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SUMMARY 

A scheme has been devised that makes it possible to separate and identify, by 
means of thin-layer chromatography, the 14 diserent antibiotic residues in milk which 
are, besides penicillin, the most widely used in mastitis control: cloxaciliin, dihydro- 
streptomycin, tetracycline, oxytetracycline, chiortetracyciine, chloramphenicoi, neo- 
mycin, novobiocin, bacitracin, erythromycin, oleandomycin, ampicillin, streptomycin 
and oxaciilin. The limits of detectability of the antibiotics studied vary between 0.1 
and 3 pg/ml, with the exception of neomycin the minimum detectable concentration 
of which is 1.5 &ml. 

INTRODUCTION 

In addition to penicillin, other antibiotics are increasingly used for the intra- 
muscular or intramammary treatment of mastitis in cows. Microbiological methods 
(coagulation, bromocresol purple and Bacillus caZk?dzctis tests) enable inhibitory sub- 
stances in milk to be relatively easily traced’, but do not permit distinction to be made 
between antibiotics and other inhibitory substances. Only the presence of peniciiiin 
can positively be determined by using the enzyme penir,illinase*. 

The identification of antibiotics can be very useful, as it may es+;lblish whether 
or not the milk contains 2nt133iot.k residues, which is especially important when ju- 
ridical problems arise in this connection. A large number of techniques are available _ 
for the separation of the various antibiotics, the most widely used being paper chro- 
matography3-5, high-tension eiectrophoresis6~‘, gas chromato,gaphy8mg, mass spec- 
tromet#pg and thin-layer chromato_gaphy10-15. The results obtained by many of 
these methods are, however, of little use for the identification of antibiotic residues in 
milk, because in many instances use is made of aqueous solutions of antibiotics in 
high concentraion or because the separation of only a restricted number of antibiotics 
is required. 

The aim of this study was to develop an identification method for antibiotic 
residues in milk, which occur in relatively low concentrations. The basis of this work 
was the study made by F&es and Valdeborrze”, who proposed a method for the 
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seD2rat.h and identification of about ten antibiotics in feed. A few of their-extraction 
methods were adapted for the tests on milk, and certain solvents, test organisms and 
culture media were_also adopted for use. 

Bec2use of its rapid and simple application, thin-layer chromatography, -in 
conjunction with bioautographic visualization, was chosen in -order to achieve the 
identification of 14 different antibiotics. Accordin, = to the IDF working group 
“Mastitis”, these antibiotics are, besides penicillin, the most widely used in mastitis 
control : cloxacillin, dihydrostreptomycin, tetracychne, oxytetracycline, chlortetra- 
cyciine, chloramphenicol, neomycin, novobiocin, bacitracin, erythromycin, oleando- 
mycin, ampicillin, streptomycin bnd oxacihin. 

Penicillin was not taken into consideration, because it can be specifically 
traced in the B. calidoZacti.s test by using the enzyme penicillinase*. By adding 
penicillinase to the milk sample, this antibiotic is decomposed, and therefore does 
not interfere with the identification of the other antibiotics. 

MATERIALS AND METHODS 

The following analytical grade reagents were used: acetone, acetonitrile, am- 
monia (at least 25%), ammonium chloride, hydrochloric acid (1 N), chloroform 
(purified on an alumina column), citric acid, dipotassium hydrogen phosphate, di- 
sodium hydrogen phosphate, ethanol, glycerol, methanol, monopotassium dihydrogen 
phosphate, sodium hydrogen carbonate and pentane. 

Phosphate/hydrogen carbonate buffer (PH S) was prepared by dissolving di- 
1 potassium hydrogen phosphate (16.73 g) plus monopotassium dihydrogen phosphate 

(0.523 g) and sodium hydrogen carbonate (20 g) in water to give 1000 ml and citrate/ 
phosphate buffer (pH 3.7), by dissolving citric acid (1.39 g) plus disodium hydrogen 
phosphate (1.21 g) in water to give 1000 ml. As impregnation liquid, the mixture 
citrate/phosphate buffer (pH 3.7)-glycerol (19:l) was used. The solvents were (A) 
chloroform-acetone-impregnation liquid (5:5:2); (B) ethanol-water-ammonia 
(8:1 :l); (C) methanol-chloroform (9:l); (D) methanol-acetone (3:2): and (E) 
methanoi-ammonium chloride (3 %) (7 : 3). 

Thin-layer plates coated with three -kinds of adsorbents were used: Mieselguhr 
Fts4 (Merck 573g)), silica gel 60 (Merck 5721) and cellulose (Merck 5716)). Before use, 
the Kieselguhr plate was impregnated with the above impregnation Iiquid. The silica 
gel plate was activated for 1 h at 1 i0”. 

The test organisms were BaciIh cereus ATCC 11778, BaciIhs subtilis ATCC 
6633, Micrococcusj7urrrs ATCC 1024d and Sarcina Zutea ATCC 9341. The antibiotic 
preparations were supplied by the Laboratory of Standards and Pharmacopoeia 
(Belgian Ministry of Health, Family Welfare and Environment). Table I gives the 
list of preparations used, their respective potencies, and their minimum concentrations 
dete:tabIe (see Results and discussion). 

Extraction methods 
Exfraction I. Acetone (26 ml) is added to 13 ml of a milksample and heated 

in a water bath to approx. 55”; 26 ml of pcntane and 26 ml of pre-heated acetonitrile 
(approx. 50”) are then added. The mixture is stirred for I min and filtered through 2 
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TABLE I 

POTENCY AND MTNIMuM DETE~ABBLEcoNCENTRATI~NS OFTHE ANTEBIOTIC 
PREPARATIONS USED 

Antibiotic 

Ctoxrtciliin 910’ 1 
Dihydmstreptomycin 736 1 
Tetracycline 954 0.3 
Oxytctracycline 877 0.3 
Chlortetrzcyciine 922 0.3 
Chloramphenico! l,ooo 1 
Neomycin 655 15 
Novobiocin 835 1 
Bzcitrzcin 64 2 
Erythromycin 825 0.2 
Ofeandomycin 830 0.3 
Ampicillin 740 0.1 
Streptomycin 707 3 
OxaCillin 885’ 0.5 

* &mg 

glass fiiter (I’:), the beaker and glass filter being rinsed with the mixture methanol-l N 
HCI (9:l). 

After separation and draining off, the acetone Iayer is evaporated under vacu- 
um down to CQ. 1 ml, which is then diluted with the mixture methanol-i N HCl(9: I) 
to a final volume of 2 ml. The supematant, after centrifugation (1 h, 2600 g), is 
extract I. 

Extraction ZZ. As for extraction I, except that the beaker and glass filter are 
rinsed twice with methanol-water (1 :I), and that the acetone layer after evaporation 
is diluted to the Enal volume of 2 ml with the mixture methanol-phosphate/hydrogen 
carbonate buffer (PH 8) (1: 1). Part of the supematant after centrifugation (1 h, 2600 g) 
is extract II. 

Extraction III. Two drops of ethanol and 2 ml of chloroform are added to the 
remaining volume of supematant obtained during extraction IL. After shaking, the 
chIoroform layer is drained OK The upper phase is re-extracted three times with 2 
ml of chloroform and the combined chloroform extracts are evaporated under vacuum 
down to ca. 2 ml, which represents extract lX1. 

Ex~rectiun IV. Acetone (26 ml) is added to 13 ml of a milk sample in an 
erlenmeyer flask and heated to approx. 55”; 26 mi of pentane and 26 ml of pre- 
heated acetonitrile (approx. 50”) are then added. This mixture is fi@ered through a 
gfass filter (PJ and the Gltrate discarded. 

The residue in the erlenmeyer flask is rinsed with 5 ml of water and 2 ml of the 
mixture water-l N HCl (9:1) are added. This mixture is transferred on to the glass 
Alter. The erlenmeyer flask and the residue on the glass filter are washed four times 
with 2 ml of water. The filtrate obtained is then filtered until a clear liquid is ob- 
tained. The filtrate is evaporated under vacuum down to CCL 1 ml. The supernatant 
after centrifugation (1 h, 2600 g) is extract IV. 



Chromatography is performed according to ihti scheme given -in Table EL 
Besides the extract, aqueous soiutions of the pure antibiotic a& applicated as it- 
reference. 

TABLE II 

CHROMATOGRAPHIC SCHENlE 

Th+tn-layer 
plate 

Adsorbem Extruction Amirunt of- S&em Test 
sample organism 
at&rated 

1 Kieselguhr I 30 
z Siliqa gel I 30 
3 Silica gel II 30 
4 Silica gel ir 30 
5 Silica gel III 30 
6 CeIIulose IV 10 

A 
B 
C 
C 
D 
E 

B. cereus 
hf. pcrvus 
S. hea 
B. subtiks 
hf. J%vus 
B. cerzus 

Biuautonradw 

*he*d&ection systems most frequently used in thin-layer chromatography are 
UV absorption, UV fluorescence, application of colouring reagents or mineral acids 
and bioautography. The last of these technique seems to be the most appropriate for 
the identification of antibiotic residues : it is usually more sensitive than the chemical 
methods, and, moreover, only the biologically active components are detected. 

A plastic frame (inner dimensions 202 x 202 x 5 mm) is pf24 on 2 glass 
plate (250 x 250 x 3 mm); IO0 ml of culture medium (457, previously inoculated 
with a 20-h old culture of the test organism (approx. 3 %), are then poured into the 
frame. Table III shows the composition ad the pH of the culture media. 

After development, the thin-layer plate is air dried and placed on the solidiCed 
medium. After diffusion of the antibiotics in the cdture medium (about I5 min), the 
plate is carefuf!y removed. When using B. ceretLs as the test organism, a second layer 
of non-inoculated culture medium is applied. Another glass plate is placed dn the plas- 
tic frame and the whole is incubated for 20 h at 35”. * _ 

COMPOSITION OF THE DIFFERENT CULTURE MEDIA 

Culture 
mzdimn 

Peptone 
Tryptone 
Beef extract 
Yeast extnct 
NaCI 
Glucose 

Agar 
Water 

PH 

Test organism 

E. cereus B. subtilis 

6.0 g - 
- 5.0 g 
1.5g - 
3.0 g LSg 

- - 

- Log 
10.0 g 15.0 g 

llX?QmI loo0 ml 
S-7 7.0 

M. flaw.9 S. &tea 

6.0 g 5.0 g 
4.0 g - 
1.5 g l.5g 
3.0 g 1.5g 

- 3.5 g 
1.0-g - 

10-o g 10.0 g 
lO#Od 1059 ml 

8.5 8.3 



RESU&TZ-AND DISCUSSION 

Table Iv shows the RF values obtained with the antibiotics on the different 
plates. These values are, however, only indicative; as mentioned under Chron~ara- 
graEhy,-besides the extract, aqueous solutions of the pure antibiotics are applicated 
as a reference. The identification is possible by comparing the RF vaIues obtained 
with the extract and those obtained with the aqueous sohrtions. 

TABLE EV 

RF VALUES OF THE ANTlBIOTICS ON THE DIFFERENT PLATES 
-_ -__ _.- 
AntibiOtiC P[ate 

-__ 

I’ 2 3 4 5 6 

ClOXaCillk - - 0.70 0.70 
Dihydrostreptomycin - - - - 
Tetracycline 0.35 0 0 0 
Oxytetracycline 0.20 0 0 0 
Chlortetracycline 0.60 0 0 Q 
Chloramphenicol 0 0.70 0.65 0.65 
Neomycin - - - - 
Novobiocin - 0.80 0.80 0.x0 
Bacitracin - 0.45 - - 
Eqf.bromycin 0.20 0.70 0.35 0.35 
Oieandomycin 0.20 0.70 0.35 - 
AmpicUin 0.35 - 0.50 - 
Streptomycin _ - - - - 
OX2Cillh 0 - 0.60 0.60 

- 0.40 
0 - 
0 - 
0 - 
0.80 - 
- 0 

0.80 - 

0.25 - 

0.25 - 
- - 
- 0.50 
- - 

* The & values in this coiumn were obtdned by running the plate twice. 

This table clearly shows that the 14 antibiotics investigated can be identified 
by the proposed chromatography scheme (cjI Table II). The minimum concentrations 
of the antibiotics still detectable after extraction and chromatography, are given in 
Table f. 

These data indicate that the technique used is less sensitive only for neomycin 
(minimum detectable concenuation 15 pg/ml). The limits of detectnbifity of the other 
antibiotics vary between 8.1 and 3 ppm; th’ese values closely correspond to the 
sensitivity of the B. CQ~~~O~QC& test’. 
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