34(7) . 987
[13] YulL, Peng X X, Yang C, et al. Chinese Journal of Analyti-
cal Chemistry (15, EH M, 5, £. 4¥3), 2002,
30(9). 1119
[14] Keates S E, Tarlyn N M, Loewus F A, et al. Phytochemis-
try, 2000, 53(4): 433
[15] Ma R, Ouyang J, Li X, et al. Chinese Journal of Chroma-
tography (%4, BRKFHE, &, %. BiF), 2012, 30(1):
62
[16] Guo Y, Liang J, Li M M, et al. Food Science ( 3R3HE, 2%,
A, % /g HEY), 2012, 33(2); 227
[17] LuM, Zhang S Y, Zhang W N, et at. Food Science ( i,
TREE, WO, ¥ OB&BE), 2012, 33(14); 235
[18] Cawthray G R. J Chromatogr A, 2003, 1011(1/2): 233
{19] Zotou A, Loukou Z, Karava O. Chromatographia, 2004,
60: 39
[20] Lin L C. Applied Chemical Industry (kR #. & FH4T),
2013, 42(4) . 756



