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Abstract: [ Objective ] Formic, acetic, propionic and butyric acid exist widely in the natural ecological environment, but their
contents are usually low. Thus, their accurate qualitative and quantitative determination is often hindered by impurities in the
sample matrix. [ Method ] Using the coupling amidation method, low molecular monocarboxylic acids (LMMAs) can form new
derivatives with high sensitivity to ultraviolet (UV) light. This was achieved by incorporating the indole group into LMMAs’
structure, which made it possible for the low-level LMMAS to be detected by high-performance liquid chromatography with diode
array detector (HPLC-DAD) under a specific wavelength UV light with high response. As a result, we observed the accurate
determination of LMMAs. Through experimentations, we propose the following steps: first, a suitable amount of sample and MES
(2-Morpholinoethanesulfonic Acid) aqueous solution were added into a small bottle with the reaction system adjusted to about
pH=5.5. This was followed by the addition of EDC (1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride) aqueous
solution. After 20 minutes of cross-linking reaction, a suitable amount of NHS (N-Hydroxy succinimide) aqueous solution was
added to promote coupling reactions. After an appropriate period, a tryptamine aqueous solution (containing acetonitrile) was
added into the reaction system for amidation overnight. This was followed by the addition of ultrapure water to a certain volume
and prepared for determination. [ Result ] The experimental results showed that for an optimized observation, the mole ratio of
MES: EDC: NHS: tryptamine: carboxylic acid should be maintained at about 10 : 7 : 3 : 7 : 1 around and after 45 minutes of
coupled reaction and the addition of tryptamine aqueous solution for amidation. The detection limit for the four organic acids in
this method was from 0.008 to 0.046 mg-L™', and the linear determinate coefficient R* of the standard working curve was around
0.991-0.998. The average recovery rate range was 85.9%—123%, and the precision of the method ranged between 1.69%—8.41%,
which meets the requirements of organic analysis. [ Conclusion The actual sample test results showed that the data of the
derivation method and the direct method were the same. However, compared with the HPLC direct detection method, the
derivation-HPLC method could correct the positive error caused by the impurities in complex samples, and improve the detection
rates of low concentration monocarboxylic acid samples. So the qualitative and quantitative results of the derivation-HPLC
method were more reliable.

Key words: Low molecular monocarboxylic acids; Coupled; Amidation; Liquid Chromatography
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F 1 N-ZBEtEGRRMEMSHBEELTE Y UPLC-QTOF-MS/MS Rt X EEEE
Table 1 Tentatively identification of N-Acetyltryptamine and organic acids’ derivatives by UPLC-QTOF-MS/MS
P68 i Ji] GRILEY a7 PR [M+H]+/ AHX i 22 MS/MS A5 =&+
Retention Tentative Formula Monoisotopic (mz") Relative MS/MS diagnostic
time/min identification mass error x10°° product ions/ (m-z ")
144.079 3, 117.068 7, 143.0722,
6.339 N-acetyltryptamine Ci2H14uN,O 202.110 06 203.117 3 -2.9
127.054 1
144.0799, 117.0692, 143.0727,
6.121 FaD C H|2N,O 188.094 41 189.102 2 -0.2
127.054 4
144.079 4, 117.068 3, 143.072 1,
6.348 AaD C,HisN,O 202.110 06 203.117 6 -1.4
127.053 7
144.079 5, 117.068 6, 143.072 4,
7.309 PaD C13H6N,O 216.125 71 217.133 0 -2.5
127.053 9
144.079 5, 117.068 7, 143.072 4,
8.347 BaD C14HsN,O 230.141 36 231.148 8 -1.7
127.053 9
( UPLC-QTOF-MS/MS, st 0.1%HRK+Z 2.4 FTHEURNAIEERK
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Table 2 Linear equation and linearly dependence of derivatives

(AR /B AT LRl )Ry e ZB R
Compound Linear range/ (mg-L™") Linear regression equation Determinate coefficient
FaD 0.1~20.0 y=91 633x+47 861 0.991
AaD 0.1~20.0 y=232 419x+43 680 0.996
PaD 0.1~20.0 y=244 143x+92 166 0.996
BaD 0.1~20.0 y=227 003x+34 280 0.998
J7EE IR ISR . bR AT AR S Il I 3R JTEARINER o 2 4 JERFIRE AL IR W E R (3%

3. 4 P HLER B9 IR IBCRVERLA 79.7%~133%, B (A% DM) A MLERfGA: - (i ik (fimdeik
ER PR AT EEE BN, T A AL T 2K DvM ) I5E IS HE BR X He e . 36 4 FRIARTAE BEAVUAG:

R3 MAREFRBRZTEARENEMESE

Table 3 Recovery of spiked sample by derivative method

FE b 24K 43 M) e -3 [a] g bk 2% AT A 91 Al 2
Sample name Analysts Recovery/% AR"/% SD RSD*/%

FaD 93.9~102 98.5 430 437
JnbRAE 1 AaD 95.5~106 102 5.68 5.57
SP10.5mgL'(n=3) PaD 84.7~98.9 91.3 7.14 7.83
BaD 93.5~98.9 95.6 2.87 3.00
FaD 106~133 101 2.80 2.78
IR 2 AaD 95.2~111 95.1 3.06 322
SP22 mg-L! (n=3) PaD 79.7~94.81 85.9 2.20 2.56
BaD 107~113 98.3 4.74 4.82
FaD 97.9~104 123 10.35 8.41
SNt 3 AaD 88.8~98.8 103 6.53 6.34
SP3 10 mg-L™" (n=3) PaD 81.9~87.7 91.5 6.61 7.22
BaD 92.8~108 110 1.87 1.69

D  AR-Average Recovery; @RSD-Relative standard deviation.

x4 EHEESTEEENRIER

Table 4 Method detection limit comparison of direct method and derivative method

R Fa TR Aa NR Pa T Ba

2 Fx
pMm"’ DvM?’ DM DvM DM DvM DM DvM
Name
(214nm) (223nm) (214nm) (223nm) (214nm) (223nm) (214nm) (223 nm)

J AR MDLY (mgL ")

0.75 0.046 1.15 0.009 4.81 0.008 JCH B NR™ 0.009
PEFE Inj. ® 20ul

Note: 1) DM- E %% Direct method; 2) DvM-fif4 3% Derivative method. (DMDL- Method detection limit; @Injection volume;
(3No response. F[il. The same as below.
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WBRES HR AR £, A6 AT LA A B AG I Y T R o
T TRRAESAME NSRS, 2R BRI A Ao
W, SO A TR AR LS T B . I BB
AT A R A S AR R AT A v, Rk K
214nm, FEhAH K 98% MR E A i ( 0.02 molL™
NaH,PO,, pH J 2.5) R2%HE (V/V), HiHEN
0.8 mL-min', SFBAEEVENL, HBAHEIEEIWE 6, %
HMETEE ILE 7, T RRAEZINE S50 N ARBER I

D7 IR B RS B . 2% 5 AR T kil e
B 7 BORE % BEA HPLC (AR RS . 3R 5, K
WeBERT (2 mg L) 4 B HLER AT 2L 4 00y T 0 2
BI<10%, S04 AR % B4 <3%, M e ik

i (10 mg L") SATAEY I AR H S <3%, R
PEARSF, AT AL TR ER

3.0F2T4nm,4nm(1.00)
T2 0
gz ¢ e
8 § o O
S 2200 o B
o'z F 8
e - NS
HE | < g
&g 1.0F =
g [ 2
e | ¢
= 8 O_W bk “m“/\“

= By NPT I ‘.".‘ ..1.‘.‘."‘.‘11

+ N PR bl —
2.5 5.0 7.5 10.0 12.5 15.0

{4 F8 58] Retention time/min

K6 3 MANLERFREE DM B ERER (20 mg L")
Fig. 6 Liquid chromatogram of 3 organic acids by DM (20 mg-L™")

m@DlO'O Fa 7~55-
n-B-I°< soE
Y'l.h%g L

HE2s0

5% 1

7t %—1

2.5\ LoF
| 0.0F 1 OF

Aa 3.0F Pa
2.0

400 200"

MR M M B
300 400 200 300 400

EIMEYEHK Ultraviolet wavelength/nm

Bl 7 3 FA LIRSS EIEE (20 mg L")
Fig. 7 UV spectrums of 3 organic acids by DM respectively ( 20 mg-L™")

=5 TEANBEESMNE (HPLC) HBEE
Table 5 Precisions of the derivative method and the instrument
(HPLC)
#F Name FaD AaD PaD Bad
T K% BE MP/%
8.41 6.34 6.45 1.69
(2mgL", n=7)
TR E MP/%
2.13 2.40 2.56 2.86
(10mg'L", n=7)
A B E 1P/%
2.58 2.68 0.58 1.57

(2mgL", n=7)

. LI AT, Note: In terms of peak area. MP-Method

precision; IP-Instrument precision.

2.6 ZERHERIWSNE

N T YURIZAT A D, R E 4R R
Tk B R L R A [ 288 B 0 R 5 R A7 AT A 3k I
B, WLF 6, HPRES: F36 Al F78 2 RAIEMFEFT &
TR, HF i X27 SR KRR R - I e i, LRI
FESEATATAEAL . B 8~ &1 10 R 45 FF 5t W Ah 7 12 it
g L

&l 8 S F36 7E WA 5 il il T i a3 L 4R 1A
£ DM ( Bk ) Wk, MR (Fa) AR H,
JSETE Fa AN kg, B I ECH S A0 K S
B 7 5 R AR, BRI R . T AE DVM
B E , WATE R RN FaD ( HRRTAY )
W, EEEEN 0932 mg L' (WL 6), EURES
g hE Fa {77 ; DMIESMAET, i FRERILRE
F ARSI B 58 v ARMEDN H L O LR AT e 1 S
it . DM KT Aa( 22 ) 4R B3 B:F ] 2k 4.840 min,
WA E H R, sTEM, Heed RN
46.0 mg-L™", {HHAIZAE X Y MGG E S E 7 X
FoJa, ABAE 270 nm AbA 5500, 1A 2% Bt g
W, R EE RN 2 DVM kRS & PUIZRE
AR AaD ( ZERfTAEY ) &, EREER N
556 mg' L' (WLF 6), Bifh 5 kimbitss R 2Rk,
B DM ¥ Aa IiaX45 SR PR TG 2% o g e 3 s iy 5 ]
§E Pal TR 7€ DM AR, £7 BB E] 24 11.664 min,
HoEGGE AR T, WEmnyis, 45988
3.mgL" (WL 6), HILAREINERERSE 7
RS WA Z MR ; 1 HAE DvM k& v,
PaD ( NMRATAEY ) W L-FicA , AR T H AR

http://pedologica.issas.ac.cn



1602 + B o i 59 &
Fzo ELIRHESZEREZL (DM) 5fT%% (DVM) MIELER LR
Table 6 Comparison of sample results detected by direct method (DM) and derivative method (DvM)
. Fa/ L Aa/ IR Pa/ T Ba/
AR
(mg'L™) (mgL™) (mgL™) (mgL™")
Name
DM DvM DM DvM DM DvM DM DvM
Rt"/min 3.325 15.022 4.856 15.383 11.664 17.690 — 20.164
B b F36 ND? 0.932 46.0 5.56 31.1 ND NR? 137
P F78 1.37 3.72 215 243 16.4 18.9 NR 262
FEdh X27 59.9 0.78 80.4 90.8 ND 1.02 NR 0.06

. BESh F36 A F78 SRR VEWIRS AT LR, FE T X27 B R WM 4i ik - Note: F36 and F78 are crop straw fermentation broth,
X27 is concentrated root exudates. (DRt-{4: ¥ i} [ii] Retention time; @ND-A K H Not detected; @NR-JCHH i No response.

[ 214 nm, 4 njn (1.00)

P

_ 5.0 r F36 DvM a
g 2 500 [ &
o g i Q
[P B ]
52 : Z

2 r o
5 229 sl 58
H g oo
F 2 A
s g CER
¥ §0.0‘ | | | 1 L 0 ~ |

223 nm, 4 nm)(1.00)

7.5 10.0

12.5 15.0

{488 b5} [] Retention time/min

K8 Rl F36 PR 7 i I A (i

Fig. 8 Liquid chromatograms of F36 by DM and DvM respectively

BT LICHIZARE S AN Pa, FIFLA Pa HlE AR
Kt s PR RIS R A 22 5%, DVM BRIl
Pa Z5 R AI{E, H YNNI EERAL (24 Pa WK
<5 mg-L™"), fRMEAERMIHL . T RN 2R DvM
RAERRIN Y, 455N 137 mg L' (WL 6),

Pl 9 SRR vE T RE AL F78 M3 6335 18] LA 4%
B, HETTLIAE T Aa TERRP T A 60k K A
ARSRZU A e W 06, Pa 3547 B 0 AR X 0 £ 15 0, Fa

1t DM KRS Y (A%, 78 DVM B @G E b
AR B AR, Fh&Ee, TTLIEH, Fa. Aafl
Pa ZEW AP KT, 25 R4 —30, DVM IEZ5 L]
. THHATE DVM 3L FIHRZS SR 262 mgL ',
SHOXH IO ) 0 3 PR A5 A b BT 13X — 4

10 PR3k T RERh X27 TR (0 3 1] g b
e, HohAE DM IR, 3 R AR 0 A S
(] B 2 R DB A LR AR AL (0 VRO 15 1], DL

C214nm,4nm (1.90) .. £223 nm, 4 nm (1.00) %
T2 r = 1000 F S o
3 ERN % F78 DM - S F78 DVM g
2Er r 9 a
af 2. 50F |5 E

(=1 [ e o <

E = 500 < 0
=zl o L . <t r 0 .
=2 . )= (|7 N g F S =
ié-s 2% N s o~ 4% pm = 250 2 3
R & L A

L D C <

0 N T BRSPS TSR (S .l:&. Mearmerestill 0t L et EPEEE RS

2.5 5.0 75 10.0 12.5 15.0 17.5 20.0

{4 B8 5} ] Retention time/min

K9 Bl F78 PR 7 i I A (i

Fig. 9 Liquid chromatograms of F78 by DM and DvM respectively
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F214 nm, 4 pm (1.00) mAU 500F223 nm, 4 nm (1.00)
= = 500 100 Aa u
5T Ok ; X27 DM a00F 8 X27 DVM
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Fig. 10 Liquid chromatograms of X27 by DM and DvM respectively

Kl 11, B 10, DM B, Fa fEHARRE gL A HE
WA EEE, Aa BIEERE, HZ Aa Ay
HABI R B E C 8, Pa WA EIE, 4584 H
(RIEEANERER, &P Fa Al Aa AR AT RESS A 24
U, A AT BI7E LS 300 nm AT 250 nm A4 1
Wl s Tii R DVM LR RTE HazAE s T Aa 19
e, H 3 R MLRAAAE, (HEEEAR. 456
% 6, Uil DM AT Fa FO{E W58 Z , Aa MIRAR,
A RES BT A 2% BT T A G Pa Fl Ba (90345 SR 0
X —2, TR IR AR, DM AR H vk
JEKSE RS L, T DVM ZE AT LA
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¥
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J& Spectral

response intensity/mAu
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Fig. 11 Liquid chromatogram of mix organic acids’ standard
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