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HAAPOJA, ANNA and HANNU KORKEALA : Antimicrobial residues
in milk. Comparison of different agar diffusion methods. Acta vet.
scand. 1984, 25, 250-259. - Different agar diffusion methods were
compared in order to find a sensitive method for the detection of
various antimicrobial residues in milk. A total of 588 J.>roducer milk
samples were analyzed using subsets of the most sensitive methods.

With the IDF method, 2 positive cases (0.34 % ) appeared among
the producer milk samples, with the Thermocult method 13 positive
cases (2.21 % ) and with the Test agar pH 8 method with trimethoprim
and glucose 4 positive cases (0.68 %). A combination of the IDF method
and the Test agar pH 8 method resulted in 6 positive cases (1.02 % )
and a combination of the Thermocult method and the Test agar pH 8
method in 17 positive cases (2.89 %). With penicillinase 41 % of the
positive cases were identified as antibiotics and with p
aminobenzoic acid 18 % of the positive cases were identified as
sulphonamides. 41 % of the positive cases remained unexplained.

The best combination for the detection of antimicrobial agents in
milk seems to be that of the Thermocult method and the Test agar pH
8 method with trimethoprtm and glucose.

Bacillus stearothermophilus; Bacillus subtilis;
p-aminobenzoic acid; penicillinase; t r i m e t h o
prim; antibiotics; s u l p h o n a m i d e s.

Antimicrobial residues in milk are commonly detected in
Finland by the method described by the International Dairy
Federation (1970) . This method (designated IDF method) has

Bacillus stearothermophilus as a test organism. The method has
been criticized for example for its insufficient sensitivity to
sulphonamides (Fabiansson & Ruieqard 1979) . Bacillus subtilis
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BGA is used in Sweden and Finland as the test organism for the
detection of antimicrobial residues in slaughter animals. With
this method, trimethoprim (T r ) is added to the agar in order to
increase the sensitivity of the test organism to sulphonamides
(Gudding 1976 ).

The purpose of the present study was to compare the sensi
tivity of methods using B. stearothermophilus as the test organism
with the sensitivity of those methods using B. suhtilis BGA, to
examine the effect of the added Tr on the growth of the test
organisms, and to analyze the occurrence of antimicrobial res
idues in milk with these methods.

MATERIALS AND METHODS

Antimicrobial agents

Discs preimpregnated with the following substances were
used (the content per disc is given within brackets): erythro
mycin (78 !J.g ), penicillin (5 !J.g), streptomycins (100 !J.g), sul
phonamides (240 !J.g) and tetracyclines (oxytetracycline 80 !J.g )
(A/ S Rosco, Taastrup, Denmark).

Additions of antimicrobial drugs to milk

Dilutions of the following antibiotics were prepared with
milk as the diluent: intramamm. A-mastin (ampicillin 200 mg,
Orion Pharmaceutical Co., Helsinki, Finland), intramamm.
Ermysin (erythromycin estolate resp. erythromycin 250 mg,
Laake, Turku, Finland) and intramamm. Terramycin (oxytetra
cycline hydrochloride 30 mg/g, Pfizer Corporation, Brussels,
Belgium). The concentrations used were 0.05, 0.1, 0.2, 0.4, 0.8
and 1.6 !J.g of each antibiotic per ml of milk.

Producer milk samples

250 milk samples from the milk control station in Helsinki and
338 milk samples from the milk control station in Loviisa, Fin
land, were analyzed for the detection of antimicrobial residues
with different agar diffusion methods.

Agar diffusion technique

T est 0 r g ani s m s. Bacillus stearothermophilus var. cali
dolactis and Bacillus subtilis BGA were used. B. stearothermo
philus var. calidolactis was incubated in a nutrient broth (Orion



252 A. Haapoja & H. Korkeala

Diagnostica, Espoo, Finland) for 18 h at 55°C, and 20 ml of the
suspension was added to 80 ml of the medium. 0.1 ml of B. sub
tilis BGA spore suspension (E. Merck, Darmstadt, German
Federal Republic) was added to 100 ml of the medium.

T rim e tho p rim sol uti 0 n. The Tr stock solution was
prepared by dissolving 10 mg of Tr (Sigma Chemical Co., St.
Louis, Mo., USA) in 2 ml of ethanol and adding 8 ml of sterile
distilled water (Boqaerts et al, 1981) . This stock solution was
diluted further with sterile distilled water.

A gar me d i a. B. stearothermophilus var. calidolactis was
added to "Plate Count agar" (Oxoid, England), the pH of which
was adjusted to 8.0 with 1-n NaOH (International Dairy Federa
tion 1970). The quantity of agar per Petri dish (0 9 cm) was
6 ml. The IDF method, with 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07
and 0.15 ttg of Tr per ml of medium, and Thermocult plates
(Orion Diagnostica), which have B. stearothermophilus var. cali
dolactis spore suspension as the test organism (Pekkanen &
Griuuoald-Stenius 1974), were also used. B. subtilis BGA was
added to the following media : "Test agar pH for the inhibitor
test" (E. Merck, Damstadt, German Federal Republic) (denoted
Test agar 6 method below), "Test agar pH 8 for the inhibitor
test" (E. Merck) (denoted Test agar 8 method below) and "Test
agar pH 8 for the inhibitor test" with 0.4 % glucose and 0.06 !Lg

Tr per ml medium (denoted Test agar 8 method with Tr below) .
The addition of glucose to the media resulted in sharper inhibi
tion zones (Nouws 1981) . Ten ml of each medium was poured
onto a Petri dish (0 9 em) ,

T est pro c e d u r e. Preimpregnated discs with antimicro
bial drugs or filter-paper discs (0 12.7 mm, Schleicher & Schiill,
Dassel, German Federal Republic) with 0.1 ml of each milk
sample were placed on the media. The B. stearothermophilus var.
calidolactis plates were incubated for 5 h at 55°C and the Thermo
cult plates for 3.5 h at 65°C . With the methods using B. subtilis
BGA, the antibiotics were first allowed to diffuse from discs into
the medium for a period of 1 h at 20°C tFabionsson & Ruteqard
1979). After this prediffusion the plates were incubated for 20 h
at 30°C.

The zone of complete inhibition of growth was regarded as an
inhibition zone. The tests on the producer milk samples with
positive results were repeated as follows: with the Test agar 8
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method with Tr, a disc (0 6 mm, Schleicher & Schiill) contain
ing 5 lJ.g p-aminobenzoic acid (PABA) (E. Merck) was placed
near the sample disc, and with the IDF and Thermocult methods,
a disc containing 5000 units of penicillinase (BBL, Cockeysville,
Md., USA) was placed near the sample disc in order to identify
residues of sulphonamides or antibiotics (Fabianseon et
at. 1981, Korkeala et al. 1982) . A control disc (0 12.9 mm,
Schleicher & Schull) containing 0.01 IV penicillin per ml of milk
was laid on each agar plate, the zones of the positive samples
being compared with the zone of the control disc.

RESULTS

The IDF method was not sensitized to sulphonamides by ad
ding Tr to the medium. Even if small concentrations of Tr in
creased the sensitivity of B. stearothermophilus var. calidolactis
to sulphonamides, nevertheless concentrations of 0.01, 0.02, 0.03
and 0.04 lJ.g Tr per ml of agar already clearly reduced the density
of the test microbe. Higher concentrations, 0.05 lJ.g Tr per ml of
medium or more, inhibited the growth of the test microbe so that
the zone of inhibition could not be measured. Furthermore, even
with lower concentrations of Tr the growth of the test microbe
was so varied that the results could not be reliably interpreted.

The zones of inhibition caused by discs containing the different
antimicrobial agents and using the various methods are presented

Table 1. The Test agar 8 methods yielded large zones of inhibi-

Tab I e 1 Comparison of different agar diffusion methods in sensi
tivity testing of antimicrobial agents.

Mean ± s, d iamet er of inhibition zones of 5 experiments (mm) a

Antimicrobial
a gent

/lg /disc
IDF

B. subtllls BGA B. subtllis BGA B. subtllls BGA +
Thermocuit +Test agar pH 6 +Test agar pH 8 Test aga r pH 8

+ 0.4 % glucose
+ 0.06 pg Trlml b

Erythromycin 78 21.4±0.30 23.7±0.03 31.6±0.05 38.8±0.05 39.7±0.10
Penicillin 5 35.4±0.03 38.2±0.01 45.5±0.17 41.3±0.14 41.8±0.21
Streptomycin 100, 22.5±0.21 28.3±0.05 37.8±Q.22 47.0±0.10c 47.2±0.03c
Sulphonamides 240 12.9±0.11 27.0±0.O3 44.2±0.16 36.6±O.10 51.9±O.06
Tetracyclines 80 25.6±0.09 32.1±0.04 44.8±O.04 36.0±0.O2 36.4±O.07

a Diameter of disc included
b Tr = trimethoprim
c Single colonies inside the inhibition zone
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tion with erythromycin and streptomycin. The Test agar 8 method
with Tr yielded a large zone of inhibition with sulphonamides.
Penicillin yielded large inhibition zones with the Thermocult, the
IDF and the Test agar 6 methods. The Test agar 6 method yielded
large inhibition zones with te tracycline.

The zones caused by antimicrobial agents added to milk are
presented in Table 2. 0.005 !J.g ampicillin could be detected with
the IDF method and the Thermocult method; the Thermocult
method result ed in greater inhibition zones with different con
centrations of ampicillin. The lowest concentration of erythro
mycin (0. 04 !J.g/disc) could be de tected when the Test agar 8
method with Tr was used. The lowest concentration of tetra
cycline (0.04 !J.g/disc) could be detected with the Thermocult
method.

Tab I e 2. Zones of inhibition caused by antibiotics added to milk
with different agar diffusion methods.

Mean ± s. diameter of Inhibitionzones of 5 experiments a
Antimicrobial pg/dlsc B. subtllls BGA B. subtlils BGA B. subtllls BGA+
agent IDF Thermocult +Test agar pH6 +Test agar pH 8 Testagar pH8

+ 0.4 glucose
+ 0.06 pg Trlml b

Ampicillin 0.005 21.1±1.08 23.5±0.90 0 0 0
0.01 24.0±0.99 30.0±0.48 0 0 0
0.02 25.7±0.57 31.0±0.71 15.4±0.80 17.4±0.86 17.0±1.30
0.04 30.2±0.87 34.9±0.62 20.8±0.92c 22.1±0.49c 21.5±0.77c
0.08 32.2±O.95 36.6±0.78 25.4±1.04c 26.0±1.58c 26.1±0.50c
0.16 34.1±0.70 37.2'±1.35 28.5±1.75c 27.3±0.77c 28.9±1 .22c

Erythromycin 0.005 0 0 0 0 0
0.01 0 0 0 0 0
0.02 0 0 0 0 0
0.04 0 0 0 0 18.2± 0.73
0.08 17.8± 0.39 14.5±0.66 0 18.5±0.30 19.2± 0.91
0.16 18.0±O.58 14.8±O.98 0 19.0±1.12 20.3±1.84

Tetracycline 0.005 0 0 0 0 0
0.01 0 0 0 0 0
0.02 0 0 0 0 0
0.04 0 16.4±0.91 0 0 0
0.08 0 19.0±0.76 15A±OAO 0 0
0.16 17A±1.10 20A±OA5 18.7±0.91 0 0

a 12.7 mm disc included
b Tr = trimethoprim
c Single colonies inside the inhibition zone
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Producer milk samples from 250 dairy farms were analyzed
with the Test agar 6 method, the Test agar 8 method, the Test
agar 8 method with Tr, the IDF method and the Thermocult
method; producer milk samples from 338 dairy farms were ana
lyzed with the IDF method, the Thermocult method and the Test
agar 8 method with Tr. Table 3 shows the positive results of these
analyses. Two positive cases (0.34 %) appeared with the IDF me
thod, 13 positive cases (2.21 %) with the Thermocult method and
4 positive cases (0.68 % ) with the Test agar 8 method with Tr. A
combination of the IDF method and the Test agar 8 method with
Tr resulted in 6 positive cases (1.02 %) and a combination of the
Thermocult method and the Test agar 8 method with T r yielded
17 positive cases (2.89 %).

Tab I e 3. Zones of inhibition in p roducer milk samples w ith
different agar diffusion methods.

Diameter of inhibition zone (mm) a

ID of B. subtilis BGA B. subUlis BGA B. subtilis BGA
milk +Test agar pH 6 +Test agarpH8 +Test agarpH8
sample IDF Thermocult + 0.4 % glucose

+ 0.06 pgTr/ml b

38 24.0c 26.5c 0 0 0
95 0 16.8 0 0 0

136 0 21.2c 0 0 0
172 0 16.9 0 0 0
209 0 18.0c 0 0 0
216 0 17.0 0 0 0
233 0 17.5 0 0 0
248 0 0 0 0 18.5 d

290 20.8c 22.0c NDe ND 0
315 0 0 ND ND 30.0 d

333 0 18.0c ND ND 0
391 0 20.5 ND ND 0
396 0 18.9c ND ND 0
399 0 17.2 ND ND 0
449 0 >0 ND ND 25.1d
513 0 18.3 ND ND 0
574 0 0 ND ND 21.4 f

a 12.7 mm disc included
b Tr = trimethoprim
c Inhibition zone reduced by the penicillinase disc
d Inhibition zone reduced by the PABA disc
e Not determined
f Single colonies inside inhibition zone
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Under Finnish regulations, milk which gives an inhibition
zone exceeding the inhibition zone of 0.01 IU penicillin per ml
of milk examined with either of the two officially approved
methods in Finland, the IDF method or the Thermocult method,
is considered unfit for human consumption (A non . 1975 ). Results
(T able 3) which had an inhibition zone larger than 0.01 IV peni
cillin per ml milk consisted of 1 case or 0.17 % with the IDF
method (sample No. 38 ) and 2 cases or 0.34 % with the Thermo
cult method (samp les Nos. 38 and 290 ). The share is slightly
higher than 0.07 %, which was the extent of positive results in
Finland in 1982 (222 positive results out of a total of 318,060
samples) (Anon. 1983).

The penicillinase disc reduced the zones of inhibition in 7
samples and the PABA discs in 3 samples (Table 3).
antibiotics included 41 % and sulphonamides 18 % of the pro
ducer milk samples with zones of inhibition.

In addition, inhibition zones < 1.8 mm appeared in 48 samples
with the IDF and the Thermocult methods. The zones were ex
cluded from Table 3 because of their small size. The zones did
not disappear when the milk samples were kept at 4°C and the
tests repeated after 24 and 48 h. Penicillinase had no effect on
the zones.

DISCUSSION

According to the results of the present study, B. stearotherrno
philus var. calidolactis is not sensitized to sulphonamides with
added Tr. In order to detect sulphonamides in milk, other
methods are required. Fabiansson & Rutegdrd (1979 ) also
showed that the addition of Tr may result in complete inhibition
of the growth of B. stearothermophilus.

According to the results shown in Tables 1 and 2, antimicro
bial agents of various kinds are more often detected with the
Thermocult method than with the IDF method. Especially with
sulphonamides, but also with erythromycin and streptomycin
the Test agar 8 method with Tr was clearly more sensitive than
the IDF and the Thermocult methods. It was surprising that the
Thermocult method could detect lower tetracycline concentrations
added to milk than the Test agar 6 method, although the tetra
cycline disc (80 !J.g oxytetracycline/disc) caused a greater inhibi
tion zone with the Test agar 6 method than with the Thermocult
method. The lack of prediffusion in the Thermocult method may
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have the effect that when large concentrations of tetracycline are
used, antimicrobial agents are not absorbed fast enough and the
critical concentration is reached nearer the disc than with the
Test agar 6 method with 1 h prediffusion time (Barry 1980) . It
is probably not a question of a chelating action between tetra
cycline and the calcium ions of milk, since high concentrations
of tetracycline added to milk had a larger inhibition zone with
the Test agar 6 method than with the ThermocuIt method. The
IDF method and the Thermocult method were highly sensitive to
penicillin and ampicillin.

The results of the analysis of the producer milk samples
confirmed that using two different methods results in a higher
proportion of positive samples (Table 3) . The same result has
also been reported in studies concerning antimicrobial residues
in meat (Korkeala et al, 1983). antibiotics and sulphon
amides included 59 % of the samples with antimicrobial agents.
Since oxytetracycline is widely used in veterinary practice in
Finland (Jahkola 1983), and the Thermocult method reveals
small amounts of the drug (Table 2), oxytetracycline may form
a considerable proportion of the 41 % of positive results which
remained unexplained. Of those positive producer milk samples
which were observed with the Test agar 8 method with Tr, 3 were
obviously caused by sulphonamides and 1 was caused by some
other antimicrobial agent. In 1 positive case where the inhibition
zone was reduced by PABA, the farmer reported that 1 cow had
been treated orally with drugs containing sulphonamides.

Inhibitory substances are produced in raw milk when the pH
decreases to 6.3 and below (Duthie et al. 1976, Pekkanen & So
back 1977). These substances inhibit the growth of B. subtilis
and Micrococcus luteus (Duthie et al. 1976) and were also found
with the IDF and the Thermocult methods (Pekkanen & Soback
1977) . In this study very small inhibition zones were found with
the IDF and the Thermocult methods but not with the methods
using B. subtilis BGA. The IDF method and the Thermocult
method are sensitive to penicillin, but penicillinase had no effect
on these zones. It is possible that some of the small zones of
inhibition with the Thermocult method which were excluded
from Table 3 were caused by tetracycline, while the rest of the
zones with the IDF and the Thermocult methods might be caused
by other inhibitory substances, as for example lysozyme (Gouds
waard et al. 1978), in the milk.
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On the basis of these findings, the best combination for the
detection of antimicrobial agents in milk seems to be the Thermo
cult method and the Test agar 8 method with Tr. A disadvantage
of the B. subtilis BGA method is the long incubation period com
pared to the method using B. stcarothermophilus. When only B.
stearothermophilus is used as a test organism, the result is avail
able the same day, whereas when B. subtilis BGA is used the
result is only available the following day.
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SAMMANFATTNING
Antimikrobiella rester i miolk, Jiimforelse mellan olika agar-diffusions

metoder,

I undersokningen jamfordes olika agar-diffusions metoder for att
finna en sensitiv metod fOr aU upptacka olika antimikrobiella rester i
mjolk. 588 prover av producentmjolk analyserades med de mest sensi
tiva metoderna.

I proverna pi\. producentmjOlk upptacktes 2 positiva fall (0.34 %)
med IDF-metoden, 13 positiva fall (2.21 % ) med Thermocult-metoden
och 4 positiva fall (0.68 % ) med Test agar pH 8-metoden med trimeto
prim- och glucos-tillsatser. En kornbination av IDF-metoden och Test
agar pH 8-rnetoden resulterade i 6 positiva fall (1.02 % ) och en annan
kombination av Thermocult-metoden och Test agar pH 8-metoden
resulterade i 17 positiva fall (2.89 %). Med penicillinas blev 41 % av
de positiva fallen identifierade som antibioter och med p
aminobenzoicsyra kunde 18 % av de positiva fallen pavisas vara sul
fonamider, 41 % av de positiva fallen fOrblev oidentifierade.

Den basta kornbinationen foratt upptacka antimikrobiella rester
i mjolk varkade vara en kombination av Thermocult-metoden och Test
agar pH 8-metoden med trimetoprim- och glukos tillsatser.
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