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Determination of eight penicilins and its penicilloic acids in milk products by ultra
performance liquid chromatography-hybrid triple quadrupole linear ion trap-mass spectrometry
LIU Hong-he, LIAO Shi-cheng, KANG Li, MAO Li-sha, XIAO Hui-zhen, YIN Jiang-wei
(Shenzhen Center for Disease Control and Prevention, Guangdong Shenzhen 518055, China)

Abstract; Objective A ultra performance liquid chromatography-hybrid triple quadrupole linear ion-mass spectrometric
method (UPLC-QqQLIT) was established for determination of 8 penicilins ( penicillin G, ampicillin, penicillin V,
amoxicillin, nafcillin, cloxacillin, oxacillin and dicloxacillin ) and their penicilloic acids ( penicilloic acid G , ampicilloic
acid, penicilloic acid V, amoxicilloic acid, nafcilloic acid, cloxacilloic acid, oxacilloic acid and dicloxacillioic acid) in
milk products. The 8 penicilins and there penicilloic acids in milk products were surveyed. Methods The 8 penicilins
and penicilloic acids in milk products were extracted by water in super-sonic instrument, proteins were precipitated by
acetonitrile and degreased fat by n-hexane with liquid-liquid extraction, then the purified solution was concentrated by
nitrogen, dissolved with acetonitrile-water (10: 90, V/V) and cleaned by 0.22 pm millipore filter. The filtrate was
detected by wultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS ), identified by
electrospray ionization (ESI) in positive mode using multiple reaction monitoring, and quantified with external standards.
Information dependent acquisition scan function (IDA) combined with enhanced production scan (EPI) was used to
confirm the 8 penicilins and their penicilloic acids. Results The calibration curves of 8 penicilins and penicilloic acids
showed good linearity in the range of 1. 0-200 pwg/L with correlation coefficients of 0. 999 1-0. 999 9. The detection limits of
the method were 0. 01-0. 05 wg/kg for milk powder and 0. 002-0. 010 wg/kg for liquid milk. The recoveries of three spiking
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levels ranged from 80.0% to 110.0% , and the relative standard deviations (RSD) were 0. 16% -7. 06% . Conclusion

The method for determination of 8 penicilins and penicilloic acids in milk products by UPLC-QqQLIT was of operation

convenience, less interference from impurities and good accuracy, which could meet the requirements for the determination

of 8 penicilins and penicilloic acids residues in milk products.

Key words: Penicillin; penicilloic acids; hybrid triple quadrupole linear ion trap-mass spectrometry; milk products;

residue of veterinary drug
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Table 1  Gradient elution program for separation of seven

penicilins and the penicilloic acids

It [] / min K(FO0N%HE) /%  ZH(F0.1% FR) /%
0 95 5
2.0 95 5
2.01 90 10
7.0 60 40
9.0 25 70
12.0 25 70
12.01 95 5
13.0 95 5
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(MRM) J5 =2 &, F A& B3 B o) e 1 5 e 1 1
FBE LOAR AT 00 28 5 Pk, 3 0 2 0 1 R
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T JE(EP)10 V, 5% S JE 77 (CUR)0. 21 MPa, i
M (GS, )50 L/min, 4§ 813 (GS,) 50 L/min, filf 8
AU A, B R BE 600 °C, B BR B (A ((dwell
time ) 100 ms, HA#B4r MRM S5t L3 2,

H R L H A UEME R MRM 2408

Table 2 Some parameters of multiple reaction monitoring detection for seven penicilins and the penicilloic acids

o R B 1 HHT THT KA LR BERRRLE R O R
/min /amu /amu /V /V /V
HHEEG 7.05 335.1 160. 1% ,176. 1 70 18,18 15
HEZE G MR 5.43 353.0 174.1* ,160. 1 60 25,19 15
FRVE AR 3.53 350. 1 106. 1% ,192. 1 100 25,22 15
AR B VEMR R 3.02 368.0 324.1" ,307. 1 60 15,20 15
HHEEV 7.67 351.1 160.1*,192. 1 70 20,15 15
HHEE VMR 5.94 368. 8 160.1* ,325.1 60 19,17 15
o] B 7k 0.95 366. 1 114.0* ,208. 1 70 28,18 15
PN T AR R 0. 80 384.2 189.1% ,160. 1 60 28,28 15
R G 8.02 402.1 160. 1% ,242.9 70 20,18 15
R I T A R R TR 6.61 420. 1 376.1% ,174. 1 60 18,25 15
2R TG 8. 62 415.1 199.1% ,171.0 70 20,50 15
LA TR TR WE TR 7.13 433.1 199.1" ,171. 1 50 24,53 15
R T R 8. 46 436.0 277.17,160. 1 80 20,19 15
A TH T3 UE TR 6.95 454. 1 410.0* ,160. 1 70 19,30 15
XL T AR 8.90 469. 8 160.1* ,311.0 80 18,20 15
XS 75 B R M iR 7.73 488.0 174.1% ,160. 1 60 27,20 15
TE oo O PR
5 R R B (IDA) 2504 - 78 BT 3% 25 41 7 19 fm
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Figure 1 Multiple reaction monitor( MRM) mass spectra of eight penicilins and the penicilloic acids (5.0 wg/kg) spiked to milk
TR AL AR, LAAEZS FURE S TR AT 55 3 M7 2 e VWA R SR 19 25 FIRE S B8 BBOM 2 7 B, LA
WA R 118 R 32 A R A s, B o AR ot 2k 2 [T Mo 1 A7 55 F 00 3 A5 i M b %) s o 32 9 0 T R 7 s oA
. AFEXFME 8 Fh il 8 R M N 1) 7 25 TAEMZe F A& E5 R AR e PR R (LOD) | DA%
MEFRTE 1.0 ~200 g/L Ak BE S I N A R 4F 4t ¢ 10 5545 M Ll 9 b v 95 Y 08 1D AR ZE b v TR il 2k I A

AL EE(r)FE0.999 1 ~0.999 9 Z[a] . ¥ r v a5 R AE e EIR(LOQ) 45 5 L3R 3,

F 38 A AR O A IR 4 B o 2 e Y R R

Table 3  Linear regression equations,correlation coefficients and limits of quantitation for sixteen penicilins and the penicilloic acids
[ A L 43 WY
[aex7] T o T 2 i}zﬁfL L %fg o LOD/ LOQ/ LOD/ LOQ/
(perkg)  (perke)  (pe/ke) (pe/ks)

HHEEG y=2.57 x10%x +3.35 x 10* 1.0 ~200.0 0.999 8 0.02 0.07 0. 004 0.012
HRE G EMTR y=6.66 x10*x +3.89 x10° 1.0 ~200. 0 0.999 9 0.03 0. 10 0. 006 0. 020
N y=1.81 x10*x +1.75 x10° 1.0 ~200.0 0.999 2 0. 02 0.08 0. 004 0.016
RN TG R MR TR y=3.46 x 10*x +2. 46 x 10* 1.0 ~200.0 0.999 9 0.03 0.11 0. 006 0. 022
TRV y=2.15 x10*x +5.42 x10* 1.0 ~200.0 0.999 1 0.02 0. 07 0. 004 0.014
HEHEV BEMRR y=5.19 x10*x —2.25 x 10* 1.0 ~200.0 0.999 8 0.01 0.04 0.002 0.007
[TERER N y=1.89 x10*x +4.87 x10* 1.0 ~200.0 0.999 5 0.04 0.14 0. 008 0.028
PN T R R y=1.90 x10*x - 5. 59 x 10° 1.0 ~200.0 0.999 5 0.03 0.11 0. 006 0.21
N YU N y=1.51 x10*x +4.97 x10* 1.0 ~200.0 0.999 9 0.05 0.17 0.010 0.033
7 M T B E R R y=5.08 x10*x —1.76 x 10* 1.0 ~200.0 0.999 9 0.04 0.14 0. 008 0.028
ZRR VUM y=4.93 x10*x +4.03 x 10* 1.0 ~200.0 0.999 8 0.01 0. 04 0. 002 0.008
A TR T UEME R y=8.68 x10*x —2.05 x 10* 1.0 ~200.0 0.999 9 0.02 0. 07 0. 004 0.014
S TG R y=2.28 x10*x +2.46 x10* 1.0 ~200.0 0.999 9 0.02 0. 06 0. 004 0.013
G M T R 10 M iR y=1.70 x10*x —1.42 x10* 1.0 ~200.0 0.999 9 0.04 0.13 0. 008 0. 026
PAEENITEIN y=1.16 x10*x +4.52 x10° 1.0 ~200.0 0.999 9 0.02 0.06 0. 004 0.012
KU T B 1 1 TR y=8.30x10%x +1.45 x10* 1.0 ~200. 0 0.999 1 0.03 0.10 0. 006 0. 020
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2.6 7 ¥k HER L RS %

HUZS (W0 76 1..0.20. 0,100, 0 pg/kg 3 4~ ik
JE K WA A 3 7E 0.2 .4.0.20. 0 peg/kg 3 ik
- N O s 1 S i L 7 W A 5 0 A N O £ =
TG ZE R LR 4.5, KRR B iRy
80.0% ~ 110.0 % , # Xf #x #fE 22 4 0.16% ~

*4

7.06% o %t T B AA G B 7E 1.0 we/kg Rl 1A 4F
WHAE 0. 2 we/kg WA BRSNS, #F i (14 °F- 247 [m]
W= K 81.0% ~ 110.0 %, # X 4% #E 22 K
0.16% ~6.39% . %I5NG % B FUME o B A8 3L 47,
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Table 4 Recoveries of 8 penicilins and the penicilloic acids spiked to milk powder

WIMAKF 1.0 pg/kg

WK 20.0 pg/kg

RN 100. 0 pg/kg

[aex?] YR SFEIE RSD R SFEE RSD - ¥y ik 3 R RSD

/(peg/kg) /% /% /(ng/kg) /% /% /(ng/kg) /% /%
HHEEG 0.91 91.0 4,87 19.6 98.0 3.70 100. 0 100. 0 5.28
HFEE G WM 1.04 104.0 5.89 18.0 90. 0 4.23 101. 1 101. 1 2.81
AT 1.05 105.0 3.85 18.0 90. 0 3.11 98.7 98.7 2.33
G T S R R 0. 85 85.0 3.09 20. 4 102.0 6.32 99.2 99.2 3. 44
HHEEV 1.06 106. 0 2.09 19.6 98.0 0. 84 100. 0 100. 0 2.28
HEHE V EWR 0.91 91.0 2.21 18. 4 92.0 4.22 99.5 99.5 2.06
] 22 7 0.81 81.0 1.20 17.2 86.0 0. 60 101.0 101.0 1.87
R T R R TR 1.04 104.0 3.46 17.7 88.5 2.17 99. 6 99. 6 2.21
PN 1.03 103.0 2.78 17.2 86.0 1.03 101. 3 101.3 1.99
W 75 5 9 I iR 0.97 97.0 4.29 17.0 85.0 1.58 100. 1 100. 1 2.09
ZR TG 1.10 110.0 6.39 16.0 80.0 5.01 102.5 102.5 4.12
A TR T R R 1.02 102.0 4.08 16. 4 82.0 7.06 103.2 103.2 1.27
ENLU N 1.05 105.0 0.42 19. 4 97.0 4.37 101.7 101.7 2.16
S W 7 5 R I iR 0.92 92.0 2.33 19.0 95.0 3.23 98. 1 98. 1 3.66
XL 76 0.99 99.0 0.16 18.9 94.5 2.10 99.2 99.2 0.79
X8, 75 25 W I i 1.06 106. 0 2.63 18. 4 92.0 6.57 98.3 98.3 2.02

5 ORI 8 Fh T & 2 AT B E IR R A I A [ ORI E A5 R (n=T)
Table 5 Recoveries of 8 penicilins and the penicilloic acids spiked to fluid milk
TRMAKT0.20 pe/ke TRIMAKT- 4.0 pe/kg RINZK - 20.0 pg/kg

e W CFERE RSD EERE CFEIRIR RSD v -1 [l i R RSD

/(pg/kg) /% /% /(peg/kg) /% /% /(pg/kg) /% /%
HHEEG 0.18 90.0 4.35 3.88 97.0 3.35 20.5 102.5 4. 67
HHEE G UEWRH 0.20 100. 0 5.10 3.90 97.5 3.52 19.8 99.0 2.02
AT 0.22 110.0 4.11 3.98 99.5 1.55 19.6 98.0 3.11
RN G R R TR 0.18 90.0 3.33 4.01 100. 3 4.20 19.8 99.0 3.37
HEHEEV 0.21 105.0 2.67 4.00 100. 0 2.16 20.3 101.5 3.55
HHEE V EMRH 0.17 85.0 2.03 3.97 99.3 3.25 20.0 100. 0 2.77
(NP 0.17 85.0 1.85 3.68 92.0 2.72 20.0 100. 0 2.39
55 T B R R 0.20 100. 0 3.03 3.66 91.5 2.93 19.8 99.0 1.77
Jh e G AR 0.21 105.0 3.01 3.57 89. 3 2.61 19.2 96. 0 2.54
S e TR O A 0.19 95.0 4.55 3.55 88.8 2.38 19.5 97.5 2.87
ZRTIH 0.22 110.0 5.65 3.55 88.8 4.13 19.3 96.5 3.42
2R R T E MR 0.20 100. 0 3.77 3.51 87.8 6.31 19.9 99.5 2.12
S 7 AR 0.19 95.0 1.24 3.82 95.5 3. 66 19.4 97.0 3.02
S T B R IR TR 0.18 90.0 2.35 3.91 97.8 2.63 19.6 98.0 3.36
XS 75 b 0.19 95.0 1.05 3.88 97.0 2.55 20.0 100. 0 2.19
WU T B3 VEE TR 0.22 110.0 2.21 3.93 98.3 4.29 19.2 96.0 2.87
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The evaluation of 3M Petrifilm™ Salmonella express system
in Salmonella detection of food samples
TANG Song, GAO Fei, REN Xiu, ZHANG Qing-sheng, DING Hong, LU Su-biao, CUI Sheng-hui
(Xiaogan Institute for Food and Drug Control, Hubei Xiaogan 432000, China)

Abstract; Objective To evaluate the Petrifilm™ Salmonella express system of 3M™ company following the standards
and specifications. Methods The inclusiveness and exclusivity of the Petrifilm"™ Salmonella express plate were evaluated
using 64 Salmonella strains of 53 serotypes and 30 non-Salmonella strains. Different Salmonella detection systems were
compared and evaluated by parallel tests of a wide range of food samples inoculated with Salmonella with the GB method.
Results The growth rates of 64 Salmonella strains on four selective media were significantly different (P <0.05) , and the
growth rate of 30 non-Salmonella also showed difference. Using different Salmonella selective enrichment broth-selective
agar combination, the detection rate showed significant difference at 10 ™' cfu/25 g level (P <0.05), and the highest
detection rate was found by using RV (R10) -3M express plate. The using of two different selective enrichment broths and
two selective agars (such as the GB method) could significantly improve the detection rate at 10 ™' ¢fu/25 g level in food

™ o ™ . .
Salmonella express system of 3M " company was a rapid, convenient

samples (P <0.05). Conclusion The Petrifilm

Salmonella detection kit and should be promoted in food microbiogy testing labs since it showed the same level of accuracy

W 7% B #7:2016-01-20
EEBN:EHR * HEIBRNT HREFTOARZHAEHEN  E-mail;avriltangsong@ 163. com
BIEEE . £44# F HAR MAF@OARRMENEN  E-mail; cuishenghui@ aliyun. com



