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INTRODUCTION 

Bacteria that produce a water soluble, fluorescent pig­

ment mder suitable conditions are widely distributed in 

nature and are frequently encountered in dairy products. The 

marked proteolytic and lipolytic properties of many of these 

organisms and their ability to grow at relatively low tem­

peratures make them potential agents of deterioration of milk 

and its products during holding. Defects in such products 

due to the action of this group of bacteria 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 normal milk. Accordingly, they are not 

important 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 destroyed by the 

usual pasteurization exposures, but recontsmination from var­

ious plant sources can. occur readily. Because of their psy-

chrophylic nature, any of these organisms thus introduced 

after pasteurization might grow extensively during prolonged 

holding of dairy products at the usual holding temperature 
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and thus produce deterioration. 

The addition of hutter 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 another important factor in their control. Unsalt-

ed and \mripened cream butter, however, should be a suitable 

medim for the gro\rbh of these bacteria and when this occurs 

the flavor and odor might be adversely 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 a 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. 

Consequently, it is not definitely known what species of these 

organisms are commonly present in dairy products or what spe­

cies are the most important in producing defects in such ma­

terials. Information on the general distribution of fluorescent 

bacteria in milk and its products is also somewhat limited. 

This is due partly to the fact that the method commonly follow­

ed in making routine bacterial analyses of milk 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 information on the dis­
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tribution of the fluorescent bacteria in milk and its pro­

ducts can only be obtained by the use of a procedure which 

permits fairly accurate detection of these organisms. 

Cultures isolated in such an investigation can be studied 

and information obtained on their classification. 
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STATMENT OF PROBLEM 

The purposes of this investigation were; 

1. To determine the prevalence of fluorescent bacteria in 

certain dairy products. 

2. To isolate and study cultures of fluorescent bacteria 

from dairy products. 

3. To study the resistance of the fluorescent organisms 

to heat and chlorine. 

4. To ascertain the effect of acidity and salt on the gro^vth 

of the fluorescent organisms. 

5. To determine the action of pure cultures of fluorescent 

hacteria on various dairy products. 

6. 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 wave lengths in­

stead of converting it into heat are said to be fluorescent. 

Such substances are visible under ultra-violet light because 

they emit visible light rays during the irradiation. Exami­

nation under ultra-violet light is therefore a convenient 

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 Phytomonas 

(Bergey, Breed, Murray and Hitchens, 1959) secrete a water 

soluble pigment under suitable conditions that is greenish 

colored in natural light and bluish-green to greenish-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 250c. for 72 hours and examined under ultra­

violet light. 
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HISTORICiO:, 

Fluorescence of Bacterial Cells 

Arloing, Pollcard and Langeron (1925) made a brief study 

of the fluorescent color of dried bacterial cells under 

ultra-violet light and proposed a rough method of differenti-
W J 

ation between organisms on this basis. Gassul and Zolkevic 

(1927) also found that each species of bacteria produced a 

characteristic fluorescent color and could be differentiated 

by examination under ultra-violet light. They stated that 

cells for such an examination should be obtained from cultures 

of the same age and grovm on the same medium at a xoniform 

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 species. He 

disagreed with Gassul and^olkevic (1927) in their belief 

that each species of bacteria has a definite characteristic 

fluorescence in ultra-violet light. 

L'asseur, Dupaix and Lecaille (1931) grew various bacteria 

and 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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as a basis for differentiation between bacterial species. 

The fluorescent colors of certain species examined were: 

Pulvertaft (1934) examined the cells of several species 

under ultra-violet light and concluded that fluorescent color 

v/as useful in distinguishing between bacterial cultures. He -

stated that cultures used for this purpose should be grown 

aerobically on a non-fluorescent meat medium containing only 

the initial breakdown 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. 

Sa'cilius •pvoovaneus 

Bacillus caryocyaneus 
Bacillus chlororaphis 
Bacillus fluorescens albus 
Bacillus fluorescens aureus 
Bacillus fluorescens putldus 

white 
white 
white 

bluish-white 
yellowish-white 

green, yellowish-
green or violet-
orange 
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Factors Influencing the Production of Fluorescent Pigments 

By Bacteria 

The blue pigment of Pseudomonas aeruginosa, pyocyanine, 

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

He extracted this 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 -vd-th 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 (187.2) and nsmed 

Baoteri\3m aeruginosum. 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, pyocyanine, of Fordos. He therefore 

proposed the name Bacillus pyocyaneus for the organism. 

Hueppe (1884) studied a blue-green pus organism that 

produced a greenish fluorescence in gelatin and 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 organisms varied 

with the chemical compounds in the medium. 

Ledderhose (1888) made a brief study of factors affect­

ing the formation of pigment by Bacillus T?yocyaneus. He 

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

color and did 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 

pvocvaneus. 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., 

potassium phosphate 5 gm., magnesium sulphate 2.5 gm., and 

water 1000 ml. supported groirth and the production of fluo­

rescence; the use of 0.0625 gm. potassium phosphate per 

liter resulted in the production of pyocyanine but no fluo­

rescence; 0.125 gm. or slightly more potassium phosphate 

per liter supported the production of both pyocyanine 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 important 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 simultaneous production of pyocyanine and the 

fluorescent pigment. An excess of nitrogen resulted in the 

formation of pyocyanine alone while an excess of phosphate 

gave only the production of fluorescence. Lecithin in place 

of potassium phosphate in the medium was very effective in 
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supporting the production of fluorescence. Phosphogly-

cerate also was believed to support the development of 

fluorescence. 

Charrin and Dissard (1893) used a synthetic mediiam, 

composed of monopotassium phosphate, disodium phosphate, 

calcixM chloride, magnesi-um sulphate, potassium "bicarbonate 

and water, to which different substances were added to 

determine their effect on the production of chromogenic 

substances by Bacillus -pyocvaneus. Peptone added to this 

mediimi supported good growth but only little color pro­

duction; asparagine gave good growth and abundant pigmen­

tation; dextrose and glycogen gave slight growth and weak 

chromogenesis; lactic acid gave a weak growth; while no 

growth occurred with urea. 

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 

aeruginosa and Pseudomonas syncyanea. Pigment production 

occurred only in the presence of atmospheric oxygen. When 

these bacteria were grovm. "'.vith an acid-forming organism, a 

yellow pigment developed, but there was no fluorescence. 

The green fluorescent pigment of Pseudomonas Dvocyaneus was 

foimd to be non-crystalline and soluble only in water and 

dilute alcohol. In concentrated solution it was dark orange 

to red-brown and exhibited a 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 

pathogenic 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 creatine, and soluble 

alhiominoids. 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 bacteria, including 

a culture of Bacillus fluorescens liauefaciens isolated from 

Lake 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 associated with the phosphate and sulphate 

was not important; (b) the presence of the methyl or methylene 

group was coincident with superior nutritive value and fluo­

rescigenic power; (c) pigment was not produced in an acid 

medium and when pigment was present in an acid mediiim the 

acid concealed its presence; (d) diffuse daylight was unfavor­

able to pigment production; (e) chemical substances favorable 

to growth and pigment production in certain concentrations 

checked pigment formation when present in excess, although 

growth was more abundant; and (f) the production of fluo­

rescent pigment was not of vital importance to the cell. 

Jordan (1897) also studied six cultures of Bacillus pvocyaneus 



www.manaraa.com

-18-

and found that both phosphate and sulphate were essential 

for the formation of the fluorescent pigment "but were not 

necessary for the production of pyocyanine. Asparagine, 

ammonitmi citrate, ammonixm lactate and ammonium succinate 

were all suitable sources of nitrogen for the production of 

both pigments. The ability to prod.uce 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 alkaline 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 yellow-brown. The pigment was soluble in water but 

was insoluble in chloroform. 

Gessard. (1901) reported that Bacillus T>vocvaneus. when 

growing in suitable 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 amottnt of 

air present. The name, Bacillus Dvocyeneus melanogene. was 

given to this variety of the organism. McCombie and 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 C25Hg0O2N^, but that 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 from angina. To pro­

duce fluorescence these organisms required a simple source of 

inorganic nitrogen, a hydrocarbon or glycerol and a phosphate 

mineral. Phosphate was indispensable for the production of 

fluorescence, but the amount 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 or 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 fimctions since Bacillus T>yocvaneus 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 pyocyanine was favored by a low phos­

phate content and a slightly acid reaction. Ammoni\im malate, 

ammonium tartrate and ammonium oxalate in concentrations \inder 

0.4 per cent supported growth but not pigment formation, while 

ammonium lactate, ammonium citrate and ammonium succinate 

supported pigment 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 this organism only 

peptone permitted the production of the green crystals. The 

most favorable temperature for crystal formation was near 

250C. The pigment was insoluble in water, ether and benzene 

and precipitated from cultural media as long, 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 

medim and green in a reducing medium. The green crystals 



www.manaraa.com

-21-

were unstable and oxidized rapidly, while the yellow crys­

tals were stable. Later, Lasseur (1911) employed a medim 

composed of water 100 gm., asparagine 0.7 gm., glycerol 

2.5 gm., dipotassiTim phosphate 0.1 gm., magnesixm sulphate 

0.5 gm., calcim chloride 0.04 gm. and ferrous sulphate 0.01 

gm. for the growth of Bacillus chlorora-phis and found that 

it supported abundant crystal formation and the development 

of a noticeable fluorescence. Dipotassium phosphate, gly­

cerol, magnesium sulphate and ferrous sulphate were indis-

pensable for the production of chlororaphine, while calcium 

chloride favored its formation. A temperature of £4® to 30^0. 

was most suitable for crystal production, while none were 

formed at 37oC. The optimum oxygen content of the air for 

crystal formation was around 35 to 65 per cent. The presence 

of magnesium, sulphate and phosphate in the medium was essen­

tial for the formation of fluorescence, while the presence of 

calcim chloride and iron was considered favorable. The 

nature 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 22° to 24° 

0., while a temperature of 370C. inhibited its appearance ex­

cept with a few strains. Xanthoraphine, 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 appeared but, when reduced in a 
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neutral medium, green crystals of chlororaphine were preci­

pitated; the green crystals were transformed by oxidation 

into oxychlororaphine, a yellow, slightly water soluble 

substance. The formula for oxychlororaphine was given as 

CI4HI(^SO. Kogel and Postowsky (1930) showed that xantho-

raphine was the same product as phenazine-alpha-carbonamide, 

while chlororaphine was a dimolecular mixture of phenazine-

alpha-carbonamide and its derived dihydro or dihydrophenazine. 

Oxychlororaphine was fovind to have the formula CigHgNgO. 

Elema (1933) studied the oxidation-reduction potential of 

chlororaphine and found that a reversible reduction of phe-

nazine-alpha-carbonamide 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 (1911a) found that iron was specifically required 

for the production of chlororaphine by Bacillus chlororanhis 

in a S3mthetic medium and could not be replaced by manganese, 

nickel, cobalt, zinc, chromium or boron. Perrous sulphate 

gave the best results, but ferrous citrate and ferrous chloride 

also gave satisfactory crystal formation. 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. gave uniform production of chlororaphine. Lasseur, Thiry 

and Dupaix (1930) showed that the development of a violet tint 

and the blackening of the surface membrane during the growth 
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of Bacillus caryoovaneus in the synthetic medium of Lasseur 

(1911) was dependent on the presence of iron in the substrate. 

Lasseur, Marchal, Dupaix and Renaxix (1932) determined the 

role of iron in the production of pigment by Bacillus cyaneo-

fluorescens in this synthetic medium. Iron was foiand necessa­

ry for the formation of the blue-violet, brown or black pigment 

characteristic 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 and Dujol (1913) observed a culture of 

Bacillus pyocyaneus that produced a red pigment, in addition 

to the green fluorescent and brown pigments. This pigment 

was formed only on suitable media and was not believed to be 

a degradation product of the brown pigment. Pigment produc­

tion occurred at 15°, 37® and 46^0. 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 that a certain culture of 

Bacillus -pyocyaneus first produced a yellow color in 2 per 

cent peptone solution and then, after a time which varied 

with the aeration of the medium, a red zone appeared on the 

surface 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 liquid. This organism was designated 

Bacillus Dyocyaneus erythroglne. Factors affecting the pro­

duction of fluorescence and the red color hy this organism 

were studied bylfaramelle (1918), The red pigment was very 

evident in 24 to 48 hours in gelatin-peptone-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. 

Blanchetiere (1917) found that a medim composed of so­

dium chloride 5 gm., disodium phosphate 1 gm., dipotassiiaa 
h' 

phosphate 1 gm., asparagine 3 gm. and distilled water 900 ml. 

supported growth and pigment production by Bacterium fluo-

rescens liquefaciens. The maximum yellowish-green fluorescent 

color was produced at E50C.; no fluorescence was formed at 

S70C., but after a long time a yellowish color sometimes ap­

peared. 

A spectographic analysis of the pigments produced by 

Bacillus •pyocyaneus was made by Cluzet, Rochaix and Kofman 

(1921). Filtered broth cultures of the organism were examined 

under ultra-violet light and 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 starting from 4,500S. The absorption band 
o 

for pyocyanine extended from 3,800 to 3,550A, while the green 

o 
fluorescent pigment gave total absorption from 4,250 to 3,580A. 
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The absorption band of the melanogene pigment varied from 
o 

4,500 to 3,000A, depending on the concentration in the medi-

lom. The pigment erythrogene gave total absorption of ultra­

violet light starting at 4,7002. 

Gessard (1919) classified the Bacillus -pvoovaneus organ­

isms into four varieties on the basis of the pigments produc­

ed in 2 per cent peptone water. These are: 

Bacillus Dyocyeneus var. T3yocv8n.ogene-produced the blue 
pigment pyocyejaine. 

Bacillus -pyocvaneus var. m.elanog;ene —produced a black 
pigment. 

Bsclllus pyocyaneus var. erythrogene -produced a red 
pigment (yellow at first). 

Bacillus -pyocyaneus var. achromoisrene - 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 glycerol-peptone-gelatin medium. 

Header, Robinson and Leonard (1925) stated that Pseudo-

monas nyocyaneus produced three water soluble pigments 

(a) fluorescent, yellow by transmitted light and green by 

reflected light; (b) pyocyanine, bright blue; and (c) pyo-

rubin, bright red. The fluorescent pigment was found to be 

non-specific, pyocyanine was specific and pyorubin was char­

acteristic of Pseudomonas pyocyaneus. lach of these pigments 

were derived by oxidation of a specific leuco-base that was 

formed anaerobically. The fluorescent pigment and pyocyanine 
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acted as pH indicators, but the color of pyoruhin was not 

changed "by addition of acid or alkali. 

Gubitz (1928) stated that Bacterium fluorescens and 

other fluorescent organisms failed to produce fluorescence 

at OOC. "but developed a brown color after aging at that 

temperature. Types of Bacterium fluorescens with a maxi­

mum growth temperature around formed a yellow color 

but were not fluorescent after several transfers at 30®C,; 

when again grown at 18°C., however, ab\indant fluorescent pig­

ment was produced. 

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

Bacillus caryocyaneus failed to grow in the synthetic mediimi 

of Lasseur when phosphate was excluded; 50 mg. of dipotassium 

phosphate per 100 ml. of medium vms necessary to give good 

growth and fluorescence. An amount of phosphorus that support­

ed normal growth of the organism also resulted in the appear­

ance of fluorescence, which denoted that phosphorus only in­

directly affected the fluorescent function of the organism. 

Growth occurred but no fluorescence Ajras produced in the ab­

sence of magnesiiim sulphate; when 300 to 600 mg. of magnesium 

sulphate per 100 ml. of medium was added to an 8 day old un-

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 substance in the production of fluorescence. Cul­

tures grown in the synthetic mediiam devoid of magnesium sul­
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phate, "but containing 1 to 2 mg. of magnesium chloride per 

100 ml., developed a yellow color which was transformed into 

a green fluorescence \vhen magnesixim 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 air 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 species and was named Bacillus caryocyaneus. It pro­

duced a blue pigment, caryocyanine, that closely resembled 

pyocyanine but was very xanstable and easily transformed into 

a dark brown pigment. In the synthetic medium of Lasseur 

(1911), the organism produced a thin wliite voile and a green 

fluorescent pigment at the top of the medium in 24 hours; , 

after 48 hours the coloration extended dovm 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

rescence, but a pH of 6.0 was the most favorable for the ap­

pearance of the blue-violet pigment. Some cultures grew at 

S90C. but produced no pigment at that temperature. 

Elema (1931) determined the oxidation-reduction potential 

of pyocyanine in the pH range 1.3 to 11.5. In the.more phys­

iological region (pH S.O to9'.0)pyoGyanine 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 during the reduction process. The re­

lation between Eh and percentage reduction indicated that 

reduction occurs in two steps, each involving one electron. 

Lasseur, Oliver, Dupaix and Maguitot (1930) foimd that 

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

green fluorescent pigment by Bacillus caryocvaneus in the 

synthetic medixaa of Lasseur (1911), although a slightly acid 

medium was more favorable for growth. Both the green fluo­

rescent and the blue-violet pigments were formed in this 

medim with an initial pH as low as 5.4, but since the medium 

became progressively more alkaline with the growth of the 

organism it was impossible to establish a close relationship 

between the development of fluorescence and the reaction of 

the medim. Lasseur, Dompray and Dupaix (1931) obtained 

growth of Bacillus chlororanhis 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 7.4-7, depending on the 

original pH of the mediimi. 

With Bacillus chlororaphis. Bacillus caryocvaneus and 

Bacillus cyaneo-fluorescens, Lasseur, Fribourg and t'rojean 

(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 tiie depth of the tube where growth was 

scant; fluorescence appeared at a pH near 7.0 and did not 

develop at the initial pH of 5.4. Lasseur and Dupaix-Lasseur 

(1936) also reported that Bacillus chlororaDhis 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 

amoxont of fluorescence in bacterial cultures by means of a 

spectral photometer and found that Bacillus ohlororaphis 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 bacteria. 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 fluorescence. Media sterilized in soft glass 

test tubes sometimes dissolved enough magnesium to permit 

production of fluorescence. A synthetic medium composed of 

magnesium sulphate 0.5 gm., dipotassim 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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Georgia and Poe {1932} found considerable variation in 

tlie ability of Pseudomonas fluorescens and closely related 

organisms to produce fluorescence in broths prepared from va­

rious commercial 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 formation of 

fluorescence with some organisms but not with others. The 

addition 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 ability of a medium but a prolonged 

exposure at higher pressures reduced the amoxmt of pigment 

produced. A 3 per cent peptone broth gave good growth but 

less pigment production than a broth containing 0.5 per cent 

peptone. Fluorescence was produced in media ranging in pH 

from 6.1 to 8.1 but was most abundant in the pH range from 

6.8 to 7.3; the most pigment appeared in the cultures after 

3 to 4 days incubation. 

Lacey (1932) observed that certain plant pathogens, 

V7hich closely resembled Bacterium fluorescens liauefaciens 

and Bacterium fluorescens non-liquefaciens in cultural char­

acteristics, produced a 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, m^iile Bacterium fluoresoens lique-

faciens and Bacterium fluorescens non-liquefaciens failed to 

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

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

6 days but the other two organisms did not produce fluorescence 

at a temperature below 2Z^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 pyocyaneus; 

anaerobic 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 sensitive to two other factors which were of 

minor relevance to the function of aerobic growth; these fac­

tors vj-ere 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 

inefficient deoxygenation. A medi\m consisting of sodivim 

citrate {5% H2O) 1.0 per cent, calcium sulphate 0.025 per cent, 

magnesium sulphate (7H2O) 0.05 per cent, ammonium chloride 

0.1 per cent, monopotassium phosphate 0.2 per cent and ethyl 
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alcohol 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 phjrtopathogenic 

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 fluorescent pigment in differ­

ent media at a temperature of 27^0. About half the organisms 

studied developed a green fluorescence in beef extract-peptone 

broth and beef extract-peptone agar at pH 6.95 in 10 days; the 

addition of magnesium sulphate or of magnesiimi sulphate and 

dipotassium phosphate to beef extract agar had no appreciable 

effect on pigment production. Only a few organisms 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 pronoimced green fluore-scence in 3 

days. Green fluorescence was also reported as being produced 

on starch agar by some organisms. A medium composed of mag­

nesium sulphate (anhydrous) 0.5 gm., dipotassium phosphate 

(anhydrous) 0.5 gm., asparagine 5.0 gm. and distilled water 

1000 ml. was very satisfacto.ry for the production of fluores­
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ways produced the green fluorescent pigtaent when repeatedly 

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 gelatin supported the development 

of considerable fluorescence. When the aiuovuit of peptone in 

Gessard*s mediim 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 but no color was 

formed; if a trace of heavy metals was added, or tap water 

used for making the medium, growth resulted but pigment forma­

tion was completely inhibited. Strains of Bacillus pyocyaneus 

could not be induced to produce fluorescence and strains of 

Baca.llus 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 organic 
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solvents tried, including chloroform, ether and alcohol. Di­

lute aqueous alkaline 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 (19£5) that the red 

color which they designated pyrorubin was a separate pigment 

from the green fluorescent pigment. When ammonium 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 

v/as found to be C4.H17NO. A spectrographic analysis in an 

alkaline solution showed a well defined wave band with maximum 

absorption at 4,100l, while in an acid solution the maximiam 

absorption was at 3,7002. The pigment obtained from different 

organisms was the same by analytical and spectrographic anal­

yses. The substance gave a positive Millons test. 

Orla-Jensen, Otte and Snog-KJaer (1936) observed that the 

fluorescent bacteria and BacteriTim 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 bacteria from producing pigment in milk. 

Variation jftmong Pure Cultures of Fluorescent Bacteria 

Charrin and Phisalix (1892) noted that Bacillus -pyo-

cyaneus grew abundantly at 430C. but produced no color char­

acteristic odor at that temperature. If a culture grown at 

43°C. was transferred to fresh medi-um and incubated at a 

lower temperature, color was again produced, but if the cul­

ture was carried through several transfers at 43°C. before 

being held at a favorable temperature, the chromogenic func­

tion was not recovered. The colorless cultures were fatally 

pathogenic to guinea pigs and rabbits, and v/hen recovered 

after death of the animals the organisms still failed to pro­

duce pigment in broth at a favorable temperature. 
i 

Jordan (1897) found that Bacillus pvocvaneus 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. 

G-essard (1919) isolated from the exudate of a wound a c\il-

ture of Bacillus -pyocyaneus that produced pyocyanine in pep­

tone solution and both pyocyanine and a green fluorescence in 

bouillon but later failed to produce pyocyanine after several 

alternate passages in these media. The name Bacillus -pyo­

cyaneus achromogene was given to this variety of the organism. 

Gessard (1920) gave the name Bacillus -pyocyanoides to cul­
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tures of Bacillus pvoovaneus that had becone so altered by 

growth on laboratory media that they no longer closely re­

sembled the original or typical culture and failed to produce 

pyocyanine 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 pyocyaneus melano-

gene lost the ability to form pyocyanine and liquefy gelatin 

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

um. 

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

cyaneus grown in bouillon 24 hours at 370C. and then 10 to 12 

days at room temperature showed both normal and modified col­

onies (small, clear, wrinkled) when inoculated on gelatin 

slopes, A modified colony was inoculated 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 

passage 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 mediimi augmented the change 

in colony type. The alteration of the organism was 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 bacteriophage from 

cultures of certain organisms in the genera Salmonella. 

Shigella. Ischeriohla and Staphylococcus to a troth culture 

of Pseudomonas fluorescens and 24 to 72 hours later plated 

the culture on gelatin, nutrient agar and nutrient 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 distinct varieties; one 

variety developed a pale colony on agar while the other formed 

a deep colored colony. Gelatin liquefying cultures permanent­

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 not 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 gimmiy and 

vitreous type of colony along with the normal, type on sucrose 

agar. The variant ciiltures evolved into a homogeneous type 

of organism* 

Lacey (1931) reported that Bacterium trifolarium. which 

closely resembled Bacterium fluorescens non-llquefaciens ex­

cept that it was pathogenic to Vicia faba. exhibtted various 
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typss of growth on bouillon agar, from translucent, smooth, 

round, slightly convex colonies \d.th entire or slightly 

crenated margins to a transparent, flat growth spreading in 

a thin film over the surface. Each type of colony could give 

rise to the other types on replating, and all were identical 

in virulence and "biochemical reactions. Lacey (1932) also 

noted a varahility among different strains of certain green 

fluorescent organisms in coagulating and peptonizing milk, 

reducing nitrates, liquefying gelatin and fermenting sucrose 

or dextrose. The ability to liquefy gelatin gradually became 

weaker as the organisms were carried on agar. 

Lasseur, Marchal and Dupaix (1930) found that some cul­

tures of Bacillus caryocvaneus grew in a synthetic medium 

(Lasseur, 1911) at 39®C. but developed no color at that tem­

perature; after 20 passages at 390C., these cultures failed 

to produce any fluorescent pigment when again incubated at 

250C. The achromogenic character was permanent. 

Lasseur and Dupaix-Lasseur (1934) reported that Bacillus 

chlorora"Phis produced both rough and smooth colonies on agar 

plates with variations among 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 periods in 

sealed tuhes. 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 carvoovaneus. 

Lasseur, Dupaix-Lasseur and Marchal (1937) found that 

Bacillus -pyocvaneus produced both a green and a red type of 

growth on potato-glycerol medium. The Bacillus -pvocyaneus 

erythrogene 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 caryocyejieus 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 gerniicidal action of ultra-violet light was due to the di­

rect action of these rays on the bacterial protoplasm 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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light 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 than the 

fluorescent bacteria because they were unable to dispose of 

the energy in the absorbed short waves. 

Dewey and Poe (1958) exposed diluted asparagine broth 

cultures, 12 to 48 hours of age, of several fluorescent organ 

isms and of Aerobacter aerogenes and Escherichia coli to 

ultra-violet light for intervals of 1 to 40 minutes and then 

determined the nxmbers of surviving cells by plating the ir­

radiated cultures. Asparagine broth was more satisfactory 

than lactose or plain broth for this study because it did not 

protect the organisms from the ultra-violet rays. Cultures 

of Pseudomonas organisms v/ere more resistant to the ultra-vio 

let light than ciiltures of Aerobacter aerogenes and Escher­

ichia coli. Pseudomonas cultures that had lost the ability 

to produce pigment were less resistant than pigmented cul­

tures. The resistance of undiluted cultures increased with 

the amount of pigment present; dilution decreased resistance 

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

Olitsky (1891) showed that substances were produced dur­

ing the grovrbh of Pseudomonas fluorescens liquefaciens that 

were markedly inhibitory to Eberthella tvphosa. Bacillus 

anthraois. Vibrio cholerae. Serratia maroesoeng and Stat)hy-

lococcus aureus. 

Irost (1904) found that old broth cultures of Pseudomonas 

fluorescens and Pseudomonas putida contained a thermostable 

and filterable substance that was bactericidal for Eberthella 

typhosa. 

Rahn (1906) reported that Bacillus fluorescens produced 

an iso-inhibiting substance that was thermolabile and dis­

tinct from the hetero-inhibiting 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 than against others; spore-forming, soil 

bacteria and micrococci were very sensitive, while the colon 

bacteria and Serratia marcescens were quite resistant. The 

amount of toxin produced by a culture of the organism depend­

ed on the composition of the medixim 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 \mfavorable to the growth of 

Oidlimi easel on the surface of cheese. 

> Pathogenicity of Fluorescent Bacteria 

Lesage (1888) studied a rod-shaped, spore forming organ­

ism that caused diarrhea and green colored stools in infants. 

Growth occurred at SQOC. but was most rapid at 25° to 35°C. 

A green water soluble pigment was produced on peptone-gelatin 

and gelatin was liquefied. 

Lartigau (1898) reported an outbreak of dysentary attri­

buted to Bacillus -pyocyaneus in two families in which there 

was a total of 15 cases and 4 deaths. The source of infec­

tion in each outbreak- was a contaminated well from which the 

family used water. The patients' stools turned green upon ex­

posure to the air. The isolated cultures produced indol, liq^ 

uefied gelatin and acidified litmus milk with precipitation 

of the casein. 

Ducamp and Planchon (1894) isolated a green fluorescent, 

gelatin-liquefying, motile, rod-shaped organism from water 

that was pathogenic for laboratory animals. It closely re­

sembled Bacillus fluoresoens liquefaciens in cultural char­

acteristics, except that it produced a pellicle but no odor 

in bouillon. The pigment was insoluble in ether, chloroform, 

alkali or alcohol; pyocyanine was not produced. Milk was 

first coagulated, then digested to a yellow-green solution. 
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Pigmentation was greatest at room temperature "but 37°C. v/as 

optimum for growth; weak growth occurred at 40°C. Gelatin 

colonies appeared as small, yellow droplets with notched 

edges. 

Bonjean (1899) reported that water can be the vehicle 

for Bacillus pyocyaneus infections and that water containing 

this organism should he rejected for human use. 

Rocha, Lepierre and Fonseca (1900) described a green 

fluorescent producing organism that caused illness in a soldier, 

the Infection evidently being contracted from water. They 

stated that the saprophy-fcic fluorescient bacteria in water may 

sometimes be pathogenic for humans. 

Berger (1926) isolated from aquarium water an organism -

resembling Pseudomonas fluorescens that was pathogenic for 

fish. The organism grew.well at 10° to 20°^. but did not grow 

at 37^0. The use of sewage polluted water was responsible for 

transmission of the infection to the fish. 

Several investigators have foxind Pseudomonas aerugiinosa 

associated with udder infections in dairy cows. Mundhenk 

(1922) isolated Bacillus ipyocyaneus from milk samples obtained 

from cows with severe mastitis. He considered these organ­

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

they were associated with colon bacteria in the milk. 

Pickens, Welch and Poelma (1926) cited cases in which 

Pseudomonas aeruginosa caused 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 a persistent 

outbreak of mastitis in a dairy herd was caused by Pseudomon-

as aeruginosa* Contaminated water in which the cows waded 

was considered responsible for the outbreak, since further 

cases did not develop after the cows were excluded from the 

water supply. An agglutination titer of 1:100 or over for 

the blood seriam and 1:50 or over for the milk serum was dem­

onstrated for the infected animals. 

Cone (1938) reported that Pseudomonas aeruginosa was 

associated with, and probably the cause of, a mastitis out­

break of extreme severity in 17 cows of one herd. The onset 

was sudden and accompanied by fever. With certain cows milk 

production practically ceased during the acute stage of the 

disease. Some of the cows continued shedding the organisms 

in small numbers in the milk long after the acute attack had 

subsided. Cone stated that cultures of Pseudomonas aer­

uginosa 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 and their ability to ferment the 

simpler carbohydrates. All cultures produced decided or 

slight acid reactions vrf.th arabinose, xylose, dextrose," 

levulose, galactose, glycerol or mannitol, while very alka­
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line reactions were obtained with sucrose, maltose, lactose, 

raffinose, inulin, dextrin or dulcitol. Beef extract-peptone 

broth (pH 7.0 and containing brom thymol-blue) to which 1 per 

cent of the test material was added after sterilization and 

an incubation temperature of 370C, were used for the fermen­

tation studies. The cultures hydrolyzed fat, reduced nitrates 

to nitrogen and liquefied gelatin but were unable to hydrolyze 

starch. 

Several investigators have observed a marked similarity 

betv/een certain fluorescent phytopathogenic organisms in the 

genus Phytomonas and certain fluorescent organisms in the 

genus Pseudomonas. Burkholder (1930) reported that the green 

fluorescent bacterial plant pathogens of the genus Phytomonas 

of Bergey constitute a natural, closely related group with a 

distinct similarity to members of the genus Pseudomonas. As 

an example,'it was stated that Phytomonas marginals can 

scarcely be distinguished from Pseudomonas aeruginosa. Eigh­

teen species of green fluorescent organisms in the genus 

Phytomonas were listed and described. Some of these failed 

to produce fluorescence on beef extract agar, while certain 

species lost the ability to produce pigment after growing in 

pure culture for a time. Uschinsky*s solution was suggested 

as a medium for determining the ability of an organism to 

produce fluorescence. Many of the non-pathogenic fluorescent 

organisms were found to be ubiquitous, occurring as common 

saprophytes in the soil, on s^eds 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 he an error and was attributed to the preparation of the 

milk and to hydrolysis of the lactose during sterilization. 

Smith and Fawcett (1930) found a close agreement in cul­

tural and biochemical characteristics betvreen the fluorescent 

organisms Bacterium syringae. Bacterium cerasi and Bacterium 

citriTDuteale. All were motile rods, with 1 to 3 flagelXa, 

and all produced a small capsule; litmus milk v/as digested 

from the top down without coagulation 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; and indol was not formed. Cultures grown 

on dextrose-potato agar for 1 year sometimes changed from the 

characteristic smooth to a wrinkled type of growth. The vir­

ulence and gelatin liquefying abilities of the roiigh form were 

less than of the smooth tjrpe. 

Lacey (1931) isolated two strains of Bacterim trifolar-

lum that caused a disease of Vicia faba and compared the organ 

ism with other species of green fluorescent bacteria. Isolat­

ed cultures of Bacterium fluorescens non-liouefaciens and 

Bacterium striate showed close cultural agreements to the 

organism but were not pathogenic for Vicia faba. The question 

v/as raised as to whether all plant pathogens of the green fluo 
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rescent group are not merely parasitic strains of Bacterium 

fluorescens liquefaciens and Bacterium fluorescens non-lique-

feciens. Lacey (1932) later found that certain pathogens 

causing diseases of potato tubers, lettuce and seeds of 

Medlcsgo lupulina closely resembled Bacterium fluorescens 

liquefaciens in cultural characteristics. 

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

rescent plant pathogens and three species of the Pseudomones 

group (Pseudomonas aeruginosa. Pseudomonas fluorescens and 

Pseudomonas 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-phytopathogenic forms. 

Harris, Naghski, Farrell and Reid (1939) were able to pro­

duce R forms of Pseudomonas fluorescens by growing the organ­

ism in the presence of its homologous antiserxam. When the R 

forms were grown in the presence of its homologous serimi and 

killed cells of Phvtomonas tobacci, S forms were obtained 

which proved to be culturally and serologically identical with 

strains of Phytomonas tobacci and produced identical lesions 

on the tobacco plant. The same relationship was also found 

to exist between Pseudomonas fluorescens and other members of 

the genus Phytomonas. including Phytomonas angulata. Phyto­

monas cerasi. Phytomonas prinulae and Phytomonas yignae. 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 

plent pathogens could b© arranged in three distinct groups, 

one like Bacterium coli. one like Pseudomonas fluorescens 

and one unlike either. He proposed to eliminate the genera 

Erwinia and Phvtomonas of Bergey and reclassify the plant 

pathogens in the genera Bacteriijm. Pseudomonas end Xantho-

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 and on starch agar 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, mannose, sucrose, 

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

and produced hydrogen sulphide and ammonia; Bacteri\im nyo-

cyanea reduced nitrates but Bacterium fluorescens did not. 

Enzymes Formed by Fluorescent Bacteria 

Wood (1889) subjected cells of Pseudomonas pyocyanea to 

phenol and found that the ability to coagulate milk was de­

stroyed before the gelatin liquefying ability was lost. Brey-

mann (1902) killed the cells of Bacillus pyocyaneus with chlor­

oform and then dried and pulverized them. One-tenth gram of 



www.manaraa.com

-49-

this preparation coagiilated 10 ml. of milk containing 5 per 

cent phenol in 4 hours at 370C.; after 2 days the milk was 

almost completely peptonized. 

Von Sommaruga (1894) was one of the earliest workers to 

demonstrate the lipolytic properties of microorganisms by 

means of a planned technique. He determined the increase in 

acid values of 2 per cent emulsions of olive oil or beef fat 

in nutrient gelatin or nutrient agar after inocvilating with 

different organisms and holding about 30 days at body temper­

ature. The results denoted that many cultures of the Bacillus 

Tjyocyaneus group were able to split as much as 21 to 27 per 

cent of the olive oil and 8 to 12 per cent of the beef fat. 

Fermi and Montesano (1895) reported that cells of Pseudo-

monas fluorescens contain the enzymes, amylase and invertase. 

RH?i^ka (1898) compared the morphological, cultural and 

biochemical characteristics of three cultures of Bacillus 

fluorescens liquefaciens and three cultures of Bacillus pvo-

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 grov/th of Bacillus fluorescens liquefaciens. 

Eijkman (1901) reported that bacteria which were able to 

digest casein were also able to liquefy gelatin and that this 

relationship held ^.vithout exception for all organisms studied. 

Bacillus fluorescens was not amyloclastic but Bacillus -pyo-
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ovaneus was slightly so. Both of these organisms were ahle 

to decompose tallow under a solid medium and were classified 

as rapid fat hydrolyzers. Some cultures produced a diffus­

ible lipolytic enzyme, while others produced an enzyme which 

diffused less readily and was more sensitive to the pH of 

the medium. 

Emmerling and Reiser (1902) studied the proteolytic ac­

tion of Bacillus fluorescens liquefaciens on gelatin .at 37°C. 

Gelatin was liquified first on the surface, and after several 

monl^hs a hrown, green fluorescent solution with a strong odor 

of ammonia resulted; methylamine, trimethylamine, choline and 

betaine were also produced hut indol, skatol and hydrogen sul­

phide were not. The work indicated that the organism pep­

tonizes proteins, then slowly decomposes them to simpler amines 

and finally to ammonia. Fihrin was also decomposed hy the 

organism, arginine, leucin and aspartic acid being identified 

in the decomposition 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. 

Jordan (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 ability was lost when carbon dioxide was 

passed through a filtrate until it was acid in reaction. On 

heating the carbon dioxide filtrate, the gas v/as expelled and 

the filtrate at once regained its alkalinity and hemolytic 

power. Also, since the hemolytic property of the filtrate 

was not destroyed "by heating to 125^0. for 1 hour, J"ordan con­

cluded that the hemolytic power was due to the alkalinity of 

the filtrate. Abbott and Gildersleeve (1905) likewise demon­

strated that filtrates of cultures of Bacillus fluorescens and 

Bacillus pyocvaneus were strongly hemolytic when alkaline but 

only slightly hemolytic when neutralized by addition of acid. 

Filtrates 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 and other bacteria are probably 

proteolytic enzymes. 

Bierema (1909) showed that asparagine is utilized by 

Pseudomonas fluorescens liquefaciens and that urea and aceta-

mide are utilized by Pseudomonas fluorescens. 

Sohngen (1910) observed that many species of bacteria, 

including certain fluorescent types, were able to grow well 

on a substrate containing fat as the only source of carbon 

and ammonium chloride as the sole source of nitrogen. He 

showed that the lipases of Bacterixmi p\mctat-um. Pseudomonas 

pyocyaneus and Bacillus albus were more resistant to heat 
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tliaa those of Bacterium llr)olyticuci. 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 activity in the presence of 

acid. 

Wells and Carper (1912) demonstrated the existence of 

lipase in several species of bacteria, including Pseudomonas 

Dvocyaneus. that had been killed with toluene. Pseudomonas 

t)V0CYaneus hydrolyzed olive oil, triacetin and ethyl butyrate. 

Sohngen (1913) demonstrated that Bacterium fluorescens 

liquefaciens was able to decompose paraffin 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 Pseudomonas fluorescens. and since amygdalin 

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 liquefaciens from v/ater and studied its action on 

asparagine in a synthetic medim. Asparagine was found to be 

attacked in two states, the first step being a rapid hydrol­

ysis of the amide group and 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 ammonia. Later, Blanchetiere (1920) showed 
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tliat the organism can utilize certain amino acids as the only 

source of carbon in a synthetic medium. Kistidine, alanine 

and asparagine were readily attacked; leucine, phenylalanine 

and tryosine v/ere attacked more slov/ly; glutamic acid and 

tryptophane were attacked quite slowly; while glycine was 

utilized only after 1 month incubation. 

Supniev/ski (1923) reported that Bacillus -p^/ocyaneus 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 acid. In a later publication 

(1924) he showed that the organism utilized urea, glycine, 

asparagine and potassium cyanate. 

Quastel (1924) noted that succinic and fumaric acids are 

decomposed by bacterium pyocyaneum to the lower fatty acids, 

chiefly acetic. 

• Waksman and Toraanitz (1925) determined the action of a cul 

ture of Bacterium fluorescens isolated from soil on various 

amino acids and casein in a synthetic medium. 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 amino 

acids and probably the polypeptides from it were utilized. 

Bacillus cereus attacked casein vigorously but could not use 

the carbon or nitrogen in the amino acids glycine, alanine 

and phenylalanine. When both of these organisms were grown 

in the same flask of medium, Bacillus cereus decomposed the 

casein while Bacterium fluoregcens decomposed a large part 

of the amino acids 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 
t 

was able to oxidize 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 acid, 

propionic 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 compoimds. 

Sherwood, Johnson and Radotincky (1926) made a study of 

the biochemical properties of 22 strains of Bacillus -pyo-

cvaneus and observed ihat certain variations existed. Prac­
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tically all strains were able to utilize dextrose, although 

alkaline products sometimes obscured this phenomenon. The 

cultures were all negative to mannitol, arabinose and dul-

citol and positive to sucrose. All strains produced indol. 

Eleven strains blackened lead acetate and two reduced nitrates. 

Hydrocyanic acid was produced by all strains as well as by a 

culture of Bacterium fluorescens liquefaciens. 

Sears and Gourley (1928) found that Pseudomonas aerugin­

osa produced an acid reaction in dextrose-peptone medium ;.iid 

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, hov/ever, as 

represented by 2 per cent or more of peptone, an acid reactio^i 

was not produced but large amomts of dextrose were utilized. 

Sugars other than dextrose did not support acid production 

even when the nitrogen content was low, but many of these 

sugars could be utilized by the organism. 

Widmann (1929) showed that Bacteriijm fluorescens in mass 

culture rapidly and quantitatively converted methyl glyoxal 

to optically pure d (-) lactic acid. 

Waksman (1952) reported that Bacterium fluorescens de­

composes urea and that Bacterlimi fluorescens and Bacterim 

•pyocyaneum decompose uric and hippuric acids. He also stat­

ed that Bacterid pyocyaneimi 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 end ammonia is 

formed. Tyrosine is completely decomposed and tryptophane is 

broken down to ammonium 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 

-IOC., and most of them were lipolytic. 

Gorback and Pirch (1936) found that peptidase remained 

within the bacterial cells of Bacillus cereus var. fluorescens 

and of Pseudomonas aeruginosa and gradually increased during 

7 days cultivation. They later (1937) reported that the pro­

teinase present in ctiltures of Bacillus fluorescens lique-

faciens is an autolysis product of dead bacterial cells and 

is not excreted by the living cells, as contended by Virtanen 

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 obtained by filtering a broth culture of the organism 

grown at 20oC. for 7 days. When gelatin was used, the same 

treatment as employed for casein showed considerable pro­

teolysis, 

Sandiford (1937) investigated the ability of 50 strains 

of Pseudomonas nvocvanea from various sources to produce in­

dol and 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 Bohme, should not be 

used in testing for indol production by this organism because 

of the likelihood of false positive reactions. He noted that 

this factor probably accounts for the positive indol reactions 

reported for this organism by certain workers. Both Pseudo-

monas -pvocyanea and Pseudomonas fluorescens were isolated from 

hman urine and feces. 

"Virtanen and Suolahti (1957) isolated a culture of 

Bacillus fluorescens liquefaciens from water and measured the 

proteinase secretion of the organism by the amount of casein 

hydrolyzed. They shov/ed that proteinase is secreted by the 

living cell at 20° to 22®C., and 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, it U'as believed that the 

proteolysis must be due to the action of the living cells. 

Maschmann (1937) reported that the proteinases of 

Bacillus pvocyaneus. Bacillus fluorescens liquefaciens and 

Bacillus -prodigiosus were probably identical but did not be­

long to the papians and probably not to the trj^sins. 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 pyocyaneus liquified ge­

latin slower at pH 7.0 and 7.8 than at a more alkaline or 
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more acid reaction. They suggested the use of a medium at 

pH 5.0 for organisms that grow at a lovj- pH and a medium at 

pH 8.0 or 9.0 for organisms requiring an alkaline medium. 

Fluorescent Bacteria Isolated from Sources Other 

than Dairy Products 

The organism now known as Pseudomonas fluorescens was 

described rather completely by Fliigge (1886) and given the 

name Bacillus fluorescens liguefaciens. He stated that ge­

latin colonies showed appreciable variation and that several 

I 
types of the organism resulted when small differences in 

grovrth characteristics were considered. He regarded this 

organism as identical with Bacterium butyri fluorescens 

(Lafar), Bacillus fluorescens nivalis (Schmelck), Bacillus. 

viscosus (Frankland and Frankland), Bacillus fluorescens 

minutissimus (Unna and Tommasali) and Bacterium melochlous 

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

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

species (Pseudomonas viscosa) from Pseudomonas fluorescens. 

Fliigge also described another fluorescent organism that pro­

duced an odor of herring brine in gelatin without liquefaction; 

he named it Bacillus fluorescens putidus. 

Since the publication of Fliigge, 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, fluorescent bacteria in the genus Pseudomonas. Chester 

(1901) described 13 species of fluorescent bacteria, all of 

which were included in the genus Pseudomonas. 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 Phvtomonas are designated as fluorescent. 

Part B, Appendix I to the genus Phvtomonas includes species 

which cannot be distinguished from species included in the 

genus Pseudomonas. except for plant pathogenicity. Appendix 

II to the genus Bacterium includes at least, one organism, 

Pseudomonas "pictorum. that is probably fluorescent since it 

produces greenish-yellow colonies on gelatin. One of the 

spore forming organisms. Bacillus cereus var. fluorescens. 

forms a yellowish-green fluorescence in gelatin, milk and 

other media. Zimmerman (1890), Migula, Ingler and Prantl 

(1895) and Lehmann and Neumann (1896) also described several 

species of fluorescent bacteria. 

Guignard and Sauvageau (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 shaped 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 

25° to SOOC. and fortaed spores after 5 to 6 days. 

Wright (1895) isolated a rod-shaped 'bacterixm \vith polar 

flagella from water and named it Bacillus fluorescens mutahilis. 

It liquefied gelatin and produced a blue-green fluorescent 

color. Litmus milk was reduced, then coagulated with a firm 

clot, after which the curd was slowly digested; a 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 Kitchens (1939) included this 

organism with the fluorescent bacteria that they described. 
I 

Ravenel (1896) studied a green pigment producing organ­

ism which he isolated from soil and named Bacillus fluorescens 

undulatus; it 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 flagella, 

that grew in chains and formed small oval spores. Gelatin 

colonies were circular, about 1 mm. in diameter, 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 and trans­

lucent, and a faint green color was imparted to the agar. 

Litmus milk was not coagulated but became deep blue after 

3 weeks. Indol was not produced. 

Fuller and Johnson (1899) isolated seven species of fluo­

rescent bacteria (Bacillus fluorescens liouefaciens. Bacillus 



www.manaraa.com

-61-

fluorescens non-liquefaclens. Bacillus fluorescens ovalls. 

Bacillus DvocvaneuB. Bacillus viridis. Bacillus fluorescens 

IncQgnitus and Bacillus proteus fluorescens) from the Ohio 

river and studied their morphological, cultural and "biochem-

ioal characteristics. Indol was produced only "by Bacillus 

viridis. Dextrose was fermented by Bacillus Dvocyaneus. 

Schmidt-Nielsen (1902) studied several psychrophilic 

microorganisms capable of growing at QOC., among which were 

the fluorescent organisms Bacteriimi aquatile fluorescens 

non-liquefaciens. Bacteri"um tarde fluorescens and Bacterium 

DToteus fluorescens. The first two of these organisms were 

isolated from water. 

Lohnis and Kimtze (1907-1908) isolated organisms that 

resembled Bacterium fluorescens from several samples of 

stable manure. They stated, however, that some of the cul­

tures v/ere non-fluorescent. 

Pribram 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 370C. The second group did 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. 

Blanchetiere (1917) stated that bacteria of the Pseudo-

monas fluoresoens llquefaciens group of 5'lugge were the most 

widespread, gelatin-liquefying "bacteria in the drinking water 

of Boulogne, Trance. 

Tanner (1918) found fluorescent bacteria rather common 

in v/ater from the Mississippi riyer 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-negative, 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 femented 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. 

Jour types of fermentation occurred in plain milk; (a) coag­

ulation 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 an organism 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 gram stain. The optimtim gro^-vth 

temperature was 18° to E5®C., with no growth at 37°C. Milk 

was peptonized after 4 days without coagulation. 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 

varied from round types with smooth borders to spreading 

transparent types with irregular notched margins. The organ­

ism was considered a new species and was named Bacillus 

roseus fluorescens. 

Action of Fluorescent Bacteria on Dairy Products 

Hueppe (1884) studied the action on milk and other media 
/ 

of four greenish-blue, fluorescent bacteria obtained from 

water. One was the organism of blue-green pus; it coagulated 

milk, then peptonized the casein with the formation of ammo­

nia, the result being a clear yellowish-green solution with a 

sediment at the bottom. Gelatin was liquefied and a dark 

green color was produced. The other organisms 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 a motile, rod-shaped organism 
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from the intestinal tract of a child that had 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 

liquefied the gelatin "but the latter did not. After grow­

ing in milk for 14 days at 380C., the gelatin liquefying 

organism reduced the fat content 55.7 per cent and the casein 

content 45.3 per cent, while the non-liquefying organism re­

duced the fat content about 8 per cent and the casein content 

nearly 35 per cent; the lactose in the milk was slightly de­

creased by both organisms. 

Krueger (1890) investigated a sample of cheesy butter 

and isolated from it two types of yeast, Oidium lactis and 

three species of bacteria, one of which was stated to be 

Bacillus fluorescens non-liouefaciens although it was des­

cribed as being a non-motile rod that produced terminal 

spores and grew both aerobically and anaerobically. On gela­

tin the organism produced leaf-like colonies; the gelatin 

was not liquefied but developed a dark green fluorescence at 

16° to 1800., the optimum temperature. A foul fermentation 

was quickly produced in sterile milk at 16o to 180C.; the 

liquid developed a yellowish color, shov/ed a green fluores­

cence and finally became slimy; the reaction gradually be­

came acid and after 10 days a penetrating odor of trimethyl-

amine was produced; ammonia and 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 organism produced rancidity in butter when inoculated 

into the cream before churning. Reinmann (1900), hov/ever, 

found this organism to be Bacillus fluorescens liquefaciens. 

Reinmann (1900) inoculated Bacterixim fluorescens lique­

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 

liquefaciens was the most frequent organism 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 isolated 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 doTOi 

the fat and destroy the free fatty acids after they react 

with oalciuQ carhonate, 

. Laxa (1901-190E) found that the total acid number of 

butterfat was 197.4 and the volatile fatty acid number was 

0.94 after Bacillus fluorescens liquefaciens had groivn in 

butter for one month; the control fat had an acid number of 

12.2 and a volatile fatty acid nmber of 5.05. These data 

were considered to indicate that the organism essentially 

produces a splitting of the glycerides of the non-volatile 
> 

fatty acids and not a proportionate splitting of all the 

glycerides. Laxa believed that the organism was unable to 

decompose the higher fatty acids to butyric and formic acids, 

as suggested by Krueger (1890). 

Eicholz (1902) studied a non-spore-forming organism that 

grew at 3.5° to 7.0^0. and produced a strawberry aroma and an 

alkaline reaction in milk. It formed rosette and daisy-like 

patterns on gelatin but was non-fluorescent. The organism was 

named Bacterium fragi. Gruber (1902) isolated Pseudomonas 

fragariae from beets; it produced a strawberry like odor in both 

salted and xmsalted 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, ro-und, 

raised, shining and translucent. Later (1905), he isolated 

another organism, Pseudomonas fragariae II. from aged pasteur­
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ized milk that had developed a strawberry like odor. This 

odor also developed in other media into which the organism 

was inoculated. The colonies on gelatin plates were large, 

round, arched, dirty-white and glistening. Gelatin was pep­

tonized, and milk was coagulated hy the production of acid. 

Growth Tflras best at 180 to 2S0C. and did not occur at temper­

atures above 34^0. The organism was rod-shaped and motile by 

means of a polar flagellim. Hussong, Long and Hammer (1937) 

studied an organism that developed three types of colonies, 

S(smooth), R(rough) and .0{intermediate), on agar plates and 

produced a May apple or rancid odor in dairy products. The 

organism grev/ at 5° to 7^0. 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 frajstariae. Gruber, and the S tjrpe as Pseudomonas frag-

ariae II. Gruber. 

Orla-Jensen (1902) investigated several microorganisms 

from the standpoint of their importance in the development of 

rancidity in butter xmder commercial conditions and in labor­

atory trials. Bacillus fluorescens liquefaciens was always 

found in fresh butter, while Bacillus fluorescens non-lique-

faoiens was only occasionally encountered; rancid butter 

often contained the former organism (along with many others) 

but not the latter. Bacillus fluorescens liquefaciens was 

one of the two predominating liquefying bacteria in the sur­

face layer of sweet cream butter held at room temperature for 
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3 days but was present 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 cresm, to which Bacillus fluorescens liquefaciens had 

been added before churning, contained 153,000, 55,000,000 

and 0 organisms per gram in the surface layer after being 

held at room temperature 0 days, 1 week and 2 months, res­

pectively; the total acid numbers of the surface butter were 

1.2, IS.2, and 37.9, respectively, after the various holding 

periods, while the volatile acid number was 5.5 after 

months holding. The butter had a bad taste and a butyric 

acid like odor after 1 week and after 2 months was complete­

ly inedible. The organism supposedly decomposed butterfat 

uniformly but utilized the non-volatile fatty acids in pre­

ference to the volatile.fatty acids. Bacillus fluorescens 

liquefaciens died off when the volatile fatty acid number 

reached about 3.5. The presence of milk souring bacteria did 

not prevent the growth of Bacillus fluorescens liquefaciens 

in butter but, when sufficient acid had developed, hydrolysis 

of the fat was believed to be retarded. The addition of 2.9 

per cent salt (21.6 per cent brine) to butter prevented 

growth and fat hydrolysis by the organism. Since Bacillus 

fluorescens liquefaciens is widespread in water, it was be­

lieved to be introduced into butter from this source. Pas­

teurization of cream at 85^0. destroyed all microorganisms 

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

finorescens at various temperatures to "be 0.793 hours at 

SQOC., 1.052 hours at 25^0., 3.308 hours at 120C., 9.456 

hours at 6^0. and 23.74 hours at 0^0. 

Kruyff (1907) isolated nine species of fat-splitting 

bacteria from soil, sewage, water, old "butter and animal 

feces. All the species grew at 37^0. Only one of them was 

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

rescens liquefaciens. 

Wolff (1907-1908) isolated Bacterium fluorescens organ­

isms from part of the milk samples examined hut only after 

the samples had been held at a lov/ temperature (50 to 7^0.} 

for several days (2 to 7). Under 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 20^0., fluorescent colonies were only occasionally en­

countered on gelatin agar plates poured from the aged milk. 

Barthel (1910) reported that Pseudomonas fluorescens can 

split fat to cause rancidity "but is incapable of attacking 

glycerol, 

Luxvralda (1911) grew Stre-ptococcus lactis eind Bacterium 

fluorescens liquefaciens together in milk and found that at 

150, ISO and lO^C. both specie-s appeared to be benefitted by 

the association. After 6 days at 15^0., the milk was sour 

and coagulated and contained 1,700,000,000 Stre-ptococcus 

lactls and 4,000;t)00 Bacterium fluorescens liquefaciens organ­
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isms per ml. Since Bacteriiim fluorescens liquefaoiens was 

able to live in a sour medium, it was believed that the milk 

souring bacteria produce something besides acid that hinders 

the growth of the fluorescent organisms in sour milk. Bac­

terium fluorescens liquefaciens produced a rennin coagulation 

and then peptonized the milk. At 3° to 5^0, the odor and 

taste of milk inoculated with this organism remained complete­

ly normal up to 19 days, even though it contained over 

300,000,000 bacteria per ml., but after 20 days the milk was 

bitter and coagulated with alcohol. 

Kendall, Day and Walker (1914) found that Bacillus DVO-

cyaneus produced a transient, initial acidity in milk and 

later an alkaline reaction due to the production of ammonia. , 

Since this organism does not ferment sugars they concluded 

{1914a) that this initial acid production preceding prot­

eolysis was probably due, in part at least, to hjrdrolysis of 

fat. They later {1914b) demonstrated the lipolytic ability 

of the organism. 

KraaiJ and Wolff{1923) ascertained the ability of 

several organisms to split fat by. inoculating them on nutrient 

agar to which had been added 0.5 per cent lecithin or a sim­

ilar amount of fat; hydrolysis was evident by a clearing of 

the mediiom around the colony. Pseudomonas fluorescens was 

found to split both lecithin and fat. 

Haag {1928) determined the lipolytic ability of a number 

of bacteria and concluded that Bacillus nvocvaneus was the 
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only organism in the group that was capable of splitting fat. 

While this organism could not cleave the triglycerides of 

palmitic and stearic acids, it was able to attack both of 

these acids in the free state. Bacterium fluore-scens lique-

faoiens showed good growth on triolein and oleic acid. 

Guhitz (1928) isolated several cultures of Bacterium 

fluorescens and related types of organisms, which included 

Bacteritim punctatum and Bacterium putidum. from milk, "butter, 

soil, water from various sources and plants and studied their 

growth at different temperatures. The optimum temperature of 

these organisms v/as under 30®G., and they were found to "be 

one of the important types that grow at Ooc. The cultures of 

Bacteri\im fluorescens with a maximum growth temperature around 

350c. were designated as warm forms, while those with a max-

imtim growth temperature near 270 to 30^0. were termed cold 

forms. The maximum and optimum temperatures of these organ­

isms were reduced about 5^0. from the original by growing 

them in liquid medium for several generations at QOC. The 

physiological properties, particularly the lipolytic and 

proteolytic characteristics, were not altered by holding at 

OOC. for a considerable period. Growing the warm forms for 

24 transfers at 50°C. raised the optimum and maximum growth 

temperatures about 5°C. Two types of Golonies-(a) bluish, 

lobated, irregular shaped and spreading and (b) round, rais­

ed, discoid, smooth and glassy appearing-were produced by the 

fluorescent organisms. Growth -on potato was very useful in 
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identifying the organisms. Bacterium fluorescens fermented 

dextrose and sometimes glactose; reduced nitrates to nitrites 

produced 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 12^ 

and 180C.; failed to produce hydrogen sulphide; gave only 

weak growth in media 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 630 to 640C. for 30 minutes. 

Shutt (1928-1929) found that contaminated 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 particularly common after 

periods of heavy rains. No defect of this nature was noted 

in butter from creameries that had good water supplies. The 

water supplies of creameries having difficulty with off-flav­

ored butter contained large numbers of putrefactive bacteria, 

chief of Vvrhich was Pseudomonas fluorescens. Sterile butter 

inoculated v^ith this organism developed the typical surface 

flavor in 28 days at 250C. 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 was substituted for a contaminated supply. Neutraliz­

ing the cream to an acidity not less than 0.55 per cent was 

beneficial in avoiding 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 cream butter. 

Lohnis (19S0) reported that Bacteriim fluorescens and 

its closely related forms, which regularly occur in water, 

play an important role in the development of rancidity in 

butter stored with access to air. Since these organisms 

grow at low temperatures and decompose fat and protein, they 

were also found to be detrimental to the flavor of milk. 

Kewman (1930) exsmined three samples of milk with a 

bitter flavor and fo\md that they contained mainly organisms 

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

and produced a fluorescent blue-green, yellow or red pigment 

on agar plates. One type of colony was thin, flat and spread­

ing, while the other type was moist, raised, glistening and 

circular 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 ovalis. 

Henneberg (1931) listed the fluorescent group as one of 

the most common types of organisms causing spoilage of milk, 

butter and cheese in Germany. 

Orla-Jensen (1931) reported that Bacterium fluorescens 

liquefaciens frequently plays an important part in the de­

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

not spoil hutter xmder normal conditions. Bacterium fluores-

oens liquefaciens was listed as one of the most important fat 

hydrolyzing microorganisms. Since it is often added to butter 

by wash water or ice, he advised pasteurizing -wash water or 

treating it with chlorine. He also stated that this organ­

ism produces a turnip, tallow and sometimes a soap taste in 

milk; turnip flavor was frequently noted in milk that had been 

held at a low temperature. 

Rumment (1951) stated that numerous investigators have 

demonstrated that Bacterium fluorescens liquefaciens 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 absorbed more organisms from the wash 

water than sour cream butter; that the firmer the consistency 

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 

and decomposed the fat intensely at higher temperatures but 

only slightly at lower temperatures, while in sour cream 

butter (pH 4.2 to 4.3) it did not increase and the fat re­

mained unchanged in the cold but developed an unclean, tallow 

flavor and odor at higher temperatures. The fatty acids form­
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ed in butter were found to have a germicidal effect on the 

organism. 

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

taminated with them and when the milk is delivered daily; when 

the milk or cream is 2 or 3 days old, difficulty may arise 

even though 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 bacteria. 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 assurance that this type of 

spoilage would not occur. 

Henneberg (1931-1932) noted that protein decomposition 

without acid production is tjrpical 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 gelatin liquefying cultures sometimes do not li­

quefy gelatin when sugar is added. The presence of air also 
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favors an alkaline development, while the lack of air favors 

an acid fermentation. The action of two gram-negative, gel­

atin-liquefying fluorescent organisms 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; both grew well at 

6° to 8°C.; 7.5 per cent salt was endured by one organism 

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

terid 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 Pseudomonas fluorescens was one 

of the organisms capable of splitting fat. 

Hiscox (1936) reported that butter from the refrigera­

tion room of a ship was made into "pots" and became permeat­

ed mth a dark discoloration while being held in cold stor­

age. The discoloration sometimes occurred in the form of 

small blue-black areas 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 

0.55 per cent salt. The discoloration could be reproduced 

in laboratory samples held at cold storage temperature but 

not at 150C. or higher. Two gram-negative, motile, non-

spore-forming rod-shaped organisms, that were identical ex­

cept for slight differences in colony form, were isolated 
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from nutrient agar plates poured mtli the defective butter 

and incubated at 1° to SOC, No growth occurred at 370C., 

slight growth at 30OC., optimum growth but no pigment pro­

duction at 22®C. and slow but abundant growth and pigmenta­

tion at lo to 30c. Grovrth on an agar slope was clear, moist 

and slightly fluorescent in the early stages at 15oC., while 

at 1° to 30c. a slow development of violet-black pigmented 

gro'ivth occurred. A brown color diffused through the medium 

at all temperatures but was less abundant as the temperature 

increased. Colorless crystals of magnesivim phosphate develop­

ed on the surface of the medium as a result of the decomposi­

tion of peptone and the formation of ammonia. Gelatin was 

liquefied. Litmus milk was rendered alkaline, then reduced 

and digested. One to 2 per cent sodium chloride in the media 

was necessary for grovrth, 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 Pseudomonas or Chromobacter group. 

Stark and Scheib (1936) made a study of 486 cultures of 

lipolytic and caseolytic bacteria isolated from butter pre­

pared and held under known conditions. Among these were 40 

cultures that resembled Pseudomonas aeruginosa in physio­

logical properties. Thirty of these cultures produced a 

blue-green pigment, soluble in water, that turned dark brown 

with age and became red in the presence of acid. In testing 

for indol, a red color was produced but it was insoluble in 
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chloroform. The other 10 cultures were identical in all 

respects with the above type except that they produced a 

yellow pigment, slightly soluble in water, the color of 

which did not change in the presence of acid. Under the 

same conditions no blue pigment was produced by these cul­

tures. This group was assumed to be a variant of Pseudo-

monss aeruginosa. 

Storck (1936) found that alkali forming bacteria cons­

tituted an important part of the milk flora during the winter 

months when the population of acid forming bacteria is low. 

The Bacteriimi fluorescens group was one of the alkali form­

ing types present in raw milk, and 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 nitrate. Pasteuriza­

tion at 630G. for 30 minutes destroyed all of the alkali 

producing bacteria in milk except the spore-forming group. 

Hansen (1937) added 0.05 per cent of a culture of Pseudo-

monas fluorescens to milk used for cheese making and foxmd 

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 a dark room. The fluorescent colonies were indicat­

ed by marking the dish with a wax pencil; certain of these 

colonies 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 2500. for 72 hours were employed because 

these conditions were favorable for production of the fluoresr 

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 

follov/ed for staining flagella. 

Incubation 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 20° and 25^0. 

Absorption Spectra of Broth Cultures and Solutions 

of Certain Fluorescent Substances 

The adsorption spectra were made on centrifuged beef 

Infusion broth cultures after growing at room temperature 

for various periods. Similar measurements were also made on 

dilute solutions of fluorescin, 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 radiation. 

General Characteristics 

Action on litmus milk 

Tubes of litmus milk were inoculated lAdth the fluorescent 

organisms and incubated at room temperature. Observations 

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

pH and titratable acidity 

The pH determinations were made electrometrically with 

the glass electrode. The milk acidities were determined by 

titrating 18 gm. samples with N/lO sodium hydroxide and phenol-

phthalein and calculating as percentage lactic acid. 
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Fermentatlon of carbohydrates 

The fermentation of carbohydrates was determined by as­

certaining the ability of the organisms to produce acid in 

beef extract-peptone broth containing brom cresol purple and 

1 per cent of the test substance. The tubed solutions were 

heated in the autoclave at 10 pounds pressure for 15 minutes, 

then held 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 ability of the organisms was studied 

with gelatin and casein. Stab inoculations were made into 

tubes of plain gelatin and the type of liquefaction noted. 

Ability to digest casein was ascertained by making spot in­

oculations on plates poured with beef extract agar contain­

ing 5 per cent sterile skimmilk and observing for clearing 

of the agar around the areas of growth. 

Llpolvsis 

The hydrolysis of fat was determined by the nile blue 

sulphate procedure of Long and Hammer (1937). Both cotton­

seed oil and com oil were used. 
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Hemolysis 

The ability of the organisms to hemolyze red blood cells 

was determined by spotting the cultures on plates poured ^-d-th 

beef infusion agar containing 0.6 per cent sodi\mi chloride and 

5 per cent defribrinated ox blood. 

Nitrate reduction 

Duplicate tubes of beef extract-peptone broth containing 

0.1 per cent potassiimi nitrate were inoculated with each 

organism and incubated at room temperature. The tubes were 

examined for the evolution of gas at 12 hour intervals for 

48 hours and at each observation 5 ml. of culture was removed 

and a few drops of the follo-f/ving 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, 

formation of hydrogen sulphide 

Two procedures were employed to detect the ability of 

the organisms to produce hydrogen sulphide. One method con­

sisted of growing the organisms in beef extract-peptone broth 
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with a strip of lead acetate filter paper (soaked 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 trjrptone, iron agar 

(tryptone 20 gm., ferric ammonium citrate 0.5 gm., dipotassixom 

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

lution of trj^tone, after which the cultures were tested for 

the presence of indol by the Bohme (1905) technic. Incuba­

tion periods both shorter and longer than 5 days were used 

with some cultures. The Gore (1921) test was also employed 

with part of the cultures. 

Utilization of urea 

The ability of the organisms to decompose urea was de­

termined by ascertaining their ability to grow in a sjnthetic 

medium containing urea .as the only source of nitrogen. The 

first medium employed was essentially the V/aksman (1932) 

formula n-umber 1,. while the second medium used contained 0.5 

gm. magnesium sulphate, 0.5 gm. dipotassium phosphate, 1.0 gm. 

sodium citrate, 5.0 gm. dextrose and 10.0 gm. urea in 1000 ml. 

of distilled water, Jlfter incubating 2 weeks the cultures 
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were ezemlned for growth as indicated by turbidity and fluo­

rescence of the broth. 

Formation of catalase 

Formation of catalase was detected by placing 1 ml. of 

a B day old broth culture in a 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 catalase. 

Production of ammonia 

The organisms were gro\AM in beef extract-peptone broth 

for 5 days, then tested with Nessler's reagent to detect the 

presence of ammonia. 

Grov/th in Uschinskv* s medium 

The formula proposed by Uschinsky (1893) was used. The 

ability of the organisms to grow and produce fluorescence in 

this medixm was noted after incubating 2 weeks. 

Dlastatic 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 aro\and the 
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area of gro"wth denoted starch hydrolysis. 

Production of aoetylmethylcarhinol 

The ability 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. dipotassiiam 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 chlororaphlne 

The ability of the organisms to form chlororaphine was 

determined by grov/ing in the synthetic medium of Lasseur 

(1911) and noting whether crystals of this substance apipeared 

in the culture. 

Lactose Determination 

Lactose was determined by the Shaffer-Somogyi (1933) 

copper-iodometric method. 

Protein Breakdown in Skimmilk 

Total nitrogen was determined on the skimmilk serum by 
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the Aj'eldaiil method and aiaino nitrogen "by the Ten Sl3rke 

(1929) manometric method. The nitrogen was fractionated 

according to the procedure used by Lane and Hammer (1935) 

and by Long and Hammer (1936). Ammonia was determined by 

the Folin (1902) aeration method, as modified by Yen Slyke 

and 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 butterfat corresponds to the milliliters of 

N/lO potassium hydroxide required to neutralize the acid 

in 10 gm. of fat. 



www.manaraa.com

-87-

-EXPrniMMTM. 

Isolation of Fluorescent Bacteria from Dairy Products 

and Other Materials 

Attempts to isolate fluorescent iDacteria from fresh milk 

and cream and freshly made dairy products by plating directly 

were seldom 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 bacteria 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 tjrpes present in certain samples. 

It is, likevdse, probable that the organisms were not ob­

tained from all samples in which they existed because they 

could not always be detected when grov/ing on agar plates. 

Overcrowding of the plates with non-fluorescent types fre­

quently obscured the fluorescent colonies since they some­

times were not observed on badly crov/ded plates but were 

noted on plates poured with higher dilutions of the same 

sample. Deep subsurface colonies were not fluorescent be­

cause of an insufficient oxygen supply for pigment produc­

tion; pouring thin layers of agar in the plates overcame 

this difficulty to some extent. 
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Samples of raw and pasteurized milk and cream were held 

at 5® to 7*^0. for 3 to 6 days, then plated and, after incu­

bation, representative fluorescent colonies were picked. The 

results indicated that there vms a 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 50 to 70c. for 5 days; with some samples, 11 ml. of the 

melted ice cream was also added to 99 ml. of sterile water 

and held at 5° to 70C. for 5 days to allow growth to occur 

before plating. The plates were incubated 72 hours and then 

examined for fluorescent colonies. 

Both salted and unsalted creamery butter made with and 

without the use of butter culture were examined. Most of the 

samples Yrere 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 5 to 6 days, the milk was plated and the 
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plates later examined for fluorescent colonies. This method 

often yielded fluorescent organisms when direct plating of 

the sample failed. Most of the butter samples were held at 

El^G. for 1 week to determine the keeping qualities. These 

samples were again plated at the end of the holding period 

in an effort to obtain fluorescent organisms if they had 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 sample was not always successful because of the rela­

tively small numbers of the organisms in certain samples and 

because of overgrowth with non-fluorescent types in others. 

The addition of about 5 per cent sterile milk to a water 

sample with holding at 50 to 7^0. for a fev/ 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 

dairy 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 in a few cases. 

Milk 

Two hundred and seventy-four samples of milk delivered by 

producers to plants in Missouri and Iowa were examined and 178 

(65,0 per cent) gave positive results. A number of the samples 

contained mostly fluorescent organisms when plated after aging 

5 to 6 days at 5° to 7oC. The of©flavors present in such 

samples were 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 orgahisms under investigation. 

The organisms were also isolated from 11 (44.0 per cent) of 

25 samples of bottled pasteurized milk from different dairies 

in the two states. One sample contained essentially only 

fluorescent organisms in the aged milk. Since the fluores­

cent bacteria 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-^0. for 48 

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

rNumher of 
: samples 

Product ; examined 

; Fluorescent 
; bacteria 
: found in 
: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 cream 38 7 18. 4 

Freshly made sweet cream hutter 113 39 34, 5 

Butter not freshly made from 
sweet cream 72 20 27, .3 

Water - well 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. aerugihosa. 

Unpasteurized sweet cream 

The samples investigated were obtained from the producer 

deliveries to creamery and ice cream plants in Iowa and 

Missouri. Eighty-seven (58.4 per cent) of the 149 samples 

examined gave positive results. Fluorescent bacteria greatly 

predominated in several of the samples after holding; the 

off-flavors noted in these samples were cheesy, putrid, bitter, 

rancid and unclean. 

Unpasteurized sour cream 

Fluorescent bacteria were seldom fovmd in sour cream. En­

richment procedures were not tried with this product. The 

organisms 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 surroxmding 

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

lative increase in these organisms in the melted ice cream 

during aging. 

Freshly made sweet cream 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 of high quality and with but few exceptions 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 

samples. 

Butter not freshly made from sweet cream 

Seventy-two samples of butter of miscelleneous types from 

plants in Iowa, Missouri, Nebraska, and Oklahoma were examin­

ed, Fluorescent 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 certain 

defects. Seven of the samples were farm-made and two (28,6 

per cent) contained the organisms under investigation. The 

remaining 41 samples were made from sour cream; 22 were un­

salted, and some were prepared with the addition of butter 

culture; 11 (26.8 per- cent) of the samples yielded fluorescent 

organisms. 
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Water 

Fluorescent bacteria were found in essentially all land 

surface and well water samples investigated. Forty seven 

(95.9 per cent) of 49 samples collected from pasture ponds, 

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

roof of a building yielded these organisms. They were also 

obtained from 9 (75.0 per cent) of 12 municipal water supplies 

examined. 

Miscellaneous materials 

Fluorescent bacteria were isolated from 15 (94.0 per 

cent) of 16 samples of miscellaneous materials examined. These 

consisted principally of materials talcen from a dairy bam and 

surroundings and included dust from the air and floor, cow 

feces, soil, alfalfa, bedding, beet pulp, cottonseed meal, 

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

wheat and green barley. The organisms were also obtained from 

the leaves of wild crab and hawthome trees. Only one sample 

of each of the above materials was examined and all 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 organisms. 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 yarious sources were n\xni-

bered as follows: 

Milk (2£0), 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 

Miscellaneous materials (15), 458 to 471 inclusive; 503 

Iowa Agricultural Experiment Station (9) 472 to 480 in­
clusive; (Identified cultures of Pseudomonas and 
Phvtomonas species) 
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Influenoe of Various Factors on Fluorescence 

Composition of the medium 

A green, yellowish-green or bluish-green, fluorescent 

pigment was produced by all of the 505 cultures on beef in­

fusion agar and nutrient gelatin at a pH of 7.0 to 7.8 when 

incubated 3 days at 20OC, 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, likewise, 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 alkaline re­

action without proteolysis were fluorescent at the surface 

only, while acid-forming ciiltures were non-fluorescent after 

an acid reaction had developed. Fluorescence 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 1° to SOC., however, they all showed 

definite fluorescence, the intensity being rather prono\mced 

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 their 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 various substances. The 

incubation temperature used was 210C. All cultures produced 

fluorescence on beef extract-peptone agar but the intensity 

was very slight with some ciiltures. The amount of fluores­

cence produced by most cultures was increased 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, Naylpr and Hixon (1939) found phosphorus in 

all starch samples examined. Trjrptone agar had somewhat 

greater fluorescigenic properties than beef extract agar; all 

of the 73 cultures produced slight or moderate fluorescence 

on this mediimi. 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 0.1 per cent of both of these sub­

stances were added to the above agars the intensity of fluo­

rescence produced seemed to be increased slightly, at least 

with some cultures. 

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 a moderate or strong fluorescence after 3 

to 4 days incubation. In another trial, broth with a pH of 

11.2 before sterilization had a pH of 9.6 after steriliza­

tion; growth was rather slow in this broth but after 4 days 

many cultures were strongly pigmented and all were fluores­

cent to some extent. The cultures showed more of a bluish 

fluorescence at this high pH than was characteristic when 

grown at a lower pH. 

The ability to develop fluorescence on beef extract-pep-

tone agar and on beef extract-tryptone-dextrose-skimmilk agar, 

at a temperature of 210C., when the pH was varied was studied 

with 73 cultures, Fluorescence was lacking or only slight 

on beef extract agar at a pH of 7.0. When the pH of the me­

dium was adjusted to 8.5 (after sterilization), moderate 

fluorescence was produced by all cultures. When the pH of 

the medium was similarly adjusted to 10.0, all ciiltures (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 was raised to 8.5. 

Oxygen supply 

Subsurface colonies of pure cultures of fluorescent bac­

teria on beef infusion agar plates were always achromogenic, 
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while surface colonies of the same cultures were decidedly 

fluorescent. Suitable dilutions of 10 cultures were made and 
V 

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 

had 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 replaced with air 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 slight fluorescence when examined 

\mder ultra-violet light. Apparently sufficient oxygen was 

present to permit a 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 same organisms grown in 

natural light in a room §t essentially the same temperature. 
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Seventy-three cultures were streaked on beef infusion agar 

plates and the plates held in the diffused daylight on the 

ledge of a north window. During the night the plates were 

removed to a refrigerator, then returned to the window ledge 

during the day. The temperature on the window ledge was 

approximately 180 to 20^0. 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 tempera­

ture in the sunlight was too high for the growth of all but 

2 cultures. The temperature of the room was only 230C. but 

the temperature on the window ledge was sometimes as high as 

40OC,, even when the window was partly raised to admit out­

side air. The cultures that grew were both Pseudomonas 

aeruginosa and 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 370C., allow­

ing 3 days incubation. In general, fluorescence was very 

pronounced at lO^C. and tended to decrease as the incubation 

temperature was raised. All cultures were definitely fluo­

rescent at 20OC., but at 300C, fluorescence was rather slight 

in some cultures while others showed moderate fluorescence. 

Only 32 of the 73 cultures grew at 37^0. and 14 of these de­

veloped slight or moderate fluorescence. Cultures of Pseudo-
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TDonas aeruginosa failed to make sufficient growth in 3 days 

at lOOQ. to show any evidence of fluorescence. This species 

produced fluorescence at the other temperatures and was the 

only organism that developed fluorescence at 420C. 

Heating at 48.9^0, 

Fifty-four 1 day old cultures in skimmilk were heated in 

sealed tubes in a water bath at 48.9^0. 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 fluoreiscence on the agar. 

Age of the culture 

Pigment formation 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 \mtil about 

the third day. Four cultures, grown in beef infusion broth 

at room temperature, showed increasing density of the absorp­

tion spectra for 26 days. Between 26 and 42 days, two cul­

tures showed further increase 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 lo to SOC. but the agar usually acquired a 

slight reddish-brown coJLor as the cultures aged. Only three of 
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the 505 cultures lost their ability to produce fluorescence 

at 20O0, after being carried on beef infusion agar (with 

transfers to new slopes every 4 to 5 months) at 1° to S^C, 

for 2 years. One of these cultures (348) was weakly fluo­

rescent when isolated, while the other two (478 and 480) 

were obtained as pure cultures of Phvtomonas and had pre­

viously been carried on agar for an unknown period. These 

three cultures were fluorescent, however, when grown at lOOC, 

The other cultures showed no apparent decrease in their fluo-

rescigenic ability while being carried on beef infusion agar 

at 1° to SOC. for periods up to 3 years. 

Absorption Spectra of Broth Cultures and Solutions of 

Certain Fluorescent Substances 

Tour 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 

fluorescent pigment, culture 273 was non-proteolytic, while 

culture 376 produced pyocyanine. The cultures were inoculat­

ed into separate flasks of beef infusion broth and 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-

1 photometer which had a variable aperture graduated in terms 

I 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 

I tried at different concentrations and cell lengths upon cer-

j tain broths to ascertain if Beer's Law, I = (IQ = 

J incident light intensity, I r transmitted light intensity, 

I k r. specific extinction, c z. concentration and 1 s length of 

j cell), was obeyed. Beer's law was found to be obeyed by the 

I peak, so it was possible to multiply the density values by 

I 
1 the concentration factor and express them in terms of the 
I 3 I undiluted cultures. 
I 
I The absorption spectra of the 4 cultures at various time 

( intervals are shown in figures 1 to 4. The \minoculated 

} broth (figure l) showed a rather uniform absorption curve 

' with no peak and the density vras lower than the absorption 

i curves of the inoculated broths. All cultures regardless of 

I age had the same tjrpe of absorption spectra. An absorption 
s o 
' peak occurred at approximately 4,020A, after which there was 
f 
f 
I a decrease, then an increasing straight line absorption of 

I the ultra-violet waves. Wave lengths longer than 4,800^ were 

' only slightly absorbed. The density of the absorption curves 

? increased as the cultures aged with the exception that cul-

*Density a log lo/I = kcl. 
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CULTURE 14 

1. INCUBATED 2 
2. INCUBATED 
3. INCUBATED 
4. INCUBATED 26 DAYS 
5. INCUBATED 42 DAYS 
6. UNINOCULATED 

DAYS 
5 DAYS 

10 DAYS 

BROTH 
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Fig, 1, Absorption spectra of culture 14 
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CULTURE 241 

1. INCUBATED 2 DAYS 
2. INCUBATED 5 DAYS 
^ INriJRATFD innAY«> 

\ 4. 1N( 
-^5. IN( 

lUBATED 
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26 DAYS 
42 DAY S 
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Fig. 2v-^ Absorption spectra of culture 241 
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2o 
CULTURE 273 

1. INCUBATED 2 DAYS 
2. INCUBATED 5 DAYS 
3. INCUBATED lo DAYS 
4. INCUBATED 26 DAYS 
5. INCUBATED 42 DAYS 

28CO 3200 3600 4000 

WAVE LENGTH. X 

Fig. 3. Absorption spectra of culture 273 

CULTURE 376 
1. INCUBATED 2 DAYS 
2. INCUBATED 5 DAYS 
3. INCUBATED 10 DAYS 
A. INCUBATED 26 DAYS 
5. INCUBATED 42DAYS 

2o 

4800 5200 4000 4400 2800 3200 3600 
WAVE LENGTH, A 

Fig. 4. Absorption spectra of culture 376 
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tures 273 and 376 had curves of slightly lower density at 

42 days than at 26 days. The absorption curves of cxalture 14 

were the lowest while those of culture 576 were the highest 

in density of the four cultures at the different age inter­

vals. 

Figure 5 shows the absorption spectra 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-
o 

tures had slight absorption peaks at about 3,200 and 3,650A. 

After the pyocyanine had been removed from the 10, 26 and 42 

day broth cultures 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 is 

sometimes referred to as fluorescin and sometimes as flavine. 

It was thought that a comparison of the absorption spectra 

of a solution of each of these substances with the absorp­

tion spectra of broth cultures of fluorescent bacteria would 

indicate whether the fluorescent bacterial pigment is the 

same or similar to either of these compounds. Tluorescein 

was included since it is fluorescent and differs in composi­

tion from fluorescin only in that it contains two less hydro­

gens in the molecule. Riboflavin was used because it could 

be obtained in chemically pure form. The absorption spectra 
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of diacetyl 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 alkaline with potassium hydroxide. 

Two mg. of fluorescin, fluorescein or riboflavin or 

0.1 ml. of diacetyl was dissolved in 100 ml. of beef infusion 

broth at pH 8.0 and the absorption spectra determined. The 

broth was adjusted to pH 8.0 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 broths containing fluorescin or fluorescein were sim-
o 

ilar with pesJcs at about 4,900A. The riboflavin broth had 
o < 

two slight peaks at about 3,700 and 4,650A. 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 bacteria. 
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Fig. 5. Absorption spectra of culture 376 
extracted with chloroform 
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1. UNINOCULATED BROTH 
2. FLUORESCIN-- 2MG. PER 100 ML BROTH 
3. FLUORESCEIN -2MG. PER lOOML. BROTH 
4. RIBOFLAVIN --2MG. PER lOOML. BROTH 
5. DIACETYL .1 ML. PER lOOML. BROTH 

2800 3200 3600 4000 4400 

W A V E  L E N G T H ,  A  

4800 5200 

Fig. 6^ Absorption spectra of fluorescent 
substances. 
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General Cliaraoteristics of the Fluorescent Bacteria 

Morphology. (Cultures grown 1 day at 200C. on beef infusion 
agar) 

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

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

Motility: Motile: 1, 2 or 3 and occasionally 5 polar 
flagella; 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 groivn 2 days at £0OC.) 

Agar slant: Growth characteristics varied 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 yelloVidsh-green and fluorescent. 
After 5 days some cultures developed a reddish-
brown on black pigment. 

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

; 

(c) Abundant, spreading, raised, orange-brown and 
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 
and usually pimctiform unless located at 



www.manaraa.com

-110-

Agar colonies: the agar-gless boundary, when they were 
(continued) larger, circular and flat. 

Surface colonies varied somewhat -with 
the different cultures but were usually 
2 to 5 mm. in diameter, circular, con­
vex, smooth-surfaced with edges entire, 
butyrous or viscid and opaque. Some 
cultures formed colonies that were 
(a) irregular, thin and spreading, 
smooth-surfaced, lobate, and translu­
cent, (b) irregular, mucoid and opaque 
or (c) circular, convex, rough-surfaced, 
edges wrinkled and grayish. More than 
one colony type was sometimes formed by 
certain cultures on the same plate. 
All colonies were fluorescent. 

Growth in beef extract-pentone broth 

The organisms regularly produced moderate or heavy cloud 

ing in beef extract-peptone broth with a rather abmdant, 

compact or flocculent sediment. Surface groivth was either 

flocculent or membraneous; the pellicle formed varied from 

friable to firm or leathery. A putrefactive odor was usual­

ly produced; some cultures formed an odor suggestive of indol 

Growth temT?eratures 

The minimum and maximum growth temperatures were ascer­

tained by inoculating the cultures into beef-extract-peptone 

broth and holding at 3o, 7°, 52*^, 37°, 42° and 45°C., then 

later exsmining for the development of turbidity. An in­

cubation period of 14 days was allowed for the two lowest 

temperatures and 5 days for the other temperatures. The 

number of cultures that grew at -different temperature ranges 
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v/ere as fol lozrs: 

i Gromrfch temperature range: 
30-520C. 30-37OC. 7O-37OC. 

Number of cultures: 
233 208 27 

Four hundred and forty-one of the 505 cultures grew at 

i 30c., while all cultures grew at 70C. All cultures likewise 
j 

I grew at 320C., while 235 cultures grew at S7oC., 22 grew at 
i 
I 
5 420C. and 15 grew at 45^0. 

' G-ro¥rbh of selected cultures in skiminilk at 50 and 21^0. 
\ 
I 
I 
i Skimrailk was sterilized in 100 ml. quantities in bottles 

f with a screw cap and then cooled to 5o or 21^0. One bottle 

I at each temperature was inoculated with 0.1 ml. of a 12 hour 
} 
I broth culture of a fluorescent organism, 10 selected cultures 
i 

i being used in the study. Iimnediately after inoculation each 

j bottle was thoroughly shaken and then plated on beef infusion 
I 
i agar. One set of cultures was placed in a refrigerator with 

; an average temperature of 5^0. , while the other set v/as plac-

I ed in a 21^0. incubator. At 24 hour intervals the samples 
,1 
I 
} were well mixed, plated and the flavor noted. The examina-

j tion was continued for 1 week or until an objectionable flavor 

i developed. The results obtained are presented in table 2. 

{ Eight of the 10 cultures grew fairly rapidly in steri-
I 
> 
i lized skimmilk at 5^0., and the counts continued to increase 

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

70-420C. 70_450C. 

22 15 
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Table 2, Gro^vth of Selected Cultures in Skiramilk at 5*^ and 21^0. 

• 
• 

Culture: 
Bacteria per ml. (000 omitted) after • 

• 

Culture: 0 hr. : 24 hr. : 48 hr. : 72 hr. : 96 hr. : 120 hr. :144 hr.: 168 hr. 

Held at 50C. 
42 37 840 8 ,200 32,000 58,000 120,000 170,000 230,000 
65 68 S ,000 28 ,800 54,000 144.000 390,000 560,000 620,000* 

110 148 280 450 960 1,170 1,450 2,200 3,400 
175 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 96,000 171,000 210,000 
335 32 2 ,300 6 ,600 24,300 47,000 65,000 140,000 224,000 
354 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 84 3 ,600 29 ,400 63,000 140,000 230,000 380,000 540,000* 

Held at 21^0. 
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 
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 — 

I (-» 
H 
W 
I 

^Denotes when off-flavor first appeared in milk. 
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cluding cultures 110 and 376, wtiich 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 

flavor at the end of 168 hours. 

At 210C. the counts increased rapidly in all samples dur­

ing the first 2 days and 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 change usually noted in the samples was a bitter 

flavor, followed by digestion or sv^eet curdling, with curdling 

usually conspicuous. After further holding the flavor be­

came decidedly bitter, CLuinine-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 

"'.'^hite or yellowish-white sediment and a putrid odor; digest­

ed portion usually wine colored at first, becoming light or 

dark amber or green after several days, the color varying 
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somewhat with the incubation temperature and the amount of 

aeration (313 cultures). 

b. Same as (a) except that the digested portion was 

amber colored and the odor resembled indol (18 cultures). 

c. Alkaline reaction slowly developed, with no apparent 

proteolysis and no off-odor; color bluish-grey after 10 to 

El days, with a white sediment (75 cultures). 

d. Alkaline reaction slowly developed, with slight di­

gestion evident after 10 to 81 days; color grey to bluish-

grey (13 cultures). 

e. Slight alkaline reaction after 5 days followed by an 

acid reaction but usually no coagulation after 21 days; no 

reduction except at base of tube (50 cultures). 

f. Fomation 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 carbohydrates 

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 £5 (5.0%) Salicin 0 

Galactose 376 (74.5%) Maltose 37 (7.5%) Sucrose 19 

Glycerol 0 Mannitol 0 
(3.8%) 

Xylose 476 

Inxilin 0 Mannose 2£4 (44.3%) 
(94.3%) 
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Cultures that attacked dextrose usually fermented 

zylose, but there were some exceptions. Cultures that fer­

mented galactose also fermented dextrose or xylose and us­

ually both of these materials. Levulose and sucrose, 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 alkaline reaction 

due to formation of ammonia. Some cultures developed an acid 

reaction at the surface of the tube only and this sometimes 

existed for only 1 or £ days before being replaced by an alka­

line reaction; individual cultures often shov:ed 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 

necessary in order to detect the positive cultures with any 

degree of accuracy. This indicates 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 lactose in skimmilk 
and lactose broth 

An attempt was made to ascertain whether cultures that 

developed an 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 and 

1 per cent lactose-beef extract-peptone broth were steriliz­

ed in 100 ml. quantities in cotton plugged Erlenmeyer flasks. 

One flask of each medi-um was inoculated with a selected cul­

ture, and after 5, IS and 23 days at room temperature each 

culture and an iminoculated flask of each medium were analyzed 

for lactose by the Shaffer-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 was de­

termined. 

The data obtained on the skimmilk cultures are shown in 

table S, 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 all 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 also developed a titratable 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 0.62 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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Table 3. Utilization of Lactose by Fluorescent 
Bacteria in Skimmilk 

: Held 5 days : Held 13 days : Held 23 days 
Cul­ :Mg. lactose • • :Mg. lactose ; :Mg . lactose • • 

• • Acid­
ture :-Der 100 ml. : TDH :-Der 100 ml. ; tdH :-Der 100 ml. : T)H ; 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 5.85 0.51 
95 3639.0 6.57 3469.9 6.33 2939.0 6.29 0.42 

1£4 2867.7 6.31 2624.9 6.13 2354.0 5.78 0.62 
219 3643.3 6.43 2648.3 6.11 2590.9 5.84 0.50 
254 3418.3 6.39 2878.9 6.29 2838.3 6.28 0.31 
246 2448.3 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 0.57 
266 3639.9 6.54 3078.3 6.49 2868.3 6.45 0.55 
291 3418.3 6.53 3038.4 6.54 2940.0 6.55 0.29 
303 4763.3 6.41 2741.7 6.38 2629.9 6.02 0.42 
323 2403.3 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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Table 4. Utilization of Lactose by Fluorescent 
Bacteria in Lactose Broth 

; Held. 5 days : Held IS days : Held 25 days 
Cul- :Mg. lactose: :Mg. lactose: ;Mg. lactose: 
ture :t)er 100 ml.: "pH :t)er 100 ml»: t>H tper 100 ml.: -pH 

Control 1026.3 6.64 1025.0 6.65 1026.0 6.63 
42 661.8 7.55 237.1 8.40 97.4 8.35 
95 330.9 8.18 122.2 8.71 38.5 8.72 
124 882.5 8.07 95.5 8.63 •• 67.5 8.59 
219 551.4 7.90 66.9 8.59 13.4 8.54 
2S4 441.5 8.20 42.0 8.72 12.1 8.70 
245 661.8 8.06 85.6 8.54 13.0 8.52 
253 242.7 7.93 120.9 8.61 85.5 8.57 
266 882.5 8.19 596.7 8.53 51.4 8.55 
291 121.3 7.44 87.7 8.40 12.9 8.39 
303 860.4 7.62 110.5 8.54 78.2 8.51 
323 769.2 7.73 74.2 8.52 • 18.5 8.52 
332 507.4 8.19 461.7 8.58 67.5 8.59 
356 551.5 8.38 237.0 8.67 62.4 8.64 
387 705.9 7.64 79.4 8.50 11.1 8.44 
492 441.3 7.87 169.7 8.63 44.8 8.63 
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tents of the different cultures varied from 11 mg. to 97 mg. 

per 100 ml., compared to 1026 mg. in the control. All cul­

tures showed a decided increase in pH after 5 days incubation 

and an additional small increase during 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 8.4-0 to 8.72 after 13 days. 

Proteolysis 

Of the 505 cultures, 384 liquefied gelatin. All cultures 

that liquefied gelatin also showed a clearing around the area 

of growth on milk agar plates and vice versa. The niariber of 

cultures that produced various types of gelatin liquefiication 

are given iii the following summary: 

No. of: Type of gelatin liquefaction 
cul- :None Cratarifcim Infundibuliform Napiform Stratiform 

tures : 181 46 185 18 135 

In general, cultures that produced infundibuliform or 

stratiform liquefAcation v;ere strongly proteolytic and usually 

completely liquefied the gelatin in 4 or 5 days. On the other 

hand, cultures that produced only craterlform or napiform li-

quefacation were usually weakly proteolytic and liquefied only 

the upper portion of the gelatin tube during the observation 

period of about 1 week. 
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LlTiOlysls 

The nijmher of cultures that hydrolyzed com oil and cot­

tonseed and the extent of lipolysis are as follows: 

Fat Extent of fat hydrolysis Fat 
-  /  / /  

Fat 

Nmber of cultures 
Com oil 
Cottonseed oil 

191 21 155 158 
191 50 151 15S 

- Z fat not hydrolyzed (fat droplets red colored) 

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

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

// ~ fat hydrolS^zed in medium surrounding area of growth 

Considerable variation existed in the lipolytic ability 

of the different cultures. In general cultures that attacked 

one oil also attacked the other, but slight variations exist­

ed in the extent to which the two fats were hydrolyzed by a 

few organisms. 

Hemolysis 

Fifty-nine of the 505 cultures hemolyzed bovine red blood 

cells. Eleven cultures produced a narrow zone of hemolysis 

that extended only about 1 mm. beyond the area of growth, 

while 48 cultures formed a broad zone of hemolysis that ex­

tended from 1 to several mm. beyond the colony border. 
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Nitrate reduction 

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 to the liberation of nitrogen 

gas. It was necessary to test for nitrite at comparatively 

short intervals (l£ 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 that liberated nitrogen gas; freq.uent checking 

of these cultures, however, showed that they all reduced the 

nitrate to nitrite before gas was produced. 

Formation 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 streaked 

on tryptone, iron agar, however, 30 cultures gave a strong 

test for hydrogen sulphide and 11 cultures gave a moderately 

positive reaction. 

Production of indol 

Several cultures showed a slight red color in the Bohme 

test, but the reactions were not very definite. With the 

Gor^ method one culture gave a slightly positive reaction; 

when retested several months later this culture alsp was 
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negatire. Sandiford (1937) pointed out that the Bohme test 

for indol generally gives a false positive reaction with cul­

tures of Ps» aeruginosa because of the acid in the reagents 

used. Apparently the odor suggestive of indol that is pro­

duced in various media (including milk) is not due to this 

compound. 

Utilization of urea, formation of catalase. nroduction of 
ammonia and CTOwth in Uschinslcv*s medium 

All the 505 cultures utilized urea as the only source of 

nitrogen, formed catalase in liqxiid media, produced ammonia 

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 able to produce a fluorescent pigment in a me-

di\3m containing magnesiirai, sulphate and phosphate ions and a 

suitable source of nitrogen. 

Diastatic action, production of acetylmethvlcarbinol and 
formation of chlororaDhine. 

Starch -was not h3rdrolyzed by any of the cultures under 

the conditions employed. All CTiltures, likewise, 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 medium, but a few white crystals of an 

unknovm substance developed in some cultures. 
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General Resistance of Fluorescent Bacteria 

ViaMlity in culture media 

Tlie individual cultures of fluorescent bacteria varied 

considerably in the period that they remained alive in or on 

laboratory media -without being transferred to fresh media. 

In trials ̂ -idth selected cultures, the cultures of Ps. aer­

uginosa were the least resistant, while certain cultures that 

produced an alkaline reaction in milk without digestion were 

intermediate in this respect. The Ps. aeruginosa cultures 

seldom survived longer than 4 to 5 months on beef infusion 

agar slopes at 1° to S^c.; the remaining cultures, vdth the 

exception of. a few of the non-proteolytic ones, usually 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 lo to SOQ. 

The 505 cultures all survived in beef extract-peptone 

broth for 3 months at 1° to S^C., but SO of the cultures were 

dead at the end of 4 months. The cultures that died includ­

ed all of the 17 Ps. aeruginosa 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 lo to 3°C, were 

all alive after 6 months; the original 10 ml. of milk in the 

tubes held at room temperature had evaporated to 1 to 2 ml. 
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after 5 months and, 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 contained viable fluorescent organ­

isms after 6 months at 1° to 3^0. Nine other samples of 

butter prepared as above except that two were salted yield­

ed fluorescent bacteria when examined after 4 months at 21oc. 

Resistance 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 placed 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-peptone 

broth and streaked on beef infusion agar to determine ster­

ility. 

Forty-three of the 90 cultures survived an exposure of 

5I.7OC. for 30 minutes while 20 cultures survived at 54.4^0.; 

8t 57.200., however, all cultures were destroyed. Fifty-four 

of the 90 cultures were also exposed at a temperature of 

48.900. for 30 minutes and nine were killed. A culture iso­

lated from a bottle of pasteurized milk in which fluorescent 

bacteria predominated was destroyed at 51.7^0. for 30 minutes. 
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The lieat resistance of several cultures was also de­

termined using 2 day milk cultures grown at room temperature 

and 2 or 3 day milk cultures grovm at room temperature for 

1 day and then held at 1° to 30C. 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 follo^dng manner: 

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 organism, grown at 21°0., 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 agitated. 

At the end of 2.5, 5, 7.5, 10 and 12.5 minutes, 1 ml. was re­

moved from each bottle and added to a 99 ml. sterile water 

blank for dilution before plating or (according to the chlo­

rine strength and period of exposure) placed directly in a 

petri dish containing sufficient sterile sodium thlosulfate 

solution to neutralize the available chlorine present (0.5 

ml, of a 1 per cent solution xvas 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 S days at S1°C. the colonies were counted and the 

nmber 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 estimated by determining the number of 

organisms in the original 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 73,000 to 960,000 per ml. In general, 

the fluorescent bacteria were readily destroyed by chlorine 

and there was no noticeable difference in the resistance of 

the eight cultures used. A concentration of 2.5 parts per 

million of available 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 fair­

ly rapid but a few viable cells generally remained after 12.5 

minutes exposure. The organisms were usually destroyed with­

in 5 minutes in solutions containing 10 parts per million and 

within 2.5 minutes in solutions containing 15 parts per mil­

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

Tolerance of sodium chloride 

The amount of sodiimi chloride in the medixam required to 
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Table 5. The Resistance of Fluorescent Bacteria 
to Chlorine. 

Available: 
chlorine 
(•p.D.m.) 

• 
• Bacteria • per ; ml. after chlorine 

(•p.D.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 
15 200,000 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.jiO min»''';2«5 min«:5 min. :7.5 min.:10 inin.:12.5 min. 

Culture 241 

2. 5 73,000 2,270 760 130 30 1 
5 73,000 90 30 70 10 1 
10 73,000 60 30 5 1 
15 73,000 40 1 1 — «» 

Culture 273 

2. 5 430,000 2,700 300 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 1 

10 215,000 20 20 1 1 
15 215,000 10 1 1 -

Culture 376 

2. 5 147,000 24,000 510 170 40 3 
5 147,000 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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inhiMt 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 agar in petri dishes and the plates incubated for 5 

days. The 505 cultures all grew on agar containing 4 per cent 

sodiiim chloride, but 40 cultures failed to grow when the so-

diimi chloride content was increased to 6 per cent. No higher 

concentrations of sodium chloride were tried with the solid 

mediimi. 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 6 per cent; only nine cultures showed evi­

dence of growth in 8 per cent sodium chloride broth after 10 

days, and with five of these cultures the turbidity produced 

was slight. 

Ability to pirow in alkaline 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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likev/ise, 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, likemse, all grew in the broth at a pH 

of 9.6, but growth was not apparent in some cultures until 

2 to 3 days incubation. The reaction of the medium decreased 

to a pH of about 8.S after considerable growth had occurred. 

Irregular and inconsistent results were obtained when 

the cultures were streaked on agar at a pH of 4.5 to 5.0,and 

for that reason the data are not included. The ntmiber 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 was initiated at the surface 

and then gradually extended downward as the cultures aged. 

The pH of the medium increased considerably during the first 

feviT days as is illustrated by the pH measurements made 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, y/hile 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 medi-um 

at a low pH. Skimmilk was sterilized in 2 liter Erlenmeyer 
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flasks and, after cooling, the railk in individual flasks was 

adjusted to a pH of 6.0, 5.5 or 5.0 by the addition of sterile 

N/l lactic acid. About 1 hour was allowed to elapse after the 

first acid was added before the final 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 a 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 shorn in table 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., v;hile 

after 96 hours the variation in coiants in the same samples 

ranged 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 5.56. Six cultures developed a bitter 

flavor in milk at a pH of 5.0 after 96 hours and four of 

these coagulated the milk. 
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Table 6. Growth of Fluorescent Bacteria in Milk 
at Different pH Values 

Hours Bacteria per ml. Hours Bacteria per ml. 
held (000 omitted) at uH held (000 omitted) at pH 
at ElOC. 6.0 ; 5.5 : 5.0 at 21^0. 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 1,150,000 820,000 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 £70 314 295 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 ,360,000 910,000 330,000 96 6 ,100,000 1,170,000 540,000 
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Protein Breakdown in Skimmilk 

The protein brealcdovra in skimmirK by fluorescent bacteria 

was studied v;ith five representative cultures. Culture 273 de­

veloped an alkaline reaction in milk and was non-proteolytic, 

culture 142 produced an acid reaction in milk with no evidence 

of proteolysis, culture 576 digested milk slowly and developed 

an indol-like odor, culture 241 digested milk fairly rapidly 

and produced a brovm color on nutrient agar, 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 after cooling the weight of each bot­

tle and its contents was recorded. Several bottles were then 

inoculated with each culture and incubated at 21^0. { and 5°C. 

with culture 354) for different periods. After incubation, 

the weight of each bottle was restored with distilled water, 

2 ml. of glacial acetic acid was added and the bottle heated 

in boiling water for 10 minutes, with frequent agitation. The 

culture: was then cooled and filtered through paper after which 

the following determinations were made on the ser\mi: 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 xwre 

expressed as milligrams of nitrogen in 5 ml. of serim. The 

data, except for cultures 142 and 273, are presented in table 7. 
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Table 7. Protein Breakdov^n in Skimmilk. 

nitrogen in 5 ral. ser"um 
* 
• Total :Nitroffen fractionated into sol. & insol. TDortions v/ith : Amino, : NHg 

Cul­ Days:nitro-:Trichloracetic acid:Ethyl alcohol :Phos"Dho time Stic acid :nitro~ :nitro-
ture held: ^en : Sol. : Insol . : Sol. :Insol. : Sol. : Insol. : sen : sen 

Held at 21°C. 
Check £ 5.4 3.6 1.8 0.6 4.7 1.0 4.5 0.274 
Check 14 5.3 3.6 1.6 0.5 4.7 1.0 4.3 0.267 
£41 2 5.5 . 3.8 1.6 0.5 4.9 0.9 4.4 0.275 
241 5 5.6 4.0 1.4 0.7 4.8 1.1 4.6 0.299 ... 
E41 14 5.6 4.5 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 4.5 1.228 .701 

354 2 5.9 4.1 1.9 0.9 4.8 1.2 4.6 0.612 
554 5 6.2 4.7 1.4 0.8 5.3 1.4 4.7 3.639 
554 14 6.8 5.2 1.4 1.0 5.7 1.9 4.8 3.222 .923 
354 1 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 mmwm 

376 5 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 
576 21 5.9 4.1 1.7 1.1 4.8 1.6 4.3 0.686 .489 

Held at 50C. 
Check 14 5.4 3.6 1.7 0.5 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 5 6.0 4.2 1.6 1.2 4.8 1.2 4.8 0.245 
354 14 6.5 4.6 1.6 1.4 4.9 1.7 4.5 0.743 .195 
354 21 6.7 4.9 1.7 1.8 4.8 2.0 4.7 1.511 .597 
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As vrauld be expected, cultures 142 and 273 produced no 

significant cMnges in the nitrogen fractions of the milk 

serm during 21 days incubation at 210C. Cultures 241, 354 

and 375 produced similar changes in the nitrogen fractions 

at 21^0., hut the changes were the most extensive with cul­

ture 354. The changes produced were an increase in total 

nitrogen, amino nitrogen, ammonia nitrogen and the nitrogen 

fractions soluble in the three reagents used. Increases in 

total nitrogen, amino nitrogen and ammonia nitrogen v/ere the 

most significant changes produced by the three organisms at 

2loC. and with culture 354 these changes (except for ammonia 

nitrogen which was not determined) v/ere very evident after 

2 days. At 5^0., culture 354 showed similar, but less exten­

sive changes in the nitrogen fractions. 

Action on Butter of Selected Cultures of 

Pluorescent 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 of the test or­

ganism had been added was churned, washed and worked in ster­

ile equipment using sterile water. Tvra per cent of sterile 

salt was added to a portion of the butter from,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 tlie samples of butter were placed in sterile 

petri dishes and held at 210C. end the changes in flavor not­

ed during 7 days; the unsalted butter made without the use 

of butter culture was also held at 1° to 3^0. and the changes 

in flavor noted during 28 days. The acidity of the fat in 

the unsalted samples prepared vd.thout the use of butter cul­

ture was determined at once and after 7 days at 210C. The 

acidity corresponds to the milliliters of N/lO potassium 

hydroxide required to neutralize the 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 21^0. The off-flavors were usually evident after 

2 days but sometimes did not appear until near the end of 

the holding period. At lo to 3<^C., off-flavors were produced 

by 21 cultures during the 28 days that the samples were held. 

The addition 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 organisms but not by 

others. The off-flavors did not develop as rapidly and were 

usually not as pronounced, however, when butter culture or 

salt was used as when the butter was made without these in­

gredients. . VlTien 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 21^0., while in salted butter 25 cul­

tures produced flavor defects. 
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Table 8. Action on Butter of Selected Cultures of Fluorescent 
Bacteria. 

Flavor of butter after holding :Acidity of fat 
: 28 days 7 days at 210C. : :Butter 
: at : 10/^ butter : :Ori- ;held 
: 10 to soc. : culture : £% salt rginal :7 days 

Culture: : in cream :in butter :butter;at 210C. 

1 good putrid si. putrid good 0.70 2. 20 
5 si. putrid putrid. rancid si. putrid good 0.70 3. 40 
10 good si. putrid imclean good 0,70 0. 75 
20 good cheesy si. rajicid good 0.70 1. 30 
25 good putrid. rancid si. putrid good 0.70 3. 10 
29 good cheesy unclean good 0.70 1. 60 
S6 good putrid, rancid si. putrid good 0.70 2. 70 
61 si. rancid rancid si. rancid si. rancid 0.80 7. 60 
69 good si. putrid good good 0.80 1. 00 
83 si. putrid putrid putrid si. putrid 0.80 2. 30 
99 si. rancid rancid rancid rancid 0.80 4. 40 
109 si. putrid putrid putrid putrid 0.80 2. 50 
120 good putrid good good 0.80 0. 80 
134 si. rancid rancid si. rancid si. rancid 0.33 4. 60 
142 good unclean good good 0.33 0. 35 
151 si. putrid, fruity. rancid good si..putrid, 0.33 1. 65 

si. rancid si. rejicid 
160 unclean putrid. fruity unclesji unclean 0.33 0. 35 
17a good unclean ,fruity unclean xinclean 0.33 0. 60 
187 rancid rancid si. rancid si. rancid 0.33 10. 35 
196 rancid rancid rancid rencid 0.33 16. 90 
205 rancid rancid si. rancid si. rancid 0.33 8. 40 
217 good fruity fruity fruity 0.80 0. 90 
223 si. putrid putrid good good 0.80 2. 70 
241 rancid rancid si. rancid si. rancid 0.80 10. 60 
252 good rancid good good 0.80 3. 00 
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Table 8 (Continued) 

Flavor of butter after holding. :Acidity of fat 
28 days : . 7 days at 210C. • '• 

• • Butter 
at lOfo butter :Ori- : held 

lo to 30c. culture : Z°/o salt :ginal : 7 days 
Culture in creem tin butter :butter:at 21^0 

259 rancid rancid si. rancid si. rancid 0.80 12.00 
262 good rancid rancid good 0.33 4.00 
266 good cheesy, rancid good good 0.33 2.30 
268 good fruity, rancid fruity,rancid good 0.33 1.05 
270 good good good good 0.33 0.54 
281 si. rancid fruity,putrid, putrid,rancid si. putrid, 0.33 1.Q5 

rancid si. rancid 
285 good good good good 0.33 0.30 
291 fruity putrid,fruity si. putrid si. putrid 0.33 0.32 
299 good putrid, rencid putrid,rancid rancid 0.43 3.75 
303 good putrid,bitter good si. 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 si. putrid. putrid,rancid si. bitter good 0.43 1.70 

si. rancid 
363 si. rancid putrid,bitter si. putrid si. putrid 0.43 2.70 
374 good putrid,bitter si. putrid si. 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 si. rancid good 0.40 2.20 
453 good rancid si. rancid si. rancid 0.40 5.20 
481 good rancid si. rancid si. rancid 0.40 2.70 
490 good putrid,bitter si. putrid good 0.40 1.40 
503 good si. cheesy good good 0.40 0.80 
508 good unclean good good 0.40 0.40 
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The flavors that developed in the samples of imsalted 

butter made v.dthout the addition of butter culture and held 

at 210C. were putrid, cheesy or xmclean (IS), putrid and 

bitter (6), putrid and rancid (7), rancid (13), fruity and 

rancid, putrid or unclean (5) and fruity (2). More than 

one off-flavor v/as sometimes evident in individual butter 

samples and the flavors present often changed as the samples 

aged. Cheesy or slightly putrid flavors were present in 

certain samples when fairly fresh, but upon further aging 

only a rancid flavor was evident. The samples that developed 

a decided putrid flavor, however, continued to show tbis de­

fect throughout the holding period even when rancidity was 

later produced. The putrid or putrid and bitter flavors were 

quite pronounced in some samples and were very offensive. 

Seven cultures that hydrolyzed corn oil end cottonseed oil and 

increased the acidity of the fat developed only a putrid fla­

vor in the butter; presum.ably, the flavor from the free fatty 

acids v/as submerged by the pronounced putrid flavor. The ran­

cid flavor was quite intense in the 13 samples that developed 

only this type of defect and was correlated -with a high acid 

nimber of the fat. A fruity flavor occurred in several sam­

ples along v/ith other flavors but ' two samples developed only 

this flavor. 

The acidity of the fat v/as below 1.0 in 20 samples (none 

of which were rancid) between 1.0 and 2.5 in 13 samples (6 of 

which were slightly rancid), between 2.6 and 5.0 in 11 samples 
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(9 of v/hich were rancid), between 5.1 and 10.0 in 3 samples 

(all of whicli v/ere rancid), and above 10.0 in 5 samples (all 

of v/hich were rancid). 

Culture 291 produced a bluisli-purple color on the sur­

face of unsalted butter v/ithin. 5 days at Sl^C. The color 

darkened somewhat upon aging, becoming bluish-black after 

2 to 3 weeks. The coloration did not extend more than 2 to 

S millimeters in the butter, but the entire surface of the 

butter in the container was affected. 

Culture 346 developed a salmon-pink color in unsalted 

butter within 1 week at 21oc. The color extended throughout 

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

Keeping Qualities of Fresh Sweet Cream Butter 

Containing Fluorescent Bacteria 

One hundred and thirteen samples of freshly made sweet 

cream butter representing different chumings from several 

Iowa creameries were obtained at monthly intervals from Jan­

uary to May of 1938. Both unsalted and lightly salted sam­

ples, m.ade with and without the use of butter culture, were 

included. The samples v/ere collected by a marketing organ­

ization in sterile one-half pint milk bottles and sent to the 

laboratory. Soon after the samples arrived part of the butter 

in each bottle was removed for bacterial analji-sis and the re­

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

6 to 8 days. At the end of the holding period an effort was 

again made to isolate fluorescent bacteria from the samples 

that had not previously yielded them. 

Fluorescent bacteria were obtained from 39 (34.5 per 

cent) of the 113 samples examined; the organisms were iso­

lated d'irectly from 22 of the original butter samples while 

they vrere obtained only by enrichment procedures from the 

other 17 samples. The changes in flavor during the holding 

of the samples that yielded fluorescent bacteria and the num­

bers of non-butter culture organisms in the original butter 

are shomii in table 9. 

Nineteen of the 39 samples that contained fluorescent 

bacteria developed flavor defects at £1°C. during 6 or 8 days 

holding. With six samples, the off-flavors present (musty, 

stale, cheesy, bitter and unclean) were slight and were not 

evident uiitil near the end of the holding period. One sample 

had a phenol flavor after 2 days which persisted during the 

remainder of the observation period but it is probable that 

this was not of bacterial 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 skvink odor was 

found to be caused by a non-fluorescent organism. 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 
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Table 9. Keeping Qualities of Fresh Sweet Cream Butter 
Containing Fluorescent Bacteria. 

:No. non-butter Flavor -

Sam­:culture org's. of Flavor after h51ding at 21^0. for 
ple : per ml. oripdnal butter 2 days : 4 days : 6 days : 8 days 

1 21,100 butter culture good good good good 
2 1,770 si. coarse good good •good good 
5 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 s we e t,un s a11 e d cheesy- rancid rancid rancid 
8 14,500 good good good good good 
9 780 good good good good si. musty 
10 85,000 sweet ,unsalted good good good stale 
11 150 good good good good good 
12 1,400,000 sweet ,imsalted cheesy,rancid rancid rancid — 

15 5,800 sweet,si. feed phenol si.phenol si.phenol — 

14 2,500 butter culture good good good — 

15 S,800 coarse good good good — 

16 2,100,000 swe e t, ujn sal t e d good good good good 
17 1,800,000 svreet ,un salted skunk skunk skunk,rancid skunk,rancid 
18 9,500,000 cooked, coarse good skunk si. rancid rancid 
19 2,500,000 cooked, coarse good skunk skunk skunk,rancid 
20 4,900,000 sweet jUnsalted good si.cheesy si.cheesy cheesy 
21 4,200,000 svreet ,uns&lted good good good good 
22 17,600,000 sweet ,unsalted good good good good 
23 12,000,000 feed si. rancid si.rancid rancid rancid 
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Table 9 (Continued) 

Sam­
ple 

:No. non-'butter 
:culture org's. 
: Der ml. 

: Flavor 
; of 
: original butter 

Flavor after holding?, at 21^0 . for Sam­
ple 

:No. non-'butter 
:culture org's. 
: Der ml. 

: Flavor 
; of 
: original butter 2 days : 4 days : 6 days ; 8 days 

E4 12,000,000 feed si. rancid rancid rancid rancid 
25 9,500,000 sweet,unsalted good good good si, cheesy 
26 12,000,000 sweet,unsalted si. cheesy rancid rancid rancid 
27 23,000,000 sweet,unsalted good si.bitter si.bitter si.bitter 
28 18,000,000 si. cooked good good si.bitter — —  •  

29 5,100,000 si. cooked good good good — 

SO 52,000,000 good good good good — 

51 26,000,000 si. cooked si, imclean si.unclean si.unclean 
1 
1-32 43,000 ripened;fair good good good 1 
1-

55 51,000,000 good si. cheesy cheesy; cheesy. _« rfs" 
c> 

rancid rancid 1 
34 27,500,000* gross cheesy,rancid rancid rancid — 

35 16,800,000 gross good good good — 

36 250,000 fair good good good - -

37 4,100,000 good good good good — 

38 35,000,000 fair good si.unclean , si.unclean — 

39 44,000,000 good good good good — 

"^mostly fluorescent badterla. 
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iDut was later replaced "by tlie rancid flavor, A pronounced 

cheesy flavor •unaccompanied by rancidity was noted in only 

one sample. The results indicate that rancidity is the most 

important defect produced in butter by the fluorescent bac­

teria. 

The number of non-butter culture organisms in the 12 

samples that developed pronounced flavor defects on holding 

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 bacteria 

per ml. One sample that developed a cheesy and rancid fla­

vor contained 27,500,000 non-butter culture organisms per ml, 

in the fresh butter, most of which were fluorescent. 

Growth of Fluorescent Bacteria in Water 

on Cottage Cheese 

Cottage cheese is frequently placed in milk cans at 

dairy plants and covered with water, then held in this con­

dition at a relatively low temperature until needed for 

market. Since fluorescent bacteria often are present in 

water supplies and usually grow at 30 to 60C., they may be a 

factor in the deterioration of the cheese when it is held in 

water. 

Samples of freshly made cheese were obtained from six 

different dairy plants and held under water in a refrigerator 
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for several days to ascertain whether the fluorescent bacteria 

grew and contributed to the deterioration of the cheese. The 

cheese was placed in gallon containers and covered with water 

from the plant 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 and 10 days at 3o to 6°C. 

The water on the cheese was plated on beef infusion agar orig­

inally and after 3, 6 and 10 days; the plates Y^ere incubated 

3 days at £1^0. and the numbers of npn-butter culture organ­

isms and fluorescent bacteria counted. The pH of the water on 

the cheese samples was determined at the beginning and after 

10 days holding. The data are given in table 10. 

Five sainples of the cheese developed a bitter, astrin­

gent or putrid flavor after 3 or 6 days but one sample showed 

no off-flavor even after 10 days. Fluorescent bacteria were 

found in the v/ater on five samples each time that a bacterial 

analysis was made, but in only two samples did they increase 

to any great extent during the holding. The numbers of fluo­

rescent bacteria in the water on the fresh samples that con­

tained these organisms ranged from 10 to 100 per ml., while 

after 10 days holding at So to 6®C.,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 bacteria were not a factor in the deterioration 

of the cheese, except possibly in samples 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 
Water on Cottage Cheese. 

1 pH of: Bacteria ner ml. 
: Days Flavor water: in water on cheese 

Sam-:held at of oil : Non-butter : 
Die :50_60C. cheese cheese: culture : Fluorescent 

1 0 good 5.26 3,100 100 
5 good 3,000 600 
6 si. bitter 1,600,000 23,000 
10 putrid, 5.50 13,200,000 64,000 

si. bitter 

2 0 good 5.09 300 0 
3 good 300 0 
6 good 900 0 
10 good 5.10 95,000 0 

3 0 good 4.60 3,400 10 
3 si. bitter 3,300 30 
6 si. bitter 13,700 760 
10 putrid, 4.45 250,000 11,000 

si. bitter 

4 0 good 5.63 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 si. putrid 1,420,000 54,000 
10 putrid 

CO lO 

19,500,000 1,600,000 

6 0 good 4.41 11,000 100 
3 si. bitter 20,000 300 
6 bitter 29,000 1,200 
10 astringent 4.42 42,000 2,500 
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veloped. The pH of the water on the cheese samples varied 

from 4.41 to 5.63 when the samples were fresh and from 4.42 

to 5.43 after 10 days at 30 to 6®C. The relatively low pH 

of the water may have been responsible for the comparatively 

slow growth of the fluorescent "bacteria. 

Species of Fluorescent Bacteria 

An attempt was made 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 have been placed in 

the genus Phytomonas 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 

all placed in one genus. 

Considerable difficulty was encountered in identifying 

many of the cultures from the descriptions given of the var­
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ious species by Bergey, Breed, Murray and Hitctiens (1939). 

The ability to produce indol is an important characteristic 

for separating the different species according to the class- . 

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 {19S7) called attention to the fact that certain 

reagents sometimes give a false positive test for indol, 

particularly with certain organisms and showed that Ps. 

aeruginosa does not produce this compoiind. It is possible 

that other species in the genus Pseudomonas that are consid­

ered as indol positive are, likevdse, 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 Determina­

tive Bacteriology" (1939), but there might be some doubt as 

to whether certain cultures were placed in the proper species. 

Sixteen cultures conformed to the general description of 

Pseudomonas aeru,g:inosa except that acid was produced from 

dextrose (16), xylose (16), galactose (15), mannose (16), 

8Jad arabinose (9). Indol was not produced; nitrates were 

reduced to nitrites by some cultures and to nitrogen by 

others; all cultures were hemolytic; a green fluorescent pig­
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ment and a blue, cliloroform soluble, non-fluorescent pig­

ment (pyocyanine) was produced on suitable media; litmus 

milk vms rapidly digested with the development of an amber 

colored solution and an indol-like odor; the cultures grew 

at 70 and at 450 but not at SOC. 

Seven cultures closely resembled the characteristics of 

Pseudomonas schuylkilliensis except that they did not produce 

indol and one culture grew at S7®C. Litmus milk first de- ' 

veloped an alkaline reaction with a pink ring above and par­

tial reduction below followed by slow digestion; nitrates 

were not reduced; a slight brown color was produced by some 

cultures on agar slopes; one culture was hemolytic; and acid 

was produced from dextrose (7), xylose (6), galactose (3), 

mannose (4) and arabinose (1). 

Seventy-three cultures vrere identified as Pseudomonas 

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®C.; one culture was hemolytic; 

and acid was produced from dextrose (72), xylose (71), 

galactose (62), mannose (23), sucrose (6), levulose (6), 

and arabinose (4). 

Twenty-five cultures were identified as Pseudomonas 

rugosa. 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), mannose (11), 
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araMnose (7), and sucrose (l). Ten additional cultures 

conformed to the above characteristics except that they 

slowly liquefied gelatin. Acid was produced from dex­

trose (10), xylose (l), galactose (9), mannose (9), mal­

tose (3), and arabinos© (l). 

Forty-four cultures closely resembled the character­

istics of Pseudomonas inco^itus except that they did not 

reduce nitrates which conforms to the original designation 

of this species by Wright (1895), but does not conform to 

the characteristics given by Bergey, Breed, Murray and 

Hitchens (1939). Gelatin was not liquefied; nitrates were 

not reduced; red blood cells were not hemolyzed; litmus 

milic slowly developed an acid reaction without coagulation 

and was reduced only at the base of the tube; and acid was 

produced from dextrose (44), xylose (44)galactose (43}, 

mannose (29), maltose (l8) and arabinose (10). Five other 

cultures resembled the above 44 cultures except that they 

reduced nitrates to nitrites. These cultures produced acid 

from dextrose (5), xylose (5), galactose (5), mannose (l) 

and arabinose (1). 

Five cultures were identified as Pseudomonas Dutida 

but they did not agree in all respects with the description 

of this species. Litmus milk first shovred an alkaline re­

action and later slight digestion; gelatin was slowly liq­

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) and mannose ll). 

Four cultures resembled the characteristics of Pseudo-

monas segne rather closely except that they did not soften 

agar and the color of the growth on agar slants was orange-

"brom, 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), araHnose (3) and mannose (£). 

Two cultures were identified as Pseudomonas ureae. 

Litmus milk was digested; hydrogen sulphide was formed; 

nitrates were reduced to nitrogen; red blood cells were not 

hemolyzed; growd:h occurred at lo to S^C.; and acid was 

produced from dextrose (S) 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 acid was 

produced from dextrose (3), galactose (3), xylose (2) and 

arabinose (2}. 

Sixty-eight cultures conformed to the description of 

Pseudomonas non-llguefaciens except that the cells were 

motile. Gelatin was not liquefied; nitrates were not re­

duced; red blood cells were not hemolyzed; litmus milk slow­

ly developed an alkaline reaction; and acid was produced from 

dextrose (67), Xylose (53), galactose (52), mannose (40), 

arabinose (15), maltose (2), levulose (2) and sucrose (l). 
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T-yvo hundred.and thirty-four cultiires could not "be iden­

tified on the basis of the species described by Bergey, 

Breed, Murray and Kitchens (1959). All but three of these 

cultures resembled Ps. fluorescens in their action on litmus 

milk but differed from this species in their action on 

potassixjm nitrate and in their ability to hemolyze red blood 

cells. The other three cultures digested milic and produced 

a water soluble, brown pigment and presumably should be 

placed in a separate species. The cultures were divided into 

four groups but no attempt was made to give them a species 

name. ' 

Sixty-one cultures v/ere placed in Group I. Litmus milk 

was rapidly digested; nitrates were reduced to nitrogen; one 

culture was hemolytic; hydrogen sulphide was not produced; 

and acid was produced from dextrose (60), xylose (57), galac­

tose (44), mannose (19), arabinose (I6) and levulose (2). 

One himdred and thirty-four cultures were placed in Group 

II. Litmus milk was rapidly digested; nitrates were hot 

reduced; hydrogen sulphide was produced by nine cultures; 

red blood cells were not hemolyzed; and acid was produced 

from dextrose (119), xylose (152), galactose (84), mannose 

(55), levulose (8), sucrose (8), arabinose (4) and maltose 

(1). 

Thirty-six cultures were placed in Group III. Litmus 

milk was rapidly digested; nitrates were not reduced; red 

blood cells v/ere 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), arabinose (l), 

sucrose (1) an.d levulose (l). 

Three cultures that produced a water-soluble, "brovm pig­

ment were placed in Group IV. Litmus 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 (l), mannose (1) end arabinose (l). 

Key to the Identification of Fluorescent Bacteria 

A. Milk rapidly digested 

a. Nitrates reduced to nitrites or nitrogen 
b. Pyocyanine produced 

Pseudomonas geruginosa 
bb. Pyocyanine not produced 
c. Nitrates reduced to nitrites 

Pseudomonas fluorescens 
CO. Nitrites reduced to nitrop^en 
d. Hydrogen sulphide produced 

Pseudomonas ureae 
da. Hydrogen sulphide not produced 

Group I 

aa. Nitrates not reduced 
b. Brown pigment produced 

Group IV 

bb. Brovm pigment not produced 
c. Red blood cells hemolyzed 

Group III 

cc. Red blood cells not hemolyzed 

Group II 



www.manaraa.com

-154-

B. Milk slightly alkaline followed by slow digestion 

8. Nitrates reduced to nitrites or nitrogen 
Psetidomonas nutlda 

aa. Nitrates not reduced 
Pseudomonas sohuylkilliensis 

C. Acid reaction developed in milk 

a. Milk coagulated 
Pseudomonas rup;osa 

aa. Milk not coagulated 
Pseud0Tn.0nas incognitus 

D. Alkaline reaction without digestion developed in milk 

a. Orange-brov/n pigment produced 
Pseudomonas segne 

aa. Orange-brom-n pigment not produced 
b. Nitrates reduced to nitrogen 

Pseudomonas dentifricans 
bb. Nitrates not reduced 

Pseudomonas non-liouefaciens 
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SIMMARY 

The attempts to isolate fluorescent bacteria from dairy 

products were much more successful when enrichment pro­

cedures, which involved holding the samples at a low temper­

ature for several days before plating, were followed instead 

of plating the fresh products. 

Fluorescent bacteria were widely distributed in all dairy 

products examined, except sour cream and ice cream. The or­

ganisms likewise were commonly found in vmter from various > 

sources and in miscellaneous materials, including comtnon 

dairy feeds. 

The fluorescent organisms isolated from dairj?- products 

and other sources were regularly gram-negative, non-spore-

forming rods with polar flagella. 

The fluorescigenic ability of the cultures studied was 

affected by a number of factors, the most important being 

the composition and pH of the medium, the oxygen supply and 

the incubation temperature. 

Absorption spectra studies indicated that the fluorescent 

pigment produced by bacteria is not fluorescin, fluorescein, 

or riboflavin, and that fluorescence in alkaline culture 

media is not due to the formation of diacetyl. 

All the cultures of fluorescent bacteria grew at 3° to 7°0, 

and at 3£0C., but many _cultures failed to grow at 370C., al­
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though a few grew at 45oC. 

The types of changes produced in litmus milk "by the var­

ious fluorescent bacteria were (a) rapid proteolysis ac­

companied by a putrid odor, (b) rapid proteolysis with de­

velopment of an amber colored solution and an indol-like 

odor, (c) alkaline reaction without proteolysis, (d) slight 

alkaline reaction followed by slow proteolysis, (e) slight 

alkaline reaction followed by an acid reaction but usually 

no coagulation and no reduction except at the bottom of the 

tube, and (f) formation of an acid ring with acid coagula­

tion from the top down and reduction except at the surface; 

slight proteolysis and a May apple odor sometimes noted. 

The cultures of fluorescent bacteria tested v/ere still 

alive after '6 months in skimmilk at room temperature and 

after 6 months in unsalted butter at 1° to 20C. 

Milk cultures of fluorescent bacteria were regularly 

destroyed at a temperature of 57.SOC. for 30 minutes. The 

organisms, likewise, were not resistant to chlorine; in 

general they were destroyed within 5 minutes in water con­

taining 10 parts per million available chlorine and within 

2.5 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 bacteria grew in beef 

extract-peptone broth over a pH range 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 and when the 

pH was low they tended to increase it. The ten cultures 

tried, likewise, grew fairly rapidly in sterilized skiramilk 

adjusted to a pH of 5.0 and six of the cultures developed a 

bitter flavor in the milk after 96 hours at 21^0. 

In skimmilk, the most proteolytic culture studied pro­

duced considerable increases in total nitrogen and amino 

nitrogen after 2 days at 210C. and a considerable increase 

in ammonia 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 days at 21^0., 47 of 52 cultures produced some type 

of flavor defect in imsalted butter churned (v/ithout butter 

culture) from sterile cream to which the organisms v/ere add­

ed; at 1° to 3^0., 21 cultures produced flavor defects with­

in 28 days. When butter culture was added to the cream be­

fore churning, flavor defects v/ere produced in the butter 

held at 2loC. by 36 cultures, while when E per cent salt was 

added to butter made without butter culture, 25 cultures 

produced flavor defects. The off-flavors that developed in 

the unsalted butter 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 butter made without butter culture within 

5 to 7 days at 210C., 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 Sl^C.; with 1£ samples the off-fla-

\^ors were pronounced and were evident after 2 to 4 days. 

Rancidity was the most important defect that developed. 

Both rancid 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, obtained 

from different plants and held in water at 3° to e^C., con­

tained fluorescent bacteria, but the organisms grew suf­

ficiently in only two samples to be a possible factor in 

the deterioration of the cheese during 6 to 10 days. 

Two hundred and sixty-t\TO of the 495 cultures of fluo­

rescent bacteria isolated were identified as belonging to 

10 different species in the genus Pseudomenas but the other 

234 cultures could not be identified on the basis of the 
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apeoies described by Bergey, Breed, Murray and Hitcliens 

(1939). T?ro hundred and thirty-one of the unidentified 

cultures resembled Ps, fluoresoens except in their nitrate 

reducing and hemolytic abilities; the other three cultures 

were also proteolytic but produced a water soluble, brov;n 

pigment. The unidentified cultures were divided into 

Group I, Group II, Group III, and Group IV, but ?/ere not 

given species names. 
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