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In an attempt to determine the natural habitat of Streptococcus 

lactis, Streptococcus cremoris, and Streptococcus diacetilactis 27 

different species of vegetables, 18 species of fruits and many indi- 

vidual cow raw milk samples were examined. 

S. lactis was found to occur on potatoes, corn, cucumbers, 

peas, beans, and cantaloupe. In each case the organism was iso- 

lated in low numbers. The remaining 21 vegetables failed to yield 

any of the organisms sought. 

No lactic streptococci were isolated from any of the fruits 

examined. Almost all of the organisms isolated from fruits were 

able to grow at 45°C., thus precluding their identification as lactic 

streptococci. Those which did not grow at 45°C. had a cell morphol- 

ogy which excluded them from the lactic streptococcus group. 

Individual cow milk samples provided S. lactis, S. cremoris, 

and S. diacetilactis isolates. If the milk samples were kept at 21° C. 

for two to three days before plating, good yields of streptococci 

° 



could be obtained, especially S. lactis. However, if the milk sam- 

pies were immediately plated upon receiving them, lower numbers 

were found. 

The biochemical, cultural, and morphological characteristics 

of both the plant and milk isolates agreed in every detail with the 

standard descriptions of the lactic streptococci available in the 

recent literature; growth was found to take place at 10°C. and at 

40°C, but not at 45°C. Litmus milk was acidified and completely 

reduced before curdling. No gas production was observed in the 

coagulated milk. 

Acid producing abilities of those cultures isolated from plants 

were somewhat higher than those cultures isolated from milk. Also, 

there was a wider range in acid producing abilities of the milk iso- 

lates than those cultures obtained from plant material. 

Most of the cultures which were isolated from plants produced 

concentrations of less than 50 ppm of total carbonyl compounds ex- 

pressed as pyruvic acid. This also was true for those cultures ob- 

tained from milk. However a wide range (16 to 76 ppm) in the ability 

to produce carbonyl compounds was seen in both cases. 

The isolation of S. lactis from several different plant sources 

confirmed the belief that plants are the natural habitat for this bac- 

terium. Failure to isolate S. cremoris from plant material suggests 

that this species may be a variant of S. lactis with milk as its natural 

habitat. 
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AN ECOLOGICAL STUDY OF THE LACTIC STREPTOCOCCI 

INTRODUCTION 

During the past few years, the need to isolate new lactic strep- 

tococcus starter culture strains from raw milk and other natural 

sources has been emphasized by cheesemakers, industry consultants 

and research workers. Several factors have contributed to this need 

for strains of lactic streptococci previously unused in dairy fermen- 

tations. Among these have been frequent starter culture failures 

resulting from virus infection of existing strains, undesirable fla- 

vors encountered in cultured dairy products, and insufficient devel- 

opment of acid during fermentation. 

At the present time there are no known cultures in use in the 

dairy industry which are resistant to lysis by bacteriophages. Some 

strains of lactic streptococci are susceptible to only one race of 

phage while others are lysed by several known races. The repeated 

use of the same cultures has increased the phage problem and there- 

fore newly isolated cultures resistant to existing bacteriophages are 

in great demand. 

Over the past ten years the dairy industry has experienced 

increased incidence of a fruity flavor defect in Cheddar cheese. 

Research done in the Department of Microbiology at Oregon State 

University has indicated there may be a direct relationship between 
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total carbonyl production by the lactic streptococci and the fruity 

flavor defect in cheese made using such cultures. Also cultures of 

S. cremoris were found to be the most suitable for producing aged 

AA grade Cheddar cheese. Since this flavor defect results in a 

large economic loss to the dairy industry each year, the isolation 

and selection of starter cultures, especially S. cremoris, which 

produce low amounts of carbonyl compounds is desirable. 

It is well known that the fast acid -producing ability of a lac- 

tic streptococcus starter culture is not a stable property. For exam- 

ple, a single strain of a fast acid -producing culture has been shown 

to contain at least 2% slow acid -producing cells. For unknown rea- 

sons, these slow cells sometimes overtake the fast cells and a sud- 

den occurrence of a slow acid -producing culture results. In the 

manufacture of dairy products such as Cheddar cheese this can have 

disastrous economic consequences. Thus, part of the work done dur- 

ing the present research was devoted to isolating fast cultures which 

would not lose their acid producing ability over an extended number 

of transfers in milk. 

While the lactic streptococci have been reported to occur on 

milking utensils and in the udders, mouths, and feces of cows, many 

of these reports were made before adequate tests were developed to 

identify the lactic streptococci as to species. When attempts have 

been made to obtain the lactic streptococci from these sources, 
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investigators failed in many cases to isolate the organisms. In view 

of this, it has been felt that plant material and not cattle was prob- 

ably the natural habitat for the lactic streptococci. Therefore, in 

the present study 28 vegetables and 17 fruits were selected for ex- 

amination. In addition, individual producer raw milk samples also 

were tested for. the occurrence of the lactic streptococci. 

Once cultures were isolated from the above sources tests, were 

conducted to group and identify each strain as to species. Standard 

taxonomic tests were carried out; determination of ability to grow 

at 10, 21, 40, and 45 degrees centigrade was measured as well as 

the ability of the cultures to hydrolyze arginine. Each of the strains 

classified as a lactic streptococcus bacterium also was tested for 

total carbonyl, flavor, and rate of acid production when g row n 

in sterile 11 percent nonfat milk. 
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HISTORICAL REVIEW 

Lactic Streptococci in Aseptically Drawn Milk 

In the early years of the science of dairy bacteriology it was 

thought that freshly drawn milk was sterile. In 1873 Lister as 

cited by Harding (9, p. 5) presented a paper to the Pathological 

Society at London in which he made the following statements: 

In this case, the experiment was more rigorously 
conducted, and here, at first sight, you will suppose that 
no change at all had occurred and in two of six weeks 
that there was no indication whatever of any organisms. 
I tapped one of them and found the milk still perfectly 
fluid, of normal taste and reaction and without any organ- 
isms in it showing that unboiled milk, as coming from 
healthy cows really has no ferment in it capable of lead- 
ing to lactic fermentation or any other fermentation or 
to any organic development whatever. 

Thus on the basis of only two small samples there was born 

the theory that the milk within the healthy udder is free of bacteria. 

It was not until 1891 that Schulz as cited by Harding (9, p. 5) 

found that the fore -milk contained a large number of bacteria while 

those samples drawn later on in the milking process contained fewer 

and fewer bacteria. Still the idea persisted for a number of years 

that normal milk drawn under aseptic conditions was sterile and that 

the bacteria present in milk was an indication of a diseased udder. 

However, the work of Moore (17, p. 266) in 1897 confirmed 

the findings of Schulz and it was concluded that 

l 
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Freshly drawn fore -milk contains a variable number 
of bacteria, varying in number from a few individuals to 
many thousands per cubic centimeter. These are dis- 
tributed amoung several species. The last drawn at a 
regular milking contains, as compared with the fore - 
milk, very few microorganisms. It is the exception, 
however, to find a sample of milk free from microorgan- 
isms unless it is taken during the latter part of the milk- 
ing process from a single quarter of the udder. 

Once it was firmly established that bacteria do occur in normal 

raw milk, it was just a matter of time until the species of bacteria 

occurring in milk would be brought under examination. One of the 

earliest studies in this regard was that done by Walker (32, p. 2032). 

In his work, samples of fore and after milk were collected in sterile 

test tubes and gelatin plates were then made from these samples. 

Later, colonies were picked from these plates and subcultured on 

various differential media. It was found that S. lactis was the only 

species present which consistently occurred in all the milk samples; 

in fact this bacterium constituted at least 95 percent of the organisms 

present. 

It is difficult to explain the results obtained by Walker now, 

since it is unusual to find streptococci of any kind in 90 percent or 

more of milk samples. Perhaps he confused S. lactis with micro- 

cocci or other streptococci. In more recent times Sherman and 

Hastings (28, p. 11 -12) found streptococci in the milk of 31.1 percent of 

48 cows and Sherman and Hastings (28, p. 11) found streptococci in 

15.1 percent of the samples from 161 cows. 
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S. cremoris is found in even lower numbers in milk. Of 3, 000 

isolates from 59 samples of commercial raw milk, only four percent 

were S. cremoris according to a study made by Nelson and Thornton 

(18, p. 130), 

The Udder Interior as a Habitat 
of Lactic Streptococci 

Since the lactic streptococci are found most often in milk it 

was only natural that the bovine udder would be suspected as being a 

natural habitat for these microorganisms. One of the earliest in- 

vestigations of this possibility was that done by Evans (8, p. 439- 

442). Samples of milk were placed in sterile test tubes after part 

of the milk had been drawn to avoid contamination with bacteria which 

might have gotten into the teat of the cow after the last milking. The 

samples were then plated out, colonies isolated, and identification 

tests conducted. From a total of 192 samples of milk studied only 

one culture of S. lactis was isolated and this was discarded as a 

contaminant, as were all other cultures which were isolated only 

once. From the results of her experiment Evans (18, p. 442) felt 

that "From these data the conclusion may be drawn that S. lacticus 

(lactis) does not localize and multiply in the udder. " 

The finding of Evans was c o n f i r m e d by Rogers and 

Dahlberg (21, p. 503). In their study 29 samples of milk were 
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obtained by milking directly into sterile test tubes. Ninety -three 

percent (two out of 29) of the cultures isolated from these samples 

failed to reduce litmus. These cultures also were characterized by 

a general lack of fermentative ability. 

The Surface of the Cow as a Possible 
Source of the Lactic Streptococci 

The surface of the cow was at one time suspected as being a 

natural habitat for the lactic streptococci. Esten (7, p. 17 -19) was 

one of the first to investigate this possibility. Cotton swabs were 

used in taking samples from the surface of the cow in three places. 

The first surface area was the inverted udder pocket formed by the 

flap of the skin attached to the hind leg and to the flank in front with 

the udder forming the back. The second was between the hip -bone 

and back bone and the third was at the union of the neck and shoulder. 

The cotton swabs were placed in sterile milk which was incubated at 

70°F. until the milk had curdled. 

Samples of the curdled milk were then plated out on litmus - 

lactose- gelatin agar and the organisms were identified to species 

by further tests. S. lactis was isolated from the surface of 21 cows 

out of a total of 24 animals tested. The organism was found most 

often in the udder pocket. 

The ability of S. lactis to grow and multiply on the surface of 
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a cow was doubted and thus Esten (7, p. 21-23) turned his attention 

to other sources of this organism. The cow's mouth was next inves- 

tigated using the same methods as he used in isolating and identifying 

the organisms found on the surface of the cow. S. lactis was isolated 

from the mouths of 17 out of 21 cows. 

Esten (7, p. 23) postulated that the mouth provided an ideal 

medium for the growth of these organisms due to the nutrients found 

there. The presence of S. lactis on the surface of the cow was be- 

lieved to result from the cow licking herself. 

In a later study done in 1921, F. S. Jones (13, p. 23), upon 

isolating 35 strains of streptococci from the saliva of cows and 

others from the skin, came to the conclusion that "one feels justi- 

fied in asserting that if S. lactis inhabits these regions it exists in 

such small numbers that it cannot be detected. The souring of milk 

cannot therefore be attributed to the usual types found in the saliva, 

feces or vagina or on the skin of cows. " None of the cultures that 

he isolated appeared to have all of the characteristics attributed to 

S. lactis. 

The Occurrence of the Lactic Streptococci 
on Milking Utensils 

It also was believed at one time that the lactic streptococci 

gained entrance into milk via the milking utensils. Bergey (3, p. 

21 -22) was one of the first to explore this possibility. Samples 
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of milk were obtained from the milking bucket, strainer and cooler, 

plated out and developing colonies identified. Samples collected from 

the straining and cooling apparatus showed an increase in the number 

of bacteria present as the milk passed through the apparatus. It was 

believed that these organisms gained access to the milk either via 

the air or through the water used in washing the apparatus. How- 

ever, in dairies in which all of the milking utensils and apparatus 

was sterilized prior to milking, the number of bacteria present 

differed very little, comparatively speaking, from the sample col- 

lected directly from the cows. 

As to the nature of the bacteria found in the milk samples it 

was discovered that they primarily consisted of bacteria derived from 

the udder of the cows such as the lactic streptococci; in addition to 

these, a number of other species were found which had gained access 

into the milk and these were mainly those types found in water. 

The milker as a possible source of contamination was investi- 

gated by Esten (7, p. 16 -17). The surface of several parts of the 

human body were tested and none of the lactic streptococci were 

found. However, a large number of them were found in the human 

mouth, but it was felt that the original source of these organisms 

was the cow's milk. 
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The Occurrence of Lactic Streptococci 
in Fecal Material 

Due to inadequate and poor methods of identification, the lactic 

streptococci were reported to be a normal inhabitant of the intestinal 

tract of cattle. The presence of these organisms in fecal material 

was first claimed by Esten in 1909 (7, p. 20 -21). The lactic strep- 

tococci isolated from this source were found to be weaker in acid 

producing ability than those normally found in milk. This difference 

in acid production was attributed to the fact that S. lactis was prob- 

ably a different variety from those normally found in milk; the pas- 

sage of the organism from the mouth through the alimentary canal 

was thought to impair the vitality of the organism. While Esten 

used reducing action in litmus milk as the criterion for identifying 

S. lactis, this method would not differentiate the lactic streptococcus 

from other fecal streptococci such as Streptococcus faecalis. 

Other instances of the supposed presence of S. lactis in fecal 

material are reported in the literature. McGuire (16) did a study 

on the percentage of S. lactis in fecal material. According to him, 

the relative number of these bacteria varied from four to 12 percent 

per sample. Heineman (11, p. 181 -182) compared the lactic strep- 

tococci he isolated from cow feces with those isolated from milk, 

separator slim and teat wash water; he came to the conclusion that 
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they all produced identical fermentations in milk. 

Of the streptococci isolated by Ayers and Mudge (1, p. 156) 

from feces, none were of the lactic group. Of 78 cultures of strep- 

tococci isolated, 75 cultures did not grow in litmus milk at 10° C. , 

no ammonia was produced from peptone and on blood agar plates the 

colonies as a rule had a slight hemolytic zone. It was believed that 

these cultures were Streptococcus bovis. 

Later isolation studies done on cow's feces such as those of 

Stark and Sherman (30, p. 642) and Rogers and Dahlberg (21, p. 510) 

confirmed the belief that cow's dung does not provide a natural habi- 

tat for the lactic streptococci. 

Attempts to Isolate the Lactic 
Streptococci from Soil 

The soil as a possible habitat for the lactic streptococci has 

been suggested a few times in the literature. One of the earliest 

investigations of this possibility was that done by Esten (7, p. 13 -14). 

Twenty -four different types of soil were obtained ranging from bar- 

ren to the most fertile, from those found in swamps to those procured 

from highlands, and from those obtained in wooded areas to open 

fields. Strong gassy fermentations and a fragmented curd were 

seen when the soil was inoculated directly into milk tubes. The 

standard methods of isolation and identification were then carried 
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out, but the results were always negative. Even samples of soil 

taken from a pasture on which 28 cows grazed showed no evidence of 

the presence of either S. cremoris or S. lactis. 

Stark and Sherman's (30, p. 642) attempt to isolate the lactic 

streptococci from soil was also unsuccessful. Their methods of 

isolation and identification appeared to be more precise than those 

of Esten in that tests were conducted on the ability of the isolated 

cultures to liquefy gelatin, produce ammonia from peptone, as well 

as carbon dioxide from glucose. An attempt was even made to iso- 

late these organisms from the intestines of earthworms, but no 

positive results were obtained. 

The Occurrence of Lactic Streptococci on Plants 

While dairy utensils are thought to be the most common immed- 

iate source of the lactic streptococci in milk, such objects on which 

growth may occur do not represent a true habitat in an ecological 

sense. Likewise the finding by several investigators of S. lactis 

in the bovine udder, mouth, and feces of cows was proven to be 

erroneous by later investigators who had more refined differential 

tests for the identification of the lactic streptococci. 

By 1930 attention was being focused on plant material as the 

possible habitat of the lactic streptococci. One of the most fruitful 

investigations carried out along these lines was that done by 
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Stark and Sherman (30, p. 640 -643). Samples of fresh 

and frozen corn, young corn silks, wheat flour middlings, dried navy 

beans, young cabbage heads, and many other vegetables were tested 

for the presence of the lactic streptococci. The plant material was 

first placed in sterile distilled water and held at room temperature 

for 24 hours. Gram stained preparations were then made from such 

infusions and if the slide indicated the presence of Gram -positive 

cocci, the sample was plated out. Colonies were then picked and 

the standard differential tests were made from these pure cultures. 

Two hundred cultures were isolated and identified as members 

of the lactic streptococcus group and these were all S. lactis. Sam- 

ples of fresh corn and corn silks tested were found in every instance 

to contain S. lactis. This same organism was also isolated from 

frozen corn, navy beans, cabbage, lettuce, peas and wheat middlings. 

S. lactis was not obtained from lima beans, alfalfa, cabbage or ma- 

ture corn. 

The growth, fermentative, biochemical and other character- 

istics of this group of organisms isolated from plant material was 

compared to those isolated from milk and milk products. In every 

instance the characteristics of S. lactis from plants agreed with 

those obtained from milk. 

Not every investigator has had the good fortune in finding 

lactic streptococci on plant material as did Sherman. Esten (7, 
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p. 15 -16) tried to isolate these organisms from grass, clover, and 

rye but none was found. Leaves from trees, shrubs and several 

garden plants were tested, but on none of these did the lactic strep- 

tococci occur. 

Several different types of grain feeds were also tested such 

as cotton -seed meal, gluten, bran middlings, mixed feed and corn 

meal. Only one culture of S. lactis was isolated from these sources 

and that was from corn meal. 

The results obtained by Pinter (20, p. 13) in her study of the 

presence of streptococci on plant material differed from those of 

Esten. She did find S. lactis on grass, clover as well as beans. 

In all, 50 samples of various plant materials were studied and out 

of this number 20 percent showed the presence of various strepto- 

cocci. Out of the 20 percent, 70 percent were S. faecalis and 30 per- 

cent were S. lactis. 

Attempts to isolate S. cremoris from plant material have been 

made by a few investigators, but with no success. Yawger (28, p. 

58) tried to isolate this organism from some 60 samples of plants. 

No strains of S. cremoris were found but he did manage to isolate 

16 cultures of S. lactis. He felt that even though the results of his 

experiments were negative, plant materials still presented the most 

logical source for S. cremoris. 

It will be noted that none of the above literature references 
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make mention of S. diacetilactis. According to Briggs (5, p. 167) 

S. diacetilactis was first described by Matuszewski in 1936. This 

organism was isolated from spontaneously soured potato mash. It 

differed from S. lactis and S. cremoris in that it produced carbon 

dioxide, utilized citrate, and synthesized volatile products such as 

diacetyl. 

Although S. diacetilactis was originally isolated from plant 

material, later investigators such as Swartling (31, p. 256) obtained 

this organism from dairy starters or dairy products. This suggests 

that the organism occurs in nature associated with plant material 

and enters raw milk from this source. It is not likely that this 

bacterium is a mutant of S. lactis .but the possibility that S. lactis 

strains are variants of S. diacetilactis that have lost the ability to 

ferment citric acid is possible. In this regard, it is noteworthy 

that citrate permease negative strains of S. diacetilactis have been 

described by Harvey and Collins (10, p. 130), No mention is made 

of S. diacetilactis in Bergey's Manual of Determinative Bacteriology. 

However, it is clear that the organism deserves recognition as a 

species in the lactic group, especially when one considers the evi- 

dence for this presented by Sandine et al. (23, p. 161). 
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EXPERIMENTAL METHODS 

Isolation Procedures 

Collection and Preparation of Samples 

Samples of plant material were obtained from local produce 

stands in the Corvallis area. Weighed portions of the collected 

material were added to autoclaved blender jars containing 99 milli- 

liters of buffered sterile water and blended for one minute. 

Individual producer raw milk samples were procured from 

the Sunny Brook Dairy Company and from the Gibson Farm. In 

each case the milk samples were held at 21°C for two days for 

enrichment in order to increase the number of lactic streptococci 

present. 

Plating Procedure 

Approximately one milliliter of sample was placed in a 99 

milliliter buffered sterile water blank and dilutions in the order of 

10- to 10-6 were made. From each dilution a one milliliter sample 

was taken and pour plates were made using lactic agar prepared as 

indicated in Table 1. The plates were incubated at 21°C. until 

growth occurred. 



Table 1. Composition of lactic agar. 

Ingredients Grams per liter 

T ryptone 20.0 
Yeast extract 5.0 
Gelatin 2. 5 

Dextrose 5.0 
Lactose 5. 0 

Sucrose 5.0 
Sodium Acetate 1.5 
Ascorbic Acid 0. 5 

Tween 80 0.5' (ml. ) 

Agar 15.0 (gr. ) 

pH of 7. 0 
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Isolation of Fast Strains 

Several hundred colonies were picked from each petri plate 

and subcultured in ten milliliters of sterile 11 percent nonfat milk. 

Cultures were incubated at 21°C. for one week in order to insure 

growth. The coagulated cultures were inoculated at the rate of one 

percent into a second tube of sterile milk. These tubes were incu- 

bated at 21° C. for 18 hours. The cultures which coagulated milk 

within 18 hours were considered to be fast strains and those which 

did not do so were classified as slow strains. 
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Analyses of Isolated Cultures 

Morphological Examination 

As an aid to further differentiating the lactic streptococci from 

other genera which might be present in the original sample material, 

microscopic examinations were made of all cultures using the Gram 

staining method. The cultures which did not show the characteristic 

morphology and staining reaction expected were discarded while all 

others were saved for further study. 

Litmus Milk Reaction 

In this group of microorganisms, litmus reduction before 

curdling is considered to be an important diagnostic aid, hence 

frequent observations were made on inoculated tubes of litmus milk 

until the time of curdling. 

Temperature Limits of Growth 

All cultures were checked for ability to grow at 10°, 40° , 

and 45°C. The actual test was carried out by inoculating a tube of 

lactic broth with a young culture of the organism with incubation 

carried out in a water bath at the desired temperature. Incubation 

was for one week unless the culture showed growth in less time. 
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Production of Aroma Compounds 

The method of King (15, p. 860 -861) was used. One milliliter 

of reagent A which consisted of a 30 percent aqueous solution of 

KOH was added to a test tube containing one milliliter of reagent 

B which contained four grams of alpha- naphthol, ten milliliters of 

amyl alcohol, and 90 milliliters of ethyl alcohol. Two milliliters of 

a 24 hour culture was also added to the test tube. The contents of 

the tube were shaken thoroughly and placed in a 30°C. water bath 

for 30 minutes. The development of a red -lilac color was consid- 

ered to be an indication of the presence of aroma compounds (acetyl - 

methylcarbinol and diacetyl). 

Interval Titratable Acidity 

Ten milliliters of milk were taken from an 18 hour old culture 

which had been incubated at 21°C. and mixed with ten milliliters of 

pH 6. 8 0. 1 M KH2PO4 solution. Six milliliters of this diluted cul- 

ture was then added to 100 milliliters of sterile 11 percent nonfat 

milk to provide a three percent inoculum. The culture then was 

incubated in a water bath at 38° C. 

The developed acidity was titrated to pH 8, 2 after two and 

one-half hours and three and one-half hours of incubation using 

a Fischer semi -automatic Titrimeter dispensing 0. 1 N NaOH. The 
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difference between the two readings was recorded as the percent 

developed interval titratable acidity of the culture. 

Ammonia Production from Arginine 

The method of Niven et al. (19, p. 654)was used to determine the 

ability of cultures to produce ammonia from arginine. After inocu- 

lation into ten milliliters of sterile Niven's broth (Table 2), tubes 

were incubated at 30° C. for 24 hours. At the end of this period of 

time cultures were transferred to fresh tubes of Niven's medium 

and allowed to incubate for four days at room temperature. One 

drop of culture was then added to one drop of Nessler's reagent on 

a porcelain spot plate. The appearance of a brownish precipitate 

indicated the presence of ammonia and was considered to be a posi- 

tive test. A slight yellow color was obtained with the uninoculated 

control. 

Table 2. Composition of Niven's broth. 

Ingredient Grams per liter 

Yeast Extract 
T ryptone 
Dibasic potassium 

phosphate 
Glucose 
Arginine monohyd ro - 

chloride 
pH of 7. 0 

5. 0 

5. 0 

2. 0 

0. 5 

3. 0 
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Organoleptic and Flavor Evaluation 

A one percent inoculum was added to 100 milliliters of sterile 

11 percent nonfat milk in a pyrex flask and incubated at 21° C. for 

18 hours. Samples of the culture were poured into drinking cups and 

flavor evaluations were made noting in particular any malty, bitter 

or salty flavors that might be present. The texture and body of the 

coagulated milk sample was also noted. 

Determination of Total Carbonyl Concentration 

The method of Bassett and Harper (2, p. 1207) was used in the 

preparation of the sample material. To 100 grams of an 18 hour old 

culture ten milliliters of ten percent sodium tungstate was added, the 

mixture was agitated for a few minutes, then acidified to pH 4. 0 with 

0. 67 N sulfuric acid. A Servall Centrifuge operating for ten minutes 

at 5, 000 rpm in order to remove the solid material was used. 

For the colorimetric determination of carbonyl a three milli- 

liter aliquot of the extract was employed according to the method of 

Juni and Heym (14, p. 145 -148). To this extract one milliliter of 

10 N H2SO4 was added along with 0. 5 milliliter of p- nitrophenyl- 

hydrazine hydrochloride with incubation at 30°C. for 45 minutes in 

a water bath. Three extractions with ethyl acetate were employed 

to remove as much of the carbonyl derivative as possible. To the 
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acetate extract 4. 0 ml. of 0,25 M Tris was added and mixed in an 

orbital mixer. After separation of the clear bottom layer of Tris 

the upper ethyl acetate layer was removed with a ten milliliter 

pipette and discarded. For determination of the concentration of 

extracted carbonyl, approximately three milliliters of Tris extract 

was removed with a pipette and transferred to a cuvette. Readings 

were made on a "spectronic 20" spectrophotometer at 390 mµ using 

water as a blank. 
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RESULTS 

Species of Vegetables Examined 

Twenty -seven different types of vegetables were examined for 

the presence of the lactic streptococci as listed in Table 3. The 

species chosen for examination depended upon the season and their 

availability in the Corvallis area. It was felt that as wide a range 

of genera as possible should be examined in order to ascertain 

whether or not the lactic streptococci occur on one, several, or 

many genera. 

The number of samples of each kind of vegetable examined 

ranged from a minimum of one to as high as ten. No set rule was 

used in determining the number of specimens of each vegetable 

surveyed. However, it was felt that the larger the vegetable the 

fewer samples were needed for examination. 

The genera examined included nearly every taxon in the vege- 

table family. Those genera where more than one species was exam- 

ined included Brassica (five species) and Cucumis, Solanum, and 

Allium (two species each). The rest of the genera were represented 

by one species. 
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Table 3. The species and numbers of vegetables examined. 

Species No. examined 

Asparagus: Asparagus officinalis 10 
Bean: Phaseolus vulgaris 10 
Beet: Beta vulgaris 5 

Broccoli: Brassica oleracea var. gemmifera 8 

Cabbage: Brassica oleracea var. capitata 3 

Cantaloupes: Cucumis melo var. cantalupensis 3 

Carrots: Daucus carota 5 

Cauliflower: Brassica oleracea var. botrytis 3 

Celery: Opium graveolens 2 

Chinese Cabbage: Brassica pekinensis 3 

Corn: Zea Mays 4 
Cucumber: Cucumis sativus 3 

Dandelion: Taraxacum officinalis 10 
Eggplant: Solanum melongena 3 
Garlic: Allium sativum 3 

Onions: Allium cepa 3 

Parsley: Petroselinum crispum 3 

Pea: Pisum sativum 10 
Pepper: Capsicum ánnuum 3 

Potato: Solanum tuberosum 3 

Pumpkin: Cucurbita maxima 3 

Rhubarb: Rheum fhaponticiim 3 

Spinach: Spinacía olerocea 3 

Squash: Cucurbita maxima 3 

Turnip: Brassica campestris 3 

Yam: Dioscorea alata 3 

Watermelon: Citrullus vulgaris 1 

The Species of Fruits Examined 

The fruits shown in Table 4 were examined for the presence 

of the lactic streptococci. Although none have been reported in the 

literature to occur on fruit, it was felt that this could be a source 

for these organisms because of the presence in fruits of sugars 



25 

which the lactic streptococci could utilize. 

Approximately 18 different varieties of fruit were examined, 

representing the following genera: Malus, Prunus, Persea, Vaccini- 

um, Ribes, Vitis, Citrus, Pyrus, Rubus and Fragaria. In all, a 

total of 235 fruit specimens were investigated. The number of 

specimens examined per species ranged from as low as three to a 

high of 30; size determined the number of specimens examined as 

it was felt that the larger the fruit the greater the surface area and 

thus the greater the possibility of the lactic streptococci being pres- 

ent. 

Table 4. The species and number of fruits examined. 

Species No. examined 

Apple: Malus domestica 5 

Apricot: Prunus Armeniaca 5 

Avocado: Persea americana 3 
Blueberry: Vaccinium corymbosum 30 
Cherry: Prunus avium 30 
Current: Ribes triste 30 
Gooseberry: Ribes- hirtellum 30 
Grape: Vitis berlandieni 30 
Grapefruit: Citrus paradisi 3 

Lemon: Citrus limon 3 

Nectarine: Prunus persica 5 

Orange: Citrus sinensis 3 
Peach: Prunus persica 5 

Pear: Pyrus communis 3 

Plum: Prunus domestica 5 

Prune: Prunus domestica 5 

Raspberry: Rubus idaeus 30 
Strawberry: Fragaria yesca 10 



26 

Occurrence of the Lactic Streptococci 

The lactic streptococci were isolated from the plant sources 

listed in Table 5. Concerning vegetables, S. lactis was isolated from 

potatoes, corn, cucumbers, peas, beans, and cantaloupe. Neither 

S. cremoris or S. diacetilactis was found on any of these vegetables. 

Also none of the lactic streptococci was found to occur on asparagus, 

broccoli, cabbage, carrots, cauliflower, celery, dandelion, egg- 

plant, garlic onions, parsley, pepper, pumpkin, rhubarb, spinach, 

squash, tomato, turnip, yam or watermelon. 

The genera from which S. lactis was isolated consisted of 

Solanum, Zea, Cucumis, Pisum, Phaseolus, and Cucurbita; the 

species was isolated from two members of the genus Cucumis. 

These were Cucumis melo var. cantalupensis (cantaloupe) and 

Cucumis sativus (cucumber). Among the other genera only one spe- 

cies provided a source for S. lactis. 

The vast majority of the bacteria isolated which were not 

lactic streptococci grew at 45°C. No attempt was made to identify 

these organisms, but the majority of them probably were members 

of the "Enterococcus" group. Very little mold growth was encoun- 

tered when working with these vegetables. 

The non -lactic streptococcus colonies were generally observed 

to be larger in size than colonies of those organisms subsequently 



Table 5. The occurrence of S. lactis and S. cremoris on 27 
vegetables, fruit, and in milk. 

Source S. lactis S. cremoris No 
isolates 

Vegetable: 

Fruit: 

Milk: 

Potato none Asparagus 
Corn Broccoli 
Cucumber Cabbage 
Pea Carrots 
Bean Cauliflower 
Cantaloupe Celery 

Dandelion 
Eggplant 
Garlic 
Onions 
Parsley 
Pepper 
Pumpkin 
Rhubarb 
Spinach 
Squash 
Tomato 
Turnip 
Yam 
Watermelon 

none none Apple 
Apricot 
Avocado 
Blueberry 
Cherry 
Currant 
Gooseberry 
Grape 
Grapefruit 
Lemon 
Nectarine 
Orange 
Peach 
Plum 
Prune 
Raspberry 
Strawberry 

Individual Individual 
Producer Producer 
Samples Samples 
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found to be members of the lactic group. There were, however, 

exceptions to this observation and one could not rely upon this fact 

as a method of differentiating between the lactic and non -lactic strep- 

tococci. 

Neither S. cremoris nor S. lactis nor S. diacetilactis could be 

isolated from any of the following fruits tested: apples, apricots, 

avocados, blueberries, cherries, currants, peaches, pears, plums, 

prunes, raspberries and strawberries. Almost all of the cultures 

isolated from fruit samples were able to grow at 45°C. A few which 

did not grow at that temperature were found to have a cell morphol- 

ogy which precluded them from being placed in the lactic strepto- 

coccus group. Abundant mold growth was seen on quite a few of the 

petri plates. 

The individual producer milk samples was the only source 

from which S. lactis, S. cremoris, and S. diacetilactis was isolated. 

These milk samples consistently gave high yields of S. lactis and 

low yields of S. cremoris and S. diacetilactis. This was especially 

true if the milk sample was kept at 21°C. for two to three days be- 

fore plating. Samples which were immediately plated upon receiv- 

ing them consistently gave lower yields of all organisms. 

Sampling Frequency 

A total of 23 cultures were isolated from six different vegetable 
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sources as shown in Table 6. The largest number of lactic strepto- 

cocci isolated were obtained from peas. A total of eight cultures 

were isolated from this source. Five cultures were isolated from 

cucumbers, while three cultures each were obtained from corn and 

cantaloupe. The lowest number of lactic streptococci obtained was 

from beans and potatoes which yielded two cultures each. 

In all a total of 1, 024 colonies were isolated from the petri 

plates representing all of the vegetable sources. Of this number 

approximately 2.26 percent were identified as members to the lactic 

streptococcus group. The percentage of the colonies isolated that 

actually were lactic streptococci was very low for each source. 

For example the highest percentage of those colonies picked which 

actually could be placed in the lactic group was 3. 8 percent for peas 

in which a total of 210 colonies were tested. A far lower percentage 

was obtained from cantaloupe and beans. In each case the percentage 

of those colonies isolated which could be placed in the lactic group 

barely exceeded one percent of the total colonies picked. 

Table 6. Sampling frequency of isolates from plant material. 

Sample No. of colonies 
isolated 

No. identified 
as lactic strep. 

Percent 

Peas 210 8 3. 8 

Cucumber 157 5 3. 1 

Cantaloupe 174 3 1. 7 

Corn 144 3 2. 0 

Beans 168 2 1.1 
Potato 171 2 1. 1 

Totals 1, 024 23 2. 26 

- - 
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Reactions of Lactic Cultures Isolated 
From Plant Material 

From the data given in Table 7 it can be seen that tests on the 

lactic streptococcus cultures isolated from plant material provided 

data that agreed with the standard descriptions of S. lactis as given 

in Bergey's Manual (3). Without exception growth was found to take 

place at 10°C. and at 40°C., but not at 45°C. Growth was compar- 

atively slow at 10° C. , with 30° C. seemingly the optimum tempera- 

ture for growth. 

Litmus milk was acidified and completely reduced before 

curdling. Actual reduction of the litmus was seen in each case 

before the milk was coagulated. No gas production was observed 

in the coagulated milk. A very small band of unreduced litmus was 

observed on the surface of the coagulated litmus milk. 

None of the aroma compounds (acetylmethylcarbinol and di- 

acetyl) could be detected, however, a reddish -brown precipitate 

was seen in each case when testing for the presence of ammonia 

production. The precipitate was most evident after four to five 

days of incubation at room temperature. 

Upon examining the cultures microscopically it was observed 

that the cells were generally arranged in pairs or short chains. 

However, a few of the cultures did have a tendency to form long 
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chains. 

Table 7. Reactions of lactic cultures isolated from vegetables. 

Source 
Growth at Production 

of aroma 
compounds 

Reduc- 
tion of 
litmus 
milk 

Ammonia 
from 

Arginine 
10° 40° 45° 

Peas 
Cucumber 
Cantaloupe 
Corn 
Beans 
Potato 

P 
P 
P 
P 
P 
P 

P 
P 
P 
P 
P 
P 

N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 

P 
P 
P 
P 
P 
P 

P 
P 
P 
P 
P 
P 

P = positive 
N = negative 

Reactions of Lactic Cultures Isolated From Milk 

As can be seen in Table 8 all of the cultures isolated from raw 

milk grew at 10°C., but at 45° C. no growth was evident. Three of 

the cultures (C -9, C -14 and C -31) failed to grow at 40° C. , indicating 

they were S. cremoris. However, good growth was seen in the re- 

maining cultures during incubation at 40° C. 

Only two cultures isolated from the raw milk produced aroma 

compounds characteristic for S. diacetilactis. These were cultures 

C -5 and C -7. In each case during the King test a deep red lilac 

color appeared in the test tube after an incubation period of about 

30 minutes. 

All of the cultures reduced litmus completely before 
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Table 8. Reactions of lactic cultures isolated from milk. 

Culture Growth at Aroma Reduc- Ammonia 
no. 10 40 45 produc- tion of from 

° C °C ° C tion litmus arginine 
milk 

C-1 P P N N P P 
C-2 P P N N P P 
C-3 P P N N P P 
C-4 P P N N P P 

*C-5 P P N P P N 
C-6 P P N N P P 

*C-7 P P N P P N 
C-8 P P N N P P 

+C-9 P N N N P N 
C-10 P P N N P P 
C-11 P P N N P P 
C-12 P P N N P P 
C-13 P P N N P P 

+C-14 P N N N P N 
C-15 P P N N P P 
C-16 P P N N P P 
C-17 P P N N P P 
C-18 P P N N P P 
C-19 P P N N P P 
C-20 P P N N P P 
C-21 P P N N P P 
C-22 P P N N P P 
C-23 P P N N P P 
C-24 P P N N P P 
C-25 P P N N P P 
C-26 P P N N P P 
C-27 P P N N P P 
C-28 P P N N P P 
C-29 P P N N P P 
C-30 P P N N P P 

+C-31 P N N N P N 

= S. diacetilactis 
+ = S. cremoris 
P = Positive 
N = Negative 
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coagulating milk. A pink band was observed at the top of the curdled 

milk. There was no digestion of casein or gas production in any of 

the cultures grown in litmus milk. 

Cultures C -9, C -14 and C -31 failed to produce ammonia from 

arginine. This was not the case with the rest of the cultures as they 

all produced a brown precipitate upon the addition of a drop of 

Nesseler's reagent to the cultures. 

Morphologically, most of the cultures had cells which were in 

pairs or short chains. The chain length of cultures C -9, C -14 and 

C -31 was somewhat longer than the rest of the cultures examined. 

Interval Titratable Acidity of Cultures 
Isolated From Plant Material 

There was little variation in the interval titratable acidity of 

those cultures which were isolated from plant material as listed in 

Table 9. The highest acidities found were those obtained from 

culture A -3, which was isolated from cucumber, and from cul- 

ture A -4, originally isolated from cantaloupe. In both cases the 

interval acidity was found to be 0. 08 percent. 

The average interval titratable acidity was . 07 percent. This 

percentage was obtained in three out of the six cultures tested. 

These were cultures A -2 isolated from corn, A -5 isolated from 

peas, and A -6 isolated from beans. 
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Table 9. Interval titratable acidity of cultures isolated from plant 
material and incubated in 11 percent non -fat milk at 30° C. 

Culture 
no. 

Source Species Percent internal 
titratable 
acidity 

A-1 Potato S. lactis 0.06 
A -2 Corn S. lactis 0.07 
A -3 Cucumber S. lactis 0. 08 
A -4 Cantaloupe S. lactis 0.08 
A -5 Peas S. lactis 0.07 
A -6 Beans S. lactis 0.07 

The lowest titratable acidity recorded was that of a culture 

which was originally isolated from potato. In this case (culture A -1) 

an acidity of only 0. 06 percent was found when the culture was grown 

in 11 percent non -fat milk and incubated at 38° C. for three and one - 

half hours. 

Interval .Titratable Acidity of Cultures 
Isolated From Milk 

From the data seen in Table 10 it was determined that the 

average interval titratable acidity of those cultures which were 

originally isolated from milk was . 07 percent. However, a wide 

range in the acidities appeared in the data. The lowest interval . 

developed acidity found was . 04 percent which was produced by 

S. lactis (C -1). 
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Table 10. Interval titratable acidity of cultures isolated from 

milk and incubated in 11 percent non -fat milk at 38° C. 

Culture Species Percent interval 
no. titratable 

acidity 

C-1 S. lactis 0. 04 
C-2 S. lactis 0. 08 

C-3 S. lactis 0. 07 
C-4 S. lactis 0. 04 
C-5 S. diacetilactis 0.07 
C-6 S. lactis 0. 05 

C-7 S. diacetilactis 0. 07 
C-8 S. lactis 0. 06 
C-9 S. cremoris 0.08 
C-10 S. lactis 0. 07 
C-11 S. lactis 0. 07 
C-7 S. diacetilactis 0. 07 
C-8 S. lactis 0. 06 
C-9 S. cremoris 0.08 
C-10 S. lactis 0. 07 
C-11 S. lactis 0. 07 
C-13 S. lactis 0. 08 
C-14 S. cremoris 0.06 
C-15 S. lactis 0. 08 
C-16 S. lactis 0. 08 
C-17 S. lactis 0. 08 
C-18 S. lactis 0. 07 
C-19 S. lactis 0. 08 
C-20 S. lactis 0. 08 
C-21 S. lactis 0. 07 
C-22 S. lactis 0. 07 
C-23 S. lactis 0. 07 
C-24 S. lactis 0. 07 
C-25 S. lactis 0. 07 
C-26 S. lactis 0. 06 

C-27 S. lactis 0. 07 
C-28 S. lactis 0. 07 
C-29 S. lactis 0. 07 
C-30 S. lactis 0.07 
C-31 S. cremoris 0.07 
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The isolated strains of S. lactis comprised some of the lowest 

acid -producing cultures found in this study. For example in two 

cases (culture C -1 and C -4) an internal acidity of . 04 percent was 

found. In the majority of cases the isolated cultures of S. lactis 

were high acid producers. 

The two cultures of S. diacetilactis both produced acidities of 

.07 percent. They consistently produced this amount of acid over 

several trial tests. 

There was little variation in the amount of lactic acid produced 

by the S. cremoris isolates. The internal titratable acidities were 

as low as . 06 percent in some cases and as high as . 08 percent in 

others. 

Total Carbonyl Production 
of Plant Isolates 

The carbonyl concentration of those cultures isolated from 

plants ranged from a low of 16 ppm to a high of 60 ppm as shown 

in Table 11. The vast majority of cultures produced carbonyl com- 

pounds in amounts less than 50 ppm. Only one of the cultures ob- 

tained from plant material produced carbonyl compounds in excess 

of this amount. 

The lowest amount of carbonyl compound was produced by a 

culture which was isolated from beans (culture A -5). A total : 
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carbonyl concentration of 16 ppm was obtained when the culture 

was incubated in 11 percent non -fat milk for 18 hours at 21°C. This 

was the lowest carbonyl concentration seen in any of the cultures 

whether or not they were originally isolated from plant material or 

individual producer milk samples. 

Other cultures whose production of carbonyl compounds was 

less than 50 ppm were A -1 (isolated from peas) with 39 ppm, A -2 

(isolated from cucumber) with 48 ppm, and A -6 (isolated from pota- 

toes) with a carbonyl concentration of 46 ppm. 

Only one culture was found to produce carbonyl compounds in 

amounts greater than 50 ppm. This was culture A -3 which was iso- 

lated from cantaloupe and produced a carbonyl concentration of 60 

ppm. 

Table 11. Total carbonyl production of strains isolated from plant 
material and incubated in 11 percent non -fat milk for 18 
hours at 21° C. 

Culture 
no. 

Source - Species Total 
carbonyl 

concentration 
ppm 

A -1 Peas S. lactis 39 
A -2 Cucumber S. lactis 48 
A -3 Cantaloupe S. lactis 60 
A -4 Corn S. lactis 24 
A -5 Beans S. lactis 16 
A -6 Potato S. lactis 46 

. 

- 



38 

Total Carbonyl Concentration of Milk Isolates 

The total carbonyl concentration of the various S. cremoris 

isolates ranged from as low as 46 ppm to as high as 61 ppm as seen 

in Table 12. The average carbonyl concentration for this genus ap- 

peared to be somewhere in the vicinity of 50 ppm. The individual 

production of carbonyl compounds for each S. cremoris isolate was 

C -7 (46 ppm), C -14 (61 ppm), and for C -31 (54 ppm). 

The S. diacetilactis isolates produced just about equal amounts 

of carbonyl compounds. The amount produced by isolate C -5 was 75 

ppm and that by isolate C-7 was 76 ppm. 

The production of carbonyl compounds by the isolated S. lactis 

organisms was low in comparison to the S. cremoris and S. diaceti- 

lactis cultures. The lowest producer was culture C -13 which had a 

total concentration of 17 ppm. This was not the only low producer 

as several other cultures also produced low carbonyl concentrations. 

However, the vast majority of the cultures produced carbonyl com- 

pounds in the range of 20 to 60 ppm. 
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Table 12. Total carbonyl production of strains isolated from milk 
and incubated in 11 percent non -fat milk for 18 hours at 
21 ° C. 

Culture Species Total 
carbonyl 

concentration 
ppm 

C -1 S. lactis 39 
C -2 S. lactis 48 
C -3 S. lactis 60 
C -4 S. lactis 24 
C-5 S. diacetilactis 75 
C-6 S. lactis 22 
C -7 S. diacetilactis 76 
C-8 S. lactis 74 
C-9 S. cremoris 46 
C -10 S. lactis 21 
C -11 S. lactis 43 
C-13 S. lactis 17 
C-14 S. cremoris 61 
C -15 S. lactis 18 
C -16 S. lactis 41 
C -17 S. lactis 20 
C -18 S. lactis 70 
C -19 S. lactis 41 
C -20 S. lactis 50 
C -21 S. lactis 49 
C -22 S. lactis 47 
C -23 S. lactis 60 
C -24 S. lactis 75 
C -25 S. lactis 24 
C-26 S. lactis 26 
C-27 S. lactis 68 
C -28 S. lactis 65 
C-29 S. lactis 55 
C -30 S. lactis 50 
C-31 S. cremoris 54 

no. 

. . 

. 
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DISCUSSION 

The isolation of S. lactis from several different plant sources 

leads one to believe that plants are the natural habitat for this bac- 

terium. The characteristics of this organism tend to further sup- 

port the conclusion that they are saprophytic in nature. Their opti- 

mum growth temperature which, according to Hirsch (12, p. 290) is 

30° C., reduces the likelihood that they could be pathogenic for plants. 

Furthermore, Sherman (25, p. 1185) has indicated that the lactic 

streptococci have never been shown to be animal parasites or to 

be consistently derived from an animal source. While many claims 

are made in the older literature about the occurrence of lactic strep- 

tococci in udders, mouths, and feces of cows it is now known that 

research workers making these reports lacked proper differential 

tests with which to separate S. lactis from closely related types, 

especially S. faecalis. 

Although one might expect to find an organism growing in large 

numbers in its true habitat this alone cannot be used to rule out plant 

material as the natural habitat for S. lactis. In this regard, Stark 

and Sherman (30, p. 645 -646) make,the following comment: "Many 

bacteria are found in only small numbers in what we believe to be their 

natural habitat, as for example certain soil and water forms and those 

which occur on the skin, within the udder, etc." 
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S. lactis not only occurs in small numbers on plants, but it 

also seems to occur on only a few plants. During the present study, 

none were isolated from the 18 fruits tested; only six different spe- 

cies of vegetables proved sources for S. lactis. This finding has 

been substantiated by other workers such as Stark (30, p. 642) who 

isolated S. lactis from only six plant sources and also by Pinter (20, 

p. 131) who was able to find this organism occurring on only three 

different plants. It is interesting to note that the plants from which 

S. lactis was isolated by each of these workers was not found to be 

a common source of the bacteria. In other works, different veg- 

etables were involved in each case. 

Two main theories have been proposed as to the natural habitat 

of S. cremoris, The first of these is that they occur on plant mater- 

ial. Unfortunately, no one including the author of this paper has been 

able to isolate S. cremoris from plants. This failure has been 

attributed to the fact that even thoughth.e bacterium was present, 

it was not isolated because other faster growing types predominated 

and far outnumbered the S. cremoris cells. The ability of S. lactis, 

for example, to hydrolyze arginine to form adenosine triphosphate 

could provide a growth advantage to this bacterium over S. cremoris. 

The author feels that this theory leaves much to be desired, 

since several investigators such as Yawger (33) Stark (30) and 

Cavett (6) have tried to isolate S. cremoris from plant sources 

. 
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The other theory concerning the habitat of S. cremoris and 

the one that this author favors is that it represents an environmental 

variant or mutant of S. lactis and thus milk is its natural habitat. 

The fact that most cultures of S. cremoris have been isolated from 

commercial starters (Sherman (25, p. 1186) makes this theory even 

more plausible. 

Despite the apparent differences between S. cremoris and 

S. lactis, such as the failure of the former to grow at 40° C. and 

its inability to hydrolyze arginine or ferment many sugars, these 

organisms still resemble each other in many more respects than 

they differ. Also, the differences are sometimes a matter of degree 

rather than being absolute. This is especially true of the fermenta- 

tion of maltose and dextrin which S. cremoris is supposedly unable 

to do. However, Sherman (27, p. 1185) isolated a few strains of 

S. cremoris which could attack these substances, at least weakly. 

Morphologically speaking S. cremoris is a more typical chain- 

forming organism than S. lactis. However, some strains of S. lactis 

also produce chains under certain conditions; Heinimann (11, p. 

176 -181) showed that this organism formed chains when grown in 

blood serum broth while Sherman and Albus (27, p. 1 72) found this 

also to be true in a bile medium. 

On the basis of serological grouping, the relationship between 
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S. . cremoris and S. diacetilactis is quite close. For example, it 

has been shown by Shattock and Mattick (29, p. 186 -187) that group- 

specific sera against S. lactis will also react with hydrochloric acid 

extracts of S. cremoris and S. diacetilactis. Sandine et al. (22, p. 

806) also reported that these three species are members of Lancefield 

serological group N. These organisms are therefore exceedingly 

close relatives from a serological point of view. 

While the author of this paper believes that S. cremoris is a 

variant of S. lactis, the theory opposing this view has some points 

in its favor. The fact that S. cremoris has never been isolated from 

plant material does not rule out the possibility that it may exist there. 

If so, these cells must surely be present in extremely low numbers, 

otherwise they would have been isolated by now from such a source. 

Therefore, further research may be worthwhile to develop enrich- 

ment culture procedures to isolate this organism from nature. One 

cannot help but wonder, then, how many other types of microorgan- 

isms may exist in nature but are ás'=yet undiscovered by man. 

Not only is S. lactis found on only a few vegetables, it also 

occurs in extremely low numbers on these plants. In no instance 

were more than eight colonies available for selection from a single 

plated vegetable source. Peas and cucumbers proved to be the best 

source from which to isolate S. lactis. Cantaloupe, corn, beans, 

and potatoes yielded such low numbers that it would not be practical 
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to isolate them from these sources on a routine basis, especially if 

large numbers were required. Milk provides a far more ideal 

source from which to isolate these organisms. 

The morphological, cultural and biochemical characteristics 

of the isolates obtained from vegetables agreed in every detail with 

those obtained from milk. In no instance were any difference de- 

tected between the isolates and the standard descriptions of the lac- 

tic streptococci as given in Bergey's Manual of Determinative Bac- 

teriology (1094). 

The acid producing ability of cultures isolated from plants were 

generally higher than those cultures isolated from milk. For exam- 

ple, in no instance was an internal titratable acidity less than . 06 

percent obtained from a culture which had been originally isolated 

from plant material. This was not the case, however, with the milk 

isolates. There appeared to be a wider range of acid producing 

abilities among these cultures and in some cases internal acidities 

as low as . 04 percent were found. In commercial experience, Ched- 

dar cheese makers have noted that a culture must produce at least 

0.07 percent titratable internal acidity in order that it perform satis- 

factorily during the fermentation. 

Both milk and plant isolates showed a wide range (14 -76 ppm) 

in the production of carbonyl compounds, somewhat higher concen- 

trations were produced by cultures isolated from milk, although a 

. 

.. 
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few low producing strains also were present. 

The author of this paper was able to isolate S. diacetilactis 

only from individual producer milk samples and a great many inves- 

tigators have likewise found this to be the case. For example 

Swartling (31, p. 256), in his study of the biochemical and seolog- 

ical properties of S. diacetilactis, obtained most of the strains used 

in his investigation from lactic starter cultures or raw milk. Thus, 

Matuszewski (5, p. 167) is the only person who has isolated this 

bacterium from plant material. Furthermore, since the S. diaceti- 

lactis cultures in use in dairy fermentations today were originally 

isolated from milk or milk products, one is tempted to believe that 

the original isolate was a contaminant. 



SUMMARY 

Attempts were made to isolate species of the lactic strepto- 

cocci from vegetables, fruits, and milk. S. lactis was isolated 

from potatoes, corn, cucumbers, peas, beans, cantaloupe, and 

milk. S. lactis was not obtained from asparagus, broccoli, cab- 

bage, carrots, cauliflower, celery, dandelion, eggplant, garlic, 

onions, parsley, pepper, pumpkin, rhubarb, spinach, squash, 

tomato, turnip, yam, watermelon or any of the 18 fruits tested. 

In all instances this organism occurred in extremely low numbers 

when isolated from plant sources. The largest number of isolates 

were obtained from peas and cucumbers, while cantaloupe, corn, 

beans and potatoes were poor sources from which to obtain this 

organism. 

S. cremoris or S. diacetilactis was not isolated from any of 
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the vegetables or fruits examined. However, they were obtained 

from individual cow raw milk samples, but only in about ten percent 

of the samples tested. 

The morphological, cultural, and biochemical characteristics 

of both the milk and plant isolates agreed in every detail with those 

known for the lactic streptococci. Higher developed titratable acid- 

ities were obtained from cultures which were isolated from milk, 

but a greater variation in the acid producing abilities of the milk 
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isolates was noted than those cultures obtained from plant sources. 

From the data obtained, it appears that the natural habitat 

of S. lactis is plant material, Results also suggested that S. cre- 

moris and S. diacetilactis may be variants of S. lactis. 
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