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IR ARAEI £ D B AR R A R IR (R
LR 200 pg/mL, FERR. FER. NIR. TIR%
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RAPRAER I P S AR ITEIR B . IR, 1R
% 200 pug/mL, SR FPERIR . IR T IR 100 ug/mL,
WARR. FLIRA 50 ug/mL, & SR 5 ug/mL.
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1.Citric acid 2.Tartaric acid 3.Malic acid 4.Lactic acid 5.Formic acid
6.Acetic acid 7.Fumaric acid 8.Propanoic acid 9.Butyric acid

T BN BRI, JEIE 0.70 mL/min, iFFE 30 C.

Note: mobile phase is H,SO4 solution; flow rate is 0.70 mL/min; column
temperature is 30 C.
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Fig.1 Chromatograms of mixture of 9 organic acid standards
under different mobile phase concentrations
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Note: mobile phase is 0.025 mol/L H,SOy; flow rate is 0.70 mL/min. The peak
number is the same as in Fig. 1.
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Fig.2 Chromatograms of mixture of 9 organic acid standards
under different column temperatures
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Note: mobile phase is 0.025 mol/L H,SOy4; column temperature is 30°C. The
peak number is the same as in Fig.1.
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Fig.3 Effect of flow rate on retention time
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Note: The peak number is the same as in Fig.1.
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Fig.4 UV spectrums of mixture of 9 organic acid standards
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IS 2 AN FIH P CRARKREE WL 2) 1 9 Rl HLIER bx
HEAS W, BN I E S E 6 Ik, T34 bs A
W (R) RUKS#E (RSD) , iR W& 2. NE 2|
ALLE H, S A PR 1 [FICEE A T 90.7%~101.1%
2 0], MR AER 250 0.91%~3.33%, Ak G 17
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Table 1 Linear regression equation, determination coefficients, Linear range, detection of limits of 9 organic acid
rhL Wik i e BRI Sl R
Organic acid 2/om Linear regression equation etermmatlo? coefficient Linear rqulge/ Detectloni%lmlt/
R (mg-L™) (mg'L™)

F#E®R Citric acid 210 y=11623x-2468.4 0.9999 5.0~400 1.3
AR Tartaric acid 210 y=5530.6x-1562.7 0.9999 2.5~200 0.6
WM Malic acid 210 y=3691x-1866.5 0.9998 5.0~400 1.5
FLIR Lactic acid 210 y=3756.6x-2152.6 0.9999 10~800 1.0
FIZ Formic acid 210 y=16206x-4902.2 0.9999 10~600 1.2
LR Acetic acid 203 y=15271x-7178.5 0.9999 20~1000 1.6
w4 Fumaric acid 210 y=18863x-7843.1 0.9998 0.1~50 0.01
MR Propanoic acid 205 y=4271.8x-4302.9 0.9990 5.0~400 2.4
TR butyric acid 206 y=5126.4x-3943 0.9993 5.0~400 2.4

e oy NUETIR, x S AHIERA N M FERIY, pgml’

. . . . . -1
Note: y is peak area; x is mass concentrations of 9 organic acids, #g'mL"".
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Table 2 Recoveries of 9 organic acids and precision of the method

AR T IS MEfE EEE HEE R

Organic acid Present/(mg-L™) Added/(mg-L™") Found/(mg-L™") Recovery/% RSD/%
¥R Citric acid 26.3 o o e .
AR Tartaric acid ég ég 1888 ég;
o e 5
L Lactic acid 109 " oy o b0
i Formic acid 262 100 7 o1 Vas
i 0
0 0 & b
s ! o
TR o 0 %:‘7‘2

T 7 ARERR
Note: “-”, not detected.
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— [ w
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R &5 ] Retention time/min
b. FEL 2 I EIEE

b. Chromatograms of sample I[
T RS bR 2 I 1.
Note: The peak number is the same as in Fig.1.

B5 EEAfaeginiliEn
Fig. 5 Chromatograms of real sample
*3 LRGP IMANRSE

Table 3 Content of 9 organic acids in feed acidifier
AP B 1 Fih 2

I {2 Response/mAU
(=)
(=}

=4

(=1

Organic acid Sample [ /% Sample 11 /%
Fr##ig Citric acid - B
WA Tartaric acid
SEYLER Malic acid
FLER Lactic acid - -
PR Formic acid 6.3(6.0) 45.5(45.0)
Z% Acetic acid 27.6(28.0) -
H 4R Fumaric acid 0.4(0.4) -
N Propanoic acid 37.3(37.0) 14.7(15.0)
T'/® Butyric acid -
e AT NEUEARRb R <7 ARERK .
Note: “()”, marked value; “-”, not detected.

ME s FarLlE 1, ANEIA S AEARE 51 F AT L
R B, T TR BEFEHIAE 20 min Z ;3 SR
3 R T A BUA TR E M SR 5 A T K MR
A EL, UL VEAER T R A
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Simultaneous determination of multi-organic acids in feed acidifier by ion
exclusion chromatography

Jia Zheng, Xiao Zhiming, Li Lan, Fan Xia™
(Institute of Quality Standards & Testing Technology for Agro-Products, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The addition of different kinds of acidifiers into animal feed would be effective in decreasing pH value and
acid-binding capacity, and thus it brings the advantages such as facilitating the digestion and absorption, and enhancing the
immune function. In connection with the demands for food safety and environment-friendly production, acidifiers have
received considerable attention as feed additives. Regulating the usage and management of feed acidifiers requires the
establishment of a synchronous detection method for different kinds of organic acids with high speed and high accuracy. The
research object of this study was to establish the synchronous detection method, and to optimize the detecting condition of 9
kinds of organic acids (citric acid, tartaric acid, malic acid, lactic acid, formic acid, acetic acid, fumaric acid, propionic acid
and butyric acid) based on the ion exclusion chromatography coupled with diode array detector (DAD). All the organic acids
in this study were extracted by deionized water for further detection. A Bio-Rad Aminex HPX-87H (300 mm x 7.8 mm, 9 um)
ion exclusion chromatography column with DAD was applied and sulfuric acid solution was taken as the flowing phase, and
the different effects of chromatographic conditions such as mobile phase, flow rate, column temperature and detecting wave
length on the 9 organic acids in feed acidifiers during synchronous detection were compared and analyzed. Then, the analytical
methods established for all the above mentioned parameters were investigated for their linearity range, the limit of detection,
the recovery rate and precision, followed by the verification using actual samples. The results showed that the best optimized
parameter conditions for synchronously detecting the 9 organic acids were 0.025 mol/L sulfuric acid solution as flowing phase,
flowing speed of 0.70 mL/min, column temperature of 30 ‘C, and 210 nm detecting wave length for DAD. The qualitative
analysis of organic acids was executed based on their retention time and ultraviolet absorption spectra, while the quantitative
analysis was executed based on the external standard method. According to the results of this study, it could be found that the
mass concentration and the peak area had behaved nice linear correlations in specific range for the 9 organic acids, respectively,
with the determination coefficients higher than 0.999. All the 9 organic acids could be successfully separated within 20 min.
The limit of detection of the synchronous detection method was from 0.01 to 2.4 mg/L and the recovery rate was from 90.7%
to 101.1%, while the relative standard deviation was from 0.91% to 3.33%. Bases on these results, the synchronous detection
method focused in this study shows to be one of the successful ways for organic acid detecting in different animal feed
acidifiers. This study can provide the technical support in further investigation of the acidifiers’ application in the animal feed
manufacturing factory as well as in the real market for quality assurance.

Keywords: chromatography; detectors; organic acids; diode array detector; feed acidifier; simultaneous determination
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