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A survey of the types of aerobic organisms able to produce H2S on peptone iron
agar (Levin, 1968), and commonly occurring in meat and poultry plants, revealed
that these could be divided into four distinct groups. The ability of representative
strains of each type to grow at low temperatures and cause off-odors on chicken
muscle was examined. The results are discussed in relation to the role of these
organisms in the psychrophilic spoilage of meat and meat products.

Recent work on the bacteriological spoilage of
flesh foods has indicated that only a fraction of
the total microflora is capable of producing the
organoleptic changes associated with spoilage
(2, 11). Several workers have emphasized the
importance of attack on low-molecular-weight
compounds (1, 13) and others indicated that
off-odors are evident before extensive proteol-
ysis takes place (18). In particular, the associa-
tion of sulfide-producing organisms with spoil-
age has been noted (7, 11, 15, 19, 21).
There is no concise data in the literature

about the genera and species of organisms that
produce sulfides, and which commonly occur on
meat and poultry. This study was undertaken to
provide adequate characterization of these orga-
nisms as a basis for further detailed studies.

MATERIALS AND METHODS
Origin and isolation of strains. The sources of the

strains are given in Table 1. Peptone iron agar (PIA;
Difco) developed by Levin (19) was used as a direct
diagnostic plating medium for the recovery of hydro-
gen sulfide-producing strains. These formed black
colonies due to the formation of ferrous sulfide.

Plant surfaces were sampled by the swab-rinse
technique and poultry carcases by the cut and rinse
method described by Patterson (23). Other product
samples (fresh and aged beef) were homogenized in
saline peptone solution using a Colworth Stomacher
(A. J. Seward and Co. Ltd., London) as described by
Sharpe and Jackson (25). Serial 10-l dilutions were
prepared from this homogenate.

Pour plates of various dilutions were made in PIA
and incubated for 3 days at 22 C. Black colonies were
removed and purified by streaking on further plates of
PIA. The 159 cultures isolated were maintained on
PIA slopes at 4 C.

'Present address: Faculty of Agricultural Science, Univer-
sity of Tasmania, G.P.O., Box 252C, Hobart, Tasmania, 7001.

Morphological features. Media for morphological
and cultural examinations were based on nutrient
broth (NB) (weight/volume, Lab Lemco [Oxoid L20D,
1.0%; peptone (Oxoid L37), 1.0%; NaCl, 0.5%. Eight-
een-hour nutrient agar (NA) slope cultures were gram
stained as described by the Society of American
Bacteriologists (30) and motility was determined by
the hanging drop technique. Size, shape, and cellular
arrangement of stained and living preparations were
noted. Representative strains of each group of orga-
nisms were stained for flagella by the Leifson tech-
nique (22). Best results were obtained by allowing a
contact time of 30 s after appearance of a fine
precipitate on the slide.

Colonial morphology and broth characteristics were
described after 3 days at 22 C on NA or in NB (30).

Biochemical tests. All tubes were inoculated with
0.1 ml of a 24-h NB culture, plates and slopes being
streaked from a similar source. The temperature of
incubation for all tests was 30 C, the period being
varied according to the test. Details of the tests
employed are shown in Table 2.

Carbohydrate reactions. The ability of strains to
produce acid and/or gas from glucose, maltose, su-
crose, and lactose was examined in Andrade peptone
water. The carbohydrate solutions were sterilized by
filtration and added to the basal medium to give a
final concentration of 1.0% (wt/vol).

Sole sources of nitrogen. Sulfur-containing ni-
trogenous compounds known to occur in meats (me-
thionine, cystine, glutathione, taurine) were tested as
sole sources of nitrogen. Filter-sterilized solutions of
each N source (0.01 M) were added to a basal medium
chosen to simulate the carbohydrate and salts compo-
sition of meat (16). Solutions used contained the
following: solution A, NaHPOIKHPO4 buffer (0.1
M, pH 6.8); solution B, MgSO4.7H20 (2.0 g/liter),
CaCl3.2HO (0.7 g/liter), ZnSO4.7H20 (0.5 g/liter),
FeSO4.7HO (0.05 g/liter), CoSO, (0.05 g/liter); solu-
tion C, glucose (0.1 g/liter), glycogen (1.0 g/liter),
sodium lactate (18 ml/iter) (50% wt/wt solution).

Solution A was made up in 950 ml of distilled
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TABLE 1. Source and distribution of isolates

Source |No of Pseudomonas Proteus Citrobacter Coryneform
from source putrefaciens sp. freundii isolates

Refrigerated steak ...................... 26 26
Beefburger ............................. 8 1 7
Frozen broilers ......................... 52 12 22 10 8
Trussing area swabs (poultry plant) ...... 36 3 22 8 3
Packing area swabs (poultry plant) ...... 15 1. 3 11
Hand swabs (personnel; meat and

poultry plants) ....................... 13 6 6 1
Miscellaneous swabs (meat and poultry

plants) .............................. 9 1 6 2

TABLE 2. Description of biochemical tests employed

Test Growth medium period (days)

Oxidase test (14).NA 4
Oxidative/fermentative attack on

glucose. Hugh and Leifson medium (12) 4
Phosphatase production.Phenolphthalein phosphate agar (3) 4
Indole production.1.0% tryptone water 4
Methyl red and Voges Proskaeur tests. Glucose phosphate broth 4
Citrate utilization.Simmon's citrate agar (28) 7
Nitrate reduction.0.1% (wt/vol) KNO, peptone water 4
Phenylalanine deamination.Phenylalanine agar (9) 7
Urease production.Christensen's urea agar (8) 7
Arginine decomposition.Thornley's arginine medium (31) 14
Lecithinase hydrolysis.Egg yolk agar 4
Deoxyribonuclease production. Deoxyribonuclease agar (Difco) 4
Caseolysis.20% (vol/vol) skim milk agar 4
Starch hydrolysis. 1% (wt/vol) starch nutrient agar 4
Tributyrin hydrolysis.Tributyrin agar (Oxoid) 4
Tween-80 hydrolysis.Tween-80 agar (27) 7
Gelatin liquefaction .Nutrient gelatin 14
2-Ketogluconate production .......... 1% Na gluconate broth 4

water, and 40 ml of solution C and 10 ml of solution B
were added.
Computation of results. The results which were

useful for differentiation were resolved into 58 fea-
tures and presented as a table of strains versus
features. The data were analysed by the program
CLASP by which pairs of strains in all possible
combinations were compared in turn. Similarity was
defined as nJ/(n, + nd) (n, = ++, nd = + -). Negative
matches were not counted (29). Strain numbers (123)
were included in the computation; the remaining 36
isolates had identical responses with other isolates.

Excision of sterile muscle sections. Sections of
sterile muscle were excised from chicken breast (supra
coracoid, pectoral proper) using a modification of the
technique described by Sharp (24) and Gardner and
Carson (10).

Breast skin was carefully removed using sterile
instruments and the underlying tissue was painted
with aged, saturated solutions of crystal violet and
brilliant green which were allowed to dry for 2 h. The
muscle was not flamed as this procedure was found to
cook into the depth of the tissue. The painted portion

was sliced away using sterile instruments and large
sections of the underlying muscle were excised and
placed in sterile petri dishes. The large sections were
cut into smaller portions (2 g) using sterile scissors
and were stored in sterile screw-capped bottles. Sec-
tions were kept at refrigeration temperatures for at
least 14 days and were examined visually and olfac-
torily before use. Five-milliliter quantities of nutrient
broth were added to 10% of the sections and incubated
at 22 C as sterility controls.

Ability of representative strains to produce off-
odors. The ability of 15 pure cultures representing the
various groups of organisms (Table 3) to produce
off-odors was tested as follows. Cultures were grown in
NB for 2 days at 22 C, harvested by centrifugation,
washed, and resuspended in sterile phosphate buffer
(0.1 M, pH 6.8) to give a final concentration of
approximately 5 x 104 cells/ml. Sterile muscle sec-
tions were inoculated with 0.1-ml quantities and
incubated at 5 C for 14 days. Sections were examined
sensorily at 7 and 14 days for evidence of spoilage.
Growth rates at 5 C. The growth of representative

organisms from the major groups at refrigeration
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temperatures was measured using a nephelometer
(EEL, Evans Electroselemium Ltd., Halstead, Es-
sex). Optical density measurements of NB cultures
were recorded at inoculation and on alterate days for
14 days.

RESULTS
The results of the computer analysis (summa-

rized in Table 3) show mean similarities within
and between the groups formed. The organisms
within each group were recognized as follows:
group 1, Pseudomonas putrefaciens; group 2,
Proteus sp. (Proteus mirabilis and Proteus
vulgaris); group 3, Citrobacter freundii; group
4, coryneform types. Summary characteriza-
tions of the groups are given in Table 4.

In this survey, 48 of the 159 cultures isolated
were strains of P. putrefaciens. These formed a
very distinct group (9 = 87.0). The distribution
of the strains can be seen in Table 1. It is of
interest to note that all 26 isolates from spoiling
steak stored at 5 C were P. putrefaciens. Other
sources included frozen and chilled eviscerated
chickens, poultry plant personnel, and equip-
ment.
The P. putrefaciens strains all grew well at

5 C and much more quickly at this temperature
than the other H2S-producing types isolated.
All five representative strains caused a typically
sulfide-like spoilage odor when grown on sterile
chicken muscle. Off-odors were detectable or-
ganoleptically after 7 days storage at 5 C.
The group 2 strains all produced the charac-

teristic swarming colonies of Proteus species.
The group (53 strains) was distinct with an
intragroup mean similarity of 83.2. All but three
of the strains were recognized as P. mirabilis.
The remaining three correspond to the descrip-
tion of P. vulgaris (6) and were grouped together
at one extreme of the Proteus group.
Growth at 5 C was recorded for 29 of 53

Proteus strains and four representative isolates
developed faster than the Citrobacter types at
this temperature, although much slower than P.
putrefaciens. Despite the relatively slow growth
rate at low temperatures, all Proteus strains

TABLE 3. Mean similarity within and between groups
formed

Groupa 1 2 3 4

1 87.0
2 30.1 83.2
3 29.6 44.8 82.2
4 20.4 16.7 26.4 64.1

a 1, Pseudomonas putrefaciens; 2, Proteus; 3, Citro-
bacter freundii; 4, coryneforms.

TABLE 4. Number of strains in each group giving
positive response to tests indicateda

No. of strains in group
Test Group Group Group Group

1 (49) 2 (53) 3 (38) 4 (19)

Gram negative.
Coryneform arrangement
Motile ..................
Colony pinpoint.
Colony circular.
Colony convex ............
Brown pigmented
Swarming growth.
Growth at 4C.
Growth at 37C.
NH, (sole source N) ......

Methionine (sole source N)
Cysteine (sole source N) ...
Glutathione (sole source N)
Taurine (sole source N) ....
Oxidase positive.
Fermentative on glucose ...
Phosphatase positive.
Indole produced.
Methyl red positive .......
Voges Proskauer positive
Citrate (sole source C).
NO, reduced.
Phenylalanine deaminated
Urease produced.
Arginine alkaline.
Lecithinase produced.
Deoxyribonuclease produced
Caseolysis
Tributyrin hydrolysed.
Tween 80 hydrolysed ......
2-Ketogluconate produced
Gelatin liquefied .........

Glucose acid.
Glucose gas.
Maltose acid
Maltose gas.
Lactose acid.
Lactose gas.
Sucrose acid.
Sucrose gas.

4

2
1
+

4
45

4

19
43
46
46
46
1

44

+

29
+
+
47
9
52
1

44
3
4

22

+
+
+

3
3
2

43
49
28
46
51
+
+
3
3

2
2

33
+
+
30
+
35

+

+

1

+

9
9
28
28

5

+

8
16
3

14
5

+

S

2
1
3
3
2
1

2

6

5

14

a Symbols: +, all strains in group positive; -, all strains in
group negative; No., number of strain in group positive.

tested produced the same characteristic odor.
This was not recognized as sulfide-like but was
described as "caramel" or "burnt sugar."
(These strains liberate H2S when cultured at
5C.)
The strains contained in group 3 were recog-

nized as C. freundii (36 organisms, 9 = 82.2).
Two anaerogenic types were included. Again, in
relation to P. putrefaciens, these strains grow
slowly at 5 C and only slight sulfide-like odors
were detectable with two of the four representa-
tive strains tested after storage of inoculated
chicken muscle for 14 days at 5 C.
The coryneform organisms formed the least

I
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distinct group; 19 strains were included in a
group with an intragroup mean similarity of
64.1% S. The strains grew only very slowly if at
all at 5 C and representative types did not
produce any detectable off-odor after incuba-
tion on sterile chicken muscle for 14 days at 5 C.
Seven of the eight strains isolated from beef-

burgers were coryneform types. It was not,
however, possible to test these for spoilage
ability against beefburger as sterile sections of
this product could not be obtained. In view of
their slow growth rate at low temperatures,
members of this group are unlikely to be impor-
tant spoilage agents of refrigerated meat prod-
ucts.

DISCUSSION
The results obtained indicate that a re-

stricted range of bacterial types capable of
producing detectable amounts of hydrogen sul-
fide on PIA occurs in the environs of meat and
poultry plants. Of these, P. putrefaciens is
recognized as potentially the most important
spoiler. Both C. freundii and coryneform types
are discounted as troublesome at 5 C. At higher
temperatures, however, it is likely that these
might develop much more rapidly with the
subsequent onset of sulfide-like odors. Proteus
strains provide apparently anomalous results;
although developing only slowly at refrigeration
temperatures, they produce a characteristic
spoilage of chicken muscle which was not recog-
nized organoleptically as sulfide-like.
The role of P. putrefaciens as a spoilage

organism is well documented. A number of
workers have noted the presence of this orga-
nism and its role in the spoilage of chicken
carcases (4, 5). Lea and co-workers (17), how-
ever, concluded that P. putrefaciens and a
pigmented pseudomonad produced changes lit-
tle greater than those observed during sterile
autolysis. All P. putrefaciens strains examined
in this study produced potent off-odors from
chicken muscle. P. putrefaciens has also been
widely implicated in the spoilage of fish and
fishery products (7, 11, 19).
Other Pseudomonas strains have been re-

ported in the literature as producers of sulfides
and sulfide-like odors. Nichol et al. (21) re-
corded the formation of sulfmyglobin in pre-
packed beef by P. mephitica, but showed that
sulfides were only produced under conditions of
low oxygen tension. P. perolens was shown to
produce a number of volatile sulfides when
grown on sterile fish muscle (20) whereas P.
putida, Pseudomonas group 1 (26), P. fragi,
Pseudomonas group II, and Pseudomonas group

IIJAV types possibly similar to P. putrefaciens
also caused sulfide-like odors in fish muscle
(11). In this study, the only sulfide-producing
pseudomonad recovered from sources within
meat and poultry plants was P. putrefaciens.
Members of the Enterobacteriaceae have

been shown to constitute a considerable portion
of the flora of poultry carcases when the temper-
ature is allowed to rise to 10 to 15 C (5). This
study confirms that normal refrigeration tem-
peratures permit at most only slow growth of
the Citrobacter and Proteus types isolated.
However, the latter are able to cause a charac-
teristic off-odor on chicken muscle at 5 C in
pure culture. The inherently slow growth rate,
however, probably limits development of
Proteus species in competition with more psy-
chrotolerant organisms. Studies are being car-
ried out to determine the number of cells of
Proteus species required to cause off-odors in
pure culture. Their development and the nature
of spoilage in association with the faster growing
P. putrefaciens is also of interest. It is possible
that the odiferous compounds produced by
Proteus strains are detectable organoleptically
at extremely low levels and that relatively few
cells are required to attain these levels.
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