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ABSTRACT - A simultaneous determination was developed for 9 aminoglycoside antibiotics (amikacin, apra-
mycin, dihydrostreptomycin, gentamicin, hygromycin B, kanamycin, neomycin, spectinomycin, and streptomycin) in
meat by liquid chromatography tandem mass spectrometry (LC-MS/MS). Each parameter was established by multiple
reaction monitoring in positive ion mode. The developed method was validated for specificity, linearity, accuracy, and
precision based on CODEX validation guideline. Linearity was over 0.98 with calibration curves of the mixed stan-
dards. Recovery of 9 aminoglycosides ranged on 60.5~114% for beef, 60.1~112% for pork and 63.8~131% for
chicken. The limit of detection (LOD) and limit of quantification (LOQ) were 0.001~0.009 mg/kg and 0.006~
0.03 mg/kg, respectively in livestock products including beef, pork and chicken. This study also performed survey of
residual aminoglycoside antibiotics for 193 samples of beef, pork and chicken collected from 9 cities in Korea. Ami-

noglycosides were not found in any of the samples.
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Fig. 1. Molecular structures of aminoglycosides.
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| Sample 3 g |
!
| Spike internal standard (tobramycin) |
!
Add 15 mL of 10 mM phosphate buffer
(0.4 mM EDTA, 2% TCA)
!
| Centrifuge for 15 min at 4,500 rpm and 4°C |
I
| Adjust pH 7.5~8 with 5M NaOH |
!
Purify thru HLB cartridge (200 mg, 6 mL) and
WCX cartridge (150 mg, 6 mL)
!
Cartridge conditioning with 5 mL of MeOH
and 5 mL of water

|
| Load sample |

l
| Wash with 5 mL of water |

!
| Elute with 6 mL of 1.6% TCA |

!
| LC-MS/MS |

Fig. 2. Analytical procedure of aminoglycosides in meat.
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Thermo TSQ Quantum ultra (Thermo electron Co., Waltham,
MA, USA), ZE2 Waters Xbridge C,q (2.1 x 150 mm, 3.5

Table 1. Conditions of LC for the analysis of aminoglycosides

Condition
XBridge C,; (2.1 x 150 mm, 3.5 pm)

Column temperature ~ 40°C

Description

Column

Injection volume 10 uL
Flow rate 0.3 mL/min.
Mobile phase A :20 mM HFBA .in 5% acetonit'ril.e
B : 20 mM HFBA in 50% acetonitrile
Time Mobile phase
(min) A (%) B (%)
0 80 20
Gradient 0.5 80 20
9 5 95
10 5 95
10.1 80 20
15 80 20
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Table 2. Optimized MS parameters for aminoglycosides

Compound Precursor ion (m/z) Product ion (m/z)  Collision Energy (eV)  Tube Lens (eV) Cycle Time (s)
L 162.983 32
Amikacin 586.267 92 0.2
264.146 23
) 217.019 26
Apramycin 540.318 118 0.2
378.134 14
. . 245.967 33
Dihydrostreptomycin 584.254 136 0.2
263.036 29
. 157.054 20
Gentamicin 478.183 83 0.2
322.208 13
. 177.013 27
Hygromycin B 528.232 112 0.2
352.015 21
. 163.027 24
Kanamycin 485.212 87 0.2
324.097 14
. 160.929 28
Neomycin 615431 141 0.2
293.014 21
97.974 29
Spectinomycin 351.148 207.091 20 96 0.2
333.113 17
. 245.999 36
Streptomycin 582.232 176 0.2
263.035 29
. 162.986 22
Tobramycin (1.S) 468.226 76 0.2
324.084 13
A, AREE, AdibdE, debRE, FEEE, 35 o B4l H7] A7k 20°C e Basielt
=9 o7 Ade] Y PHESIH REHL Ui FNEE 2 A7 ZRANEAE AG AE 4A FAE 2013
A F 19335 FsT. 237], AR, HalE W d 68FE 2013 1149 Apolol] o] Fo] Hom A
dAFORE AT Fo AH AGHE, FAh A, o A& Table 33+ 2.

T, A, B, Y 5 TAHSE g Qg e AN
7], X A7), Harr)e] A9 AR $A e st
AAE FASAL A=) F2 4] A9 AdHEE T
Aol 20129 % =) QAFEE d3S ZAZ SLE
Agt AAl= 7RSS &8st Eet & #43) S

To=E ©—=Eo

-

A

Table 3. Number of samples of beef, pork, and chicken collected
for monitoring of aminoglycosides

Beef

Location ——————— Pork Chicken Total

Imported Domestic
Seoul 4 13 15 8 40
Incheon/Gyeonggi 2 20 25 13 60
Gangwon - 4 2 - 6
Daegu/Gyeongbuk - 8 8 4 20
Busan/Gyeongnam - 11 9 1 21
Gwangju/Jeonnam - 8 8 4 20
Jeonbuk - 2 2 1 5
Sejong/Chungbuk - 2 3 2
Daejeon/Chungnam - 5 6 3 14
Total 6 73 78 36 193
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Fig. 3. Chromatogram of aminoglycosides by LC-MS/MS.

Table 4. Validation results of the analytical method of aminoglycosides in beef

Compound Concentration (mg/kg) Recovery” (%) RSD? (%) LOD (mg/kg)  LOQ (mg/kg) R?
0.05 83.8+15.1 18.1
Amikacin 0.1 87.9+9.9 11.3 0.002 0.006 0.998
0.2 106 +12.9 12.1
0.25 69.6 £ 8.7 12.5
Apramycin 0.5 782 +5.1 6.5 0.009 0.030 0.993
1.0 86.8 +10.3 11.9
Strept . 0.25 80.5+11.4 20.3
reptomyetn 0.5 93.6+8.6 9.4 0.006 0.020 0.997
/Dihydrostreptomycin
1.0 99.3+9.6 9.8
0.05 77.5+14.2 18.3
Gentamicin 0.1 73.7+84 11.4 0.002 0.006 0.983
0.2 60.5+12.7 21.0
0.05 72.8£12.1 16.7
Hygromycin B 0.1 71.6+4.0 5.6 0.002 0.006 0.990
0.2 91.6+ 144 15.7
0.05 88.6+12.4 14.0
Kanamycin 0.1 97.5+8.1 8.3 0.002 0.006 0.992
0.2 110 £ 14.0 12.7
0.25 60.6 + 6.8 11.2
Neomycin 0.5 61.8+9.3 15.1 0.001 0.003 0.990
1.0 61.1 +£6.8 11.1
0.25 94.5+3.6 3.8
Spectinomycin 0.5 99.2 +6.7 6.7 0.001 0.002 0.990
1.0 114 £ 15.6 13.7

DAverage value of recoveries (n = 6).
Y Average value of relative standard deviations (n = 6).
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Table 5. Validation results of the analytical method of aminoglycosides in pork

Compound Concentration (mg/kg) Recovery" (%) RSD? (%) LOD (mg/kg) LOQ (mg/kg) R?
0.025 91.2+19.0 20.8
Amikacin 0.05 752+ 144 19.2 0.001 0.003 0.995
0.1 89.4+12.6 14.1
0.05 75.1+£14.6 194
Apramycin 0.1 71.7+13.9 19.4 0.002 0.006 0.999
0.2 81.8+9.1 11.1
Strent . 0.3 93.6 £19.7 28.1
repfomyetn 0.6 83.6411.9 222 0.006 0.020 0.998
/Dihydrostreptomycin
1.2 90.2+13.5 18.4
0.05 75.1+10.9 14.5
Gentamicin 0.1 65.7+11.1 16.9 0.002 0.006 0.997
0.2 64.8+ 14.1 21.7
0.025 75.4+83 11.0
Hygromycin B 0.05 68.6+13.1 19.2 0.001 0.003 0.997
0.1 82.0+14.5 17.7
0.1 108 + 3.4 3.2
Kanamycin 0.2 108 £ 5.8 5.4 0.003 0.010 0.997
0.4 101 £5.6 5.6
0.25 66.5+14.3 21.5
Neomycin 0.5 60.1£5.0 8.3 0.009 0.030 0.999
1.0 66.2+4.0 6.0
0.25 107+ 18.9 17.7
Spectinomycin 0.5 109+9.4 8.6 0.006 0.020 0.999
1.0 112+ 14.9 13.3

DAverage value of recoveries (n = 6).
D Average value of relative standard deviations (n = 6).
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Table 6. Validation results of the analytical method of aminoglycosides in chicken

Compound Concentration (mg/kg) Recovery" (%) RSD? (%) LOD (mg/kg) LOQ (mg/kg) R?
0.05 101 +£94 9.3
Amikacin 0.1 101 +£21.7 21.5 0.002 0.006 0.992
0.2 103 +£4.0 3.9
0.05 74.4+£5.6 7.6
Apramycin 0.1 753 +8.3 11.1 0.002 0.006 0.999
0.2 87.1+7.7 8.9
Strept . 0.3 87.7+8.1 13.0
reptomyein 0.6 892498 11.6 0.006 0.020 0.999
/Dihydrostreptomycin
1.2 86.5+6.7 8.5
0.05 83.2+18.0 21.6
Gentamicin 0.1 74.6 £18.9 25.3 0.002 0.006 0.989
0.2 852+ 11.7 13.7
0.05 702 +£7.7 11.0
Hygromycin B 0.1 782+ 14.5 18.6 0.002 0.006 0.997
0.2 89.4+11.8 13.1
0.05 102+ 15.3 15.0
Kanamycin 0.1 120 £ 19.0 15.8 0.002 0.006 0.998
0.2 111 £11.2 10.1
0.25 66.7+£9.2 13.8
Neomycin 0.5 63.8+7.9 124 0.006 0.030 0.999
1.0 65.2+6.5 10.0
0.25 113+7.1 6.2
Spectinomycin 0.5 131 £25.7 19.6 0.006 0.020 0.998
1.0 122+9.5 7.8
DAverage value of recoveries (n = 6).
Y Average value of relative standard deviations (n = 6).
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