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Recent outbreaks of food poisoning have resulted
in the intensive scrutiny of all food products for
salmonellae by public health officials and have
prompted food processors to reevaluate processing
procedures and factors that affect product quality.
Rapid and reliable means are urgently needed
whereby contamination can be detected during processing and/ or in the finished product. A food processor, especially where a perishable product is con-

Since most salmonellae decarboxylate lysine and
produce hydrogen sulfide, it appeared that these
biochemical characteristics could be utilized to develop a rapid presumptive test. Several decarboxylase media have been proposed for differentiating
members of tl1e Enterobacteriac@ae group (2, 5). Edwards and Fife (4) proposed a lysine-iron agar for
Arizona strains; however, it failed to distinguish between shigellae and many strains of Escherichia coli.
The objectives of the present study were threefold:
(a) to develop a culture medium that could be used to
differentiate Salmonella from other Enterobacteriaceae and also from organisms that are commonly
found in dairy products, (b) to adapt the medium for
use as a presumptive test for Salmonella in dairy
products, and (c) to combine preenrichment with the
presumptive test, thus shortening the period required
for identification. Future work would attempt to use
the fluorescent antibody technique (FAT) for confirming results from the presumptive test.
:\{ATERIALS AND METHODS

In preliminary studies various media were compared for
their ability to selectively differentiate salmonellae from
other enteric bacteria on the basis of lysine utilization and
hydrogen sulfide production. The medium of Falkow (5)
was compared with a lysine-iron broth medium similar in
composition to the lysine-iron agar formula proposed by
Edwards and Fife (4) for the detection of Arizona cultures.
Attempts were made to improve the selectivity of the lysineiron broth by adding or substituting various dyes, €arbohydrates, iron and sulfur compounds, and anti-metabolites in
the formula.
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A culture medium and testing procedure were developed
to detect and differentiate Salmonella in pure culture study
and for presumptive detection of Salmonella in dairy products. Most pure cultures of SalmoneUa were easily differtiated from other members of the Enterobacteriaceae group
after 18 hr incubation at 37 C in a neutral red-lysine-ironcystine broth. Salmonella changed neutral red in the medium
from red to yellow and most strains turned the medium black
through formation of a massive black precipitate. Species
of Enterobacter, Citrobacter, Proteus, Shigella, and Pseudomonas intensified the red color of the medium and failed to
blacken it. Species of Klebsiella and Escherichia usually
changed the medium from red to yellow in 18 hr but none
developed a black precipitate. The few nonhydrogen sulfide
producing strains (no medium blackening) of salmonellae
were differentiated from Escherichia and Klebsiella sp. by
continued incubation to a total of 42 hr followed by the
use of a second indicator, brom thymol blue. Only salmonellae
gavB an alkaline reaction and converted the medium from
yellow to ):,'teen or blue. The medium provided for rapid
detection of most salmonellae after 18 hr incubation, as
characterized by medium blackening or color change from
red to yellow. Related enteric ba{:teria, other than Arizona
strains were readily differentiated.
For dairy products a slight modification in medium formula
and use of novobiocin and trypsin were required. Novobiocin selectively inhibits growth of most interfering spore
formers and gram-positive bacteria and also certain strains
of Escherichia coli and Proteus. Trypsin was used to digest
casein added with the dairy product sample. A positive presumptive test for Salmonell<J in dairy products was indicated
in the medium by a color change from red to yellow and/ or
production of a massive black precipitate of iron sulfide after
24 hr incubation. Absence of salmonellae was indicated by
no color change or no medium blackening. Results from
testing several dairy products indicated that the procedure
may be of value in the rapid screening of these foods for
salmonellae. Although confirmation and serological identification are still essential, the test eliminates preenrichment
and gives presumptive evidence of salmonellae contamination
after 24 hr.

cemed, cannot afford to wait from 4 to 7 days for
analyses.
It is generally agreed that methods to detect
and enumerate Salmonella are complex and time consuming. Recently, efforts to simplify these procedures
have been reported ( 1, 8, 12). Many of the liquid
media in current use were designed for isolating these
organisms from feces and are by nature somewhat
toxic to the ·bacteria. The liquid preenrichment medium prescribed by North (10) is widely used but its
use may be questioned as it tends to favor lactose fermenting types.

A
Detection and Differentiation

SELECITVE

of Cultures

Medium
The medium which showed the greatest potential for dif·
ferentiating salmonellae from other genera contained: L-lysine
3 g, lactose - 5 g,
- 10 g, tryptone - 5 g, yeast extract
glucose
1 g, salicin - 1 g, ferric ammonium citrate - 0.5
g, sodium thiosulfate - 0.1 g, L-cystine
0.1 g, neutral red
- 0.025 g, and distilled water - 1 llter. The medium was
adjusted to pH 6.2, dispensed in 8 to 10 ml portions in screw
cap tubes, and autoclaved at 121 C for 15 min.

Test procedure and evaluation
Tubes containing 8 to 10 m1 of test medium were usually
inoculated with a 3 mm standard loop from an 18 to 24 hx
broth culture. In i;elif.~ with unknown isolates, growth of
individual colonies on selootive agars frequently served as an
inoculum.

Cultures were incubated at 37 C for 18 hx and observed
for neutral red col~r change, and medium blackening. Salmonellae were readily detected after 12 to 18 hx growth by
neutral red color chan,ge and production of a massive black
precipitate. A few diphasic salmonellae will not produce the
black precipitate but do change the medium from red to
yellow. Species of Shigella, Enterobacter, Proteus, Citrobacter
and most gram-positive types intensify the red color of the
medium and do not yield a black precipitate. Even those
Prmeus species such as P. vulgaris and P. mirabilis that
produce hydrogen sulfide in TSI agar do not eause the medium blackening or change the medium color. Species of
Escherichia and Klebsiella change the medium color from
red to amber or yellow without blackening. Differentiation
of the few nonblackening salmonellae strains in the medium,
namely S. sendai, S. abortivoequina, and diphasic S. choleraesuis, from species of Escherichia and Klebsiella reqnired an
additional period of incubation. Therefore, all cultures showing a medium color change from red to yellow after 18 hx
at 37 C are reincubated an additional 24 hx at 37 C (total
42 hr). After the second incubation, 0.1 ml of 0.3% brom
thymol blue solution is added to each tube, and the color
recorded. Salmonellae strains produce an alkaline reaction,
changing the medium from yellow to green or blue. Blue
c6lor is more intense at the top of the tube on standing but
color differences are inunediately obvious. Klebsiella and
Escherichia species allow medium to remain bright yellow.
Brom thymol blue solution (50% alcohollc) was prepared by
mixing 0.3 g of brom thymol blue indicator powder ( Nutritional Biochemieal Corp.) 1 with 2 ml of 0.1N NaOH and
diluting to 100 ml with 50% ethyl alcohol in distilled water.
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Presumptive Procedure for DetetJting Salmonella
in Dairy Products
Dairy product samples
Commercial samples of dried milks were kindly furnished
by the Dairy Division, Consumer and Marketing Service,
USDA and the Food and Drug Administration. Because
some difficulty was encountered in collecting positive commercial products, many of the test products had to be prepared eXperimentally in the dairy pilot plant. The processing milk was artifically contaminated with salmonellae prior
to product manufacture. Products prepared included NDM,
milk concentrates, whey, raw and pasteurized milk, and' Cottage and Cheddar cheese. Milk p6wders containing approximately 1 to 10 salmonellae per 100 g were prepared to
determine the sensitivity of the proposed medium, Milk
concentrates and raw milks (!Ontaining salmonellae were prepared by seeding the milks with ·18 hx broth cultures and
diluting with milk to obtain a level of approximately 1
Salmonello!ml. Cheeses were ·prepared according to previously described methods and the salmonellae content was
followed throughout storage and curing (6, 9). Cheeses containing less than 10 salmonellae/ g were used. Whey from
these cheeses containing low levels of salmonellae also were
tested.
SaLmonella strains added to or found in the dairy products
included S. senftenberg, S. typhimurlum, S. cubana, S. anatum, S. new brunswick, S. oranienburg, S. monteveido, S.
newington, and S. choleraesuls.
Medium for testing dairy products
When the test medium as developed for differentiation of
pure cultures was applied to detect salmonellae in dairy
products, certain adjustments in the medium and test procedure were essential. First, selectivity for salmonellae had
to be increased in tests with mixed populations and growth
of certain gram-positive types had to be suppressed. Second,
casein carried over with dairy product samples interfered
with color changes and this problem had to be overcome.
Novobiocin. A number of antibiotics were screened for
ability to selectively inhibit growth of interfering microorganisms in the presenee of Salmonella. These included
novobiocin, erytlrromycin, kanamycin, neomycin, and sodiom
oxacillin. They were added aseptically to the medium at
levels ranging from 3 to 20 ~g/ml. Preliminary evidence
indicated that novobiocin (novobiocin, sodium) albamycinlt,
Upjohn Co. 1 was the most effective antibiotic· in suppressing
the growth of spore formers and species of Proteus and
Escherichia. The optimum concentration of novobiocin in
tl1e test medium was determined with pure and mixed cui·
tures of salmonellae and with salmonellae-positive dairy
products. Coneentrations tested were 2, 5, 10, and 15 ~g/ml.
A stock solution was prepared by adding 100 lng of crystalline
novobiocin to 100 ml of sterile distilled water. The stock
solution was stored at 4 C and discarded after two weeks.
Trypsin. The enzyme trypsin was tested in the medium as
a clarifying agent for milk easein. Sterile stock solutions were
prepared by mixing 1 g of trypsin ( 1-300) Nutritional Biochemical Corporation' in 100 ml of distilled water and filtering through a Seitz bacterial filter. This solution was usually
dispensed in tubes, frozen at -17 C, and then thawed and
used as needed. Levels of trypsin tested for casein digestion
and possible toxic effect on the growth of salmonellae varied
from 1 to 10 ml of stock solution per 100 ml of test medium.
!Mention of brand or firm names does not constitute an
endorsement by the Department of Agriculture over others
of a similar nature not mentioned.
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Cultures
Pure culttires of salmonellae and related types were tested
in the selective medium. These included 64 SaLmonella cui. tures representing serological groups A through I. Particular
attention was given to reactions obtained from those seretypes most frequently isolated from contaminated nonfat
dry milks (NDM), namely, Salmonella cubana, S. anatum, S.
monteveido, S. oranienburg, S. tennessee, S. worthington, S.
newington, and S. new brunswick. Representative strains of
Shigella dysenteriae, Shigella flexneri, Escherichia coli, Enterobacter aerogenes, Enterobacter cloacae, Citrobacter freundii,
Proteus vulgaris, P. mirabiliS, P. morganii, Paracolobactrum
arizonae, P. aerogenoides, Providencia stuartii, and species
of Klebsiella and Pseudomonas were tested. Spore formers,
such as Bacillus subtiUs, B. cereus, B. megateri.um, and B.
stearothermophilus, which are frequently found in milk powders also were tested.

MEDIUM

g

A SELECITVE MEDIUM

Assay of dairy products
NDM. NDM powder was added to sterile medium in the
proportion of 1 to 10 (w/v). Lesser amounts of powder
to medium may be used without harming the sensitivity but
this limit should not be exceeded. Both 50 and 100 g samples
were tested in the development of the procedure. One hU:Udred gram samples were slowly mixed with 1000 ml of medium
in a sterile Waring blender and after initial slow mixing, the
solutions of novobiocin ( 5 ml) and trypsin ( 20 ml) were
added and mixed. Mixtures were then returned to the
original flasks. To allow resuscitation of sublethally impaired
cells in dried products such as milk powder, the mixed samples
were immediately warmed to 30 C and held for 6 hr. After
6 hr preincubation, flasks were placed in a 39 C water bath
and held for an additional 18 hr. After incubation (total 24
hr) the mixtures were observed for color changes and/ or
blackening.
Milk concentrates. Milk concentrates from condensing (25
to 50% solids) were added directly to flasks or bottles of
medium containing the prescribed amounts of novobiocin and
trypsin (0.5 ml and 2 ml/100 ml, respectively). Usually 10
g of 50% concentrate or 20 g of 25% concentrate was added
per 100 ml of medium. (Lesser amounts of concentrate to
medium may be used). Mixtures were incubated at 39 C for
24 hr and observed for color changes as with NDM. Preincubation at 30 C was not essential with liquid dairy products.
Cheddar and Cottage cheese. Cheese samples of 11 g were
blended in a Waring blendor with 100 ml of sterile distilled
water containing 0.2 g sodium citrate. Usually 10 or 20 ml
aliquots of the cheese slurry were added to 100 ml of test
medium. Novobiocin and trypsin were added and incubated
as previously described for milk concentrates.
"W hey, raw and pasteurized milk. Whey and milk samples
were added to the medium at the ratio of 1 to 10 or 10 ml
per 100 ml of medium. Trypsin and novobiocin were added,
mixed, and the mixtures incubated at 39 C.
After 24 hr incubation, flasks or bottles were removed
from the water hath and recorded for medium color changes.
A positive presumptive test for the presence of salmonellae
was indicated by medium blackening and/ or color change
from red to yellow. A negative test was indicated by the
absence of color change or blackening. All salmonellae will
change the medium color from red to yellow in 24 hr and in
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addition most will form a massive black precipitate. Growth
from all positive samples should be positively identified as
containing salmonellae.
Confirmation. Samples from the presumptive test at 24
hr were removed and confirmed for the presence or absence
of salmonellae by standard cultural and serological procedures;
e.g., growth on differential agars and serological tel>i:s with
specific antisera. Limited tests were made in which confirmation was made by FAT (11). To determine the effectiveness of the presumptive medium, duplicate samples of
the dairy products were assayed by conventional lactose preenrichment, cultural and serological procedures (Bacteriological
Analytical Manual).
REsULTS AND DISCUSSION

Differentiation of cultures
The medium as developed in pure culture study
proved extremely useful in the detection and differentiation of unknown strains of salmonellae from
other genera of the Enterobacteriaceae group. Salmonellae were readily differentiated after 18 hr incubation from species of Shigella, Citrobacter, Enterobacter,. Protem, and PseudornoruJ,8. Unknown
colonies of salmonellae picked from selective agars
were also readily identified. All test strains with the
exception of a few S. pullorum grew rapidly in the
neutral red broth in ·12 to 18 hr at 37 C and changed
it in color from red to yellow or black. Most salmonellae decolorized neutral red and formed a
massive black precipitate which obscured yellow
color in 18 hr. Medium blackening was usually evident after 7 to 8 hr incubation. Typical medium reactions obtained with representative Salmonella serotypes are shown in Table l. Only three serotypes
tested failed to produce the characteristic black precipitate, e. g., S. sendai, S. abortivoequina, and diphasic S. choleraesuis. These strains could still be identified as salmonellae and differentiated from other
genera by c6ntinued incubation for 24 hr followed
by addition of brom thymol blue. Of two S. paratyphi A strains tested, one failed to produce HaS and
give the typical reaction of most salmonellae. Two
of six strains of S. pullorum grew poorly at 37 C
and could be differentiated more readily when grown
at 30 C. Lactose-positive Salmonella produced typical reactions in the medium, e.g., decolorization and
blackening. The reactions obtained with microorganisms other than salmonellae are shown in Ta:ble
2. Species of Shigella, Enterobacter, Citrobacter,
Proteus, and Pseudom01Ul8 usually remained bright
red in color after 18 hr incubation and did not blacken
the medium. Enterobacter, Protem, and Citrobacter
species usually lower the medium pH, thus intensifying its red color. Even those Protem strains which
produce hydrogen sulfide on TSI agar, such as P.
mirabilis failed to blacken the medium and remained
red, thus easily distinguishing them from salmonellae.
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Medium formula. The medium developed for detecting salmonellae in dairy products was essentially the same as for
pure cultures but was modified to contain: L-lysine - 10 g,
tryptone - 5 g, yeast extract - 3 g, lactose - 5 g, glucose 2 g, ferric ammonium citrate - 0.5 g, sodium thiosulfate 0.1 g, L-cystine 0.3 g, neutral red - 0.025 g, and distilled
water - 1 liter. No adjustment of pH was required. The
medium was usually dispensed in 500 or 1000 ml portions in
large mouth flask~, autoclaved, and stored at 4 C until used.
Freshly prepared autoclaved medium with the oxygen expelled was not used until the following day or until after oxygen equilibration because false-positives were encountered
under these conditions. Stock solutions of novobiocin and
trypsin were added aseptically to the medium just prior to
testing or at the time of mixing with dairy samples. The concentration of novobiocin was 5 p.g/ml of medium or 0.5 ml
of stock solution to each 100 ml. Stock trypsin was added
at the rate of 2 ml for each 100 ml of medium.
Evaluation and sensitivity. The sensitivity of the procedure
was established by testing milk powders known to contain
low levels of sublethally impaired salmonellae ( 1-10 per 100
g). Additionally, milk powders known to contain salmonellae
and related types such as E. coli, Enterobacter, Citrobacter,
and Proteus were tested.
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Many species of Pseudomonas, such as P. fragi, failed
to grow in the medium at 37 C. Salmonellae and
most E. coli and Klebsiella strains decolorized or irreversibly changed neutral red from red to yellow
without a marked pH change, thus inactivating it as
an indicator. None of the other test strains had this
effect on neutral red. As indicated previously, the
nonhydrogen sulfide strains of salmonellae required
a longer incubation period and use of brom thymol
blue to distinguish them from E. coli and Klebsiella
species. Only salmonellae cultures gave an alkaline
reaction changing brom thymol blue from yellow to
green or blue. Lysine and lactose utilizing cultures
such as E. coli and E. aer.ogenes sufficiently lowered
medium pH and remained yellow. Thus culture differentiation in the medium is based upon pH changes
as indicated by neutral red and brom thymol blue,
decolorization of neutral red, and the production of
iron sUlfide or medium blackening. Cultures utilizing
I. Jysine are known to yield an alkaline reaction.
Lac-
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tose and salicin provided a carbohydrate source for
microorganisms other than salmonellae which yield
an acid reaction. Salicin also provided a carbohydrate source fur slow or non-lactose utilizing strains
such as Proteus. All E. aerogenes, Klebsiella and
Proteus species, and most E. cloacae and Escherichia
species fermented salicin. It has been reported by
Edwards and Ewing (3) that all salmonellae produce
hydrogen sulfide on TSI agar with the exception of
S. paratyphi A, S. sendai, S. berta, S. senftenberg, S.
clw!eraesuis ( diphasic), and S. abortivoequina. Addition of L-cystine to the neutral red medium intensified
blackening with most species, and resulted in medium
blackening with strains of S. senftenberg and S. berta
and some S. paratyphi A. Apparently L-cystine is
more easily utilized than sodium thiosulfate or adds
to the sulfur source for these strains. Test strains of
P. arizonae changed medium color 'and gave blackening, making it impossible to differentiate them from
salmonellae. Paracolobactrum aerogenoides could be
distinguished by indicator changes.
Several advantages were found in the use of the
cultural test medium: (a) rapid results were obtained in 12 to 18 hr with most salmonellae, (b) one
medium was sufficient for differentiation from related typo-s, and (c) hydrogen sulfide producmg
strains of Proteus and Citrobacter were less likely to
be confused with salmonellae than on TSI agar or
lysine iron agar.

Assay of dairy products
The medium was effective in isolating and detecting salmonellae in most known positive dairy products. Dairy products containing salmonellae either
turned the medium very black or changed its color
from red to bright yellow depending upon the strain's
ability to form hydrogen sulfide. A negative test was
indicated by the absence of color change or medi:um
blackening. Only a limited number of dairy products
could be made with different Salmonella serotypes;
however, all but a few made· with S. choleraesuis
caused medium blackening in 24 hr. A strain of S.
senftenberg and lactose positive S. tennessee developed lesser amounts of iron sulfide. Milk powders prepared to contain approximately 1-10' salmonellae cells
per 100 g were usually positive by the presumptive
test. Medium sensitivity for dairy products was increased by changing the cystine content from 0.01
to 0.03% and raising the incubation temperature to
39 C. (Low levels of sublethally impaired salmonellae in NDM failed to give the characteristic reactions
when samples were placed immediately at 39 C).
It was found that a preincubation period of 6 hr at
30 C was sufficient to allow resuscitation of injured
cells and then the samples could be incubated at 39 C.
Test strains of E. coli, E. aerogenes, P. vulgaris, P.
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Salmonella paratyphl A
S. typhimurlum
S. schottmuellerl
S. derby
S. chester
S. cholerae-suis
S. cholerae-suis var.
kunzendorf
S. monteveido
S. oranienburg
S. tennessee
S. blockley
S. newport
S. sendal
s. typhl
S. enteritidis
S. pullorum
S. anatum
S. meleagrldes
S. newington
S. new brunswick
S. illinois
S. senftenburg
S. worthington
S. albuquerque
S. gamlnara

MEDIUM
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MEDIUM REAC'nON OF PURE CULTh"'RES OTHER THAN SALMONELLAE
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strain

Black ppt.

Red

Roo

+++
+

Black"
Yellow
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Amber to Redi
Yellow
Yellow
Redl
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"""I Red color usually intensified
'"'"NG
No growth
•After addition of brom thymol blue
hRed tubes at 18 br need not be reincubated or treated with brom thymol blue

mirabilis, and P. morga:nii in the dairy products failed
to give medium color changes or blackening after
24 hr incubation. Strains of E. coli did change the
medium color to yellow with longer incubation periods
( 48 hr).
The antibiotics, novobiocin and erythromycin at
levels of 5 and 10 f!-g/ml, respectively were equally
effective in isolating Salmonella in the presence of
gram-positive microorganisms; however, novobiocin
was slightly superior in suppressing growth of many
E. coli and Proteus strains. Advantages of novobiocin
in isolation of salmonellae from fecal samples have
been shown by Jeffries (7). Test strains of B. subtilis, B. megaterium, B. cereus, and B. stearothermophilus were inhibited with 5 f!-g/ml of novobiocin.
All species of Shigella and many strains of E. coli,
Proteus, and Pseudomonas were suppressed by 5 fi-g
of novobiocin in the medium. Novobiocin was required in the medium before a positive test could be
obtained when NDM samples contained Salmonella
and E. coli in a ratio of 1 to 10 per gram of powder.
Obviously large numbers of lactose fermenters such
as E. coli may overgrow salmonellae unless suppressed. Trypsin was effective as an agent to digest casein
and to clarify the medium imd thus enhanced detection of color changes and medium blackening with
all dairy products tested. Digestion of casein was
usually complete after 12 hr. Addition of trypsin to

the medium did not appear to inhibit growth or recovery of stressed cells of salmonellae (heating and
drying) in NDM or other dairy products. Five to
10 times the prescribed level of trypsin in the medium had no effect on the growth of salmonellae or
medium reactions.
Detection of salmonellae in dairy products was
based upon irreversible color changes of the neutral
red and blackening of the medium -by salmonellae.
Excessive aeration of cultures and the use of anaerobic
conditions are to be avoided when conducting the
presumptive test. For example, false-positive reactions were frequently encountered, (medium change
from red to yellow), when freshly autoclaved medium with oxygen expelled was used. As a result
autoclaved medium was not used until the following
day. Shaking and excessive aeration during incubation prevented blackening and appeared to inhibit
growth of stressed cells of salmonellae in NDM. The
number of salmonellae in some commercial NDM
samples was obviously low because difficulty was encountered in detection even with repeated sampling
by standard cultural procedures. NDM made in the
pilot plant to contain approximately 1 Salmonella
and 10 E. coli per gram was useful as a positive eontrol and in demonstrating the effect of medium variables. Limited trials have shown that the test is
sufficiently sensitive to detect between 1 and 10
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Shigella dysenteriae
Shigella flexnerl
Paracolobac:trum arizonae
Paracolobac:trum aerogenoides
Escherichia coli
Enterobacter cloacae
Enterobacter aerogenes
Citrobac:ter freundii
Klebsiella pneumoniae
Klebsiella ozaenae
Proteus vulgaris
Proteus mirabilis
Proteus morganii
Providencia stuartii.
PseudomoMS fragi
PseudomoMS fluarescens
PseudomoMS aeruginosa
Bacillus cereus
Bacillus megaterlum
Bacillus subtilis

Color

81 C
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21
10
2
2
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1

9
10
2
0
0
1

12
0
0
2
4
0

8
10
2
0
0
1
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0
0
2
4
0

3
16
5
15
21

3
14
5
14
20

0
2
0

3
15
5
12
20

0
1
0
3
1

1

1

with Salmonella serotypes producing hydrogen sulwith
with
with
with

S. choleraesuis and S. senftenberg
E. coli
species of Prateus
S. new brun8wick and E. coli

more selective for the growth of Salmonella than reconstituted milk.
·
Full evaluation of the neutral red lysine-cystine
medium and test procedure cannot be determined
until many products have been assayed and the results compared with those of established test procedures. However, results from the various dairy
products tested to date would indicate that the isolation procedure has definite potential as a rapid
screening procedure that may be used by processors
and technicians.
Preliminary tests with the FAT indicate that the
growth from. the. presumptive test may be applied
directly for FAT confirmation. Iron sulfide deposits
were generally removed during the normal· rinse procedureS and did not interfere with fluorescence. Presumptive evidence of Salmonella and confirmation by
FAT was obtained in a total of 26 hr. Results of
FAT tests will be reported at a later date.
REFERENCES

salmonellae per 100 g sample. The procedure was
slightly more sensitive when lesser amounts of powder to medium could he used,. for example, 50 g of
NDM to 1 liter of medium. ·Stressed cells of salmonellae in NDM were found to recover as fast or
faster in the neutral red broth than in reconstituted
milk. Recovery was determined by a direct plating
procedur~. As might be expected, the procedure
was more sensitive for detection ·of salmonellae in
liquid products and cheese than in NDM. In tests
with raw milk, 1 Salmonella/ml could easily be detected when the total bacterial count did not greatly
exceed 200,000/ml. In a few instances salmonellae
were detected when the total count exceeded 1 million/mi. Raw milks of high counts obviously contained large numbers of lactose fermenters which
overgrew salmonellae even when the medium contained novobiocin. Salmonella was readily detected
in pasteurized milk and wheys. Lactic streptococci
in the wheys were inhibited by novobiocin.
Results of tests with dairy products are shown in
Table 3. Although 100% correlation was not obtained
between the 24-hr presumptive test and the 4-day
completed cultural and serological procedure, the
number of positive samples at 24 hr was extremely
high. Results to date indicate that the presumptive
test cannot be solely relied upon for Salmonella detection. Even though confirmation of Salmonella in
the growth medium is still required, the total time
required for the completed test iS reduced. The
medium eliminates the usual preenricbment and is
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NDM Commercial
NDM"
NDMb
NDM"
NDM•
NDM"
Milk concentrate
(25 to 50%)
Cheddar cheese
Cottage cheese
Raw milk
Whey
"Prepared
fide
bPrepared
"Prepared
"Prepared
"Prepared
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