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Abstract. Seventy-five poultry feed samples of two feed types were analysed for antibiotic
drugs using a simple generic solid phase extraction procedure with dichloromethane-
acetonitrile after delipidation with n-hexane. Analytical separation was performed on a Waters
Acquity C18 column with gradient elution consisting of water and acetonitrile. Liquid
chromatography—tandem mass spectrometry (LC-MS/MS), with positive and negative
electrospray ionization methods in the multiple reaction monitoring modes (MRM), was used
for the quantification of 21 compounds from six classes including fluoroguinolones,
sulfonamides, lincosamides, anthelmintics, macrolides and the p-lactams in a single
chromatographic run of 14 minutes. All the six classes of the drugs were found in the two feed
types at concentration ranging between 0.22 — 1505 ng/g. Sulfadimethoxine, sulfaguanidine,
sulfamerazine, and sulfamethoxazole were the major sulfonamides in the two feed types with
concentration at the part per million levels. Albendazole, penicillin-G, sulfadiazine,
sulfaquinoxaline and sulfixosazole were not detected in the layers mash exclusively fed to
laying birds; also, sulfamethazine and sulfamozole were the only two drugs not detected in the
growers mash meant for birds raised for meat. Ciprofloxacin, sulfadimethoxine,
sulfamethoxazole, sulfamerazine, and sulfaguanidine were the most prominent antibiotic drugs
in the two feed types. Results from the present study suggest that feed millers surreptitiously
fortify their feeds with antibiotics without declaring same, thus exposing poultry chickens to
sub-therapeutic dosages of the drugs. It is evident that self-regulation for safety in the poultry
industry should be discouraged thus relevant authorities must take steps to reduce and control
the use of antibiotics to protect public health.
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1. Introduction

The use of antibiotics in poultry feeds results in increased growth rate, improvement in egg production
and hatchability [1]. Poultry birds, however, retain bacteria strains resistant to the antibiotics they are
fed thus flourishing in the intestinal flora as well as the muscle and final transfer to human along the
food chain [2]. Several countries have put a ban on the use of antibiotics in feeds because it portends a
long-term health hazard to humans by promoting antibiotic-resistant pathogens, an important threat to
modern medicine [1,3]. As part of efforts to raise awareness on the incidence of antimicrobial
resistance and deliver solutions to fight antibiotic-resistant pathogens, this study examined antibiotic
drugs in poultry feeds since the food chain is a significant source of antimicrobial resistance and drug
allergic reactions [4].

2. Materials and method

2.1 Standards

Stock solutions of targeted analytes were prepared from commercially available standard antibiotics.
10 mg of each pure standard was dissolved in 10 mL of solvent to prepare 1 mg/mL solution. Working
solutions of antibiotic mix were prepared from the stock stored at 4°C.

2.2 Sample Preparation

The samples were prepared in a three stage previously validated method as described by Mu et al. [5].
0.50 g of feedstuff sample was placed in a mortar separately with 0.05 g Na,-EDTA and 0.05 g oxalic
acid was added to the mortar and gently ground with the sample to obtain a uniform blend.

2.3 SPE Clean-up

Samples were cleaned-up with an ENVI-8® SPE cartridge that had been previously conditioned with 5
mL analytical grade n-hexane (EMSURE®). The sample blend was afterwards introduced onto the
cartridge and drained with 6 mL of the n-hexane, and the analytes eluted with 8 mL acetonitrile
(LiChrosolv®) — dichloromethane (1:1, v/v). The eluate was evaporated to near dryness under a gentle
stream of nitrogen, and the residue re-dissolved in 1 mL 10% methanol (LiChrosolv®) and vortexed.
The final solution was filtered with a 0.45 um disposable syringe (Acrodisc®) and 10 pL of the filtrate
injected into the Nexera UHPLC system [5].

2.4 Chromatographic Separation

The chromatographic separation was performed on a Nexera UHPLC system with a Waters Acquity
UPLC® BEH C18 column (2.1 mm X 100 mm, 1.7 um, particle size) with the column compartment
maintained at 40°C. Water and acetonitrile with 0.1% formic acid were the mobile phases in gradient
elution with a flow rate of 0.2 mL/min as listed in Table 1.

Table 1: Liquid Chromatography gradient
Time (min) A% B%

0 98 2
10 0 100
12 0 100
14 88 12

2.5 MS/MS Detection

Sample analysis was performed on Shimadzu Triple Quadrupole Mass Spectrometer (LC-MS 8040®)
system using electrospray ionization (ESI) + and — polarity switch. Analytes were monitored in the
MRM mode in a dwell time of 100 ms for each channel, and an event time of 0.309 sec to achieve
optimal peak shapes and sensitivity.



3rd International Conference on Science and Sustainable Development (ICSSD 2019)

IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1299 (2019) 012102  doi:10.1088/1742-6596/1299/1/012102

Table 2: Analytes, retention time (RT) and MRM transition with collision energies (CE)

Antibiotics RT(Min) Transition 1 (amu) Transition 2 (amu) Transition 3 (amu)
Ch1l Ch2 Ch3
Albendazole* 7.243 264.5/232.15(8.0) 264.5/264.50(26.0) 264.50/264.50(35.0)
Ampicillin 7.447 351.10/160.05(-14.0)  351.10/106.15(-30.0)  351.10/107.00(-25.0)
Azithromycin 6.076 749.50/591.30(-32.0)  749.50/116.10(-48.0)  749.50/158.10(-42.0)
Ciprofloxacin 3.194 333.10/315.15(-21.0)  333.10/232.10(38.10)  333.10/289.20(-17.0)
Erythromycin 6.969 734.60/158.15(-33.0)  734.60/576.30(-21.0)  734.60/83.00(-53.0)
Levofloxacin 5.594 362.50/261.15(-29.0)  362.50/318.15(-19.0)  362.50/219.05(-43.0)
Lincomycin 5.606 407.50/126.15(-30.0)  407.50/359.30(-18.0) -
Mebendazole 7.419 297.10/265.05(-35.0)  297.10/256.20(-6.0) 297.10/105.05(21.05)
Mebendazole* 7.382 294.50/262.20(9.0) 294.50/294.50(40.0)  294.5/294.5 (52.0)
Penicillin G 4.856 367.50/160.0(-16.0) 367.50/91.10(-48.0) 367.50/114.10(-36.0)
Phebendazole 8.294 300/268.00(-21.0) 300/159.0(-37.0) 300/131.05(-50.0)
Phenbendazole* 8.294 298.2/266.10(11.0) 298.2/189.10(31.0) 298.2/160.05(50.0)
Sulfadiazine 5.875 252/156.0(-15.0) 252/157.0(-16.0) 252/93.10(-29.0)
Sulfadimethoxine 7.148 311.90/156.05(-23.0)  311.90/157.05(-22.0)  311.90/108.05(-30.0)
Sulfadimethoxine*  7.372 309.5/66.15(38.0) 309.5/154.0(27.0) 309.5/122.20(45.0)
Sulfaguanidine 5.162 216.0/93.10(-26.0) /216.0/157.0(-13.0) 216.0/60.15(-17.0)
Sulfamerazine 6.104 266.0/156.95(-16.0) 266.0/ 93.10(-34.0) 266.0/64.95(-49.0)
Sulfameter 6.398 282.0/92.15(-30.0) 282.0/93.20(-30.0) 282.0/157.0(-18.0)
Sulfamethazine 6.578 280.0/187.0(-17.0) 280.0/186.0(-17.0) 280.0/125.05(-23.0)
Sulfamethoxazole  6.578 255.0/93.05(-30.0) 255.0/157.0(-16.0) 255.0/92.15(-30.0)
Sulfamozole 4.696 269.0/156.90(-16.0) 269.0/155.95(-15.0) 269.0/92.05(-30.0)
Sulfaquinoxaline 6.024 301.90/156.05(-18.0)  301.90/108.25(-26.0)  301.90/92.10(-30.0)
Sulfaquinoxaline*  5.534 299.5/144.15(35.0) 299.5/142.20(34.0) 299.5/208.30(25.0)
Sulfasalazine 7.706 400.0/382.10(-20.0) 400.0/224.05(-30.0))  400.0/118.90(-45.0)
Sulfasalaxine* 7.706 398.1/198.15(24.0) 398.1/197.20(35.0) 398.1/92.00 (50.0)
Sulfixozazole 2.639 269.00/156.95(-13) 269.00/93.00(-27.0) 269.00/155.90 (-14.0)
Sulfixozazole* 2.254 267.2/172.1(21.0) 267.2/240.1(17.0) 267.2/171.05(19.0)
Tylosin 6.952 916.50/174.05(-41.0)  916.50/101.05(-51.0)  916.50/145.0(-39.0)

Precursor (amu)/Product (amu)

3. Results and discussion

*Negative electrospray ionization (CE is positive in MeV)

The presence of 21 antibiotic drugs from different classes were established in two poultry feed types
collected between May and September, 2017 in Ogun State, Nigeria.Albendazole, penicillin- G,
sulfadiazine, sulfaguanidine and sulfixozazole were in the growers mash at mean concentrations,
ranging between 1.33+1.50 and 56.18+1.99 ng/g with albendazole and penicillin-G at both extremes.
Sulfamethrazine and sulfisoxazole were present in the layers feed at mean concentrations of
105.68+63.99 and 120.05+206.32 ng/g, respectively. All other 17 antibiotics were in both the growers
and layer mash at varying concentrations (Table 3).

Ciprofloxacin, sulfadimethoxine, sulfaguanidine and sulfamerazine were the most prevalent drugs in
the two feed types and they occurred at concentrations above 200 ng/g except sulfaguanidine that was
104.96+19.72 and 140.74+10.28 ng/g in the growers and layers mash, respectively. Ciprofloxacin and
sulfadimethoxine had higher mean values in layers mash compared with the growers mash. Only
sulfamerazine occurred more in the growers mash among the major drugs that were determined.
Sulfamethoxazole with a mean concentration of 241.51+206.32 ng/g was higher in the layers mash
compared with the 31.53+41.04 ng/g in the growers mash. Sulfameter was 77.47+60.45 and
61.19+22.26 ng/g, in the growers and layers mash, respectively.
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The maximum residue limit for tylosin in feedstuff is 100 mg/kg and has been reported as the most
abundant residue in chicken liver [6]; meanwhile, some EU members including Sweden have banned
the use of antibiotics in feeds arising from concerns linked to multidrug resistance [7]. Some reports
have linked the presence of antibiotic-resistant organisms in poultry products to the use of feed
supplemented with antibiotics [8], and tylosin, erythromycin, penicillin, sulfonamides,
fluoroquinolones and lincomycin have been reported to be present at 1 — 200 g per ton of poultry feed
[9]. Tylosin was reported to be available in poultry feedstuffs from Belgium at a concentration of 0.85
— 6.32 mg/kg by Huebra and Holst [10], while Poucke et al. [11] had 0.29 — 0.41 mg/kg tylosin in feed
samples from the same area. Tylosin is usually used as a growth promoter. Even though, tylosin has
been banned by the EU[12], it is allowed as feed additive in China and the United States [13]. Tylosin
is, however, present in feedstuffs examined in the present study. According to Diarra et al. [14],
supplementation of broiler feedstuff with penicillin resulted in increased body weight among broiler
chickens. The drug reportedly improved feed efficiency with reduced feed intake and this
improvement was significant, thus, the addition of different antibiotics into poultry rations as seen in
the present study may lead to the same effects on the birds. Meanwhile, various types of bacteria have
been reported to be resistant against penicillin in chicken and the drug had refused to kill E. coli. Due
to increase in antibiotic resistance in foodborne pathogens, there is a campaign to reduce the use of
antibiotics at sub-therapeutic levels as growth promoters [15], and approval for the use of antibiotics
as growth promoters has been withdrawn in the European Union [16].

The use of antibiotics in feeds could result to selectivedevelopment of resistanceby disease-causing
bacteria, and when used as growth-promoters it imposes a selection pressure for bacteria that are
resistant to antibiotics that may be used in clinical or veterinary practice, thus compromising the
continued use of antibiotics for therapeutic purposes [15,17,18]. Boix et al. [19] reported the presence
of a — nandrolone, chlortetracycline, tetracycline, trimethoprim and salicylic acid in poultry feedstuff
from Spain. Chlortetracycline, oxytetracycline, and doxytetracycline were found in poultry feedstuffs
from Poland [3]. Poultry feedstuff analysed from the Valencia Region in Spain as part of a residual
control plan also showed the presence of growth promoting agents [20]. Growth promoting agents
were, however, not determined in the present study. Ampicillin residue was reported in tissues of
poultry fed ampicillin medicated drug at 40 mg/kg after a 2-day withdrawal period suggesting that
drug residues in animal tissues could arise from their presence in the feedstuff. However, the
concentration of the drug was below the 30 ng/g acceptable maximum residue limit for the drug in
Japan [21].
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Table 3: Distribution of Antibiotic Residues (n=34) in Poultry Feeds by LC-MS/MS

Growers mash

Layers mash

Antibiotics - -

Mean+SD Min Max Mean=SD Min Max f p
Albendazole 1.33+£1.50 0.22 2.52 ND - - - -
Ampicillin 41.49+25.65 431 58.54 48.49+9.30 3755 58.54 0.26 0.63
Azithromycin 10.87£1.0 1029  12.02 23.79+28.59 1.8 56.11 0.61 0.48
Ciprofloxacin 383.89+410.95 3551  836.67 546.12+358.20 1459  836.67 0.27 0.63
Enrofloxacin 46.26+13.23 3211 5833 63.33+7.64 56.67  71.67 3.75 0.13
Lincomycin 7.73+£3.45 4.3 11.2 6.43+1.45 4.77 7.44 0.3 0.58
Mebendazole 22.67+7.22 125 28.39 25.74+23.00 1226  60.11 0.07 0.81
Phebendazole 4.1+1.10 2.85 4.89 7.63£3.10 4.72 10.89 3.47 0.14
Penicillin-G 56.18+1.99 53.88 57.33 ND - - - -
Sulfadiazine 10.98+0.92 1026 1201 ND - - - -
Sulfadimethoxine  603.56+786.76  61.311 1505.92 628.31+458.37 126.97 1025.62 0.002 0.97
Sulfaguanidine 104.96+19.72 90.18  127.35 140.74£10.28  129.22  148.79 7.77 0.05
Sulfamerazine 206.66+29.00 173.61 2279 105.79485.37  29.83  221.29 3.7 0.11
Sulfameter 77.47460.45 19.46  140.1 61.19+22.26 4457  86.48 0.19 0.68
Sulfamethazine ND - - 105.68+63.99 3552  160.84 NA NA
Sulfamethoxazole 31.53+41.04.52 6.6 78.9 241.51+206.32 4.89 385.67 3.00 0.16
Sulfamozole ND - - 120.05+5.84 113.49 124.67 - -
Sulfaquinoxaline ~ 18.96+15.66 8.74 36.99 ND - - - -
Sulfasalazine 15.54+8.07 6.22 27.14 15.82+9.59 0.801  24.45 0.003 0.96
Sulfixozazole 16.97+1.02 16.25 17.69 ND - - - -
Tylosin 4.04+1.7 2.75 5.04 3.3£0.19 3.09 3.42 1.18 0.34

4. Conclusions

Results from the present study showed the presence of antibiotic drugs in poultry feeds at sub-
therapeutic levels. To address the exposure to these drugs, feed millers must reduce and refine the use
of antibiotics, replace antibiotics with alternatives to reduce the threat of antibiotic resistance. Control
measures including improvements in food hygiene must be taken by poultry farmers to reduce the
spread of zoonotic bacteria to humans via the food chain.

Acknowledgment

The financial assistance provided by the Tertiary Education Trust Fund (Tetfund) of Nigeria to the
first author for his doctoral study at Covenant University, Ota is acknowledged. This publication is
part of the thesis submitted by the first author for his Ph.D. The publication support by Covenant
University is acknowledged.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.



3rd International Conference on Science and Sustainable Development (ICSSD 2019) IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1299 (2019) 012102  doi:10.1088/1742-6596/1299/1/012102

References
[1] Spellberg, B., Bartlett, J.G. and Gilbert, D.N., 2013. The future of antibiotics and resistance. New

England Journal Medicine, 368(4), 299-302.

[2] Dye, J., 2012. FDA must act to remove antibiotics from animal feed: Judge.
https://www.manitobacooperator.ca/2012/03/29/judge-orders-fda-to-%E2%80%A8remove-
antibiotics-from-feed%E2%80%A9/. Retrieved 21/11/2018.

[3] Patyra, E. and Kwiatek, K., 2017. Development and validation of multi-residue analysis for
tetracycline antibiotics in feed by high performance liquid chromatography coupled to mass
spectrometry. Food Additives and Contaminants Part A 34(9), 1553-1561.

[4] Chowdhury, R., Hague, M.N., Islam, K.M.S. and A. B. M. Khaleduzzaman, A.B.M., 2009. A
review on antibiotics in an animal feed. Bangladesh Journal of Animal Science 38(1&2), 22 — 32.

[5] Mu, H., Yu, H. and Hu, Y-M., 2012. Determination of fluoroguinolones, sulfonamides, and
tetracyclinesmultiresidues simultaneously in porcine tissue by MSPD and HPLC-DAD. Journal
of Pharmaceutical Analysis 2(1), 76 — 81.

[6] WHO, 2011. Tackling antibiotic resistance from a food safety perspective in Europe,
http://www.euro.who.int/__data/assets/pdf_file/0005/136454/e94889.pdf .

[71 Cheng, G., Hao, H., Xie, S., Wang, X., Dai, M., Huang, L. and Yuan, Z., 2014. Antibiotic
alternatives: the substitution of antibiotics in animal husbandry? Frontiers in Microbiology
5(217), 1-15.

[8] Diarra, M. S. and Malouin, F., 2014. Antibiotics in Canadian poultry productions and anticipated
alternatives. Frontier in Microbiology 5(282), 1 — 15.

[9] Baldrias, L. R., 2015. Antibiotic residues in meat and meat products, implications on human
health. Livestock Nutritional Biotechnology: Pre and Pro-biotics in Food Animals.
http://www.nast.ph/index.php/downloads/category/62-livestock?download=211:antibiotic-
residues-in-meat-and-meat-products-implications-on-human-health. Accessed 15.08.2018.

[10] Huebra, M. J. G and Holst, U. V. C., 2007. Sample preparation strategy for the simultaneous
determination of macrolide antibiotics in animal feedstuffs by liquid chromatography with
electrochemical detection (HPLC-ECD). Journal of Pharmaceutical and Biomedical Analysis 43,
1628 — 1637.

[11] Poucke, C. V, Dumoulin, F. D., De Keyser, K., Elliott, C., and Van Peteghem, C., 2004. Tylosin
Detection in animal feed by Liquid Chromatography -Tandem Mass Spectrometry with enzymatic
hydrolysis of the tylosin urea adducts. Journal of Agricultural and Food Chemistry 52, 2803 —
2806.

[12] Situ, C. and Elliott, C.T., 2005. Simultaneous and rapid detection of five banned antibiotic growth
promoters by immunoassay. AnalyticaChimicaActa 529, 89 — 96.

[13] Wang, Z., Song, X., Zhou, T., Bian, K., Zhang, F., He, L. and Liu, Q., 2015. Simultaneous
determination of ten macrolides drugs in feeds by high performance liquid chromatography with
evaporation light scattering detection. RSC Advances, 5, 1491-1499.

[14] Diarra, M. S., Silversides, F. G., Diarrassouba, F., Pritchard, J., Masson, L., Brousseau,. . . and
Topp, E., 2007. Impact of feed supplementation with antimicrobial agents on growth performance
of broiler chickens, Clostridium perfringens and Enterococcus counts, and antibiotic resistance
phenotypes and distribution of antimicrobial resistance determinants in Escherichia coli isolates.
Applied and Environmental Microbiology 73(20), 6566—6576.



3rd International Conference on Science and Sustainable Development (ICSSD 2019) IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1299 (2019) 012102  doi:10.1088/1742-6596/1299/1/012102

[15] Kumar, S., Chen, C., Indugu, N, Werlang, G. O., Singh, M., . .. and Kim, W. K., 2018. Effect of
antibiotic withdrawal in feed on chicken gut microbial dynamics, immunity, growth performance
and prevalence of foodborne  pathogens. PLoS ONE  13(2), e0192450.
https://doi.org/10.1371/journal.pone.0192450.

[16] Castanon, J. I. R., 2007. History of the use of antibiotic as growth promoters in European poultry
feeds. Poultry Science 86, 2466—2471.

[17] Azuma, T.Email Author, Otomo, K., Kunitou, M., Shimizu, M., Hosomaru, K., Mikata, S.,
Ishida, M., Hisamatsu, K., Yunoki, A., Mino, Y., Hayashi, T., 2019. Environmental fate of
pharmaceutical compounds and antimicrobial-resistant bacteria in hospital effluents, and
contributions to pollutant loads in the surface waters in Japan, Science of the Total Environment,
657, 476-484.

[18] Wang, Q., Li, X., Yang, Q., Chen, Y., Du, B., 2019. Evolution of microbial community and
drug resistance during enrichment of tetracycline-degrading bacteria, Ecotoxicology and
Environmental Safety, 171, 746-752.

[19] Boix, C., Ibanez, M. V., Sancho, J. V., Leon, N., Yusa, V., and Hernandez, F., 2014. Qualitative
screening of 116 veterinary drugs in feed by liquid chromatography-high resolution mass
spectrometry: potential application to quantitative analysis. Food Chemistry 160, 313-20.

[20] Leon, N., Pastor, A. and Yusa, V., 2016. Target analysis and retrospective screening of veterinary
drugs, ergot alkaloids, plant toxins and other undesirable substances in feed using liquid
chromatography-high resolution mass spectrometry, Talanta 149, 43 — 52.

[21] Hamamoto, K. and Mizuno, Y., 2017. LC-MS/MS measurement of ampicillin residue in chicken
tissues at 2 days after in feed administration. Journal of Veterinary Medical Science, 79(3), 474—
478.



