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ABSTRACT - Aminoglycoside antibiotics, also known as aminoglycosides (AGs), are veterinary drugs effective
against a wide range of gram-negative and gram-positive bacteria. Owing to their recent use in cultured meats, it has become
essential to establish an analytical method for safety management. AGs are highly polar compounds, and ion-pair reagents
(TPRs) are used to ensure component separation. Owing to the high possibility of potential mechanical problems resulting
from IPR addition to the mobile phase, an analytical method in which IPRs are added directly to the vial was explored. In
this study, methods for analyzing 10 AGs via liquid chromatography-tandem mass spectrometry (LC-MS/MS) with the
addition of two IPRs were validated for selectivity, detection limit, quantitation limit, recovery, and precision. The detection
limit was 0.0001-0.0038 mg/kg, the quantification limit was 0.004-0.011 mg/kg, and the linearity (R?) within the concen-
tration range of 0.01-0.5 mg/kg was over 0.99. Recovery and precision (expressed as relative standard deviation) evaluated
in the two matrices (beef and cell culture media) ranged from 70.7% to 120.6% and 0.2% to 24.7%, respectively. The vali-
dated AG analytical method was then applied to 15 meats prepared from chicken, beef, and pork, and 6 culture media and
additives used in cultured meat. No AGs were detected in any of the 15 meats distributed in Korea; however, streptomycin
and dihydrostreptomycin were detected at levels ranging from 695.85 to 1152.71 mg/kg and 6.35 to 11.11 mg/kg, respec-
tively, in the culture media additives. The LC-MS/MS method coupled with direct addition of TPRs to the vial can provide
useful basic data for AG analysis and safety evaluation of meats as well as culture media and additives for cultured meats.

Key words: Aminoglycosides, lon-pair reagent, Liquid chromatography-tandem mass spectrometry, Meat, Culture

media and additives for cultured meat.
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Table 1. Structures of aminoglycoside antibiotics, log octanol-water partition coefficient (log Kow)
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Materials and Methods
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Fig. 1. Schematic diagram of aminoglycoside pretreatment method.
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acid(99%, Sigma Aldrich), ammonium acetate (LC-MS
grade, Sigma Aldrich), heptafluorobutyric acid (lon pair
reagent for LC-MS, Sigma Aldrich), sodium hexanesulfonate
(Ton pair reagent for LC-MS, Sigma Aldrich),
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Aldrich), ODS-C18 40-60 um, 60 A(Agilent Technologies,

Santa Clara, CA, USA)S AH&-3}SITH.
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Table 2. Analytical condition of LC-MS-MS for aminoglycosides

Instrument
LC Shiseido Nanospace Nasca 2
MS-MS AB Sciex Triple-quadrupole 4500
LC condition
Column Imtakt Unison UK-C18 column
(2.0 mm x 100 mm, 3 pm)
Flow rate 0.3 mL/min
Injection volume 10 pL
Column 40°C
temperature
M‘i’(')’:_e gﬂi‘;e n A: 5% ACN in 20 mM HFBA
pairing B: 50% ACN in 20 mM HFBA
reagent

Ion-pairing
reagent direct
injection mobile

A: 0.1% formic acid in water
B: 0.1% formic acid in MeOH:ACN(50;50, v:v)

phase
Time (min) A (%) B (%)

0.0 80 20
0.5 80 20
Gradient 9.0 5 95
10.0 5 95
10.1 80 20
15 80 20

MS-MS condition

Collision gas N,

Ionization mode ESI (positive mode)

Electrospray

5000 V
voltage
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ok A AP AR A&
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FEAI = FA| o) FE 1A %3199 3] (international council
for harmonization of technical requirements for registration
of pharmaceuticals for human us, ICHY*”ol| A A|A]SF B
S wel, AESHAI= 3.3x8/S (8 : The standard deviation
of the response, S : The slope of the calibration curve) 2]
of Tigistel AgsAon, FFAAL 10 x ysH w
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© AGs7F A2 HA] 2 La7)oh v Sl AREE Hl
A](Dulbeco’s Modified Eagle’s Medium, DMEM)l| z}2}
AGs 10/3%9] EFETEZS 0.02, 0.1, 0.2 mgkg T
oz Azste] Fastglon, 7t 3 YL Bl 24
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Table 3. Mass spectrometry parameters for quantification and confirmation for aminoglycosides

Compound MRM Transition (m/z) DP (Volts)" CE (Volts)? CXP (Volts)®
. 586.4—163.1 45 12
Amikacin 586.4—425.2 80 30 12
Aoramvein 540.3—217.1 %0 26 12
pramyct 540.3—378.2 16 12
. . 584.2263.1 38 32
Dihydrostreptomycin 584.9-5246.0 140 46 12
. 478.3—322.1 16 28
Gentamicin C1 478 3157.1 100 36 1
. 450.2—3222 24 20
Gentamicin Cla 450.2-5159.9 80 73 1
. 46423221 19 19
Gentamicin C2 464.2-5160.1 80 2% 20
. 46423221 20 26
Gentamicin C2a 464.25160.1 80 34 4
. 52831772 32 12
Hygromycin 528.3—5352.2 100 33 12
Kanamvein 485.15163.2 %0 35 22
anamye 485.1—324.2 23 14
. 615.2—293.0 35 22
Neomycin 615.2-161.0 180 50 18
. 616.3—163.1 41 12
Paromomycin 616.3—293.1 120 27 12
Soectinomuein 351.0333.2 40 27 12
pectimomyet 351.0—207.1 31 14
. 582.2—263.1 43 16
Streptomycin 582.2+246.0 160 48 18

" DP: Declustering potential, ? CE: Collision energy, * CXP: Collision cell exit potential.

Table 4. The list of tested meat products, cell culture media, and additive

Group Sample Specification Country of origin/brand
B-1 Cattle Korea
B-2 Neck, soup us
Beef B-3 Bulgogi, slice Australia
B-4 Rump, stewed Australia
B-5 ribs, LA Australia
P-1 Front leg meat, for bulgogi Spain
P-2 Neck for bulgogi us
Pork P-3 Belly, grilled Chile
P-4 Back bone Canada
P-5 Front leg meat Korea
C-1 Chicken Korea
C-2 Breast cube meat Korea
Chicken C-3 Breast, chunks Korea
C-4 Whole chicken Korea
C-5 Chicken Korea
M-1 Antimycotic solution Sigma Aldrich
Cell culture M-2 Penicillin streptomycin 50X Welgene
medium M-3 Pen strep Gibco Thermo Fisher Scientific
and M-4 Konckout Thermo Fisher Scientific
additive M-5 CellCor CD MSC Xeell

M-6 DMEM Welgene
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Table 5. Linearity, LOD and LOQ of aminoglycosides in two different ion-pairing reagent addition methods

Addition method of ion-pairing reagent to mobile

Direct addition method of ion-pairing reagent to test

phase vial
Compounds

Linearity LOD" LOQ? Linearity LOD" LOQ?
R?) (mg/kg) (mg/kg) (R (mg/kg) (mg/kg)

Amikacin 0.999 0.0026 0.0078 0.991 0.0038 0.0115
Apramycin 0.997 0.0041 0.0095 0.998 0.0029 0.0088
Dihydrostreptomycin 0.999 0.0030 0.0087 0.997 0.0003 0.0011
Gentamicin C1 0.998 0.0028 0.0085 0.999 0.0028 0.0084
Gentamicin Cla 0.998 0.0026 0.0078 0.999 0.0030 0.0090
Gentamicin C2&C2a 0.991 0.0031 0.0093 0.999 0.0004 0.0012
Hygromycin 0.999 0.0045 0.0126 0.997 0.0005 0.0014
Kanamycin 0.999 0.0024 0.0073 0.997 0.0002 0.0007
Neomycin 1.000 0.0011 0.0032 0.998 0.0001 0.0004
Paromomycin 0.998 0.0017 0.0051 0.998 0.0004 0.0011
Spectinomycin 0.999 0.0014 0.0041 0.998 0.0004 0.0012
Streptomycin 1.000 0.0030 0.0081 0.999 0.0003 0.0008

DLOD: 3.3x8/S, limit of detection.
2 LOQ: 10x8/S, limit of quantification.



Table 6. Chromatogram of aminoglycosides at concentrations of 0.01 mg/kg and 0.5 mg/kg in two different ion-pairing reagent addition methods

Addition method of ion-pairing reagent to mobile phase

Direct addition method of ion-pairing reagent to test vial

Compound
0.01 mg/kg 0.5 mg/kg 0.01 mg/kg 0.5 mg/kg
AGs 10 ppb_HFBA - Amikacin 1586.4/163.1 AGs 500 ppb_HFBA - Amikacin 1586.4/163.1 STD 10ppb- Amikacin 1586.4/163.1 STD 500ppb- Amikacin 1586.4/163.1
3000 .57 1065 Y56 7000 %64 3.0e5 e
6000
2500 8064 w0 25¢5
2000 20e5
o g g 60et g a0 g
Amikacin g 150 £ g £ 15
= 2 40es E 00 =
1000 2000 105
500 20e4 1000 5.0
0 0.0e0 0 o 0.0e0
2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14
Time, min Time, min Time, min Time, min
AGs 10 ppb_HFBA - Apramycin 25403/ 3782 AGs 500 ppb_HFBA - Apramycin 2 540.3/ 378.2 STD 10ppb- Apramycin 1540.3/217.1 STD 500ppb- Apramycin 1540.3/217.1
9.07 " 9.05 2000 3.10 3.10
2000 Ged 1065
Set
1500 1500 80e4
Apramycin § § - g 1000 g 60e¢
pramy 2 10 £ W g z
4004
264
500 < 500
Te4 20e4
0 2 . i 0e0 4 0 SO APMNA 0.0e0
2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 4 2 4 6 8 10 12 14
Time, min Time, min Time, min Time, min
AGs 10 ppb_HFBA - Dehydrostreptomycin 1584.2/263.1 AGs 500 ppb_HFBA - Dehydrostreptomycin 1584.2/ 263.1 STD 10ppb- Dehydrostreptomycin 1584.2/263.1 STD 500ppb- Dehydrostreptomycin 1584.2/ 263.1
6.41 12000 6.41 255 2565 253
300 8000
10000 2065
2000 6000
. . g w 1 g g 15
Dihydrostreptomycin s £ e00 £ w0 g
z z = @ = 10e
100 4000
2000 200 5084
0 1 l l 1 F 0 0 0.0e0
2 4 6 8 10 12 11 2 4 6 8% 10 12 u 2 4 6 8 10 12 1 2 4 6 & 1w 12 1
Time, min Time, min Time, min Time. min

Gentamicin C1

AGs 10 ppb_HFBA - Gentamycin C11478.3/322.1

6000 987

Intensity
&

AGs 500 ppb_HFBA - Gentamycin C11478.3/322.1

9.87
35

2e5

Intensity

STD 10 ppb - Gentamycin C11478.3/322.1

800 378
700

Intensity
8

200
100
oh oo WML

2 4 6 8 10 12 14
Time. min

STD 500 ppb - Gentamycin C11478.3/322.1

378

Intensity
»
3
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Table 6. (Continued) Chromatogram of aminoglycosides at concentrations of 0.01 mg/kg and 0.5 mg/kgin two different ion-pairing reagent addition methods

Addition method of ion-pairing reagent to mobile phase

Direct addition method of ion-pairing reagent to test vial

Compound
0.01 mg/kg 0.5 mg/kg 0.01 mg/kg 0.5 mg/kg
AGs 10 ppb_HFBA - Gentamycin Cla 14502/ 3222 AGs 500 ppb_HFBA - Gentamycin C1a 14502/3222 STD 10ppb- Gentamycin Ca 14502/ 3222 STD 500ppb- Gentamycin Cla 14502/3222
x 962 25 963 2000 368 1.0e5 368
5000 B0t
1500
.. g w0 g g g s0et
Gentamicin Cla £ £ £ im0 ]
= 3000 = = =
- = 40
2000 1e5
1000 o 2004
0 0e0 0 EURE P A 0.0e0
2 4 6 8 10 12 14 2 = 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14
Time. min Time. min Time. min Time. min
AGs 10 ppb_HFBA - Gentamycin C28C23 14642/ 322.1 AGs 500 ppb_HFBA - Gentamycin C28C2a 14642/322.1 STD 10 ppb - Gentamycin C28C22 14642/ 322.1 STD 500 ppb - Gentamycin C28C23 14642/ 322.1
12000
9.78 372
3000
10000 45 .80 %5
2500
8000 25
.. g g F 20 g 2
Gentamicin C2&C2a g 600 H 5 1500 5
£ g % E E
4000 1000 1¢5
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Table 6. (Continued) Chromatogram of aminoglycosides at concentrations of 0.01 mg/kg and 0.5 mg/kgin two different ion-pairing reagent addition methods

Addition method of ion-pairing reagent to mobile phase

Direct addition method of ion-pairing reagent to test vial

Compound
0.01 mg/kg 0.5 mg/kg 0.01 mg/kg 0.5 mg/kg
AGs 10 ppb_HFBA - Neomycin 16152/293.0 AGs 500 ppb_HFBA - Neomycin 1615.2/293.0 STD 10ppb- Neomycin 1615.2/293.0 STD 500ppb- Neomycin 16152/ 2930
o 10.05 1265 1005 - 3.96 396
700 2065
2000 1065 600
1565
N . g 2000 g 80 g g
eomycin £ 5 ooe g W LRI
T 40w N e N
1000 200 5.0e4
20e4 100
0 - 0.0e0 olia A TI— 0.0e0
2 4 6 8 10 12 14 2 4 6 8 10 122 14 2 4 6 & 10 12 1 2 4 6 8 10 12 11
Time. min Time. min Time. min Time, min
AGs 10 ppb_HFBA - Paromomycin 1616.3/163.1 AGs 500 ppb_HFBA - Paromomycin 1616.3/163.1 STD 10ppb- Paromomycin 1616.3/163.1
STD 500ppb- Paromomycin 1616.3/163.1
2000 10.04 St 10.05 23000 382 o ™
7e4
1500 6ed 4ot
. g g st § 2000 § s
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Table 7. Comparisons of recovery (relative standard deviation, %) for aminoglycosides in sample matrices

Conc.) Addition method of ion-pairing reagent to Direct addition method of ion-pairing reagent to
Compound (rr?glig ) mobile phase test vial
Beef Cell culture medium Beef Cell culture medium

0.02 104.3£2.5% 116.4+7.8 105.0£1.9 107.0£1.0

Amikacin 0.1 95.1£13.9 98.5+6.4 88.4+1.0 113.7£2.5
0.2 104.9+£2.9 95.9+12.9 88.3+4.4 120.1£18.3

0.02 76.7+8.1 95.8+1.7 92.9+15.8 109.0£0.3

Apramycin 0.1 111.9£9.7 100.4+4.6 100.2+11.1 98.0+17.1
0.2 99.0+10.1 102.0+15.0 99.3£3.0 99.6+18.9

0.02 111.2£2.2 117.6+2.4 105.7+4.8 105.1+£0.5
Dihydrostreptomycin 0.1 94.2+14.3 102.1£1.8 78.6£2.3 114.3+11.4
0.2 99.1+2.1 93.5+5.4 82.2+4.7 100.3£9.8

0.02 95.5+£10.9 104.4+0.9 95.8+13.8 117.6+1.0

Gentamicin C1 0.1 113.6+2.9 73.7+£5.4 94.5+9.5 95.2422.3
0.2 89.5+9.5 99.4+11.8 97.4+5.8 97.1£6.9

0.02 96.2+7.9 109.0£1.7 114.0+£21.9 92.3£5.0
Gentamicin Cla 0.1 80.6+5.0 92.848.0 100.6+9.1 100.9+14.7
0.2 83.4+9.3 88.4+7.5 104.0+8.2 118.7+15.5

0.02 117.6£2.3 106.0+1.8 96.9+12.3 109.7+0.2
Gentamicin C2&C2a 0.1 99.242.8 80.4+3.4 105.349.6 102.7+£18.6
0.2 89.8+6.9 85.8+£10.4 104.1£5.8 114.3+4.3

0.02 110.2+3.5 105.4£1.3 120.6£3.7 103.8+0.3

Hygromycin 0.1 103.2+£9.3 114.6£5.2 92.9+£3.5 111.447.1
0.2 74.9+8.0 106.9£3.8 91.1£3.1 109.9£6.3

0.02 95.742.7 108.8+4.4 100.7+11.1 112.5+0.4

Kanamycin 0.1 98.6£12.5 101.3£6.0 96.8+5.5 72.7+£8.5
0.2 88.1£5.5 94.9+4.6 100.3£1.7 118.4+4.8

0.02 104.0£8.5 103.7+0.4 85.2+18.1 105.8+0.3

Neomycin 0.1 114.7+£10.2 94.84+2.6 82.0£5.2 75.8+£8.6
0.2 97.749.5 88.9+6.9 88.6+4.4 112.4+5.8

0.02 75.2+6.8 105.7+15.1 95.4+1.1 116.1£1.0

Paromomycin 0.1 78.6+2.5 113.4+10.6 87.244.1 98.5+7.8
0.2 70.7+7.9 101.3£10.0 90.5£5.0 110.4+5.9

0.02 101.3£2.9 92.5+20.6 78.7+1.1 117.1£0.4

Spectinomycin 0.1 114.9+£14.1 90.8+4.6 84.3+£5.7 104.8+6.1
0.2 100.9+4.6 98.94+2.6 87.1£5.7 101.5+£20.6

0.02 104.0+18.8 103.0£7.0 102.7+7.7 94.3+2.5

Streptomycin 0.1 114.7£19.2 117.54£3.0 83.6+4.4 85.0+24.7

0.2 97.7+£2.3 117.3+£3.9 86.7+4.3 84.0+7.6

" Concentration.

2 Values are meanstRSD. Mean values of 3 times repetitions with relative standard deviation.
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Table 8. Aminoglycosides in meat products, cell culture media, and serum replacement

8 Aminoglycosides except

Streptomycin Dehydrostreptomycin

Group Sample streptomycin and dehydrostreptomycin (mg/kg, %) (mg/kg, %)
Beef B-1-5 N.D.” N.D. N.D.
Pork P-1-5 N.D. N.D. N.D.

Chicken C-1-5 N.D. N.D. N.D.

M-1 N.D. N.D. N.D.
Cell culture M-2 N.D. 695.84+6.147 6.35+6.58
medium M-3 N.D. 1152.71£2.41 11.11£3.52

and M-4 N.D. N.D. N.D.

additive M-5 N.D. N.D. N.D.

M-6 N.D. N.D. N.D.

" Not detected.

? Values are means = RSD. Mean values of 3 times repetitions with relative standard deviation.
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