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ment of media to presumptively identify the Salmonella Subgenera

I-IV. Medium No. 7B/A (or Medium No. 7-H 2S Strip) combined

the malonate, dulcitol, lysine decarboxylase and hydrogen sulfide

reactions in one tube. It was designed to be used at the TSI stage

of analysis when typical Salmonella colonies are found on selective

plates, especially XLD. This medium was found effective in the

differentiation of the typical Salmonella within Z4 to 30 hours when

tested with 51 known Enterobacteriaceae cultures. Medium No. 10

was designed for use with Bismuth Sulfite Agar plates when other

selective plates give atypical or lactose fermenting reactions. It

combined the sucrose, malonate and hydrogen sulfide reactions in

one tube. Medium No. 10 was not found to be a suitable replacement



for TSI, but gave valuable information when inoculated in parallel

with TSI, as it ascertained the malonate reaction and confirmed the

sucrose reaction. In the study of 85 cultures from 14 samples, two

Arizona and one false positive (for Arizona) Citrobacter culture

were found. The majority of isolates were malonate positive, dulci-

tol negative, sucrose negative, hydrogen sulfide negative and lysine

decarboxylase negative. No false positives were found for Subgenera

I and II. When incorporated into conventional procedures, Medium

No. 7B/A should allow the presumptive identification of Salmonella

subgenera 24 hours earlier than is now possible. Malonate Dulcitol

Lysine Iron Agar (MDLI) is the name proposed for this medium.
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DIFFERENTIAL AGAR MEDIA FOR THE IDENTIFICATION
OF THE SALMONELLA AND ARIZONA GROUPS OF

ENTER OBACTERIACEAE

INTRODUCTION

Differential agar media used in the identification of enteric

pathogens have relied, in general, on their fermentation reactions

of lactose and glucose. Sucrose and a hydrogen sulfide indicating

system have been added, in some cases, to make the identifications

more specific. The Salmonella and other enteric pathogens are

identified by their inability to ferment lactose and sucrose promptly

or at all. Russell Double Sugar Agar, Krumwiede Triple Sugar

Agar, Kligler Iron Agar, Triple Sugar Iron Agar (4), Hemmes 7-in

Medium and Triple Sugar Urea Agar (5) are all variations on this

bas ic theme.

Media of this type were primarily developed for the clinical

microbiologist who must deal with fecal and other clinical speci-

mens. The lactose fermenting coliform group which contaminates

these specimens is thereby separated from the non-lactose ferment-

ing enteric pathogens.

The current Association of Official Analytical Chemists

(A. O.A. C.) (18) reference procedure for the detection of Salmonella

and Arizona in foods consists of six basic steps: pre-enrichment,
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enrichment, isolation on selective plates, inoculation into Triple

Sugar Iron Agar, biochemical tests and serological tests.

Triple Sugar Iron Agar does not differentiate the Arizona

group from the typical Salmonella. Therefore the food microbiol-

ogist must wait five days before he can predict the identity of his

isolates, i. e. , when the initial results of a spectrum of biochemical

tests are known.

The question then arises how improvements could be made

in this procedure which would give the food microbiologist some in-

sight into the identity of his isolates at an earlier stage.

It is known that the Salmonella are dulcitol positive, malo-

nate negative,while the Arizona are dulcitol negative, malonate

positive. It is also known that Salmonella and Arizona are sucrose

negative, hydrogen sulfide positive and lysine decarboxylase pos-

itive.

It is the purpose of this study to develop differential agar

media using these biochemical reactions and others which would be

effective in the presumptive identification of suspect Salmonella and

Arizona colonies picked from selective plates.
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LITERATURE REVIEW

Russell (40) developed the first differential tubed medium for

the identification of typhoid and paratyphoid bacilli.

Russell's first trials employed 0.1% glucose in litmus agar

which was cooled, then overlaid with 1. 0% lactose in litmus agar and

slanted. It was found in later trials that the physical separation of

the two sugars in the medium was not necessary.

Suspect colonies from Endo's Fuchsia Agar were streaked o.n

the slant, then stabbed into the butt. The typhoid bacilli would acid-

ify the butt turning it red, but would not ferment the lactose, thus

leaving the slant the original blue color. The paratyphoid bacilli

would give a similar reaction, except for the production of gas from

the glucose. The dysentery bacilli would not ferment sufficient

glucose to acidify the entire butt, but would redden the medium along

the stab. The colon bacilli, on the other hand, would acidify the

entire tube and thus would be eliminated from further study.

Russell explained the reactions in this manner:

"The entire point of the medium rests upon the
difference in the changes produced by the growth
of the typhoid bacillus under aerobic and under
the imperfect anaerobic conditions found in the
butt of the tube, where the bacillus obtains its
oxygen by breaking down the glucose with the
liberation of considerable acid; o.n the surface,
however, in the presence of free oxygen, no
acid is formed.



4

The colon bacillus, which is often slow in producing
acid on the Endo plate, shows abundant gas and acid
formation on this medium. The tube is reddened
throughout, both above and below, and since the
abundant lactose is attacked equally with the
glucose there is exuberant gas formation." (40,
p. 227)

It should be noted that this medium was designed specifical-

ly for the separation of the lactose fermenting colon bacilli from the

typhoid, paratyphoid and other pathogenic bacteria found in feces

and urine.

It was discovered that many intermediate organisms which

are slow to ferment lactose attack sucrose more rapidly under

aerobic conditions. Krumwiede and Kohn (30) added sucrose to

Russell's medium and found that of 85 strains typical on Russell's

Double Sugar Agar, 40 could be excluded on the triple sugar medium.

These authors suggested the use of Andrade's Indicator rather than

the original litmus used by Russell.

Kendall and Ryan (26) developed a double sugar medium con-

taining sucrose and mannitol. This medium was recommended for

use in conjunction with Russell's Double Sugar Agar. The man-

nitol fermentation was shown in the butt, while the sucrose fermen-

tation gave an acid reaction throughout the tube. It was noted that

the reading of four important sugars in two media cuts the time and

mat erial required by one half.
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In 1917 Kligler (28) studied the use of hydrogen sulfide pro-

duction in identifying the enteric pathogens. Salmonella paratyphi A,

which is hydrogen sulfide negative, could be separated from Salmo-

nella paratyphi B and Salmonella typhi by the incorporation of lead

acetate into a semi-solid medium containing glucose. The author

felt that the reaction involved was a reduction of lead acetate to lead

oxide, which is brown.

Subsequently, Kligler (28, 29) tested lead acetate in Russell's

Double Sugar Agar and recommended its use in this form for the de-

tection of enteric pathogens. The substitution of Andrade's Indicator

for litmus was also recommended.

Bailey and Lacy (1) reviewed Kligler's studies on hydrogen

sulfide production and studied other pH indicators for use in differ-

ential media. These authors felt that the blackening from hydrogen

sulfide production was due to the formation of lead sulfide rather than

lead oxide, as reported by Kligler. Blackened lead acetate strips

were tested chemically for the presence of lead sulfide and lead

oxide. Only lead sulfide was found.

In addition, a number of pH indicators and combinations of pH

indicators were tested. These were: Andrade's Indicator; phenol

red; thymol blue; phenol red and brom thymol blue; phenol red, brom

thymol blue and Andrade's Indicator. Phenol red was found to be the

best indicator, as 'it did not hide the hydrogen sulfide reaction as

much as did Andrade's Indicator.
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Hydrogen sulfide production was studied further by Zobell

and Feltham (50) who compared lead, bismuth and iron as detectors

of this compound. Lead was found to be inhibitory, while iron, in

small quantities, stimulated growth. Iron media were preferred

over either lead or bismuth. However, the authors preferred lead

acetate strips to iron-containing media, as the strips could be saved,

the blackening estimated and/or the strips photographed.

Hunter and Crecelius (19) found that bismuth was more sen-

sitive as an indicator for hydrogen sulfide than was iron, regardless

of pH. Iron was found to be more sensitive to hydrogen sulfide at

alkaline pH values than it was at acid pH values. The authors also

found that bismuth was so sensitive that it would give positive reac-

tions when other indicators would give negative results. They rec-

ommended that the hydrogen sulfide indicating system be specified

when the results of a culture were reported.

In 1940 Sulkin and Willett (45) compared ferrous sulfate,

ferric ammonium citrate and bismuth citrate for their effectiveness

in the detection of hydrogen sulfide in a triple sugar agar medium.

They found that hydrogen sulfide was produced freely if cystine or

other sulfur-containing compounds were added to the medium.

The ferrous sulfate-sodium thiosulfate system was found to

be more sensitive and less pH dependent than the ferric ammonium

citrate system. The bismuth citrate system was so sensitive that
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the authors concluded that its use would necessitate revision of the

generally accepted classification scheme of the enteric organisms.

Brom thymol blue was used as the pH indicator in these media

to show the fermentation reactions of the glucose, lactose and su-

crose present.

Hajna (16) presented another version of a triple sugar iron

agar which used ferrous ammonium sulfate and sodium thiosulfate

as the hydrogen sulfide indicating system. This medium was more

sensitive to hydrogen sulfide than was Kligler's medium (lead ace-

tate). Phenol red was used as the pH indicator for the sugar fermen-

tations.

One of the problems associated with these sugar media is

the number of false positive reactions found. Neter (36) studied the

reactions of various Proteus and paracolon bacilli on commercially

produced Triple Sugar Iron Agar similar to that introduced by

Hajna. It was found that the majority of paracolon bacilli studied

gave the reactions of Salmonella paratyphi.

Dulcitol Lactose Iron Agar (DLI) was introduced in 1958 by

Taylor and Silliker (49). This medium was designed specifically

to aid the food microbiologist in the detection of Salmonella. The

authors developed the new medium because of the multiplicity of

enteric organisms capable of producing reactions identical to the

salmonellae on conventional differential tubed media.
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The DLI utilizes a double layer of agar similar to that orig-

inally tried by Russell (40). The butt consists of Phenol Red Agar

Base to which dulcitol is added at a final concentration of 0. 2 %.

The slant consists of Phenol Red Agar Base, lactose 1.0% and the

hydrogen sulfide indicating system proposed by Hajna (16).

During the development of DLI, the authors searched for a

sugar exclusively fermented by salmonellae to supplement the pri-

mary differentiation afforded by lactose. Dulcitol was found to ap-

proach this ideal. It was felt that glucose was not needed and, in

fact, was of little use because of its reaction being obscured by the

production of hydrogen sulfide in conventional media. As it was

most important that the dulcitol fermentation be readable, the au-

thors preferred the double layered system with the slant containing

the hydrogen sulfide indicating system.

This medium separates the Arizona and the Proteus from

the Salmonella because the Arizona and Proteus are negative in

dulcitol. However, the authors admitted that organisms of the

Bethesda-Ballerup group may ferment the dulcitol. They state,

however, that these are the only false positive reactions that were

found:

"In use, the medium has proved itself both valid
and reliable. In the course of more than 150
isolations of naturally occurring salmonellae,
more than 95 percent of these organisms have
produced the characteristic appearance of red
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slant, yellow fractured butt, and black-banded
middle. The only exceptions have been one
dulcitol negative S. worthington and a few
H S negative strains of various serotypes."
(4, p. 337)

Taylor (46) introduced a modification of DLI containing lysine.

According to Taylor, this medium, in conjunction with the lysine

broth of Falkow (11), established the biochemical identity of the

salmonellae through fermentation of dulcitol, hydrogen sulfide pro-

duction and lysine utilization. This approach presumptively identi-

fied 98% of more than 300 cultures submitted to serological typing

by the State of Illinois Public Health Laboratories, Chicago. The

Bethesda-Ballerup group was eliminated from consideration, as this

group is lysine decarboxylase negative.

However, Taylor found that peptone was a source of false

positive reactions in the lysine broth of Falkow. It was reasoned

that nitrogen from the peptone was being released as ammonia. A

modified lysine broth was used by Taylor who omitted the peptone.

The yeast extract (0. 3 %) in the formula did not interfere with the

reaction.

It was recommended that the lysine broth be run in parallel

with Dulcitol Lysine Lactose Iron Agar, as Taylor found that the

lysine reaction on the slant was not always reliable. Taylor says:

"Sometimes rapidly growing Bethesda-Ballerup or
E. freundii strains will cause an alkaline reversion
on the slant which mimics the lysine-positive reaction.
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Conversely, slowly growing salmonellae sometimes do
not produce an alkaline reaction in 18 to 24 hr, although
this rarely is the case at 24 hr." (46, p. 488).

It was apparent to Edwards and Fife (8), however, that media

containing lactose would not always determine the organisms respon-

sible for enteric infections. Lysine Iron Agar was developed to test

for the rapid lactose fermenting Arizona strains. It was known that

only the Salmonella and the Arizona regularly decarboxylate lysine

rapidly and also produce abundant hydrogen sulfide. To the original

formula of Falkow (11), an additional 0.5% L-lysine, a hydrogen sul-

fide indicating system and agar were added. This medium will place

an organism into the Salmonella-Arizona group. However, to distin-

guish the Arizona from the Salmonella, other supplementary biochem-

ical tests need to be run. A scheme for the identification of the En-

terobacteriaceae with the aid of Lysine Iron Agar has been published

by Johnson et al. (20).

In recent years various innovations have been attempted

with the objective of abbreviating the Salmonella procedures.

Schafer et al. (41) studied the use of sugar tablets placed on

plates of Purple Agar Base seeded with colonies from selective

agars. Reactions could be read within six hours.

Grunberg et al. (15) studied the efficiency of the commer-

cially produced Enterotube (Roche Diagnostics Division, Hoffmann-

La Roche, Inc. , Nutley, New Jersey), a system in which eight
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biochemical media are inoculated simultaneously with a slide wire.

This system was compared to the commercially produced Patho-Tec

test system (General Diagnostics Division, Warner-Chilcott Labora-

tories, Morris Plains, New Jersey) which uses reagent-impregnated

paper strips. Discrepancies in the citrate reaction were noted for

both systems. The authors concluded that the major advantage of

the Enterotube is that all tests are done simultaneously with the

inoculum from one isolated colony.

The Patho- Tee system was studied further by Matsen and

Sherris (34), who compared it to conventional methods. These

authors found the greatest difficulties were in reading the citrate

and lysine decarboxylase tests. However, due to the convenience

of paper strips, further development was recommended.

The detection of Salmonella by fluorescent antibody tech-

niques has received much attention. Fantasia (12) and Goepfert,

Mann and Hicks (14) have studied fluorescent-antibody techniques for

the rapid identification of Salmonella in foods. Although the methods

are rapid, cross-reactions have caused some problems.

Martin et al. (33) compared the R-B System (Diagnostic

Research, Inc. , Roslyn, New York), a two-tube composite test, to

conventional identification procedures. The authors disagreed with

a previous report by O'Donnell et aL (37) that 99% agreement could

be found with conventional procedures. Martin found that 44% of
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their cultures could not be categorized, and thus concluded that

this system was not an acceptable alternative to conventional

methods.

A selective screening medium based on hydrogen sulfide

production has recently been introduced by Padron, Wilson and

Dockstader (38) for the detection of Salmonella, Arizona and Ed-

wards iella. The combination of nutrients, inhibitors, selective
agents, pH and metal salts is set in a ratio which will inhibit all

other hydrogen sulfide producing groups of Enterobacteriaceae,

including Citrobacter. The authors claim that hydrogen sulfide

production can be detected by this medium generally within six

hours.

In spite of the numerous media and techniques developed for

the differentiation of the Salmonella from the rest of the Entero-

bacteriaceae, each of the six recommended procedures reviewed by

the Food Protection Committee, National Research Council (13),

utilize Triple Sugar Iron Agar as the differential medium. The

reference method recommended by this committee also utilizes

Triple Sugar Iron Agar.
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MATERIALS AND METHODS

General Techniques

All of the ingredients of the test media were weighed on a

Mettler single-pan analytical balance. The ingredients were then

added to the proper volume of distilled water, and the solutions were

brought to a boil to dissolve the agar. Except where noted, the media

were dispensed in eight ml amounts in either 16x150mm culture

tubes or 16x125mm screw-cap tubes. The tubes were autoclaved

for ten minutes at 121 C. The agar was then allowed to solidify in

a slanted position so as to provide for a generous butt. The final

pH was 6. 6-6. 8 (brom thymol blue indicator green in color).

A. hydrogen sulfide indicating system consisting of ferrous

sulfate (0.02%) and sodium thiosulfate (0.03%) was used in various

of the test media. DifcQ H 2S test strips were also tried in conjunc-

tion with sodium thiosulfate (0.03%).

In initial experiments, stock cultures were revived on Difco

Stock Culture Agar slants. In subsequent experiments, known cul-

tures were prepared by streaking suspensions of cells onto Difco

XLD Agar plates, prepared as directed. Difco Bismuth Sulfite

Agar was also used when unknown cultures were tested. Isolated

colonies were picked and inoculated into the various test media.
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Incubation at 35 C was used universally.

The test media were inoculated by stabbing the butt and

streaking the slant. The tubes were incubated for 48 hours, with

observations being made at various intervals up to that time. In

most of the trials, Difco Triple Sugar Iron Agar was inoculated and

incubated in parallel with the various test media.

The A. 0. A. C. (18) Salmonella reference procedure was used

on the samples tested. Difco XLD Agar was incorporated as an acl-

ditional selective agar.

Media Tested

Medium No. 1

Medium No. 1 was made by adding dulcitol (0.1%) and agar

(1. 2 %) to Difco
1 Malonate Broth-Modified.

Difco Malonate Broth-Modified has the following composition:

Difco Malonate Broth-Modified

Yeast Extract 0.1%
Ammonium Sulfate 0.2%
Dipotassium Phosphate 0. 06%
Monopotassium. Phosphate 0.04%
Sodium Chloride 0.2%
Sodium Malonate 0.3%
Glucose 0. 025%
Brom Thymol Blue 0. 0025%

1The use of brand names in this manuscript is for identification
purposes only and does not constitute an endorsement of these
products by the author.
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To study the effect of sodium thiosulfate on the hydrogen

sulfide reaction, test batches of Medium No. 1 were made which

contained sodium thiosulfate only, ferrous sulfate only, and both

sodium thiosulfate and ferrous sulfate.

Medium No. 2

Medium No. 2 was made by adding yeast extract (0. 1 %),

dulcitol (0. 1 %) and agar (1. 2 %) to Difco Malonate Broth.

Difco Malonate Broth has the following composition:

Difco Malonate Broth

Ammonium Sulfate 0. 2%
Dipotassium Phosphate 0. 06%
Monopotassium Phosphate 0. 04%
Sodium Chloride 0.2%
Sodium Malonate 0.3%
Brom Thymol Blue 0.0025%

Medium No. 3

Medium No. 3 was made by adding brom thymol blue

(0. 0025 %) to Medium No. 2 so that the final concentration of

the indicator was 0. 005 %.

The complete medium had the following composition:
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Medium No. 3

Yeast Extract 0.1%
Ammonium Sulfate 0, 2%
Dipotassium Phosphate 0.06%
Monopotass ium Phosphate 0. 04%
Sodium Chloride 0. 2%
Sodium Malonate 0. 3%
Brom Thymol Blue 0. 005%
Dulcitol 0.1%
Agar 1.2%

Medium No. 4

Medium No. 4 was made by combining Medium No. 2 with

Difco Phenol Red Broth Base.

Difco Phenol Red Broth Base has the following composition:

Difco Phenol Red Broth Base

Beef Extract
Proteose Peptone No. 3
Sodium Chloride
Phenol Red

0.1%
1.0%
0.5%
0.0018%

Medium No. 4, thus had the following composition:

Medium No. 4

Yeast Extract
Beef Extract
Proteose Peptone No. 3

0.1%
0.1%
1.0%

Ammonium Sulfate 0. 2%
Dipotassium Phosphate 0. 06%
Monopotass ium Phosphate 0. 04%
Sodium Malonate 0. 3%
Sodium Chloride 0. 7%
Dulcitol 0.1%
Brom Thymol Blue 0. 0025%
Phenol Red 0.0018%
Agar 1.2%
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Medium No. 5

Medium No. 5 was made by combining Medium No. 3 with

Difco Nutrient Broth, which contains beef extract (0. 3 %) and pep-

tone (0. 5 %).

Medium No. 5 had the following composition:

Medium No. 5

0.1%Yeast Extract
Beef Extract 0. 3%
Peptone 0. 5%
Ammonium Sulfate 0. 2%
Dipotas sium Phosphate 0. 06%
Monopotas slum Phosphate 0.04%
Sodium Chloride 0. 2%
Sodium Mal o na te 0. 3%
Brom Thymol Blue 0. 005%
Dulcitol 0. 1%

Agar 1.2%

Medium No. 6

Medium No. 6 was made by adding L-lysine O. 5%) to Med-

ium No. 3.

Medium No. 7

Medium No. 7 was made by adding dulcitol (0. 1 %) and

L-lysine (1.0%) to Medium No. 3.

Medium No. 7 had the following composition:
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Medium No. 7

Yeast Extract
Ammonium Sulfate
Dipotassium Phosphate

0.1%
0. 2%
0. 06%

Monopotassium Phosphate 0.04%
Sodium Chloride 0. 2%
Sodium Malonate 0.3%
Brom Thymol Blue 0. 005%
Dulcitol 0. 2%
L-lysine 1.0%
Agar 1.2%

The hydrogen sulfide detecting system was added to this

medium in two ways. The first method consisted of a double layer-

ed system in which only the top part of the butt and the slant (the

top four ml) contained the complete hydrogen sulfide indicating

system. This variation was labelled Medium No. 7 B/A. The

second method consisted of adding sodium thiosulfate (0.03%) to

Medium No. 7 and suspending a Difco H 2S test strip above the slant.

(See Medium No. 7 B/A, Solution A.) This variation was labelled

Medium No. 7-I-I 2S Strip.

Medium No. 7 B/A had the following composition:

Medium No. 7 B/A

Solution A-Butt

Yeast Extract 0.1%
Ammonium Sulfate 0. 2%
Dipotassiumslum Phosphate 0.06%
Monopotassium Phosphate 0.04%
Sodium Chloride 0. 2%
Sodium Malonate 0. 3%
Brom Thymol Blue- 0. 005%
Dulcitol 0. 2%
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Li lysine 1. 0%
Sodium Thiosulfate O. 03%
Agar 1. 2%

Solution B-Slant

Solution A plus
Ferrous Sulfate O. 02%

Solution A was boiled to melt the agar and was dispensed in

four ml amounts. The tubes were capped loosely.

Solution B was boiled and poured into a screw-cap erlen-

meyer flask. The cap had been drilled to allow the tubing of a five

ml Cornwall Continuous Pipetting Syringe to pass through. A piece of

aluminum foil was wrapped over the tip of the syringe. The flask

was then capped loosely with tubing and syringe in place. See .Photo-

graph No. 6 (page 34).

Solutions A and B were autoclaved simultaneously for ten

minutes at 121 C. The tubes containing Solution A were then placed

upright into cool water to solidify the agar. Solution B was then asep-

tically dispensed in four ml amounts over the solidified Solution A,

and the tubes were slanted.

Medium No. 8

Medium No. 8 was designed to contain Medium No. 3 plus

L-lysine 1. 0%. However, due to preliminary results on Medium

No. 3 with only 0. 1% dulcitol, Medium No. 8 was not tested.
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Medium No. 9

Medium No. 9 was made identical to Medium No. 7, except

that L-lysine was omitted.

Medium No. 10

Medium No. 10 was made by adding yeast extract (0. 1 %),

brom thymol blue (0. 0025 %), ferrous sulfate (0.02%), sodium thio-

sulfate (0.03%), sucrose (0. 3 %) and agar (1. 2 %) to Difco Malonate

Broth. (See Medium No. 2 f or the composition of Difco Malonate

Broth. )

The complete medium had the following composition:

Medium No. 10

Yeast Extract 0.1%
Ammonium Sulfate 0. 2%
Dipotassium Phosphate 0. 06%
Monopotassium Phosphate 0. 04%
Sodium Chloride 0. 2%
Sodium Malonate 0. 3%
Brom Thymol Blue 0. 005%
Ferrous Sulfate 0. 02%
Sodium Thiosulfate 0.03%
Sucrose 0.3%
Agar 1.2%

Medium No. 11 B/A

Medium No. 11 B/A was identical to Medium No. 7 B/A, ex-

cept that it contained only 0.1% dulcitol and°. 0025% bromthymol blue.
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Medium No. 12

Medium No. 12 was made by adding lactose (0. 3 %), salicin

(0. 3%), adonitol (0. 3 %) and raffinose (0. 3 %) to Medium No. 10.

Cultures Employed

Approximately half of the known cultures tested were from

the stock culture collection of Laboratory Services, Oregon State

Department of Agriculture, Salem. The rest were kindly provided

by the State-Federal Veterinary Laboratory, Oregon State Depart-

ment of Agriculture, Salem; the Department of Microbiology, Oregon

State University, Corvallis; the Center for Disease Control, Atlanta;

the Oregon State Board of Health Laboratory, Portland; Birdseye

Division of General Foods, Woodburn; and the Institute Pasteur,

Paris.

Fifty-one known cultures were tested. Laboratory Services,

Oregon State Department of Agriculture, furnished Salmonella read-

ing, Salmonella tennessee, Salmonella eimsbuttel, Salmonella dry-

pool, Salmonella derby, Salmonella infantis, Salmonella Chomps on

(two cultures), Salmonella san-diego, Salmonella st. paul (two cul-

tures), Salmonella panama, Salmonella typhimurium, Salmonella

heidelberg, Salmonella paratyphi A, Salmonella typhi, Arizona 7ab:1,

7,8, Arizona ?:1, 2,10 (two cultures), Citrobacter (three cultures),
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Proteus rettgeri, Proteus mirabilis, Escherichia coli and Klebsiella

pneumoniae (two cultures).

The State-Federal Veterinary Laboratory, Oregon State

Department of Agriculture, supplied Salmonella thomasville, Sal-

monella senftenberg, Salmonella paratyphi A, Salmonella pullorum,

Arizona 7ab:1,7, 8 and Arizona 12:1,2,5.

The Department of Microbiology, Oregon State University,

furnished Salmonella typhimurium, Salmonella paratyphi B, Sal-

monella pullorum and Salmonella cholerae-suis.

The Center for Disease Control supplied Salmonella Jack-

sonville, Salmonella uphill and Salmonella sp. ("0" group 58).

These three cultures belong to Salmonella Subgenus II.

The Oregon State Board of Health Laboratory furnished

Salmonella typhimurium var. copenhage.n, Salmonella anatum, Sal-

monella chester, Arizona 7ab:1,7, 8 and Shigella flexnerii.

Birdseye Division of General Foods supplied Salmonella

heidelberg (two cultures), Salmonella binza, Salmonella dusseldorf

and Arizona 7ab:1,7, 8.

The Institute Pasteur furnished the original culture of

Salmonella shomron (biochemically and serologically identical to

Arizona 7ab:1, 7, 8).

For preliminary studies on a medium, a test set consisting

of Klebsiella pneumoniae, Proteus rettgeri, Escherichia coli,
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Citrobacter, Salmonella panama and Arizona 7ab:1,7,8 was used.

In later trials, Proteus mirabilis, Salmonella typhi, Salmonella

jacksonville (Subgenus II) and Salmonella paratyphi A were added to

this set.

In addition, 79 unknown cultures isolated from 12 seafood

samples, four cultures from a suspect fecal sample, and two cultures

from a suspect mayonnaise sample were tested.
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RESULTS AND DISCUSSION

Improved selective agars have been introduced in recent

years, i. e. , Xylose Lysine Deoxycholate Agar (XLD) (47) and

Hektoen Enteric Agar (27). The use of Bismuth Sulfite Agar, an old-

er medium, has been recommended by Martin, Fife and Ewing (32)

for the isolation of the rapid lactose fermenters of the Arizona.

The typical Salmonella reaction on XLD consists of a smooth

colony with a black center surrounded by a yellowish to red zone of

growth. (The pH indicator is phenol red. ) The reaction is caused by

the fermentation of the xylose in the medium which initially turns the

medium yellow. However, those colonies which cannot ferment the

lactose and sucrose, and which have a lysine decarboxylase system,

will cause an alkaline reversion in the medium, due to the production

of cadaverine from lysine. Hydrogen sulfide production, which caus-

es the black center, is detected by a combination of ferric ammonium

citrate and sodium thiosulfate. The rapid lactose and sucrose fer-

menters produce sufficient acid so that if these organisms do contain

a lysine decarboxylase system or are capable of releasing hydrogen

sulfide, the reactions are masked and the medium remains yellow

(atypical).

Thus, if typical colonies are found on XLD, the microbiol-

ogist is fairly certain that his isolates do not ferment lactose or
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sucrose rapidly. In short, all of the reactions readable on TSI, ex-

cept for glucose, are readable on XLD. The Arizona, for the most

part, give a typical Salmonella reaction on XLD. In choosing col-

onies for Salmonella testing, the picking of typical colonies is of

utmost importance due to the large diversity of organisms within the

family Enterobacteriaceae. As XLD has been found particularly

effective (48) it was felt that media giving a better differentiation of

Salmonella-Arizona isolates could be developed for use at the TSI

stage of analysis.

There has been considerable controversy concerning the

taxonomy of the Salmonella and Arizona. groups (2, 3, 9, 22, 23).

However, as the Arizona are serologically related to the Salmonella,

and as their ability to cause diseases clinically similar to salmonel,

losis remains unquestioned (6, 8, 17, 32), the food and clinical

microbiologists must be able to identify them. The presumptive

identification is generally made on the basis of a spectrum of bio-

chemical characteristics.

For this study, the biochemical typing scheme proposed by

Kauffmann (21, 24) and studied by Rhode (39) was found most con-

venient. Kauffmann (25) expanded this scheme to include four Sal-

monella subgenera which could be separated by biochemical tests.

Subgenus I contains the typical Salmonella. Subgenus II

contains atypical Salmonella which give biochemical reactions
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intermediate between the typical Salmonella (Subgenus I) and the

Arizona (Subgenus III). Subgenus IV contains biochemically inter-

mediate strains which are related to the Citrobacter group.

To separate the Salmonella, Edwardsiella and Arizona groups

from the Enterobacteriaceae as a whole, the use of the lysine decar-

boxylase and hydrogen sulfide reactions was chosen. A search was

then made for biochemical reactions which might best differentiate the

typical Salmonella from the Arizona.

Malonate was first used to differentiate Aerobacter from

Escherichia (31). However, Schaub (42) and Shaw (43) found this

medium, and modifications of it, effective in separating the Salmon-

ella from the Arizona. The typical Salmonella do not ferment malo-

nate, and thus do not alter the pH of the medium significantly. How-

ever, the Arizona readily attack malonate, turning the medium

alkaline.

Two approaches were studied with regard to which sugars

should be used with malonate.

The first approach was based on the positive fermentation

of dulcitol for the identification of the typical Salmonella. The

Arizona do not attack dulcitol. Table 1 gives a simplified scheme

for the differentiation of the Salmonella subgenera using the bio-

chemical reactions of dulcitol and malonate.
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Table 1. Simplified biochemical differentiation scheme for
Salmonella subgenera I - IV.

Subgenus Dulcitol Malonate

It can be seen that the subgenera proposed by Kauffmann

can be separated on the basis of these two tests. If it would be pos-

sible to incorporate these two tests plus the lysine decarboxylase

and hydrogen sulfide tests into one tube, the presumptive identifica-

tion of the Salmonella should be complete.

The second approach studied utilized the inability of the

Salmonella and Arizona groups to ferment sucrose and other sugars,

The Klebsiella group, some of the Proteus-Providence group, and

some of the Escherichia group may be expected to ferment sucrose.

With the inclusion of a hydrogen sulfide indicating system and malo-

nate, these media should screen out many of the cultures which

might give false positive reactions on TSI.

Brom thymol blue was chosen as the pH indicator for two

reasons. It has a pK of 7.1 (near neutrality) (44). Acid reactions
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show yellow at pH 6.1 and alkaline reactions show blue at pH 7.7.

Thus, moderately acid reactions will show, as will moderately alka-

line reactions. The other advantage is that brom thymol blue goes

through a color spectrum which is pH dependent, i. e. , yellow at pH

6.1 to green at pH 6, 8 to blue-green at pH 7. 2 to blue at pH 7.7.

Thus, not only can the pH be approximated, but the speed of a pH

reaction can be observed and used diagnostically.

Media Nos. 1 and 2 primarily tested the feasibility of run.: -

ring the dulcitol and malonate tests in one tube, See Photograph 1.

As can be seen, a very clear differentiation between the typical

Salmonella and the Arizona can be made after 24 hours' incubation.

Less noticeable on the print is the slight acid reaction in the butt of

Medium No. 1 (Arizona culture), whereas no such reaction occurred

in Medium No. 2. This is due to the small amount of glucose (0.025%)

in Difco Malonate Broth-Modified.

In Photograph 2 the glucose fermentation becomes more

evident. Proteus rettgeri and Escherichia coli, which were malonate

and dulcit of negative, gave a distinct acid reaction in the butt of

Medium No. 1 when compared to Medium No. 2. The E. coli culture

was able to give a moderately acid reaction in Medium No. 1, which

could conceivably be confused with a positive dulcitol fermentation,

The results of the initial test of the hydrogen sulfide indicat-

ing system in Medium No. 1 are shown in Photograph 3. The



Photograph 1

Arizona 7ab:1, 7, 8 and Salmonella panama on Media
Nos. 1 and 2. (Black caps = Medium No. 1, Kim caps
(white caps) = Medium No. 2).

Photograph 2
Comparison of Proteus, Escherichia, Salmonella
and Arizona on Medium No. 1 and 2. (SCC 2
Proteus rettgeri, SCC 21= Escherichia coli, SCC 25
= Salmonella panama, S CC 26 = Arizona 7ab:1, 7, 8).
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hydrogen sulfide reaction is quite clear and strong, as are the malo-

nate and dulcitol reactions. However, it was noted that the hydrogen

sulfide reaction was slower in the acid medium (Salmonella culture)

than in the alkaline medium (Arizona culture). When tests were done

with media containing only one of either of the ingredients of the hy-

drogen sulfide indicating system, no blackening was observed. The

need for sodium thiosulfate as a sulfur source was accentuated by the

fact that the differential media tested were nearly minimal in nature.

In subsequent media, glucose was retained to test the claim

of Taylor (46) that its incorporation into differential media aided in

the hydrogen sulfide determination. No such correlation was found

on the cultures tested in this study. The hydrogen sulfide reaction

appeared to be progressively inhibited by low pH values. Most of

the cultures produced less blackening when glucose was present in

addition to dulcitol. However, only one concentration of glucose was

tried (0. 025 %). Taylor used 0.01% glucose.

Also shown in Photograph 3 is a comparison of Salmonella

and Arizona on TSI. No difference can be seen. However, Medium

No. 1 easily differentiated these two cultures.

Although it is not apparent in these photographs, the concen-

tration of brom thymol blue appeared rather low. Photograph 4

shows a comparison between Medium No. 3 and Medium No. 1.

Medium No. 3 contained twice as much indicator (0. 005%) as Medium



Photograph 3

Comparison of Medium No. 1 containing H2S system
with TSI. (SCC 25 = Salmonella panama, SCC 26 =
Arizona 7ab:1 , 7, 8.)

Photograph 4

Comparison of Medium No. 3 with Medium No. 1.
(SCC 25 = Salmonella panama, SCC 26 = Arizona
7ab:1,7, 8.)
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No. 1. To the naked eye, this concentration seemed to be the best

compromise for reading the acid dulcitol reaction and the alkaline

malonate reaction.

The results of five different cultures are shown in Photo-

graph 5. Note that only the Salmonella culture fermented the dul-

citol. The Klebsiella pneumoniae culture, as expected, gave the

same reaction as .the Arizona culture (malonate positive, dulcitol

negative).

Media Nos. 4 and 5 were designed to test the effects of ad-

ding complex nutrients to Media Nos. 1, 2 and 3. No differentiation

was possible when complex nutrients were added, as all cultures of

the test set caused alkaline reversions on the slants. On the nearly

minimal Media Nos. 1, 2 and 3, no such reversions were observed.

Although it is widely accepted that the alkaline reaction on the slant

of TSI is caused by the oxidation of acid to alkaline end products,

the results of these experiments indicate that decarboxylation of

amino acids, the release of ammonia from complex nutrients, and

perhaps the production of other alklaine end products must play some

role.

Medium No, 6 was designed to see if the lysine decarboxy-

lase reaction could be combined in one tube with the malonate and

dulcitol reaction. The lysine decarboxylase system in the Salmon-

ella-Arizona group has its highest activity at an acid pH (35). The
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lysine decarboxylase broth of Falkow (11) contains glucose to cause

an initial acid reaction. After a certain time, organisms capable of

decarboxylating lysine to cadaverine cause an alkaline reversion in

the medium. In Medium No. 6 dulcitol is used to cause the initial

acid reaction. It was postulated that the typical Salmonella Subgenus

I would revert the brom thymol blue back to a blue-green color (ap-

proximately pH 7. 2) after 24 hours, whereas the Arizona, which are

malonate positive, would cause a strong alkaline (deep blue) reaction.

As the major concern of the microbiologist is with the typical Salmon-

ella, the hiding of the lysine decarboxylase reaction by a positive

malonate reaction was not considered a great loss.

Initial experiments with Medium No. 6 were disappointing,

as the lysine reaction did not show well at 24 hours. However, at

35 hours, a distinct differentiation of a dulcitol positive Citrobacter,

Salmonella panama and Arizona 7ab:1, 7, 8 could be made. On the

Salmonella culture, the lysine reaction began at the base of the slant

and slowly progressed upward. The butt, however, remained acid.

The Citrobacter culture remained acid (yellow) throughout.

Medium No. 7 was designed to overcome some of the dif-

ficulties of Medium No. 6. The concentration of lysine was raised

to 1.0% to speed up the lysine decarboxylase reaction, and the con-

centration of dulcitol was raised to 0. 2% to improve the acid butt

reaction. These concentrations worked well on the test set, and a



Photograph 5

Comparison of five Enterobacteriaceae on Medium
No. 3. (SCC 1 = Klebsiella pneumoniae, SCC 2 =
Proteus rettgeri, SCC 21 = Escherichia coli,
SCC 25 = Salmonella panama, SCC 26 = Arizona
7ab:1 , 7, 8.)

Photograph 6

Preparation of Medium No. 7 B/A - Ready for
autoclaving.
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revision, Medium No. 7 B/A, became the final product upon which

all of the known and unknown cultures were tested. Table 2 summar-

izes the reactions found on Medium No. 7 B/A and TSI.

At first it was felt that the use of a double layered system as

in Medium No. 7 B/A, would create difficulties in preparation, e:s-

pecially in maintaining sterility. This fear proved to be unfounded.

The use of the Cornwall Continuous Pipetting Syringe as directed

(Materials and Methods) took most of the difficulty out of the prepa-

ration. See Photograph 6.

Photographs 7 and 8 show the reactions of various Salmonella

and related organisms on Medium No. 7 B/A. Especially note the

Salmonella panama (SCC No. 25) reaction at 24 and 48 hours. The

typical reaction was a yellow fractured butt with a blue-green slant

and a black banded middle, i. e. , dulcitol positive (butt), malonate

negative (slant), lysine decarboxylase positive (slant) and hydrogen

sulfide positive (top of butt, lower part of slant). The lysine decar-

boxylase reaction can be seen at the base of the slant at 24 hours,

and shows a deep blue throughout the slant by 48 hours, This slant re-

action was fairly complete after only 30 hours of incubation. A neu

tral-alkaline reaction was normally present at 24 hours. In this man-

ner the lysine decarboxylase test was differentiated from a positive

malonate test, which is strongly alkaline at 24 hours. The Salmonel-

la reaction can be compared to the dulcitol positive, malonate negative
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Table 2. Summary of cultural reactions on Medium No. 7B/A
and TSI.

Culture No. Tested Medium
No. 7B/A

TSI

Typical Salmonella SG I 24 NK/A/+ K/A/+
Typical Salmonella SG II 3 K/A/+ K/A/+
Typical Salmonella SG III 8 K/N/+ K/A/+
Salmonella senftenberg 1 NK/A/- K/A/-
Salmonella paratyphi A 2 A/A/- K/A/-
Salmonella typhi 1 N/ N/ - K/A/+
Salmonella pullorum 2 N/ N/ - K/A/+
Salmonella cholerae-suis 1 N/ N/ - K/A/-
Citrobacter 1 K/N/+ A/A/+
Citrobacter 1 A/A/+ A/A/+
Citrobacter 1 N/ N/ + A/A/+
Shigella flexnerii 1 N/ N/ - K/A/-
Proteus rettgeri 1 N/ N/ - K/A/-
Proteus mirabilis 1 N/N/+ K/A/+
Escherichia coli 1 N/N/- A/A/-
Klebsiella pneumoniae 2 K/ N/ - A /A/ -

Key: Slant/Butt/H
2
S(+ or -) SG = Subgenus

Medium No. 7B/A

A = Acid (with or without gas) (yellow)
N = Neutral (green)

NK = Neutral - Alkaline (blue-green)
K = Alkaline (deep blue)

TSI

A = Acid (with or without gas) (yellow)
K = Alkaline (red)
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and lysine decarboxylase negative Citrobacter culture (SCC No. 24)

which did :not cause an alkaline reversion after 48 hours' incubation.

Medium No. 9 B/A was used as a control for the lysine decar-

boxylase reaction of Medium No. 7 B/A. Medium No. 9 B/A did not

contain lysine, but was identical to Medium No. 7 B/A in all other

respects. When Medium No. 9 B/A was inoculated with Salmonella

panam.a, no alkaline reversion occurred.

As expected, Salmonella paratyphi A (SCC No. 37) gave an

aberrant reaction (acid throughout), as it is lysine decarboxylase

negative, hydrogen sulfide negative. Both cultures of Salmonella

paratyphi A tested gave this result.

Salmonella typhi (SCC No. 15) grew poorly on the medium, and

thus produced no change. Both Salmonella pullorum cultures and the

Salmonella cholerae-suis culture gave the same result as Salmonella

typhi (no change).

The three Salmonella Subgenus II cultures (Salmonella jackson-

ville, SCC No. 33 in Photographs 7 and 8) gave strongly alkaline

slants, positive hydrogen sulfide production and acid butts after 24

hours' incubation.

All of the Arizona cultures tested gave the same reaction as

Arizona 7ab:1, 7, 8 (SCC No. 26), i. e. , deep blue slants, black banded

middle due to hydrogen sulfide production, and neutral to alkaline

butts.

All of the remaining Salmonella cultures gave a typical



Photograph 7

Medium No. 7 B/A - Various Salmonella sp and
Citrobacter after 24 hours' incubation, (SCC 15 =
Salmonella typhi, SCC 24 = Citrobacter, SCC 25 =

Salmonella panama, SCC 26 = Arizona 7 ab:1,7, 8,
SCC 33 = Salmonella jacksonville, SCC 37 = Salmonella
paratyphi A).

Photograph 8
Medium No. 7 B/A - Various Salmonella sp. and
Citrobacter after 48 hours' incubation, (SCC 15 =
Salmonella typhi, SCC 24 = Citrobacter, SCC 25 =

Salmonella panama, SCC 26 = Arizona 7 ab:1, 7, 8,
SCC 33 = Salmonella jacksonville, SCC 37 =

Salmonella paratyphi A).
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Subgenus I reaction. However, the Salmonella senftenberg culture

was hydrogen sulfide negative.

Photograph 9 shows the reactions of various cultures of

Enterobacteriaceae on Medium No. 7B /A.. Although it does not show

well in the photograph, Klebsiella pneumoniae (SCC No. 1) was easily

differentiated from the Arizona culture (SCC No. 26), as the Kleb-

siella culture did not produce hydrogen sulfide. Proteus rettgeri

(SCC No. 2), Proteus mirabilis (SCC No.3) and E. coli (SCC No. 21)

were easily distinguished from the typical Salmonella (SCC No. 25)

and Arizona cultures. It is true that Salmonella Subgenus IV cultures

might be expected to give the same reaction as Proteus mirabilis.

However, as the Proteys grow poorly on XLD, and as the occurrence

of Salmonella Subgenus IV species is rare, this false positive is not

likely to be a problem to the alert microbiologist.

One of the known Citrobacter cultures and one unknown

culture from seafood (later identified as Citrobacter) gave a false

positive Arizona reaction. These two Citrobacter cultures were the

only false positives found. Photograph 10 shows the three types of

Citrobacter reactions found on Medium No. 7B/A during this study.

Note the Arizona type reaction on SCC No. 12. In a study of 582

strains of Citrobacter, it has been shown that 21.8% of this group can

be expected to utilize malonate within two days' incubation (10). In

the normal routine, however, these cultures would probably not be



Photograph 9

Comparison of six Enterobacteriaceae on Medium
No. 7 B/A.(SCC 1 = Klebsiella pneumo.niae,SCC 2 =
Proteus rettgeri, SCC 3 = Proteus mirabilis,
SCC 21 = Escherichia coli, SCC 25 = Salmonella
panama, SCC 26 = Arizona 7 ab:1, 7, 8).

Photograph 10
Medium No. 7 B/A - Three Citrobacter reactions.
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confused with Salmonella because of their lactose fermenting reaction

on XLD.

One problem .noted with the inclusion of ferrous sulfate in

the medium was the formation of a fine precipitate when the medium

was boiled to melt the agar. Although the formation of this precipi-

tate appeared to have little effect on the ability of the medium to

detect hydrogen sulfide, it did cloud the medium somewhat.

To maintain a clear medium and to be able to better see the

progress ion of the lysine decarboxylase reaction, Difco H 2S test strips

were suspended above slants of Medium No. 7, Solution A.

Thirteen hydrogen sulfide positive cultures were compared

on Medium No. 7B/A and Medium No. 7-H2S Strip. These cultures

included three Citrobacter, four Arizona, five typical Salmonella

Subgenus I and one Proteus culture. Both methods of determining

hydrogen sulfide worked equally well. See Photograph 11. It was

noted, however, that material flaking off from the Difco H 2S strip

caused an acid reaction at the top of the slant. This occurred on

uninoculated incubated control tubes as well. (The control tube in

the photograph was not incubated. ) This yellowing did not impair the

proper reading of the cultural reactions, and was felt to be of little

consequence.

In order to better demonstrate the hydrogen sulfide and

other differential reactions of Medium No. 7 B/A photographically,



Photograph 11
Comparison of Medium No. 7 H2S Strip with
Medium No. 7 B/A. (SCC 44 = Salmonella heidel-
berg).

Photograph 12

Comparison of Medium No. 11 B/A with TSI.
(SCC 3 = Proteus mirabilis, SCC 25 = Salmonella
panama, SCC 26 = Arizona 7 ab:1,7,8, SCC 33 =
Salmonella jacksonville).
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Medium No. 11 B/A was developed.

Cultures of Proteus mirabilis (SCC No. 3), Salmonella

panama (SCC No. 25), Salmonella jacksonville (SCC No. 33) and

Arizona 7ab:1,7,8 (SCC No. 26) were inoculated into TSI and Medium

No. 11B/A. See Photograph 12. Except for the swarming by the

Proteus culture, no difference could be seen between the TSI re-

actions. However, all four cultures were easily distinguishable on

Medium No. 11B/A. The Arizona culture, which normally produced

abundant hydrogen sulfide on this medium, did not do so when the

cultures were made for photographing. This may be, in part, due to

the picking of the same colony from XLD for inoculation into both TSI

and Medium No. 11B/A. Rarely problems of this sort did occur.

Because of the near minimal nature of the media tested, it was felt

that the tubes should be rather heavily inoculated.

Growth on the sugar-malonate media tested was not lux-

uriant. They were, therefore, not very suitable as sources of cells

for "0" group serology. TSI, on the other hand, produced luxuriant

growth, but did not differentiate the Salmonella subgenera.

Medium No. 10 was designed for picking typical Salmonella-

like colonies from Bismuth Sulfite Agar when other selective plates

run on the same sample gave negative or lactose fermenting reac-

tions. The problem of false positives on Bismuth Sulfite Agar was

noted during the routine analysis of seafood products at the Oregon



44

State Department of Agriculture. When the colonies were picked

into TSI, sometimes a Salmonella paratyphi A result occurred, i. e. ,

alkaline slant, acid butt, hydrogen sulfide negative. In one instance,

before biochemical tests were initiated, the cultures were found to

agglutinate in Difco Salmonella "0" group C1 antisera. Subsequent

biochemical tests showed the cultures to be of the Klebsiella-Entero-

bacter group. During this study, however, no such cultures were

isolated (typical except for hydrogen sulfide on TSI).

The typical Salmonella result on Medium No. 10 was a

neutral reaction (no change) throughout with blackening due to hydro-

gen sulfide production. The Arizona gave alkaline slants, neutral

butts and blackening due to hydrogen sulfide. See Photograph 13.

Sucrose positive cultures, on the other hand, turned the medium

yellow. If the culture was malonate positive in addition, a brilliant

blue slant with a yellow butt resulted.

Medium No. 12 was designed to increase the number of

cultures that could be discarded as "not Salmonella" by virtue of a

positive fermentation. Five sugars not normally fermented by Sal-

monella or Arizona were included, i. e. , lactose, sucrose, salicin,

adonitol and raffinose. (The Arizona are slow lactose fermenters.)

When known cultures were tested on this medium, however, the

malonate reaction appeared to be inhibited by the presence of so

much sugar. Therefore,. Medium No. 12 was not studied further.



Photograph 13

Medium No. 10 - Comparison of known cultures
with unknown cultures isolated from seafood.
(SCC 25 = Salmonella panama, SCC 26 = Arizona
7 ab:1,7,8).



45

Sc,c, A)0.

/60.7

03DA 1a6. Ak.

75319 7905

1D
/9 hr.



46

During this study, 85 unknown cultures isolated from 12

seafood samples (crab and shrimp), one stool sample and one may-

onnaise sample were tested on Medium No. 7B/A. Seventy un-

known cultures isolated from 11 seafood samples, the stool sample

and the mayonnaise sample were tested on Medium No. 10.

See Tables 3 and 4.

Table 3. Results of cultures isolated from samples - Medium
No. 7B/A.

Result No. Cultures No. Samples
(out of 14)

K/ N/ - 48 8
N/N/+ 12 1

N/ N/ - 7 3
A/A/ - 7 1

K/A/ - 6 2
K/N/+ 3 2
NK/A/- 2 2

Key: Slant/ Butt/ H2S
A = Acid (with or without gas)
N = Neutral
NK = Neutral-Alkaline
K = Alkaline

Table 5 summarizes the biochemical characteristics of the unknown

isolates.

No typical Salmonella Subgenus I cultures were isolated.

Two Arizona cultures were reisolated from the mayonnaise sample

which had previously been shown to be contaminated. One additional

culture isolated from seafood gave a typical Arizona reaction, but
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was later proven to be Citrobacter (lysine decarboxylase negative).

Table 4. Results of cultures isolated from samples - Medium No. 10.

Result No. Cultures No. Samples
(out of 13)

K/ N/ - 25 3

K/A/- 19 5

A/A/+ 12 1

N/ N/ - 11 3

K/N/+ 2 2

A. /A /- 1 1

Key: Slant/ Butt/ H2S
A = Acid (with or without gas)
N = Neutral
K = Alkaline

Table 5. Summary of biochemical results of unknown isolates -
Medium No. 7B/A and Medium No. 10.

Biochemical Test No.
+

Cultures
-

Percent
+

Malonate 57 28 67 33

Dulcitol 15 70 17.6 82.4
Sucrose 32 38 45.8 54.2
H2S 15 70 17.6 82.4
*Lys ine Decarboxylase 2 7 22.2 77.8

*Includes dulcitol positive, malonate negative cultures only.

Two reactions were found which approached the typical

Salmonella reaction. These were two Escherichia coli cultures

from seafood which were duicitol positive, malonate negative, lysine

decarboxylase positive and hydrogen sulfide negative. The reaction
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on Medium No. 7B/A was like that of Salmonella senftenberg (see

Table 2). The negative hydrogen sulfide test was a clue; however, as

the cultures were taken from Bismuth Sulfite Agar plates, they did

receive the full spectrum of biochemical tests recommended by A. 0.

A. C. (18). TSI appeared to be the best medium for use with Bismuth

Sulfite Agar, as the two E. coli cultures giving near false positives

on Medium No. 7B/A were acid throughout on TSI. These E. coli

cultures were sucrose negative, and thus produced no change on

Medium No. 10.

It was interesting to note that the only typical colonies

found on XLD turned out to be the Arizona cultures. The false pos-

itive Citrobacter and the E. coli cultures could have been excluded

from further testing, as their reactions on XLD were atypical (lactose

positive).

Of the 85 cultures isolated, only 15 were dulcitol positive,

15 were hydrogen sulfide positive, and only two were lysine decar-

boxylase positive. The proper reading of the lysine decarboxylase

test, however, requires that the culture be dulcitol positive, malo-

nate negative. It is also interesting to note that the majority of the

cultures could be rejected as not typical Salmonella Subgenus I on the

basis of the malonate reaction alone, and that the majority of the mal-

onate positive cultures could be rejected as not typical Arizona on the

basis of hydrogen sulfide production (see Tables 3 and 5). In every
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case, each of the dulcitol positive strains isolated were hydrogen

sulfide negative.

The results of this project have led to the following con-

clusions:

1. Medium No. 7B/A (or Medium No. 7 - H2S Strip) can

be used at the TSI stage of analysis to differentiate the Salmonella

subgenera. However, typical colonies must be picked from selective

agars (preferably XLD).

2. If it is desired to test for "0' somatic group before

indepth biochemical tests are initiated, TSI should be inoculated in

parallel with Medium No. 7B/A to act as a source of cells.

3. If typical Salmonella or Arizona results are found by

using XLD and Medium No. 7B/A, further biochemical testing may

not be necessary, as the following reactions should be known:

xylose, lactose or sucrose, dulcitol, lysine decarboxylase, malonate

and hydrogen sulfide production. The result is an earlier diagnosis

with a saving of time and media.

4. Medium No. 10 is not a suitable replacement for TSI

when picking cultures from Bismuth Sulfite Agar. However, it serves

a valuable function when inoculated in parallel with TSI, as it will

enable the microbiologist to distinguish lactose from sucrose fer-

mentation and to know the malonate reaction. This is particularly

helpful when selective plates other than Bismuth Sulfite give
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atypical reactions for Salmonella and Arizona.

5. The use of nearly minimal media for testing biochem-

ical characteristics has its advantages and disadvantages. It allows

the incorporation of several properly chosen biochemical tests and

indicator into one tube without the fear of acid or alkaline rever-

sions caused by unknown components of growth supplements. How-

ever, in this instance, insufficient numbers of cells are produced

to properly carry out "0" group serology.

6. With proper usage, these media, when incorporated

into conventional procedures, should allow a presumptive biochem-

ical identification of Salmonella 24 hours earlier than is now possible.
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SUMMARY

Twelve differential agars were designed in the study of the

presumptive identification of the Salmonella and Arizona groups of

Enterobacteriaceae. Ten of the media were based on the fermen-

tation of dulcitol and malonate, and the remaining two were based

on malonate utilization and sugars not fermented by Salmonella and

Arizona.

Media Nos. 1 and 2 primarily tested the feasibility of running

the malonate and dulcitol reaction in one tube. The hydrogen sulfide

detecting system was also proved effective in these media.

In Medium No. 3 the brom thymol blue concentration was

doubled to accentuate the pH reactions.

Media Nos. 4 and 5 tested the feasibility of adding complex

growth nutrients to the malonate-dulcitol system to enhance growth.

It was hoped that sufficient growth could be stimulated to allow the

running of "0" group serology. However, complex growth nutrients,

in any great quantity,were found to interfere with the proper re-

actions of malonate and dulcitol by causing alkaline reversions

indiscriminately on the slants.

Medium No. 6 tested the use of L-lysine in the malonate-

dulcitol system for the determination of the lysine decarboxylase

reaction of dulcitol positive, malonate negative strains of Salmonella.
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The lysine decarboxylase reaction was found to be slow in this medi-

um, taking up to 35 hours to interpret.

Medium No. 7 was a further development of Medium No. 6.

The concentration of dulcitol was doubled, as was the concentration

of L-lysine. This enabled the test organism, Salmonella panama,

to give a sharp yellow butt (dulcitol reaction) with the slant turning

blue-green by 24 hours, indicating lysine decarboxylase activity.

The progression of the lysine reaction up the slant could be observed

and was generally complete by 30 hours in typical Salmonella strains.

A positive malonate reaction was deep blue at 24 hours.

Medium No. 7B/A was a double layered version of Medium

No. 7 in which the hydrogen sulfide detecting system was limited to

the top four ml of the medium (top of the butt and the slant inclusive).

This medium and Medium No. 7-H2S Strip were the best products of

the study, and Medium No. 7B/A was subjected to the complete list

of known cultures and to cultures isolated from a total of 14 samples.

The known cultures gave excellent results with this medium, en-

abling the differentiation of Salmonella Subgenera I, II and III.

However, as anticipated, a few Salmonella serotypes gave atypical

results. No Salmonella were isolated from the samples.

Medium No. 9 acted as a lysine decarboxylase control on

Medium No. 7. (Medium No. 8 was not tested. ) No alkaline rever-

sions occurred on slants of Medium No. 9 inoculated with typical



53

Salmonella.

Medium No. 10 was designed for use with Bismuth Sulfite

Agar plates when other selective plates give atypical or lactose fer-

menting reactions. It contained sucrose, malonate and a hydrogen

sulfide detecting system. In practice the medium was not found to

be a suitable replacement for TSI, as some lactose positive strains

were isolated from Bismuth Sulfite Agar which were sucrose neg-

ative. However, it did serve as a valuable tool when inoculated

in parallel with TSI, as the sucrose and malonate reactions, as well

as hydrogen sulfide production, could be ascertained.

Medium No. 11 B/A was designed to show the reactions of

Medium No. 7B/A in photographs.

Medium No. 12 was an attempt to improve on Medium No. 10

by adding four other sugars, in addition to sucrose, which the Sal-

monella do not ferment. However, the five sugars interfered with

the malonate reaction in initial experiments, and this medium was

not tested further.

Medium No. 7B/A could be used in place of TSI when typi-

cal Salmonella and Arizona colonies are found on XLD. However,

if "0" group serology is to be performed, TSI should be inoculated

in parallel with or subsequent to Medium No. 7B/A. If typical

results are found on Medium No. 7B/A, further biochemical testing

may be unnecessary. When incorporated into conventional
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procedures, Medium No. 7B/A should allow the presumptive iden-

tification of Salmonella subgenera 24 hours earlier than is now

possible. The name Malonate Dulcitol Lysine Iron Agar (MDLI)

is proposed for this medium.
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