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Summary. The cultural characteristics of 1 12 Salnzonella serovars belonging to subspecies 
I--VI were examined on Rambach agar and SM-ID medium. Colonies showing the typical red 
coloration were seen with 100 of 1 12 serovars assayed on SM-ID, and with 87 of 112 on 
Rambach agar. Atypical colourless colonies were observed on Rambach agar with ONPG- 
negative serovars S. Choleraesuis. S. Isangi, S. Typhi S. Worthington and S. Yoff of the 
subspecies I. S. I1 52 : d : e,n,x,z,, of the subspecies 11, S. IV 6,7 : z1,zZ4 :- and S. IV 11 : g,z,, :- of 
the subspecies IV. and S. 4 0 : ~ ~ ~ : -  belonging to S. bongori (V) species. Atypical blue, blue- 
green, blue-violet or violet colonies were observed on both media with all the ONPG-positive 
serovars of the subspecies IIIa (four of four strains) and IIIb (six of six strains) and with one 
of the two ONPG-positive (out of five) strains of the subspecies VI. Four serovars of S. 
honyori showed blue-green colonies on Rambach agar and typical red colonies on SM-ID, 
although they were all ONPG-positive. These results suggest that SM-ID medium is more 
sensitive than Rambach agar. However, the relatively low sensitivity of both media makes 
them suitable for use only in association with a traditional selective medium in both medical 
and environmental bacteriology, as well as for epidemiological purposes. 

Introduction 

Rambach agar (E. Merck) and SM-ID medium 
(bioMerieux) are new selective media for the isolation 
of salmonellae. 

Rambach agar' uses the ability of Salnzonella species 
to produce acid from propylene glycol to differentiate 
them from other enteric bacteria. In addition, the 
presence of the chromogenic substrate X-Gal 
( 5 -  bromo-4-chloro- 3 -indolyl-/?-D-galactopyranoside) 
allows the detection of P-D-galactosidase production 
by other members of the Enterobacteriaceae. 
Sult.vonellu spp. cultures are positive only in the first of 
these reactions and grow as bright red colonies on 
Rambach agar, with the exception of S .  Typhi, which 
is negative in tests for propylene glycol acidification 
and shows colourless colonies. Escherichia coli and 
Kiehsiellu spp. are positive only for /?-D-galactosidase 
production and appear as blue colonies. Proteus spp. 
give negative results in both reactions, so the colonies 
are colourless. Cirrobucter freundii appears violet as a 
result of the combination of colours from the two 
reactions. 

The biochemical characteristic used in SM-ID me- 
dium' is acid formation from glucuronate in addition 
to P-D-galactosidase production. Salmonella spp. col- 
onies have a red colouration on this medium, while 
Citrobacter spp. colonies become blue because of the 
precipitation of a chromogenic substrate by P-D- 
galactosidase. E. coli gives positive results in both 
reactions and so appears violet whereas Proteus spp. 
perform neither reaction and so are colourless. 

Some Salmonella serovars are reported not to form 
colonies of the expected colour on Rambach 
possibly as a result of the presence of/?-D-galactosidase 
activity. Since this biochemical characteristic should 
be restricted to some of the subspecies of Salmonella, 
the ONPG reaction of a number of collection strains 
that represented the full range of species and sub- 
species were tested and the results were compared to 
the colour of the colonies on both Rambach agar and 
SM-ID medium, in order to compare the sensitivity of 
these two media for the detection of salmonellae. 

Materials and methods 
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One hundred and twelve different serovars of 
Salmonella were tested: 74 of them belonged to 
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subspecies 1 ,  including S .  Typhi, 12 to subspecies 11, 
four to subspecies IIIa, six to subspecies IIIb, five to 
subspecies IV, five to subspecies VI and six to the 
species S. bongori (V). All strains were typed by 
conventional serological methods. The ONPG test 
was performed by a conventional method. A number 
of strains came from the collection of the Unite des 
Enterobacteries, Institut Pasteur, Paris (France) ; the 
others had been isolated from stool and food samples 
in the laboratories of the Istituto d’Igiene e Medicina 
Preventiva of the University of Catania (Italy). 

Broth cultures were prepared and, after incubation 
for 6 h at 37OC, a loopful was streaked on each of the 
two media under examination. The colour of the 
streaks and colonies were observed after incubation 
for 24 h at 37°C. 

Results 

The characteristics of inoculation streaks and 
isolated colonies of the different Salmonella strains 
assayed on Rambach agar and SM-ID medium are 
reported in the table, together with the results of the 
ONPG test. 

Of 74 serovars of subspecies I, the following 69 
showed typical cultures on both media: Agona, 
Anatum, Anatum var. 15 + , Arechavaleta, Bellevue, 
Berta, Bispebjerg, Blockley, Bovismorbificans, 
Braenderup, Brancaster, Brandenburg, Bredeney, 
Cerro, Chester, Coeln, Corvallis, Derby, Dublin, 
Emek, Enteritidis, Essen, Gallinarum, Glostrup, 
Goldcoast, Haardt, Hadar, Haifa, Heidelberg, Idikan, 
Indiana, Infantis, Javiana, Kapemba, Kinshasa, 
Lichfield, Livingstone, Lomita, London, Mara, 
Meleagridis, Montevideo, Muenchen, Muenster, 
Napoli, Nashua, Newport, Niarembe, Obogu, Ohio, 
Onderstepoort, Panama, Paratyphi A (two strains), 
Paratyphi B (three strains), Pensacola, Reading, 
Rutgers, Saintpaul, Sandiego, Schleissheim, 
Senftenberg, Telaviv, Thompson, Typhimurium, 
Typhimurium var. Copenhagen, Virchow, Virginia, 
Wien, Yaba. 

Streaks and isolated colonies of red colour were 
obtained on SM-ID medium with ONPG-negative 
serovars belonging to the subspecies I, I1 and IV, with 
the sole exception of two serovars of subspecies IV 
whose streaks developed an orange colour. More 
exceptions were observed on Rambach agar, on which 
five subspecies I serovars (Choleraesuis, Isangi, Typhi, 
Worthington and Yoff) and one subspecies I1 serovar 
(I1 52 : d : e,n,x,z,,) showed colourless cultures, whereas 
the other serovars developed a typical red colour. 
Furthermore, the streaks of the five subspecies IV 
strains and the isolated colonies of two of these strains 
were colourless on this medium. The ONPG-positive 
strains of the subspecies IIIa and IIIb showed blue, 
blue-green, blue-violet, violet or mauve streaks and 
colonies on Rambach agar and a violet or blue-violet 
colour on SM-ID. Different results were observed on 
the two media with the S.  bongori (V) strains, which 

showed a blue-green colour on Rambach agar and a 
red colour on SM-ID medium, although they were all 
ONPG-positive, with the exception of two strains that 
produced blue-violet colonies on SM-ID medium and 
colourless colonies on Rambach agar, respectively. 
Three ONPG-negative serovars of the subspecies VI 
showed red colonies on Rambach agar and SM-ID, as 
did one of the two ONPG-positive serovars, while the 
other produced blue-green and blue-violet colonies on 
the same media. 

Discussion 

Traditional selective media for the isolation of 
salmonellae, such as SS agar, desoxycholate-citrate 
agar and Hektoen enteric agar, rely on lactose fer- 
mentation and hydrogen sulphide production to 
differentiate salmonellae from non-pathogenic enteric 
bacteria. However, the specificity of these media is low 
because the biochemical properties utilised are com- 
mon to other enterobacterial species such as Proteus 
spp. and lactose-negative Citrobacter freundii, which 
frequently inhabit the intestinal tract. The identifying 
characteristics of Rambach agar are acid production 
from propylene glycol (a phenotypic property specific 
for Salmonella spp.) and P-D-galactosidase production 
by other members of the Enterobacteriaceae. Un- 
fortunately, some important Salmonella serovars such 
as S. Typhil are unable to form acid from propylene 
glycol, while some subspecies possess p-D- 
galactosidase and develop colonies indistinguishable 
from coliform cultures.’ In this study, not only S. 
Typhi but also other serovars of the Salmonella 
subspecies I, I1 and IV produced colourless colonies 
and thus were indistinguishable. Furthermore, almost 
all the strains belonging to the ONPG-positive 
serovars of the subspecies IIIa, IIIb and VI as well as 
to S.  bongori (V) species produced blue cultures that 
were indistinguishable from coliform bacteria. In 
contrast, all the serovars assayed in the subspecies I, 11, 
IV, including S. Typhi, and in S. bongori (V) (with only 
one exception) showed typical red colonies when 
cultured on SM-ID. Therefore, this medium appears 
to be more sensitive than Rambach agar. Nevertheless, 
ONPG-positive strains of subspecies IIIa and IIIb 
were indistinguishable from coliform bacteria with 
both Rambach agar and SM-ID. 

The great majority of the serovars responsible for 
human infections belongs to the subspecies I.6.7 There- 
fore, Rambach and SM-ID media could both be 
recommended for practical purposes on the grounds 
of their high specificity.* However, their relatively 
low sensitivity and inability to detect S.  Typhi on 
Rambach agar, and the majority of the ONPG- 
positive serovars on both media, can cause difficulty. 
Further problems can occur if these media are used for 
the primary isolation of salmonellae from clinical 
specimens or food samples where the presence of other 
species in mixed culture could affect the colonial 
characteristics of the salmonellae. In particular, the 
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Table. Characteristics of cultures of different Salmonella spp., subspecies and serovars on Rambach agar and SM-ID medium 

Colour on Rambach agar Colour on SM-ID medium 
-- Species, subspecies ONPG 

and serovars test Streak Single colonies Streak Single colonies 

S enteric u 
subsp enierim ( I )  

N 69 serovars (see text) 
Choleraesuis 
Isangi 
Typhi 
Worthiiigton 
YOff  

subsp rulm7tle (11) 
11. 1.9.11 1.n e.n.x 
Westpark 

Tosamanga 

I f  9.17 1. i  :e.n,x 
Hadrlern 
Haddon 
II 35:d 1.5 

I1 52 :d : e,n,x,z,, 

I1 4. 12 b - 

11. 6.7 zLa - 

I1  42:z,,: 1.3 

Basel 
subsp. arizonae ( I  

IIIa 42 : g: zjl 

IIIa 56:z,,:- 

subsp. diarizonae 
lIIb f 1 : I.v:z,, 
IIIb 14: 1 . v : ~  
lIIb 16: I.v:z,, 
l l lb 4X:k. 1,s 
IIIb 57:c:z 

IIIa 42:24.z24:- 

IIIa 59:z,,z,,:- 

a )  

IIb) 

IIIb 58:z,,:e.n.x.z,, 
subsp. houtenae ( I V )  

IV 6.7 z ~ . z , ~  1 -  

IV I ~ : z ~ , z ~ ~ : -  
1V 48:2,-~~, : -  

IV 11 : gz,,  .- 

IV 51 :b:- 
subsp. indim (VI) 

VI 1 i  : a :  1.5 
Vl 1.6.14.2S:a:e.n.x 
VI 1,6.14.25:~,,: 1,(2).7 
VI 41: b: 1.7 
VI 45 : a : e.n.x 

S. hongori (V) 
V 40: z,$$ 1 -  

v 48 : q5 :- 
Camdeni 
Balboa 
Maregrosso 
Brook field 

Red 
Colourless 
Colourless 
Colourless 
Colourless 
Colourless 

Red 
Red 
Red 
Red 

Colourless 
Red 
Red 
Red 
Red 
Red 

Colourless 
Colourless 

Blue-green 
Violet 

Blue-violet 
Mauve 

Mauve 
Blue 
Blue 
Blue 

Mauve 
Blue 

Colourless 
Colourless 
Colourless 
Colourless 
Colourless 

Red 
Red-crimson 

Red 
Blue-green 
Colourless 

Colourless 
Blue-green 
Blue-green 
Blue-green 
Blue-green 
Blue-green 

Red 
Colourless 
Colourless 
Colourless 
Colourless 
Colourless 

Red. light edge 
Red 

Red. light edge 
Red 
Red 
Red 
Red 
Red 
Red 
Red 

Colourless 
Red, light edge 

Blue-green 
Blue-violet 
Blue-violet 

Mauve 

Blue-violet 
Blue-violet 
Blue-violet 

Blue 
Mauve 

Blue 

Colourless 
Colourless 

Red, light edge 
Red, light edge 
Red, light edge 

Red 
Red, light edge 

Red 
Blue-green 

Red 

Colourless 
Biue-green 
Blue-green 
Blue-green 
Blue-green 
Blue-green 

Red 
Red 
Red 
Red 
Red 
Red 

Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 

Blue 
Violet 
Violet 
Violet 

Blue-violet 
Blue-violet 
Blue-violet 
Blue-violet 
Blue-violet 
Blue-violet 

Red 
Orange 

Red 
Orange 

Red 

Red 
Blue-green 

Orange 
Blue-violet 

Orange 

Red 
Red 
Red 
Red 
Red 

Blue-violet 

Red 
Red 
Red 
Red 
Red 
Red 

Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 

Blue 
Violet, red edge 

Violet 
Violet, red edge 

Blue-violet 
Blue-violet 
Blue-violet 
Blue-violet 
Blue-violet 
Blue-violet 

Red 
Red 
Red 
Red 
Red 

Red 
Red 
Red 

Blue-violet 
Red 

Red 
Red 
Red 
Red 
Red 

Blue-violet 

red colonial coloration could be lost through rapid re- 
alkalinisation of the media as a result of the strong 
glucolytic activity of some strains' or profuse growth 
of proteolytic organisms. It is therefore inadvisable 
to rely on these media alone for the detection of 

vestigations. The use of SM-ID or Rambach agar in 
parallel with a traditional selective medium would 
seem to be the most appropriate procedure on the 
basis of these results. 
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