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GUDDING, ROAR: An improved bacteriological method for the
detection of sulfonamide residues in food. Acta vet. scand. 1976, 17,
458—464. — The addition of trimethoprim to Mueller-Hinton medium
was found to improve the sensitivity of test bacteria towards sulfon-
amides by 20—50 times. Depending on the test bacteria used, the
optimal concentrations of trimethoprim added to the medium are 1 pg
per ml (Micrococcus luteus), 0.25 pg per ml (Bacillus stearothermo-
philus var. calidolactis) and 0.1 pg per ml (Bacillus megaterium).
Using Micrococcus luteus or Bacillus megaterium a concentration of
0.25 pg sulfanilamide per ml may be detected, and 0.1 pg per ml may
be detected when Bacillus stearothermophilus var. calidolactis is used.
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The detection of small concentrations of sulfonamides in
milk or meat by bacteriological methods requires a sensitive test
bacteria and a medium with a low content of sulfonamide anta-
gonists. Micrococcus luteus (Sarcina lutea), Bacillus megaterium
and Bacillus stearothermophilus var. calidolactis have usually
been used as test bacteria. A medium described by Mueller & Hin-
ton (1941) has been used for the detection of small concentra-
tions of sulfonamides in milk (Read et al. 1971, Gudding & Hel-
lesnes 1973) and in meat (Yndestad & @rbeck Sgrheim 1975).

The content of sulfonamide antagonists in Mueller-Hinton
medium is fairly low, and using B. megaterium, a concentration
of 7.5 pg sulfanilamide per ml may be detected (Gudding 1974a).
Using a medium containing Vitamin-Free Casamino Acids as
the only nutrient source, the growth of B. megaterium was in-
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hibited by 2.5 pg sulfanilamide per ml (Gudding 1974 b). The
sensitivity of the bacteriological methods is still too low, how-
ever, for routine examinations in milk and meat control.

Trimethoprim is a chemotherapeutic agent with an antibac-
terial effect due to the inhibition of bacterial dihydrofolate re-
ductases which are essential for the synthesis of purines and
other biological substances with methyl or formyl groups (Bush-
by & Hitchings 1968). Sulfonamides and trimethoprim inhibit
the enzymes in two sequential steps in the biosynthesis of tetra-
hydrofolate (Hitchings 1969), and they have a synergistic effect
which has been used for therapeutical purposes for some years.

The aim of the present work was to improve the bacteriolo-
gical methods for the detection of sulfonamide residues, using
the synergistic effect of trimethoprim and sulfonamides. The
aim was to incorporate trimethoprim in the test medium at con-
centrations which by themselves only give slight growth inhibi-
tion of the different test organisms.

MATERIAL AND METHODS

Mueller-Hinton medium* was used as test medium throughout
the investigation. A medium consisting of Vitamin-Free Casa-
mino Acids* 1.0 % and agar 1.5 % was also used in part of the
work. The test agar preparation, sample application and incuba-
tion using Micrococcus luteus ATCC 9341** and Bacillus mega-
terium ATCC 9885 were performed as described by Gudding &
Hellesnes (1973). The concentration of test bacteria in the agar
was, however, increased to 1.5 - 10° per ml (M.luteus) and 0.2-10°
per ml (B.megaterium), respectively. A commercially available
spore suspension. of Bacillus stearothermophilus var. calido-
lactis*** was used in the experimental work. The test agar with
B. stearothermophilus var. calidolactis was prepared as described
by the manufacturer with the exception that Mueller-Hinton
medium containing brom cresol purple (0.016 %) was used as
test medium. The incubation temperature for this bacteria was
65°C.

Trimethoprim, from a stock solution containing 10.0 mg per

* Difco Laboratories Inc., Michigan, USA.
** ATCC: American Type Culture Collection, Rockville, Maryland,
USA.
*** Merck, Darmstadt, West-Germany.



460 R. Gudding

100 ml, was mixed with the agar to various concentrations before
pouring the medium into Petri dishes. Sulfanilamide, sulfa-
methazine and sulfaphenazole were diluted in water to suitable
concentrations. Aliquots of these dilutions were applied in cir-
cular wells of 10 mm diameter in the agar layer, which was 2 mm
thick. Inhibition of bacterial growth was monitored by measuring
the diameters of the growth inhibition zones around the wells.

RESULTS

The lowest concentrations of sulfanilamide detected using
M. luteus grown in Mueller-Hinton medium with and without
the addition of 1.0 pg trimethoprim per mil were 0.25 and 10.0 pg
per ml, respectively (Fig. 1). By increasing the concentration of
trimethoprim to 1.5 pg per ml and the inoculate of test bacteria
by 1 log., a concentration of 0.1 pg sulfanilamide per ml gave
significant inhibition zones.

B. stearothermophilus var. calidolactis was inhibited by 5.0
ng sulfanilamide per ml when grown in Mueller-Hinton medium.
Using Mueller-Hinton medium with trimethoprim added to a
concentration of 0.25 pg per mi, even 0.1 pg sulfanilamide per ml
could be detected (Fig. 2). Concenirations of trimethoprim up
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Figure 1. Diameters of inhibition zones as a function of sulfanil-

amide concentration in Mueller-Hinton medium ( e———e ) and

Mueller-Hinton medium containing 1.0 pg trimethoprim per ml
(0--=---- o) using Micrococcus luteus as test bacteria.
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Figure 2. Diameters of inhibition zones as a function of sulfanil-

amide concentration in Mueller-Hinton medium ( e————+o ) and

Mueller-Hinton medium containing 0.25 pg trimethoprim per ml

(0-=v---- o) using Bacillus stearothermophilus var. calidolactis as
test bacteria.
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Figure 3. Diameters of inhibition zones as a function of sulfanil-

amide concentration in Mueller-Hinton medium ( e——————e ) and

Mueller-Hinton medium containing 0.1 pg trimethoprim per ml
(0------ o) using Bacillus megaterium as test bacteria.
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to 0.4 pg per ml could be added to Mueller-Hinton medium with-
out inhibiting the growth of B. stearothermophilus var. calido-
lactis to any great extent. The addition of trimethoprim gave,
however, a prolongation of the incubation time from about 4 hrs.
to 6—7 hrs. with the highest amount of trimethoprim.

When B.megaterium was used as test bacteria the lowest
detectable concentrations of sulfanilamide with and without 0.1
pg trimethoprim per ml were 0.25 pg and 7.5 pg per ml, respec-
tively (Fig. 3). B. megaterium had also to be incubated 2 to 3 hrs.
longer for sufficient growth when grown in a medium containing
trimethoprim.

The lowest detectable concentrations of sulfanilamide, sulfa-
methazine and sulfaphenazole with the three test bacteria grown
in Mueller-Hinton medium can be seen in Table 1. The increase
in sensitivity for all the sulfonamides was generally of the order
of 20—50 times.

Table 1. Lowest detectable concentrations of some sulfonamides
using Mueller-Hinton medium with and without the addition of tri-
methroprim.

Concentration Sulfanilamide Sulfamethazine Sulfaphenazole

Test bacteria of trimethoprim ug per ml u8 per ml u8 per ml
48 per ml

Micrococcus luteus 0 10.0 10.0 1.0

» 1.0 0.25 0.25 0.025
Bacillus stearothermo-
philus var. calidolactis 0 5.0 2.5 0.5

s 0.25 0.1 0.1 0.01
Bacillus megaterium 0 7.5 7.5 1.0
. 0.1 0.25 0.25 . 0025

The medium with Vitamin-Free Casamino Acids gave no
growth of M. luteus and B. stearothermophilus var. calidolactis.
When 0.05 pg trimethoprim per ml was added to the medium,
the growth of B.megaterium was only slightly inhibited and
a concentration of 0.75 g sulfanilamide per ml could be detected.

When trimethoprim was incorporated in the media, the
growth inhibition was complete even at low sulfonamide con-
centrations. However, in the periphery of the zones there was a
weaker inhibition of growth, as can be seen in zones produced
by sulfonamides only.
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The addition of p-aminobenzoic acid (p-ABA) to the sample
or to the medium was found to inhibit the bacteriostatic effect
of the sulfonamides. Consequently, this procedure can be used
for identification of sulfonamides also when trimethoprim is
added to the medium.

The sensitivities of the test bacteria towards penicillin,
streptomycin and tetracyclines do not seem to be influenced by
the addition of trimethoprim to the Mueller-Hinton medium.

DISCUSSION

By using the synergistic effect of sulfonamides and trime-
thoprim, the sensitivity of the agar diffusion test may be in-
creased from 20 to 50 times compared with the bacteriological
methods which are used at the present time. In addition, the
inhibition zones are more distinct due to more complete bac-
terial growth inhibition. This is in accordance with the state-
ment that a combination of trimethoprim and sulfonamides has
a synergistic bactericidal effect (Bushby 1969).

One consequence of the introduction of an antibacterial com-
ponent in the medium is, however, a greater possibility for error
and consequently incorrect results. Thus, too high concentra-
tions of trimethoprim, or even too small inoculates, may give
slight or no growth of the test bacteria. The procedure of medium
preparation should therefore be highly standardized in order to
avoid erroneous results.

In our laboratory, which is concerned with milk analysis,
M. luteus is used as test organism. A concentration of 0.8 pg tri-
methoprim per ml is added to Mueller-Hinton medium in routine
work, and residues of sulfonamides in bulk milk have already
been detected by the improved method.

In meat control, the need for a sensitive bacteriological
method for the detection of sulfonamides is probably greater
than in milk control. Animals slaughtered in emergency are
sometimes treated systemically with sulfa drugs, and a con-
sequence of inadequate bacteriological methods has been the
application of labourious chemical methods, or approval of meat
with sulfonamide residues.

In practical routine work, M. luteus or B. stearothermophilus
var. calidolactis have been found to be the most suitable test
bacteria due to their high sensitivity towards penicillin,
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The prolonged incubation period may be an disadvantage
when B. stearothermophilus var. calidolactis is used, as the plates
or Petri dishes cannot be read within the working time of an
ordinary day. M. luteus should always be incubated overnight,
and a period of 18 hrs. is sufficient incubation time when 1.0 pg
trimethoprim per ml is added to the medium.
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SAMMENDRAG

En forbedret bakteriologisk metode til pdvisning av sulfonamider
i neringsmidler.

Tilsetning av trimethoprim til Mueller-Hinton medium gkte fgl-
somheten av ulike testbakterier overfor sulfonamider med fra 20 til
50 ganger. Den optimale konsentrasjonen av trimethoprim i mediet
var 1 pg per ml (Micrococcus luteus), 0,25 g per ml (Bacillus stearo-
thermophilus var. calidolactis) og 0,1 pg per ml (Bacillus megate-
rium). Ved bruk av Micrococcus luteus og Bacillus megaterium kunne
en pavise 0,25 pg sulfanilamid per mi, mens 0,1 pg per mi kunne pé-
vises nir en brukte Bacillus stearothermophilus var. calidolactis som
testbakterie.
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