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TH.E increasing number of food
poisoning  epidemics which are

traceable directly to preformed toxins
produced by certain species of micro-
cocci  (staphylococci) have caused
health officers to take notice of this
type of gastrointestinal upset. Little
information is available on the general
characteristics of these organisms other
than the work of Dack et al! and
others who have studied in part the cul-
tural characteristics of the micrococci
responsible as well as the factors asso-
ciated with their toxin production.
Stone 2 has reported that all of the
micrococci associated with food poison-
ing epidemics have one cultural charac-
teristic in common, namely, gelatin
liquefaction. It has been known for
some time that a large percentage ® of
micrococci liquefy gelatin and particu-
larly the Micrococcus aureus types
which are usually encountered in gastro-
intestinal upsets traceable to toxin pro-
ducing micrococci. Stone has reported
that a special medium prepared by
drying the gelatin before making up
and increasing the amount of beef ex-
tract from 0.3 per cent to 3 per cent,
will produce a medium which micrococci

* Read at a Joint Session of the Food and Nutrition
and Laboratory Sections of the American Public
Health Association at the Sixty-fifth Annual Meecting
in New Orleans, La., October 22, 1936. Approved
by the Director of the New York State Agricultural
Experiment Station for publication as Journal Paper
No. 171, November, 1936.

will more frequently liquefy than the
commonly used medium with 12 per
cent gelatin and 0.3 per cent beef
extract.

A study (Table I) of the relative
rapidity of gelatin liquefaction as com-
pared in ordinary nutrient gelatin and
Stone gelatin indicates that toxin pro-
ducing micrococci are somewhat more
active from the standpoint of gelatin
liquefaction in Stone’s gelatin than in
the more commonly used nutrient gela-
tin. Certain strains, particularly Nos.
8, 42, and 135, originally received from
Jordan, were very slow liquefiers of
ordinary nutrient gelatin but in Stone’s
gelatin liquefaction was much more
rapid, while there were a few strains
of Stone’s gelatin in which liquefaction
was slower. Repetition of these tests
indicated that the rapidity of gelatin
liquefaction is a very valuable character
of the toxin producing micrococci. Cer-
tain other factors are involved in con-
trolling the rapidity of gelatin liquefac-
tion and as a cultural character it is
not particularly suitable for differen-
tiating the toxin producing type as a
group.

The drying of the gelatin probably
plays little part in increasing the effi-
ciency of Stone’s medium, but an in-
crease (Table II) in the percentage of
meat extract was found to increase the
rate of gelatin liquefaction. Experi-
ments in which varying amounts of beef
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Tasie 1
Relation of Standard Gelatin and Stone’s Gelatin to Time of Liquefaction
Number of Hours
First Liquefac-
tion Was Noted
APHA.
Standard
Culture Gelatin Stone’s
Number (1907) Gelatin History of Cultures Source
B2 24 24 Illinois State Department Milk
of Health
*3 .. ..  Lister Institute Cake
*8 2,080 48  University of Chicago Cake
*9 24 24  Lister Institute Chicken gravy
*42 2,080 48  Lister Institute
* 95A 48 24  University of Chicago Cream filled cake
*95B 24 48  National Institute of Health Cream filled cake
*95C 24 24  Lister Institute Cream filled cake
*135 2,080 912  Lister Institute Infected compound fracture
*137 48 912  National Institute of Health Abscess on thigh
173E 24 24 USDA. Cream pie filling
35,556-B7 48 48 USDA. Pickled tongue
35,556-B9 24 48 USDA. Pickled tongue
35,556-B13 24 48 USD.A. Pickled tongue
35,556-B14 24 24 USDA. Pickled tongue .
49,711-B1 24 912 USD.A. Cream filled pastries '
49,711-B2 24 48 USDA. Cream filled pastries “
49,711-3P7 24 48 USDA. Cream filled pastries .
49,711-3P12 24 .. USDA. Cream filled pastries !

Foop PoisoNING MICROCOCCI

* Strains originally obtained from Dr. E. O. Jordan

extract from 0.7 per cent to 3.0 per cent
were used has shown that in most cases
a gelatin which contains 2 per cent or
more beef extract was more susceptible
to liquefaction by the toxin producing
micrococci than one with smaller
amounts. These observations could not
be confirmed in all cases, as the organ-
isms varied somewhat in their rate of
gelatin  liquefaction with increased
amount of meat extract.

It will be noted that the onset of
liquefaction was exceedingly slow for
many of the strains. It is debatable
whether an organism which takes nearly
3 months to begin liquefaction. should
be considered as a liquefier in the same
sense as other strains which produce
demonstrable liquefaction in relatively
few hours.

The toxin producing micrococci ap-
pear to be ubiquitous in nature. They
are found in many sources and may be
prevalent in many types of food. A
study of the udder flora of over 7,000
cows shows that over 20 per cent dis-
charge an orange liquefying micrococ-
cus similar in cultural characteristics
to the toxin producing types. How-
ever, there was no evidence of toxin
production judged by effects on the
consumers of their milk. A study was
made of 32 chicken pies served at public
suppers, in which relatively accurate
information was available as to any
effects of preformed toxins. In all rela-
tively large numbers of orange lique-
fying micrococci were found but no
evidences of gastrointestinal disturb-
ances were noted in any of the consum-
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TasLE II

Effect of Per cent of Beef Extract Upon
Liquefaction of Gelatin by Food
Poisoning Micrococci

Number of Hours First Lique-
faction Was Noted in
Increased Percentages of

Beef Extract

r A N

Culture No. 0.7 1.0 2.0 3.0
B2 48 24 24 24
8 1,400 1,400 144 144

9 168 168 48 48
42 1,400 1,400 240 144
95C 24 24 24 24
95A 168 48 24 48
95B 336 168 168 48
135 2,030 2,080 2,080 720
137 336 336 144 240
173E 168 48 24 48
35,556-B7 1,200 720 8 48
35,556-B9 168 48 24 24
35,556-B13 168 168 144 48
35,556-B14 336 168 144 144
49,711-1 . 1,200 720 144 144
49,711-2 960 48 144 48
49,711-3P7 1,400 720 144 48
49,711-3P12 168 168 48 48

ers. These micrococci were identical
with the toxin producing types with the
exception of the toxin producing prop-

AMERICAN JoURNAL OF PusLic HEALTH

June, 1937

erty. It is apparent either that the
toxin producing types are widely dis-
tributed in nature requiring conditions
favorable to toxin production, or our
present cultural reactions are inade-
quate for their identification.

If these types are so apparently wide-
spread and in most instances retarded
in their ability to produce toxin, infor-
mation is necessary as to the factors
which might inhibit their development
in food when present. Certain in-
gredients in prepared foods are known
to have an inhibiting effect on the
growth of organisms. Information is
lacking on the effect of these substances
on the growth of toxin producing micro-
cocci. A study was made (Table III)
of the effect of sucrose upon these or-
ganisms and the minimum amount
which must be present to inhibit their
growth. Increasing amounts from 20
to 50 per cent sucrose were added to
veal broth which was subsequently
heavily inoculated with 2 standard
strains of toxin producing micrococci
then incubated at 37° C. for 18 days.
The toxin producing micrococci devel-
oped in relatively high concentrations
of sucrose. For the first 24 hours.
growth was vigorous in concentrations

TasrE II1
Effect of Sucrose Upon Growth of Food Poisoning Micrococci
Number
of
Number (million) Organisms per c.c.in Increasing Organisms
Percentages of Sucrose (millions)
Time of — A N in
Culture Incubation 20 25 30 35 40 45 50 Imoculum
95 24 hours 1,790 5,190 2,500 1,570 1,300 2,340 3,090 28
48 hours 3,070 2,420 3,180 1,890 1,780 2,530 2,890
5 days 3,920 6,400 3,120 52 601 410 348
14 days 15 970 1,930
18 days
42 24 hours 1,920 2,570 2,850 2,160 3,950 3,030 2,930 476
48 hours 3,570 3,580 3,100 3,290 1,780 2,640 2,280
5 days 5,000 6,000 255 2,640 3,100 14 113
14 days 5,200 710 16 91 1,090
e 93 - e

18 days
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as high as 50 per cent. During the
second 24 hours, growth was materially
checked in the higher concentrations
although no decided reduction in num-
ber was apparent. At the end of 5 days,
the numbers of micrococci were mate-
rially reduced, probably not through
the action of the high concentrations of
sugar alone, but due in part to the
presence of the acid developed in the
medium. Repeated observations showed
that from 5 until 18 days the number
of organisms in the higher percentage
of sucrose rapidly decreased. In a
medium containing 35 per cent of
sucrose or more the organisms were
practically all inhibited or killed at the
end of 18 days. At the end of 14 days
it was found that 20 per cent of sucrose
broth was sufficient to reduce materially
the number of organisms. The acid
produced by the organisms in the me-
dium is not an important factor in itself,
in this case, as an increased amount of
sucrose did not increase the amount of
acid formed. The amount of acid pro-
duced was as great in the lower as in
the higher concentrations. The com-
bined action of the acid and sucrose
may have been responsible for the re-
duction in number of viable micrococci
in the flasks containing the larger
amounts of sucrose.

Similar experiments were carried
out with various concentrations of so-
dium chloride. It was noted that the
toxin producing micrococci are some-
what resistant to all concentrations of
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sodium chloride up to and including 12
per cent, although in concentrations as
low as 6 per cent growth was materially
inhibited as compared with the controls
containing no sodium chloride. It is
no doubt difficult to obtain sufficient
practical ~concentration of sodium
chloride foods to inhibit definitely the
growth of all the cells contained in
cultures of toxin producing micrococci.
Sodium chloride appeared to have no
killing effect, as the numbers after 48
hours’ incubation remained approxi-
mately constant through the 18 day
incubation.

Similar experiments were done using
various amounts of acetic acid as the
inhibiting agent. Veal infusion contain-
ing as a minimum 0.05 per cent and
increasing to 0.25 per cent was pre-
pared and inoculated with 2 strains of
toxin producing micrococci. It was
found (Table V) that acetic acid has
a very definite inhibiting effect. Con-
centrations as low as 0.05 per cent
materially reduced the growth rate be-
low that found in the control contain-
ing no acetic acid. Concentrations as
low as 0.15 per cent at the end of 48
hours brought about a decided reduc-
tion in the number of organisms, while
at the end of 7 days, media containing
0.2 to 0.25 per cent were practically
free of organisms. In contrast to the
effect of sucrose and sodium chloride,
acetic acid had an inhibiting effect in
low dilutions and a definite killing effect
in higher concentrations.

TasLE IV
Effect of Sodium Chloride Upon Growth of Food Poisoning Micrococci
Number of
Number (million) of Organisms per c.c. Found in Increasing Organisms
Time Percentages of Sodium Chloride (millions)
of Incu- — —A N in
Culture bation 6.0 7.0 8.0 9.0 10.0 11.0 12.0 Control
95 24 520 410 340 420 210 140 50 1,040
© 95 48 400 320 380 268 270 186 136 1,430
42 24 540 260 250 260 220 270 160 550
42 48 320 213 210 258 195 140 125 1,000
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TaBLe V
Effect of Acetic Acid Upon Growth of Food Poisoming Micrococci
Number of Organisms (million) per c.c. Number of
in Increasing Percentages Organisms (millions)
of Acetic Acid percc.In
Culture Time of ‘ —A- ~ A ~
No. Incubation 0.05 0.10 0.15 0.20 0.25 Inoculum Control

95 24 hours 1,470 170 3,960 7,200 0.2 7 2,400

48 hours 1,450 590 0.7 e 2,090

4 days 2,900 890 3,490

7 days 1,870 1,350 2,680

42 24 hours 350 179 59 2 0.1 27 1,270

48 hours 265 330 153 1,400

TasLe VI
Associative Action of Acetic Acid, Sucrose, and Sodium Chloride on the
Growth of Food Poisoning Micrococci
Number (million) Organisms per c.c. In
A
Sucrose 30% Sucrose 35%
Culture Time of Sodium Chloride 10% Sodium Chloride 11%

No Incubation Acetic Acid 0.10%  Acetic Acid 0.05% Inoculum Control

95 24 hours 40 35 15 960

48 hours 100 150 1,220

42 24 hours 35 34 19 750

48 hours 58 48 1,250

Work of Pederson and Breed * has
indicated that a combination or asso-
ciated action of various inhibiting agents
might take place when each agent in
this combination is used in a per cent
which when used alone was not suffi-
cient to inhibit growth. With this in
mind 2 media were prepared, one which
contained 30 per cent sucrose, 10 per
cent sodium chloride, and 0.1 per cent
acetic acid, and the other 35 per cent
sucrose, 11 per cent sodium chloride,
and 0.05 acetic acid. Any one of these
ingredients in the percentage used, if
used alone would not materially inhibit
growth. However, when used in com-
bination (Table VI) a decided inhibi-
tive action was apparent. In this par-
ticular experiment, 15,000,000 organ-
isms were inoculated into these 2 media
as well as the control. At the end of
24 hours, although a small amount of
growth had taken place, it was mate-
rially less than that in the control.

It is apparent that types indistin-
guishable culturally from the toxin pro-

ducing micrococci are widespread in
milk and food products. It is also
indicated that sucrose ~and sodium
chloride have very definite inhibiting
action upon the growth of the toxin
producing micrococci, while small per-
centages of acetic acid not only inhibit
but reduce the number of these organ-
isms in veal infusion broth media.
These ingredients were found to act in
lower concentrations as inhibiting agents
when used together than alone.
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