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Determination of organic acids in animal feeds using two ion chromatography methods
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Figure 4. Separation of dog food extract (5-fold diluted) using Method 2.
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ABSTRACT Test Method(s) Thermo Scientific Dionex ICS-5000" HPIC system including™ RESULTS Method Linear Calibration Ranges, Limit of Detection (LOD), and Limit of Quantitation (LOQ)
-Dionex ICS-5000* DP Pump module 1 :
Purpose: Organic acids and their salts such as citric acid. malic acid. formic acid. lactic acid. acetic -Dionex ICS-5000* EG Eluent Generator module with high-pressure degasser module Separation of oraanic acid standards Tables 1 and 2 summarize the Calibration, LOD, and LOQ of organic acids using Method 1 and
P - Lrganic . . . " ' . ' ' -Dionex ICS-5000* DC Detector/Chromatography module with CD Conductivity Detector P 9 Method 2, respectively. Quinic acid was not included in Method 2 because it coelutes with malic acid.
acid, propionic acid, and fumaric acid are animal feed additives that play an important role by _Dionex AS-AP Autosampler with sample syringe, 250 pL (P/N 074306) and buffer line 1200 pL
@mproying the animals’ perf_ormance a_nd reduc_ing t_he c.levellopment of pathogeniq micro-organisms (PIN 074989) y ' H Figure 1 shows the separation of 10 organic acids and seven common anions using Method 1. Table 1. Calibration, LOD, and LOQ of Table 2. Calibration, LOD, and LOQ Peaks: 1. Malonate 4,72 mg/L
in the intestine. This study is to quantify organic acids in animal feeds by both anion-exchange and Organic acids, except fumaric acid, were baseline resolved from other organic acids and anions. organic acids using Method 1. of organic acids using Method 2. 2 2. Citrate 135
ion-exclusion ion chromatography methods. Reagent-Free lon Chromatography System (RFIC) Fuma_ric agid was not completely resolv_ed fr_on_1 sulfate which may affect_the quantification of 3. Malate 8.61
_ S ) ) fumaric acid when the amount of fumaric acid is low relative to sulfate. Figure 2 shows the — | - - 4 E 132
Methods: Three animal feed samples were analyzed in this study. The organic acids were extracted separation of 9 organic acids using Method 2. Quinic acid was not included here because it Analyte Coefficient Analyte Ll:\earlty .S . Formate :
from animal feed with water and then determi_ned usir_lg two ion chromatography (IC) methods with ERREenE EaE Wg,\ coelutes with malic acid. The coelution of quinic and malic acid may affect the quantification of of (f ) 5. Lactate 25.6
suppressed conductivity detection. Method 1 is an anion-exchange method using a Thermo . Data Managemeni =% malic in feed sample using Method 2 if quinic acid is present at a high amount. Citrate and Determinat L.lnfear ‘] 5 6. Acetate 6.42
Scientific™ Dionex™ lonPac™ AS11-HC-4 pm column, which is ideal for separating a wide range of () )| NonMetalic Pump  RFIC™, Innovation and malonate were not completely separated using Method 2 as shown in Figure 2, which may affect ion (r2) fitting 3 7 Succinate  3.52
organic acids and inorganic anions. Method 2 is an ion-exclusion method using a Thermo 1 ot orse Behind e the quantification of citrate and malonate using Method 2. Quadratic 8 Fumarate  0.580
Scientific™ Dionex™ lonPac™ |ICE-AS6 column, which is ideal for measuring organic acids without ent Generator / + fitting ' _ '
interference from inorganic anions. Both methods were validated in terms of linearity, sensitivity, (GH- or HY) . : Figure 1. Separation of organic acids and inorganic anions standard using Method 1. Acetic acid 1-100 0.9997 2.44 8.14 Acetic acid 2-100 |1.0000 |3.15 |10.5 9. Propionate 0.944
selectivity, accuracy, and precision. | Separation Column Detection | et peaks: 1. Quinate 5 mgl boaks: 10, Nitrate > mgl Citric acid 1-100 | 0.9998 1.70 | 5.66 E::::::‘d i'igg i-gggg i;é i;; | 5
i . CRTC yoyumg - E g Formic acid 1-100 0.9998 4.02 13.4 Icaci - - . :
Results: The limits of quantification (LOQs) ranged from 5.66—13.4 mg/kg for Method 1 and 9.49— Waste - ﬁ “ o 2. Fluoride 0.4 11. Succinate 5 Fz:::;::ci d 1-100 0.9998 261 8.70 Fumaric acid 2-100 | 1.0000 | 6.00 | 20.0
26.2 mg/kg for Method 2. While either method is appropriate for determining organic acids in animal _ b | Detector | 3 Lactate 5 12. Malate 5 ctic acid 100 0.9997 VTERETT Loctic acid 100 10000 1279 160
feed, some feed contains malonic acid, which is better separated from citric acid using Method 1. Autasampier) Recycle Mode 4 Acetate c 13, Malonate 5 n:cl'lc ac_'d 100 To.9999 e oo Mialic acid 100 10000 1285 949 . M 8 9
.. . . - - . . a Ic aCI - . . . = . . . -
Qggllﬂc;?:élyl/\,/l Z?r:?)z f2e.ed contains a large amount of sulfate, which is better separated from fumaric Chromatographic Conditions 5. Propionate 5 14 Fumarate c Mialomic acid 100 5995 39 e Vialonic acid 100 10000 1718 239 F‘"“‘J
6. Formate 5 15. Sulfate 3 Propionicacid | 1-100 | 0.9997 233 | 7.77 Propionicacid | 2-100 | 1.0000 | 7.86 | 26.2 01 . = m = - - - = <
Method 1 (lon Exchange System) Method 2 (lon Exclusion System) 7. Chloride 0.6 16. Phosphate 3 Succinicacld | 1-100 | 0.9999 28 [9.51 Succinicacid | 2-100 | 1.0000 |5.69 | 19.0 "
Columns: Dionex lonPac AG11-4um Guard Dionex lonPac NG1 Guard, 4 X 35 mm 9. Bromide 2 15 Analysis of Animal Feed Samples
Organic acids are important components of animal feed. According to their functional role, the Column, 2 x 50 mm (P/N 078036 ) (P/N 039567) _ h _ h h h CONCLUSIONS
relevant organic acids can be segmented into groups such as: preservatives, acidity regulators, Dionex lonPac AS11-4um Analytical | Dionex lonPac ICE AS6, 9 X 250 mm Three animal feed samples were gxtrac;ed andl ane]lclyzed by the two ion ¢ ror:natograg y mr(]atdozds )
flavoring compounds, silage additives, or other zoo-technical additives. 'For example, Column, 2 x 250 mm (P/N 078036) | Analytical , 9 x 250 mm (P/N 079798) 16 described above. Table 3 summarizes the results o lorganlc acids using Method 1 an fMetI_O -z The
microencapsulated mixture of citric acid, sorbic acid (OA) and pure botanicals, namely thymol and Sl A DI Water ( Gradient) 0.32 mM HFBA ( Isocratic) accuracies of_th_e Me_thod 1 _and Method 2 were evaluated by determining recoveries of malic, actic, = This study demonstrated that organic acids can be determined accurately in animal feed samples
vanillin, (PB) can improve the maturation of the intestinal mucosa and eventually improving the Eluent B.' Methanol (CH,OH) : ] andoacgtlc_ acid in spiked animal feed samples. The recovery for three organic acids ranged from 90— using two ion chromatography methods.
growth of piglets prematurely weaned.? The most important contribution of organic acids is their ' — 3= 7 : 105%, Indlca_tl_ng both methods can accuraf[el_y determine organic acids in e_mlmal feed samples. _ B _ _ o
antimicrobial and pH lowering effect. In the feed, as well as in the digestive tract of animals, the non- Al sonres: | Unetme seeniic Plovs EET S8 | wiilel FrepeiEien Method precision was evaluated through triplicate whole-procedure analysis from sample extraction to = Method 1 is ion exchange method using a Dionex lonPac AS11HC-4 pm column, which is ideal for
dissociated acid molecules are responsible for the antimicrobial effect because they diffuse across KOH Eluent Generator Cartridge . 10 IC analysis. The CV of three replicate analyses ranged from 1-10%. Figure 3 and Figure 4 show the separating a wide range of organic acids and inorganic anions present in samples. Method 1 uses
the cell membrane of pathogens and cause pH imbalances and the inhibition of DNA synthesis of with Thermo Scientific™ Dionex™ S o chromatograms of dog food extract using Methods 1 and 2, respectively. hydroxide as an eluent, which can take advantage of Dionex EGC 500 KOH Eluent Generator
the cell. However, in its dissociated form, the acid is responsible for lowering the pH value and CR-ATC 500 Continuously H 7 14 able 3 A f _ " mal feed (glkg dry feed " Cartridge to generate consistent KOH eluent automatically using DI water.
reducing the buffer capacity in the feed. As a result, the growth rate of pathogens is decreased and Regenerated Anion Trap Column 17 aple 3. Amount of organic acid in animal feed (g/kg dry feed sample). o _ _ _ L _
the reduction of the gastric pH value is accelerated. As a consequence, the protein digestion of Flow Rate: 0.35 mL/min 1 mL/min 1112 13 . Metho_d 2 |%|on_e;<clus_,lon ;nethod lstmg_a Dlont_ax_ICE-ASG column, which is ideal for measuring
piglets with suboptimal developed enzyme system is improved. Organic acids have very different Column ' 4'5 °C 20 °C Method 1 Method 2 organic acids without interterence from inorganic ions.
effects depending on their degree of dissociation (pKa value). _ . _ .
Temperature: 2 4 5 Dog Rabbit Chicken Dog Rabbit Chicken
Several methods have been used to determine organic acids in animal feeds including HPLC with Detector 20 °C 30°C & Acetic acid 0.76 0.44 0.11 0.69 0.37 013 REFERENCES
UV detection. However, several organic acids have poor UV absorption and therefore lack sufficient Compartment w LJ L\sﬂju Citric acid 134 3.66 553 1.38 4'01 5.62
sensitivity for d_etect|on_ In _addlt_lon, other UV-absorblng components in gmr_nal_feed may mte_rfere Temperature: 1 Formic acid 0.12 0.08 0.03 0:10 0:08 0:03 1. Animal feed collaborative study instruction CEN/TC 327 Version 7. 2017
with the detection of organic acids. In contrast, virtually all carboxylic acids ionize sufficiently; Detector 35 °C 35 °C
therefore, IC with suppressed conductivity detection is the technique of choice to separate and Temperature: Fumaric acid 0.02 0.10 0.06 0.04 0.13 0.07 2. Grilli, E. Impact of dietary organic acids and botanicals on intestinal integrity and inflammation in
detect a large variety of organic acids. : p. : 0 0 0 L Lactic acid 2.17 0.59 0.07 2.68 0.67 0.07 weaned pigs. Veterinary Research 201511:96.
Injection 5 HL, (Full loop) 10 WL, (Fullloop) L\ Malic acid 1.07 6.62 0.93 0.98 6.55 0.74
Volume: - Malonic acid 0.90 5.05 0.16 0.85 4.26 N/A 3. Thermo Scientific Application Note 1068: Determination of Organic Acids in Fruit Juices and
ion: ivi i vi i - -0 ] S Wines by High-Pressure IC. Sunnyvale, CA 2016.
MATERIALS AND METHODS peecton ARG 500 supprostora | IOE500. & mm exemaimods A - — Propionicacid | 011 | 005 | NA | o1 | 005 | Na YT "
. Succinic acid 0.36 0.64 0.10 0.35 0.71 0.11 4. Thermo Scientific Application Note 1157: Determination of Organic Acids in Kombucha Using a
- SN BT SR, DA TiHA 1o Minutes Quinic acid 0.09 0.13 0.04 High-Pressure lon Chromatography system. Sunnyvale, CA 2016
Sample Preparation rate equal to the eluent flow rate ' : ' g grapny system. e, '
Three animal feed samples (dog, rabbit, and chicken) were obtained from a local animal feed store. Run time: A5 min 40 min Figure 2. Separation of organic acids standards using Method 2. Figure 3. Separation of dog food extract (5 fold diluted) using Method 1. 5. Thermo Scientific Application Note 291: Determination of Organic Acids in Wastewater Using lon-
Background <0.4 uS <20 uS *’ Exclusion Chromatography and On-Line Carbonate Removal. Sunnyvale, CA 2011.
Grind the animal feed sample with a coffee grinder to a particle size of less than or equal to 1.0 mm. Conductance: 05 - Peaks: 1. Malonate 5 mg/L 10 Peaks: 1 Quinate - mglL o _ _ . _ L _
Accurate|y We|gh 5.00 g +10 mg of the prepared Samp'e into a 250 mL conical flask. Add 100 mL System ~ 4200 pSI ~ 1100 pSI : 2 Citrate 5 v 14 2 Fluoride _ 6. Thermo Scientific Technical Notes 126: Determination of OrganIC Acids in Beer Samples US'ng a
DI water to the flask and cap it High-Pressure lon Chromatography System. Sunnyvale, CA 2013.
Pt backpressure: 3. Malate 5 3 Lactate 21.1
1
Sonicate in ultrasonic bath for 30 min or mix for 60 min on a magnetic stirrer at ambient Method 1 Pump Multi-Step 4. Formate > 13 4 Acetate 741
temperature. Note: If the sample contains a high amount of fumaric acid, heat the sample to 60 °C Method 1 KOH Gradient Gradient 5. Lactate 5 15 5 Propionate  0.609 TRA DEMARKS/L |CENS | NG
to increase solubility Gradient 2 4 6. Acetate 5 6 Formate 13
_ _ _ Time (min KOH (mM . . 3 7. Succinate 5 - : CAntifi :
Centrifuge sample extract at 5000 x g for 10 min or filter the sample through folder filter paper. (min) > (mM) 1 Time (min) B (%) HS 8. Fumarate . HS 3 ! Chioride 255 S 2?? 17STherr_r;_o F'Sg?r Smgn_t(ljf_lc !nc. _ﬁ:_rlghfts resgrve_d. Al t_rade:jnegks are the property ?ft;— hermo
Dilute the sample solution with DI water to the final concentration according to the working range of -2 0 6 _ 8 Nitrate 0.772 |sder cientific and its Sr‘: Si !a;:e_s.f his '”hormat'lfn IS “|°t Intendec trc]’ en:c:ourr]age use ot these
calibration and filter through a Nalgene 0.45 pm PES syringe membrane filter prior to IC analysis. 0 1 0 0 5 9. Propionate 5 0., 9 Succinate  3.42 products in any manner that might iniringe the intellectual property rights of others.
10.07 1 8 10 Malate 10.4
10.7 8 9 g
24 15 20 8 6 2 11 Malonate 8.17
Data Analysis : By Thermo Scientific™ Chromeleon™ Chromatography Data System (CDS) 24.01 15 5 15 0 - J\- ! 12 Fumarate  0.149
software, version 7.2 SR4. 35 27 'R Th F' h
13 Sulfat 3.92
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