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GUDDING, ROAR: An improved bacteriological method for the 
detection of sulfonamide residues in food. Acta vet. scand. 197·6, 17, 
458-464. - The addition of trimethoprim to Mueller-Hinton medium 
was found to improve the sensitivity of test bacteria towards sulfon­
amides by 210'----50 times. Depending on the test bacteria used, the 
optimal concentrations of trimethoprim added to the medium are 1 µg 
per ml (Micrococcus luteus), 0.2r5 µg per ml (Baoillus s.tearothermo­
philus var. caHdolactis) and 0.1 µg per ml (Bacillus megaterium). 
Using Micrococcus luteus or Bacillus megaterium a concentration of 
0.25 µg sulfanilamide per ml may be detected, and 0.1 µg per ml may 
be detected when Bacillus stearothermophilus var. carlidolactis is used. 
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The detecti'on of small conoentmrtions of sulfonamides in 
milk or meat by bacteriological methods requires a sensitive test 
bacteria and a medium with a 1low con1tent of ·sulifonaa:nide alllla­
goni·s,ts. Microooccus luteus (Sarcina 1utea), Bacillus megruterium 
and Baci]i]Jus stearothermophHurs var. ca'lirdolaotis have usually 
been used 1as test bacteria. A medium described by Mueller & Hin­
ton (1941) has been used for the detootion of small concentra­
tions oif 1su1fonamides in mirlk (Read et al. 1971, Gudding & Hel­
lesnes 1973) and in meat (Yndestad & (j)rbeck 1975). 

The contenrt of su1fonamide arntagonisrts illl MueUer-Hinton 
mediium .is fairrly low, and using B. megater:ium, a concentratio111 
of 7.5 µg sulfanilamide per ml may be detected (Gudding 1974a). 
Using a medium containing Vitamin-Free Casamino Acids as 
the only .nutrirent sornrce, the growth of B. megaterium was in-
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hibited by 2.5 µg sulfanilamide per ml (Gudding 1974 b). The 
of the bacterioLogicail methods i1s stiJI too low, how­

ever, for routillle exarmi:1mtions in mi1k and meat control. 
Trimet:hoprim is a chemotherapeutic agent with an antibac­

terial effect due to 1the inhibition of tbaclerial dihydrofolwte re­
ductases which ar1e esiserutial for the synthesis of purines and 
other biological substances wit:h methyl or formyl groups (Bush­
by & Hitchings 1968). Sulfonamides and trimethoprim inhibit 
the enzymes in two sequeniti1al steps in the biosynthesis of ,tet:ra­
hydrofolate (Hitchings 1969), and they have a synergistic effect 
which has been used for therapeutic.al purposes for some yea·rs. 

The aim of the present wook was to imprwe the bacteriolo­
gical methods for the detection of 1siulfonamide rresiidues, using 
the 1synei:gi1sitic effect of trimethoprim and sulfonamides. The 
aim was to incorporate trimethorprim in the itesit medium at con­
centrations which by themselves only give slight growth inhibi­
tion of the differerut test organisms. 

MATERIAL AND METHODS 
Mueller-Hinton medium* was used as tesit medium ,throughout 

the investigation. A medium consi•siting of Vitamin-Free Casa­
mino Acids* 1.0 % and agarr 1.5 % was also used in pairt of the 
work. The tesit agar p11'eparrwtion, 1sam1ple aippilfoation and incuba­
tion usiing Microcoocus Luteus ATCC 9341 * * 1and Bacillus mega­
terium ATCC 9885 were pelifol'lled as d·escribed by Gudding & 
Hellesnes (1973). The concentration of test bacteria in the agar 
was, however, increased to 1.5 · 106 per ml (M.luteus) and 0.2·106 

per m'l (B. megaterirum), 1resipectively. A 1oommercia1ly aV'ailable 
spore ,suspension of Bacillus var. calido­
lactis * * * was used in the experimental work. The test agar with 
B. siteal'othel'mophilus var. cailidoiactis was prrepar1ed ais described 
by the manufacturer wi,th the exception that Mueller-Hiruton 
medium containing .brom cresol puq>le (0.016 %c) was us.ed as 
tesit medium. The incubation t:emrperaiture for this bacteria was 
65°C. 

Trimethoprim, from a stock solurtion containing 10.0 mg per 

• Difeo Laboratories Inc., Michigan, USA. 
ATCC: American Type Culture Collection, Rockville, Maryland, 
USA. 

• • • Merck, Darmstadt, West-Germany. 
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100 ml, was mi:x,ed with the agar fo various c:oncenocaitions befor1e 
pourirng the medium into Petri di.shes. sulfa­
methazine and su1lfaphenazole were dilurted in water .to suirbable 
concentmtions. Aliquots of these dHutions were ·applied rin dr­
culair wens of 10 mm diameter in the .agar layer, which was 2 mm 
thick. Inhibition of bacterial growth wais monitored by measuring 
the di1ameters of the growth inhibi<ti1on ZOIThes •around the wells. 

RESULTS 
The lowest concen:traitions of srulfanriliamide detected using 

M. luteus grown in Mueller-Hinton medium with and wi.thout 
the •addition of 1.0 µg trimethoprim per mil werie 0.25 and 10.0 µg 
per ml, respecthrely (Fig. 1). By increasing the concentria:tion of 
trimethoprim 1to 1.5 µg per ml ·rund the in!Oculate of test bacteri1a 
by 1 log., a concentration of 0.1 µg sulfanilamide per ml gave 
signific:ant inihiibiition zo1nes1. 

B. Sttearothermop:hHus var. ca:li1dolactis was inhibited by 5.0 
µg sU!1fani1amide per ml when ,grown in Mueller-Hinton medium. 
Usilllg Mueller-Hinton medium with .trimethop1rim add.eel to a 
concen:traition of 0.25 µg per ml, even 0.1 µ.g 1su1f.anilamide per ml 
could be detected (Fi.g. 2). Concentraitions of ,trimethoprim up 
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F i g u r e 1. Diameters of inhibition zones as a function of sulfanil­
amide concentration in Mueller-Hinton medium ( • • ) and 
Mueller-Hinton medium containing 1.0 µg trimethoprim per ml 

(o - - - - - - o) using Micrococcus luteus as test bacteriia. 
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F i g u r e 2. iDiameters of inhibition zones as a function of sulfanil­
amide concentration in Mueller-Hinton medium ( • • ) and 
Mueller-Hinton medium containing -0.25 p.g trimethoprim per ml 
(o - - - - - - o) using Bacillus stearothermophilus var. calidolactis as 
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F i g u r e 3. Diameters of inhibition zones as a function of sulfanil­
amide concentration in Mueller-Hinton medium ( • • ) and 
Mueller-Hinton medium containing 0.1 µg trimethoprim per ml 

(o - - - - - - o) using Bacillus megaterium as test bacteria. 



462 R. Gudding 

to 0.4 µg per ml could be added to Mueller-Hinton medirum witih­
out inhibiting the growth of B. stearothermophilus var. calido­
laotis to any great exitenit. The addition of trimethoprim gave, 
however, a prolongation of the illllCUbation time ·firom about 4 hrs. 
to 6--7 hiis. w:i.th the high.est amount of .brimethoprim. 

When B. megaterium was used as itesJt bacteria the lowes!l 
detectabile concentmtiorns of s1Ulfainiilamide with and without 0.1 
µg .trimethoprim per ml were 0.25 µg and 7 .5 µg per ml, respec­
tively (Fig. 3). B. megaterium had also to be incubated 2 to 3 hrs. 
longer for sufficient .growith when grown in ·a medium containing 
trimebh.oprim. 

The lowest detectable ooncentrationis of sulfanilamide, sulfa­
methazi.ne ·and suliaphenazole with the three test bacteria grown 
in Miueller-Hinton medium can be seen in Table 1. The increase 
in .sensiitiviity for aM the ·su1fonamides was ·generaMy of 1the order 
of 20-50 times. 

T ab I e 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 µg per ml µg per ml µg per ml 

pg per ml 

Micrococcus luteus 0 1-0.0 10.0 1.0 
,, 1.-0 0.25 0.25 0.02·5 

Bacillus stearothermo-
phi1us var. calidolactis 0 5.0 2.5 0.5 

,, -0.25 0.1 0.1 
Bacillus megaterium 0 7.5 7.5 1.0 

,, 0.1 0.25 -0.25 0.-025 

The medium with Vitamin-Free Casamino Acids gave no 
grOWith of M. 1uteus and B. stearotih:ermophiLus var. calidolactis. 
When 0.05 µg itrimethoprim per ml was added to the medium, 
the growth of B. was only slightly imhihiited and 
a concentration of 0. 75 µ·g 1sulfainililmide per ml could be det·ecled. 

When trimethoprim was incorporated in 1the media. the 
growth inhiobi.tion was complete even ait low •siulfouamide con­
centrations. However, in ,tihe periphery of ·the zones .there was a 
weak.er inhibition of growth, as can be 1s·een in zones produced 
by suitfonamides only. 
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The :addi.tiion of p-aminobenz'Oic ·acid (p-ABA) to the sample 
or 1o the medium was found to inhibit the bacteriosilait.ii.c effect 
of the .sulrformmides. COIIllsequently, this proceduire can be used 
for iden.tif.ieation of Sllllifonamides als'O when trimethoprim is 
added to the medium. 

The senSlitWities of the .test bacteria towaro•s penicillin, 
streptomycin aind tetracyclines do not seem ·to be influenced by 
the addition of t·rimethoprim to the Muelller-Hin:ton medium. 

DISCUSSION 
By using the synerigistic effect of su1f'Orulmides and .trime­

t:hoprim, the sensi1ti:vity of the agar dififusion 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 i·s in oooordance with the state­
ment thwt a eombinaition of trimethoprim 8llld Sllllforuimides has 
a synerigisitic bactericidal effect (Bushby 1969). 

One consequence of the irutrodiuction of ·an antibacterial com­
ponent in the medium iis, however, a greater p()SISiibilHy for error 
and consequently incooreet results·. 'llms, too hi.gh ooncentra­
ti!Ons of trimethoprim, or even :too ·Small inoculates, may give 
slight or no growth of the test bacteria. The p·rocedure of medium 
preparation should therefore be highly standardi.zed in order to 
avoid erironoous resullts. 

In ouir laborwtory, which is concerned with milk analysis, 
M. 1uteus is used as itest organism. A concentration of 0.8 p.g tri­
methoprim per mJ is added to Mueller-Hinton medium in routine 
work, and residues of sulfonamides in bulk milk have alTeady 
been detected by the improved method. 

In meat cOIIlltrol, the need for a sensitive bacteriological 
method for the detection of sulfoniamides is probably greater 
thalll in mdlik corutrol. Animals slaughtered i.n emerigency are 
sometimes treated sy;sternieally with .sulfa drugs, and a con­
sequence Olf inadequate bactericllogical methods has been the 
application of labourio:us eherniool methods, or appiroval of mewl 
wiith suMon1amide residues. 

In practiool routine work, M. luteus or B. stearothermophilus 
var. calidolactii•s have ibeen found rto be the most suitable test 
bacteria due to their hi,gh sensittvity 0towiaros penicillin. 
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The prololl'ged incubatiOlll period may be an disadvrulltiage 
when B. stearothennophilu:s var. calidOllractis is used, ·as the plates 
or Petri disihes cannot be read within the WOI"king time of an 
ordinary diay. M. 1uteus .should ra1ways be incubated ovemight, 
and a period of 18 hrs. is sufficient incubation .time when 1.0 µg 
trimethoprim per ml is added ito the medium. 
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SAMMENDRAG 
En f orbedret bakteriologisk metode til pdvisning av sulf onamider 

i nreringsmidler. 

Tilsetning av trimethoprim til Mueller-Hinton medium fllkte fflll­
somheten av ulike testbakterier over.for sulfonamider med fra 20 til 
50 ganger. Den optimale konsentrasjonen av ·trimethoprim i mediet 
var 1 µg per ml (Micrococcus 1uteus), 1(),25. µg per ml (Bacillus stearo­
thermophilus var. calidolac.tis) og 0,1 µg per ml (Bacillus megate­
rium). Ved bruk av Micrococcus liuteus og Bacillus megaterium kunne 
en pavise ·0,2.5 µg sulfanilamid per ml, mens 0,1 µg per ml kunne pa­
vises nar en brukte Bacillus stearothermophilus var. calidolactis som 
testbakterie. 
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