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INTRODUCTION

Bacterias that produce a water soluble, fluorescent pig-
ment under suitable conditlons are widely distributed in
nature and are frequently encountered in dailry products. The
marked proteolytic and lipolytic properties of many of these
organisms and thelr ability to grow at relatively low tem-
peratures meke them potential agents of deterioration of milk
and its products during holding. Defects in such products
due to the action of this group of bacteris are rather common
under commercial conditions and have been reported by several
investigators.

The inhibitory effect of acid on the fluorescent organ-
isms restricts their action to products with a pH not greatly
reduced below that of normasl milk. Accordingly, they are not
importent in the development of off-flavors in raw milk and
cream or other products containing acid-forming organisms,
except when held at temperatures too low to permit a rapid
growth of the acid producers. Since the fluorescent bacteria
are easily killed by heat, they should be destréyed by the
usual pasteurization exposures, but recontemination from var-
ious plant sources cen occur readily. Because of their psy-
chrophylic nature, any of these orgenisms thus introduced
after pasteurization might grow extensively during prolonged

holding of dalry products at the usual holding temperature
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and thus prodgce deterioration.

The addition of butter culture to cream before churning
would be expected to restrict the growth of the fluorescent
bacteria in butter, while even moderate salting of butter
would be énother important factor in their control. Unsalt-
ed and unripened cream butter, however, should be a suitable
medium for the growth of these bacteria and when this occurs
the flavor and odor might be aﬁvefsely affected. The high
acidity of most cheeses should largely prevent reproduction
of the fluorescent bacteria, but they might grow in certain
soft varieties, such as cottage, that have & reduced acidity
due to washing the curd and thereby limit the length of the
storage period.

The fluorescent bacteria isolated from: both normal and
defective milk products by various investigators have not al-
ways been studied sufficiently to be identified accurately.
Counsequently, it 1s not definitely known what specles of these
organisms are commonly present in dairy products or what spe-
cles are the most important in producing defects in such ma=-
terials. Informatioﬁ on the general distribution of fluorescent
bacteria in milk and 1ts products is also somewhat limited.
This is due pertly to the fect that the method commonly follow-
ed in making routine bacterial analyses of milkx and cream does
not permit detection of these organisms, both the medium and
incubation temperature being unfavorable for both their growth

and pigment production. Comprehensive informetion on the dis-
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tribution of the fluorescent bacteria in milk end its pro-
ducts can only be obtained by the use of a procedure which
permits fairly accurate detection of these orgenisms.

Cultures isolated in such an investigation can be studied

and information obtalned on their classification.
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STATEMENT OF PROBLEM
The purposes of this investigation were:

To determine the prevalence of fluorescent bacteria in

certain dairy products.

To isolate and study cultures of fluorescent bacteria

from deiry products.

To study the resistance of the fluorescent organisms

to heat and chlorine.

To ascertain the effect of acidity end salt on the growth

of the fluorescent organisms.

To determine the action of pure cultures of fluorescent

bacteria on various dairy products.

To classify the fluorescent bacteria found in dairy

products.
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DEFINITION OF FLUORESCENT BACTERIA

Substances that have the power to absorb certain wave
lengths and re-emit the energy in longer weve lengths in-
stead of coaverting i1t into heat are sald to be fluorescent.
Such substences are visible under ultra-violet light because
they emit visible light rays during the irradiation. Exami-
nation under ultra-violet light 1s therefore a convenlent
method of detecting fluorescent substances since they will
be visible under this kind of light, while substances that
are non-fluorescent will be invisible.

The dried cells of several species of bacteria show a
characteristic fluorescent color when viewed under ultra-violet

light, as was first observed by Arloing, Policard and Langeron

- (1925). Many species of bacteria, however, particularly

certain species in the genera Pseudomonas and Phytomonss
(Bergey, Breed, Murray end Hitchens, 1939) secrete a water
soluble pigment under suitable conditions that is greenish
colored in natural light and bluish-green to greenlish-yellow
under ultra-violet light. The bacteria included in this study
produced a water soluble pigment and fluorescent colonies on
beef infusion agar, pH 7.0 to 7.2, when incubated at a temper-
ature of 20° to 259C. for 72 hours and examined under ultra-

violet light.
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HISTORICAL
Fluorescence of Bacterial Cells

Arloing, Policard and Langeron (1925) mede a brief study
of the fluorescent color of dried bacterial cells under
ultra-violet light and proposed a rough method of differenti-
ation between organisms on this basis. Gassul and iolke%ic
(1927) also found that each species of bacteria produced a
eharacteristic fluorescent color and could be differentiated
by exemination under ultra-violet light. They stated that
cells for such an examination should be obtained from cultures
of the same age and grown on the same medium at a uniform
temperature. Danielsen (1929), however, found no regularity
in the shade of fluorescent color produced by various species
of bacteria or by different strains of the same specles. He
disegreed with Gassul end Yolke¥ic (1927) in their belief
that each species of bacteria has a definite characteristic
fluorescence in ultra-violet light.

Lasseur, Dupaix and Lecaille (1931) grew various bacteria
end yeasts on peptone agar at a pH of 7.0; the cells were
washed three times in physiological salt solution or distilled
water, then centrifuged and examined under ultra;violet light.
All cells examined produced a fluorescent color to a greater
or less extent, but these investigators concluded that fluo-

rescence depends too much on the personal factor to be used
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es a basis for differentiation between bacterial species.

The fluorescent colors of certain species examined were:

Bacillus caryocvaneus - bluish-white
Bacillus chlororaphis - yellowish-white
Bacillus Tluorescens albus - white

Bacillus fluorescens aureus - white

Bacillug fluorescens putidus -  white

Becillus pyocyaneus green, yellowish-
green or violet-

orange

Pulvertaft (1934) examined the cells of several species
under ultra-violet light and concluded that fluorescent color
was useful in distinguishing between bacterial cultures. He
stated that cultures used«for this purpose should be grown
gerobically on a non-fluorescent meat medium containing only
the initial bréakdown products of pancreatic extracts. The
fluorescent substances in the’cells were quite soluble in
absolute alcohol or acetone but were only slightly soluble in
ether or chloroform.

Ropetti (1938) found that under ultra-violet light many
microorganisms in the living state gave an orange to red or
yellow fluorescence which showed several well defined bands
on spectral analysis. Species that produced bacteriofluo-
rescein could also produce a porphyrine. Red yeasts produced

protoporphyrine while Actinomyces species produced capro-

porphyrine.
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Factors Influencing the Production of Fluorescent Pigments

By Bacteria

The blue pigment of Psesudomonas seruginosa, pyocyanine,

was apparently first studied and nsmed by Fordos (1860).

He extracted thls pigment from blue-green pus with chloroform
and observed that acid turned it red while alkali turned it
blue. Later (1863), some old crystals of pyocyanine that had
turned yellow with age were dissolved in ether and when the
ether was evaporated yellow crystals, called pyoxanthase,
were obtained. The organism causing the formation of blue pus
in wounds was first isolated by Schroeter (1872) and nsamed

Bacterium seruginosum. Gessard (1882) also made several iso=-

lations of the organism responsible for the blue-green color-
ation of the cloth dressing on wounds and found that it pro-
duced the blue pigment, pyocyenine, of Fordos. He therefore

proposed the neme Bacillus pyocyaneus for the organism.

Hueppe (1884) studied a blue-green pus organism that
produced a greenish fluorescence in gelatin eand an organism,
isolated from water, that first developed a greenish fluo-
rescence and later a violet to blue-black color in gelatin.
He concluded that the color formed by these organlisms varied
with the chemical compounds in the medium.

Ledderhose (1888} made a brief study of factors affect-

ing the formation of pigment by Bacillus pyocyaneus. He

observed that this orgenism produced a blue color in cultur-
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al media, while Bacillus fluorescens formed a yellow-green

color and 4id not develop the characteristic odor of blue
pus.

Gessard (1892) was the first to make a careful study
of the relationship between the composition of the medium
and the production of the fluorescent pigment by Bacillus
pypcxaneus. Fluorescence was produced in a water extract
of lean beef, while a blue tint but no fluorescence was
developed in a 2 per cent solution of market peptone. A
synthetic medium composed of ammonium succinate 10 gm.,
potessium phosphate 5 gm., megnesium sulphate 2.5 gm., and
water 1000 ml. supported growth and the production of fluo-
rescence; the use ofIO.OéZS gn. potassium phosphate per
liter resulted in the production of pyocyanine but no fluo-
rescence; 0.125 gm. or slightly more potassium phosphate
per litef supported the production of both pyocyenine and
fluorescence; while when 1.3 gm. or more potassium phos-
phate was used fluorescence alone was produced. The base
united with the phosphate was not importent in the production
of fluorescence. A correct proportion between the amounts of
nitrogen and phosphate in the medium was believed to be neces--
sary for the simultaneoué production of pyocyanine and the
fluorescent pigment. An excess of nitrogen resulted in the
formetion of pyocyenine alone while en excess of phosphate
gave only the production of fluorescence; Lecithin in place

of potassium phosphate in the medium was very effective in



A T v ST PP

B PRI 55

T TR G g » e

LS Ao B 0

-l B

supporting the production of fluorescence. Phosphogly-
cerate also was believed to support the development of
fluorescencs.

Charrin and Dissard (1893) used a synthetic medium,
composed of monopotassium phospheate, disodium phosphate,
caleium chloride, magnesium sulphate, potassium bicarbonate
and water, to which different substances were added to
determine their effect on the production of chromogenic

substances by Bacillus pyocyeneus. Peptone added to this

medium supported good growth but only little color pro-
duction; asparagine gave gqod growth and eabundant pigmen-
tation; dextrose and glycogen gave slight growth and weak
chromogenesis; lactic acid gave a weak growth; while no
growth occurred with ures. ,

Thumm (1895) reported that the presence of magnesium
sulphate and potassium phosphate in the medium was of the

greatest importance in the formation of pigment by Pseudomonas

seruginosa and Pseudomonas syncyanea. Pigment production

occurred only in the presence of atmospheric oxygen. When
these becteria were grown with an acid-forming orgenism, a
yellow pigment developed, but there was no fluorescence.

The green fluorescent pigment of Pseudomones pyocveneus was

found to be non-crystalline and soluble only in water and
dilute alcohol. In concentrated solution it was dark orange
to red-brown and exhibited & pale blue fluorescence in re-

flected light. Alkali changed the color to a fluorescent green.
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Lepierre (1895) studied the formation of pigment by a
pethogenic fluorescent organism in peptone broth made from
various protein materials. He stated that the development
of fluorescence depended on the presence in the medium of
meat extracts, such as xanthine and creetine, and soluble
albuminoids. Heating under pressure was found to destroy the
fluorescigenic power of the medium.

Jordan (1897-1899) studied the production of fluo-
rescence by six species of fluorescent bacterla, including
a culture of Bacillus fluorescens ligquefaciens isolated from
Leke Michigan water. He found that (a) although both phosphor-
us and sulphur were essential for‘the production of the fluo-\
rescent pigment, only traces were needed and enough was some-
times supplied as Impurities in other chemicals, while the
nature of the base assocliated with the phbsphate end sulphate
was not importent; (b) the presence of the methyl.or methylene
group was coincident with superior nutritive velue and fluo-
rescigenic power; (¢} pigment was not produced in an acid
medium and when pigment was present in an acid medium the
acid concealed its presence; (d) diffuse daylight was unfavor-
able to pigment production; (e) chemical substances favorabdble
to growth and pigment production in certain concentrations
checked pigment formation when present in excess, although
growth was more abundent; and (f) the production of fluo-

rescent pigment was not of vital importance to the cell.

Jordan (1897) also studied six cultures of Bacillus pyocysneus
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end found that both phosphate and sulphate were essential
for the formation of the fluorescent pigment but were not
necessary for the production of pyocyanine. Asparegine,
ammoniwm citrate, ammonium lactate and ammonium succinate
were all suitable sources‘of nitrogen for the production of
both pigments. The ability to produce pyocyanine under con-
ditions of artificial cultivation was'lost sooner than the
fluorescigenic power. The fluorescent pigment was slowly
oxidized by the action of light, air and certain chemical
reagents to a yellow pigment, while pyocyanine was similar-

ly oxidized to a black pigment. Jordan concluded that the

fluorescent pigment of this organism was similar to the

pigments produced by other fluorescent bacteria. Cultures
at first showed a delicate robin's egg blue which changed to
green as the solution became more alkaline, due to bacterial
growth, and in strongly alkeline solution were deep green -
without fluorescence. The color was destroyed by the addition
of acid but was restored by the addition of alkali. When the
fluorescent pigment was oxidized, as in old cultures, it was
yellow or yellOWbbroWn. The pigment was soluble in water but
was insoluble in chloroform.

Gessard (1901) reported that Bacillus pyocyaneus, when

growing in suiteble media, first gives rise to a red pigment,
then later to a black pigment. The black pigment was be-~
lieved to be due to oxidation of tyrosine and was only formed

in media containing this amino acid: No blackening occurred
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in gelatin, but milk was rendered black after which other
colors were formed, the sequence depending on the amount of

gir present. The neme, Becillus pyocysneus melenogsne, was

given to this variety of the organism. McCombie end Scar-
borough (1923}, however, found that the black pigment pro-
duced by oxidation is not due to an interaction with tyro-
sine.. They prepared several salts of pyocyanine and, after
a careful study of them, concluded that the probable formula
was CggHogOmNy, but thet it may lose one or two molecules of
water, and the salts may be derived from any one of the three

forms.

Jirou (1901) studied the biochemical properties, growth

characteristics and pigment production of 14 species of fluo-

rescent bacteria, including Bacillus pyocyaneus, Bacillus

chlororaphis, Bacillus fluorescens mesentericus, the organism

of blue milk and other fluorescent organisms isolated from
water, a case of empyema and the exudate fromangina. To bro-
duce fluorescence these organisms required a simple source of
inorganic nitrogen, a hydrocerbon or glycerol and a phosphate'
minersl. Phosphate was indispensable for the production of
fluorescence, but the emount required varied with the growth
conditions.

Sullivan (1905}, using a synthetic culture medium for
studying the formation of bacterial pigments, found that
pyocyanine production is independent of the presence of

either a phosphate Qr sulphate, while the production of the
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 fluorescent pigment requires both. The formation of pyocyanine

and the production of fluorescent pigment were believed to be

closely related functions since Bacillus pyocyaneus produced

either one or both of these pigments, depending on the com-
position of the medium.. Production of the fluorescent pigment
was favored by a high phosphate content and a slight alkalinity,
while the production of pyocyenine was favored by a low phos-
phate content and a slightly acid reaction. Ammonium malate,
ammonium tartrate and ammonium oxalate in concentrations under
0.4 per cent supported growth but not pigment formation, while
ammonium lactate, ammonium citrate and aemmonium succinate
supported pligment production. The formation of pigment was
also dependent on the reaction of the medium, growth temper-
ature and the presence of oxygen.

Lasseur (1909) reported that several factors affected

the formation of chlororaphine by Bacillus chlororaphis, but

the composition of the medium was of most importance; among
the sources of nitrogen utilized by thls orgenism only
peptone permitted the production of the green crystals. The
most favorable temperature for crystal formation was near
2560C. The pigment was insoluble in water, ether and benzene
end precipitated from cultural medis as lohg, flexuous
needles in the form of bundles or rosettes. It was slightly
soluble in methyl, ethyl and amyl alcohols but was very sol-
uble in acetone. The crystals were yellow in an oxidizing

medium end green in a reducing medium. The green crystals
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were unstable and oxidized repidly, while the yellow cryse
tals were stable. Later, Lasseur (1911) employed a medium
composed of weter 100 gm., asparagine 0.7 gm., glycerol

2.5 gm., dipotassium phosphate 0.1 gm., magnesium sulphate
0.5 gm., calcium chloride 0.04 gm. snd ferrous sulphate 0.0l
gm. for the growth of Bacillus chlororaphis end found that

it supported abundant crystal formation and the development

of a noticeable fluorescence. Dipotassium phosphate, gly-
cerol, magnesium sulphate end ferrous sulphate were indis-
penseble for the production of chlororaphine, while calcium '
chloride favored its formation. A temperature of 24° to 300C.
was most suitaeble for crystal production, while none were
formed at 370C., The optimum oxygen content of the air for
erystal formetion was around 35 to 65 per cent. The presence
of megnesium, sulphate and phosphate in the medium was essen- )
tial for the formation of fluorescence, while the presence of
calcium chloride and iron was considered favoreble. The

neture of the nitrogen and carbon compounds and the proportion
of these compounds to the mineral substances in the medium

also affected the development of fluorescence. The optimum
temperature for the production of fluorescence was 220 to 240°
C., while & temperature of 370C. inhibited its appearance ex-
cept with a few strains. Xanthorsphine, a yellow water soluble
material, was believed@ to be the mother substance from which

chlororaphine was formed. When xanthoraphine was reduced in

an acid medium, a green color sppeared but, when reduced in &
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pneutral medium, green cerystals of chlororaphine were preci-
pitated; the green crystals were transformed by oxidation
into oxychlororaphine, s yellow, slightly water soluble
substance. The formula for oxychlororasphine was given as
C14H10N30. Kogel and Postowsky (1930) showed thet xantho-
raphine was the same product as phenazine-alpha-carbonemide,
while chlororsphine was a dimolecular mixture of phenazine-
alpha-carbonaemide and its derived dihydro or dihydrophenazine.
Oxychlororaphine was found to have the formula C3sHgNzO0.
Flema (1933} studied the oxidation-reduction potential of
chlororaphine end found that a reversible reduction of phe-
nazine-slpha~-carbonemide in aqueous solution occurred at

pH 0 to 3, resulting in a color change from yellow to green
to orange by the successive addition of hydrogen. .

Lasseur (191la) found that iron was specifically required
for the production of chlororaphine by Bacillus chlororaphis
in a synthetic medium and could not be replaced by mangenese,
nickel, cobalt, zinc, chromium or boron. Ferrous sulphate
gave the best results, but ferrous citrate and ferrous chloride
also gave satisfactory crystal formetion. The use of 0.3 mg.
of ferrous sulphate per 1000 ml. of medium favored the appear-
ance of a green fluorescence only, while the addition of 1.0
mg. géve.uniform production of chlororaphine. Lasseur, Thiry
end Dupaix (1930) showed that the development of a violet tint

end the blackening of the surface membrane during the growth
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of Bacillus cazyocyaneué in the synthetic médium of Lasseur

(1911) was dependent on the presence of iron in the substrate.
Lasseur, Marchal, Dupaix and Renaux (1932) determined the

role of 1ron in the production of pigment by Bacillus cveneo=-

- fluorescens in this synthetic medium. Iron was found necessa=-

ry for the formation of the blue-violet, brown or black pigment
charecteristic of this organism, but the amount needed varied
with the culture, only traces being required in some cases.
They found it necessary to work with carefully purified re-
agents and with the progeny of single cells in order to show
the variations in iron requirements for the production of
pigment by different cultures of the organism. |

Nogier, Dufourt end Dujol (1913} observed a culture of

Bacillus pyocyeneus that produced a red pigment, in addition

to the green fluorescent and brown pigments. This pigmeht
was formed only on suitable media and was not believed to be
a degraedation product of the brown pigment. Pigment produc-
tion occurred at 150, 37° and 46°C. but only slowly at the
highest temperature. The red material was soluble in alcohol
or acetic acid but‘not in chloroform or ether.

Gessard (1917) reported thet a certain culture of
Becillus pyocyeneus first produced a yellow color in 2 per
cent peptone solution end then, sfter a time which varied
with the aeration of the medium, a red zone appeared on the
surfece instead of the blue-green color that occurs with the

ordinary organism; the red. color finally extended throughout
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the mass of the liguid. This organism was designated

Bacillus pyocyaneus erythrogdne. Factors affecting the pro-
duction of fluorescence and the red color by this organism
were studied by Memmelle (1918). The red pigment was very
evident lan 24 to 48 hours in gelatin-psptone-glycerol medium
but was not noticeable in peptone broth until after 5 or 6
days; the color was partly lost after the cultures had aged
for several months.

Blanchetidre (1917) found thet a medium composed of so=-
dium chloride 5 gm., disodium phosphate 1 gm., dipotassium
phosphate 1 gm., asparagine 3 gm. and distilled water 900 ml.

supported growth and pigment production by Bacterium fluo-

rescens ligquefaciens. The maximum yellowish-green fluorescent

color was produced at 250C.; no fluorescence was formed at
370C., but after a long time a yellowish color sometimes ap-
peared.,

A spectogrephic analysis of the pigments produced by

Bacillus pyocvaneus was made by Cluzet, Rochaix and Kofman

(1921). Filtered broth cultures of the organism were examined
under ultra-violet light end the absorption bands noted. The
combined pigments (pyocyanine and the green fluorescent pig-
ment) produced by this organism gave total absorption of
ultra-violet rays staerting from 4,500ﬂ. The absorption band
for pyocyanine extended from 3,800 to 5,5503, while the green
fluorescent pigment gave total absorption from 4,250 to 3,5802.
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The sbsorption band of the melanogéne pignent varied from
4,300 to 3,0002, depending on the concentration in the medi-
um. The pigment eryth;ogene gave total absorption of ultra-
violet light starting at 4,7004.

Gessard (1919) classified the Bacillus ﬁypcxaneus orgen-
isms into four varieties on the basis of the pigments produc-
ed in 2 per cent peptone water. These are:

Bacillus pyocyeneus var. pyocysnogéne-produced the blue
pigment pyocyenine.

Bacillus pyocysneus var. melanogéne —-produéed a black
pigment.

Bscillus pyocyaneus ver. ervthrogdne -produced a red
pigment (yellow at firsti}.

Becillus pyocyaneus var. achromogeéne - produced no pig-
ment.

Later, (1920) he divided these four varieties into 16 subvari-
eties on the basis of pigment production in peptone water,
bouillon and gl&cerol-peptone-gelatin medium.

Meader, Robinson and Leonard (1925) stated thet Pseudo-

monag pvocyaneus produced three water soluble pigments

_(a) fluorescent, yellow by transmitted light and green by
reflected light; (b) pyocysnine, bright blue; and (¢} pyo-
rubin, bright red. The fluorescent pigment was found to be

non-specific, pyocyenine was specific and pyorubin wes cher-

scteristic of Pseudomonas pyocyeneus. Each of these pigments
were derived by oxidation of a specific leuco-base that was

formed anaerobically. The fluorescent pigment and pyocyenine
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acted és‘pH indicetors, but the color of pyorubin wes not

changed by addition of acid or alkali.
Gubitz (1928) stated that Bacterium fluorescens and

other fluorescent organisms failed to produce fluorescence
at 00C. but developed a brown color after aging at that

temperature. Types of Bacterium fluorescens with a maxi-

mun growth temperature around 35°C. formed a yellow color
but were not fluorescent after several transfers at 30°C.;
when again grown at 18°C., however, abundant fluorescent pig-
ment was produced.

Lasseur, Thiry, Dupaix and Oliver (1930) reported that

Beeillus caryocysneus failed to grow in the synthetic medium

of Lasseur when phosphate was excluded; 50 mg. of dipotassium
phosphate per 100 ml. of medium was necessary to give good
growth and fluorescence. An amount of phosphorus that support-
ed normal growth of the organism‘also resulted in the appear-
eance of fluorescence, which denoted that phosphorus only in-
directly affected the fluorescent function of the organism.
Growth occurred but no fluorescence was produced in the ab-
sence of magnesium sulphate; when 300 to 600 mg. of magnesium
sulphate per 100 ml. of medium was added to an 8 day o0ld une
colored culture, fluorescence appeared in 24 hours. Since
magnesium chloride supported the production of fluorescence,
it was concluded that magnesium, and not sulphate, was the
important substence in the production of fluorescence. Cul-

tures grown in the synthetic medium devoid of magnesium sul-
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phate, but containing 1 to 2 mg. of magnesium chloride per
100 ml., developed & yellow color which was transformed into
a green fluorescence when maegnesium sulphate, additional mag-
nesium chloride, manganese chloride or zinc sulphate was add-
ed; this green coloration was produced in the presence of ox=-
ygen and also when the eir was replaced with nitrogen.

Dupaix (1930) studied an organism, originally isolated by
Beijerinck from rotten willow wood, which closely resembled

Pseudomonas pyocyaneus but varied enough to constitute a dif-

ferent specles and was named Bacillus caryocyeneus. It pro-

duced a blue pigment, caryocyanine, that closely resembled
pyocyanine but was very unsteble and easily transformed into
a derk brown pigment. In the synthetic medium of Lasseur
(1911), the orgeanism produced a thin white voile and a green
fluorescent pigment at the top of the medium in 24 hours; |
after 48 hours the coloration extended down in the tube, and
a blue pigment appeared which later masked the green fluo-
rescence; after 15 days the liquid was colored an intense blue
by reflected light and violet-red by transmitted light. A
pH of 7.2 was the most favorable for the production of fluo-
rescenée, but a pH of 6.0 was the most favorable for the ap-
pearance of the blue-violet pigment. Some cultures grew at
39°C. but produced no pigment at that temperature.

Eleme (1931) determined the oxidation-reduction potential
of pyocyenine irn the pH renge 1.3 to 11.5. Imn the.more phys-
iological region (pH 6.0 t09.0)pyoeyanine was found to occupy
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a place on the oxidation-reduction scale between methylene
blue and indigo trisulphonate. In the pH region below 6.0,
the pigment showed the remarkable color change from red to
green to colorless duriﬁg the reduction process. The re-
lation between Eh and percentage reductlion indicated that
reduction occurs in two steps, each involving one electron.
Lasseur, Oliver, Dupaix and Maguitot (1930) found that

a pH of 7.0 was the most favorable for production of the

green‘fluorescent pigment by Bacillus caeryocyasneus in the
synthetic medium of Lasseur (1911), although a slightly acid

medium weas more favorable for growth. Both the green fluo-

rescent and the blue-violet pigments were formed In this

medium with an initiel pH as low as 5.4, but since the medium
became progressively more alkaline with the growth of the
organism it was impéssible to establish a close relationship
between the development of fluorescence and the reaction of
the medium. Lasseur, Dompray and Dupaix (1931) obtained

growth of Bacillus chlororsphis in a synthetic media at

initial pH values that varied from 5.4 to 7.64; after incuba-
tion the pigment, chlororaphine, occurred in Inoculated tubes
at pH values ranging from 6.58 to 7.47, depending on the
original pH of the medium.

With Bacillus chlororaphis, Bacillus caryocyaneus and

Bacillus cyaneo-fluorescens, Lasseur, Fribourg and Grojean

(1932) showed that the pH varied with the depth of the medium
in the tube, being highest at the top where growth was abun-
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dant and lowest in the depth of the tube where growth was
scant; fluorescence eppeared at a pH near 7.0 and did not
develop at the initial pH of 5.4. Lasseur and Dupaix-Lasseurl
(1936) also reported that Bacillus chlororaphis tends to con-

vert the pH of the medium in which it is growing towards a
reaction most favorable for its development.

Lasseur, Dupaix-Lasseur and Marchal (1936) measured the
smount of fluorescence in bacterial cultures by means of a
spectral photometer and found that Bacillus chlororaphis pro-
duced the maximum fluorescence when the pH of the medium was
near 6.4. About 100 mg. of magnesium sulphate per 1000 ml.
of medium was sufficient to induce development of maximum fluo-
rescence.

Georgia and Poe (1931) made a comprehensive study of the
inorganic constituents necessary for the production of fluo-
rescent pigments by bacterie. Magnesium, phosphate and sul-
phate in the medium were found to be essential for pigment
production. Even highly purified chemicals sometimes con-
tained enough of these substances as impurities for the de-
velopment of fluorescende. Media sterilized in soft glass
test tubes sometimes dissolved enough megnesium to permit
production of fluorescence. A synthetic medium composed of
magnesium sulphate 0.5 gm., dipotassium phosphate 0.5 gm.,
asparagine 3.0 gms. and distilled water 1000 ml. proved to
be very satisfactory for the production of bacterial fluo-

rescence.
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Georgle and Poe (1932} found considerable varietion in

the ability of Pseudomones fluorescens end closely releted

orgenisms to produce fluorescence in broths prepared from va-
rious commerciel brands of peptone, even when the reaction
was adjusted to a pH of 6.9 to 7.1. Some peptones failed to
support the production of fluorescence with any of the organ-
isms studied, while certain peptones favored the formetion of
fluorescence with some orgenisms but not with others. The
eddition of phosphorus, magnesium, and/or sulphate to the
media that did not support pigment production resulted in the
development of fluorescence; the addition of purines, meat
bases or asparagine to the peptones that were deficient in
fluorescigenic power did not stimulate pigment production.
Ordinary sterilization exposures did not appreciably affect
the fluorescence producing ebillity of a medium but a prolonged
exposure at higher pressures reduced the amount of pigment
produced. A 3 per cent peptone broth gave good growth but
less pigment production then a broth containing 0.% per cent
peptone. Fluorescence was produced in medie ranging in pH
from 8.1 to 8.1 but was most abundant in thé pH range from
6.8 to 7.2%; the most pigment appeared in the cultures after
3 to 4 days incubation.

Lacey (1932) observed that certain plant pathogens,

which closely resembled Bacterium fluorescens liguefaciens

and Bacterium fluorescens non-liquefaciens in cultural char-

acteristics, produced & brown coloration of the agar after a
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green fluorescence had first developed. The fluorescent
plant pathogens produced a green fluorescence in broth at

pH 5.2 to 5.8 in 6 days, while Bacterium fluorescens lique-

faciens and Bacterium fluorescens non-liquefaciens failed to

produce fluorescence in broth at a pH as low as 6.9. The

plent pathogens produced fluorescence in broth at 20°C. in

6 days but the other two organisms did not produce fluorescence
at a temperatﬁre below 22°C.

Robinson (1932} concluded from his investigation that
suitable forms of nitrogen, organic carbon, magnesium and
phosphorus dissolved in proper concentration in distilled
water and adjusted to a pH of 6.0 to 9.0 comprised a satisfac-

tory medium for the aerobic growth of Bacillus pyvocyvaneus;

aneerobic growth also required the addition of nitrate. The
formation of the two pigments of the organism required only
those substances necessary for growth, but the pigmentary
function was sensgitive to two other factors which were of
minor relevance to the function of aerobic growth; these fac- -
tors were the degree of atmospheric oxidation and the con-
centration of medium constituents. A high phosphate concen-
tration inhibited pigment formation. The occurrence of traces
of pigment in anaerobic tubes was found to be an index of
inefficlent deoxygenation. A medium consisting of sodiun
citrate (5% Hy0) 1.0 per cent, calcium sulphate 0.025 per cent, .
megnesium sulphate (yH50) 0.05 per cent, smmonium chloride |

0.1 per cent, monopotassium phosphate 0.2 per cent and ethyl
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glcohol 0.25 per cent in distilled water and dispensed in

tubes with a surface / volume of 0.25 was quite suitable for

.pigment production,

Labrousse (1934), working with certain phytopathogeniec
bacteria, found that they produced a definite fluorescence on
beef extract medium but only if magnesium and phosphate were
present.

Clara (1934) investigated the ability of several plant
pathogens to produce the green fluofescent pigment in differ-
ent media at a temperature of 270C. About half the orgenisms
studied developed a green fluorescence in beef extract-peptone
broth eand beef extract-peptone agar at pH 6.95 in 10 days; the
addition of magnesium sulphate or of magnesium sulphate and
dipotassium phosphate to beef extract agar had no appreciable
effect on pigment production. Only a few orgenisms produced
pigmentation on potato-dextrose agar at pH 6.7 in 9 days or
in Cohn's solution in 7 days. Only part of the organisms
studied formed a green fluorescence after 7 to 15 days growth
in Uschinsky's solution when made as originally recommended
in 1893, but when the pH was adjusted to 6.95 all but one of
the organisms produced a pronounced green Fluorescence in 3
days. Green fluorescence was also reported as being produced
on starch agar by some organisms. A medium composed of mag-
nesium sulphete (anhydrous) 0.5 gm., dipotassium phosphate
(anhydrous) 0.5 gm., asparagine 5.0 gm. and distilled water

1000 ml. was very satisfactory for the production of fluores-
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cence by the plant pathogens. All the organisms studied al-
ways produced the green fluorescent pigment when repéatedly

cultured in this solution, regardless of the time of isola-

tion which extended over two years.

Turfitt (1936), working with 100 strains of fluorescent
bacteria isolated from water, feces, soil and other sources,
found that peptone and glycerol in the medium favored pyo-
cyanine production, while geiatin supported the development
of considerable fluorescence. When the amount of peptone in
Gessard's medium was increased from 2.0 to 2.5 per cent, fluo-
rescence was not detectable. Bacto-peptone gave the best re-
sults of any peptone used. If magnesium or phosphate was
omitted from the medium, growth occurred buﬁ no color was
formed; 1if aitrace of heavy metals was added, or tap water
used for meking the medium, growth resulted but pigment forma-

tion was completely inhibited. Strains of Baclllus pyocyeneus

could not be induced to produce fluorescence and strains of

Bacillus fluorescens could not be induced to produce pyo-

cyanine by long cultivation on different media suitable for
such production.

Turfitt (1937) extracted and purified by electrodialysis
the green fluorescent pigment produced by the pyocyaneus-fluo-
rescens group of organisms. He obtained an amorphous, green-
ish powder with an ash content of 0.4 per cent that was read-
ily soluble in water, phenol or acetic acid, slightly soluble

in dilute aqueous alcohol but insoluble in all other orgenioc
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solvents tried, including chloroform, ether and alcohol. Di-
lute aqueous alksline solutions showed a green fluorescence
but became colorless and non-fluorescent upon acidification;
more concentrated, alkaline solutions had a red color and an
intense green fluorescence. The red color that occurs in
aged agar slant cultures of the organisms was attributed to
an increased concentration of the green fluorescent pigment,
although it was pointed out that some modified form of the
pigment might also be produced by oxidation. Turfitt did not
agree with Meader, Robinson and Leonard (1925) that the red
color which they designated pyrorubin was a separate pigment
from the green fluorescent pigment. When ammonlium hydroxide
was added to the colorless material from below the surface of
a 4 day old culture, a green fluorescence was produced; the
addition of hydrogen peroxide to this colorless material did
not produce any color. The formula for the purified substance
was found to be C4HysNO. A spectrographic amalysis in en
alkaline solution showed a well defined wave band with meximum
absorption at 4,100&, while in an acid solution the maximum
absorption was at 5,7003. The pigment obtained from different
organisms was the same by analytical and spectrographic anal-
yses. The substance gave a positive Millons test.
Orlae~Jensen, Otte and Snog-Kjeer (1936} observed that the

fluorescent bacteria and Bacterium pyocyaneum grew better and

produced more pigment in untreated milk than in milk to which
bios and lactoflavin had been added. They believed that bios
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“prevented these bacterlia from producing pigment in milk.

Variation Among Pure Cultures of Fluorescent Bacteria

Charrin and Phiselix (1892} noted that Bacillus pyo-

cyeneug grew sbundantly at 43°C. but produced no color char-
acteristic odor at that temperature. If a culture grown at
43°9C. was transferred to fresh medium and incubated at a
lower temperature, color was again produced, but if the cul-
ture was carried through several transfers at 43°C. beforse
being held at a favorable temperature, the chromogenic func-
tion was not recovered. The colorless cultures were fatally
pathogenic to guinea plgs end rabbits, and when reco#e:ed
after death of the animals the organisms still failed to pro-
duce pigmeht in broth{at e Tavorable temperature.

Jordan (1897) found that Bacillus pyocyeneus lost its

ability to produce pigment under conditions of artificial cul-
tivation, but the ability to produce pyocyanine was lost sooner
than the fluorescigenic power.

Gessard (1919) isolated from the exudate of a wound a cul=-
ture of Baclillus pyocyeneus that produced pyocyanine in pep=-
tone solution and both pyocyanine and a green fluorescence in

bouillon but later failed to produce pyocyenine after several

alternate passeges in these media. The name Bacillus pyo-
cyaneus schromogzéne was given to this variety of the organism.
Gessard (1920) gave the name Bacillus pyocysnoides to cul=-
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tures of Bacillus pyocyvaneus that had become so altered by

growth on laboratory media that they no longer closely re-
sembled the original or typical culture and falled to produce
pyocyenine in any medium. The "pyocyanoides" were divided
into two races--Race F produced a green fluorescence in
bouillon, while Race S was achromogenic. Later, Gessard

(1925) reported that a culture of Bacillus pyocysneus meleno-

géne lost the ability to form pyocyanine and liquefy gelatin

after a series of transfers on peptone-glycerol-gelatin medi-

unt.

Blanc (1923) observed that a culture of Bacillus pyo-

cyaneus grown in bouillon 24 hours at 37°9C. and then 10 to 12
days at room temperature showed both normel and modified col-
onies (small, clear, wrinkled) when inoculated on gelatin
slopes. A modified colony was inocﬁlated into bouillon and
incubated as before after which the culture was filtered
through a Chamberland filter and the filtrate then mixed with
another modified colony and again spread over a gelatin slope;
After each treatment in this manner the culture produced less
pyocyanine and fluorescent pigment than previously and after
passege through the third filtrate became permanently achro-
mogenic and lost the ability to liquefy gelatin. Recently
isolated cultures were less resistant to this change than
stock cultures grown on an artificial medium. The addition
of a few drops of glycerol to the medium augmented the change
in colony type. The alteration of the organism wes attribut-
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| ed to the action of the decomposition products in the fil-

trate end to the lysogenic action of the glycerol.
Lagrange (1927) added one drop of bascteriophage from
cultures of certain organisms in the genera Ssglmonells,

Shigella, Escherichia and Staphylococcus to a broth culture

of Pseudomonas fluorescensgs and 24 to 72 hours later plated

the culture on gelatin, nutrient agar and nutrienf agar plus
sucrose. Various modifications were noted in the colonies.
that developed. A bacteriophage never gave the same result
with all 12 organisms used. Some bacteriophages produced a
division of the cultures into two distinet varietles; one
variety developed a pale colony on egar while the other formed
a deép colored colony. Gelatin liquefying cultures permenent-
ly lost the ability to liquefy gelatin. On one occasion the
filtrate from contaminated soil water induced a gummy variant
with a stock culture, but the variation was hot permanent
with all sub-cultures isolated. A filtrate from the excreta
of hens, however, imparted a permanent ability to certain
cultures to form a gummy substance. Later, Lagrange (1928)
found that Pseudomonas fluorescens developed a gummy and
vitreous type of colony along with the normal. type on sucrose
agar. The variant cultures evolved into a homogeneous type
of orgenism.

Lacey (1951) reported thet Bacterium trifolarium, which
closely resembled Bacterium fluorescens non-liguefaciens ex-
cept that it was pathogénic to Viecia faba, exhibited wvarious
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types of growth on bouillon agar, from translucent, smooth,
round, slightly convex colonies with entire or slightly
crenated mergins to a transpasrent, flat growth spreading in

a thin film over the surface. Each type of colony could glve
rise to the other types on replating, and all were identical
in virulence and biochemical reactions. Lacey (1932) also
noted a varebility among different strains of certain green
fluorescent organisms in coagulating end peptonizing milk,
reducing nitrates, liquefying gelatin and fermenting sucrose

or dextrose. The ability to liquefy gelatin gradually became

- weaker as the organisms were csrried on egar.

Lasseur, Marchal and Dupaix (1930) found that some cul-
tures of Bacillus caryocyaneus grew in a synthetic medium
(Lasseur, 1911) at 5900: but developed no color at that tem-
perature; after 20 passages at 390C., these cultures failed
to produce any fluorescent pigment when agein incubated at
250C, The schromogenic character was permanent.

Lasseur and Dupaix-Lasseur (1934} reported that Bacillus
chlororaphis produced both rough and smooth colonlies on agar
plates wiih variations smong each type. Colonies designated
as Ra were elevated, transparent, wrinkled and granulated
with lacerate edges, while the Rb colonies were flat and
wrinkled with lobate edges; colonies with smooth surfaces
were also formed. Lasseur and Marion (1936) noted that it
was possible to assist in the transformation of one type of

colony into another by altering the surface tension and pH of
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the medium or by holding the culture for different perlods in
sealed tubes. These workers also (1937) observed that lower-
ing the surface tension of solid and liquid media with tauro-
cholate and glycoholate produced modifications in the growth
of both S and R dissociation types of Bacillus caryocysaneus.
Lasseur, Dupaix-Lasseur and Marchal (1937) found that

Bacillus pyocyaneus produced both a green and a red type of

growth on potato-glycerol medium. The Bacillus pyocyaneus

erythrogdne variety of this organism also formed three dif-

ferent colony types on agar plates; these were attributed to
dissociation.
Lasseur, Dupaix-Lasseur and Palgren (1937) noted that

Bacillus caryocysneus produced both rough and smooth types of

colonies on agar plates; the S type cultures formed essential-
ly the green fluorescent pigment while the Rb cultures pro-

duced mainly the blue pigment.

Protective Action of Fluorescent Pigments on Bacteria

Oker-Blom (1913) concluded from his investigation that

the germicidal action of ﬁltra—violet light was due to the di-

»rect‘action of these rays on the bacterial protoplesm and not

to the oxidizing action of ozone or hydrogen-peroxide produced
in the medium, as was formerly believed.
Burge and Neill (1915) demonstrated that broth cultures

of fluorescent bacteria were more resistant to ultra-violet
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1ight than similar cultures of non-fluorescent bacteria.
They believed that the fluorescent bacteria protected them-
selves from the coagulative effect of the ultra-violet rays
by converting the short waves into longer waves and thus
disposing of the energy in the absorbed short waves; the
non-fluorescent bacteria were more easily destroyed then the
fluorescent bacterla because they were unable to dlspose of
the energy in the absorbed short waves. |

Dewey and Poe (1938) exposed diluted asparsgine broth
cultures, 12 to 48 hours of age, of several fluorescent organ-

isms end of Aerobacter aserogenes end Escherichia coli to

ultra-violet light for intervals of 1 to 40 minutes and then
determined the numbers of surviving cells by plating the ir-
radiated cultures. Asparagine broth wes more satisfactory
than lactose or plein broth for this study because it did not
protect the orgenisms from the ultra-violet réys. Cultures

of Pseudomonas organisms were more resistant to the ultra-vio-

let light than cultures of Aerobacter aserogenes and Escher-

ichia coli. Pseudomonas cultures that had lost the ability

to produce pigment were 1ess resistant then pigmented cul-
tures., The resistance of undiluted cultures increased with
the amount of plgment present; dilution decreased resistance

to ultra-violet light since it reduced pigment concentration.
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Toxicity of Fluorescent Bacteria Towards Other Microorganisms

0litsky (1891) showed that substances were produced dur-

ing the growth of Pseudomonas fluorescens liquefaciens that

were markedly inhibitory to Eberthella typhosa, Bacillus

enthracis, Vibrio cholerae, Serretie mercescens and Staphy-

lococcus aureus.

Frost (1904) found that old broth cultures of Pseudomonas

fluorescens and Pseudomonas putida contained a thermostable

and filterable substance that was bactericidal for Eberthells

typhosa.
Rahn (1906) reported that Bacillus fluorescens produced

an iso;inhibiting substance that was thermolabile and dis-
tinct from the hetero-inhiﬁiting substances described by
other investigators.

Lewis (1929) demonstrated, by the seeded plate method,

that Pseudomonas fluorescens produced a thermostable, filter-

able, dialyazable, alcohol soluble bacterio-toxin that was
both inhibitory and bactericidal for other organisms. The
toxin was not specific but was more active against certain
species of bacteria then against others; spore~forming. soil
bacteria and micrococcl were very sensitive, while the colon
bacteria snd Serratia marcescens were quite resistant. The
amount of toxin produced by a culture of the organism depend-

ed on the composition of the medium and the amount of oxygen

available. The toxin was not weakened by desiccation over long

periods.
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Gubitz (1928) observed that the fluorescent organisms in-

cluded in his study were very unfavorable to the growth of

0idium casel on the surfeace of cheese.

- Pathogenicity of Fluorescent Bacterla

Lesage (1888) studied a rod-shaped, spore forming organ-
ism that caused diarrhea and green colored stools in infants.
Growth occurred at 200C. but was most rapid at 25° to 35°C.

A green water soluble pigment was produced on peptone-gelatin
and geletin was liquefied.

Lartigau (1898) reported an outbreak of dysentary attri-

buted to Bscillus pvocevaneus in two families in which there

was a total of 15 cases and 4 deaths. The source of infec-
tion in each outbreek was a contaminatédjweli from which the
family used water. The patienté' stools turned green upon ex-
posure to the eir. The isolated cultures produced indol, ligs
uefied gelatin and scidified litmus milk with precipitation
of the caseln.

Ducamp and Planchon (1894) isolated a green fluorescent,
gelatin-liquefying, motile, rod-shaped organism from water
that was pathogenic for leboratory animals. It closely re-

sembled Bacillus fluorescens liguefaciens in cultursl char-

acteristics, except that it produced & pellicle but no odor
in bouillon. The pigment was insoluble in ether, chloroform,
alkall or alcohol; pyocyanine was not produced. Milk was

first coasgulated, then digested to a yellow-green solution.
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Pigmentation was greatest at room tempersture but 37°C. was
optimum for growth; weak growth occurred at 40°C. Gelatin
colonies a?peared as small, yellow droplets with notched
edges.

Bonjean (1899) reported that water caﬁ be the vehicle

for Bacillus pyocyaneus infections and that water containing

this‘organism should be rejected for human use.

Rocha, Lepierre and Fonseca (1900) described a green
fluorescent producing orgenism that caused illness in a soldier,
the infection evidently being contracted from water. They
stated that the saprophytic fluorescent bacteria in water may
sometimes be pathogenic for humans.

Berger (1926) isolated from aquarium water an orgenism -

resembling Pseudomonas fluorescens that was pathogenic for

fish. The orgenism grew well at 10° to 209C., but did not grow
at 370C. The use of sewage polluted water was responsible for
transmission of the infection to the fish.

Several investigators have found Pseudomonas aeruginosa

associated with udder infections in dairy cows. Mundhenk

(1922) isolated Bacillus pyocyaneus from milk semples obtained

from cows with severe mestitis. He considered these organ-

isms only as secondary inveders of the udder, however, since

they were associated with colon bacteria in the milk.
Pickens, Welch end Poelma (1926} cited cases in which

Pseudomonas aeruginosa ceused severe udder infections in dairy
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cows. The cultures isolated from these infections did not
produce indol.

Cherrington and Gildow (1931) found that e persistent
outbreask of mastitis in a deiry herd was caused by'Pseudomon-
gs aeruginosa. Contaminated water in which the cows waded
was considered responsible for the outbreak, since further
cases d4id not develop after the cows were excluded from the
water supply. An asgglutination titer of 1:100 or over for
the blood serum and 1:50 or over for fhe milk serum wes dem-
onstrated for the infected animals.

Cone (1938) reporﬁed that Pseudomonas aeruginose was
associated with, and probably the cause of, s mastitis out-
break of extreme severity in 17 cows of one herd. The onset
was sudden end accompanied by fever. With certain cows milk
production practically ceased during the acute stage of the
disease. Some of the cowé continued shedding the organisms
in small numbers in the milk long after the acute attack had

subsided. Cone stated that cultures of Pseudomonas ser-

uginose isolated from the infected cows (and also other
strains studied) differed from the description of the species
given by Bergey, Breed, Murray and Hitchens (1939) in their
inability to produce indol end their ability to ferment the
simpler carbohydrates. All cultures produced decided or

slight acid reactions with arabinose, xylose, dextrose,

’levulose, gelactose, glycerol or mennitol, while very alka-
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line reactions were obtained with sucrose, maltose, lactose,
raffinose, inulin, dextrin or @ulcitol. Beef extract-peptone
broth (pH 7.0 and containing brom thymol-blue) to which 1 per
cent of the test materlal was added after sterilization and
an incubation temperature of 370C, were used for the fermen-
tation studies. The cultures hydrolyzed fat, reduced nitreates
to nitrogen and liquefied gelatin but were unable to hydrolyze
starch. |

Severel investigators have observed & marked similarity
between certain fluorescent phytopathogenic orgenisms in the
genus Phytomonss and certain fluorescent orgenisms in the
genus Pseudomonas. Burkholder (1930) reported that the green

fluorescent bacterial plant pathogens of the genus Phytomonss

of Bergey constitute a naturel, closely related group with a
distinet similarity to members of the genus Pseudomonas. As
an example, it was stated that Phytomonsass marginsle can
scarcely be'distinguished from Pseudomonas aeruginosa. Eighe
teen species of green fluorescent organisms in the genus

Phvtomonas were listed and described. Some of these failed

to produce fluorescence on beef extract agar, while certsin
species lost the ability to produce pigment after growing in
pure culture for a time. Uschinsky's solution was suggested
as s medium for determining the ability of an organism to
produce fluorescence. Meny of the non-pathogenic fluorescent
organisms were found to be ubiquitous, occurring as common

saprophytes in the soil, on seeds and on various parts of
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plants. Certain members of the Phytomonas group that pro-

duced a yellow pigment also formed acid in litmus milk, even

though they were non-lactose fermenters. This was thought

to be an error and was attributed to the preparation of the

milk end to hydrolysis of the lactose during sterilization.
Smith and Fawcett (1930) found a close agreement in cul<

tural and biochemical characteristics between the fluorescent

organisms Bacterium syringae, Bacterium cerasi and Bacterium

citriputeale. All were motile rods, with 1 to 3 flagellse,

end all produced a small capsule; litmus milk was digested
from the top doWn without coagulafion or reduction of the
litmus; acid but no gas was produced in sucrose, dextrose,
galactose, levulose and glycerol broths; lactose and maltose
were not fermented; end indol was not formed. Cultures grown
on dextrose-potato agar for 1 year sometimes changed from the
cheracteristic smooth to a wrinkled type of growth. The vir-
ulence and gelatin liquefying abilities of the rough form were
less than of the smooth type.

Lacey (1931) isolated two strains of Bacterium trifolar-

ium that ceused a disease of Vicia faba and compared the organ-

ism with other species of green fluorescent bacteria. Isolat-

ed cultures of Bacterium fluorescens non-liguefaciens and

Bacterium striate showed close cultural agreements to the

organism but were not pathogenic for Vicia feba. The question

wes reised as to whether all plant pathogens of the green fluo-
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rescent group are not merely parasitic strains of Bacterium

fluorescens licuefaciens and Bacterium fluorescens non-lique-

faciens. Lacey (1932) later found that certain psthogens
causing diseeses of potato tubers, lettuce and seeds of

Medicego lupulins closely resembled Bagterium fluorescens

liquefaciens in culturel characteristices.

Clara (1934) made a comparative study of the green fluo=-

rescent plant pathogens and three species of the Pseudomones

group (Pseudomonss aeruginosa, Pseudomonas fluorescens and

Pseudomongs putrida). Pseudomonas fluorescens was found to

be mildly pathogenic on the fruit of the Keiffer pear (Pyrus
communis) and was considered as a border-line form, linking
the closely related green fluorescent plant pathogens to the
green fluorescent non-phyﬁopathogenic forms.

Harris, Naghski, Farrell snd Reid (1939} were able to pro-

duce R forms of Pseudomonas fluorescens by growing the organ-

ism in the presence of its homologous antiserum. When the R
forms were grown in the presence of its homologous serum and

killed cells of Phytomonas tobacel, S forms were obtained

which proved to be culturally and serologically identical with

strains of Phytomonas tobacci and produced identicel lesions

on the tobacco plant. The same relationship was &lso found

t0 exist between Pseudomones fluorescens and other members of

the genus Phyvtomonas, including Phytomonas angulata, Phyto-

monas cerasi, Phytomonas prinulse end Phytomonas vignae. The

investigators belieived that-specificity and virulence are
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associated with the nature of the soluble specific substance
in this group of organisms. ]

Dowson (1939) concluded as a result of his work that the
plant pathogens could be arranged in three distinct groups,

one like Bacterium colil, one like Pseudomonas fluorescens

and one unlike either. He proposed to eliminate the genera

Erwinia and Phytomonss of Bergey and reclassify the plent

pathogens in the genera Bacterium, Pseudomonas end Xentho-

monas n.g. Twenty-seven species of plant pathogens similar

to Pseudomonas fluorescens were listed as belonging in the

Pseudomonas group. These organisms produce fluorescin on
beef infusion end on starch egar and are non-producers of
acid in lactose, maltose and salicin. Dowson found that

Bacterium fluorescens and Bacterium pyocvanea both liquefied

gelatin, produced acid in xylose, dextrose, mesnnose, sucrose,

or glycerol, but not in lactose or sucrose, hydrolyzéd starch

end produced hydrogen sulphide end ammonia; Bacterium pyo-

cvanea reduced nitrates but Bacterium fluorescens did not.

Enzymes Formed by Fluorescent Bacteria

Wood (1889} subjected cells of Pseudomonas pyocyvanea to

phenol and found that the ability to coagulate milk was de-

stroyed before the gelatin liquefying ability was lost. Brey-

menn (1902} killed the cells of Bacillus pyocyaneus with chlore

oform and then dried and pulverized them. One-tenth gram of
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this preperetion coaguleted 10 ml. of milk containing 5 per
cent phenol in 4 hours at 379C.; after 2 days the milk was
elmost completely peptonizedf |
Von Sommeruga (1894) was one of the earliest workers to
demonstrate the lipolytic properties of microorganisms by
meens of a planned technique. He detérmined the increase in
acid values of 2 per cent emulsions of olive 0il or beef fat
in nutrient geletin or nutrient ager after lnoculating with
different organisms end holding about 30 days at body temper-
afurﬁ. The results denoted that many cultures of the Bacillus
pyocysneus group were ablé to split as much as 21 to 27 per
cent of the olive oil.énd 8 to 12 per cent of the beef fat.
Fermi and Monteseano (1895) reported that cells of Pseudo-

monas fluorescens contain the enzymes, emylase and invertese.

RQ%i%xa (1898) compared the morphological, cultural and
biochemical charascteristics of three cultures of Bacillus

fluorescens liguefaciens and three cultures of Bacillus pyo-

cyaneus. The organisms could not be differentiated morpho-
logically and produced similar colonies on agar plates. Both
liquefied gelatin, digested milk and formed indol. Bacillus

pyocyaneus grew best at 370C. while room temperature was most

favorable for the growth of Bacillus fluorescens liguefaciens.

Bi jkman (1901) reported that bacterie which were able to
digest casein were also able to liquefy gelatin and that this
relationship held without exception for all organisms studied.

Bacillus fluorescens was not amyloclastic but Bacillus pyo=-
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cyeneus was sllghtly so. Both of these orgenisms were able
to decompose tallow under a s0lid medium and were classifled
as repid fat hydrolyzers. Some cultures produced a 4iffus-
ible lipolytic enzyme, while others produced an enzyme which
diffused less readily and was more sensitive to the pH of
the medium. 1 . |

Emmerling and Reiser (1902) studied the proteolytic ac-
tion of Bacillus fluorescens iiguefaciens on gelatin.at 37°C.
Gelatin was liquified first on the surface, and after several
months a brown, green fluorescent solution with a strong odor
of ammonia resulted; methylamine, trimethylamine,.choiine and
beteine were also produced but indol, skatol and hydrogen sul-
phide were not. The work indicatedAthat the orgenism pep-
tonizes proteins, then slowly decomposes them to simpler amines
end finally to emmonia. TFibrin wes also decomposed by the
organism, arginine, leucin and aspartic acid being identified
in the decompoéition products; urea was decomposed to ammon-

ium carbonate; amygdalin was not attached; and starch and tre-

"halose were slowly hydrolyzed. A slimy condition was produced

in meat bouillon. The enzyme of this organism closely re-
sembled the plant enzyme, papain.

Jordsn (1903} questioned the validity of the assumption
made by other workers that "pyocyanolysis" was readily a bac-

terial hemolysin. Although filtrates of Bacillus pyocyaneus

cultures hemolyzed the red blood cells of several animals, the
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the hemolytic ablility was lost when carbon dioxide'was

passed through a filtrate until it was acid in reaction. On
heating the carbon dioxide filtrate, the gas was expelled end
the filtrete at once regained its alkalinity and hemolytic
power. Also, since the hemolytic property of the filtrate

was not destroyed by heating to 125°9C. for 1 hour, Jordaen con-
cluded that the hemolytic power was due to the alkalinity of
the filtrate. Abbott and Gildersleeve (1903) likewise demon-

strated thaet filtrates of cultures of BacillusAfluorescens and

Bacillus pyocyeneus were strongly hemolytic when alkaline but

only slightly hemolytic when neutralized by addition of acid.
Filtraetes of Bacillus pyocyaneus could be heated to 100°¢C.
for 15 to 30 minutes without losing the power to liquefy car-
bolized gelatin. Abbott and Gildersleeve believed that the
so-called hemolysins of these end other bacteria are probably
proteolytic enzymes.

Bierema (1909) showed that asparagine is utilized by

Pseudomonas fluorescens liguefaciens and that urea and aceta-

mide are utilized by Pseudomonas fluorescens.

Séhngen (1910) observed that many species of bacteria,
including certain fluorescent types, were able to grow well
on a substrate conteining fat as the only source of carbon
and ammonium chloride as the sole source of nitrogen. He

showed that the lipases of Bacterium punctatum, Pseudomonas

byocyaneus and Bacillus albus were more resistant to heat
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than those of Bacterium lipolyticum, Bacillus sutzeri,

Pseudomonas fluorescens and certain molds. He believed that

his evidence indicated the existence of two types of bacterial

lipases, which differed in their sctivity in the presence of

acid.
Wells and Carper (1912} demonstrated the existence of

lipase in several species of bacteria, including Pseudomonas

pyocyaneus, that had been killed with toluene. Pseudomonas
pyocysneus hydrolyzed olive oil, triacetin and ethyl butyrate.
Séhngen (1913) demonstrated that Bacterium fluorescens

liquefaciens was able to decompose peraffin in a synthetic

medium in which this substance and calcium carbonate were the

only sources of carbon.
Crabill and Reed {(1915) reported that erepsin, amidase

and tryptase were produced by Pseudomonas pyocyanea; erepsin

was produced by Pseudomonss fluorescens, and since amygdelin

supported good growth of this organism it was accepted as

evidence of the production of emulsin.

Blanchetiere (1917} isolated a culture of Bacterium fluo-

rescens ligquefaciens from water and studied its action on

asparagine in a synthetic medium. Asparagine was found to be
attacked in two states, the first step being a raplid hydrol-
ysis of the amide group end liberation of nitrogen, after
which a slow hydrolysis of the aspartic group took place.

With sufficient time, 90 to 100 per cent of the nitrogen could

be recovered as esmmonia. Later, Blanchetidre (1920} showed
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that the organism can utilize certain amino acids as the only
source of carbon in a synthetic medium. Histidine, alanine
and asparazine were readily attacked; leucine, phenylalanine
and tryosine were attacked more slowly; glutamic acid and
tryptophane were attacked quite slowly; whnile glycine was
utilized only after 1 month indubation.

Supniewski (1923) reported that Bacillus ‘pyocvaneus con-

verted acetaldehyde to formic acid, acetone to acetic acid,
acetic acid to formaldehyde and formic acid, acetone to
acetic acid and formic acid, ethyl alcohol to acetaldehyde
and acetic acid, glycerol to carbon dioxide, glyceric acid
and lactic acid, lactic acid to acetic acid and pyruvic acid
and methyl alcohol to formic acide. In a later publication
(1924) he showed that theiorganism utilized urea, glycine,
asparagine and potassium cyanate.

Quastel (1924) noted that succinic and fumaric acids are

decomposed by Sacterium pyocyaneum to the lower fatty acids,

chiefly acetic.
“Waksman and Tomanitz (1925) determined the action of a cul-

ture of RBacterium fluorescens isolated from soil on various

amino acids and casein in a synthetic ﬁedium. Glycine was de=
composed only to a limited extent in the presence of dextrose,
and only small quantities of.ammonia accumulated as long as
dextrose was present in the medium; in the absence of dex-
trose the reaction became more alkaline, due to ammonia form-

ation., Alanine, phenylalanine, glutamic acid and asparagine
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were also decomposed. Casein was not attacked but the emino
acids eand probably the polypeptides from it were utilized.

Bacillus cereus attacked casein vigorously but could not use

the carbon or nitrogen in the amino se¢ids glycine, alanine
and phenylalenine. When both of these organisms were grown

in the same flesk of medium, Bacillus cereus decomposed the

casein while Bacterium fluorescens decomposed a large part

of the amino scids as soon as formed. The Bacterium fluo-

rescens cells in the medium greatly out-numbered those of

Bacillus cereus.

Callow (1926) obtained a positive oxidase reaction with

guaiacum and a culture of Pseudomonas fluorescens, which was

accepted as evidence of the production of peroxidase by this
organism.
DeJong (1926) demonstrated that Pseudomonas fluorescens

was able to oxidlize methyl alcohol, acetic acid, butyric acid,

iso=-butyric acid and caproic acid. Alpha-propylene glycol,
trimethylamine glycol, malonic acid, quinic acid, glyceric
acid, aconitic acid, beta-hydroxy butyric acid, pyruvic acii,
vropionic acid and acetate Were all dissimulated or utilized
by this organism. In most cases ammonia served as the source
of nitrogen in the media employed to determine the utiliza-
tion of these compounds.

Sherwood, Johnson and Redotincky (1926} made a study of

the biochemical properties of 22 strains of Bacillus pyo-

cyaneus and observed that certain variations existed. Prac-
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tically ell strains were able to utilize dextrose, although
alkaline products sometimes obscured this phenomenon. The
cultures were all negative to mannitol, arabinose and dui-
citol and positive to sucrose. All strains produced indol.
Eleven strains blackened lead acetete and two reduced nitrates.
Hydrocyanic acid was produced by all strains as well as by a

culture of Bacterium fluorescens liguefaciens.

Sears and Gourley (1928) found that Pseudomonas serujrin-
ose produced en acid reaction in dextrose-peptone medium :.nd
dextrose-peptone-meat extract medium when the nitrogen content
was low, but only a small amount of the dextrose was utilized.
When the nitrogen content of the medium was high, however, as
répresented by 2 per cent or more of peptone, an acid reaction
was not produced but large amounts of dextrose were utillized.
Sugars other than dextrose did not support acid production
even when the nitrogen content was low, but many of these
sugers could be utillized by the organism.

Widmenn (1929) showed that Bacterium fluorescens in mass

culture rapidly and quantitetively converted methyl glyoxeal
to optically pure d (-) lactic acid.

Weksman (1932} reported that Bacterium fluorescens de-

composes urea and that Bacterium fluorescens and Bacterium

pyocyesneum decompose uric and hippuric aclds. He also state-

ed that Bacterium pyocyeneum readily attacks aliphatic and

cyclic amino acids as sources of. energy, but not benzene

derivatives. During the decomposition of amino acids by this
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organism the carboxyl group is first removed snd ammonia is
formed. Tyrosine is completely decomposed and tryptopheane is
broken down to emmonium carbonate and indol, but the indol is
subsequently converted to anthranilic acid.
Vickery (1936) tested the lipolytic activity of a number

of organisms, including several species of Pseudomonas. All

cultures grew rather vigorously on fatty beef tissue held at

-10C., and most of them were lipolytic.

Gorback and Pirch (1936) found that peptidase remained

within the baoterial cells of Bacillus cereus var. fluorescens

and of Pseudomonas seruginosa and gradually increased during
7 days cultivation. They later (1937) reported that the pro-

teinase present in cultures of Bacillus fluorescens ligue-
faclens is an‘éutolysis product of dead bacterial cells and
is not excreted by the living cells, as contended by Virtenen
and Suolahti (1937). This conclusion was based on the fact
that a formol titration value of zero was obtained for a
casein-enzyme solution in citrate-phosphate buffer, pH 7;0,
after 24 hours incubation at 40°C. The enzyme solution used
was obteined by filtering a broth culture of the organism

- grown at 200C. for 7 days. When gelatin was used, the same

treatment as employed for casein showed considereble pro-

teolysis.
Sandiford (1937) investigated the ability of 50 strains

of Pseudomonas pyocyanea from various sources to produce ine-

dol end ferment dextrose. All strains were indol negative
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and all produced acid from dextrose. Sandiford found that an
acid containing reagent, such as that of thme, should not be
used in testiné for indol production by this organism because
of the likelihood of false positive reactions. He noted that
this factor probably accounts for the positi%e indol reactions
reported for this organism by certain workers. Both Pseudo-

monas pyocvanea and Pseudomonas fluorescens were isolated from

human urine and feces.
Virtenen and Suolahti (1937) isolated a culture of

Bacillus fluorescens liquefaciens from water and measured the

proteinase secretion of the organism by the amount of casein
hydrolyzed. They showed that proteinase 1s secreted by the
living cell at 20° to 22°C., end that the secretion is quan-
titative in 10 hour old cultures. They also showed (1937a)
by means of formol titration that the organism'can break
down almost all the casein or gelatin in the medium. Since
there was a minimum of autolysis, 1t was believed that the
proteolysis must be due to the sction of the living cells, -

Maschmann (1937) reported that the proteinases of

Bacillus pyocvaneus, Bacillus fluorescens liguefaciens and

Bacillus prodigiosus were probably identical but did not be-

long to the papians and probably not to the trypsins. The
optimum pH for the activity of the enzyme on gelatin was 7.0.
Lasseur, Dupaix and Marchal (1931}, however, found that |

Bacillus caryocyaneus and Bacillus pyocvaneus ligquified ge-

latin slower at pH 7.0 anid 7.8 than at a more alkaline or
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- more acld reaction. They suggested the use of a medium at

pH 5.0 for organisms that grow et a low pH and a medium at

pH 8.0 or 9.C for organisms requiring en alkaline medium.

Fluorescent Bacterias Isolated from Sources Other

than Dairy Products

The orgenism now known as Pseudomonss fluorescens was

described rather completely by Flugge (1886) and given the

neme Bacillus fluorescens licuefaciens. He stated that ge-

letin colonies showed apprecieble variation and that several
types of the organism resulted when small differences in
growth characteristics were considered. He regarded this

orgenism as identical with Bacterium bubyri fluorescens

(Lafar}, Bacillus fluorescens nivelis {(Schmelck}, Bacillus.

viscosus (Franklend and Frenkland}, Bacillus fluorescens

minutissimus (Unna and Tommasali) and Bacterium melochlous

(Winkler and Schroeter). Bergey, Breed, Murray and Hitchens

(1939}, however, placed Bacillus viscosus in a separate

species (Pseudomonas viscosa) from Pseudomonas fluorescens.

Flugge also described asnother fluorescent organism that pro-
duced an odor of herring brine in gelatin without liquefaction;

he named it Bacillus fluorescens putidus.

Since the publication of Flugge, various bacteriologists
have described, named and classified a large number of species

of fluorescent bacteria. Migula (1900) described 22 species
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of gelatin liquefying and 29 species of gelatin non-liquefy-
ing, Tluorescent bacteria in the genus Pseudomonas. Chester
(1901) described 13 species of Ffluorescent bacteria, all of
which were included in the genus Psgeudomonas. Bergey's
"Manual of Determinative Bacteriology" (1939) includes 31

species in the genus Pseudomonas, 28 (90 per cent) of which

are probably fluorescent, while 38 per cent of the species .
listed in the genus Phytomones are designated as fluorescent.

Part B, Appendix I to the genus Phytomonas includes specles

which cennot be distinguished from species included in the

genus Pseudomonas, except for plant pathogenicity. Appendix

II to the genus Becterium includes at least one orgenism,

Pseudomonas pictorum, that is probably fluorescent since it

produces greenish~yellow colonies on gelatin. One of the
spore forming orgenisms, Bacillus cereus var. fluorescens,
forms a yellowish-green fluorescence in gelatin, milk and
other media. Zimmermaen (1890), Migula, Engler end Prantl
(1895) end Lehmenn and Néumann (1896) also described several
species of fluorescent bacteria.

Guignard end Sauvegeau (1894) isolated a rod-shaped gram
negative organism from white worms that produced a greenish
tint with fluorescence in beef bouillon. In milk and other
culture media, emerald green, needle sheped crystals were
formed. Gelatin was liquefied. Milk was first coagulated,

then became yellow, alkaline and viscous and developed an
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aromatic odor similar to coumarin. The organism grew best at
250 to 300C, and formed spores after 5 to 6 days.
Wright (1895) isolated a rod-sheped bacterium with polar

flagella from water and named it Bacillus fluorescens mutabilis.

It liquefied gelatin and produced a blue-green fluorescent
color. Litmus milk was reduced, then coagulated with a fimm
clot, after which the curd was slowly digested; & bluish ring
appeared on the wall of the tube at the surface of the coagu-
lated milk. Indol was not produced. Neither Chester (1901)
nor Bergey, Breed, Murray and Hitchens (1939) included this
organism with the fluorescent bacteria that they described.

)

Ravenel (1896) studied a green pigment producing organ-

ism which he isolated from soil and named Bacillus fluorescens

udulatus; i1t was not included in the lists of fluorescent
bacteria by Chester (1901) or Bergey, Breed, Murray and Hitchens
(1939). The organism was a slender rod, with polar flagells,
that grew in chains and Tormed small oval spores. Gelatin
colonies were circular, ebout 1 mm. in diemeter, with finely
striated border, convex, elevated, granular and gray in color;
gelatin was not liquefied but a greenish coloration appeared
on the surface. Growth on agar slants was thin end trans-
lucent, and =a faint‘green color was imparted to the agar.
Litmus milk was not coagulated but became deep dlue after
3 weeks. Indol was not produced.

Fuller and Johnson {(1899) isolated seven species of fluo-

rescent bacteria (Bacillus fluorescens liguefaciens, Bacillus
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fluorescens non-liguefaciens, Bacillus fluorescens ovalils,

Bacillus pyvocveneus, Bacillus viridis, Bacillus fluorescens

incognitus and Bacillus proteus fluorescens) from the Ohio

river eand studied their morphologicél, cultural and biochem-
jcal characteristices. Indol was produced only by Bacillus

viridis. Dextrose was fermented by Bacillus pyocyaneus.

Schmidt-Nielsen (1902} studied several psychrophilic
microorganisms capable of growing at 09C., among which were

the fluorescent organisms Bacterium aguatile fluorescens

non-liguefaciens, Bacterium tarde fluorescens end Bacterium

proteus fluorescens. The first two of these organisms were

isolated from water.
Lonnis end Kuntze (1907-1908) isolated organisms that

resembled Bacterium fluorescens from several samples of

stable menure. They stated, however, that some of the cul-
tures were non-fluorescent.

Pribrem and Pulay (1915} concluded, from their work with
10 cultures of fluorescent bacteria, that although consider-
able variation existed among these orgenisms they could be
placed in two main groups. One group was composed of those

varieties that resembled Bacterium fluorescens, while the

other group consisted of the varieties that were similar to

Bacterium putidum. The first group liquefied gelatin and

produced fluorescence at 379C. The second group 4id not

liquefy gelatin and failed to show fluorescence at 370C.,
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although it grew at that temperature. Both groups were

identical morphologically.
Blanchetiére (1917) stated that bacteria of the Pseudo-

monas fluorescens liquefaciens group of Fligge were the most

widespread, gelatin—liquefying bacteria in the drinking water
of Boulogne, France.

Tenner (1918} found fluorescent bacteria rather common
in weter from the Mississippi river and -especially abundant
in water from the Illinois river. One-hundred strains of
fluorescent bacteria isolated from water fell into 27 groups.
All strains were motile, gram-negetive, long or short rods |
and usually grew in chains. Four strains were spore formers.
About half the cultures liquefied gelatin, reduced nitrate,
and produced hydrogen sulphide; about 40 per cent peptonized
casein; 40 per cent fermented lactose; 30 per cent fermented
sucrose; 15 per cent fermented glycerol; 100 per cent ferment-
ed dextrose; and none of the cultures produced indol or hy-
drolyzed starch. All strains were facultative anaerobes.
Four types of fermentation occurred in plain milk; (a) coag-
uletion in 2 days with a solid curd and often decomposition,
leaving a golden colored solution; (b} clearing without coag-
ulation and with green fluorescent color; (c} no change in
20 days; and (d) milk rendered slimy.

Marchal (1937} isolated en orgenism from marl water that
produced rose colored fluorescent colonies on the synthetic

medium of Lasseur (1911) but achromogenic colonies on ordinary
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agar. The cells were rod-shaped, often In diplobacilli
arrangement and negative to grem stain. The optimum growth
temperature was 18° to 25°C., with no growth at 37°C. Milk
was peptonized after 4 days without coaguletion. Gelatin

was liquefied. Dextrose, lactose, maltose and sucrose were
fermented. Indol and hydrogen sulphide were produced and
nitrates were reduced to gaseous nitrogen. Agar colonies
veried from round types with smooth borders to spreading
transparent types with irregular notched margins. The organ-
ism was considered a new species and was nemed Bacillus

roseus fluorescens.

fetion of Fluorescent Bacteria on Deiry Products

Hueppe (1884) studied the action on milk and other media
of fourlgreenish-blue, fluorescent bacteria obtained from
. water. One was the orgenism of blue-green pus; it coagulated
milk, then peptonized the casein with the formation of ammo-
nia, the result being & clear yellowish-green solution with s
sediment at the bottom. Geletin was liquefied and a dark
green color was produced. The other orgenisms digested milk
with the formation of ammonia, the result being a dirty-violet
colored solution. Gelatin was liquefied and a violet to
blue-black color was produced. All the organisms were rod-
shaped.

Escherich (1886) isolated & motilse, rod-shaped orgenism
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from the intéstinal tract of & child that hed died from an
intestinal disturbance and a non-motile, rod-shaped organ-
ism from air. Both produced a green, fluorescent, water
soluble pigment on gelatin plates; the former organism
liqueried the gelatin but the latter did not. After grow=-
ing in milk for 14 days at 389C., the gelatin liquefying
organism reduced the Tat content 56.7 rer cent and the casein
contént 45,3 per cent, while the non-liguefying organism re-
duced the fat content about 8 per cent and the casein content
nearly 35 ﬁer cent; the lactose in the milk was slightly de-
creased by both organisms.

Krueger (1890) investigatad a sample of cheesy butter
and isolated from it two types of yeast, 0idium lactis and
three species of bacteria, one of which was stated to be

Bacillus fluorescens non-liguefaciens although it was des-

cribed as being & non-motile rod that produced terminal
spores and grew both serobically and anaerobically. On gela-
tin the organism produced leaf-like colonies; the gelatin

was not liquefied but developed a dark green fluorescence at
160 to 180C., the optimum temperature. A foul fermentation
was quickly produced in sterile milk at 160 to 180C.; the
liquid developed a yellowish color, showed a green fluores-
cence and finally became slimy; the reaction gradually be-
cems acid and after 10 days a penetrating odor of trimethyl-

amine was produced; emmonias eand hydrogen sulphide were also
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formed. Butyric and formic acids were produced from tri-
glycerides. It was believed that the higher molecular weight
fatty acids were decomposed to these two acids during fat
hydrolysis.

Lafar (1891) isolated what he considered to be a new

bacterial species and named it Bacillus butyri fluorescens.

-The orgenism prdduced rancidity in butter when inoculated
into the cream -before churning. Reinmann (1900), however,

found this orgenism to be Bacillus Ffluorescens ligquefaciens.

Reinmann (1900} inoculated Bacterium fluorescens ligue-
faciens into butter churned from sterile cream and noted the
changes in flavor and odor that developed during several
weeks holding at an unstated temperature. The butter had a
fresh, desirable flavor when first prepared but developed a
strong undesirable odor in a few days and after 2 or 3 weeks
was completely inedible, although not rancid.

Schreiber (1901) observed that Bacillus fluorescens

liguefaciens was the most frequent orgenism encountered on

agar plates prepared from the surfaces of cylinders of butter
that had been buried in the soil for various periods. Five
cultures of this organism were lsolated from soil and water
and all decomposed cylinders of sterile butter when inoculat-
ed on the surfaces of cylinders held at room temperature.
Cultures that were lipolytic when first isolated lost their
ability to attack fat after being carried on gelatin for

1 year and 9 months. -Schreiber stated that these organisms,
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in the presence of nutritive material and oxygen, break down
the fat end destroy the free fatty acids after they react
with calcium carbonate.

| . Laxa (1901-1902) found that the total acid number of
butterfat was 197.4 and the volatile fatty acid number was

0.94 after Bacillus fluorescens liguefaciens had grown in

butter for one month; the control fat had en acid number of
12.2 end a volatile fatty acid number of 5.05. These data
were considered to indicate that the organism essentially
produces a splitting of the glycerides of the non-volatile
}atty acids and not a proportionate splitting of all the
glycerides. Laxa believed that the organism was unable to
decompose the higher fetty acids to butyric and formic acids,
as suggested by Krueger {1890). |
Ficholz (1902) studied a non-spore-forming organism that
grew at 3.50 to 7.00C. and produced a strawberry aroma and an
alkaline reaction in milk. It formed rosette and deisy-like
patternson gelatin but was non-fluorescent. The organism wes

named Bacterium fregi. Gruber (1902) isolated Pseudomones

fragaries from beets; it produced a strawberry like odor in both
salted and unsalted butter in 14 days. The organism was a
non-spore-forming rod, With 1 to 9 polar flagella, that produc-
ed fluorescence but did not liquefy gelatin. The colonies on
gelatin plates were described as dew-drop~like, bluish, round,
raised, shining and translucent. Laﬁer (1905), he isolated

another organism, Pseudomonas fragariseIT, from aged pasteur-
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ized milk that had develqped a strawberry iike odor. This
odor also developed in other media into which the organism
was inoculatéd. The colonies on‘gelatin plaﬁés were large,
round, arched, dirtj—white and glistening. Gelatin was pep-
tonized, and milk was coagulated by the production of acid.
Growth was best at 180 to 220C. and did not occur at temper-
atures above 3450. The orgenism was rod-shaped and motile by
means of a polar flagellum. Hussong, Long and Hammer (1937)
studied an organism that developed three types of colonies,
S(smooth), R(rough) and O(intermediate), on agar plates and
produced a May apple or rancid odor in dairy products. The
organism grew at 55 to 79C. and was a frequent cause of de-
fects in milk and butter. The ability of the organism to
produce fluorescence was not stated. The R colony type was

identified as Bacterium fragi, Eicholz, the C type as Pseudo-

monas fragarise, Gruber, and the S type as Pseudomonas frag-

arise II, Gruber.
Orla-Jensen (1902} investigated several microorganisms
from the stendpoint of their importance in the development of

rancidity in butter under commercial conditions and in labor-

-atory trials. Bacillus fluorescens liquefaciens was always

found in fresh butter, while Bsc¢illus Ffluorescens non-ligue-

faciens was only occasionally encountered; rancid butter
often contained the former orgenism (along with many others)

but not the latter. Baclllus fluorescens liguefaciens was

one of the two prédominating liquefying bacteria in the sur-

face layer of sweet cream butter held at room temperature for



3 days but wsas presenf only in small numbers in sour cream
butter held under similar conditions. The organism did not

'grow in the interior of the butter. Butter made from steri-

lized creem, to which Bacillus fluorescens liguefsciens had
been added before churning, conteined 153,000, £5,000,000
end O organisms per gram in the surface layer efter being
held &t room temperature O days, 1 week and 2 months, res-
pectively; the total scid numbers of the surface butter were
1.2, 1%.2, end 37.9, respeétively, after the various holding
periods, while the volatile acid number was 5.5 after 2
months holding. The butter had a bad taste and a butyric
acid like odor after 1 week and after 2 months was complete-
1y inedible. The organism supposedly decomposed butterfat
uniformly but utilized the hbn—volatile fatty acids in pre-

ference to the volatile fatty acids. Bacillus fluorescens

liguefaciens died off when the volatile fatty acid number

reached about 3.5. The presence of milk souring bacteria diad

not prevent the growth of Bacillus fluorescens liguefaclens

in butter but, when sufficient acid head developed, hydrolysis
of the fat was believed to be retarded. The eddition of 2.9
per cent salt (Zl.s:per cent brine} to butter prevented
growth and fat hydrolysis by the organism. Since Bacillus

Pluorescens liguefaciens 1s widespread in water, it was be-

lieved to be introduced into butter from this source. Pas-
teurization of cream at 859C. destroyed all microorganisms

injurious to the keeping quality of butter.
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Muller (1903) found the generation time of Pseudomones

fluorescens at various temperatures to be 0.793 hours at

300C., 1.052 hours at 25°C., 3.308 hours at 12°C., 9.456
hours at 6°9C. end 23.74 hours at 00C.

Kruyff (1907) isolated nine species of fat-splitting
becteria from soil, sewage, water, 0ld butter and animsl
feces. All the species grew at 3700, Only one of them was

studied to any extent end it was identified as Bacillus fluo-

rescens liquefaciens.

Wolff (1907-1908) isolated Bacterium fluorescens orgen-

isms from part of the milk samples examined but only after
the semples had been held at a low temperature (50 to 7°C.)
for several days (2 to 7). TUnder these conditions fluores-
cent bacteria comprised as much as 22 to 42 per cent of the
total flora of certain samples. When the samples were held
at 20°C., fluorescent colonies were only occesionally en-

coﬁntered on gelatin agar plstes poured from the aged milk.

Barthel (1910} reported that Pseudomonas fluorescens can

split fat to cause rancidity but is incapeble of attacking

glycerol.

Luxwalda (1911} grew Streptococcus lactis and Bacterium
fluorescens liquefaciens together in milk end found that at
150, 139 and 10°C, both species appeared to be benefitted by
the association. After 6 deys at 15°C., the milk was sour

and coagulated end contained'l,700,000,000 Streptococcus

lactis and 4,000,000 Bacterium fluorescens liquefeciens orgean-
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isms per ml. Since Bacterium fluorescens liguefaciens was

able to live in & sour medium, it was believed that the milk
souring bacterlia produce something besides acid that hinders

the growth of the fluorescent orgenisms in sour milk. Bac-

terium fluorescens liguefaciens produced a rennin coagulation

eand then peptonized the milk. At 30 to 5°C. the odor and

taste of milk inoculated with this organism remained complete-
ly normel up to 19 days, even though it contained over
300,000,000 bacteria per ml., but after 20 days the milk was
bitter and cosgulated with alcohol.

Kendall, Day and Walker (1914) found thet Bacillus Dyo~
cyeneus produced a transient, initial acidity in milk and
later an alksline reaction due to the production of semmonia. ,
Since this orgenism does not ferment sugars they concluded
(1914a) that this initial ecid production preceding prot-
eolysis was probably due, in part at least, to hydrolysis of
fat. They later (1914b) demonstrated the lipolytic ability
of the organism. |

Kraaij end Wolff(1923) ascertained the ability of
several organisms to split fat by inoculating them on nutrient
egar to which hed been added 0.5 per cent lecithin or a sim-
ilar emount of fat; hydrolyslis was evident by a clearing of

the medium around the colony. ZPseudomonas filuorescens was

found to split both lecithin and fat.
Haag (1928) determined the lipolytic ability of a number

of bacteria and concluded that Bacillus pyocyaneus was the
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only orgenism in the group that was ceapable of splitting fat.
While this orgenism could not cleave the triglycerides of
palmitic and steeric acids, it was able to attack both of

these acids in the free state. Bacterium fluorescens 1igue-

faclens showed good growth on triolein and oleic acid.
Gubitz (1928) isolated several cultures of Bacterium

fluorescens and related types of orgenisms, which included

Bacterium punctatum and Bacterium putidum, from milk, butter,

soil, water from various sources and pleants and studied their
growth at different temperatures. The optimum temperature of
these orgenisms was under 30°C., and they were found to be

one of the imporfant types that grow at 00C. The cultures of

Bacterium fluorescens with a maximum growth temperature around

350C. were designated as warm forms, while those with & max-
imum growth temperature near 270 to 300C. were termed cold
forms. The maximum and optimum temperatures of these orgah-
isms were reduced about 50C. from the original by growing
them in licquid medium for several generations at 00C., The
physiologicel properties, parficularly the lipolytic and
proteolytic cheracteristics, were not altered by holding at
00C. for a considerable period. Growing the warm forms for
24 transfers at 30°C. raised the optimum and maximum growth
temperatures about 5°C. Two types of colonies-(2) bluish,
1obatéd, irregular shaped and spreading and (b) round, rais-
ed, discoid, smooth and glessy appearing-were produced by the

fluorescent orgenisms. Growth -on potato was very useful in
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identifying the orgenisms. DBacterium fluorescens fermented

dextrose and sometimes glactose; reduced nitrates to nitrites;
produéed a lusterous, blister-like, brownish growth on po-
tato; developed an intense bitter taste in milk in 2 days at
180C. and later peptonized the milk; hydrolyzed fat at 120

end 180C.; failed to produce hydrogen sulphide; gave only
weak growth in medisa containing 5 per cent sodium chloride;

| grew at a pH as low as 5.4 to 5.8; and was destroyed at a
temperature of 83° to 640C. for 30 minutes.

Shutt (1928-1929) found that conteminated water used in
washing butter was responsible for an unclean and putrefac-
tive flavor that developed on the surface of the butter dur-
ing holding. The off-flavor occurred chiefly during the
spring and summer months and was particulerly common after
periods of heavy rains. No defect of this nature was noted
in butter from creamseries that had good water supplies. The
water supplies of creameries having difficulty with off-flav-
ored buttef contained large numbers of putrefactive bacterise,

chief of which was Pseudomonas fluorescens. Sterile butter

inoculated with this organism developed the typical surface
flavor in 28 days at 25°C. Heating the water to 87.80C. for
10 minutes was necessary to destroy the organisms. The
trouble disappeared when the water was treated or when pure
water wes substituted for a contaminated supply. Neutraliz-
ing the cream to en acidity not less then 0.35 per cent was

beneficial in aveiding the defect, since the organism grew
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but feebly at pH 6.6. Surface-taint flavor occurred only in
sweet cream or neutralized cream butter and never developed

in sour cresm butter.

Lohnis (1930) reported that Bacterium fluorescens and

its closely releted forms, which regulerly occur in water,
play en importent role in the development of rancidity in
buﬁter stored with access to air. Since these organisms
grow at low temperatures and decompose fat and protein, they
were also Tound to be detrimentai to the flavor of milk.
Newman (1950) examined three samples of milk with a
bitter flavor end fouhd that they conteined mainly organisms

of the Pseudomonas group. The bacteria grew well at 4°C.

and produced a fluorescent blue-green, yellow or red pigment
on ager plates. One type of colony was thin, flat and spread-
ing, while the other type was moist, raised, glistening and
eircular or irregularly fringed. Colonies picked into ster-
ile milk produced a strong quinine-like bitterness in the
milk in 24 to 48 hours at room temperature. A different

species of Pseudomonas was isolated from each sample of milk.

One of the organisms corresponded to Pseudomonas ovelis.

Henneberg (1931) listed the fluorescent group as one of
the most common types of organisms causing spoilage of milk,
butter and cheese in Germeny.

Orls-Jensen (1931) reported that Bascterium fluorescens

liquefacieng frequently plays en important part in the de-

velopment of rancidity in butter. Bacterium pyocyeneum,
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however, grew so slowly at ordinary temperatures that it did

not spoil butter under normel conditions. Bacterium fluores-

cens liduefaciens was listed as one of the most importent fat

hydrolyzing mieroorgenisms. Since it is often added to butter
by wash water or ice, he advised pasteurizing wash weter or
treating it with chlorine. He also stated that this organ-
ism produces a turnip, tallow and sometimes a soep taste in
milk; turnip flavor was frequently noted in milk that had been
held et a low tempereture.

Rumment (1931) stated that numerous investigators have

demonstrated that Bacterium fluorescens licuefaclens is a

usual inhabitant of polluted water and causes rancidity in
butter. The organism was used in his experimental work to -
determine the number of microorganisms that pass from the
wash water into the butter and to determine the effect of
these organisms on the keeping quality of butter. He found
that sweet cream butter ebsorbed more organisms from the wash
water than sour cream butter; that the firmer the consistenecy
and the larger the butter granules the fewer were the bac-
teria that were traceable to the wash water; and that in
sweet cream butter (pH 6.8) the organism increased rapidly
end decomposed the fat intensely et higher temperatures but
only slightly at lower temperatures, while in sour creem
butter (pH 4.2 to 4.3} it did not increase and the fat re-
mained unchanged in the cold but developed an unclesn, tallow

flavor and odor at higher tempereatures. The fatty acids form-



75

ed in butter were found to have a germicidal effect on the
orgenism.

Virtanen (1931) listed the most common defects produced
in butter by bacteria as fermented, cheesy, putrid and "rank".
The enzymes causing these defects were stated to be formed by

proteolytic water bacteria of the Pseudomonas fluorescens and

Pseudomonas punctatum groups. These bacteria were not easily

destroyed by heat but were inhibited by the acidity of sour
cream butter and by salt. It was reported that these bacteria
usually do not cause defects when the water supply is not con-
teminated with them and when the milk is delivered daily; when
the milk or cream is 2 or 3 days old, difficulty may arise
even thoﬁgh the water supply is pure. The enzymes of these
bacteria were not destroyed during pasteurization of the cream
and sometimes caused defects in the butter in the absence of
living bscteria. The catalase test for butter was recommended
as a test for the presence of proteolytic bacteria, but a
negative test was stated to be no essurance that this type of
spoilage would not occur.

Henneberg (1931-1932} noted that protein decomposition
without acid production is typical of the fluorescent group
of bacteria, even though many cultures can ferment lactose
and dextrose. Protein decomposition can, however, be largely
inhibited by the presence of sugar, as is illustrated by the
fact that gelaetin liquefying cultures sometimes do not 1i-

quefy gelatin when sugar is added. The presence of air also
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fevors an alkaline development, while the 1ackAof air favors
an acid fermentation. The action of two gram-negative, gel-
atin-liquefying fluorescent organismé on milk was studied.
One produced a bitter putrefaction, the other a soapy condi-
tion in milk; both strongly hydrolyzed fat and both produced
a putrid odor and ammonia in peptone broth; boih grew well at
60 to 8°C.; 7.5 per cent Salt was endured by one organisnm

but only 5 per cent by the other. It was stated that Bac-

terium fluorescens and other alkali forming bacteria are im-

portant in decomposing the fat and protein in butter, but a
low temperature, acid and salt are preserving factors.

Berry (1933) found that Pseudomonss fluorescens was one

of the orgenisms ceapable of splitting fat.

Hiscox (1933) reported that butter from the refrigera-
tion room of a ship was made into "pots" and became permeat-
ed with a dark discoloration while being held in cold stor-
age. The discoloration sometimes occurred in the form of
small blue-black sreas but developed more frequently as large
irregular patches that varied from blue-black in the center
- to violet-red at the edge. The butter contained 0.38 to
0.85 per cent salt. The discoloration could be reproduced
in leboratory samples held at cold storage temperature but
not at 156C. or higher. Two gram-negative, motile, non-
spore-forming rod-sheped organisms, that were identicel ex-

cept for slight differences in colony form, were lsolated



from nutrient agar plates poured with the defective butter
end incubated et 1© to 30C, No growth occurred at 370C.,
slight growth at 300C., optimum growﬁh but no pigment pro-
duction at 229C. and slow but abundaﬁt growth and pigmenta-
tion at 10 to 30C. Growth on an agar slope was clear, moist
and slightly fluorescent in the early stages at 150C., while
at 10 to 3°C. a slow development of violet-black pigmented
growth occurred. A brown color diffused through the medium
at all‘temperatures but waé less abundant as the temperature
increased. Colorless crystals of maegnesium phosphate develop-
ed on the surface of the medium as a result of the decomposi-
tion éf peptone and the formation of ammoniae. Gelatin was
liquefied. Litmus milk wes rendered alkaline, then reduced
and digested. One to 2 per cent sodium chloride in the media
was necessary for growth, while 5 per cent was inhibitive.
The source of nitrogen influenced pigment production, pro-
tease peptone being inhibitive. The organism was stated to

belong to the Pseudomonss or Chromobacter group.

Stark and Scheib (1936) made a study of 486 cultures of
lipolytic and caseolytic bacferia isolated from butter pre-
pered end held under known conditions. Among these were 40

cultures that resembled Pseudomonas aeruginosa in physio-

logiceal properties. Thirty of these cultures produced a
blue-green pigment, soluble in water, that turned dark brown
with age end beceme red in the presence of acid. In testing

for indol, & red color was produced but it was insoluble in
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chloroform. The other 10 cultures were identicsl in all
respects with the above type except that they prodﬁced a
yvellow pigment, slightly soluble in water, the color of
which did not change in the presence of acid. Under the
seme conditions no blue pigment was produced by these cul-
tures. This group was assumed to be & variant of Pseudo-

monas aeruginosa.

Storck (1936) found that alkali forming bacteria cons-
tituted an important part of the milk flora during the winter
mnonths when the population of acid forming bacteria is low.

The Bacterium fluorescens group was one of the alkali form-

ing types present in raw milk, end three strains were isolat--
ed. All three strains hydrolyzed fat and liquefied gelatin
but none formed indol. Two cultures coagulated milk before
digestion, while the other culture digested milk without
coagulation. Only one culture reduced nitrete. Pesteuriza-
tion at 630C. for 30 minutes destroyed all of the alkelil
producing bacteria in milk except the spore-forming group.
Hensen (1937) added 0.05 per cent of a culture of Pseudo-

monas fluorescens to milk used for cheese meking and found

that it did not significantly affect the flavor score or the

nitrogenous decomposition in the cheese during ripening.
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METHODS

Detection of Fluorescent Bacteria on Plates

Fluorescent colonies were detected by observing agar
plates under a strong source of relatively pure ultra-violet
light in & dark room. The fluorescent colonies were indicat-
ed by marking the dish with a wax pencil; certain of these
colonles were later picked for purification and study. Beef
infusion agar at a'pH of 7.0 to 7.2 and an incubation temper-
ature of 200 to 250C. for 72 hours were employed because
these conditions were favorable for production of the fluores-.

cent pigment.

Staining Procedures

Twenty-four hour cultures on freshly prepared agar
slopes were used for determining morphology. The cells were
stained by the method of gram, while Gray's procedure was

followed for staining flagellsa.

Jncubation Temperature

Unless otherwise indicated, all cultures were incubated
at room temperature for the time specified. This tempera-

ture varied somewhat with the season of the year but was
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usually between 200 and 25°C.

Absorption Spectra of Broth Cultures and Solutions

of Certein Fluorescent Substances

The adsorption spectra were made on centrifuged bdeef
infusion broth cultures after growing at room temperature
for various periods. Similar measurements were elso made on
dilute solutions of fluorsscin, fluorescein, riboflavin and
diacetyl in beef infusion broth. The adsorption spectra were
measured with a Hilger Spekker Spectrophotometer, using the

iron-tungsten spark as a source of radistion.

General Characteristics

Action on litmus mi;g

Tubes of litmus milk were inoculeted with the fluorescent
orgenisms and incubated et room temperature. Observations

were made after 5, 10 end 28 deys and the changes recorded.

pH end titratable acidity

The pH determinations were made electrometrically with
the glass electrode. The milk acidities were determined by
titrating 18 gm. samples with N/10 sodium hydroxide and phenol-

phthalein and calculating as percentage lactic acid.
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Fermentation of carbohydrates

The fermentation of carbohydrates was determined by as-
certaining the ability of the orgahisms to produce acid in
beef extract-peptone broth containing brom oresol purple and
1 per cent of the test substance. The tubed solutions were
heated in the autéciave at 10 pounds pressure for 15 minutes,
then heid at room temperature for several days to determine
sterility. The inoculated tubes were incubated for 14 days
and examined at 2 day intervals to note the production of

acid.

Proteolysis

The proteolytic ablility of the orgaenisms was studied
with gelatin‘and casein. Stab inoculations were made into
tubes of plain gelatin end the type of liquefaction noted.
Ability to digest casein was ascertained by meking spot in-
oculations on plates poured with beef extract egar contain-
ing 5 per cent sterile skimmilk and observing for clearing

of the agar around the areas of growth.

Lipolysis

The hydrolysis of fat was determined by the nile blue
sulphate procedure of Long and Hammer (1937). Both cotton-

seed oil and corn oll were used.
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Hemolysis

The abllity of the orgenisms to hemolyze red blood cells
was determined by spotting the cultures on plates poured with
beef infusion agar containing 0.6 per cent sodium chloride end

5 per cent defribrinated ox blood.

Nitrate reduction

Duplicate tubes of beef extract-peptone broth containing
0.1 per cent potassium nitrate were inoculated with each
organism and incubated at room temperature. The tubes were
examined for the evolution of gas at 12 hour intervels for
48 hours and at each observation 5 ml. of culture was renmoved
and a few drop; of the following solutions added: (a) 8 gm.
sulphanilic acid in 1 liter of 5N acetic acid; (b) 6 ml.
dimethyl-alpha-naphthylamine in 1 liter of 5N acetic acid.
The development of a distinct pink color denoted the presence
of nitrite. A pinch of zinc dust was added to all samples
that were negative after 48 hours to determine whether nitrate
was still present; this likewise was indicated by the devel-

opment of a red color.

Formetion of hvdrocen sulphide

Two procedures were employed to detect the ability of
the organisms to produce hydrogen sulphide. One method con-

sisted of growiﬁg the orgenisms in beef extract-peptone broth
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with & strip of lead acetate filter paper (sosked in satu-
rated aqueous lead acetate solution and then dried)} suspend-
ed in the top of the tube and observing for blackening of

the test paper as the culture aged. The other procedure fol-
lowed was to grow the organisms on tryptone, iron agar
(tryptone 20 gm., ferric ammonium citrate 0.5 gm., dipotassium
phosphate 1 gm., agar 15 gm. and water 1000 ml.) and note

whether darkening of the agar occurred.

Production of indol

The organisms were grown for 5 days in a 1 per cent so-

(2]

lution of tryptone, after which the cultures wers tested Por
the presence of indol by the Bomme (1905) technic. Incuba-
tion periods both shorter and longer than 5 days were used
with some cultures. The Gord (1921} test was also employed

with part of the cultures.

Utilizstion of ures

The ébility of the organisms to decompose urea wes de-
termined by ascerteining their ebility to grow in a synthetic
medium containing urea as the only source of nitrogen. The
first medium'employed was essentially the Waksman (1932)
formula number 1, while the second medium used contained 0.5
gm. magnesium sulphate, 0.5 gm. dipotassium phosphate, 1.0 gm.
sodium citrate,'s.o gm. dextrose and 10.0 gm. urea in 1000 ml.

of distilled water. After incubating 2 weeks the cultures
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were exemined for growth as indicated by turbidity and fluo-

rescence of the broth.

Formsetion of catalase

Formetion of catalese was detécted by placing 1 ml. of
a 2 day 0ld broth culture in & small agglutination tube and
adding 2 drops of 3 per cent hydrogen peroxide. The evolu-
tion of gas, which was usually vigorous and easily noted,

indicated the presence of catealase.

Production of smmonisa

The organisms were grown in beef extract-peptone broth
for 5 days, then tested with Nessler's reagent to detect the

presence of ammonia.

Growth in Uschinskyv's medium

The formula proposed by Uschinsky (1893) was used. The
ability of the organisms to grow and produce fluorescence in

this medium was noted after incubating 2 weeks.

Diastatic action

Beef extract-peptone agar containing 0.2 per cent soluble
starch was poured into petri dishes and, after hardening,
spot inoculations were made on the surface. The plates were
incubated for 5 days, then flooded with a saturated solution

of iodine in 50 per cent alcohol. A clear zone around the
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area of growth denoted starch hydrolysis.

Production of acetylmethylcarbinol

The ebility of the organisms to produce acetylmethyl-
carbinol was ascertained by growing for 4 days in 5 ml. of
broth composed of 5 gm. proteose peptone, 5 gm. dextrose and
"5 gm. dipotassium phosphate in 1000 ml. distilled water. The
presence of acetylmethylcarbinol was detected by adding 0.5 |
ml. of a 5 per cent alcoholic solution of alpha-naphthol, a
small grain of creatin and 4 drops of 40 per cent sodium hy-
droxide, then shaking well and observing for the development

of a red color.

Formation of chlororaphine

The ability of the organisms to form chlororaphine was
determined by growing in the synthetic medium of Lasseur
(1911) and noting whether crystals of this substence appeared
in the culture.

Lectose Determination

Lactose was determined by the Shaffer-Somogyi (1933)

copper-iodometric method.

Protein Breskdown in Skimmilk

Total nitrogen was determined on the skimmilk serum by
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tre Xjeldernl metzod end emino nitrogen by the Ven Slyke
(1929) menometric method. The nitrogen was fractionated
according to the procedure used by Lane and Hammer (1935)
end by Long end Hammer (1936}. Ammonie was determined by
the Folin (1902) aeration method, as modified by Van Slyke

snd Cullin (1916}.

Fat Acidities

The method developed by Breazeale and Bird (1938} was
used to determine the acidities of the butterfat. The
acidity of the ﬁutterfat corresponds to the milliliters of
N/10 potassium hydroxide required to neutralize the acid

in 10 gm. of fat.
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EXPERTMENTAL

Isolation of Fluorescent Bacteria from Dairy Products

and Other Materials

Attempts to isolate fluorescent bacteria from fresh milk
and cream and freshly made dairy products by plating directly
were seldcm successful because of the limited numbers of
these organisms in such materials. The procedures generally
followed were intended to favor enrichment of the fluores-
cent bacterla in the product concerned and thus facilitate
their isolation. It is probable, however, that this did not
always occur and that the fluorescent organisms were some-
times overgrown by other types present in certain semples.

It is, likewise, probable that the organisms were not ob-
tained from all samples in which they existed because they
could not always be detected when growing on agar plates.
Overcrowding of the plates with non-fluorescent types fre-
quently obscured the Tluorescent colonies since they some-
times were not observed on badly crowded plates but were
noted on pletes poured with higher dilutions of.the same
sauple. Deep subsurface colonies were not fluorescent be-
cause of an insufficient oxygen supply for pigment produc-
tion; pouring thin layers of agar in the pleates overcame

this difficulty to some -extent.
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Seamples of raw and pasteurized milk and cream were held
et 50 to 7°C. for 3 to 6 days, then plated and, after incu-
bation, representative fluorescent colonies were picked. The
results indicated thet there was & relative increase in the
fluorescent bacteria at these temperatures. Some of the
samples that failed to yield the organisms by direct plating
often contained them in considerable numbers after holding
at low temperatures.

Ice cream samples were allowed to melt at room temper-
ature and plated soon after melting and again after holding
at 59 to 70C. for 5 days; with some samples, 11 ml. of the
melted ice creeam was also added to 99 ml. of sterile water
and held at 50 to 70C. for 5 days to sllow growth to occur
before plating. The plates were incubated 72 hours and then
examined for fluorescent colonies.

Both salted and unsalted creemery butter made with and
without the use of butter culture were exemined. Most of the
samples were of high quality but some of them showed certain
defects. The butter was plated in dilutions from 1:10 to
1:100,000, the plates incubated for 72 hours, then examined
for fluorescent colonies and, when found, representative
colonies were picked for further study. The number of non-
butter culture colonies on the plates were also counted.
About 5 ml. of melted butter from each sample was also plac-
ed in a tube of litmus milk and shaken; after holding at
50 to 70C. for 3 to 6 days, the milk was plated and the
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plates later examined for fluorescent éolonies. This method
often yielded fluorescent organisms when direct plating of
the sample failed. Most of the butter samples were held at
210C. for 1 week to determine the keeping qualities. These
samples were again plated at the end of the holding period
in en effort to obtaln fluorescent organisms if they hed not
been previously isolated from the sample.

An attempt was also made to isolate fluorescent bacteria
from samples of water from various sources. Plating the
fresh seample was not always successful because of the rela-
tively small numbers of the organisms in certgin semples and
because of overgrowth with non-fluorescent types in others.
The eddition of about 5 per cent sterile milk to a water
sample with holding at 50 to 70C. for a few days before plat-
ing greatly increased the chances of obtaining the fluores-
cent bacteria,

Several miscellaneous substances, such as feed, manure
and soil, were also examined for fluorescent organisms. A
small portion of these materials were placed in bottles of
sterile water and held in the refrigerator for a few days,

then plated and examined according to the usual procedure.

Distribution of the Fluorescent Bacteria

The prevalence of fluorescent bacteria in the various

dalry products and other materials examined is shown in
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table 1. Because of the enrichment procedure commonly em-
ployed, no attempt was made to determine the numbers of these

organisms present, except 1n a few cases.
Milk

Two hundred and seventy-four samples of milk delivered by
producers to plants in Missouri and Iowea were examined and 178
(65.0 per cent) gave positive results. A number of the samples
contained mostly fluorescent organisms when plated after aging
3 to 6 days at 5° to 700. The offflavors present in such
samples weré astringent, bitter, quinine-like, rancid, nutty
and stale.

Thirty-five samples of raw bottled milk, obtained from
the same localities as the producer samples, were plated and
18 (51.4 per cent) yielded the organisms under investigation.
The organisms were also isolated from 11 (44.0 per cent) of
25 semples of boftled pasteurized milk from different dairies
in the two states. One sample contained essentially only
fluorescent organisms in the aged milk. Since the fluores-
cent bascteria are not heat resistant, they probably were add-
ed from the equipment after pasteurization.

In connection with an investigation on mastitis 580 sam-
ples of milk drawn aseptically from the individual quarters
of the udder of 145 cows in four dairy herds were plated di-
rectly on beef infusion agar and incubated at 37°C. for 48

hours. Fluorescent colonies were obtained from one or more
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Table 1. Distribution of the Fluorsscent Bacteria

: : Fluorescent
:Number of: bacteria
: samples : found in
Product :_examined:Number:Per Cent
Unpasteurized milk - in cans 274 178 65.0
Unpasteurized milk - in bottles 35 18 51.4
Pasteurized milk 25 11 44.4
Unpasteurized sweet cream 149 87 58.4
Unpasteurized sour cream 104 5 4.8
Ice creenm ‘ 38 7 18.4
Freshly made sweet cream butter 113 39 34.5
Butter not freshly made from
sweet cream 72 20 27.8
Weter - woll and land surface 49 47 95.9
Water - city supplies 12 9 75.0
Miscellaneous materials 16 15 94.0
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quarters of four of these cows. The milk from the infected
quarters contained the organisms in numbers ranging from 500

to 4,500 per ml. The organisms isolated were later identi-

fied as Ps. aserugihosa.

Unpasteurized sweet cream

The samples investigated were obtained from the producer
deliveries to éreamery and ice cream plants in Iowa and
Missouri. ZEighty-seven (58.4 per cent) of the 149 samples
examined gave positive results. ZFluorescent bacteria greatly
predominated in several of the saﬁples after holding; the
off-flavors noted in these samples were cheesy, putrid, bitter,

rencid and unclean.

Unpasteurized sour cream

Fluofescent bacteria were seldom found in sour cream. En-
richment procedures were not tried with this product. The
orgenisms were recovered from only 5 (4.8 per cent) of 104 sam-
ples examined. The acidities of the cream were not determin-
ed but the samples varied from only slightly sour to very high
acid. |

Ice cream

Thirty-eight samples of ice cream frozen in counter
freezers and in commercial plants in Missouri and surrounding

states were examined and fluorescent bacteria were secured
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from seven samples (18.4 per cent). The comparatively high
sugar and total solids contents may have prevented any re-

letive increase in these organisms in the melted ice c¢cream

during éging.

Freshly made sweet c¢ream butter

One hundred and thirteen samples of freshly made sweet
cream butter from various Iowa creameries were obtained at in-
tervals during the period from January to May of 1938. They
were all Qf high quality and with but few exceptlons scored
38 on flavor. Most of the samples were unsalted and were
made with or without the use of butter culture. Fluorescent

organisms were isolated from 39 (34.5 per cent) of these

sampies.

Butter not freshly made from sweet cream

Seventy-two samples of buttér of miscellaneous types from
plants in Towa, Missouri, Nebraska, end Oklshoma were exsmin-
ed. TFluorescent bacteria were obtained from 20 (27.8 per
cent) of the samples. Included in this group were 24 samples
of stored, unsalted, sweet cream butter that showed certailn
defects. Seven of the samples were farm-made end two (28.6
per cent) contained the organisms under investigation. The
remaining 41 samples were made from sour cream; 22 were un-
selted, and some were prepared with the addition of butter
culture; 11 (26.8 per- cent) of the samples ylelded fluorescent

orgenlsms.
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Water

Fluorescent bacteria were found in essentially &ll land
surface and well water samples investigated. TForty seven
(95.9 per cent) of 49 samples collected from pasture ponds,

roadside pools,vrunning streams, rivers, farm wells and the

"roof of a building ylelded these organisms. They were also
_obtained from 9 (75.0 per cent) of 12 municipal water supplies

exanined,
Miscellaneous materials

Fluorescent bacteria were isolated from 15 (94.0 per
cent}) of 16 samples of miscellaneous materials exemined. These
consisted principally of materials taken from a dairy barn end
surroundingsvénd ineluded dust from the air and floor, cow
feces, soil, alfalfa, bedding, beet pulp, cottonseed mesal,

linseed meal, ground corn, mixed grain, wheat bran, green

_wheat and green barley. The orgenisms were also obtained from

the leaves of wild crab and hawthorne trees. Only one sample
of each of the esbhove materials was examined and &ll but one,

a sample of linseed meal, gave positive findings.

Sources of the Cultures Studied in Detail

Five hundred and five cultures of fluorescent bacteria

were studied in detail in this investigation. They were iso-
lated from the various sources -listed in table 1, with the
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exception of nine that were received as identified stock cul-

_tures from the Iowa Agricultural Experiment Station. Usually

only one culture was isolated from a sample, but two colonies
sometimes were picked from plates suspected of containing more
than one species of fluorescent orgenisms. The colonies were
picked into sterile water blanks and replated; well isolated
colonies that later developed on plates were again picked and
replated, the process being continued through at least four
purifications before the biochemical characteristics of the

cultures were studied.
The cultures isolated from the various sources were num-
bered as follows: ‘
Milk (220), 1 to 200, 481 to 492 and 495 to 502 inclusive
Cream (100), 201 to 300 inclusive
‘Butter (90), 301 to 390 inclusive
Ice‘Cream (10}, 391 to 400 inclusive
Water (61), 401 to 457 inclusive; 493, 494, 504 and 505
. Miscellsneous materials (15), 458 to 471 inclusive; 503
Iowa Agricultural Experiment Station (9) 472 to 480 in-

clusive; (Identified cultures of Pseudomonas and
Phytomonas species)
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Influence of Varibus Factors on Fluorescence

Composition of the medium

A green, yellowlish-green or bluish-green, fluorescent
pigment was produoed by all of the 505 cultures on beef in-
fusion agar and nutrient gelatin at a pH of 7.0 to 7.2 when
incubated 3 days at 200C, Similar pigments were also formed
by all cultures in Uschinsky's medium and by all but a few
cultures in Lasseur's medium after 2 weeks incubation at room
temperature. The cultures, likewlise, all developed fluores-
cence in litmus milk; proteolytic cultures were strongly
fluorescent, the color intensity tending to increase as di-
gestion continued; cultures that developed an alkeline re-
action without proteolysis were fluorescent at the surface
only, while acid-forming cultures were non-fluorescent after
an acid reaction had developed. TFluorescence was not evident
in beef extract broth at an initial pH of 7.0 after 3 days
Incubation at room temperature. After the cultures had aged
for several weeks at 10 to 30C., however, they all showed
definite fluorescence, the intensity being rather pronounced
in many cultures. During this period the cultures were fre-
quently held at room temperature for several hours and the
pH of the medium had increased to about 8.5.

Seventy-three cultures were studied for thelir ability

to produce fluorescence on beef extract-peptone agar and on
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beef extract-tryptone-dextrose-skimmilk agar at a pH of

7.0, with and without addition of verious substances. The
incubation temperature used was 21°0C. All cultures produced
fluorescence on beef extract-peptone agar but the intensity
was very slight with some cultures. The amount of fluores-
cence produced by most cultures was lncreased when 0.2 per
cent soluble starch was added to this medium. The increase
in fluorescence may have been due to phosphorus in the starch
since Martin, Naylor and Hixon (1939) found phosphorus in

all sterch samples examlined. Tryptone agar had somewhat
greater fluorescigenic properties than beef extract agar; all
of the 73 cultures produced slight or moderate fluorescence
on this medium. The addition of 0.1 per cent magnesium sul-
phate or dipotassium phosphate to either beef extract-peptone
agar or to beef extract-tryptone-dextrose-skimmilk agar re-
sulted in the development of moderate or strong fluorescence
by all cultures. When 0.1l per cent of both of these sub-
stances were added to the above esgars the intensity of fluo-
rescence produced seemed to be lncreased slightly, et least

with some culturses.

pH of the medium

Cultures incubated 3 to 4 days at room temperature in
beef extract-peptone broth at an initial pH of 7.0 showed

little or no evidence of fluorescence. When the reaction of
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the broth was adjusted so that the pH was 9.2, as determined
by the glass electrode after sterilization, all of the 505
cultures produced & moderate or strong fluorescence after 3
to 4 days incubation. In another trial, broth with a pH of
11.2 hefore sterilizetion had a pH of 9.6 after steriliza-
tion; growth was rather slow in this broth but after 4 days
meny cultures were strongly pigmented and all were fluores-
cent to some extent; The cultures showed more of a bluish
fluorescence et this high pH than was characteristic when
grown at & lower pH.

The ability to develop fluorescence on beef extract-pep-
tone agar and on beef extract-tryptone-dextrose-skimmilk egar,
at a temperature of 219C., when the pH was varied was studied
with)?ﬁ cultures. Fluorescence was lacking or only slight
on beef extract agar et a pH of 7.0. When the pH of the me-
dium was adjusted to 8.5 (after sterilizstion), moderate
fluorescence was produced by all cultures. When the pH of
the medium was similarly adjusted to 10.0, all cultures (505}
showed definite fluorescence. The 73 cultures were all fluo-
rescent to some extent on beef extract-tryptone-dextrose-
skimmilk agar at a pH of 7.0 but the intensity of fluorescence

was increased when the pH wes raised to 8.5.

Oxvezen supply

Subsurface colonies of pure cultures of fluorescent bac-

teria on beef infusion agér plates were always achromogenic,
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while surface colonies of thé same cultures were decidedly
fluo;escent. Suitaeble dilutions of 10 cultures were made and
plated on beef infusion agar. When the agar had hardened,
about 15 ml. of additional agar was poured into each plate in
order to eliminate surface colonies. After 4 days incubation
at room temperature only well isolated, subsurface colonies
haed developed and all were non-fluorescent.

Twenty cultures were streaked on beef infusion agar
slopes and placed in a Novy jar. Carbon dioxide was intro-
duced until a volume of gas equal to the volume of the con-
tainer was expelled. After holding the jar at room temper-
ature for 2 days, no evidence of growth was apparent on any
of the slopes. About one-half of the gas in the container
was then repleced with esir and the valve again closed. All
tubes showed abundant growth after 2 days but no pigmentation
was evident. Three days later the tubes were removed from
the jar and 12 showed a siight fluorescence when examined
under ultra-violet light. Apparently sufficient oxygen was
present to permit & slow development of pigment by some of

the cultures.

Light

Cultures of fluorescent bacteria grown in the dark on
beef infusion agar showed no apparent difference in fluores-
cent properties from cultures of the seme organisms grown in

natural 11ght‘in a room at essentielly the same temperature.
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- Seventy-three cultures were stresked on beef infusion agar

plates and the plates held in the diffused daylight on the
ledge of a north window. During the night the pletes were

removed to a refrigerator, then returned to the window ledge

- during the day. The temperature on the window ledge was

approximately 180 to 200C. After 3 days incubation the cul-
tures all showed strong fluorescence.

Attempts to grow plate cultures in the direct sunlight
on the ledge of a south window failed because the tempersa-
ﬁure‘in the sunlight was too high for the growth of all but
2 cultures. The temperature of the room was only 23°C. but
the temperature on the window ledge was sometimes as high as
400C., even when the window was partly raised to admit out-

side air. The cultures that grew were\both Pseudomonas

aeruginosa end both developed a definite fluorescence.

Incubation temperature

The fluorescigenic ability of 73 cultures on beef in-

 fusion agar was compared at 10°, 20°, 30° and 37°C., allow-

ing 3 days incubation. In general, fluorescence was very
pronounced at 109C. and tended to decrease as the incubation
temperature was raised. All cultures were definitely fluo-
rescent at 200C., but at 300C, fluorescence was rather slight
in some cultures while others showed moderate fluorescence.
Only 32 of the 73 cultures grew at 37°C. and 14 of these de-

veloped slight or moderate fluorescence. Cultures of Pseudo-
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monas aseruginosa failed to meke sufficient growth in 3 days
at 10°C. to show eny evidence of fluorescence. This species
produced fluorescence at the other temperatures and was the

only organism that developed fluorescence at 420C.

Hesting at 48.9°C.

Fifty-four 1 day old cultures in skimmilk were heated in
sealed tubes in a water bath at 48.9°C. for 30 minutes. After
chilling in cold water the tubes were opened and streaked on
beef infusion agar plates. Forty-five cultures survived the

heat treatment and all produced fluorescence on the agar.

Age qf the culture

Pigment formetion on beef infusion agar was usually ev-
ident after the cultures had incubated 12 hours at 20°C., but
maximum fluorescence was apparently not reached until about
the third day. Four cultures, grown in beef infusion broth
at room temperatufe, showed increasing density of the absorp-
tion spectra for 26 days. Between 26 and 42 days, two cul-
tures showed further increese in density while the other two
cultures showed a slight decrease. An increase in density of
the absorption spectrum was evidently due to an increase in
concentration of the fluorescent pigment.

Agar slope cultures retained their fluorescence during

4 to 5 months at 10 to 30C, but the agar usually acquired a

slight reddish-brown color as the cultures aged. Only three of



-102-

the 505 cultures lost thelir ability to produce fluorescence
at 200C. after being carried on beef infusion agar (with
trensfers to new slopes every 4 to 5 months) at 1° to 3°C.
for 2 years. One of these cultures (548) was weaskly fluo-
rescent when isolated, while the other two (478 and 480)

wefe obtained as pure cultures of Phytomonas and had pre-
viously been carried on agar for an unknown period. These
three cultures were fluorescent, however, when grown at 100C,
The other cult&res showed no apparent decrease in their fluo-

rescigenic ability while being carried on beef infusion sgar
at 10 to 30C. for periods up to 3 years.

" Absorption Spectra of Broth Cultures and Solutions of
Certain Fluorescent Substances

Four cultures of fluorescent bacteria with different bio-

chemical characteristics were selected for a study of their

-absorption spectra. Culture 14 was proteolytic, culture 241

produced a reddish-brown pigment in addition to the green
fluoreseent pigment, culture 273 wes non-proteolytic, while
culture 376 produced pyocyanine. The cultures were inoculat-
ed into separate flasks of beef infusion broth end the flasks
held at room temperature. Approximately 10 ml. of broth was
removed aseptically from one flask at the beginning and from
each flask after 2, 5, 10, 26 and 42 days incubation and

clarified by centrifuging. Absorption spectrum measurements
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were then made on each broth with a Hilger Spekker Spectro-
photometer which had a variable aperture graduated in terms
of density*. It was necessary to increase the dilution of
the broths as the cultures aged in order to bring them into
the range of the instrument. Accordingly, measurements were
tried at different concentrations end cell lengths upon cer-
tein broths to ascertain if Beer's Law, I = I(-,e"kcl (Io =
incident light Intensity, I = transmitted 1light intensity,

k = specific extinction, ¢ = concentration and 1 = length of
cell), was obeyed. Beer's law was found to be obeyed by the
peak, so it was possible to multiply the density values by
the concentration factor and express them in terms of the
undilﬁted cultures.

The ebsorption spectra of the 4 cultures &t various time
intervals are shown in figures 1 to 4. The uninoculated
broth (figure 1) showed a rather uniform absorption curve
with no peak and the density was lower than the absorption
eurves of the inoculated broths. All cultures regardless of
age had the same type of absorption spectra. An absorption
peak occurred at approximetely 4,0203, after which there was
a decrease, then an increésing straight line absorption of
the ultra-violet waves. Wave lengths longer than 4,BOOX were
only slightly absorbed. The density of the absorption curves

increased as the cultures aged with the exception that cul-

¥*Density = log l1o/L = kcl.
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20

WAVE LENGTH, A

\ CULTURE 14
1. INCUBATED 2 DAYS
A \ 2. INCUBATED 5 DAYS
16 3. INCUBATED 10 DAYS ——o
\ 4 INCUBATED 26 DAYS
5. INCUBATED 42 DAYS
6. UNINOCULATED BROTH
8 ESK\_ \\,,/’/:Q\
\
4 - Q
o | \G)\&:\\
2800 3200 3600° 4000 4490 48CO0 5200
WAVE LENGTH. A
Fig. 1. Absorption spectra of culture 14
. 201 CULTURE 941
1. INCUBATED 2 DAYS
\ \ 9. INCUBATED 5 DAYS
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Fig. 2+ Absorption spectra of culture 241
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\ 2. INCUBATED 5 DAYS
” /N\_ ). INCUBATED 10 DAYS
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Filg. 3. Absorption spectra of culture 273
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Fig. 4. Absorption spectra of culture 376
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tures 273 and 376 had curves of slightly lower density at

42 days then at 26 deays. The absorption curves of culture l4
were the lowest while those of culture 376 were the highest
in denéity of the four cultures at the different age inter-
vals.

Figure 5 shows the absorption spectrea of the chloroform
extract of the broth culture and the broth culture after ex-
traction with chloroform for culture 376. The absorption
curves of the chloroform extracts of the 5 and 10 day cul=-
tures had slight absorption peeks at about 3,300 and 5,6502.
After the pyocyenine had been removed from the 10, 26 and 42
day broth culturGS‘with chloroform, the absorption curves
were similar to the absorption curves of the unextracted
broth (figure '4), but the densities were slightly lower.

The pigment produced by the fluorescent bacteria 1is
sometimes referred to as fluorescin and sometimes as flavine.
It was thought thet a comparison of the absorption spectra
of a solution of each of these substances with the absorp-
tion spectra of broth cultures of flﬁorescent bacteria would
indicate whether the fluorescent bacterial pigment is the
same or similer to either of these compounds. Fluoresceln
was included since it is fluorescent and differs in composi-
tion from fluorescin only in that it contains tﬁo less hydro-
gens in the molecule. Riboflavin was used because it could

be obtalned in chemically pure form. The absorption spectra
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of diecetyl was also determined to ascertain whether the color
of broth cultures of fluorescent bacteria might be due to
formation of diacetyl. Harden and Norris (1911) observed that
a pink color with a green fluorescence developed when 1 drop
of a dilute solution of diacetyl was added to a dilute solu-
tion of protein made slkaline with potassium hydroxide.

Two mg. of fluorescin, fluorescein or riboflavin or
0.1 ml. of diecetyl was dissolved in 100 ml. of beef infusion
broth at pH 8.0 and the absorption spectra determined. The
broth was adjusted to pH 8.C to correspond with the pH of
aged broth cultures of fluorescent bacteria. The absorption
spectra of these broths are shown in figure 6. The spectra
of the bfoths containing fluorescin or fluorescein were sim-
ilar with pesks at about 4,900R. The riboflavin broth had
two slight pesks at about 3,700 and 4,6502. The absorption
spectra of the broth that contained diacetyl resembled the
absorption curve for the uninoculated broth. The absorption
spectra of the above broths in no way resembled the absorp-

tion curves of the broth cultures of fluorescent bacteris.
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5. 42 DAY CULTURE

4 26 DAY CULTURE AFTER CHLOROFORM EXTRACT
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Fig. 5. Absorption spectra of culﬁure 376
extracted with chloroform
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Fig. 6. Absorption spectra of fluorescent
‘substances.
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General Characteristics of the Fluorescent Bacteria
Morphology. (Cult?res grown 1 day at 200C. on beef infusion
agar

Form and size: Rods with rounded ends; 0.55 to 1.1 by
1.0 to 3.0 microns.

Arrangement: Singly and occasionally 1in psasirs; long
chains formed by 1 culture.

Motility: Motile: 1, 2 or 3 end occasionally 5 polear
Tlagella; flagella sometimes noted on both
ends of cell.

Staining reaction: - Stained readily with common stains;
gram negative.

Spores: None observed.

Growth on beef infusion agar. (Cultures grown 2 days at 200C.)

Agar slant: Growth characteristics varled with differ-
ent cultures.

- The general types of growth were:

(a) Abundant, filiform, raised, white to grayish-
white, shiny and butyrous or viscid. Medium
turned green or yellowish-green and fluorescent.
After 5 days some cultures developed a reddish-
brown on bleck pigment.

(b) Abundant, spreading, thin, glistening, white to
grayish-white, butyrous or viscid. Medium turn-
ed green or yellowish-green and fluorescent.

(¢} Abundant, spreading, rasised, orange-brown end
butyrous. Medium turned yellowish-green and
fluorescent.

Agar stab: Surface growth with only scanty growth along
the line of inoculation.

Agar colonies: Subsurface colonies were non-fluorescent
end usually punctiform unless located at
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Agar colonies: the agar-gless boundary, when they were
(continued) larger, circular and flet.

Surface colonies varied somewhat with
the different cultures but were usuelly
2 to 5 mm. in diemeter, circular, con-
vex, smooth-surfaced with edges entire,
butyrous or viscid and opaque. Some
cultures formed colonies that were

(a) irreguler, thin and spreading,
smooth-surfaced, lobate, and translu-
cent, (b) irregular, mucoid and opaque
or (¢} circular, convex, rough-surfaced,
edges wrinkled and grayish. More than
one colony type was sometimes formed by
certain cultures on the seme plate.

All colonies were fluorescent.

Growth in beef extract-peptone broth

The orgenisms regularly produced moderste or heavy cloud-
ing in beef extract-peptone broth with a rather abundant,
compact or flboculent sediment. ©OSurface growth was elther
flocculent or membraneous; the pellicle formed varied from
frieble to firm or leathery. A putrefactive odor was usual-

ly produced; some cultures formed an odor suggestive of indol.

Growth temperatures

The minimum and meximum growth temperatures were ascer-
tained by inoculating the cultures into beef-extract-peptone
broth and holding at 30, 70, 329, 370, 420 and 45°C., then
later exemining for the development of turbidity. An in-
cubation period of 14 days was allowed for the two lowest
temperstures and 5 days for the other temperatures. The

number of cultures that grew at different temperature ranges’
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were as follows:

Growth temperature range:
30.320C, 30.37°C, 70.379C, 70-420C, 70-450C,

Number of cultures:
233 208 27 22 15
Four hundred and forty-one of the 505 cultures grew at
30C., while all cultures grew at 70C. All cultures likewise
grew at 329C., while 235 cultures grew at 370C., 22 grew at
420C. and 15 grew at 450C.

Growth of selected cultures in skimmilk st 50 and 21°C.

Skimmilk was sterilized in 100 ml. quantities in bottles
with a screw cap end then cooled to 50 or 219C. One bottle
at each temperature was inoculated with 0.1 ml. of a 12 hour
broth culture;of a fluorescent organism, 10 selectea cultures
being used in the study. Immediately after inoculation each
bottle was thoroughly shaken and then plated on beef infusion
agar. One set of cultures was placed in a refrigerator with
an average temperature of 59C., while the other set was plac=-
ed in a 21°C. incubator. At 24 hour intervals the samples
were well mixed, plated and the flevor noted. The exemina-
tionvwas continued for 1 week or until an objectionable flavor
developed. The results obtained are presented in table 2.

Eight of the 10 cultures grew fairly rapidly in steri-
lized skimmilk aty5°C., and the counts continued to increase

during the 7 days that the bacterial analyses were made. Ex-

e
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Table 2. Growth of Selected Cultures in Skimmilk at 5° and 21°C.

B N § RS AN A

Culture:0 hr. : 24 hr, @

Bacteria per ml.

{000 omitted] after

:168 hr.

48 hr. 72 hr. ¢ 96 hr, 120 hr,:144 hr,
Held at 5°C.
42 37 840 8, 200 52,000 58,000 120,000 170,000 230,000
85 68 3,000 28,800 54,000 144,900 390,000 560,000 620,000%
110 148 280 450 960 1,170 1,450 - 2,200 3,400
173 26 510 3,100 13,100 28,000 44,000 93,000 105,000
241 27 700 11,500 42,000 83,000 180,000 240,000 370,000
297 14 1,350 15,200 29,000 74,000 86,000 171,000 210,000
B35 32 2,500 6,600 24,300 47,000 65,000 140,000 224,000
854 78 2,270 21,700 42,000 165,000 470,000 720,000 830,000%
376 60 65 83 174 360 640 830 1,130
447 B4 5,600 29,400 63,000 140,000 230,000 380,000 540,000%
Held at 210C.
42 34 97,000 630,000 780,000 1,250,000% --
65 94 310,000 1,870,000% 1,470,000 1,130,000 -
110 135 82,000 1,400,000 2,230,000% 2,450,000 -
173 18 14,500 160,000 430,000 950,000 1,250,000
241 25 72,000 1,100,000 1,600,000 2,140,000% -
297 27 211,000 940,000 1,920,000 2,200,000% -=
335 21 98,000 210,000 490,000 680,000 1,320,000
354 86 390,000 2,410,000% 2,200,000 1,830,000 2
- 376 50 42,000 1,260,000 1,240,000% 990,000 -
447 112 234,000 5,500,000*% 2,100,000 1,760,000 —
*Denotes when off-flavor first eppeered in milk.

=311~
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_cluding cultures 110 and 376, which grew very slowly, the ori-

ginal counts ranged from 14,000 to 84,000 per ml.; after 24
hours the counts ranged from 510,000 to 3,600,000 per ml. and
after 168 hours the counts varied from 105,000,000 to
830,000,000 per ml. Three samples developed a slightly bitter
flévor at the end of 168 hours.

At 210C. the counts increased rapidly in a8ll samples dur-
ing the first 2 days end then slowly decreased in four cul-
tures. Three samples developed a bitter or quinine-like fla-
vor after 48 hours, two after 72 hours and three after 96
hours. Two cultures contained no off-flavor after 120 hours
when the counts were about 1,250,000,000 per ml. These cul-
tures (173 and 335) were non-proteolytic and non-lipolytic.
The first chaﬂge usually noted in the samples was a bitter
flavor, followed by digéstion or sweet curdling, with curdling
usually conspicuous. After further holding the flavor be-

ceame decidedly bitter, quinine-like or astringent.

Action on litmus milk

The changes produced in litmus milk by the fluorescent
bacteria were of seven general types:

a. Rapid digestion, without noticeable coagulation, from
the top down and usually complete within 5 to 10 days with a
white or yellowish-white sediment and a putrid odor; digest-
ed portion usually wine colored at first, becoming light or

dark ember or green after sewveral days, the color varying
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somewhat with the incubstion temperature and the emount of
aeration (313 cultures). |

b. Seme as (a) except that the digestedvpofpion.was
ember colored and the odor resembled indol (18 cultures).

¢. Alkeline reaction slowly developed, with no appareht'
proteolysis snd no off-odor; color bluish-grey &after 10 to |
21 days, with a white sediment (75 cultures).

d. Alkaline reaction slowly developed, with slight di-
gestion evident after 10 to 21 days; color grey to bluish-
grey (13 cultures).

e. Slight alkaline reactién after 5 days followed by an
acid reaction but usually no cosgulation after 21 days; no
reduction except at base of tube (50 cultures).

f. Formation of an acid ring with acid coagulation
from the top down and reduction except at surface; slight

proteolysis and a May apple odor sometimes noted (36 cultures).

Fermentation of csrbohydrates

The numbers of cultures that fermented the various test

materials were as follows:

Arabinose 85 (16.8%) Lactose 0 Raffinose 0

Dextrose 475 (94.1% Levulose 25 (5.0%)
Gelactose 376 (74.5%) Maltose 37 (7.8%) sucrose 19
Glycerol 0 ~ Mennitol 0 (3.8%)

Xylose 476
(94.2%)

Salicin 0

Inulin 0 Mennose 224 (44.3%)
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Cultures that attacked dextrosé usually fermented
xylose, but there were some exceptions. Cultures that fer-
nented galactose also fermented dextrose or xylose and us-
ually both of these materials. Levulose and sucross, when
attacked, were only weakly fermented, but the maltose posi-
tive cultures usually showed strong acid production.

Several cultures that first produced an acid.reaction in
certain of the broths later developed an aelkaline reaction
due to formation of emmonia. Some cultures developed an acid
reaction at the surface of the tube only and this sometimes
exlsted for only 1 or 2 days before being replaced by en alka-
line reaction; individual cultures often showed considerable
variation in the amount of‘yellow color produced with the same
test material in different trials. Observation at frequent
intervals, without any agitation of the tubes, was therefore
necesséry in order to detect the positive cultures with any
degree of accuracy. This indicatés that the use of indicator
broth to detect acid production from carbohydrates is prob-
ably not very reliable for slow fermenting cultures that also
produce ammonia.

Acid development and utilization of lectose in skimmilk
gnd lactose broth

An attempt was mede to ascertain whether cultures thet
developed en acid reaction in litmus milk but failed to pro-

duce an acid reaction in lactose broth containing brom cresol
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purple utilized the lactose in these media. Skimmilk end

1 per cent lactose~beef extract-peptone broth were steriliz-
ed in 100 ml. quantities in cotton plugged Erlemmeyer flasks.
One flask of each medium was inoculated with a selected cul-
ture, and after 5, 13 end 23 deys &t room temperature eech
culture and an uninoculated flask of each medium were enalyzed
for lectose by the Sheffer-Somogyi method; the pH also was
determined, using the glass electrode. At the end of the in-
cubation period the titratable acidity of the milk wes de-
~termined.

The data obtained on the skimmilk cultures are shown in
taeble 3, while the data on the lactose broth cultures are
presented in table 4. Although all the 15 cultures brought
about a decrease in the lactose content of skimmilk, the rate
of decrease varied with the different cultures. Appreciable
quantities of lactose still remained in &ll cultures, however,
after 23 days, the lowest value being 1606 mg. per 100 ml.
compared to 4850 mg. in the control. With exception of one
culture (291) the pH of the milk gradually decreased as the
cultures aged, the lowest value obtained being 5.28 with cul-
ture 246. This organism glso developed & tltratable acidity
of 0.78 per cent and was the only culture that coagulated the
milk. The titratable acidities of the other cultures varied
from 0.29 to 0.82 per cent after 23 days.

The lactose content of the broth also was progressively

reduced as the cultures aged. After 23 days the lactose con-
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Utilization of Lactose by Fluorescent
Bacteria in Skimmilk

: Held 5 days

: Held 13 davys

: Held 23 davs

Cul- :Mg. lactose: :Mg. lactose: :Mg. lactose: sAcid-
ture :per 100 ml.: pH :per 100 ml.: pH :per 100 ml.: pH :ity
Control 4854.9 6.56 4850.0 6.55 4850.0 6.54 0.22
42 3439.9 6.32 2726.6 5.97 2624.9 5.86 0.51
95 3639.0 6.57 3469.9 6.33 2939.0 6.29 0.42
124 2867.7 6.31 2624.9 6.13 2554.0 5.78 0.62
219 5643.3 6.43 2648.3 8.11 2590.9 5.84 0.50
234 3418.3 6.39 2878.¢ 6.29 2838.3 6.28 0.31
246 2448.% 5.88 2182.9 5.48 1606.5 5.28 0.78
253 3988.5 6.49 3048.3 6.17 1713.4 6.12 0.87
266 3639.9 6.54 3078.& 6.49 2868.2 6.45 0.55
291 3418.%3 6.53 3038.4 6.54 2940.C 6.55 0.29
303 4763.3  6.41 2741.7 6.38 2629.9 6.02 0.42
323 2403.2 = 6.07 2116.7 5.90 2035.4 5.61 0.57
332 2720.0 6.46 2263.4 5.96 2049.6 5.67 0.55
356 3843.3 6.50 3209.9 6.43 3116.7 6.36 0.30
387 3164.9 © 6.12 2659.0 5.92 2360.7 5.68 0.55
492 3988.5 6.58 3599.0 6.51 2569.7 6.13 0.37
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Teble 4. TUtilization of Lactose by Fluorescent
Bacteria in Lactose Broth

.
.

Cul- :Mg. lactose:

Held 5 davs' :

Held 13 davs

Held 23 days

ture :per 100 ml,: pH

Control
42
95

124
219
234
248
253
266
291
303
323
332
356
387
492

1026.3
861.8
330.9
882.5
551.4
44:1.5
661.8
242.7
882.5
121.3
860.4
769.2
507‘4
551.5
705.9
441.3

:Mg. lactose:

:Mg. lactose:

:per 100 ml.: pH :per 100 ml.: pH

6.64
7.55
8.18
8.07
7.90
8.20
8.06
7.93
8.19
7.44
7.62
7.75
8.19
8.38
7.64
7.87

1025.0
237.1
122.2

95.5
66.9
42.0
85.6
120.9
596.7
87.7
110.5
74,2
461.7
237.0
79.4
169.7

6.65
8.40
8.71
8.63
8.59
8.72
8.54
8.61
8.53
8.40
8.54
8.52
8.58
8.67
8.50
8.63

1026.0
97.4
38.5

" 67.5
13.4
12.1
13.0
85.5
51l.4
12.¢9
78.2
18.5
67.5
62.4
11.1
44.8

6.63
8.35
8.72
8.59
8.54
8.70
8.52
8.57
8.55
8.39
8.51
8.52
8.59
8.64
8.44
8.63
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tents of the different cultures varied from 11 mg, to 97 mg.
per 100 ml., compared tQ'1026 mg. in the control. All cul-
tures showed é decided increase in pH aftef 5 déys incubation
.and ean additional small incfease dufing the next 8 days, after
which no further change in pH occurred. The pH of the dif-
ferent cultures ranged from 7.55 to 8.38 after 5 days and

from 8.40 to 6.72 after 13 days. | | |

Proteolysis

Of the 505 cultures, 384 liquefied gelatin. All cultures
that liquefied gelatin giso.showed a clearing around the area
of growth on milk agar plates and vice versa. The number of
cultures that produced various ty@es oi gelatin liquefdcation

are given in the following summary:

No. of: Type of gelatin licuefaction
cul- :None Craterifam Infundibuliform Napiform Stratiform
tures_: 121 46 ' 185 18 135

In general, cultures that pfoauced infundibuliform or
stratiforﬁ liquefacation were strongly proteolytic and usually
completely liquefied the gelatin in 4 or 5 days. On the other
hand, cultures that produced only craterifornm or napiform li-
queféoatidn were usually weekly proteolytic and liquefied oniy
ﬁhe upper portion of the gelatin tube during the observation

period of about 1 week.
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Lipolysis

The number of cultures that hydrolyzed corn oil and cot-

tonseed and the extent of lipolysis are e&s follows:

Fat 1 BExtent of fat hyvdrolvysis
R N AR Y
' , : Number of cultures
Corn oil s 191 21 155 138

Cottonseed oil: 191 20 151 153

- - fat not hydrolyzed (fat dropletsbréd colored)

T
!

- fat partly hydrolyzed (both red and blue colored
fat droplets underneath area of growth)
V.

fat hydrolyzed (only blue colored fat droplets
underneath area of growth)

££ = fat hydrbl?zed in medium surrounding area of growth

Considerable variation éiisted in the lipolytic ability
of the different cultures. In genefal cultures that attacked
one oil also attacked‘the other, but slight variations exist-v
ed in the extent to which the two Tats were hydrolyzed by a |

few organisms.
Hemolysis

Fifty-nine of the 505 cultures hemolyzed bovine red blood

- cells. Eleven cultures prodﬁced a narrow zone of hemqusis.

that extended only about 1 mm. beyond the aféa of ‘growth,
while 48 cultures formed a broad zone of hemolysis that ex;

tended from 1 to several mm. beyond the colonyﬁborder.'
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Nitrate reductioh

Potassium nitrate was reduced by 168 of the 505 cultures;
94 of these cultures formed nitrites only, while the other 74
cultures extended the reduction tQ the liberation of nitrogen
gas. It was necessary to test for nitrite at comparatively
short intervals (12 hours} because, when produced, this sub-
stance evidently was utilized by some cultures and disappear-
ed from the medium after a time. This.was particularly true
of cultures ﬁhat liberated nitrogen gas; frequent checking
of these cultures, however, showed that they all reduced the

nitrate to nitrite before gas was produced.

Formetion of hydrogen sulphide

None of the cultures gave a positive test for hydrogen
sulphide when grown in beef extract-peptone broth with lead
acetate paper strips in the top of the tube. When stresked
on tryptone, iron agar, however, 30 cultures gave a strong
test for hydrogen sulphide and 11 cultures gave & moderately

positive reaction.
Production of indol

Several cultures showed a slight red color in the Bohme
test, but the resctions were not very definite. With the
Gore method one culture gave a slightly positive reaction;

when retested several months later this culture als¢o wsas
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negative. Sandiford (1937) pointed out that the Bohme test
for indol generally gives a false positive reaction with cule
tures of Ps. eseruginosa because of the acid in the reagents
used. Appérently the odor suggestive of indol that is pro-
duced in various medie (including milk) is not due to this
compound.

Utiligzation of urea, formetion of catalasse, production of
ammonia and growth in Uschinsky's medium

A1l the 505 cultures utilized urea as the only source of
nitrogen, formed catalese in liquid media, produced ammonie.
in beef extract-peptone broth and grew in Uschinsky's medium
with the'production of a green fluorescence. The development
of fluorescence in Uschinsky's medium denoted that the or-
ganisms were éble to produce a fluorescent pigment in a me-
dium conteining megnesium, sulphate end phosphate ions and a

’

suitable source of nitrogen.

Diastetic action, production of acetylmethylcarbinol end
formstion of chlororsphine.

Starch was not hydrolyzed by any of the cultures under
the conditions employed. All cultures, likewlse, gave a
negative or only a faintly positive test for acetylmethyl-
carbinol. Chlororaphine was not formed by any of the cul-
tures in Lasseur's mediunm, but a few white crystals of an

unknown substance developed in some cultures.
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General Resistance of Fluorescent Bacteris

Viability in culture medié

The individual cultures of fluorescent bacteria varied
considerably in the period that they remeined alive in or on
laboratory media without being transferred to fresh medis.

In triels with selected cultures, the cultures of Ps. ser-
uginosa were the least resistant, while certain cultures that
produced en alkaline reaction in milk without digestion were

intermediate in this respect. The Ps. aseruzinosa cultures

seldom survived longer_than 4 to 5 months on beef infusion
agar slopes at 1° to 3°C.; the remaining cultures, with the
exception of. a few of the non-proteolytic ones, usuelly re-
mained viable for 6 months or longer.  Forty-three agar
slope cultures (258 to 300 inclusive) were alive after being
held 10 months at 10 to 30C.

The 505 cultures all survived in beef extract-peptone
broth for 3 months at 19 to 3°C., but 30 of the cultures were
dead et the end of 4 months. The cultures that died includ-

ed all of the 17 Ps. aseruginoss cultures in the group, while

the others were non-proteolytic types; the remaining cultures
were still viable at the end of 6 months. Twenty-one litmus
milk cultures held at room temperature and at 10 to 3°C., were
all alive after 6 months; the original 10 ml. of milk in the

tubes held at room temperature had evaporated tb 1l to 2 ml.

=
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after é monthsAand was thick, dark'and foul smelling.

Seven samples of unsalted butter made from sterilized
cream to which cultures of fluorescent bacteria were added
before churning still conteined viable fluorescent organ-
isms after 6 months at 1° to 3°C. Nine other samples of
butter prepared as above except that two were salted yield-

ed fluorescent bacteria when examined after 4 months at 210C.

Resistence to heat

The thermal death points of 90 cultures were determined
as follows: 0.1 ml. of a 1 day milk culture of each organ-
ism grown at room temperature was added to 10 ml. of milk
and 2 ml. of each suspension was pléced in each of three ag-
glutination tubes; the tubes were then sealed and exposed
in a water bath at temperatures of 51.70, 54.4° or 57.20C.
for 30 minutes; after cooling in ice water, the tubes were
opened and the contents inoculated into beef extract-peptoné
broth end stresked on beef infusion agar to determine ster-
ility.

Forty-three of the 90 cultures survived an exposure of
51.7°C. for 30 minutes while 20 cultures survived at 54.49C.;
st 57.20C., however, all cultures were destroyed. Fifty-four
of the 90 cultures were also exposed at a temperature of
48.90C. for 30 minutes and nine were killed. A culture iso-
lated from a bottle of pasteurized milk in which fluorescent

bacteria predominated wes deétroyed at 51.79C., for 30 minutes.
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The heat resistance of several cultures was also de-
termined using 2 day milk cultures grown at room temperature
and 2 or 3 day milk cultures grown at room temperature for
1 day and then held at 1° to 3°C. for 1 or 2 days. The heat
resistance of these cultures was essentially the same as that

of the 1 day cultures.

Resistance to chlorine

The resistance to chlorine of eight selected cultures of
fluorescent bacteria was determined in the following meanner:
Chlorine solutions containing 2.5, 5, 10 or 15 parts per mil-
lion of available chlorine were freshly prepared from a stock
solution of sodium hypochlorite and sterile distilled water
at room temperature and 100 ml. quantities were placed in
sterile dilution bottles. Five ml. of a 12 hour broth cul-
ture of each orgenism, grown at 21°C., were placed in 100 ml.
of sterile distilled water and 1 ml. of this suspension was
added to a bottle of each chlorine solution and well agitsated.
At the end of 2.5, 5, 7.5, 10 and 12.5 minutes, 1 ml. was re-
moved from sach bottle and added to a 99 ml, sterile water
blank for dilution before plating or (according to the chlo-
rine strength end period of exposure) placed directly in a
petri dish containing sufficient sterile sodium thiosulfate
solution to neutralize the available chlorine present (0.3
ml. of a 1 per cent solution was added for solutions contain-

ing 2.5 or 5 parts per million_of available chlorine and 0.5
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ml. for solutions containing 10 or 15 parts per million).
Beef infusion agar was immediately added to the plates and
after 3 days at 21°9C. the colonies were counted and the
number of organisms per ml. of chlorine solution at the
different time intervals was computed. The numbers of or-
ganisms per ml. in\the chlorine solution at the beginning
of the exposure were estimeted by determining the number of
organisms ip the originel suspension.

The data are given in table 5. The numbers of organ—
isms in the chlorine solutions at the beginning of the ex-
posures ranged from 73,006 to 960,000 per ml. In generel,
the fluorescent bacteria were readily destroyed by chlorine
and there was no noticeable difference in the resistance of
the eight culﬁures used. A concentration of 2.5 parts per
million of avallable chlorine was slowly destructive, but
the organisms usually were not completely destroyed at the
end of 12.5 minutes. The rate of destruction in solutions
containing 5 parts per million of available chlorine was feir-
ly rapid but & few viable cells generally remained after 12.5
minutes exposure. The organisms were usually destroyed with-
in 5 minutes in solutions conteining 10 parts per million end
within 2.5 minutes in solutions conteining 15 parts per mil-

lion of available chlorine, but there were a few exceptions.

Tolerance of sodium chloride

The amount of sodium chloride in the medium required to
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Teble 5. The Resistance of Fluorescent Bacteria
to Chlorine.

Availsble:
chlorine: Baeteria per ml. after
(p.p.m.}:0 min.*:2.5 min.:5 min, :7.5 min.:10 min.:12.5 min,
Culture 14
2.5 310,000 92,000 18,600 520 40 1
5 310,000 50 10 10 10 2
10 310,000 10 10 1 1 -
15 310,000 10 1 1 - -
Culture 69 |
2.5 200,000 46,000 6,000 1,650 70 1
5 200,000 40 10 20 10 1
10 200,000 10 10 1 1 -
15 BOQ,OOO 10 1 1 - -
Culture 110
2.5 960,000 1,200 360 20 20 1
5 960,000 140 70 20 10 1
10 960,000 40 40 6 1 -
15 960,000 10 8 1 — -
Culture 142
2.5 120,000 1,500 30 30 50 2
5 120,000 110 10 30 10 3
10 120,000 50 70 27 3 -

15 120,000 10 5 1 -
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Table 5. (continued}

Available: .
chlorine: Bacteria per ml. after

(p.p.m.):0 min.*:2.5 min.:5 min, :7.5 min.:10 min.:12.5 min.

Culture 241

2.5 73,000 2,270 780 130 30 1
5 73,000 90 30 70 10 1
10 73,000 60 30 5 1l -
15 73,000 40 1 1 - -
Culture 273
2.5 430,000 2,700 200 70 20 11
5 430,000 1,950 . 180 50 30 2
10 - 430,000 10 10 4 1 -
15 430,000 10 1 1 - -
Culture 354
2.5 215,000 7,300 440 290 120 10
5 215,000 70 50 80 10 1l
10 215,000 20 20 1 1 -
15 215,000 1¢ 1 1 - —— -
Culture 376
2¢5 147,000 24,000 510 170 40 3
S 147,000 8,500 320 210 50 7
10 147,000 10 30 7 2 -
15 147,000 10 1 1 —-— -

*Approximate number of bacteria estimated by determining
the number of organisms in the original suspension.
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inhibiﬁ growth of the fluorescent bacteria was determined
with beef extract-peptone agar and with beef extract-peptone
broth. The liquid medium proved to be preferable for the
trials, however, because slight growth could be more readily
detected in broth than on agar plates.

Spot inoculations were made on the surface of solidi-
fied ager in petriﬂdishes and the plates incubated for 5
days. The 505 cultures all grew on agar containing 4 per cent
sodium chloride, but 40 cultures failed to grow when the so-
dium chloride content was increased to 6 per cent. No higher
concentrations of sodium chloride were tried with the solid
medium. The cultures all grew in broth containing 4 per cent
sodium chloride but 75 cultures failed to grow in broth with
a salt content of é per cent; only nine cultures showed evi-
dence of growth in 8 per cent sodium chloride broth after 10

deys, and with five of these cultures the turbidity produced
was slight.

Ability to grow in slkaline and acid media

The ability of the fluorescent bacteria to grow in or on
media with a& strongly alkaline or strongly acid reaction was
determined by streaking the cultures on the surface of beef
extract-peptone agar plates and by inoculation into beef ex-
tract-peptone broth. The pH of the medium was always adjust-
ed or determined after sterilization. The 505 cultures all

made abundant growth on agar at a pH of 8.5; the cultures,
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likewise, all made moderate growth on agar at a pH of 10.0
when the plates were poured 24 hours before inoculating, but
growth was often negative when the cultures were streaked on
the medium soon after the plates were poured. All cultures
grew fairly rapidly in beef extract-peptone broth at a pH of
9.2; the cultures, likewise, all grew in the broth at a pH
of 9.6, but growth was not apparegt in some cultures until
2 to 3 days incubation. The reaction of the medium decreased
to a pH of about 8.3 after considerable growth hadvoccurred.
Irregular and inconsistent results were obtained when
the cultures were streaked on agar et a pH of 4.5 to 5.0, and
for that reason the data are not included. The number of
cultures that grew in beef extract-peptone broth at a pH of
4.0, 4.5, 5.0 or 5.5 were 4, 359, 448 and 505 respectively.
Growth usually was not evident in broth at a pH of 5.0 or be=-
low until after 2 to 3 days; it wes initiasted at the surface
end then gradually extended downward as the cultures aged.
The pH of the medium increased considerably during the first
few days as is illustrated by the pH measurements mede on a
culture (230) growing in broth with an original pH of 4.5;
when growth was first clearly evident after 2 days the pH of

the medium was 4.95, while 2 days later the broth was cloudy
and the pH had increased to 6.85.

Ten cultures were also inoculated into acidified milk to
ascertain whether they would grow in a well buffered medium

at a low pH. Skimmilk was sterilized in 2 liter Erlenmeyer
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flasks and, after cooling, the milk in individual flasks was
adjusted to a pH of 6.0, 5.5 or 5.0 by the addition of sterile
N/1 lactic acid. About 1 hour was allowed to elapse after the
first acid was added before the finel adjustment in pH was
made, to permit equilibrium to occur. The milk that was ad-
justed to a pH of 5.0 was slightly coagulated when acidifi-
cation was completed. After acidification, 100 ml. of milk
from each flask was pipetted into sterile screw cap dilution
bottles, and 0.1 ml. of & 12 hour broth culture was added.

The samples were shaken and plated on beef infusion agar,

then held at 21°C. and again plated after 48 and 96 hours.

The results are shown in teble 6. The counts increased
fairly rapidly in all cultures but in general the rate of
growth was slower as the acidity increased. The original
counts‘of all samples varied from 22,000 to 41,000 bacteria
per ml. After 48 hours the counts in milk at pH 5.0 origi-
nally varied from 31,000,000 to 175,000,000 per ml., while
after 96 hoﬁrs the variation in counts in the same ssmples
renged from 250,000,000 to 970,000,000 per ml. At the end
of 96 hours the pH of the cultures with an original value of
5.0 ranged from 5.25 to 5.86. Six cultures developed a bitter
flavor in milk at a pH of 5.0 after 96 hours and four of
these coagulated the milk.



Table 6. Growth of Fluorescent Bacteria in Milk

at Different pH Values

Beacteria per ml.

: Hours

Hours ‘ Bacteria per nl.
held : (000 omitted) at pH : held (000 omitted) et pH
at 210C,: 6.0 : 5.5 5.0 :at 21°C.: 6.0 5.5 : 5.0
Culture 42 Culture 297
0 114 98 126 0 204 236 242
48 242,000 111,000 54,000 48 580,000 160,000 94,000
96 1,890,000 1,130,000 820,000 96 2,400,000 550,000 470,000
Culture 65 Culture 335
0 151 165 147 0 23 29 22
48 540,000 480,000 163,000 48 390,000 195,000 35,000
96 1,920,000 1,320,000 650,000 96 1,380,000 1,150,000 560,000
Culture 110 : Culture 354
0 270 314 295 0 68 55 77
48 750,000 160,000 67,000 48 910,000 740,000 390,000
96 2,050,000 880,000 520,000 96 1,950,000 1,260,000 970,000
Culture 173 Culture 376
0 55 63 42 0 360 390 340
48 490,000 95,000 43,000 48 710,000 165,000 31,000
96 1,850,000 420,000 250,000 96 1,350,000 1,170,000 650,000
Culture 241 Culture 447
0 73 68 81 0 380 _ 320 410
48 360,000 142,000 51,000 48 2,300,000 540,000 175,000
96 1,380,000 910,000 330,000 96 6,100,000 1,170,000 540,000

~321~
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Protein Breskdown in Skimmilk

\The protein breekdown in skimmilk by fluorescent bacteria
wes studied with five representative cultures. Culture 273 de-
veloped an ealkaline reaction in milk and was non-proteolytic,
culture 142 produced an acid reasction in milk with no evidence
of proteolysis, culture 376 digested milk slowly and developed
an indol;like odor, culﬁure 241 digested milk fairly rapidly
and produced a brown color on nutrientﬁagar, while culture 354
,was actively proteolytic and was representative of the cultures
that rapidly digested milk.

“Approximately 125 ml. quantities of milk were sterilized
in 6 ounce bottles and efter cooling the weight of esasch bot-
tle and its cbntents was recorded. Several bottles were then
inoculated with each culture and incubated at 21°C. ( and 5°C.
~with culture 354) for different periods. After incubation,
the weight of each bottle was restored with distilled water,

2 ml. of glaciel acetic acid wes added and the bottle heated
in boiling water for 10 minutes, with frequent agitation. The
culture: was then‘cooled and filtered through pever after which
the following determinations were made on the serum: Total
nitrogen, amino nitrogen, ammonia nitrogen (on certain cul-
tures) and the nitrogen soluble or insoluble in trichloracetic
acid, ethyl alcohol or phosphotungstic acid. The values were
expressed as milligrams of nitrogen in 5 ml. of serum. The

date, except for cultures 142 and 273, are presented in teble 7.



Table 7. Protein Breskdown in Skimmilk.

: N , Mg, mitrogen in 5 ml. Serum

: :Total :Nitrogen fractionated into sol. & insol. portions with:Amino. th
Cul-~ .Days nitro-:Trichloracetic acid:Ethyl alcohol:Phosphotungstic acid: nltro— nitro-
ture theld: gcen ¢ Sol., : Insol. ¢ Sol.:Insol. ¢ Sol. : Insol. i gen  : gen

, |  Held at 21°C.

Check 2 5.4 5.6 1.8 0.6 4.7 1.0 4.2 0.274  --

Check 14 5.3 3.6 1.6 0.5 4.7 1.0 4.2 0.267 -
241 2 5.5 3.8 1.6 0.5 4.9 0.¢ 4.4 0.275 -
241 5 5.6 4.0 1.4 0.7 4.8 1.1 4.6 0.299 -
241 14 5.6 4.3 1.2 0.9 4.7 1.4 4.1 0.719 .277
241 21 5.7 4.4 1.2 1.1 4.6 1.5 4.3 1.228 .701
354 2 5.9 4.1 1.9 0.9 4.8 1.2 4.6 0.61l2 ~=

- 854 5 6.2 4.7 1.4 0.8 8.9 1.4 4.7 3.639 -
354 14 6.8 5.2 1.4 1.0 5.7 1.9 4.8 5.222 .923
354 21 7.2 5.7 1.4 1.2 5.9 2.2 5.0 4.117 1.958
376 2 5.4 3.5 1.9 0.7 4.7 0.8 4.5 0.275 -
376 o 5.5 3.7 1.9 0.8 - 4.6 0.9 4.5 0.331 -
376 14 5.7 4.0 1.7 0.9 4.7 1.2 4.5 0.517 .270
376 21 5.9 4.1 1.7 1.1 4.8 1.6 4.3 0.686 .489

Held et 5°C.

Check 14 5.4 3.6 1.7 0.9 4.8 1.0 4.4 0.285 .194
Check 21 5.4 3.6 1.8 0.5 4.7 1.0 4.5 0.231 .174
354 S 6.C 4.2 1.6 1.2 4.8 1.2 4.8 0.245 -
254 14 6.2 4.6 1.6 1.4 4.9 1.7 4.5 0.745 .195
354 21 6.7 4.9 1.7 1.8 4.8 2.0 4.7 1.511 .297

~78T-
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As would be expected, cultures 142 and 273 produced no
significant changes in the nitrogen fractions of the milk
serum during 21 days incubation at 210C. Cultures 241, 354
end 376 produced similer chenges in the nitrogen fractions
at 219C., but the changes were the most extensive with cul=-
ture 354. The changes produced were an increase in total
nitrogen, amino nitrogen, smmonia nitrogen and the nitrogen
frections soluble in the three reagents used. Increases in
total nitrogen, amino nitrogen and ammonia nitrogen were the
most significent changes produced by the three organisms at
210C. and with culture 354 these changes (except for ammonia
nitrogen which was not determined) were very evident after
2 days. At 59C., culture 354 showed similar, but less exten-

sive changes in the nitrogen fractions.

Action on Butter of Selected Cultures of

Fluorescent Bacteria

The general action of 52 cultures of fluorescent bacteria
on butter was studied as follows: Five hundred ml. of steri-
lized cream to which 10 ml. of a milk culture df the test or-
genism had been added was churned, washed and worked in ster-
ile equipment using sterile water. Two per cent of sterile
salt was added to & portion of the butter frqm,each churning.
With each test organism a churning was also made after adding

10 per cent butter culture to the cream, but the butter was
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unsalted. All the samples of butter were placed in sterile
petri dishes and held at 219C. end the changes in flavor not-
ed during 7 days; the unsalted butter made without the use
of butter culture was also held at 10 to 3°9C. and the changes
in flavor noted duriné 28 days. The acidity of the fat in
the unsalted samples prepared without the use of butter cul-
ture was determined at once and after 7 days at 210C. The
acidity corresponds to the milliliters of N/10 potassium
hydroxide(required to neutralize éhe acid in 10 gm. of fat.
The data are given in table 8.

In unsalted butter made without butter culture, 47 of
the 52 cultures produced some type of flavor defect during
7 days at 219C. The off-flavors were usually evident after
2 days but sometimes did not appear until near the end of
the holding period. At 10 to 30C., off-flavors were produced
by 21 cultures during the 28 days that the samples were held.
The eddition of butter culture to the cream or the addition
of salt to the butter prevented the development of flavor de-
fects in the butter at 21°C. by some orgenisms but not by
othersr The off-flevors did not develop as repidly and were
usually not as pronounced, however, when butter culture or
selt was used as when the butter wes made without these in-
gredients. .When butter culture was added to the creem, 36 of
the 52 cultures were detrimental to the flavor of the butter
during 7 days holding at 210C., while in salted butter 25 cul-

tures produced flavor defects.
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Action on Butter of Selected Cuitures of Tluorescent

Table 8.
' Bacterie.
Flavor of butter after holding tAcicdity of fat
28 days : 7 days at 210C. : :Butter
: at : : 10% butter :0ri- :held
: 19 to 30C. : : culture : 2% salt  :ginal :7. days
Culture: : : in creanm :in butter :butter:at 210C.
1l good putrid sl. putrid good 0.70 2.20
5 sl. putrid putrid, rancid sl. putrid good 0.70 3.40
10 good sl. putrid unclesn good 0.70 0.75
20 good cheesy sl. rencid good 0.70 1.30
23 good putrid, rancid sl. putrid good 0.70 3.10
29 good cheesy unclean good 0.70 1.60
36 good putrid, rancid sl. putrid good 0.70 2.70
61 sl. rencid rencid sl. rencid sl. rancid 0.80 7.60
69 good sl. putrid good good - 0.80 1.00
83 sl. putrid putrid putrid sl. putrid 0.80 2.30
929 sl. rancid rancid rancid rancid 0.80 4,40
109 sl. putrid putrid putrid putrid 0.80 2.50
120 good putrid good good 0.80 0.80
134 sl. rancid rancid sl. rancid sl. rancild 0.33 4,80
142 good unclean good good 0.33 0.35
151 sl. putrid, fruity, rencid good sl. putrid, 0.33 1.65
sl. rancid sl. rencid
160 unclean putrid, fruity unclean unclean 0.33 0.35
172 good uncleen,fruity unclean uncleen 0.33 0.60
187 rancid rancid sl. rancid sl. rencid 0.33 10.35
196 rancid rencid rencid rencid 0.33 16.90
205 rencid rancid sl. rancid sl. rancid 0.33 8.40
217 good fruity fruity fruity 0.80 0.90
223 sl. putrid putrid good good 0.80 2.70
241 rencid rancid sl. rencid sl. rancid 0.80 10.80
252 good rancid good good 0.80 3.00

-LST-



Table 8 (Continued)

v of fat

Flavor of butter after holding theidit

: 28 days : 7 days at 210C. : TButter

: at : : 10% butter : :0ri- ! held

. 10 to 30C. :  culture : 2% salt :ginal :7 deys

Culture: : : in creem _:in butter :butter:st 21°C.
259 rancid rancid - 8l. rancid sl. rancid 0.80 12.00
262  good rancid rancid good 0.33 4.00
266 good cheesy, rancid good good 0.33 2.20
268 good fruity, rancid <fruity,rancid good 0.33 1.05
270 good good good good 0.33 .54
281 sl. rancid fruity,putrid, putrid,rancid sl. putrid, 0.33 1.95
rsncid sl. remcid

285 good good good good 0.33 0.30
291 fruity putrid,fruity sl. putrid sl. putrid 0.33 0.32
299 good putrid,rencid putrid,rencid rancid 0.43 3.75
303 good putrid,bitter good sl. rancid 0.43 0.95
309 rancid rancid rancid rancid 0.43 11.95
313 good good good good 0.43 0.45
324  good good good good 0.43 0.45
328 good good good good. 0.43 0.55
335 good fruity fruity good 0.43 0.45
346 good putrid good good 0.43 0.65
354 sl. putrid, putrid,rancid sl. bitter good 0.43 1.70

sl. rancid
363 sl. rancid putrid,bitter sl. putrid sl. putrid 0.43 2.70
374  good putrid,bitter sl. putrid sl. putrid 0.43 0.45
380 putrid putrid,bitter putrid putrid 0.43 0.45
386 good putrid,bitter putrid putrid 0.40 0.50
. 398 putrid,rancid putrid,rancid sl. rancid good 0.40 2.20
453  good rancid sl. rancid sl. rancid 0.40 5.20
481  good rencid sl. rancid sl. rancid 0.40 2.70
490 good putrid,bitter sl. putrid good 0.40 1.40
503 good sl. cheesy good good 0.40 0.80
508 good unclean good good 0.40 0.40

=821~
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The flevors that developed in the samples of unsalted
butter made without the addition of butter culture and held
at 210C. were putrid, cheesy or unclean (13}, putrid and
bitter (6}, putrid and rancid (7), rancid (13}, fruity end
rancid, putrlid or unclesn (6} end fruity (2). More than
one off-flavor was sometimes evident in individuel butter
samples and the flavors present often changed as the samples
aged. Cheesy or slightly putrid flsvors were present in
certain semples when fairly fresh, but upon further aging
'onlj a rencid flavor was evident. The semples thet developed
a Gecided putrid flavor, however, continued to show this de-
fect throughout the holding period even when rancidity wes
later produced. The.putrid or putrid and bitter flavors were
quite pronouﬁced in some samples and were very offensive.
Seven cultures that hydrolyzed corn oil end cottonseed oil and
increesed the acidity of the fat developed only a putrid fla-
vof in the butter; presumably, the flavor from the free fatty
acids was submerged by the pronounced putrid flavor. The rean-
cid flavor was quite intense in the 13 samples that developed
only this type of defect and was correlated with a high acid
number of the fat. A fruity flavor occurred in several sam-
ples along with other flavors but "two  samples developed only
this flavor.

The acidity of the fat was below 1.0 ih 20 samples (none
of which were rencid) between 1.0 and 2.5 in 13 semples (6 of

which were slightly rancid), between 2.6 end 5.0 in 11 samples
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(9 of which were rancid), between 5.1 snd 10.0 in 3 samples
(all of which were rancid), and above 10.0 in 5 samples (all
'of which were rancid}.

Culture 291 produced a bluish-purple color on the sur-
face of unsalted butter within 5 days at 21°C. The color
darkened somewhst upon aging, becoming biuish-black after
2 to 3 weeks. The colorstion did not extend more then 2 to
3 millimeters in the butter, but the entire surface of the
butter in the conteiner was affected.

Culture 346 developed a salmon-pink color in unselted
bﬁtter within 1 week at 219C. The color extended throughout

the entire butter mass and did not change as the semple aged.

Keeping Qualities of Fresh Sweet Cream Butter

Containing Fluorescent Bacteria

One hundred and thirteen samples of freshly meade sweet
cream butter representing different churnings from several
Towa creameries were obtained at monthly intervaels from Jan-
uery to May of 1938. Both unsslted and lightly salted sam-
ples, made with and without the use of butter culture, were
included. The samples were collected Dy a marketing orgsn-
izaticn in sterile one-half pint milk bottles and sent to the
laboratory. Soon after the semples arrived part of the butter
in easch bottle was removed for bacterial analysis snd the re-

maining portion was examined for flavor. The butter was then
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held at 21°C. end the flavor noted st 48 hour intervals for

6 to 8 days. At the end of the holding period an effort was
egain made to isolate fluorescent bacterie from the samples

thet hed not previously yielded them.

Fluorescent bacteria were obtained from 39 (34.5 per
cent) of the 113 samples exemined; the organisms were iso-
lated directly from 22 of the original butter samples while
they were obtained only by enrichment procedures from the
other 17 samples. The changes in flavor during the holding
of the samples that yielded fluorescent bacterie and the num-
bers of non-butter culture orgsnisms in the original butter
are shown in table 9.

Nineteen of the 39 semples that contained fluorescent
bacteria developed flavor defects at 21°9C. during 6 or 8 days
holding. With six samples, the off-flavors present (musty,
stele, cheesy, bitter end unclean) were slight and were not
evident until near the end of the holding period. One sample
hed a phenol flavor efter 2 deys which persisted during the
remainder of the observation period but it is probable that
this was not of bacteriel origin. The flavor defects in the
remaining 12 samples were evident after 2 or 4 days and were

quite pronounced after 6 or 8 days. Three samples developed

" both a skunk odor and a rancid flavor but the skunk odor was

found to be caused by a non-fluorescent orgenism. A pronounc-
ed rancid flavor also appeared in seven other samples; in four

of these samples a cheesy flavor was evident after 2 to 4 days



Table 9.

Conteining Fluorescent Bacterie.

Keeping Qualities of Fresh Sweet Cream Butter

:No, non-butter: Flavor -
Sam-:culture org's.: of Flevor after hdlding at 21°C. for
ple : per ml. ¢t _original butter: 2 davs : 4 days : 8 days 8 days
1 21,100 butter culture good” good good good
2 1,770 sl. coarse good good ‘good good
3 9,000 good good good good good
4 17,500 butter culture good good good good
5 720 mild good good good good
6 150 coarse good good good good
7 1,900,000 sweet,unsalted cheesy rancid rancid rancid
8 14,500 good good good good good
9 780 good good good good sl. musty
10 85,000 sweet,unsalted good good good stale
11 150 good good good good good
12 1,400,000 sweet,unsalted cheesy,rancid rencid rencid -
13 5,800 sweet,sl. feed  phenol sl.phenol sl.phenol -
14 2,800 butter culture good good good -
15 3,200 coarse good good good -
16 2,100,000 sweet,unsalted good good good good
17 1,800,000 sweet,unsalted skunk skunk skunk,rancid skunk,rsncid
18 9,300,000 cooked, coarse good skunk sl. rancid rencid
19 2,500,000 cooked, coarse  good skunk skunk skunk,rencid
20 4,900,000 sweet,unsalted good sl.cheesy sl.cheesy cheesy
21 4,200,000 sweet,unselted good good good good
22 17,600,000 sweet,unsalted good good good good
23 12,000,000 feed sl. rancid sl.rencid rencid rencid

~3% 1~



Table 9 (Continued)

non-butter:

:No. Flavor '

Sam-: culture org's.: of , : Flavor sfter holding at 21°C. for
ple per ml, : original butter: 2 days 4 davys 6 deys 8 davs
24 12,000,000 feed sl. rancid rancid rancid rancid

25 9,500,000 sweet,unsalted  good ’ , good good sl. cheesy
26 12,000,000 sweet,unsalted sl. cheesy raicid ~ rancid reancid
27 23,000,000 sweet,unsalted good sl.bitter sl.bitter sl.bitter
28 18,000,000 sl. cooked good good sl.bitter -

29 3,100,000 sl. cooked good good good -

30 62,000,000 good good good good -

31 26,000,000 sl. cooked sl. unclean sl.unclean sl.unclean -

32 43,000 ripened;fair good good good -

35 31,000,000 good sl. cheesy cheesy, cheesy, -

rencid rancid

34 27,500,000* gross cheesy,rancid rancid rancid -

35 16,800,000 gross good good good -

36 230,000 fair good good good -

37 4,100,000 good good good good -

38 35,000,000 fair good sl.unclean .sl.unclean -

39 44,000,000 good good good -

good

-SPT-

¥rnostly fluorescent bacteria.
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but was later replaced by the rancid flavor. A pronounced
cheesy flavor unacoompanied by rancidity wes noted in only
one semple. The results indicate that rancidity is the most
important defect produced in butter by the fluorescent bac-
terie.

The number of non;butter culture orgenisms in the 12
semples that developed pronounced flavor defects on hdlding‘
ranged from 1,400,000 to 31,000,000 per ml. in the original
butter; similar counts on the samples that developed only
slight flavor defects ranged from 780 to 35,000,000 bescteria
per ml. One semple that developed & cheesy and rencid flg-
vor contained 27,500,000 non-butter culture organisms per ml.

in the fresh butter, most of which were fluorescent.

Growth of Fluorescent Bacterias in Water

on Cottage Cheese

Cottage cheese 1s frequently pleced in milk cans at
dairy plents and covered with water, then held in this con-
dition et a relatively’low temperature until needed forxr
market. Since fluorescent bacterie often are present in
weter supplies and usuelly grow at 30 to 69C., they mey be a
factor in the deterioration of the cheese when it is held in

water.

Semples of freshly made cheese were obtained from six

different dairy plents end held under water in a refrigerator
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Tor severel days to ascertain whether the fluorescent bacteria
grew end contributed to the deterioration of the cheese. The
cheese wes piaced in gaellon containers end covered with water
~from the pleant where.it was made? since each plant had a dif-
ferent water supply. The flavor of the cheese was examined
when first received and after 3, 6 end 10 days at 30 to 6°C.
- The water on the cheese was plated on beef infusion agar orig-
inally and.after 3, 6 dnd 10 days; the plates were incubated
3 days at 210C. end the numbers of noﬁ-butterlqulture organ- |
isms mﬁlfluoresceﬁt baetéria.counted. The pH of thevwater on
the cheese samples was determined at the beginning and after
10 days holding. The data are given‘in‘table'lo.

Five samples of the cheese developed a bitter, astrin-
gent or putfid flavor after 3 or 6 days but one sample showed
no off-flavor even after 10 days; Fluorescent bacteria were
found in the water on five samples each time that a bacterisl
analysis was made, but in only two samples did they increase
to any greet extent duriﬁg the holding. Thé numbers of fluo-
rescent bacteria in the weter on the fresh samples that con-
teined these organisms ranged from 10 to 100 per ml., while
after 10 days holding at 30 to 89C.. the fluorescent counts
ranged from 2,500 to 1,600,000 per ml. Because of the re-
latively small numbers present, it seems probable that the
fluorescent bécteria were not a factor in the deterioration
" of the cheese, except possibly in éamples 4 and 5 where they

‘may have been partly responsible for the off-flavors that de-
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Table 10. Growth of Fluorescent Bacteria in
Weter on Cottage Cheese.

: : pH of: Bacteria per ml.
: Days : Flevor ¢! water: in water on cheese
Sem-:held at: of : on ¢ Non-butter :

nle :30-69C.: cheese  :ocheese: culture _: TFluorescent

1 Y good 5.26 3,100 100

3 good 3,000 800

8 sl. bitter 1,600,000 23,000

10 putrid, 5.50 13,200,000 64,000

sl. bitter

2 0 good 5.09 300 0

3 good A 300 0

6 good 900 0

10 good 5.10 95,000 0

3 o good 4.60 . 3,400 10

3 sl. bitter 3,300 30

6 sl. bitter 13,700 760

10 putrid, ' 4.45 250,000 11,000

sl. bitter

4 0 good 5.83 5,000 50

3 astringent 6,000 8,000

6 astringent 370,000 42,000

10 bitter,putrid 5.30 29,000,000 1,500,000

5 0 good 5.47 12,000 100

3 good 380,000 1,300

6 sl. putrid 1,420,000 54,000

10 putrid 5.48 19,500,000 1,600,000

6 0 good 4.41 11,000 100

3 sl. bitter ‘ 20,000 ~ 300

3] bitter 29,000 1,200

10 astringent 4,42 42,000 2,500
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veloped. The pH of the Watef on the cheese samples varied
from 4.41 to 5.63 when the samples were fresh and from 4.42
to‘5.48 after 10 days at 30 to 86°C. The relatively low pH
of the water ﬁay have been responsible for the comparatively

slow growth of the fluorescent bacterie.

Species of Fluorescent Bacterisa

An attempt was mede to‘identify, on.a species basis, the
496 cultures of fluorescent bacteria isolated from various
dairy products, water and miscellaneous sources. The or-

ganisms were all placed in the genus Pseudomonas, although

it is possible that some of them would heve been placed in

the genus Phytomonss if their pathogenicity for plants had

been determined and considered in the classification.
Several investigators (Burkholder, 1930; Smith and Fawcett,
1930; Lacey, 1931, 1932; Clara, 1934; Harris, Naghski,
Farrell and Reid, 1939; and Dowson, 1939) have called atten-
tion to the close similarity between certain fluorescent

species in the genus Phytomonas and certain fluorescent

species in the genus Pseudomonas. The phytopathogenic prop-

~erties of the organisms are of no significance, however, from
the standpoint of their importance in the dairy industry and
the problem of classification is simplified when they are
ell pleced in one genus.

Considerable difficulty was encountered in identifying

meny of the cultures from the descriptions given of the var-
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ious species by Bergey, Breed, Murray and Hitchens (1939).
The ability to produce indol is an importanﬁ characteristic
for separating the different species according to the clsss- .
ification system used by these investigators. However, 495
| of the 496 cultures isolated in this study failed to form
indol when a reliable method was used for its detection.
Sandiford (1937) called attention to the fact that certain
reégents sometimes give a false positive test for ihdol,
particularly with certain organisms and showed that Ps.

geruginosa does not produce this compound. It is possible

thet other species in the genus Pseudomonas that are consid-

ered as indol positive are, likewise, indol negative. The
description given certain species is also inadequate for
careful identification and certain species listed show such
close similarities that it is difficult to distinguish be-
tween them. The cultures isolated and studied in this in-
vestigation were identified as carefully as it was possible
from the information given in "Bergey's Manual of Détermina-
tive Bacteriology" (1939), but there might be some doubt as
to whether certain cultures were pleced in the proper species.
Sixteen cultures Qonformed to the general description of

Pseudomones aeruginose except that acid was produced from

dextrose (16}, xylose (16), galactose {18}, mannose (16},
end arabinose (9). Indol was not produced; nitrates were
reduced to nitrites by some cultures end to nitrogen by

others; all cultures were hemolytic; a green fluorescent pig-

1
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ment and & blue, chloroform soluble, non-fluorescent pig-
ment (pyocysnine) was produced on suiteble media; 1itmus
milk was rapidly digested with the development of an amber
colored solution end an indol-like odor; the cultures grew
at 70 and at 459 but not at 30C.

Seven cultures closely resémbled the characteristics of

Pseudomonas schuylkilliensis except that they did not prddﬁce

indol end one culture grew at 37°C. Litmus milk first de-
veloped an alkaline reaction with a pink ring above and par-
tisl reduction below followed by slow digestion; nitrates
were not reduced; a slight brown color was produced by some
cultures on agar slopés; one culture was‘hemolytic; and acid
was produced from dextrose (7}, xylose (6}, galactose (3},
mannose (4) end arebinose (1).

Seventy-three cultures were identified as Pseudomones

fluorescens. Litmus milk was rapidly digested; nitrates
were reduced to nitrites; all cultures grew at 3° and at
320 but only three grew at 37°9C.; one culture was hemolytic;
and acid was produced from dextrose (72), xylose (71},
galactose (62}, mannose (23), sucrose (6}, levulose (8},
and arabinose (4).

. Twenty-five cultures were identified as Pseudomonas

ruzosa. Gelatin was not liquefied; nitrates were not reduc-
ed; litmus milk was acid coagulated; red blood cells were
not hemolyzed; and acid was produced from dextrose (25},

xylose (24), galactose (22}, maltose (14}, mennose (11},
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arabinose (7), and sucrose (1). Ten additional cultures
conformed to the above characteristics except that they
slowly liquefied gelatin. Acid was produced from dex-
trose (10}, xylose (1), galactose (9}, mennose (9}, mal-
tose (3), and arabinose (1).

Forty-four cultures closely resembled the character-

istics of Pseudomonas incognitus except that they did not

reduce nitraetes which conforms to the original designation
of this species by Wright (1895), but does not conform to
the characteristics given by Bergey, Breed, Murray end

. Hitchens (1939). Gelatin was not liquefied; nitrates were
not reduced; red blood cells were not hemolyzed; litmus |
milk slowly developéd an acid resction without coasgulation
and was reduéed only at the base of the tube; and acld was
produced from dextrose (44); xylose (44), galactose (43},
‘mennose (29), maltose (18) and érabinose (10). TFive other
cultufes resembled the above 44 cultures except that they
reduced nitrates to nitrites. These cultures produced acid
from dextrose (5}, xylose (5), gelactose (5), mannose (1)

end arabinose (1).

Five cultures were identified as Pseudomones putida
but they did not sgree in all respects with the description
of this species. Litmus milk first showed en ealkaline re-
action and later slight digestion; gelatin was slowly lig-
uefied; red blood cells were not hemolyzed; nitrates were

reduced to nitrites or nitrogen; and acid was produced from
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dextrose (5), xylose (5), galactose (4) end mennose (1).
Four cultures resembled the chearacteristics of Pseudo-

monas segne rather closely except thet they did not soften

agar and the color of the growth on agar slants was orange-
brown, instead of orange-yellow. Gelatin was not lique-
fied; litmus milk developed an alkaline reaction; nitrates
were not reduced; and acid was produced from dextrose (3},
xylose (3}, galactose (3), arahinose (3) and mannose (2}.

Two cultures were identified as Pseudomonas urese.

Litmus milk was digested; hydrogen sulphide was formed;
nitrates were reduced tovnitrogen; red blood cells were not
hemoiyzed; growth occurred at 16 to SOC.; and acid was
produced from dextrose (2) and galactose (2).

Three cultures conformed to the description of Pseudo-

monas denitrificans. Gelatin was not liquefied; nitrates

were reduced to nitrogen; red blood cells were not hemolyzed;
~litmus milk developed an alkaline reaction; and ecid weas
produced from dextrose (3}, galactose (3}, xylose (2) and
arabinose (2}.

Sixty-eight cultures conformed to the description of

Pseudomonas non-liguefaciens except that the cells were

notile. Gelatin wes not liquefied; nitrates were not re-
duced; red blood cells were not hemolyzed; litmus milk slow-
1y developed an slkaline reaction; and acid was produced from
dextrose (67), Xylose (63}, galactoée (52), mannose (40},

arabinose (15), meltose (2), levulose (2) and sucrose (1).
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Two hundred and thirty-four cultures could not be iden-
tified on the basis of the species described by Bergey,
Breed, Murray end Hitchens (19%9). All but three of these

cultures resembled Ps. Tfluorescens in their action on litmus

milk but differed from this species in their action on
potassium.nitrate and in their ability to hemolyze red blood
cells. The other three cultures digested milk end produced
a water soluble, brown pigment and presumably should be
placed in a separate species. The cultures were divided into
four groups but no sttempt was made to give them & species
neame. |

Sixty-one cultures were placed in Group I. Litmus milk
was rapldly digesteﬁ; nitrates were reduced to nitrogen; one
culture was hémolytic; hydrogen sulphide was not produced;
and acid was produced from dextrose (60}, xylose (57}, galac-
tose (44), wannose (19), arabinose (16} and levulose (2).

One hundred end thirty-four cultures were placed in Group
II. Litmus milk was rapidly digested; nitretes were not
reduced; hydrogen sulphide was produced by nine cultures;
red blood cells were not hemolyzed; and acid was produced
from dextrose (119}, xylose (132), galactose (84), mannose
(55), levulose (8), sucrose (8), srabinose (4} &nd maltose
(1).

Thirty-six cultures were placed in Group III. ZLitmus
milk was repidly digested; nitrates were not reduced; red

blood cells were hemolyzed; hydrogen sulphide was produced
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by two cultures; and acid was produced from dextrose (30},
xylose (35), galactose (26}, mannose (8), srabinose (1),
sucrose (1) and levulose (1}).

Three cultures that produced s water-soluble, brown pig-
ment were placed in Group IV. Litnus milk was rapidly digest-
ed; nitrates were not reduced; red blood cells were not
hemolyzed; hydrogen sulphide was produced by one culture;
and acid was not produced from dextrose (3], xylose (3),

galactose (1), mannose (1) and erabinose (1}.

Key to the Identification of Fluorescent Bacteria

A, Milk rapidly digested

a. Nitrates reduced to nitrites or nitrogen
b. Pyocyanine produced
Pseudomonas serugincss
bb. Pyocyenine not produced
¢c. Nitrates reduced to nitrites
Pseudomonas Tluorescens
cc. Nitrites reduced to nitrogen
d. Hydrogen sulphide produced
Pseudomones ureae
dd. Hydrogen sulphide not produced

Group I

aa. Nitrates not reduced
b. Brown pigment produced

Group IV

bb. Brown pigment not produced
¢. Red blood cells hemolyzed

Group IIT

cc. Red blood cells not hemolyzed
Group II
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B. Milk slightly alkeline followed by slow digestion

e. Nitrates reduced to nitrites or nitrogen
Pseudomonas putida

ag. Nitrates not reduced
Pseudomonas schuylkilliensis

C. Acid reasction developed in milk

a. Milk coagulated
Pseudomonas rusosa
eaa. Milk not coagulated
Pseudomonas incognitus

D. Alkeline reaction without digestion developed in milk

a. Orenge-brown pigment produced
Pseudomonasg segme

aa. Orange-brown pigment not produced

b. Nitrates reduced to nitrogen
Pgeudomonas dentifricans

bb. Nitrates not reduced
Pseudomonas non-licquefaciens
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- SUMMARY

The attempts to isolate fluorescent bacteria from dairy
products were much more successful when enrichment pro-
cedures, which involved holding the samples at & low temper-
ature for severael days before pleting, were followed instead
of plating the fresh products.

Fluorescent bacteria were widely distributed in all deiry
products exemined, except sour creem and ice cream. The or-
ganisms likewise were commonly found in water from various
sources end in miscellaneous materials, including common
dairy feeds.

The fluorescent orgenisms isolated from deiry products
and other sources were regularly gram-negative, non-spore-
forming rods with polaer flegelle.

The fluorescigenic ability of the cultures studied was
affected by a number of factors, the most important being
the composition end pH of the medium, the oxygen supply and
the incubation temperature.

Absorption spectra studies indicated that the fluorescent
ﬁigment produced by bacteria is not fluorescin, fluorescein,
or riboflavin, and that fluorescence in alkaline culture
media is not due to the formetion of discetyl.

A1l the cultures of fluorescent bacteria grew at 3° to 70C.

and at 320C., but many cultures failed to grow at 370C., al-



though a few grew at 4500.

The types of chenges produced in litmus milk by the var-
ious fluorescent bacteris were (a} rapid proteolysis ac-
companied by a putrid odor, (b) rapid proteolysis with de-
velopment of an ember colored solution and an indol-like
odor, (¢} alkaline reaction without proteolysis, (4) slight
alkaline reaction followed by slow proteolysis, (e) slight
elkaline reesction followed by an acid reaction but usually
no coagulation and no reduction except at the bottom of the
tube, end (f)} formation of an acid ring with acid coagula-
tion from the top down and reduction except et the surface;
slight proteolysis and a May epple odor sometimes noted.

The cultures of fluorescent bacteria tested were still
alive after 6 months in skimmilk at room temperature and
after 6 months in unsalted butter st 1° to 3°C.

Milk cultufes of fluorescent bacteris were regularly
destroyed at a temperature of 57.20C. for 30 minutes. The
orgenisms, likewise, were not resistant to chlorine; in
general they were destroyed within 5 minutes in water con-
teining 10 parts per million available chlorine and within
2.% minutes in water containing 15 parts.

Six per cent sodium chloride in beef extract-peptone
broth inhibited the growth of some cultures of fluorescent
bacteria but not of others; only a few cultures grew in

broth containing 8 per cent sodium chloride.
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All the cultures of fluorescent becteria grew in beef
extract-peptone broth over a pH renge from 5.5 to 10.0 (the
highest tried), while many cultures grew at a pH of 4.5 and
four grew at a pH of 4.0. When the pH of the original broth
was high the organisms tended to decrease it snd when the
pH was low they tended to increese it. The ten cultures
tried, likewise, grew fairly repidly in sterilized skimmilk
adjusted to a pH of 5.0 end six of the cultures developed a
bitter flavor in the milk after 96 hours at 21°C.

In skimmilk, the most proteolytic culture studied pro-
duced considerable iIncreases in total nitrogen and amino
nitrogen after 2 days at 21°9C. end a considereble increase
in smmonie nitrogen after 14 days, the first time that the
ammonia content was determined. This culture also produced |
significant increases in total nitrogen and amino nitrogen
within 14 days at 5°C.

In 7 deys at 2100.{ 47 of 52 cultures produced some type
of flavor defect in unsalted butter churned {(without butter
,oulture) from sterile cream to which the organisms were edd-
ed; at 1° to 39C., 21 cultures produced flevor defects with-
in 28 deys. When butter culture was added to the creeam be-
fore churning, flavor defects were produced in the butter
held at 21oC. by 36 cultures, while when 2 per cent salt was
added to butter made without butter culture, 25 cultures
produced flavor defects. The off-flavors that developed in

the unsalted buitter made without the use of butter culture
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were unclean, cheesy, putrid, bitter, rancid and fruity;

a combination of two or more of these flavors occurred in
some butter samples. Two cultures produced color defects
in the unsalted bubtter mede without butter culture within
5 to 7 days at 21°C., one causing a bluish-black and one a
salmon-pink color.

Fluorescent bacteria were isolated from 39 (34.5%) of
113 samples of fresh sweet cream butter obtained from
several different plants. Nineteen of the samples that
contained fluorescent organisms developed flavor defects
during 6 to 8 days at 219C.; with 12 samples the off-fla-
vors were pronounced and weré evident after 2 to 4 days.
'Rancidity was the most important defect that developed.
Both remncid and cheesy flavors occurred in some samples
but a pronounced cheesy flavor unaccompanied by rancidity
developed in only one sample.

Five out of six samples of cottage cheese, obteined
from different plants and held in water at 3° to 69C., con-
tained fluorescent bacteria, but the orgenisms grew suf-
ficiently in only two samples to be a possible factor in
the deterioraetion of the cheese during 6 to 10 days.

Two hundred and sixty-two of the 496 cultures of fluo-

rescent bacteria isolated were identified as belonging to

10 different species in the genus Pseudomonas but the other

234 cultures could not be identified on the basis of the
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species described by Bergey, Breed, Murray and Hitchens
(1939). Two hundred end thirty-one of the unidentified

cultures resembled Ps. fluorescens except in thelr nitrate

reducing and hemolytic abilities; the other three cultures
were also proteolytle but produced a weter soluble, brovn
pigment. The unidentified culitures were divided into
Group I, Group II, Group III, and Group IV, but were not

given species names.
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