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Determination of flunixin and 5-hydroxy flunixin residues in livestock and 

fishery products using LC-MS/MS 

 



 

 

Abstract 1 

Flunixin is a veterinary nonsteroidal anti-inflammatory agent whose residues have 2 

been investigated in their original form within tissues such as muscle and liver. 3 

However, flunixin remains in milk as a metabolite, and 5-hydroxy flunixin has been 4 

used as the primary marker for its surveillance. This study aimed to develop a 5 

quantitative method for detecting flunixin and 5-hydroxy flunixin in milk and to 6 

strengthen the monitoring system by applying to other livestock and fishery products. 7 

Two different methods were compared, and the target compounds were extracted from 8 

milk using an organic solvent, purified with C18, concentrated, and reconstituted using a 9 

methanol-based solvent. Following filtering, the final sample was analyzed using liquid 10 

chromatography-tandem mass spectrometry. Method 1 is environmentally friendly due 11 

to the low use of reagents and is based on a multi-residue, multi-class analysis method 12 

approved by the Ministry of Food and Drug Safety. The accuracy and precision of both 13 

methods were 84.6−115% and 0.7−9.3%, respectively. Owing to the low matrix effect 14 

in milk and its convenience, Method 1 was evaluated for other matrices (beef, chicken, 15 

egg, flatfish, and shrimp) and its recovery and coefficient of variation are sufficient 16 

according to the Codex criteria (CAC/GL 71-2009). The limits of detection and 17 

quantification were 2−8 and 5−27 µg/kg for flunixin and 2−10 and 6−33 µg/kg for 5-18 

hydroxy flunixin, respectively. This study can be used as a monitoring method for a 19 

positive list system that regulates veterinary drug residues for all livestock and fisheries 20 

products. 21 

 22 

Keywords: Flunixin, Veterinary drug, Residues, Food safety, LC-MS/MS 23 
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Introduction 25 

Non-steroidal anti-inflammatory drugs (NSAIDs) are extensively used as veterinary 26 

drugs to prevent inflammation or to treat allergies, fever, and pain. Flunixin is the only 27 

NSAID in the U.S. labeled for use in beef and dairy cattle to treat respiratory tract disease 28 

and mastitis (Smith et al., 2008). However, it has adverse side effects, such as 29 

gastrointestinal bleeding, intestinal ulceration, aplastic anemia, and the inhibition of 30 

platelet aggregation (Kari et al., 1995). Daeseleire et al. (2003) proposed a withdrawal 31 

time of 12 h owing to the presence of trace residues of 5-hydroxy flunixin after 10 h. 32 

According to the U.S. Food and Drug Administration (FDA), the withdrawal times of 33 

flunixin are 24 h at a dose of 2.2 mg/kg and 12 h at 1.1 mg/kg for intravenous 34 

administration. Moreover, the slaughter and milk withdrawal times are 4 d and 36 h, 35 

respectively (FDA, 2004). And tolerance/Safe Level of 5-hydroxy flunixin is 2 μg/kg in 36 

milk (FDA, 2020) and the final acceptable daily intake (ADI) for carcinogenicity was 37 

established at 0.72 μg/kg bw/day for human exposure (FDA, 2017). 38 

Flunixin is easily metabolized, and approximately 90% is excreted in the urine 39 

(Levionnois et al., 2018). 5-Hydroxy flunixin, one of its metabolites, is a marker in bovine 40 

milk, and the residue of flunixin in bovine muscle can be identified in its original form 41 

(Chen et al., 2019; Jedziniak et al., 2016; Ngoh et al., 2003). In 2011, the U.S. FDA 42 

presented plans to surveil 5-hydroxy flunixin in milk beginning with residue violations 43 

of flunixin in dairy cows. This event increased concerns about the presence of drug 44 

residues in milk. The European Union (EU), under Community Regulation 2377/90, set 45 

the maximum residue level (MRL) for flunixin and its metabolite (5-hydroxy flunixin) at 46 

˂ 40 µg/kg in milk produced for human consumption, while the MRL of flunixin is 20 47 

µg/kg in bovine muscle (EU, 1990). In South Korea, flunixin in animal-based foods is 48 

regulated by the MRL (MFDS, 2023a). Flunixin residue is defined as its original form, 49 

and the MRLs are 0.02, 0.05, 0.01, and 0.02 mg/kg for beef, pork, and horse muscles and 50 

milk, respectively. In 2022, the definition was amended for 5-hydroxy flunixin in milk 51 

by the Ministry of Food and Drug Safety (MFDS). Therefore, a method for analyzing 5-52 

hydroxy flunixin in milk is required to protect public health. 53 

5-Hydroxy flunixin has a fluorescent property and can be detected at excitation and 54 

emission wavelengths of 360 and 495 nm, respectively, using fluorescence detection 55 

(FLD) (Gallo et al., 2010). Analyzing residues in agricultural products is challenging due 56 
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to the matrix effects caused by co-extractives, such as pigments, fatty acids, sugars, and 57 

other interrupting substances (Fialkov et al., 2007). For the treatment of food samples, a 58 

clean-up process is required to remove interfering substances. Solid-phase extraction 59 

(SPE) using OASIS HLB, Strata X, and ABN has been used for deproteinization with 60 

trichloroacetic acid; however, it causes the loss of certain target compounds of NSAIDs 61 

(Malone et al., 2009). Plasma samples have been acidified using inorganic acids, such as 62 

hydrochloric acid, to precipitate proteins (Jedziniak et al., 2016). Quick, Easy, Cheap, 63 

Effective, Rugged, and Safe (QuEChERS) is the most common method for food sample 64 

preparation and is widely used for multi-class, multi-residue analyses (Hajrulai-Musliu et 65 

al., 2021; Jang et al., 2022; Wilkowska & Biziuk, 2011). To determine flunixin and 5-66 

hydroxy flunixin contents, high-performance liquid chromatography (HPLC)-ultraviolet 67 

(UV) spectrometry (Asea et al., 2001; Jedziniak et al., 2016), liquid chromatography 68 

(LC)-tandem mass spectrometry (MS/MS) (Daeseleire et al., 2003; Kruve et al., 2008; 69 

Malone et al., 2009), and other methods have been used. Flunixin is a substance classified 70 

and managed as group B (pharmacologically active substances authorised for use in food-71 

producing animals), and the FLD method was suggested in the European Council decision 72 

2002/657/EC (European Commission, 2002). This study attempted to analyze using 73 

QuEChERS, which has a simple pretreatment process, and LC-MS/MS, which can 74 

analyze various residual animal medicines. 75 

The number of regulated veterinary drugs has continually increased, and the 76 

surveillance of residues is becoming stricter with systems such as the positive list system 77 

(PLS) (MFDS, 2023a). The PLS regulates all veterinary drugs in all types of animal-based 78 

foods at a specific concentration (0.01 mg/kg). Therefore, this study aimed to develop a 79 

quantitative method for the detection of 5-hydroxy flunixin in milk. By applying 5-80 

hydroxy flunixin, which is not included in the multi-class, multi-residue analysis method 81 

established by the MFDS, the applicability was assessed to improve monitoring efficiency 82 

and prepare for PLS. 83 

 84 

Materials and methods 85 

Materials 86 

Standards (flunixin and 5-hydroxy flunixin) were obtained from Toronto Research 87 

Chemicals Inc. (TRC) (Windsor, CT, USA) and stored at −80 ℃. HPLC-grade 88 
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acetonitrile, dichloromethane, n-hexane, methanol, and water were purchased from 89 

Merck (Rahway, NJ, USA). The ethylenediaminetetraacetic acid (EDTA) disodium salt 90 

solution and formic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA). C18 91 

sorbent was obtained from CHROMAtific (Heidenrod, Germany), and 92 

polytetrafluoroethylene (PTFE) and nylon syringe filters were obtained from 93 

Teknokroma (Barcelona, Spain). All standard solutions were individually prepared at 94 

1,000 mg/L in methanol and stored at −80 ℃. 95 

 96 

Instrumental conditions 97 

The analysis was performed using a Shimadzu LCMS-8060 system (Osaka, Japan) 98 

connected to a Waters X select HSS C18 column (150 mm × 2.1 mm id, 3.5 μm). The 99 

mobile phases A and B were 0.1% formic acid in water (A) and 0.1% formic acid in 100 

acetonitrile (B), respectively. The LC gradient conditions were as follows: 5% B (0 min), 101 

hold at 5% B (0.5 min), increase to 60% B (5.5 min), increase to 100% B (6.0 min), hold 102 

at 100% B (10.0 min), rapidly decrease B to 5% (10.2 min), and hold for stabilization 103 

(12.00 min). The flow rate, injection volume, and temperature were 0.3 mL/min, 5 μL, 104 

and 40 ℃, respectively. The ESI (Electrospray ionization) mode was used, the capillary 105 

temperature and voltage were 500°C and 3.6 kV, respectively, and argon gas was used as 106 

the impact gas. The specific multiple-reaction monitoring (MRM) conditions are listed in 107 

Table 1. 108 

 109 

Sample preparation 110 

Method 1 111 

The applicability of the multi-residue, multi-class analysis method developed by the 112 

MFDS (2023b) was confirmed as follows. Homogenized samples (2 g) were prepared in 113 

a 50-mL centrifuge tube, and 10 mL of water: acetonitrile (1:4, v/v) was added to the 114 

sample. The mixture was shaken for 5 min and centrifuged at 4,700 × g for 10 min at 4 ℃. 115 

The supernatant was decanted into a second 50-mL centrifuge tube containing 500 mg of 116 

C18 and 10 mL of n-hexane saturated with acetonitrile. The mixture was shaken for 10 117 

min and centrifuged at 4,700 × g for 5 min at 4 ℃. Acetonitrile extract (5 mL) was 118 

transferred to a 15-mL centrifuge tube and concentrated at 40°C to dry under nitrogen 119 

gas. The concentrate was dissolved with 1 mL of water: methanol (1:1, v/v) and filtered 120 
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through a 0.2-µm PTFE syringe filter. The final sample was analyzed using LC-MS/MS. 121 

 122 

Method 2 123 

The analysis methods developed in Korea by Shin and Choi (2022) for flunixin and 5-124 

hydroxy flunixin were compared with Method 1. Milk samples (2 g) were prepared in a 125 

50-mL centrifuge tube. EDTA solution (100 µL) was added, and the mixture was shaken 126 

for 3 min. Subsequently, 8.5 mL of acetonitrile containing 0.1% formic acid and 1.5 mL 127 

of dichloromethane were added. The mixture was shaken for 15 min and centrifuged at 128 

4,500 × g for 10 min at 4 ℃. The supernatant was decanted into a 15-mL centrifuge tube 129 

containing 150 mg of C18. The mixture was shaken for 10 min and centrifuged at 4,500 × 130 

g for 10 min at 4 ℃. The supernatant was transferred to a second 15-mL centrifuge tube 131 

and concentrated to dryness under gentle nitrogen gas at 40 ℃. The concentrate was 132 

reconstituted with methanol (1 mL), sonicated for 5 min, and vigorously mixed for 1 min. 133 

After centrifuging for 10 min (at 16,000 × g and 4 ℃) and filtering through a 0.2-µm 134 

nylon syringe filter, the final sample was analyzed using LC-MS/MS. 135 

 136 

Method confirmation 137 

According to the Codex guidelines (CAC/GL 71-2009), the method was validated for 138 

linearity, accuracy, precision, and detection limits (Codex Alimentarius, 2014). Linearity 139 

was represented as the coefficient of determination (r2), and the five points of the 140 

calibration curve were at 2.5, 5, 10, 20, and 40 µg/kg. Accuracy and precision were 141 

confirmed by repeating the analysis seven times at three level and were represented as the 142 

recovery and coefficient of variation (CV), respectively. The detection limits were 143 

expressed as limits of detection (LOD) and quantification (LOQ), calculated as 3.3 and 144 

10 times the slope standard deviation, respectively. To confirm inter-lab reproducibility, 145 

method validation was performed in two other laboratories. 146 

The matrix effects of the two methods were estimated by calculating the calibration 147 

slope (Kwon et al., 2012). Target compounds were spiked into each matrix at six points 148 

within the range of 0–80 μg/kg to prepare calibration curves and calculate slope factors. 149 

Then, the slope factor was obtained from the calibration curve created by spiking the same 150 

amount into the solvent. The matrix effects (%) of the analytes were calculated using the 151 

following equation: %ME = [(slope of the matrix-matched calibration slope of the 152 
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reagent-only calibration)/slope of the reagent-only calibration] × 100. Ferrer et al. (2011) 153 

classified the matrix effects as no effect (˂ 20%), medium effect (20%–50%), or strong 154 

effect (˃ 50%). Matrix effects were evaluated by referring to the classification. 155 

 156 

Results and Discussion 157 

 158 

Accuracy and precision of the two methods 159 

This study presented a quantitative analysis method for 5-hydroxy flunixin residues in 160 

milk using flunixin and compared the two methods to increase monitoring efficiency 161 

(Table 2 and 3). Both methods exhibited good linearity (> 0.99). In Method 1, the 162 

recoveries and CVs were 110−115% and 2.2−5.4% for flunixin and 94.0−108% and 163 

3.1−9.3% for 5-hydroxy flunixin, respectively. In Method 2, the recoveries and CVs were 164 

97.2−99.6% and 2.2−3.9% for flunixin and 84.6−101% and 0.7−8.4% for 5-hydroxy 165 

flunixin, respectively. The results of both methods met the performance criteria set by 166 

Codex for quantitative analytical methods for veterinary drug residues in foods. Therefore, 167 

Methods 1 and 2 were suitable for identifying and quantifying flunixin residues in milk 168 

products. 169 

However, Method 1 is an easy and efficient method owing to its simpler sample 170 

preparation compared with Method 2. Method 1 is a multi-class, multi-residue analysis 171 

method used in Korea to determine the residues of 157 veterinary drugs in livestock 172 

products. In addition, Method 1 does not interrupt the existing multi-class, multi-residue 173 

analysis method. The structures of the analytes and their selectivities are shown in Fig. 1 174 

and 2. 175 

 176 

Milk analysis 177 

In Korea, the MRL of milk is 20 µg/kg for 5-hydroxy flunixin. In Method 1, the LODs 178 

and LOQs were 4 and 15 µg/kg for flunixin and 5 and 15 µg/kg for 5-hydroxy flunixin, 179 

respectively. In Method 2, the LODs and LOQs were 2 and 5 µg/kg for flunixin and 3 180 

and 9 µg/kg for 5-hydroxy flunixin, respectively. Both methods can be used to quantify 181 

concentrations lower than the MRL. The matrix effects of flunixin and 5-hydroxy flunixin 182 

were −15% and −24.2% in Method 1 and 78.5% and 65.9% in Method 2, respectively 183 

(Table 5). Method 1 had no matrix effect on flunixin and a medium matrix effect on 5-184 
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hydroxy flunixin, whereas Method 2 had a strong matrix effect on both compounds. 185 

Considering the importance of quantifying 5-hydroxy flunixin in milk, both methods 186 

satisfied the Codex validation criteria. However, Method 1 has a simpler sample 187 

preparation and less matrix effect, and can be applied to multi-class, multi-residue 188 

analysis. Therefore, the present study proceeded with additional validation using other 189 

livestock and fishery products. 190 

The inter-lab validation of Method 1 was assessed (Table 2). For flunixin and 5-191 

hydroxy flunixin, the recoveries were 74.5−94.0% and 71.2−94.0%, and the inter-lab CVs 192 

were 8.9−22% and 14−20%, respectively. Method 1 was validated using intra- and inter-193 

lab validation results that met the Codex guidelines (CAC/GL 71-2009). According to the 194 

guidelines, the recovery should be within the range of 60−120% at 1−10 µg/kg and 195 

70−120% at 10−100 µg/kg. And the intra-lab and inter-lab CV should be less than 30% 196 

and 45% at 1−10 µg/kg and 20% and 32% at 10−100 µg/kg, respectively. In previous 197 

studies for milk or bovine muscle, ultrasound-assisted extraction showed 0.5 µg/kg of 198 

CCα for both flunixin and 5-hydroxy flunixin (Daeseleire et al., 2003) and 22.85 and 199 

27.28 µg/kg of CCα and CCβ for flunixin (Lugoboni et al., 2014), respectively. Extraction 200 

with acetonitrile and wash with n-hexane showed 45.04 and 50.08 µg/kg of CCα and CCβ 201 

for 5-hydroxy flunixin, respectively (Malone et al., 2009). The present method used 202 

sorbents and washed the extract with n-hexane, as described in Method 1. These processes 203 

are necessary to improve purification, and filtration is required to eliminate particulates 204 

from the final sample (Malone et al., 2009). Acidic organic solvents, such as hydrochloric 205 

acid, were introduced for extraction, and the LODs were 2.98 µg/kg of flunixin in bovine 206 

muscle and 0.78 µg/L of 5-hydroxy flunixin in milk (Chen et al., 2019). For the bovine 207 

muscle sample, potassium acetate buffer (adjusted to pH 4.5 with acetic acid) and 208 

enzymatic hydrolysis using β-glucuronidase were also used with 6 mg/kg of LOD (Asea 209 

et al., 2001). Method 1 of the present study enabled the quantification of flunixin residues 210 

down to the MRL using the usual QuEChERS method, without the use of acids or buffers. 211 

 212 

Application to other livestock and fishery products 213 

Method 1 was validated using other animal-based food products (Table 4). Five 214 

livestock and fishery products (beef, chicken, eggs, flatfish, and shrimp) were evaluated. 215 

All matrices showed good linearity (˃ 0.99), and the recoveries and CVs were 82.4−110% 216 
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and 1.2−8.9% for flunixin and 83.3−106% and 2.2−20% for 5-hydroxy flunixin, 217 

respectively. The matrix effects of Method 1 are listed in Table 5. For all matrices, except 218 

milk, Method 1 was estimated to have a strong matrix effect. Flunixin exhibited the 219 

strongest matrix effect in eggs, followed by shrimp, flatfish, beef, and chicken. 5-220 

Hydroxy flunixin showed the strongest matrix effect in flatfish, followed by beef, chicken, 221 

eggs, and shrimp. When using LC-MS/MS, the matrix effect depends on the sample 222 

properties, ionization interface, mobile phase additives, stationary phase, and other 223 

characteristics. The ionization intensity can be reduced by nonvolatile substances via 224 

increasing the viscosity and surface tension and decreasing the solvent evaporation rate 225 

(Luigi et al., 2013). Therefore, the strong matrix effect is interpreted as a phenomenon 226 

caused by ion suppression. Simple purification with n-hexane and C18 is not sufficient to 227 

reduce matrix effects, however, this can be addressed using a matrix-matched calibration. 228 

Recently, the strict monitoring of veterinary drug residues has been emphasized with 229 

the introduction of the PLS system in Korea. Consistent with this situation, analysis 230 

methods for all animal-based foods are required. A previous FDA study optimized a 231 

multi-class, multi-residue LC-MS/MS method to determine 25 veterinary drug residues 232 

(Clark et al., 2011). In the abovementioned method, acetonitrile was added to extract 233 

target compounds and precipitate protein, and SPE using OASIS®  HLB was also 234 

employed; however, this method is only for milk and requires additional confirmation to 235 

apply other animal-based food. Food analysis using SPE not only has the disadvantage of 236 

clogging the adsorbent but also requires conditioning and cleaning steps for activation. 237 

The detection limits of Method 1 were assessed for six animal-based food products 238 

(milk, beef, chicken, egg, flatfish, and shrimp) and are described in Table 2 and 4. The 239 

LODs and LOQs were 2−8 and 5−27 µg/kg for flunixin and 2−10 and 6−33 µg/kg for 5-240 

hydroxy flunixin, respectively. However, Method 1 showed poor recovery of 5-hydroxy 241 

flunixin from pork muscle and eels. Recoveries and CVs of flunixin were 96.0−98.9% 242 

and 2.9−4.1% at 25, 50, and 100 µg/kg in pork and 91.0−99.0% and 1.5−9.1% at 5, 10, 243 

and 20 µg/kg in eel, respectively. In contrast, the recovery of the same concentration of 244 

5-hydroxy flunixin from pork and eel was ˂ 40%. Therefore, Method 1 could be used for 245 

the quantification of flunixin or the identification of 5-hydroxy flunixin in pork and eels 246 

in a limited manner. 247 

Most studies of flunixin residues have been conducted on beef or milk (Daeseleire et 248 
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al., 2003; Douglas et al., 2012; Gallo et al., 2010; Kissell et al., 2013; Malone et al., 2009) 249 

and only a few have investigated swine and chicken (Chou et al., 2022; Liu et al., 2015). 250 

Flunixin is approved for swine at a dosage of 2.2 mg/kg with a withdrawal time of 12 d 251 

(Sidhu et al., 2017). In a previous flunixin study, recovery and repeatability were 252 

76.7−86.8% and 4.1−12.5% in swine tissues and 73.8−84.0% and 4.1−9.9% in chicken 253 

tissues, respectively, and the LOQ ranged from 0.05 to 0.50 µg/kg in both matrices (Liu 254 

et al., 2015). However, the previous study was performed only for flunixin and used 255 

hydrolysis with hydrochloric acid and heating. Although the LOQs in the present study 256 

were higher than those of previous studies, the method is beneficial in terms of its simple 257 

process and application to other matrices for two compounds (flunixin and 5-hydroxy 258 

flunixin) in livestock and fishery products. 259 

 260 

Conclusions 261 

  This study assessed the linearity, accuracy, precision, detection limits, and matrix effect 262 

of two methods for the analysis of flunixin and 5-hydroxy flunixin in milk. Two methods 263 

involve QuEChERS-based extraction and purification followed by analysis by LC-264 

MS/MS. Both methods can quantify the two compounds at a lower level than their MRL 265 

in milk. Method 1 is the existing multi-class, multi-residue method used in Korea, and 266 

Method 2 is a little more complicated than method 1, including the use of EDTA, formic 267 

acid, and dichloromethane. Applicability of Method 1 to four livestock and two fishery 268 

products (milk, beef, chicken, egg, shrimp, and flatfish) has been confirmed. The results 269 

of this study should improve the efficiency of the monitoring system and emphasize the 270 

importance of improving multi-class, multi-residue analysis methods. In future studies, 271 

improvements through additional purification processes are needed to obtain low 272 

detection limits and MEs even in simultaneous analysis methods 273 

  274 



 

12 

 

References 275 

Asea PA, Patterson JR, Korsrud GO, Dowling PM, Boison JO. 2001. Determination of 276 

Flunixin Residues in Bovine Muscle Tissue by Liquid Chromatography with UV 277 

Detection. Journal of AOAC International 84(3):659–665. 278 

https://academic.oup.com/jaoac/article/84/3/659/5656603. 279 

Chen X, Peng S, Liu C, Zou X, Ke Y, Jiang W. 2019. Development of an Indirect 280 

Competitive Enzyme-linked Immunosorbent Assay for Detecting Flunixin and 5-281 

Hydroxyflunixin Residues in Bovine Muscle and Milk. Food and Agricultural 282 

Immunology 30(1):320–332. https://doi.org/10.1080/09540105.2019.1577365. 283 

Chou WC, Tell LA, Baynes RE, Davis JL, Maunsell FP, Riviere JE, Lin Z. 2022. An 284 

Interactive Generic Physiologically Based Pharmacokinetic (igPBPK) Modeling 285 

Platform to Predict Drug Withdrawal Intervals in Cattle and Swine: A Case Study on 286 

Flunixin, Florfenicol, and Penicillin G. Toxicological Sciences 188(2):180–197. 287 

https://doi.org/10.1093/toxsci/kfac056. 288 

Clark SB, Storey JM, Turnipseed SB. 2011. Optimization and Validation of Multi-class, 289 

Multi-residue LC-MS/MS Screening and Confirmation Method for Drug Residues in 290 

Milk. Journal of AOAC International 94(2):1–27. 291 

https://www.fda.gov/media/79795/download. 292 

Codex Alimentarius. 2014. Guidelines for the Design and Implementation of National 293 

Regulatory Food Safety Assurance Programme Associated with the use of Veterinary 294 

Drugs in Food-Producing Animals. CAC/GL 71-2009. Available from: 295 

https://www.fao.org/fao-who-codexalimentarius/codex-texts/guidelines/en/. Accessed at 296 

Jan 24. 2024. 297 

Daeseleire E, Mortier L, De Ruyck H, Geerts N. 2003. Determination of Flunixin and 298 

Ketoprofen in Milk by Liquid Chromatography-Tandem Mass Spectrometry. Analytica 299 

Chimica Acta 488(1):25–34. https://doi.org/10.1016/S0003-2670(03)00577-4. 300 

Douglas D, Banaszewski K, Juskelis R, Al-Taher F, Chen Y, Cappozzo J, Mcrobbie L, Salter 301 

RS. 2012. Validation of a Rapid Lateral Flow Test for the Simultaneous Determination 302 

of β-Lactam Drugs and Flunixin in Raw Milk. Journal of Food Protection 75(7):1270–303 

1277. https://doi.org/10.4315/0362-028X.JFP-11-570. 304 

EU. 1990. Council Regulation (EEC) No. 2377/90 of 26 June 1990. Laying Down a 305 

Community Procedure for the Establishment of Maximum Residue Limits of Veterinary 306 

Medicinal Products in Foodstuffs of Animal Origin. Available from: 307 

https://www.fao.org/faolex/results/details/en/c/LEX-FAOC018519/. Accessed at Jan 24. 308 

2024. 309 

European Commission. 2002. Commission Decision of 12 August 2002 Implementing 310 

Council Directive 96/23/EC Concerning the Performance of Analytical Methods and the 311 

Interpretation of Results. Available from: https://op.europa.eu/en/publication-detail/-312 

/publication/ed928116-a955-4a84-b10a-cf7a82bad858/language-en. Accessed at Jan 24. 313 

2024. 314 

FDA. 2004. Freedom of Information Summary Supplemental New Animal Drug 315 

Application. Available form: 316 

https://animaldrugsatfda.fda.gov/adafda/app/search/public/document/downloadFoi/355. 317 

Accessed at Jan 24. 2024. 318 

FDA. 2017. Freedom of Information Summary, Original New Animal Drug Application, 319 

NADA 141–450, Banamine Transdermal, Flunixin Transdermal Solution. Available 320 



 

13 

 

form: https://animaldrugsatfda.fda.gov/ 321 

adafda/app/search/public/document/downloadFoi/1944. Accessed at Mar 13. 2021. 322 

FDA. 2020. Drug residues. Available form: https://www.fda.gov/animal-veterinary/ 323 

compliance-enforcement/drug-residues. Accessed at Dec 9. 2020. 324 

Ferrer C, Lozano A, Agüera A, Girón AJ, Fernández-Alba AR. 2011. Overcoming Matrix 325 

Effects Using the Dilution Approach in Multiresidue Methods for Fruits and 326 

Vegetables. Journal of Chromatography A 1218(42):7634–7639. 327 

https://doi.org/10.1016/j.chroma.2011.07.033. 328 

Fialkov AB, Steiner U, Lehotay SJ, Amirav A. 2007. Sensitivity and Noise in GC-MS: 329 

Achieving Low Limits of Detection for Difficult Analytes. International Journal of 330 

Mass Spectrometry 260(1):31–48. https://doi.org/10.1016/j.ijms.2006.07.002. 331 

Gallo P, Fabbrocino S, Dowling G, Salini M, Fiori M, Perretta G, Serpe L. 2010. 332 

Confirmatory Analysis of Non-steroidal Anti-inflammatory Drugs in Bovine Milk by 333 

High-performance Liquid Chromatography with Fluorescence Detection. Journal of 334 

Chromatography A 1217(17):2832–2839. https://doi.org/10.1016/j.chroma.2010.02.047. 335 

Hajrulai-Musliu Z, Uzunov R, Jovanov S, Jankuloski D, Stojkovski V, Pendovski L, Sasanya 336 

JJ. 2021. A New LC–MS/MS Method for Multiple Residues/Contaminants in Bovine 337 

Meat. BMC Chemistry 15(1):1–21. https://doi.org/10.1186/s13065-021-00788-5. 338 

Jang S, Seo H, Kim H, Kim H, Ahn J, Cho H, Hong S, Lee S, Na T. 2022. Development of a 339 

Quantitative Method for Detection of Multiclass Veterinary Drugs in Feed Using 340 

Modified QuPPe Extraction and LC–MS/MS. Molecules 27(14):1–15. 341 

https://doi.org/10.3390/molecules27144483. 342 

Jedziniak P, Szprengier-Juszkiewicz T, Olejnik M, Jaroszewski JJ. 2016. Determination of 343 

Flunixin and 5-Hydroxyflunixin in Bovine Plasma with HPLC-UV-method 344 

Development, Validation and Verification. Bulletin of the Veterinary Institute in 345 

Pulawy 51(2):261-266. https://www.researchgate.net/publication/285765560. 346 

Kissell LW, Baynes RE, Riviere JE, Smith GW. 2013. Occurrence of Flunixin Residues in 347 

Bovine Milk Samples from the USA. Food Additives and Contaminants Part A 348 

30(9):1513–1516. https://doi.org/10.1080/19440049.2013.803604. 349 

Kruve A, Künnapas A, Herodes K, Leito I. 2008. Matrix Effects in Pesticide Multi-residue 350 

Analysis by Liquid Chromatography-mass Spectrometry. Journal of Chromatography A 351 

1187(1–2):58–66. https://doi.org/10.1016/j.chroma.2008.01.077. 352 

Kwon H, Lehotay SJ, Geis-Asteggiante L. 2012. Variability of Matrix Effects in Liquid and 353 

Gas Chromatography-mass Spectrometry Analysis of Pesticide Residues after 354 

QuEChERS Sample Preparation of Different Food Crops. Journal of Chromatography A 355 

1270:235–245. https://doi.org/10.1016/j.chroma.2012.10.059. 356 

Levionnois OL, Fosse TK, Ranheim B. 2018. PK/PD Modeling of Flunixin Meglumine in a 357 

Kaolin-induced Inflammation Model in Piglets. Journal of Veterinary Pharmacology 358 

and Therapeutics 41(2):314–323. https://doi.org/10.1111/jvp.12468. 359 

Liu ZY, Yang K, Chen FH, Long XM, Deng YB, Kuang GW, Sun ZL. 2015. Development 360 

of a Rapid Method for the Confirmatory Analysis of Flunixin Residue in Animal 361 

Tissues Using Liquid Chromatography–Tandem Mass Spectrometry. Food Analytical 362 

Methods 8(2):352–362. https://doi.org/10.1007/s12161-014-9901-z. 363 

Lugoboni B, Barbarossa A, Gazzotti T, Zironi E, Farabegoli F, Pagliuca G. 2014. A Quick 364 

LC-MS-MS Method for the Determination of Flunixin in Bovine Muscle. Journal of 365 

Analytical Toxicology 38(2):80–85. https://doi.org/10.1093/jat/bkt120. 366 

Luigi S, Isabela T, Rizea SS. 2013. Matrix Effects in Mass Spectrometry Combined with 367 

Separation Methods — Comparison HPLC, GC and Discussion on Methods to Control 368 



 

14 

 

these Effects. Varela CA, Ferraz FCM (ed). IntechOpen. London, UK. 369 

https://doi.org/https://doi.org/10.5772/55982. 370 

Malone EM, Dowling G, Elliott CT, Kennedy DG, Regan L. 2009. Development of a Rapid, 371 

Multi-class Method for the Confirmatory Analysis of Anti-inflammatory Drugs in 372 

Bovine Milk using Liquid Chromatography Tandem Mass Spectrometry. Journal of 373 

Chromatography A 1216(46):8132–8140. https://doi.org/10.1016/j.chroma.2009.04.078. 374 

MFDS. 2023a. Standard for the Maximum Residue Level of Animal Drugs in Food [11-375 

1471000-0001261-10]. Available from: https://residue.foodsafetykorea.go.kr/vd/mrl. 376 

Accessed at Jan 24. 2024. 377 

MFDS. 2023b. Food Code. Available from: https://various.foodsafetykorea.go.kr/fsd/#/. 378 

Accessed at Jan 24. 2024. 379 

Ngoh MA, Wislocki PG, Thompson K, Katz T, Weingarten A, Terhune T, Hurshman B. 380 

2003. Residue Depletion Study and Withdrawal Period for Flunixin-N-methyl 381 

Glucamine in Bovine Milk Following Intravenous Administration. Journal of 382 

Agricultural and Food Chemistry 51(16):4701–4707. https://doi.org/10.1021/jf026219. 383 

Shin HC, Choi YS. 2022. A Study of Animal Drug Residue Detection Methods Improvement 384 

Among the Korean Food Code (20162MFDS621). Available from: 385 

https://rnd.mfds.go.kr/RDCAC08F01View. Accessed at Jan 24. 2024. 386 

Sidhu PK, Gehring R, Mzyk DA, Marmulak T, Tell LA, Baynes RE, Vickroy TW, Riviere 387 

JE. 2017. Avoiding Violative Flunixin Meglumine Residues in Cattle and Swine. 388 

Journal of the American Veterinary Medical Association 250(2):182–189. 389 

https://doi.org/10.2460/javma.250.2.182. 390 

Smith GW, Davis JL, Tell LA, Webb AI, Riviere JE. 2008. Extralabel use of nonsteroidal 391 

anti-inflammatory drugs in cattle. JAVMA 232(5):697–701. 392 

https://doi.org/10.2460/javma.232.5.697. 393 

Wilkowska A, Biziuk M. 2011. Determination of Pesticide Residues in Food Matrices using 394 

the QuEChERS Methodology. Food Chemistry 125(3):803–812. 395 

https://doi.org/10.1016/j.foodchem.2010.09.094. 396 

 397 

https://pubs.acs.org/jafc
https://pubs.acs.org/jafc


 

15 

 

Table 1. Multiple reaction monitoring (MRM) conditions 

Target 
Retention 

time (min) 
Ionization 

Exact mass 

(g/mol) 

Precursor ion 

(m/z) 
Product ion (m/z) 

Collision energy 

(eV) 

Flunixin 7.19 [M+H]+ 296.1 297.1 279.0, 263.9, 281.0 22, 33, 14 

5-Hydroxy fl

unixin 
6.78 [M+H]+ 312.2 312.9 279.9, 295.0 34, 23 
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Table 2. Inter-lab and intra-lab validation of Method 1 for quantification of flunixin and 5-hydroxy 

flunixin in milk 
Target Linearity 

(r2) 

Fortification 

(µg/kg) 

Inter-lab Inter-lab LOD 

(µg/kg) 

LOQ 

(µg/kg) Recovery 

(%) 

CV (%) Recovery (%) CV (%) 

Lab A Lab B 

Flunixin 0.9943 10 112 3.7 85.0 74.5 21 4 15 

20 115 5.4 82.4 76.1 22 

40 110 2.2 79.8 94.0 8.9 

5-Hydroxy 

flunixin 

0.9979 10 108 3.1 82.7 73.6 20 5 15 

20 99.6 5.9 82.7 71.2 18 

40 94.0 9.3 77.4 74.8 14 
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Table 3. Inter-lab validation of Method 2 for quantification of flunixin and 5-hydroxy flunixin in 

milk 
Target Linearity (r2) Fortification (µg/kg) Recovery (%) Intra-lab CV (%) 

Flunixin 0.9991 10 99.6 3.0 

20 99.1 3.9 

40 97.2 2.2 

5-Hydroxy 

flunixin 

0.9993 10 101 4.1 

20 93.6 0.7 

40 84.6 8.4 
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Table 3. Validation of other livestock and fishery products using Method 1 
Matrix Target Linearity (r2) Fortification (µg/kg) Recovery (%) CV (%) LOD 

(µg/kg) 

LOQ 

(µg/kg) 

Beef Flunixin 0.9952 10 93.1 6.9 8 27 

20 82.4 7.7 

40 88.4 2.3 

5-Hydroxy 

flunixin 

0.9928 10 83.3 20 10 33 

20 93.0 16 

40 100 18 

Chicken Flunixin 0.9981 5 97.5 8.9 2 7 

10 90.6 1.7 

20 99.1 4.5 

5-Hydroxy 

flunixin 

0.9904 5 100 9.7 5 16 

10 88.4 4.5 

20 88.0 8.4 

Egg Flunixin 0.9992 5 104 1.2 3 8 

10 103 4.5 

20 108 2.8 

5-Hydroxy 

flunixin 

0.9955 5 104 6.8 3 11 

10 102 8.1 

20 103 2.2 

Flatfish Flunixin 0.9984 5 105 7.9 2 5 

10 110 2.4 

20 96.6 2.4 

5-Hydroxy 

flunixin 

0.9989 5 98.7 8.3 2 6 

10 96.1 4.8 

20 95.6 7.1 

Shrimp Flunixin 0.9967 5 106 5.5 2 6 

10 107 6.5 

20 99.5 7.2 

5-Hydroxy 

flunixin 

0.9989 5 101 7.2 2 7 

10 106 7.7 

20 92.8 8.5 
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Table 5. Matrix effect (ME) of flunixin and 5-hydroxy flunixin for 4 livestock and 2 fishery 

products by Method 1 
 Flunixin 5-Hydroxy flunixin 

Slope ME% Class Slope ME% Class 

Solvent 993371.5   136638.3   

Milk 844357.0 -15.0 No effect 103543.5 -24.2 Medium 

Beef 187881.6 -81.1 Strong 4302.4 -96.9 Strong 

Chicken 1665518.6 67.7 Strong 258806.7 89.4 Strong 

Egg 1966821.5 98.0 Strong 227537.8 66.5 Strong 

Flatfish 1801178.7 81.3 Strong 275312.2 101.5 Strong 

Shrimp 1805141.4 81.7 Strong 223522.6 63.6 Strong 
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Fig. 1. Chemical structures of flunixin and 5-hydroxy flunixin. 
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Fig. 2. Chromatograms of flunixin and 5-hydroxyflunixin in standard solutions (0.2 µg/mL) and 

spiked samples (milk, 0.02 mg/kg) using Methods 1 and 2. 

 


