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Monitoring of Antibiotic Residues in Raw Milk

Using Lateral Flow Assay

Hyung Youn Choi

Department of Food Science and Technology Industry
Graduate School of Global Fisheries

Pukyong National University

Abstract

Veterinary antibiotics have contributed to the increase in productivity of dairy

farmers by raising productivity, such as disease prevention and growth promotion

of livestock, and enabling the livestock industry to develop on a large scale.
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However, if the veterinary antibiotics are overused or misused without
complying with the safe use standards, the veterinary antibiotics remains of
livestock products and processed products. Concerns are raised that it may be
harmful to the end consumer. Residue of antibiotics in raw milk is an important
criterion for judging the hygiene and safety of milk.

Milk is a natural food and nutritionally close to complete, although the
consumption of milk itself is on the decline, but dairy products using raw milk as a
primary ingredient are constantly being consumed, so quality control of milk is
very important for public health. In particular, residual antimicrobial substances
caused by various causes in milk are being issued.

Therefore, in this study, it investigated a potential risk of residual antibiotics in
raw milk of cow, which is a major ingredient of dairy manufacturers.

A rapid test kit was used to detect residual antibiotics qualitatively and
quantitatively up to the maximum residue limits(MRLs) within 10 min using a
lateral flow assay method.

In order to investigate the current status of antibiotics in raw milk produced in
Gyeongbuk area, more than 122 dairy farms were selected near Gyeongsangbuk-do,
and the results were examined by immunochromatography using antigen and
antibody reactions specified in the Food Code.

Of the 19,032 samples, 35 samples were positive, indicating a detection rate of

0.184% for residual antibiotics tested in this study.
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In particular, the highest detection rate among the 7 testable antibiotics was Beta-
lactam (42.9%), because it has the broadest antimicrobial range and is generally the
most prescribed.

Seasonally, the highest residual antibiotics were detected in winter (45.7%), and
next followed by summer (28.6%), spring (17.1%), and autumn (8.6%). since cows’
growing environment and sensitivity to bacteria are weakened in the winter.

The main reason for the high detection rate of antibiotics in the winter season is
to increase the resistance through the administration of antibiotics for cows and to
minimize the occurrence of disease.

The most common cause of detection of positive reactions of antibiotics was
mastitis-related treatment (37.10%).

Among the 74 antibiotics, 91.89% were detectable within the MRLs range.
Antibiotic residues in raw milk are important criteria for determining milk hygiene
and safety. Considering the fact that the weak point of the inspection system can
also occur when using the existing quick test kit, the need for the safety of the

product should be cooperated between the dairy companies and the dairy farms.
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Fig. 1. Molecular structure of penicillin G antibiotics, belonging to the beta-lactam

family(Kim, M.A. et al., 2014).
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Fig. 2. Molecular structure of tetracycline antibiotics, belonging to the tetracycline

family(Choi, D.M. et al., 2005).
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Fig. 3. Molecular structure of tylosin antibiotics, belonging to the macrolide

family(Butler, Andrew R. et al., 1999).
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Fig. 4. Molecular structure of gentamicin antibiotics, belonging to the

aminoglycoside family(Y oshizawa, Satoko et al., 1998).
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Fig. 5. Molecular structure of sulfamethazine antibiotics, belonging to the

sulfonamide family(Lu, Jie, and Sohrab Rohani., 2010).
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Fig. 6. Molecular structure of enrofloxacin antibiotics, belonging to the quinolone

family(Efthimiadou, Eleni K., et al., 2007).
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Table 1. Collection for overview for experimental samples

Sample Survey Survey Target dairy- Sampling Total sample
material period area farm quantity  interval quantity
Raw 2016.01  Kyungpook Once a
milk ~2018.12  Province e week 19,032

11



Fig. 8. Appearance of kits and reader in smart antibiotic residues system.
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A& HAb 71 Eolt), dld AAF Al A 242 dist § - F 34 S

FQFo 2 1 2 &lgt 4= QI &= &Fi= Test kit(Bionet ; Seoul, Korea)2} Al &7}

rir

3]

ol

T kit 7} A3 v F 2 S 53 lateral flow & AP 2 3l
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Biosensor, Dagjeon, Korea)= - & o] QI Th(Fig. 8).
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Nitrocellulose membrane

Gold conjugate pad I

Silver salt pad
e

Nitrocellulose membrane
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Fig. 9. Exploded view of antibiotic residues test kit and names of parts.
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Fig. 10. Changes in gold conjugated pad when antibiotics are added.
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Fig. 12. Change in test(capture) line during positive and negative response.
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Table 2. Detection rate of positive and negative response in the sample examined

Number of detection Ratio (%)
Positive samples 35 0.184
Negative samples 18,997 99.816
Total samples 19,032 100
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A9 H<E Hl X (Detection frequency by antibiotic class)

4% A4 A3 B4 e o et #4240 AUE WF P
Beta-lactam 7| 4 (42.9%), Tetracycline 7] <4 (11.4%), Macrolide 7€ (11.4%),
Sulfonamide 7| € (11.4%), Aminoglycoside | & (8.6%), Quinolone 7] & (8.6%),
71EH(5.7%) =2 = YEFSETH(Table 3 and Fig. 14).
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s
flo
pH
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& %] g+t (Suarez, C., and Gudiol, F., 2009).
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Table 3. Amount of antibiotics generated by each series

1) 2) 3) , 4) 5) .0
B-lact. = Tetra. Macro.  Amino. ~Sulfon.  Quin. Others Total

2016 4 1 1 2 1 0 0 9
2017 6 1 2 0 1 1 0 11
2018 5 2 1 1 2 2 2 15
Total 15 4 4 3 4 3 2 35

1) Beta-lactam 2) Tetracycline 3) Macrolide 4) Aminoglycoside 5) Sulfonamide

6) Quinolone
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= Beta-lactam = Tetracycline = Macrolide
= Aminoglycoside ® Sulfonamide = Quinolone
m Others

Fig. 14. Percent distribution of antibiotics detected by positive reaction.
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Fig. 15. Results of detection of antibiotics by year and month.
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Table 4. Correlation between season and antibiotic usage

Number of occurrences Ratio(%)
Winter (Dec.-Feb.) 16 45.7
Spring (Mar.-May.) 6 17.1
Summer (Jun.-Aug.) 10 28.6
Autumn (Sep.-Nov.) 3 8.6
Total 35 100
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4. A E2 2 HZE Q<2 (Antibiotic detection factors)

2 % 35 89 RIS 2 skl diE F4 2Ab 2

ol AEd 89S A

UHFig. 11).
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= Metabolic disease
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m Respiratory and diarrhea

m Human error (related to period of absence etc.)

Fig. 16. Several reasons for the detection of antibiotic positives.
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Table 5. Results of kit reactions with increasing antibiotic concentration

(Beta-lactam etc.) (Unit : pg/L)

Kit type Antibiotic Kit reaction result
name

Combo A

(Beta - Penicillin G
Jactam) (MRLs : 4)
Input concentration level =~ Negative 2 4 8 16

Combo A Oxytetra-
(Tetra- cycline
cycline) (MRLs : 100)

Input concentration level ~ Negative 10 20 40 80

Macro Spira-
(Macro- mycin
lide) (MRLs : 200)

Input concentration level Negative 25 50 100 200
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Table 6. Results of kit reactions with increasing antibiotic concentration

(Aminoglycoside etc.) (Unit : pg/L)
Kit type Antibiotic Kit reaction result
name

Combo B Strepto-
(Amino- mycin
glycoside) (MRLs : 200)

Input concentration level =~ Negative 10 25 50 100

Combo A Sulfa-
(Sulfon-  dimethoxine
amide) (MRLs : -)

Input concentration level ~ Negative 50 100 200 300

Combo A Enro-
(Quino- floxacin
lone) (MRLs : 100)

Input concentration level Negative 10 20 40 80
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Table 7. Reaction result of kit on the addition of standard samples (Unit : pg/L)

Antibiotics Standard strip  EU/Codex Standard Result
sample
Beta- Penicillin G 4 4 Positive
lactam
Quinolone Enrofloxacin 100 20 Positive
Combo
Sulfon- o/ ifadimethoxine - - 100 Positive
amide
ity Oxytetracycline 100 20 Positive
cyclines
Streptomycin 200 50 Positive
Combo  Arieio- Gentamicin 200 100 Positive
glycoside
Neomycin 500 300 Positive
Macro  Macrolide Spiramycin 200 50 Positive
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™ OM Reader 2.2

Test ~ Strip Image e Open Option User ID

ac Measure Print Result
STRIP 1
R&D J

Callbration Semple T result

Positive 1,

[ STRIP 2

STRIP 1 STRIP 2

- : |
Percentage 9.5 9.6 | Percentage

Fig. 17. Validation of the reader using standard strips with antibiotic concentrations

ranging from 8.0 to 11.0.
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2| ] 7] (reader)®ll thet 52> A AE standard strip®] 574 5% W9 el
A Jb-g-o] HF 5 % 93 |, standard strip©] A A $F A =2 o] H 9] o F
FE = vlolg7F A EE 2 7)ol st e A dstet & ¢ QlTh

Z 5711 9] standard strip= 2] J3Fo] dll G standard strip©] A Al Sk @AY =2
o] F %= W9 ol reader7t A A S Fho® 2 sh=A ol thet RUEHE oA
= YErdldthFig. 17). 38 £49 s WHAE 8.0~-11.02% AA|sh=
standard strip®] reader =7 A3} 9.5-9.69] #= UERNEZ, HH V&
standard strip®l] o &l 4 A 3s}A vh-g-shm 219 ¥ Ql5& & 7 AT

ol gt v © = F- 571 €] standard strip readerol| Al HS 8kl HF A&

e Sl Th(Fig. 18). ©]& &3l kit®} readerel] tst a4 Aol A4AsH
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3M reader Certificate of Quality

Product name 3M Antibiotics Detection Kit Reader
Serial No ADE-1109-0020 Customer | NY Dairy co.ltd
Functional Test Issue Date 2019-06-20
Calibration Verification Operator Bionet.
Reference processor Test T1 T2 T3 T4
Standard strip 4 Acceptable range 5.0-11.0
Standard strip 4 test result 9.5 9.6 9.6 9.6
pass pass pass pass
Standard strip 5 Acceptable range 26.5~-32.0
Standard strip Stest result 288 205 294 289
pass pass pass pass
Standard strip 6 Acceptable range 47.0-52.0
Standard strip 6 test result 513 50.6 508 0.4
pass pass pass pass
Standard strip 7 Acceptable range 67.5~73.0
Standard strip 7 test result 70.1 70.2 69.7 0.6
pass pass pass pass
Standard strip 8 Acceptable range 83.5-90.0
Standard strip 8 test result 89.6 87.4 a7 87.2
pass pass pass pass
Functional Verification
Check Calibration coefficient file saved. OK
Check Calibration coefficient value in program window. OK
Check Measurement Information value, OK
Check Measurement Result value. Ok
Check Measure: Executes measurement. OK
Check Print :Prints the window showing the rezult of current measurement. OK
tesult : The measurement result can be searched/checked, and its REPORT can be OK
k Recipe Search : The tvpe of 3M kit can be selected, and its information can be chq OK
Check Exit :Terminates the M Strip Reader program. OK
Final Operations Verification
Check Strip loader open or closed operation OK
Check Power display LED Ok
Check Light source display LED OK
Check Reader and USE connected OK
Check AC adaptor connected Ok
Check On/Off switch Function OK

Fig. 18. Validation certificate for reader through standard strip.
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CERTIFICATION
AOAC Performance Tested"”

Certificate No.

111702

The AOAC Research Institute hereby certifies that the performance of the test kit known as:

SMART Combo | Beta-lactam/Quinolone/Sulfonamide/Combination Assay

manufactured by
Bio-Net, Co. LTD.
124 Sagimakgol-ro
#1116 Bizcenter-building
Jungwon-gu, Seongnam-si, Gyeonggi-do
South Korea

This method has been evaluated in the AOAC® Performance Tested Methods™ Program, and found to perform as stated by the manufacturer contingent to the comments
contained in the manuscript. This certificate means that an AOAC® Certification Mark License Agreement has been executed which authorizes the manufacturer to display the
AOAC Perfarmance Tested ™ certification mark along with the statement - "THIS METHOD'S PERFORMANCE WAS REVIEWED BY AOAC RESEARCH INSTITUTE AND WAS FOUND
TO PERFORM TO THE MANUFACTURER'S SPECIFICATIONS" - on the above mentioned method for a period of one calendar year from the date of this certificate (November 03,
2017 — December 31, 2018). Renewal may be granted at the end of one year under the rules stated in the licensing agreement.

Debarak ek 'rt,/«.%z'e‘
November 03, 2017

Deborah McKenzie, Senior Director Date
Signature for AOAC Research Institute

300, Rockvilie; Maryland; LSA- Telephorie: +1-301-924-7077 Fax: +1-301-624-7088
World Wide Web Site: ht ac.org

Fig. 19. AOAC Certificate for kit.
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Table 8. Comparison of detection limits of antibiotic residues test kit for

beta-lactam antibiotics (Unit : pg/L)
Antibiotics EU/Codex Domestic law Combo I ~ Combo II
Penicillin G 4 4 4 -
Cloxacillin 30 30 25 -
Dicloxacillin 30 30 25 -
Nafcillin 30 30 25 -
Ampicillin 4 4 4 -
Amoxicillin 4 4 4 -
Cephapirin 60 30 20 -
Cefacetril 125 50 25 -
Cefalonium 20 10 10 -
Beta-lactam  Cefalexin 100 100 150 70
Cefquinome 20 20 15 -
Cefoperazon 50 30 25 -
Cefazolin 50 50 25 -
Cefuroxime - 20 20 -
Ceftiofur 100 100 15 -
Oxacillin - - 50 -
Piperacillin - - 25 -
Cefotaxime - - 20 -
Ticarcillin - - 50 -
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Table 9. Comparison of detection limits of antibiotic residues test kit for

tetracycline antibiotics (Unit : pg/L)
Antibiotics EU/Codex Domestic law Combo I
Tertacycline 100 100 20
Oxytetracycline 100 100 20
Chlortetracycline 100 100 100
Tetracycline Doxycycline Negative Negative 30
Demeclocycline - - 100
Metacycline - - 30
Rolitetracycline - - 40
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Table 10. Comparison of detection limits of antibiotic residues test kit for

macrolide antibiotics (Unit : pg/L)
Antibiotics EU/Codex Domestic law Macro
Tylosin 50 50 30
Erythromycin 40 40 40
Macrolide Lincomycin 150 150 140
Spiramycin 200 200 50
Tilmicosin 50 - 40
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Table 11. Comparison of detection limits of antibiotic residues test kit for

aminoglycoside antibiotics (Unit : pg/L)

Antibiotics EU/Codex Domesticlaw Combo I Combo III

Gentamycin 200 200 100 -

Neomycin 1500 500 400 -

Dlhydro-. 200 200 50 -

streptomycin
Aminp— Streptomycin 200 - 50 -
glycoside

Kanamycin - 100 - 80
Amikacin - 150 - 130
Spectinomycin 200 200 - 180

Paromomycin = Negative Negative 200 -
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Table 12. Comparison of detection limits of antibiotic residues test kit for

sulfonamide antibiotics (Unit : pg/L)

Antibiotics EU/Codex ~ 0mestic  Combo  Combo

law | V
Sulfamethazine 100 100 100 -
Sulfadimethoxine 100 100 60 -
Sulfathiazole 100 100 100 -
Sulfadiazine 100 100 100 -
Sulfamerazine 100 100 100 -
Sulfamonomethoxine 100 100 30 -
Sulfaquinoxaline 100 100 50 -
Sulfon- o Ehlorhiridazi 100 100 7 -
amide
Sulfamethoxipiridazine 100 100 50 -
Sulfamethoxazole 100 100 30 -
Sulfadoxine - - - 60
Sulfachlorpirazine 100 100 50 -
Sulfisoxazole 100 200 20 -
Sulfaphenazole - - - 50
Sulfaguanidine - - - 50
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Table 13. Comparison of detection limits of antibiotic residues test kit for

quinolone antibiotics (Unit : pg/L)
Antibiotics EU/Codex Domestic law Combo I
Norfloxacin - Negative 10
Enrofloxacin 100 50 20
Danofloxacin 30 30 20
Ciprofloxacin 100 50 20
Pefloxacin - Negative 10
Ofloxacin - Negative 80
Orbifloxacin - 20 50
Quinolone
Marbofloxacin ] 75 70
Oxolinic acid - - 20
Flumequine - - 100
Nalidixic acid - - 40
Lomefloxacin - - 20
Enoxacin - - 20
Sparfloxacin - - 30
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Table 14. Comparison of detection limits of antibiotic residues test kit for

others antibiotics (Unit : pg/L)

Antibiotics EU/Codex Domestic Combo Combo Combo

law Jill \Y VI

Aflatoxin M1 0.5 0.5 0.5 - -

Colistin - - - 50 -

Bacitracin - - - 50 -

Others

Chloramphenicol - - - - 2
Florfenicol - - - - 50
Thiamphenicol - - - - 150
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Beta-lactam Al¥ T4 49 S5 WY FAAZM Awd, U4,
571, A, AAEsol ™, FoF 7] 312 oF 3~55 days ©] Tt
Tetracycline Al 9 34 £ §5+& A, A4, A4, 449 FolH,

oF 7|17k 9F 3~4 days ©ll @lEsttt. 53], doxycycline o 73-F-oll=

Lo

EU/Codex B =Wl WA qfZ7o] Ed=olv A¥ 7hs M9l 30ugl =
30pg/L Wl wke] 8 =4 o] R H SlE W= Aol o Hh

Macrolide Alg I =49 &5+ 571, 4237 A%, 449 Folv,
FoF 713F2 oF 3~4 days © 3l St

Aminoglycoside Ald A 49 &5+ 357, ¥4, A U4

st

Solm, Fok 717k ©F 3~30 days®l 8l J ettt 53], paromomycin®] 73 -0l &=
EU/Codex ¥ =1 4] 4 o] 24 Z0lv 74| 715 1 91+ 200 pg/L & 200

hg/L P1EEe] 4 Balo] £ UL B ol A7} of ek

o3

Sulfonamide Al &4 =42 &&=+ 4, 7| #AA
7132 °F 5 daysel| 3l &3ty

Quinolone A% AL FEE v AA7], FH ALY Solu, Frob
717k2 9F 5~10 daysell @l3tth. 53], norfloxacin, pefloxacin, ofloxacin,
orbifloxacin &] 74-f-oll= =l M2 712 tin] A sHA M7 o §lor=
742 7his ) mlnke] 4 2ol 9151918 Aol Aol ol 3T,

combo M= AbZ oA HE 7t #30] 549l aflatoxin Ml= 523
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RUE "] 9180 A gk

AF7HA el A AdE Qoketd T 74 T2 T4 =4 s MRLs
9 Wl A 100% o1 frefwlskAl A 7F s et 3 B4 68 2 A
£ 4 2] 218 52 91.891%°] tH(Table 15).

o, EU/Codex t =l W12 914 div] 2H#] 2917 o] wolA 24 W4l
olate] I E4 Y Al kit Z 2Ho] of el A EA e tisf A= ofeel
3% 7] 3+9) th(Table 16).

o]y g HAL AMAA e tsiME F7IHCZ FF 57 AR A
EA tig A A T AAe AHA kit 7F A F glE AES
AHEEE The Aol dinlake], Sl st Higt ARE Ea sld Y =
Aol dEiAe AFESHA # As AFHoR ALstolop st A%

B E o] o} Fh}.
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Table 15. Identifiable and non-identifiable ratios within the range of MRLs

(Unit : pg/L)
Number of cases Ratio (%)
w(i:tellllilnbli/lil({li?irgige 68 b
Uik |
Total identifiable 74 100

antibiotics
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Table 16. List of antibiotics with large detection range compared to standard

(Unit : pg/L)

Antibiotts =BTt A Somestic  Combo  Combo

law | a

Tetracycline Doxycycline  Negative Negative 30 -
Aminoglycoside Paromomycin Negative Negative - 200

Norfloxacin - Negative 10 -

Pefloxacin - Negative 10 -

Quinolone
Ofloxacin - Negative 80 -
Orbifloxacin - 20 50 -
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A EAC g nYE] Yol AL FE o tf-gote I &
e AF thHstE 3 glor e dE A% HAF S kit EHE
&A 07 F748ko] A Y (inspection net)yS A A 3}Etoiof sl n]E-3
PEs 1A $S F fen® FAAd AR wUhE FHCE AT
B kAl oI ghg P g|ofyt gt
FAAE AR w7kl g8 AHE T A B g8 g7 o m A
ZAME &t Wil A BRSO AdEo] FoidA, il HAE AA A
3ol Hiex ZUHHEoF star, oo gt F7F ws A b
W ofok gt 3k Jhsstthd Jfr H7ke Aol dig AsE 47
NIzt ApA| B4 = Tl 7)o gt kit oA AEEA P
A EAo] A=A AAskeE S AZE ok 8haL, f DAl A = vl =
3] A4 o) fre]stofok & F Qg o] STt
Af w7k A AAE A AL FHeFd el s st UE =X
e A B disiA s AHES S Aok & Flolr 53], 34 B4 A
= FoF VIt =5 2, ANAS-Ch) A v E T e F9 ol 2 (Human
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FCH(Kim, J.H., et al., 2017).
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