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Abstract: According to media reports, the carcasses of euthanized abandoned dogs were processed at high
temperature and pressure to make powder, and then used as feed materials (meat and bone meal), raising the
possibility of residuals in the feed of the anesthetic ketamine and dexmedetomidine used for euthanasia.
Therefore, a simultaneous analysis method using QUEChERS combined with high-performance liquid
chromatography coupled with electrospray ionization tandem mass spectrometry was developed for rapid residue
analysis. The method developed in this study exhibited linearity of 0.999 and higher. Selectivity was evaluated
by analyzing blank and spiked samples at the limit of quantification. The MRM chromatograms of blank samples
were compared with those of spiked samples with the analyte, and there were no interferences at the respective
retention times of ketamine and dexmedetomidine. The detection and quantitation limits of the instrument were
0.6 pg/L and 2 pg/L, respectively. The limit of quantitation for the method was 10 pg/kg. The results of the
recovery test on meat and bone meal, meat meal, and pet food showed ketamine in the range of 80.48-98.63 %
with less than 5.00 % RSD, and dexmedetomidine in the range of 72.75-93.00 % with less than 4.83 % RSD.
As a result of collecting and analyzing six feeds, such as meat and bone meal, prepared at the time the raw
material was distributed, 10.8 pg/kg of ketamine was detected in one sample of meat and bone meal, while
dexmedetomidine was found to have a concentration below the limit of quantitation. It was confirmed that
the detected sample was distributed before the safety issue was known, and thereafter, all the meat and bone

meal made with the carcasses of euthanized abandoned dogs was recalled and completely discarded. To ensure
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the safety of the meat and bone meal, 32 samples of the meat and bone meal as well as compound feed were
collected, and additional residue investigations were conducted for ketamine and dexmedetomidine. As a result
of the analysis, no component was detected. However, through this investigation, it was confirmed that some
animal drugs, such as anesthetics, can remain without decomposition even at high temperature and pressure;
therefore, there is a need for further investigation of other potentially hazardous substances not controlled in
the feed.
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Table 1. Physicochemical properties of ketamine and dexmedetomidine
. Molecular Formula Molecular Melting Point  Log
Compound Chemical structure (@/mol) weight °C) Kow? Pka Class
(o}
Cl
Ketamine C3H;6CINO 237.73 92.5 2.69 7.5  Anesthetic
/NH

C3HigN2 200.28 146-149 2.8 7.1  Anesthetic

Dexmedetomidine </N

N
H

TOXNET, Toxicology data network (U.S. National Library of Medicine).

¥n-octanol/water partition coefficients.
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— Take 5 g sample for analysis

Add 10 mL of 0.1% formic acid in

Extraction acetonitrile/methanol(50/50, v/v)

Shake (1 min)

— Add 4g of MgSO, and 1 g of NaCl

Shake (1 min)
Centrifuge (3,000 g, 5 min)

Add 4 mL of supernatant add to d-SPE sorbents

Clean-up  — (50 mg of C;5)

Shake (1 min)
Centrifuge (3,000 g, 5 min)

Determination — LC-MS/MS analysis

Fig. 1. Flowchart of the sample preparation for analysis of

ketamine and dexmedetomidine in feed.
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Table 2. Multiple reaction monitoring (MRM) conditions for ketamine and dexmedetomidine
Precursor ion Product ion
Quantitative ion Qualitative ion
Compound m/z QI pre bias Q3 probi 0 o
V)@ pre bias 9 pre bias
V) m/z CE (V) V) m/z  CE (V) )
Ketamine 238 -26 125 25 -27 220 -14 -26
Dexmemdetomidine 201 =22 95 -18 =22 68 -33 -28

YVoltage promotes the ionization of the precursor ion.
Voltage promotes the ionization of the product ion.
9Collision energy.
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Table 3. The retention time, linearity and LOQ of ketamine and dexmedetomidine in feed by LC-MS/MS
Retention time Linear range Regression equation® b LOQY
Compound . ??
P (min) () y=ax+h (ngke)
Ketamine 11.1 2-100 y = 327,250x + 100,705 0.9992 10
Dexmedetomidine 13.8 2-100 y = 504,936x + 81,019 0.9994 10
3y is the peak area, x is the concentration of coumarins (ug/L).
PCoefficient of determination.
9Limit of quantitation.
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Fig. 2. Mass spectra of blank, standard, and sample that contains the ketamine (11.1 min) and dexmedetomidine (13.8 min).
(a) blank sample, (b) ketamine and dexmedetomidine standard, (c) ketamine and dexmedetomidine in sample.
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Table 4. The recovery of ketamine and dexmedetomidine in feed (three types) by LC-MS/MS
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Recovery® (RSDY, %)

Spiked concentration

Compound Feed sample
P (ngkg) P
Meat and bone meal Meat meal Pet food

10 98.63 (1.58) 92.08 (1.59) 83.22 (5.00)
Ketamine 20 96.56 (2.35) 87.64 (2.04) 81.03 (4.50)
100 89.83 (2.21) 80.73 (2.24) 80.48 (0.65)
10 93.00 (1.14) 86.27 (2.68) 76.18 (4.83)
Dexmedetomidine 20 91.02 (0.96) 85.14 (1.19) 72.75 (3.73)
100 85.89 (2.40) 81.53 (1.88) 72.84 (1.08)

YIMean values of 5 times repetition.
PRelative standard deviation.

Table 5. Mean concentration (ug/kg) of ketamine and dexmedetomidine in 6 feed ingredients and compound feeds (n=6)

Feed ingredients

Compound feeds

Compound
MABI1? MAB 2 MAB 3 Pet food 1 Pet food 2 Pet food 3
Ketamine 10.8 - - - -
Dexmedetomidine ND? - - - -

YMAB, Meat and bone meal.
YNot detected (below the LOQ).
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