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INTRODUCTION

The surface of a multicellular organism, exposed to the external 

environment, either directly or indirectly, is inhabited by a specific 

microbial flora. This holds true regardless of the species or 

environment of the multicellular organism,s The microbial flora of 

the multicellular organism, man, will be considered.

According to Jawetz et al., (32), the microbial flora is of two 

types: (1) the resident flora which is normally fixed and does not

change except in extreme conditions and (2) the transient flora which 

can be pathogenic or non-pathogenic, depending on physiological and/or 

environmental conditions« The latter flora will disappear after a 

few hours, days or weeks due to the reestablishment of the normal flora« 

The microbial flora of man consists of bacteria, fungi and viruses. 

The bacterial flora has been extensively studied due to the ease of 

isolation and its rapid growth. In the literature, mention of normal 

flora is interpreted as meaning the bacteria flora unless otherwise 

stated. Fungi are present but only in small numbers«

Until development of tissue culture, very little was known about 

the normal viral flora of man. With the development of this technic, 

this flora has been studied more extensively and has gained acceptance 

of being as important as the bacterial flora.

The normal flora is a commensal one, not saprophytic. Its absence 

may result in serious infection caused by opportunistic pathogens.
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The resident flora is capable of producing infection it locates 

itself at a part of the body other than where it normally resides. 

Streptococcus viridans is a predominate bacterium of the mucous 

membranes of the mouth and throat (37). If this organism is intro

duced into the blood stream, due to a tooth extraction, it is 

capable of producing vegetation on the heart valves resulting in 

subacute bacterial endocarditis (11).

Different parts of the body are inhabited by different genera 

of bacteria. The predominate resident bacteria of the skin are 

the aerobic and anaerobic non-hemolytic staphylococci, whereas 

S. viridans and various Neisseria species are predominately 

associated with the mouth (37).

The intestinal tract also is inhabited by its own residential 

bacterial flora consisting of both aerobic and anaerobic bacteria 

(37). Due to the severity and communicability of enteric infections, 

considerable information has accumulated pertaining to this 

particular flora (16). Ninety-five percent is anaerobic, with the 

gram-positive members of the "bifidus group" and the gram-negative 

bacilli of the genus Bacteroides predominating. The aerobes, which 

constitute the remaining five percent, include the coliforms, 

streptococci and lactobacillus (28).

The number of bacteria is influenced by several factors. The 

anatomical portion of the gastrointestinal tract and its physiological 

function is influential in determining the number present. Due to
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its acidity, there is no residental flora present in the stomach (37). 

The duodenum and jejunum are also relatively sterile. One possible 

explanation is the "auto-disinfecting mechanism" depending on acid 

from the stomach. Arnold and Brody (1) found a pH of 5.5 to 6.3, 

in the contents of the upper intestine, sufficient to inhibit the 

multiplication of most bacteria. While the species of bacteria 

remains the same throughout the small and large intestine, the 

population sizes increase and reach a maximum number in the colon (37).

The nutrition of the host is known to exert an effect on the species 

and number of bacteria present in the intestine. This reseach has been 

conducted mainly on ruminants (10), with limited investigation in 

humans (5). The action of the diet is due to the breakdown of food

stuffs with the resultant by-products of metabolism producing the 

inhibition on the bacteria.

The most common etiological agents of enteric infections are 

species of the genera Salmonella and Shigella. According to Burrows 

(11), the salmonella produce two types of disease. The first type, 

the enteric fevers, are produced by the typhoid and paratyphoid 

bacilli. The disease is characterized by hyperplasia and necrosis 

of lymphoid tissue resulting in fever and bloody diarrhea (11).

The second type is gastroenteritis with Salmonella enteritidis, 

Salmonella typhimurium and Salmonella choleraesius as the most common 

implicated organisms. However, any species of Salmonella is capable

of producing gastroenteritis when the optimum conditions are present.
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The disease has an incubation period of twelve hours to several 

days and is characterized by nausea, vomiting and diarrhea (11).

The organisms responsible for bacillary dysentery are Shigella 

dysenteriae, Shigella flexneri, Shigella boydii and Shigella sonnei. 

This infection is characterized by abdominal pains, cramps, diarrhea 

and fever, following an incubation period of 48 hours (11).

Gastroenteritis is the most common infection produced by the 

genus Salmonella, accounting for over 50 percent of all food-borne 

infections in 1967 (2), The other diseases produced by Salmonella 

species, as well as those produced by Shigella species, account for 

a smaller percent in contrast to Salmonella food poisoning. A 

major factor for the low level of enteric fevers and dysentery in 

the United States is the high public health standards. However, 

individuals are exposed to Salmonella and Shigella with complete 

lack of clinical symptoms with the normal enteric flora having been 

credited as having a protective action against these pathogens.

Volatile fatty acids in conjunction with anaerobias is produced 

by normal enteric bacteria have been shown to inhibit Salmonella 

and Shigella species in vivo and in vitro (25, 34). However, only 

a few bacterial species have been tested under the above environmental 

conditions„

The purpose of this study is to determine the effect of various 

concentrations of acetic acid on various enteric pathogens, Salmonella 

and Shigella species, and non-pathogens, Escherichia, Aerobacter and 

Klebsiella species. This will be done both aerobically and anaerob

ically and at various pHs„
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The possible inhibitory concentrations of acetic acid for 

the organisms listed above will be determined and the question 

whether the enteric pathogens are more sensitive than the non

pathogens hopefully will be answered. It will also be determined 

whether this inhibition is common for all enteric pathogens or 

unique for certain species or strains of Salmonella and Shigella.. 

The acetic acid concentrations and pH values would not exceed 

those values found normally in the intestine.
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LITERATURE REVIEW

As the science of Bacteriology proceeded beyond the initial 

findings of the relation of bacteria to disease, the bacteriologist 

became interested in the relationship of one bacterial species to 

another. Specifically, why do some bacteria predominate in a mixed 

culture and what mechanism(s) is/are exerted by the predominating 

bacteria on other species to inhibit or prevent their growth?

Barnes (3) added the sterile filtrate of the medium in which 

he grew coli to medium to be inoculated with S„ aureus. The 

medium inoculated with aureus consisted of E. coli filtrate in 

concentrations varying from 5 to 95 percent of the total volume.

He observed that as the percent of filtrate was increased, the 

growth of the inoculated organisms decreased„ He concluded that 

inhibition was due to alteration of necessary nutrients rather 

than the production of an inhibitory agent or substance.

Fulton et al. (21) measured growth curves of E. coli and Salmonella 

sehottmuelleri in mixed cultures. It was found that the organisms 

with the smaller inoculum initially had an extended lag phase and 

only when the predominate organisms reached their stationary phase 

did the second organisms enter their log phase. Cleary (12) also 

found that inhibition of one bacteria by another was due to the 

lack of availability of an essential nutrient. However, Wheeler 

and Stuart (36) working with EU_ coli and Ŝ _ aureus, in dialysis 

type growth tubes, stated that inhibition was due to some factor 

other than the lack of an essential nutrient.

Levine and Fellers (33) were interested in the mechanism of
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food preservation in vinegar, specifically because of its 

acetic acid content. These investigators found that the 

organisms tested were inhibited or destroyed at a higher 

pH value with acetic acid than with either lactic or hydro

chloric acidso From these results they concluded that the 

lethal activity of acetic acid at comparatively high pH 

values, to various microorganisms was not confined to the 

hydrogen ion concentration alone but might be a function of the 

undissociated acetic acid molecule.

Bergeim (4) found that formic and butyric acids, in addition 

to acetic acid, had a marked effect on the growth of Ê _ coli.

He showed that when the acids were at a pH 6.5 or above, no 

inhibition occurred, whereas at a pH 4.5 or below, inhibition 

was due entirely to the acidity of the acids. In the range of 

pH 5.0-6.0, where the pH itself is not inhibitory these fatty 

acids, even in low concentrations, had a marked inhibitory effect 

on E=_ coli.

Bergeim et al.(5) extended Bergeim (4) previous work to determine 

the possible inhibitory effects of volatile acids on pathogenic and 

non-pathogenic enteric bacteria, ^n vivo experiments utilized 

butter fat as the source of butyric acid and Bacillus prodigiosus 

as the test organism. Human volunteers were fed the test organisms, 

half receiving butter fat with the organism while the other half 

received only the organisms. At the end of 7 hours, their colons
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were washed using enemas and colony counts performed. Without 

butter fat, 73 percent of the bacteria were found viable at the 

end of this time period. However, when butter fat was ingested, 

only 1 to 3 percent of the original population was viable. From 

this information, the investigators concluded that butyric acid 

can be inhibitory to enteric bacteria _in vivo. However, the 

concentration of butter fat ingested was considerably greater than 

that which would normally be consumed. Taking this into consideration, 

they stated that the inhibition caused by butter fat in the normal 

diet would not be as significant as indicated by their studies.

_In vitro testing was also conducted to determine which pH, in 

conjunction with 0.025 N butyric acid, would inhibit normal and 

pathogenic enteric bacteria. This acid concentration was selected 

because this value is found in the normal intestine. They found 

that a pH 5.4 with 0.025N butyric acid inhibited all Salmonella and 

Shigella species tested, whereas a pH 5.0 was bactericidal to all 

Salmonella and Shigella species. Of the normal enteric bacteria, 

Bacillus acidophilus was not inhibited by the acid concentrations, 

whereas E. coli was inhibited at pH 6.0 with 0.025 N butyric acid.

During this period, increasing interest was generating as to 

the inhibitory capacity of normal enteric bacteria towards enteric 

pathogens. Wynne and Williams (39) isolated a strain of Aerobacter

aerogenes, which demonstrated a moderate antagonism towards Salmonella
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typhosa but was less inhibitory to Salmonella when grown in 

tetrathionate broth than in plain broth. Wynne (38) also found 

that the above Aerobacter strain was inhibitory to other coliforms 

as well. No mechanism of action was advanced, only the fact that 

the antagonism is unknown and may involve some direct action of 

the living cells. Coblentz and Levine (13) found an auto-inhibitory 

substance produced by E. coli but no attempt was made to identify 

this substance. However, it was observed that this substance was 

produced at 30°C as well as at 37°C.

Halbert (22) studied the effects of E.coli strains on S. flexneri. 

He found that these strains were either inhibitory or non-inhibitory 

to SU_ flexneri. Halbert states that the mechanism of inhibition of 

normal flora towards these pathogens was due to the elaboration of 

bacteriocins. Colicins are capable of inhibiting Shigella as well 

as other genera of bacteria; however, these bacteriocins have been 

demonstrated not to be the predominate protective mechanism of the 

normal flora (25).

Bowling and Wynne (8 ) extended the work of Wynne and Williams 

(39) on the antagonism of Aerobacter towards other bacteria. It was 

found that whole viable cells were inhibitory. The investigators 

concluded that "direct-antagonism" involved relatively close contact 

of living Aerobacter cells with the cells of the inhibited species.

Work was performed by Hentges and Prefer (29) as to the mechanism 

of inhibition by normal flora. The authors developed a continuous
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flow culture system for in vitro testing of bacterial antagonism 

and compared the results to _in vivo testing with streptomycin- 

resistant bacterial strains. They found that coliforms did inhibit 

S. flexneri to varying degrees. However, no correlation could be 

established between _in vivo and _in vitro experiments. When the test 

strains of coliforms inhibited Shigella, it also inhibited itself 

with the inhibition being static, rather than bactericidal. The 

inhibition of Shigella could be eliminated by the addition of 

glucose to the medium. The hypothesis was set forth by Freter (19) 

that the mechanism of _in vivo and _in vitro antagonism under the 

experimental conditions was due to the competition for fermentable 

carbon sources in a reduced environment.

Indirect evidence of the protective effect of the normal flora 

was accumulating due to the use of "germ-free" animals. Dineen (15) 

showed that mice which had their normal flora reduced by antibiotics 

were more susceptible to Sĵ  aureus and Klebsiella pneumoniae infections 

than those animals whose normal flora was intact. Resistance to these 

infections could be reestablished by feeding the mice antibiotic- 

resistant normal flora. Formal et al.(18) using "germ-free" guinea 

pigs found that the animals succumbed when challenged with S«_ flexneri, 

whereas animals fed E. coli or Lactobacillus species resisted the 

infection. The animals did not develop an infection when mono- 

contaminated with either E. coli or Lactobacillus alone. In some 

unknown way, Ê _ coli and Lactobacillus had a protective effect when

challenged with Shigella. Miller and Bohnhoff (35) also found that



11

the normal flora protected animals when challenged with enteric 

pathogens. Of particular interest was the elimination of 

Bacteroides species which seemed to correlate most directly with 

enhanced susceptibility to infection.

Meynell (34) studied the role of oxidation-reduction potential 

in conjunction with volatile fatty acids as an antibacterial 

mechanism. Using the cecum of mice, he noted that a change in 

the flora markedly affected the pH and Eh of the cecal contents.

The pH rose from 7.0 to 7»5 after streptomycin treatment with 

the Eh increasing from -0.2V to +0.2 V. Chromatography of 

distillates from cecal samples showed spots corresponding to 

acetic, butyric and propionic acids in order of decreasing concen

tration. In. vitro testing using comparative acid concentrations 

and oxidation-reduction values produced inhibition to the Salmonella 

strain. Meynell concluded that the volatile acid concentrations, 

in conjunction with low oxidation-reduction potentials, was the 

predominate mechanism of inhibition of Salmonella in the mouse 

cecum.

Hentges and Fulton (30) used mixed cultures of Shigella and 

Klebsiella to study any possible inhibition produced by one 

organism against the other. Of the different experimental conditions 

used, anaerobiasis was found to be the most determining factor in the 

inhibition of Shigella by Klebsiella. Klebsiella interfered with 

the multiplication of Shigella in non-aerated culture while having

little effect in aerated ones. In all cases, exponential growth
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of Shigella was interrupted in non-aerated cultures when Klebsiella 

reached a maximum population« However, Klebsiella did not inhibit 

Shigella in aerated cultures because Klebsiella never reached a 

maximum population. When conditions were optimum for Shigella 

multiplication, Shigella growth could not be interrupted by 

Klebsiella. From the above data, it was proposed that an 

anaerobic environment was inhibitory to Shigella in a mixed culture.

Brownlie and Grau (9) studied the survival of Salmonella in the 

bovine rumen. By varying the cow's feeding schedule, it was found 

that a decrease in pH in concert with an increased volatile fatty 

acid concentration resulted in an increased number of Salmonella 

eliminated in the feces. The investigators believed that the 

increase in volatile fatty acids might not be the full explanation 

for the elimination.

Harrison and Pirt (23) using Klebsiella aerogenes, found that 

in an excess oxygen state, the metabolized glucose carbon was largely 

accounted for as carbon dioxide, pyruvate and organisms regardless 

of pH. In a limited oxygen state at pH 6.0, the glucose carbon 

was utilized in butanediol and lactate production while under 

completely anaerobic conditions, substantial amounts of acetic acid 

were formed.

Hentges (25) investigated in detail the mechanism of inhibition 

of Shigella by Klebsiella in an anaerobic environment. He found that 

at the time of inhibition of Shigella, formic and acetic acids were

present. He stated that formic and acetic acids, in conjunction
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with anaerobias is, were responsible for the inhibition.

Collard and Gossling (14) studying continuous culture of 

mixed populations found that sonnei could not be established 

in a culture of coli, but 13. coli could establish itself in 

a sonnei culture with the latter disappearing.

Extending his previous studies of Shigella inhibition by 

Klebsiella, Hentges (27) showed that of 15 coliform strains tested, 

fourteen inhibited Shigella in mixed cultures. In the mixed 

cultures, the coliforms produced acetic and formic acids and 

reduced the medium in all but one instance. Again, Hentges 

postulated the theory that volatile acid production and the 

concomitant reduction of the medium were the mechanisms by which the 

coliforms inhibit Shigella growth.

Hentges and Maier (31) investigated the possible inhibitory 

effect of Bacteroides fragilis to Shigella in mixed cultures. They 

found that there was no inhibition when Shigella and Bacteroides 

were inoculated simultaneously. Inhibition occurred only when 

Shigella was inoculated into established cultures. In exponential 

phase cultures of Bacteroides, the Shigella growth rate was diminished 

and logarithmic growth was prematurely interrupted. Analysis of the 

media during the time of growth interruption revealed the presence of 

acetic and propionic acids. A reduction in pH, due to these acids, 

produced inhibition, but a high pH caused no inhibition.
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MATERIAL AND METHODS

A. MICROORGANISMS

All bacteria used in this study were clinical isolates ident

ified at Creighton Memorial St. Joseph Hospital. Table 1 shows the 

accepted biochemical tests used for the identification of enteric 

bacteria according to the classification of Edwards and Ewing (17). 

When possible, Sa imonella and Shigella species were typed with 

serological antisera (Difcoa). Numbers were arbitrarily given to 

the organisms for convenience during testing. They are not meant 

to imply a specific strain of the species.

B. MEDIA

The medium used for the cultivation of the test organisms under 

anaerobic conditions was fluid thioglycollate (BBLb). The medium 

used for aerobic cultivation was veal infusion broth (BBL). Test 

organisms were maintained on brain heart infusion agar slants (BBL) 

at 4°c and recultured at 4-6 week intervals. All dilutions were 

plated out on brain heart infusion agar. Dilutions were made in 

0.85% sodium chloride.

G. INOCULATION AND CULTIVATION OF TEST ORGANISMS

Test organisms were streaked on brain heart infusion agar and 

incubated at 37°C for 24 hours. A portion of the culture was then 

inoculated into 10 ml. of brain heart infusion broth and incubated

a Difco Laboratories; Detroit, Michigan, 

k Baltimore Biological Laboratory; Baltimore, Maryland.
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at 37°C for 1-3 hours. The length of the incubation period was

dependent on the generation time of the bacteria used. It was
2 2consistently found that 1 x 10 to 5 x 10 organisms per ml. were 

present at a 10”  ̂dilution when the culture was diluted. Due to 

the accuracy of this method, it was felt that the measuring of 

optical density of each culture to determine its population was 

unnecessary. A 0.1 ml. aliquot of a lO-"’ dilution of the above 

culture was then inoculated into the experimental culture medium.

This inoculum was selected so as not to change the environment of 

the 10 ml. of test medium which would be altered if 1 .0 ml.of a 

10  ̂dilution was used.

D. DETERMINATION OF POPULATION SIZES

At the end of 18 hours, aliquots were removed and dilutions 

made to determine population sizes. One ml. aliquots of dilutions 

were then flooded on the surface of dried brain heart infusion agar 

plates prepared according to Hentges (24)« Plates, in duplicate, 

were incubated at 37°C for 18 hours. The colonies were then counted 

with an electric colony counter (New Brunswick Scientific Go.) Each 

experiment was repeated three times and the average of the three 

counts was recorded.

E. ADJUSTMENT OF pH OF MEDIUM

One ml-of acetic acid, at various molar and percent concentrations, 

was added per 10 ml.of fluid thioglycollate irrespective of the pH 

desired. The pH of the control medium was adjusted with 1NHC1 or



NaOH. 10 ml*of the medium was placed in 16 x 125 mm screw cap 

tubes and autoclaved and used within 24 hours. It was found 

that after autoclaving,all media dropped to the desired experi

mental pH.
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RESULTS

Preliminary experiments were conducted to determine the inoculum

size to be used throughout the duration of this study (Table 2).
3Arbitrarily, 1 to 3 x 10 organisms per ml was selected as the 

inoculum size. When little or no inhibition was observed on the 

organisms tested, it was felt that a large inoculum may not be as 

sensitive as a smaller one. This would seem to coincide with the 

fact that the larger the inoculum, the less possibility of the host

to resist infection. It was decided to select an inoculum of
2 2approximately 1 x 10 to 5 x 10 organisms per ml. It was observed

that when this small inoculum was used inhibition did occur. It

was also observed that inhibition varied with the genus as well as

with the various species of that genus and was not directed towards

any one. Some bacteria were more sensitive to the action of acetic

acid than others, but none demonstrated complete inhibition. It was

felt that there was sufficient inhibition expressed to test numerous

species to determine if Salmonella and Shigella are inhibited by

acetic acid in conjunction with a low pH and anaerobias is.

Molar concentrations of acetic acid at pH 6.0 with anaerobias is

were tested on various Salmonella and Shigella species as well as
2E. coli (Table 3). As stated previously, an inoculum of 1 x 10 to

25 x 10 organisms per ml was used. As is evident, neither Salmonella 

or Shigella exhibited uniform inhibition as was expected from

preliminary experiments. Only S^ flexneri #2 demonstrated complete
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inhibition at the higher concentrations of the acid. S. flexneri 

#71 demonstrated complete inhibition at 0,1M in about 66 percent 

of the time. All other Salmonella and Shigella species expressed 

inhibition to various degrees. It was also observed that E. coli 

was inhibited to the extent of some of the Salmonella and Shigella 

species.

It was suggested by Hentges (personal communication) that the 

pH of the test medium be adjusted to 5.8. Also the acetic acid 

concentration was changed from molar to percent (v/v). Using the 

new pH value, it was found that a more clear cut inhibition could 

be demonstrated. Table 4 shows the inhibitory effects of acetic 

acid on Shigella species^ #25, 135 and 160 showed complete inhibition 

at 1.5 percent whereas #25 and 135 showed inhibition at 1.0 percent 

concentration. All of the species investigated showed that the 

greater inhibition was evident at the higher acid concentrations.

The effects of acetic acid on Salmonella is presented in Table 5. 

Salmonella #26, 72, 107, 73, 101, 126, 171, 180, 181, 183, 185 and 

195 exhibited complete inhibition at 1.5 percent, whereas #72, 101, 

171, 181 and 185 exhibited complete inhibition at 1.0 percent.

Table 6 shows the effects of acetic acid on Escherichia species. 

#102, 127, 131, 132, 144 and 162 showed inhibition at 1.5 percent, 

whereas #102, 127, 131, 132 and 162 showed inhibition at 1.0 percent.

The effects of acetic acid on Aerobacter and Klebsiella species 

is presented in Table 7, # 114 and 134 showed inhibition at 1.5
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percent whereas #114, 134 and 156 at 1„0 percent. Only Aerobacter 

species demonstrated inhibition.

Control experiments were conducted using aerobic rather than 

anaerobic environments. The results demonstrate that maximum 

inhibition was better obtained under anaerobic conditions. Table 8 

shows the results of Shigella species? #1, 61 and 100 were inhibited

by 1.5 percent acetic acid concentration whereas #61, 69, 77 and 100 

by 1 .0 percent.

Table 9 demonstrates the effects of acetic acid on Salmonella 

species grown in an aerobic environment. Salmonella species #72 

and 126 were inhibited at 1.5 percent whereas # 57, 72 and 101 at 

1 .0 percent.

i
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DISCUSSION

Numerous studies have been conducted on the antagonism between 

pathogenic and non-pathogenic bacteria. The antagonism between the 

normal enteric flora and enteric pathogens has been of considerable 

interest due to the communicability and morbidity produced by intestinal 

pathogens. Early studies were concerned only with those organisms 

that prevent the growth of others. Little attempt was made to explain 

why the inhibition occurred. If an explanation was presented, it was 

based more on theory than fact.

With the discovery and development of the antibodies, a new 

approach to enteric antagonism developed. Early studies were con

ducted in which animals had been previously treated with antibiotics 

to remove the normal flora and were inoculated with antibiotic- 

resistant pathogens. A comparison then could be made between animals 

which were both inoculated with pathogens; one which had retained 

its normal flora and the other which had it removed. If the animal 

which had the normal flora intact survived the infection, then this 

would be indirect evidence that the flora had a protective effect.

Recently (25), it has been shown that certain metabolic by-products, 

specifically volatile fatty acids, in conjunction with reduced con

ditions and low pH, could inhibit Salmonella and Shigella species.

In these studies, only one Salmonella or Shigella species was invest

igated. The studies showed that the pathogen was inhibited. However,
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it could have been a coincidence that each investigator happened 

to select a highly susceptible strain» For example, S_» flexneri 

#71, is completely inhibited by 0»1 M acetic acid and this organism 

was used by Hentges in all his experiments. Had he selected an 

organism other than this particular strain, he may not have reached 

his conclusions. For this reason, it was decided to screen a large 

number of bacteria to determine their susceptibility to acetic acid.

From Table 2 it can be observed that the inoculum used is 

extremely influential on the results obtained. A small inoculum 

resulted in more bacteria being inhibited than if a larger one was 

used» It is possible that a large number of organisms exert a 

greater protective effect on each other which a smaller population 

would not have. Although the reason why a smaller population is 

inhibited to a greater extent is unknown, it has been proven that 

a smaller population is more susceptible to the action of acetic 

acid»

Table 3 shows preliminary results obtained using 4 different 

concentrations of acetic acid» It can be observed that in general 

the inhibition obtained was limited, although two Shigella flexneri 

species were completely inhibited by the highest concentrations of 

the acid. It was also observed that Shigella species were more 

susceptible than Salmonella species. A possible explanation may be 

that the Salmonella species generally had a 10 times larger population

than the Shigella species. As presented in Table 2, the higher the
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population, the less inhibition occurs.

It was observed in Tables 4 and 5 that certain Salmonella and 

Shigella species were completely inhibited» However, the majority 

of the pathogens had their populations reduced 100-1,000 ,0 00 times» 

Results obtained with the organisms investigated showed that as the 

concentration of the acid increased, the inhibition of the organism 

increased also. All species had their populations inhibited a 

minimum of 100 times below the control populations. Of the Salmonella 

and Shigella species that were tested, no one species demonstrated a 

greater susceptibility under the experimental conditions of this 

investigation. Although Salmonella species were completely inhibited 

more than Shigella species, the latter generally had their populations 

reduced to a smaller number. The large residual number of Salmonella 

organisms could be a possible explanation as to why a carrier state 

can develop with a Salmonella infection.

Since Escherichia, Aerobacter and Klebsiella are accepted as the 

predominating aerobic col iforms and believed responsible for the 

inhibition of enteric pathogens» These organisms were investigated 

to determine their susceptibility to the action of acetic acid. As 

observed in Tables 6 and 7, the growth of these organisms was inhibited. 

However, as with Salmonella and Shigella, the inhibition was variable. 

All the Aerobacter species showed complete inhibition. Too few strains 

were tested to state whether the inhibition is a characteristic of the 

genus. In one instance, an Aerobacter species was inhibited by lower 

but not higher concentrations of the acid. The reason for this is
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unknown« It would seem from the data that the coliforms are 

inhibited to the same degree as the pathogens. Thus it would seem 

that these bacteria are not the prime candidate responsible for the 

inhibition of enteric pathogens.

Control experiments were conducted with Salmonella and Shigella 

species using a low pH in conjunction with acetic acid, except that 

aerobic rather than anaerobic environments were used. If these 

organisms were inhibited to a lesser degree in aerobic than anaerobic 

conditions, it would indicate that all three variables are necessary 

to obtain maximum inhibition. As can be observed in Tables 8 and 9, 

inhibition was less under aerobic than anaerobic conditions. A 

unique characteristic developed where more bacteria were inhibited 

at the lower than at the higher acid concentration. The reason for 

this phenomenon is unknown.
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CONCLUSIONS

It can be seen that under the experimental conditions of this 

investigation, Salmonella and Shigella are inhibited by acetic 

acid, low pH and anaerobias is. However, the inhibition varies 

not only from organism to organism, but also to the extent to which 

each organism is inhibited. Compared with Shigella, the Salmonella 

species were less inhibited. However, more Salmonella than Shigella 

exhibited total inhibition. This may be due to the fact that the 

Salmonella species are generally more resistant to physical and 

chemical agents than Shigella. It was shown that the normal 

aerobic bacteria were inhibited to various degrees by acetic acid.

It would seem highly improbable that these bacteria could produce acetic 

acid in high enough concentration to inhibit an enteric pathogen which 

in turn could also inhibit their own growth. However, it must be 

considered that other unrecognized factors may be determining 

Ln vivo factorso All these experiments were conducted using pure 

cultures with pH and anaerobias is as the variables. In mixed 

cultures, many factors play a role and one or more of these unrec

ognized factors may act synergistically with acetic acid to 

produce maximum inhibition. It should be remembered that the 

aerobic flora comprises only 5 percent of the total intestinal flora 

Hentges (31) has shown that Bacteroides species are capable of

inhibiting Shigella in vitro. With this information and the facts
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presented, it can be concluded that Salmonella and Shigella are 

capable of being inhibited by acetic acid, low pH and anaerobiasiso 

However, the fact that the coliforms are inhibited in various degrees 

does not prove that this group is the predominate protective flora»



Table 1

Biochemical tests used for the identification and differentiation of enteric 

bacteria used as test organisms. 1 2 3
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Salmonella sp. F - - + + ** + - - - + + +

Salmonella paratyphi F - - - - + - - - + + +

Salmonella typhi F - - + + - - - - - + - +

Shigella Type A & C F - « +

Shigella Type B F - - - - - - + - - - - +

Shigella Type D F - « - - - + - - - - - +

Escherichia coli F - + - + - + + - - + +

Aerobacter aerogenes F ~ + ~ + - + - - - + + +

Klebsiella sp. F *** + + + + +

+

+

+

1 Lysine decarboxylase
2 Lysine deaminase
3 ornithine decarboxylase K>Ol
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ti
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ty



Table 2

The inhibitory effects of various concentrations of acetic acid on Salmonella and Shigella grown 

anaerobically at pH 6.0 using different size inocula.

0RGANISM INOCULUM CONTROL 0.1M Acetic Acid 0.075M Acetic Acid 0.05M Acetic Acid 0.02SM Acetic Acid
1 . Sh. sonnei 2.3xl03 l.SxlO7 l.SxlO7 1.4xl07 2.3xl07 1.7xl07
1 . Sh. sonnei 2.3xl03 1.4xl07 7.6xl06 S.lxlO6 l.SxlO7 2.OxlO7

1. Sh. sonnei 2.5xl03 2.4xl07 2.9xl07 l.lxlO7 1.6xl07 2.2xl06
3. Sh. flexneri 2.OxlO3 2.OxlO7 9.7x10® 71.5x10 l.SxlO7 l.SxlO7
24. Sal. Ci 1.3xl03 4.9xl08 5.5xl08 4.5xl08 3.9xl08 83.5x10

1. Sh. sonnei l.SxlO2 5.lxlO7 2.4xl06 2.2xl0 6 3.3xl07 3.5xl07
3. Sh. flexneri l.lxlO2 1.6xl07 1 .2xl0 7 1.3xl07 2 .2xl0 7 1.9xl07
4. Sal. B 2.1xl0 2 l.SxlO8 l.SxlO7 1.9xl07 l.SxlO7 3.3xl07
50 Sal. B 1.7xl02 3.6xlQ8 l.lxlO8 82 .2x10 3.OxlO8 2.7xl08



Table 3

The inhibitory effects of various concentrations of a 

anaerobically at pH 6.0.

ORGANISM INOCULUM CONTROL 0.1 M

lo She sonnei 2.5xl02 4.4xl07 4.4xl07

1. Sh. sonnei l.SxlO2 6o0xl07 1.8xl07

2. She flexneri 9.2x1o1 1.4xl05 0

2 . Sh. flexneri 9.9X101 3.0xl05 0

2 . Sh. flexneri l.lxlO2 4.8xl05 0

3. Sh. flexneri l.lxlO2 2.0xl07 lolxlO7

3. Sh. flexneri l.OxlO2 2o0xl07 1.7xl07

3. Sh. flexneri 8.5xl02 72.8x10 1.3xl07

4. Sal. B 2 e1x10 2 1.6x108 81.5x10

4. Sal. B 3.2xl02 3.7xl08 1.4xl08

4. Sal. B 5.5xl02 3.2xl08 l.lxlO8

5. Sal. B 1 e 7x 1 0 2 2.9xl08 l.lxlO7

5 o Sal. B 3 O4xl02 2.3xl08 3.3xl08

5. Sal. B 3.5xl02 2 O2xl08 l.SxlO8

acid on enteric bacteria grown

0.075 M 0.05 M 0.025 M

7,5xl07 7.3xl07 5.2xl07

2.OxlO7 4.1xl07 3.lxlO7

0 0 2.7xl02

0 o1 x 10 l.SxlO1

0 2.1X101 2.6x1o1

1.3xl07 2.OxlO7 1.7xl07
71.8x10 2.OxlO7 72.0x10

l.SxlO7 2.3xl07 72.6x10

1.9xl08 81.5x10 83.3x10

2.5xl08 1.6xl08 4.lxlO8

l.OxlO8 1.6xl08 2o7xl08

2.lxlO7 3.OxlO7 2.lxlO7

2.OxlO8 2.lxlO8 2.7xl08

1.8x10s 2.OxlO8 82 .0x10



Table 3 (continued)

ORGANISM INOCULUM CONTROL 0.1 M 0.075 M 0.05M 0.025 M

21. Sal. B. 2.3xl02 4.7xl0? 9.6xl07 2.2xl0 7 4.OxlO7 2 o4xl07

21. Sal. B. 3.5xl02 2 oOxlO8 9.5xl07 1.5xl08 1.7xl08 2.3xl08

21. Sal. B. 3.5xl02 2 .1xl08 9.7xl07 1.9xl08 2.8xl08 2.3xl08

25. Sh. flexneri 4.4xl02 4.7xl06 5 x 105 4.5xl06 3.3xl06 3.7xl06

25. Sh. flexneri 3.7xl02 1.7xl07 7xl06 6 x 106 7 x 106 3 x 106

25. Sh. flexneri 4.3x10 2.lxlO7 l.OxlO7 1.7xl07 l.OxlO7 3.OxlO7

26. Sal. C2 7.5xl02 3.8xl08 2.9xl08 3.3xl08 3.2xl08 82.6x10

26. Sal. C2 3.4xl02 3.5xl08 2 .1x10 2 .6xl08 3.3xl08 2.5xl08

41. Sal. B 1.6x10^ l.OxlO8 1.3xl08 3.9xl07 7.9xl08
8

1.4x10

42. Sal. D 1.9x102 3.lxlO8 5.5xl07 2 .8x10® 2.3xl08 83.5x10

45. Sh. flexneri 1.3xl02 3.4xl06 61.2x10 1.3xl06 4.3xl06 8 .OxlO6

45. Sh. flexneri 2.9X101 4.lxlO6 2.OxlO5 3.5xl06 7.4xl06 9.3xl06

57. Sal. B 1.6xl0 2 3.OxlO8 1.2xl08 l.OxlO8 2.4xl08 2.4xl08

57. Sal. B 5.2x10^ 1.7xl08 8.7xl07 1.4xl08 1.4xl08 1.9x10®
61. Sh. sonnei 3.9xl02 2.7xl07 l.lxlO7 2 .8xl07 2 .2xl0 7 2 .5xl07

62. Sal. C 7.4xl02 2.3xl08 3.2xl08 3.5xl08 3.6xl08 2.9xl08



ORGANISM 

71. Sh. flexneri 

71o Sh. flexneri 

71o Sh. flexneri 

102. E. coli 

102. E. coli 

102o E. coli 

106. E. coli 

106. E. coli 

109. E. coli

INOCULUM CONTROL

6.3xl02 1.3xl05

2.5xl02 l.SxlO6

2 o 6xl02 l.SxlO6

3.7xl02 7 a 3xl07

1.4xl02 1.4xl08

1.2xl02 1.4xl08

3.2xl02 4.lxlO8

6.8X101 2.lxlO8

2.0x102 2 .2x108

Table 3 (continued)

0.1 M 0.075 M

6.0xl02 5.7xl03

0 l.SxlO4

0 l.SxlO4

4.lxlO7 1.7xl07

1.4xl07 1.9xl07

l.SxlO7 5.0xl07

2 .5xl08 3.3xl08

l.SxlO8 l.SxlO8

1.3xl08 l.SxlO8

0.05M 0.025 M

4.2xl03 3.0xl04

5.7xl04 4.5xl05

6.6xl04 5.5xl05

5.0xl07 4.0xl07

5.4xl07 6.3xl07

1.2xl08 8.9xl07

4.0xl08 3.7xl08

1.7xl08 2.0xl08

l.SxlO8 3.8xl08



Table 4

The inhibitory effects of various concentrations of acetic acid on Shigella grown anaerobically at pH5.8

ORGANISM INOCULUM CONTROL 1.5% Acetic Acid 1.0% Acetic Acid

1. Sh. sonnei 2
1.3x10 1.8xl07 2 .8xl03 5.3xl06

3. Sh. flexneri 1.5xl02 3.0xl07 7.OxlO2 4.OxlO4
25. Sh. flexneri l.lxlO2 4.0xl07 0 0
45. Sh. flexneri l.lxlO2 9.OxlO6 l.OxlO2 l.OxlO4
61. Sh. s onnei 1.2xl02 5.3xl07 2.3xl04 1.5xl06
64. Sh. flexneri 1.2xl0 2 71.9x10 1.7xl04 2 .6xl05
69. Sh. flexneri 1.5xl02 5.OxlO7 2 .1xl03 3.6xl05
77. Sh. s onne i 2 .6xl02 5.6xl07 1.5xl03 1.4xl05

100. Sh. sonnei 2.6xl02 5.7xl07 1.9x10s 2.6xl05
104. Sh. sonnei 2.4xl02 3.2xl07 1.9xlOS 51e1x10
105. Sh. sonnei 3.lxlO2 1.2xl08 4.3x10s 2.7xl05
108. Sh. sonnei 1.4xl02 4.OxlO7 1.OxlO2 1.9xl05
111. Sh. sonnei 1.2xl02 3.5xl07 l.OxlO2 3 o8xl05
122. Sh. s onne i 1.7xl02 5.6xl07 4.OxlO2 S.lxlO5
129. Sh. sonnei 2.6xl02 2.5xl07 4.OxlO2 l.SxlO5
135. Sh. sonnei 3.5xl02 1.4xl08 0 0



ORGANISM INOCULUM

158. Sh. sonnei 1.8xl02

159. Sh. sonnei 2.9xl02

160. Sh. sonnei 1o 2xl02

163. Sh. sonnei 2 .6xl02

164. Sh. sonnei 2.6xl02

165. Sh. sonnei 1o3xl02

166. Sh. sonnei 2.3xl02

187. Sh. sonnei 2.OxlO2

188. Sh. sonnei 1.7xl02

189o Sh. sonnei 2.lxlO2

196. Sh. sonnei 1 o 6xl02

Table 4 (continued)

CONTROL 1.5% Acetic Acid 1.0% Acetic Acid

1.8xl07 2.OxlO2 3 oOxlO4

7.OxlO7 1 » 6xl03 1.3xl05

4.OxlO7 0 2. OxlO4

7.OxlO7 1.1x10 4 2.lxlO5

5.8xl07 2.4xl05 2.7xl05

6.5xl07 2.5xl03 2.OxlO4

3.OxlO7 4.OxlO2 l.lxlO5

5.OxlO7 2„6xl03 2 o OxlO4

2.8xl08 2 .3xl03 3.lxlO5

3.3xl07 7.3xl03 4.4xl05

7 o4xl07 5.2xl04 6.2xl05



Table 5

The inhibitory effects of various concentrations of acetic acid on Salmonella grown

anaerobically at pH 5„8„

ORGANISM INOCULUM CONTROL 1.5% Acetic Acid 1.0% Acetic Acid
4. Sal. B 22,3x10 3,8xl08 8 .OxlO2 3.IxlO5
5. Sal. B 3,lxl02 3.2xl08 6.OxlO2 55.9x10

21. Sal. B 2.9xl02 5.3xl08 1 .OxlO2 4.3xl05
24. Sal.C-L 3,4xl02 3,4x10 0 1.IxlO6
26. Sal. C2 2,8xl02 83.7x10 1.OxlO2 4.5xl05
41. Sal. B 2.OxlO2 4.3xl08 21.0x10 10 7xl05
42. Sal. D 2.IxlO2 3,3xl08 l.OxlO2 4.6xl05
57. Sal. B 2.3xl02 2,4xl08 1.6xl03 3.OxlO6
62, Sal. C1 2.6xl02 4.5xlQ8 1.9xl05 64.3x10
72. Sal. C1 2.7xl02 3.4xl08 0 0
107. Sal. A 2,4xl02 3.IxlO8 0 44,0x10
192. Sal. C1 1.9xl02 4,IxlO8 2.OxlO2 4

5.0x10
193. Sal. C2 1.9xl02 3.3xl08 l.lxlO4 1.5xl06
194. Sal. C2 2.IxlO2 2.4xl08 4.OxlO4 3.7xl06
197. Sal. D 3,2xl02 2.9xl08 4.8xl04 1.IxlO6
73. Sal. s p. l,5x!02 2 .6xl08 0 4. OxlO4



Table 5 (continued)

ORGANISM INOCULUM

74. Sal. sp. l.SxlO2

75. Sal. sp. 2.4xl02

101. Sal a sp o 2 .6xl02

126. Sal. sp. 2.7xl02

133. Sal. sp. 2.9xl02

169. Sal. sp. 1.lxlO2

170. Sal. sp. 2.2xl02

171. Sal. sp. l.lxlO2

173. Sal. sp. 2.2xl02

174. Sal. sp. 1.3xl02

175. Sal. sp. 7.6x10

176. Sal. sp. 2.OxlO2

180. Sal. sp. 2.6xl02

181. Sal. sp, . 1.2xl02

182. Sal. sp, 1.4xl02

183. Sal. sp. 1.6xlQ2

185. Sal. sp. 2.8xl02

195. Sal. sp. 1-3 xi02

CONTROL 1.5%, Aceti

2.6x10^ 2.OxlO2

3.4xl08 1.3xl04

2.1x10^ 0

3.5xl08 0

l.SxlO9 2 .6xl03

4.2xl08 3.2xl03

3.5xl08 7.OxlO2

S.OxlO7 0

1.3xl07 6.OxlO2

2 .2xl07 7.OxlO2

l.SxlO7 1.OxlO2

l.SxlO8 3.OxlO2
83.2x10 0
83.3x10 0

2 .8xl08 l.OxlO3

2.7xl08 0

1.9xl08 0

3.5x108 0

Acid 1.0% Acetic Acid

7.OxlO4 

9.0xl04 

0

S.OxlO4 

6.0xl04 

2.lxlO6 

1.9xl06 

0

9,0xl04 

4.OxlO4 

3,0xl04 

l.SxlO5 

4.0xl04 

0

2.lxlO5 

S.OxlO4 

0

5.8xl03



Table 6

The inhibitory effects of various concentrations of acetic acid on Escherichia grown anaerobically at pH5*8o

ORGANISM INOCULUM CONTROL 1.5% Acetic Acid 1.07o Acetic Acid

102. E. coli 1.3xl02 6.6xl07 0 1.5x10s

106. E. coli 1.4xl02 3.1xl08 9.OxlO2 3.6xl0 6

109. Escherichia sp. l.lxlO2 3.8xl08 3.5xl04 3.5xl06

115. Escherichia sp. 1.4xl02 1.4xl08 2.7xl04 2.4x10s

116. E. coli 1.8xl02 5.6xl08 l.SxlO4 3.4xl06
117. E. coli 2.5X101 2 .8xl08 0 1.4xl05
118. E. coli ö.OxlO1 2.4xl08 5.3xl03 3.lxlO5

119. Escherichia sp. 2.OxlO2 4.8xl07 7.OxlO2 8 .OxlO4
123. E. coli 1.3xl02 1.9xl08 l.OxlO2 51.7x10

127. E. coli 1.7xl02 l.lxlO8 0 0
128. E. coli 1.8xl02 1.3xl08 2.5xl03 3.3x10s

131. E. coli 1.6xl02 8 .2xl07 0 0
132. E. coli 2.5xl02 1.OxlO8 0 0

137. Escherichia sp. 5.6xl02 4.7xl08 2.9xl05 6.6xl06

138. Escherichia sp. 2 .3xl02 1.3xl08 1.2xl05 1.6xl07
Coin



ORGANISMS 

139« Escherichia 

140e Escherichia 

141o Escherichia

142. Escherichia

143. E« coli

144. E. coli

147. Escherichia

148. E. coli

149. E. coli

150. E. coli 

152. E. coli 

157. Escherichia

161. E. coli

162. E. coli 

190. Escherichia

INOCULUM

sp. 2 .7xl02

sp. 3.4xl02

sp. 3.3xl02

sp. 1.8xl02

3.2xl02

2.0xl0 2

sp. 3.6x10

3.8xl02

2.OxlO2

l.SxlO2

4.OxlO2

sp. 2.4xl02

1.2xl02

2.lxlO2

sp. 1.3xl02

Table 6 (continued)

CONTROL 1.5% Acetic Acid 1.0% Acetic Acid
84.2x10 l.lxlO5 6.lxlO6

1.6xl08 3.6xl03 6.1xl05

5.5xl08 l.lxlO5 l.lxlO7

2.3xl08 1e 5xl03 8 .2xl06

l.lxlO8 1.6xl05 1.5xl07

1 .7xl08 0 1.OxlO6

2.OxlO8 2.4xl06 4.OxlO6

2.8xl08 2.OxlO2 1.7xl06

2.OxlO8 2.lxlO5 9.6xl06

7.3xl08 6.9xl05 3.8xl06

3.5xl08 1.3xl06 9.2xl06

l.lxlO8 l.lxlO5 7.OxlO4

l.SxlO8 S.OxlO5 l.OxlO7

7„2xl07 0 0

2.lxlO8 1.7xl04 2 .6xl05

u>



ORGANISM INOCULUM

191. Escherichia

198, E. coli

199. E. coli 

201. E. coli

2p. 2 .2x10

1.4x10 

3.1xl02 

2 .6xl02

Table 6 (continued)

CONTROL 1.5% Acetic Acid 1.0% Acetic Acid

8.4xl07 7.3xl03 2.3xl05

1.9xl08 1.6xl05 5.7xl06

2.5xl08 1.2x10® 1.6xl05

2.3xl08 3.lxlO5 9.6xl0 6



Table 7

The inhibitory effects of various concentrations of acetic acid on Aerobacter and Klebsiella grown 

anaerobically at pH 5.8.

ORGANISM INOCULUM CONTROL 1.5% Acetic Acid 1.0% Acetic Acid

113. A. aerogenes 2.4x1g 1 l.lxlO8 7.8xl03 2.5xl06

114. A. aerogenes 4„3xl02 3.8xl08 0 0

120. Klebsiella sp„ 1.9xl02 7.7xl07 3.4xl04 9.8xl06

125. Klebsiella sp. 1.2xl02 1.7xl08 2.4xl04 4.0xl06

134. A. aerogenes 2.1xl0 2 3.0xl06 0 0

136. Klebsiella sp. 2.6xl02 2.lxlO8 1.9xl06 2.0xl07

145. A. aerogenes 2 .7xl02 2.9xl08 l.lxlO4 8.3xl05

151. Klebsiella sp. 3.3xl02 2.4xl08 l.OxlO6 1.2xl07

153. Klehsiella sp. 3.0xl02 1.5xl08 8,0xl05 64.4x10

156. A. aerogenes 2.9xl02 1.2xl08 2 oOxlO2 0



Table 8

The inhibiting effects of various concentrations of acetic acid on Shigella grown anaerobically at pH5
ORGANISM INOCULUM CONTROL 1.5% Acetic Acid 1=0% Acetic Acid

1. Sh. s onne i 1.2xl02 1.6xl08 0 8.lxlO6
3. Sh. f lexneri 2.2xl02 9.6x107 1.7xl05 4.6xl07
25. Sh. flexneri 1.7xl02 5.9xl07 4.2xl03 2.0xl07
45. Sh. flexneri 1.7xl02 2.9xl08 5.7xl04 72.1x10
61. Sh. sonnei 3.3xl02 1.1x10® 0 0
64. Sh. flexneri 2.7xl02 9.lxlO7 3.0xl03 4.0xl06
69. Sh. flexneri 3.8xl02 1.6xl08 6.0xl04 0
77. Sh. sonnei 3.0xl02 1.4xl08 1.5xl05 0
100 . Sh. sonnei 2.6xl02 7.8xl07 0 0
104. Sh. s onne i 1.5x10^ 3.8xl08 1.4xl06 3.4xl07
105. Sh. s onne i 2

1.3x10 O 4.7xl08 1.4xl05 9.lxlO7
108 . Sh . s onne i

Z
1 .2x10 3.8xl08 6,3xl04 5 cOxlO7

111 . Sh» sonnei 1.9xl02 2.lxlO8 3.7xl05 8 .lxlO7
122 . Sh. sonnei 1.5xl02 5.8xl08 1.3xl06 7.6xl07
129 . Sh . sonnei 1.4xl02 3.lxlO8 4.9xl05 l.OxlO6



ORGANISM INOCULUM

135. Sh. sonnei 1.7xl02

158. Sh. s onnei 1.2xl02

159. Sh. sonnei 1.3xl02

160. Sh. sonnei 1.3xl02

163. Sh. s onne i 1.6xl02

164. -äCO sonnei 1.4xl02

165. rdCO sonne i 1.4xl02

166. Sh. sonnei 1.9xl02

187. Sh. sonne! 1.4xl02

188. Sh. s onne i 1.5xl02

189. Sh. sonne! 1.4xl02

196. Sh. sonne! 1.5xl02

Table 8 (continued)

CONTROL 1.5% Acetic Acid 1.07oAcet!c Acid

4.3xl08 1.9xl06 7.2xl07

4.9xl08 3.4xl05 79.3x10

5.3xl08 8.5xl05 1.2xl08

2.3xl08 4.3x10^ 6.3xl07

4.6xl08 9.4xl05 82.1x10

3.8xl08 4.2xl05 3.1x1 0 7

6.0x10® 3.6xl05 4.3xl07
89.4x10 4.3xl05 6.8xl07

4.2xl08 2.5x10^ 8 .6xl07

2.1x10® 2.7xl05 75.1x10

3.5x10® 2.9xl05 7.0xl07

2.7x10® 2.2xl05 1.1x10®



Table 9

The inhibitory effects of various concentrations of acetic acid on Salmonella grown anaerobically at pH
ORGANISMS INOCULUM CONTROL 1.5% Acetic Acid 1.0% Acetic Acid

4. Sal. B 3.4xl02 5.2xl08 1.3xl06 9.8xl07
5. Sal. B 2 .2xl02 4.lxlO8 l.lxlO6 1.6xl08
21. Sal. B. 4.0xl02 3.7xl08 l.SxlO6 1.3xl08
24. Sal. C-l 2.6xl0 2 6.3xl08 l.lxlO6 l.lxlO8
26. Sal. C2 1.9xl02 5.5xl07 l.lxlO6 7 O9xl07
41. Sal. B 2.7xl02 4.8xl08 1.9xl06 3.6xl07
42. Sal. D 22.0x10 3.7xl08 l.SxlO5 77.6x10
57. Sal. B 3.2xl02 83.1x10 4.7xl04 0
62. Sal. G1 2.5xl02 3.3xl08 1.9xl06 S.OxlO6
72. Sal. C1 1.4xl02 S.OxlO6 0 0
107. Sal. A l.SxlO2 5.6xl08 4.7xl05 l.SxlO8
192. Sal. Ci l.lxlO2 4.6xl08 3.8xl05 1.2xl08
193. Sal. C2 l.SxlO2 2 .2xl08 1.6xl05 2.lxlO7
194. Sal. C2 1.6xl0 2 3.6xl08 2 .1xl05 8 .6xl0 7



ORGANISM INOCULUM

197. Sal. D 1.4xl02

73. Sal. sp. 2.5xl02

74. Sal. sp. 1.2xl02

75o Salo spe 1.4xl02

101. Sal, sp.
2

1.7x10

126. Sale sP« 1.4xl02

133. Sal. sp. 1.4xl02

169. Sal, sp. 1.5xl02

170. Sal. sp. l.lxlO2

171. Sal. sp. 1 o 4x 10 2

173. Sal, sp. 1e5x10

174. Sal. sp. 1o 2x10 2

175, Sal. sp. 21.6x10

176. Sal, sp. 21.3x10

180. Sal. sp. 1.7xl02

181. Sal. sp. 1.9xl02

182. Sal. sp. 2
1.6x10

183. Sal, sp. 1.8xl0 2

Table 9 (continued)

CONTROL 1,5% Acetic Acid 1.0% Acetic

2.8xl08 1.7xl05 S.lxlO7

3.8xl08 5.6xl05 2.4xl0?

8 .7x107 7.0xl04 l.OxlO6

9 olx10 7 4
8 .1x10 l.SxlO7

9.4xl07 45.3x10 0
78 .6x10 0 S.OxlO6
82 .1x10 2.4xl05 6.3xl07

6.3xl08 5.1xl05 8 .7xl07
85.4x10 S.lxlO5 8.9xl07

4.9xl08 4.3xlOS S.lxlO7
85.3x10 3.2xl05 79.8x10
83,8x10 2 .6xl05 4.1xl07

4.0xl08 2,6x10^ 1.4xl07
82 .2x10 l.SxlO5 3,3xl07

3.5xl08 1.9xlOS 8.7xl07

5.0xl08 2.lxlO5 8.4xl07

3.7xl08 2 .6xlOS 81.2x10

4.6x108 2 .0xl05 9.1x107
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185. Sal. sp. 1.3xl02

195. Sal. sp. 1.4xl02

Table 9 (continued)

CONTROL 1.5% Acetic
83.2x10 4.1xl05
82.0x10 51.2x10

Acid 1.0% Acetic Acid

6.7xl07 

4.1xl07
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