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ABSTRACT

Samples of commercially prepared chicken salad, ham salad,

potato salad, cole slaw, pimento cheese spread and several other
types of salads from producers were analyzed microbiologically
upon receipt and five days after the expiration date for aerobic
plate count, psychrophi1ic plate count, coliform count and yeast
and mold count. Plating was carried out by homogenizing ten grams

of each salad with ten milliliters of 2 percent sodium citrate to

a pipettable consistency in a Virtis homogenizer and pouring plates.
Aerobic plate count ranges of less than 100 to greater than 30 mil lion
organisms per gram of fresh salad and from less than 100 to greater

than 1.5 bi ll ion organisms per gram of salad after the expiration

date were found.

The psychrophilie plate count range was from less than 100

to 31 million organisms per gram of fresh salad and from less than
100 to greater than 970 mill ion organisms per gram of salad after
the expiration date. Coliform plate count ranges were from less
than one to 1,990 coliforms per gram of salad after the expiration

date. Yeast and mold plate count ranges were from less than one to

greater than 300,000 organisms per gram of fresh salad and from less
than one to greater than 300,000 organisms per gram of salad after

the expiration date..

Bacteria from aerobic plate counts, psychrophi1ic plate counts

and coliform counts were isolated according to differences in colony

type and location in the agar. The bacteria were characterized for

ii
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identification. Identified bacteria included eight species of

Bad 1ius. six species of Lactobaci1ius. three species of Leuconostoc.

five species of Streptococcus, three species of Micrococcus. one

species of Escherichia. one species of Enterobacter and one species

of Citrobacter■ Members of the genera of Pseudomonas. Xanthomonas

and Actinomyces were also found.
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INTRODUCTION

As the American society grows In number and complexity, an

increasing demand for faster and simpler methods are required

for feeding the population. The housewife of today wishes to

spend less time in the kitchen and more time for other purposes.

Therefore, convenient food products have been made available on the

grocer's shelf.

With the introduction of each new food to the market, there

comes a new set of problems in preparation, transport, and storage.

To assure a wholesome product for today's families, the making, stor

ing, transporting and preparing of each product must be evaluated

with extreme care.

At present, the market for new products expands and declines

with great rapidity. Such rapid growth and decline applies much pres

sure toward getting a new product into the marketplace as soon as

possible. For this reason some foods have been placed on the market

too quickly and must be removed due to unforeseen problems. Such

problems have become the basis of research and food evaluation by

universities and sections of government agencies as the Food and

Drug Administration (F. D. A.) and the United States Department of

Agriculture (U. S. D. A.)

During the 197^ meeting of the Food Safety Task Force for the

Southern Region Agricultural Experiment Stations and the U. S. D. A.,

several problems unforeseen by food producers were discussed. A
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decision was made that research was required on processed products

which require handling during and after processing (6). The commer

cially prepared salads are products which require much handling.

The commercial salads industry consists mostly of small producers.

Production of the salads or spreads is for a small localized market.

A good example is the delicatessen, which is probably the smallest

commercial producer of salads or spreads. Each delicatessen has

its own assortment of salad types. At the present time, little in

formation is available about the physical, chemical, and microbio

logical characteristics of these salads. Almost every producer has

a different formulation for their salads. With so many different

formulas, there could be different physical, chemical, and micro

biological characteristics. Characteristics of the salads could be

further diversified by the experience of the manufacturer, by con

sumer preferences, and by employee experience in making salads or

spreads. The microbiological characters of salads are especially

sensitive to the experience of the manufacturer and consumer prefer

ences because the organisms present may depend upon who makes the

salads and when, where and how the salad is made.

Microbiological data on salads are desirable due to the

diversity of types and formulations available to the consumer.

The object of this research was to determine the resident microflora

of some available salads. Research of this nature reveals the

basic microbiological makeup for studies to extend shelf-life of

the salads and to provide a better product for consumers and a more

profitable product for the manufacturer.



CHAPTER I

LITERATURE REVIEW

The market for commercially prepared salads is increasing

annually, especially for the more common ones such as chicken salad,

ham salad, potato salad, egg salad, tuna salad, cole slaw and pimen

to cheese spread. One manufacturer in Medina, Ohio (3) increased his

sales tenfold between 1968 and 1969 and was expanding to a total office

and manufacturing area of 10,000 square feet. More than 500 stores and

institutions within a 150-mile radius were buying more than 20,000

pounds of potato salad and more than 10,000 pounds of cole slaw weekly.

Ingredients determine the three categories of commercial salads

as salads, cole slaws and pimento cheese spreads. Proportions of in

gredients are not readily available to researchers, but contents on

packages and cookbook recipes give the contents most common to all

salads.

Salads, per se, contain the nomenclature ingredient, plus mayon

naise or salad dressing, eggs, celery, and sweet or sour pickles. The

salad may be dressed up by addition of ingredients desired by the manu

facturer. Many variations are available in cookbcoks (A, 5, 25, 26,

29).

Cole slaws are prepared from cabbage, salad dressing, mayonnaise,

or vinegar, plus condiments and some include other vegetables (4).

Pimento cheese spreads are restricted in their content to cheese,

(the Cheddar variety is used commercially) pimentos and salad dressing

or mayonnaise (32).
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Available literature on microbiological analysis of salad is

scarce; and most of that found (12, 19, 21, 23, 3^) concentrates

upon contamination by or survival of pathogens. A small number can

be classified as dealing with the extension of shelf life (16, 17).

Spoi lage of salads is usually attributed to lactic acid bacterial

souring or yeast fermentation and mold growth.

Hill et al.. (19) dealt directly with the outbreak of food

poisoning caused by eating of tuna salad. Streptococcus pyogenes

was determined to be the cause of illness of cadets at the United

States Air Force Academy. The tuna salad had been made from eggs

contaminated with Streptococcus pyogenes. A kitchen worker who

had peeled the eggs was a carrier of an asymptomatic infection and

had contaminated the eggs.

The repopulation of the digestive tract of drug treated persons

became a concern of Shooter et al. (3^+). They discovered that foods,

several salads among them, served in hospitals and canteens were con

taminated with enough bacteria to establish intestinal colonies in

healthy persons. 111 persons recently taken off antibiotic therapy

were of the greatest concern because of the high numbers of Escherichia

coli. Pseudomonas aeruqinosa and K1ebslel 1 a species detected. Hospital

health problems were foreseen due to higher susceptibility of debilitated

or drug treated people to lower numbers of organisms than healthy

1ndi viduals.

Salads from restaurants and cafeterias were found to contain

relatively high bacterial and yeast counts by Jopke and Riley (23).

The results indicated that salads made in restaurants and cafeterias
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were manufactured under unsanitary conditions. Aerobic plate counts

showed as many as 1.6 x 10^ bacteria per gram of salad. Yeast con

tent was as high as 1.7 x 10^ per gram of salad. Fewer coliforms

and pathogens were seen with coliform levels up to 3.5 x 105 per

gram of salad. Staphlococcus aureus high counts were only 380

organisms per gram of salad. No Salmonel1 a, Shi gel la, or Clostri di um

were found and no spoilage or spoilage organisms were noted.

Salads from retail outlets proved to be little different than

the restaurant or cafeteria salads. In Raleigh, North Carolina,

Christiansen and King (12) found that aerobic plate counts reached

a high of 2,9 x 107 per gram, with yeast and mold counts of 3.^ x 10^

per gram. Col iforms were found at 2,5 x 10^ levels in some of the

salads. The numbers of pathogens were highest in Staphlococcus aureus

with 2.0 X 105 per gram of salad; but neither Salmonella nor

Clostridium were found in high numbers.

Christiansen and King (12) were convinced that the contamination

levels of both coliforms and pathogens were higher than the levels

detectable. They postulated that low pH and Tow temperature either

ki lled pathogens or prevented their growth. Because of the pH and

temperature controls, it was stated that the only source for patho

genic toxins was contaminated ingredients. Only lactic acid bacteria

and yeasts and molds were deemed capable of growth, even with incub

ation of salads at higher temperatures more favorable to pathogen

growth,

Holtzapffel and Mossel (21) approached the pathogen growth

differently by inoculating meat and fish salads with known pathogens.
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Staphlococcus aureus, Salmonella tvphimurium. Salmonella Panama.

Clostri dium perfri ngens and Baci1lus cereus were inoculated into

salads purchased from commercial producers and incubated at 20° C

and 9° C to compare survival of pathogens, Standards were maintained

at 3° C, Scheduled sampl ing showed that while the aerobic plate counts,

lactic acid bacteria counts and yeast and mold counts increased at

both 20° C and 9° C, the pathogens decreased, Clostridium perfringens

and Baci11 us cereus showed the slowest decrease due to their spore

formation.

Spoilage of the salads tested (21) was brought about by souring

due to lactic acid bacteria or growth of yeasts and molds, ident

ification of spoilage organisms was not carried out, but I'+O lactic

acid bacteria were isolated. The lactic acid bacteria isolated

consisted of 89 percent rods and 11 percent cocci. Low storage temper

ature was a deterent to lactic acid bacterial spoilage, but even at

3° C the yeasts and molds grew slowly.

Sources of contamination of salads were included in a study of

delicatessen foods by Hankin and Ullman (16), High counts in the

aerobic plate counts, oxidase counts and coliform counts were uti l ized

to detect the sources of contamination of salads during manufacture.

High aerobic plate counts were caused by ingredients with high bact

erial counts before being incorporated into the salads. Dirty equip

ment was pointed out as causing an increase in the oxidase count and

high conforms were caused by poor handling of the salads during and

after manufacture.
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The keeping quality of potato salad and cole slaw was examined

by Hankin and Stephens (17) by correlation of the aerobic plate

count, conform count, oxidase count, yeast and mold count, pH and

total acidity to organoleptic scores of acceptability for sale. Of

all of these tests, only two were statistically related to panel

scores of quality. The pH of potato salad was negatively corre

lated to its quality at the 0.01 percent level of probability. For

cole slaw, the oxidase count was negatively correlated to quality at

the 0.05 percent level of probability.



CHAPTER I I

MATERIALS AND METHODS

Nine brands of salads, including chicken salad, cole slaw,

ham salad, potato salad, pimento cheese spread and several other

types of salads were collected from the producers or local retail

outlets. Samples were packed in ice, in non-local and brought to

the laboratory within 2k hours. Upon receipt, samples were refrig

erated at 3 to 6° C until the first analysis within k8 hours of

receipt. Following the first sampling, salads were again refrig

erated at 3 to 6® C until the final sampling. Final sampling took

place five days following the expiration date of large producers

and fifteen days after receipt of delicatessen salads.

Media used were produced by Baltimore Bioiogical Laboratories,

Cockeysvi1le, Maryland. Aerobic plate count (ARC) and psychro-

philic plate count (PPC) were carried out in Standard Methods Agar.

Aerobic plate count plates were incubated at 32® C for ̂ 8 hours (7).

Psychrophi1ic plate counts were incubated at 3 to 6® C for ten days

(7). Conform counts were performed in Violet Red Bile Agar (7)

incubated at 32® C for Zk hours. Mycophil Agar, acidified with

10 percent lactic acid to pH 4.0, was incubated at 21® C for five

days for yeast and mold counts.

A ten-gram sample of salad was weighed into a sanitized,

stainless steel Virtis homogenizer jar. Ten mi Hi liters of sterile

2 percent sodium citrate (20) was added as diluent and emulsifier.

8
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The salad and diluent mixture was homogenized for one minute at

a speed predetermined to allow the homogenate to be pipetted In

a standard 2.2 mllllllter pipette. Speed depended upon the various

salads. Yeast and mold and collform dilutions of 1 to 1 and 1 to

10 were taken directly from the container and plated as 2.0 ml 111 liters

and 0.2 mllllllters respectively. Two ml 111 liters of homogenate were

placed Into a 99 mllllllter phosphate diluent (7) for a 1 to 100

dilution. All aerobic plate counts and psychrophi1Ic plate counts

were plated at dilutions of 1 to 100, 1 to 1,000 and 1 to 10,000

utilizing the phosphate diluent.

pH values for both original and final samplings were taken by

mixing equal volumes of salad with distilled water and measured with

a Beckman pH meter.

From each set of aerobic plate count, psychrophi1Ic plate count

and collform plates, at least one colony of each type found was picked

for purification and identification. Differences In size, shape, color,

location on the plate (surface or subsurface) and appearance (smooth,

matte, etc.) were the bases for the chosen colonies. Colonies chosen

were purified on Standard Methods Agar Incubated at temperatures of

32° C for aerobic plate counts and collform colonies and 21° C for

psychrophi1Ic plate count colonies. All colonies were Identified

by sequential numbers of A-- for those from the first plating

and 8— for those from the final plating following expiration

date of the salads.

Purification of colonies was accomplished by addition of a

• portion of the colony to a 99 mllllllter phosphate dilution blank (7),
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mixing and pour plating a drop of the dilution using Standard

Methods Agar. A colony from the resulting plate, of similar des

cription to the original, was diluted and replated as before. Three

transfers were carried out in this manner. A few required more trans

fers for purification or a dilution blank of 0.1 percent peptone

water (13) due to non-survival in a phosphate buffer.

Storage was on a slant of Standard Methods Agar at 3 to 6® C

until needed for identification. Isolates were rejuvenated every

six months by transferal and regrowth on a similar slant.

The organisms were then identified using the keys presented

in Appendix A and Appendix B. Where possible, selective media were

used as an aid to identification and rechecked against the key.

(For example, Eosin Methylene Blue Agar for identification of Escherichia

coli and Citrobacter intermedia). Salmonella-Shigella Agar and Baird-

Parker Agar were used for pathogen screening.



CHAPTER I I I

RESULTS AND DISCUSSION

Tables discussed individually contain the results obtained from

all samples of salad upon receipt and at the final plating. Producers

were assigned a random identification number when their salads were

first received.

The salads obtained from most of the producers had a lower

range of all counts than those examined by Christiansen and King (12)

and by Holtzapffel and Mossel (21). Like those salads studied pre

viously by the above mentioned researchers, however, the pH and low

temperatures of storage for the following study kept growth of micro

organisms present in check. Some were even reduced in number.

The salads from producer 57703 (Table I) had less than 1.0 x 10^

aerobic plate count bacteria per gram in four of six salads when first

received and less than 1.0 x 10^ aerobic plate count bacteria per gram

in all salads upon the final plating. In all but one of the samples,

the potato salad, the detectable bacteria were reduced in number be-'

tween the first and second plating. In those salads containing coli-

forms and yeasts and molds at detectable levels, the pattern of decrease

in counts was established. The pH values of all salads in this group

also dropped at least one-tenth of a pH unit between the first sampling

and the final sampling. Since all pH values of the salads were less

than pH 5.5 when first samples and the temperature of storage was 3 to

6° C, the indicated counts and pH values support the theories of

Christiansen and King (12) and Jopke and Riley (23) that a low pH

11
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and low storage temperature are detrimental to bacterial growth in

salads. In this set of samples, the yeasts and molds were evident

ly affected also.

The psychrophilic plate counts in Table I indicated a different

trend than the other organism counts, in four of the six salads

sampled, the psychrophilic plate counts increased during storage be

tween the first and second sampling. The psychrophilic plate count

increases, plus the fact that the pH decreased in the salads may have

indicated growth of acid-producing bacteria. However, unknown chem

ical reactions could have caused the pH decreases. There may have

been evidence for the chemical origin of the pH decreases, since

the chicken saiad and cole slaw had no increase in any counts but

still had lowered pH values upon the second sampling. In the chicken

salad samples, a decrease in psychrophilic plate count was seen, but

the pH value decreased from pH 5.05 to pH hjl. This was unexplainable

with the information available because no growth of any organism was

indicated.

One interesting note about the pimento cheese aerobic plate count

in Tabie I was that it was the highest found in any of these salad

samples at either plating. The high aerobic plate count may have

been caused by the use of cheddar cheese as the main ingredient in

the product. Cheddar type cheese is a cultured product and naturally
contains high numbers of organisms. Conceivably, a large number of

the organisms found in the producer's pimento cheese came from the

cheese used for its manufacture.
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During storage of the samples from producer 39948 (Table M),

four of the six aerobic plate counts and four of the six psychro-

philic plate counts increased, which indicated growth of bacteria

capable of growth at both 2 to 6" C and 32° C. Three of the five

salads containing detectable yeasts and molds also increased in yeast

and mold population between the first and second plating. This yeast

and mold growth agreed with the theories of Christiansen and King (12)

and with Holtzapffel and Mossel (21) that yeasts and molds can grow

in salads with low pH values while stored at low temperature. Along

with the increases in aerobic plate count, psychrophi1ic plate count

and yeast and mold count, the egg salad samples showed an increase

in the coliform count as well. Evidently, under existing pH and temper

ature conditions coliforms were able to grow. In the cole slaw and

potato salad samples, which also contained detectable coliforms, the

pH was slightly lower than the pH of the egg salad. In these salads

coliforms were unable to grow, in fact, their numbers decreased.

High aerobic plate counts characterized half of the salad samples

from producer 26615 (Table I I I) when they were first received. The

chicken salad, ham salad and tuna salad samples had more than 3,0

X 107 bacteria per gram. These were the highest counts of prepared

salad found in this study. The aerobic plate counts of the salads

in this set of samples generally decreased between the first and second

samplings. This decrease, plus the low pH values of the salads tends

to support the theories of Christiansen and King (12) and of Holtzapffel

and Mossel (21) that low pH and low temperature of storage kills some

bacteria in salads. Increases in psychrophi1ic plate counts of potato
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salad, pimento cheese and tuna salad samples and decreases in pH values

of these same salads may have indicated the growth of acid-producing

bacteria. A chemical reaction could have accounted for the same pH

reduction in those salads where the pH value decreased. If a chemical

reaction took place, it is doubtfui that the growing bacteria were

acid-producing bacteria.

In this group of salads, there was another indication of con

form growth. The chicken salad had no detectable coll forms in the

first sample taken; but there were ten coliform organisms found in

the second sampling. Growth of coll forms should not have been able

to take place at such a low pH (pH kJQ with a decrease to pH 4.22)

and low temperature (3 to 6° C). The chicken salad sample of producer

57703 (Table I) had a higher pH value (pH 5.05 with a decrease to

pH 4.72). This sample was stored at the same temperature (3 to 6° C)

with a larger number of coliforms. Those coliforms were unable to

grow. Most of them died off.

The psychrophi1ic piate counts and pH values are the only char

acteristics to indicate a directionai trend in the salads received

from producer 94719 (Table IV). The increase in psychrophi1ic plate

counts in three of the five salads (cole slaw, potato salad and pimento

cheese) was indicative of growth. The fact that pH values decreased in

these same salads may have indicated growth of acid-producing bacteria

or a chemical reduction of pH. Chemical reduction of pH is supported

by the lowered pH of chicken salad. The salads of this group showed

erratic results in aerobic plate counts and yeast and mold counts,

with some increases and some decreases in counts. Two salads, cole
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slaw and ham salad, did not show either an increase or decrease in

aerobic plate count. Chicken saiad was the only salad with detect

able col i forms, which evidently died before the final plating. Lack

of other coliform counts for comparison eliminated the chance to ob

serve a tendency of increase or decrease.

The salads from producer 00023 (Table V) had variable increases

and decreases in yeast and mold counts and in pH values. Some in

creases, some decreases and some stable results were seen. However,

the growth of bacteria capable of growth at 32° C and at 3 to 6° C

was indicated by increases in the aerobic plate count between the

first and second plating, except in the cases of chicken saiad and

cole slaw. Detectable coll forms showed a decrease between the first

and second plating in three of the salads. The decrease of coliforms

was evidently caused by the low pH and low temperature of storage.

Generally, salads from producer 97532 (Table VI) showed a decrease

in coliform counts and in aerobic plate counts. Lower counts in chicken

salad, cole slaw, potato salad and ham salad samples indicated that

pH and low temperatures of storage may have caused death of some organ-

Isms, Yeast and mold results did not produce a trend of growth or

death because yeast and mold counts from potato salad and cole slaw in

creased while those from ham salad and chicken salad decreased. The

increased yeast and mold counts occurred at a lower pH value than the

decreased counts, Psychrophi1ic plate counts decreased in three of

the five salads. In this group of salads, the low pH and low temper

ature of storage did not prevent the growth of psychrophilic bacteria.

The largest increase in psychrophi1ic plate counts was seen in ham and
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cheese salad and In the pimento cheese, A pH increase was also seen.

The organisms which grew were not acid-producing bacteria. Pseudomonas

or other unknown psychrophiles were the most likely to grow.

The dry salads of producer 70010 (Table VI I) were the only

salads of this type studied. These salads were not plated before stor

age. In the results obtained after storage, very high aerobic plate

counts (in excess of 7-5 x 10^), psychrophi1ic piate counts (more than

9.0 X 10®) and yeast and mold counts (more than 1.0 x 105) were

observed. These results were anticipated because the ingredients were

chopped or sliced during preparation, which freed the plant fluids to

provide a good growth medium for bacteria. The lack of a pH lower

ing agent, such as mayonnaise or salad dressing used in the prepar

ation of the other salads of this group, allowed the growth of bacteria

capable of growth at low temperatures. A slimy, dextran-like material

was noticeable on the salads when they were plated, which suggested

the growth of Pseudomonas or Leuconostoc.

The salad samples from producers 28449 (Table VIM) and 20589

(Table IX) were similar in their characteristics. Both contained less

than 1.0 X 105 organisms per gram in most of their aerobic plate counts

and less than forty coliforms in three of four samples where coliforms

were found. The chicken salad of producer 28449 (Table VI I I) contained

more than 7.5 x 10^ col iforms per gram in fresh salad but had a low

aerobic plate count of 4.5 x 10^ organisms per gram. These coliforms

could have been present on the chicken used to manufacture the salad,

due to lack of hygiene on the part of personnel who prepared the salad

or due to dirty equipment or ingredients. Coliforms are especially
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found in these places and could easily have been introduced into

the salad in these ways. This coliform count was the single highest

found in all of the salads tested. Even among those salad samples

with millions of aerobic plate count organisms other than coliforms

(Table I I I), none had this high a coliform count.

In both sets of samples (Tables VI 1 1 and IX) the coliforms

were reduced in number during storage, while the majority of the

aerobic plate counts and some of the psychrophi 1 ic plate counts

increased in number. The growing organisms in these salads were

probably capable of growth at 32° C and at 3 to 6° C, but did not

produce acid, as the pH of most of the samples showed little or no

increase between samplings.

The date from these last two sets of samples (Tables VI I I and

IX) contradicted the theory of Holtzappfel and Mossel (21) that

only lactic acid-producing bacteria and yeasts and molds were cap

able of growth in salads stored at low temperatures and having a

low pH, Little or no acid was produced by the bacteria present,

and therefore, they cannot be considered as acid-producing bacteria.

The salad samples studied by Holtzapffel and Mossel (21) were

spoiled by either lactic acid bacteria or yeasts and molds, but they

did not identify the bacteria present in the salads. The primary

purpose of this study was to find and identify the bacteria present

In the salads. Bacteria Isolated and identified are listed in

Table X.

Holtzapffel and Mossel (21) noted that of the 1^0 lactic

acid bacteria they isolated, 89 percent were rods and 11 percent
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TABLE X

BACTERIA AND QUANTITY OF EACH SPECIES
ISOLATED AND IDENTIFIED FROM ALL SALADS

Bacteria Quantity

Bad 11 us
Bad llus brevis 1
Bad I lus meqaterium 1
Bad 1 lus coaquians ^
Bad I lus f i rmus 5
Bad 1 lus cereus 9
Bad I lus I icheniformis 29
Bad llus subti 1! s ^5
Bad 11 us pumi I i s 52

Lactobad 1 lus 75®
Lactobad I lus lactTs 2
Lactobad 11 us del bruecki i 2
Lactobad llus brevl s ^
Lactobad 11 us easel 10
Lactobad11 us lelchmannl1 12
Lactobad 1 lus plantarum 12

Leuconostoc 50
Leuconostoc dextrani cum 5
Leuconostoc mesenteroldes 21
Leuconostoc paramesenteroldes 2k

Streptococcus 15
Streptococcus lactls ' 1
Streptococcus uberls 2
Streptococcus cremorls 3
Streptococcus faecal 1s k
St reptococcus du rans 5

Staphlococcus 12
Staphlococcus epldermldls 10
Staphlococcus aureus 2

/i 1
Mlcrococcus

Mlcrococcus roseus 1
Mlcrococcus varlans 17
Mlcrococcus luteus 23
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TABLE X (continued)

Bacteria Quantity

Enterobacteriaceae 12
Escherichia coli ^
Enterobacter aerogenes ^
Citrobacter intermedia ^

Pseudomonas 20

Xanthomonas ^

Actinomyces 1

^33 Lactobaci1ius were not identified to the species
level.



30

were cocci. With the same number of lactic acid bacteria, i^O, a

much higher ratio of cocci were found in this study. The 65 lactic

acid cocci were mostly Leuconostoc. 50, with several Streptococcus, 15-

Some 75 organisms were identified as Lactobaci1ius. but only h2 were

identified to the species level.

The Leuconostoc identified consisted of k2 percent Leuconostoc

mesenteroides. U8 percent Leuconostoc paramesenteroides. and ten

percent Leuconostoc dextrani cum. Only five of the known species of

Streptococcus were found In the salads. Streptococcus iactis,

Streptococcus uberis. Streptococcus cremori s. Streptococcus faecalis

and Streptococcus durans were the streptococci identified. The bulk

of the Lactobaci1lus were Lactobaci ilus ieichmanni i. Lactobaci1ius

piantarum and Lactobaci1ius easel, with some Lactobaci i ius iact is,

Lactobaci i ius deibruecki i and Lactobaci1ius brevi s.

Bad 1ius was the only other genus of bacteria found in as high a

frequency as the lactic acid bacteria. This was an anticipated result,

as most vegetables are in close contact with the soil. Baci1ius are

considered soil organisms. The salads which have a high vegetable

content would contain these organisms or their spores. The majority

of Baci i ius were Baci1ius pumilus. Baci1ius subti1 is. and Baci i ius

i icheniformis with a few Baci1ius cereus. Baci1ius fi rmus, Baci1ius

coaqulans. Baci i i us megaterium and one Baci1ius brevis.

According to Bergey's Manual of Determinative Bacteriology (10),

there are only three species of Micrococcus. Ail three were rep

resented in the salad samples. Micrococcus luteus was most prevalent

with 56 percent of the h] organisms isolated. The remainder were
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Micrococcus varians and one Micrococcus roseus, with a k2 percent

and 2 percent, respectively, of the totai,

Staphlococci constituted only twelve of the isolates, and only

two were Staphlococcus aureus. The remaining ten were identified

as Staphlococcus epidermidis.

Most of the remaining genera isolated in this study were either

in the family of Enterobacteriaceae or Pseudomonadaceae. A few

Citrobacter. Enterobacter and Escherichia were found; but the majority

of the organisms were either Pseudomonas or Xanthomonas. One

actinomycete was found.

Alt,



CHAPTER IV

SUMMARY

Throughout this study, there were no patterns established which

included alt the salads. Bacterial counts and yeast and mold counts

increased in some salads, decreased in others and remained the same

in still others. Further studies would be necessary to determine the

causes of the variabilities.

The pH of the salads probably shows the most noticeable vari

ability and could have been affected by bacterial or yeast and mold

growth as well as by natural chemical or buffering capacities of the

contents of the salads. If microbial growth caused variations in the

pH in the salads, then with some of the salads, the growth of micro

organisms would not have been detectable. If pH changes were due to

chemical reactions, they were not studied in this experiment. In

either case, more in-depth studies of salads will be required to un

cover the causes of the pH changes.

The bacilli and some of the lactic acid bacteria were most often

isolated In this study. The lactic acid bacteria would be the most

l ikely to spoil the salads If the theories of Holtzapffel and Mossel

(21) and Christiansen and King (12) are accepted. The other bacteria

found were a lesser percentage of the Isolates.

The salads of this study were probably manufactured under better

sanitary conditions than those previously reported by Holtzapffel

and Mossel (21) and Christiansen and King (12). The salads of the

aforementioned researchers generally had higher bacterial counts and

yeast and mold counts than those in this study.
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APPENDIX A

PARTIAL IDENTIFICATION SCHEME FOR GENERA OF BACTERIA

I. Gram positive.

A. Rods

1. Spores present.

1. Baci1ius

2, Non-sporulating.

2. Lactobaci11 us

B. Cocci

1. Cataiase positive.

a. Dextrose fermented.

3. Staphlococcus

aa. Dextrose oxidized or no reaction.

k. Micrococcus

2. Cataiase negative.

a. Carbon dioxide produced anaerobleally from glucose.

5. Leuconostoc

aa. No carbon dToxide produced anaerobicaily from

g1ucose.

6. Streptococcus

1 1. Gram negatIve.

A. Rods

1. Pigments produced on Standard Methods Agar.

a. Non-diffusible yellow or orange pigment,

b. Oxidative or no attack on glucose.

39
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c. Polar flagella,

7 Xanthomonas

cc, Peritrlchous flagella.

8, Flavobacterium

bb. Fermentative attack on glucose.

9. Enterobacteriaceae

aa. Diffusible yellow, green-yellow, green, or brown

pigments.

b. Oxidative attack on glucose,

c. Mot i1e.

d. Polarly flagellated.

10. Pseudomonas

dd. Peritrfchous flagella.

e. Utilizes inorganic nitrogen as sole

nitrogen source.

11. Aqrobacterium

ee. Does not utilize inorganic nitrogen.

12. Achromobacter

cc. Non-motile.

15. Aci netobacter

bb. No attack on glucose,

c. Mot lie.

d. Polarly flagellated.

10. Pseudomonas

dd. Peritrlchous flagella.

11. Alcali genes
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2. Non-pigmented on Standard Methods Agar,

a. Oxidative or no attacR on glucose,

b. Polarly fragellated,

10, Pseudomonas

aa. Fermentative attack on glucose,

b. Mot lie,

c. Polarly flagellated,

d. Gelatin hydrolyzed.

e. PosTtive MdTler arginine test.

1^+. Aeromonas

ee. Negative Mdller arginine test.

15. Vibrio

dd. Gelatin not hydrolyzed,

16. Plesiomonas

cc. Perltrichous fTageTla.

9. Enterobacteriaceae

bb. Non-motile.

c. Oxldase positive.

]k. Aeromonas

cc. Oxldase negative.

9. Enterobacteriaceae



APPENDIX B

PARTIAL IDENTIFICATION SCHEME FOR SPECIES OF BACTERIA

Bad llus

Spores not definitely swollen.

A. Protoplasm of 2^-hour cells grown on glucose agar

vacuolated, if lightly stained.

1. Acetylmethylcarbinol not produced.

1. Baci11 us meqateri urn

2. Acetylmethylcarbinol produced.

2. Baci1lus cereus

B. Protoplasm of 2^-hour cells grown on glucose agar

not vacuolated, if lightly stained.

1. Growth on glucose agar as good or better than on

Standard Methods Agar. Good growth on soybean agar.

a. Grows in Tryptlease Soy Broth, plus seven percent

NaCl.

b. Starch hydrolyzed. Nitrites produced from

nitrates.

c. Good growth under anaerobic conditions in

glucose broth.

3. Bacil1 us 1icheniformi s

cc. Scant, If any, growth in glucose broth

under anaerobic conditions.

k. Baci11 us subti1 is

k2



^3

bb. Starch not hydrolyzed. Nitrites not produced

from nitrates.

5. Bacfllus pumilus

aa. No growth in Trypticase Soy Broth, plus seven

percent NaCI.

b. Glucose utilized. Weak, if any, hydrolysis

of gelatin.

6. Baci1lus coaqulans

2. Growth on glucose agar definitely not as good as on

Standard Methods Agar. Scant, if any, growth on soybean

agar.

a. Urease not produced.

7. Baci1lus fi rmus

aa. Urease produced.

8. Baci1lus lentus

I I. Spores definitely swollen.

A. Gas not produced from glucose.

1. Saprophytic. Grows on ordinary media,

a. Starch not hydrolyzed.

b. Does not grow in glucose broth under

anaerobic conditions.

9. Bad 1 lus brevls
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LactobacTTlus

I. Homofermentative.

A, Optimum temperature 37° to 60° C or higher.

1. Acid from lactose,

a. Optimum temperature 37° to kS" C,

b. Acid from sucrose,

r, Lactobaci i ius iacti s

bb. No acid from sucrose.

c. Acid from cellobfose,

2, Lactobaci i1 us acidophilus

cc. No acid from ceTlobiose,

3. Lactobaci11 us heiveticus

aa. Optimum temperature 45° to 62° C,

4, Lactobaci1lus bulgaricus

2, No acid from lactose,

5. Lactobaci11 us delbruecki i

B, Optimum temperature 28° to 32° C,

1, Acid from raffinose,

6, Lactobaci1lus plantarum

a. Acid from mannltol,

7. Lactobaci1lus casei

aa. No acid from mannitol,

8, Lactobaci11 us leichmanni i

I I , Heterofermentative, CO2 from glucose,

A, Optimum temperature 28° C to 32° C,

1 , Ferments raffinose,

9. Lactobaci11 us buchneri
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2. Does not ferment raffinose.

10. LactobaciIlus brevis

B, Optimum temperature 35° to ̂ 0° C or higher.

11. Lactobaci11 us fermenti



he

Leuconostoc

I. Produces CO2 from glucose.

A. Produces acid from sucrose,

1. Produces acid from trehalose,

a. Produces dextran.

b. Produces acid from arablnose.

1. Leuconostoc mesenteroides

bb. No acid from arabinose,

2. Leuconostoc dextrani cum

aa. No dextran produced,

3. Leuconostoc paramesenteroides

2. No acid from trehalose,

h, Leuconostoc lacti s

6, No acid from sucrose,

5. Leuconostoc cremoris
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Streptococcus

I. Growth at 10° C and kS" C. Ammonia produced from arginine.

A. No growth in 6.5 percent broth or in O.I percent methylene

blue milk.

1. Streptococcus uberis

B. Growth in 6.5 percent NaCl broth and fn 0.1 percent

methylene blue milk.

1. Litmus reduced before coagulation.

2. Streptococcus faecalis

2. Litmus reduced after coagulation or not reduced.

3. Streptococcus durans

I I. Growth at ten degrees C but not at ̂ 5° C. Growth in 0.1

percent methylene blue milk.

A. Growth at 40° C. Produces ammonia from arginine.

Streptcococcus lactis

B. No growth at 40° C. No ammonia produced from arginine.

5. Streptococcus cremoris
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Staphlococcus

I. Baird-Parker positive.

A. Mannitol positive (acid).

1. Staphlococcus aureus

B. Mannitol negative (no acid).

2. Staphlococcus epidermidis
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Micrococcus

I. Red pigment produced.

1. Mi crococcus roseus

1 1. Pigment other than red produced,

A. Yellow pigment produced,

1, Produces acid from glucose,

a. Produces acid from xyTose,

2. MFcrococcus varians

aa. Does not produce acid from xylose,

3. Micrococcus iuteus

2, Does not produce acid from glucose,

a. Does not produce acTd from xylose,

3. Micrococcus luteus

B, No pigment produced,

1. Produces acid from glucose.

a. Produces acid from xylose.

2. Micrococcus varians

aa, Does not produce acid from xylose,

3. Micrococcus 1uteus

2. Does not produce acid from glucose,

3. Mi crococcus luteus
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Enterobactertaceae

I. Urease positive.

1. Proteus

I I. Urease negative.

A. Simmons Citrate positive.

1. Methyl red positive.

a. Growth in presence of cyanide,

b. Voges-Proskaur positive.

2. Hafn ia

bb. Voges-Proskaur negative.

3. Citrobacter

aa. No growth in the presence of cyanide.

b. Acid from lactose.

't. Arizona group

bb. No acid from lactose.

5. SaimoneTla

2. Methyl red negative,

a. Mot lie.

b. Acid from lactose.

6. Enterobacter

bb. No acid from lactose.

7. Serrat ia

aa. Non-motile.

8. Klebsiella

B. Simmons Citrate negative.

1. Mot i1e.
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a. Indole positive

aa. Indole negative

2, Non-motile

9. Escherichia

5. Saimonella

10. Shiqella
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