
a
)

 
THE PRESERVING AND GERMICIDAL

ACT!ON OF VARIOUS SUGARS AND

ORGANiC ACIDS ON YEASTS

AND BACTERIA

‘i‘heais {or the Degree cf M. S.

MICHIGAN STATE COLLEGE.

Francis 5. Erickson

1940



 

THE
SIS

 

 

 

 

 

 





TEE PRESERVING AND GERMICIDAL ACTION OF

VARIOUS SUGARS AND ORGANIC ACIDS ON YEASTS

AND BACTERIA

by

FRANCIS JAMES CKSON”RIa.

Submitted to the Graduate School of Michigan

State College of Agriculture and Applied

Science in partial fulfilment of the

requirements for the degree of

MASTER OF SCIENCE

Department of Bacteriology

1940





Acknowledgment

The writer wishes to express his sincere appreciation to

Dr. F. W. Fabian, Researsh Professor of Bacteriology, under

whose able guidance this work was done, for his never failing

interest throughout the course of the work and for his assist-

ance and criticisms during the preparation of this manuscript.

’

./

11.2550



Table 2: contents

IntrOduCtion. O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 O 0 O O 1

Review of Literature

suga.rSo O O O O O O O O O O O O 0 O O O O O O I I O O O O O O O O O O O O O l

ACids.OOOOOOOOOOOOOOOOOOOOOO0.0.0.0....O. 3

sugars plus geidSoooooooooooooooooooooooo 7

Experirnent61100'00OOOOOOOOOOOOOOOOOO00.0.0.0... 8

Results

Effect of sugars......................... 9

Discussion..........................13

Effect of acids..........................l5

Discussion..........................20

Effect of sugars plus acids..............21

DiSCIISSionOOOO.0.0.0.00000000000000029

Stun—mam...OOOOOOOOOOOOOOOOOOOO...00.000.000.003]-

Tables 16-26. 0 O 0 O O O O C O O O O O O O O 0 O O O O O O O O O O O O O O O 0 34-44

Figures 1-11. 0 O O O C. O .0. O. O O. O O O O O O O O C O O O O O O O 0 045-55

BibliograpllyOOO...OOOOOOCOOOOOOOOOOOOOOO0.0.0.56



- 1 -

Introduction*
 

Sugars and organic acids, either natural or added, play an im-

portant role in food preservation. The amount and kind of sugar or

organic acid to be used for best results frequently is in question.

Many food manufacturers consider all acids and sugars equally valu-

able for preserving purposes. The influence of sugars, acids, and

a combination of the two on microorganisms has not been studied ex-

tensively. The great expansion of the food industry in recent years

and the emphasis being placed upon the microbiological aspects of

food indicated the need for such a study.

Literature Review
 

Influence of Sugars

One of the earlier workers in this country on the preserving

action of sugars was Bitting (2), who in 1909 studied the effect of

sugar on both molds and yeasts in tomato juice. He found no effect

until the concentration of sugar had reached 25 grams per 100 ml.,

at which point growth of both yeasts and molds occurred as readily

but less abundantly than at lower concentrations. ~There was less

develOpment as the sugar was increased up to a concentration of 40

grams. The yeast was completely inhibited in concentrations above

80 grams per 100 ml. Mold growth became slower up to 170 grams per

100 ml. and above that concentration required two months to develOp.

 

*This work was aided by a grant from the Corn Products Refining Co.,

Argo, Illinois.
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In 1919, Sackett (16), while studying the longevity of members

of the colon typhoid group in pure honey, found that Eberthella
 

typhosa remained alive for 48 hours in pure honey, but was dead in

24 hours in dilutions above 50 per cent but in a 10 per cent dilu-

tion was sterile after 4 days. Sackett believed the failure of the

organism to die out as readily in concentrated honey as in the diluted

solutions to be due to the fact that the former is a saturated collo—

idal solution, therefore, having a low osmotic pressure and in such a

solution the plasmolysis would take place relatively slowly. When

water was added, some of the sugar would form a molecular solution

increasing the osmotic pressure and thereby increase the rate of

plasmolysis.

Fabian and Quintet (5) found that 21 per cent moisture was the

critical point for fermentation in honey. Honey containing less

moisture than this rarely fermented while a greater amount of moisture

than this usually caused trouble.

In 1926, Pederson and Bread (15) showed a sugar concentration of

35 per cent was ineffective as a preservative in ketchup as it inhibi—

ted only certain types of microorganisms found in Spoiled tomato pro-

ducts. It was found, however, that combinations of sugar and salt

were effective. A combination of 15 per cent sugar and 3.5 per cent

of salt was sufficient to stOp the growth of all organisms except one,

yeast. Combinations of sugar or salt with acid, on the other hand,

did not lower appreciably the amount of acid required.

Nunheimer and Fabian (12) found that dextrose exerted an inhibit-

ing effect in a concentration of 30 to 40 per cent and a germicidal
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effect at 40 to 60 per cent when using typical strains of food poison-

ing staphylococci, whereas, sucrose was less active and a concentra-

tion of 50 to 60 per cent was required for inhibition and 60 to 70

per cent for germicidal action. In this work the sugar concentra-

tions were made up by volume.

Influence.gf‘Acids

As early as 1898 Kahlenberg and True (8) found that many of the

weaker organic acids were antiseptic and bactericidal at pH values

far higher than the highly dissociated acids. They suggested that

the undissociated molecules and the anions may exert a toxic effect

in the case of the weaker acids.

Clark (3) observed that acetic acid at a dilution which was only

two per cent ionized showed a higher retarding effect than highly

dissociated acids on the germination of the spores of a group of

filamentous fungi. He attributed the activity of the weakly disso-

ciated acids to the undissociated molecule.

Kronig and Paul in 1897 (9) carried out experiments upon the

disinfectant action of various salts, bases and acids upon Staphy-

lococcus aureus and the spores of Bacillus anthracis. They found
  

that the number of organisms, or spores, which developed after treat-

ment for a given time varied inversly with the amount of dissociation.

Solutions of mercuric chloride, silver nitrate, etc., in alcohol,

where no dissociation occurs, showed almost no disinfectant action.

The investigators concluded that there is a general relation between

the action of the acids and the amount of dissociated hydrogeqfiofis
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present; but there appeared many exceptions to a strict parallelism.

The authors, however, attributed these exceptional effects to the

anion or the undissociated molecule.

In 1902 Bial (1) made a study of the antiseptic action of the

hydrogen ion of dilute acids upon yeasts. The yeasts were cultivated

in fermentation tubes filled with grape-sugar solution to which var-

ious amounts of acid had been added and the antiseptic action was

inversely registered by the amount of gas produced. Bial did not

make exact calculations of the amount of dissociated hydrogen neces-

sary to inhibit the yeast, but found that a general relation existed

between the ionization and the antiseptic action. The highly dis-

. sociated acids, -hydrochloric, sulfuric, nitric and trichloracetic-,

entirely stOpped the action of yeast in concentrations between 0.005

and 0.008 normal. Acids of intermediate dissociation, -phosphoric,

formic, oxalic-, accomplished the same effect at 0.01 normal; while

acids still less dissociated, -acetic, benzoic, and butyric-, stOpped

all fermentation only when 0.04 to 0.07 normal. The most striking

feature of Bial's work was a series of experiments showing the dimi-

nution of the antiseptic action of acids by the addition of neutral

salts whose action is to decrease the dissociation of the acidic

hydrogen. A solution of 0.01 normal formic acid and 0.3 normal sodium

formats showed active fermentation. The same action was noticed with

salts of the other acids used.

In 1906 Winslow and Lochridge (18) found the mineral acids,

hydrochloric and sulfuric, were fatal to Escherichia coli and Eberthella
  

typhosa in concentrations at which they are highly dissociated. Their



action runs parallel, not to their normal strength, but to the number

of free hydrogen ions per unit volume. The organic acids, acetic and

benzoic, are fatal to the typhoid and colon bacilli at a strength at

which they are only slightly dissociated. The effect here appears to

be due to the whole molecule and is specific for each acid, acetic

having only 10—20 per cent the toxicity of benzoic.

Paus (14) in his work with media for Escherichia coli and
 

Eberthella13yphosa concluded that there was little relation between
 

the hydrogen ion concentration and growth, but that the kind of acid

as well as the acidity was responsible for the germicidal value.

In 1912 Johannessohn (7) found that yeast fermentation is increased

in the presence of acetic acid and in its higher homologs when in a

sufficiently dilute solution. He concluded that the action of the acid

depends chiefly on the undissociated molecule and not on the ions.

WOlf and Harris (19) were of the Opinion that the degree of acidity

rather than the nature of the acid was the controlling factor in the

germicidal and antiseptic actions of the acids.

Norton and Hsu in 1916 (13) found that acids act as disinfectants

through the agency of the hydrogen ions produced by electrolytic

dissociation. They also found that the addition to an acid of a salt

containing an anion common to this acid, dimishes its disinfecting

power, as a result of a decrease in the hydrogen ion concentration and

an increase in the concentration of the undissociated acid molecules.

They came to the conclusion that the disinfecting power of an acid is

approximately prOportional to the hydrogen ion concentration.

Pederson and Breed (15) found that one per cent of acetic acid was
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required to stop growth of all the bacteria and yeasts isolated from

Spoiled tomato products.

Reid in 1932 (16) concluded that the resistance of Bacillus

pyocyaneous to acids is not constant, but varies with the kind of
 

acid. The mono-basic acids, the least dissociated of the acids used,

inhibited growth at a much lower H-ion concentration than the highly

dissociated acids such as oxalic. A wide difference was found to

exist between the ability of an acid to exert a bactericidal effect

and to inhibit growth as acids which were strongly bactericidal fre-

quently exhibited weak inhibiting powers in liquid media.

A study of the preserving value of acetic and lactic acids by

Fabian and Wadsworth (6) showed the preserving value of acetic was

superior to that of lactic acid. This confirmed the work of Fabian

and Johnson (4) who found that 0.2 acetic was equivalent to 0.3 per

cent lactic acid in their action on certain pectin decomposing bacteria.

Levine and Fellers (10) showed that acetic acid was more toxic

than either lactic or hydrochloric acid to Salmonella_aertrycke,
 

Saccharomyces cereviseae, end Aspergillus niger. These organisms were
 

inhibited or destroyed at a higher pH value with acetic acid than with

lactic or hydrochloric acids. The mold utilized relatively high

amounts of lactic acid to deveIOp a growth heavier than that obtained

from the acetic acid or the hydrochloric acid series.

In studies on food poisoning staphylococci Nunheimer and Fabian (11)

found the decreasing order of germicidal action of the acids studied to

be acetic > citric) lactic) malic > tartaric) hydrochloric. The decreas-

ing order of antiseptic action was found to be acetiC)»lactic) citric)



malic) tartaric>thydrochloric. They concluded that although the

action of the highly dissociated mineral acid is due mainly to the

hydrogen ion concentration, the organic acids exerted a germicidal

and antiseptic effect diSprOportionate to the hydrogen ion concen-

tration produced. Therefore, it is apparent that the observed

effects are due to factors in addition to the hydrogen ion, pre-

sumably either the un-ionized molecule or the anion or both.

Influence 93 Sugar 1229.5. figids

Not much information is available on the effect of concentrated

sugar solutions plus acids upon bacteria.

Levine and Fellers (11) found that appart from the indirect

effect in altering the hydrogen-ion, the salt and sugar aided the

acetic acid but little in its toxic effect on bacteria and yeast.

Similarly, the added salt and sugar exerted little, if any, effect

on the minimum percentage required for total destruction of these

organisms.

The results secured by Nunheimer and Fabian (12) did not agree

with the above work. They found that the amount of dextrose which

was required to exert a germicidal action could be reduced 50 per

cent when used in the presence of one-half the inhibiting concentra-

tion of acid. 0n the other hand, sodium chloride and sucrose could

be reduced 30 and 20 per cent respectively and still bring about a

germicidal effect.
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Experimental Work
 

In studying the effects of the sugars and acids, the following

bacteria and yeasts were used.

 
 

  

 

 

  

 

Orggnism Source of culture ‘th. tem3.¥of_gronth

l. Bacillus calidolactis Hammer collection 55° c.

Iowa State College

2. Bacillus coagulans Hammer collection 55° C.

Iowa State College

5. Themophileumilk powder Isolated from milk 55° 6.

powder

4. ThermOphile--raw milk Isolated from raw 55° C.

milk

5. Streptococcus lactis Hammer collection 35° C.

Iowa State College

6. Stregtococcug liquefaciens Hammer collection 05° C.

Iowa State College

7. Saccharong a gllinsoideus Tanner collection ”5° C.

Univ. of Illinois

8. Saccharomyges.cer§visiae Tanner collection 25° C.

Univ. of Illinois

9. Zygosaccharomyces mellis Tanner collection 250 C.

Univ. of Illinois

10. Torula lactis~condensi Tanner collection 250 C.

Univ. of Illinois

11. Yeast--pickles Isolated from sweet 25° C.

 

 

pickles

The basic medium used for the bacteria and the yeasts had the

following composition:

For bacteria For_yeasts
 

l5 grams-~Bacto peptonized milk

1.5 grams-—Bacto yeast extract

1.5 grams--Bacto meat extract

lOOO ml.--water

pH 6.4

30 grams--Trommer's plan malt

extract

1 gram--NH4CI

l gram--K2HPO4

SO ml.--N/10 citric acid

lOCO ml.--water

pH 5.4
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The acids were made up in normalities ranging from 0.1 to 5 and

were sterilized by filtration.‘ They were then added in various amounts

to sterile test tubes and made up to 10 ml. with sterile broth. The

sugars were made up by weight in 100 gram quantities in the respective

broths and sterilized by autoclaving at 12 pounds for fifteen minutes.

They were then pipetted in 10 ml. portions to sterile test tubes. The

test tubes were then implanted with either bacteria or yeasts and

incubated at the Optimum_temperature for the organism. At intervals

the number of viable organisms was determined by the plate method using

Standard milk agar for the bacteria and wort agar for the yeast.

The H-ion concentration was determined with a Beckman pH meter.

Influence 93 Sugars 22_the Various

Bacteria and Yeasts

Fructose, dextrose, lactose, and sucrose, were used in determin-

ing the effect of the sugars upon the organisms. They were added to

sterile broth and autoclaved at 12 pounds in order to keep the hydro-

lysis at a minimum. All of the sugar concentrations were made up by

weight. The highest concentration used for lactose was 30 per cent

and for sucrose 60 per cent as above these percentages crystalliza-

tion of the sugars took place in two or three days.

Using a sterile 10 ml. pipette, ten ml. portions of each concen-

tration were placed in sterile test tubes. The tubes were inoculated

with one or two drOps of an actively growing 24 hour culture from a

5 ml. pipette, depending on the growth in the broth. For the bacteria,

the range of the inoculum was such that when a drOp or two was added
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to 10 ml. of sugar solution there was from 50,000 to 150,000 organisms

per ml., and for the yeast from 100,000 to 200,000 per ml.

These tubes were incubated at the Optimum temperature for each

organism; and at the end of seven days a sub-culture of 0.5 ml. was

transferred into broth to determine the presence or absence of growth.

The preserving percentage was taken as that percentage where there

was no growth in the original but there was growth in the sub-culture

broth. The germicidal percentage was that in which there was no

growth in the original tube or in the sub-cultured broth. All experi-

ments were repeated until four checks had been obtained. The results

are found in Tables 1-4.

After determining the germicidal concentration of the various

sugars, the work was repeated and at intervals the number of viable

organisms was determined by plate count using Standard milk agar for

the bacteria and wort agar for the yeasts.
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Table 1. Per cent of fructose, dextrose, lactose, and sucrose

exerting a preserving effect on the various bacteria.

 

 

 

 

  

 

 

 

 

 
 

     

Per 3231 -—v

Bacteria Fructose Dextrose Lactose-1 Sucrose

M: lactis 25.0 50.0-52.5 N05? 50-60

Strept.—ligpefacien§_ 25.0 30.0-32.5 None 50-60

Bacillus coagplans 5;;0 (17.5 25.0 None 45.0

Bacillus calid—o—lactig 515.0 417.5 25.0 None 40.0-45.0

Thermophile--milk powder 15.0 25:01 None 42.5445.0v

Thermophile--raw milk -7 1515.0 (17.5 >25.0<27.5 Noneflr;42.5-45.    
*None=could not get high enough concentration of lactose in solution

to be preserving.

Table 2. Per cent of fructose, dextrose, lactose, and sucrose

exerting a germicidal effect on the various bacteria.

 

 

 

 

 

 

 

 

 

 

 

      

Per cent

Bacteria Fructose Dextrose Lactose Sucrose

Strep_. lactis 27.5 35.0 None* None*‘r

Strept. liqpefaciens 27.5 35.0 None 4 None

Bacillus coagulans 17.5 27.5 None 47.5

Bacillus calidolactis 17.5 27.5 None 47.5 ‘—

ThermOphile--milk powder 17:5 27.5 None 45.0

Thermophile--raw milk 17.5 27.5 ‘ None 47.5

  
*None=cou1d not get a high enough concentration of sugar in solution to

be germicidal. Saturated solution of lactose (50%) and sucrose (60?)

did not kill in 7 days.
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Table 3. Per cent of fructose, dextrose, lactose, and sucrose

exerting a preserving effect on the various yeasts.

 

 

 

 

 

 

 

 

 

 

Per cent

Yeast Fructose Dextrose Lactose Sucrose

Sacch. cerevisiae _ 45.0 42.5-47.5 None* 57.5

Sacch. ellipsoideus 42.5-45.0 45.0 None 60.0

zygg, mellis 45.0-55.0 47.5-55.0 N0ne 55.0-60.0

Torula lactis-condensi 55.0 55.0 None 60.0

'Yeast--pickles 52.5-55.0 52.5-55.0 None 60.0      
* Nonezcould not get high enough concentration of lactose in solution

to be preserving.

Table 4. Per cent of fructose, dextrose, lactose, and sucrose

exerting a germicidal effect on the various yeasts.

 

 

 

 

 

 

 

 

 

 

Per cent

Yeast Fructose Dextrose Lactose sucrose

Sacch. cerevisiae 47.5 50.0 None* 60.0

Sacch. ellipsoideus 47.5 47.5 None None*

ZIEL: mellis 60.0 60.0 None None

Torula lactis-condensi 60.0 60.0 None None

Yeast-~pickles “ 60.0 60.0 None None       
*Nonezcould not get a high enough concentration of sugar in solution

to be germicidal. Saturated solution of lactose (30%) and sucrose

(60%) did not kill in 7 days.
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Discussion

Table 1 shows the order of the preserving action of the sugars

on the bacteria is fructose) dextrose? sucrose) lactose. From 15 to

17.5 per cent of fructose was required to exert a preserving action

compared with 25 to 32.5 per cent dextrose, and 40 to 60 per cent of

sucrose. Lactose, with a solubility of only 30 per cent, did not

have any preserving action. This table also shows that the preser-

ving percentage varies with the different bacteria. For example,

Streptococcus lactis and Streptococcus liguefaciens required 27.5
 

per cent fructose while the thermOphiles required only 17.5 per cent

fructose. This same relationship held true for dextrose where the

preserving percentage for the milk streptococci was 35 and for the

thermoyhiles 27.5 per cent, and likewise for sucrose where the former

”group had a preserving percentage of 60 while the latter group was

inhibited at 47.5 per cent.

Table 2 shows that the order of the germicidal action of the

sugars was the same as the preserving action with the exception of

Streptococcus lactis and Streptococcus liguefaciens, where sucrose
 

did not exert any germicidal action. Except for these two organism,

there was only a difference of 2.5 per cent between the germicidal

and preserving concentrations. That Streptococcus lactis and
 

Streptococcus liquefaciens are more resistant to sugars than the

thermOphiles is again demonstrated since the former required a higher

concentration of all sugars for a germicidal action than the later.

Table 3 shows that the yeasts are more tolerant than bacteria to
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the sugars since it required 45 to 60 per cent to bring about a pre-

serving action with yeasts, whereas, bacteria required only 15 to

45 per cent. The order of activity of the sugars for the yeasts

differed slightly from that of the bacteria in that fructose and

dextrose exerted a preserving action at the same concentration of 45

to 55 per cent, while 60 per cent of sucrose was required to bring

about the action.

Table 4 shows that only fructose and dextrose exerted a germi-

cidal action on the yeasts. These sugars required a concentration

of 47.5 to 60 per cent to kill all of the yeasts while a concentra-

tion of 60 per cent sucrose was germicidal to only one yeast,

Saccharomyces cerevisiae.

The graphs in Figures 1-11 and the data in Tables 16-26 indicate

there is a difference in the action of the sugars on the viability of

bacteria and yeasts. They show that the viability of Streptococcus

lactis, Streptococcus liquefaciens and all of the yeasts continually

decreased during the seven day period in the germicidal percentage

of dextrose and fructose, while the thermOphiles were killed within

the first 24 hours.

The fact that both dextrose and fructose exerted a germicidal

effect at a lower concentration than sucrose and lactose may be ex-

;iLained by the fact that the action of each, is at least in part, due

‘ha plasmolysis of the microbial cells. Since this effect depends upon

tt1e1number of particles present in solution, it is natural that fructose

EH16 dextrose, each with a molecular weight of 180, would contain more

Imalecules per unit weight than would sucrose and lactose with molecular
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weights of 342. Therefore, the activity should tend to decrease as

the molecular weight increases.

Since fructose and dextrose have the same molecular weight, the

difference in reactivity of these sugars in respect to bacteria must

be explained on a chemical rather than a physical basis. The differ—

ence in their action on bacteria may be eXplained by the fact that

dextrose is an aldehyde sugar while fructose is a keto sugar. It is a

well known fact in biochemistry that fructose is more reactive than

dextrose since many of the chemical tests may be carried out in the,

cold with fructose while heat has to be applied in the case of dex-

trose. Another factor influencing the reactivity of the two sugars

is that fructose has the reactive radical nearer the center of the

molecule than dextrose which increases its reactivity as well as its

solubility over that of dextrose. These differences in chemical

structure apparently account for the chemical as well as the biological

differences noted in the two sugars.

Influence 92 Acids 22 the Various
 

Bacteria and Yeasts
 

In order to study the preserving and germicidal action of the

acids on the bacteria and yeasts, the acids were made up in normali-

tjues ranging from 0.1 to 5 and were sterilized by filtration. They

“were then added in various amounts to sterile test tubes and made up

'M) 10 ml. with sterile broth. The tubes were inoculated with one or

‘hwo drops, depending on the amount of growth in the broth, of an
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actively growing broth culture. For the bacteria, the range of the

inoculum was such that when a drop or two was added to 10 ml. there

was from 50,000 to 150,000 organisms per ml. and for the yeast from

100,000 to 200,000 per m.

The tubes were incubated at the Optimum temperature for each

organism and at the end of seven days, a sub-culture of 0.5 ml. was

transferred into suitable broth to determine the presence or absence

of growth. The preserving quantity of acid was taken as that quan-

tity where there was no visible growth in the original broth con-

training the acid but where there was growth in the sub-culture

broth containing no acid. The germicidal quantity was that in which

there was no growth in the original tube containing the acid or in

the sub-cultured broth containing no acid. The results are found in

Tables 5-9.

After determining the germicidal quantity of the various acids,

the work was repeated and at intervals the number of viable organ-

isms was determined by plate count using Standard milk agar for the

bacteria and wort agar for the yeasts.
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Table 5. The number of milliliters of acid necessary to exert

a preserving effect on the various bacteria.

 

ils. of acid made up to 10 mls. with broth
 

 

 

 

 

 

 

 

 

 

 

   

Bacteria Acetic Citric Lactic

Strept. lactic 133:§h§5 lg§:§fi:b llg::h;5

Strept. liquefaciens 123::&i5 1E§::0:f 1.5(0.2N)

Bacillus coagulans 2.1(0.lN) l.7(0.lN) l.l(0.lN)

Bacillus calidolactis l.7(0.lN) l.4(0.lN) 1.1(O.lN)

ThermOphile-milk powder 2.1(O.lN) l.4(O.lN) l.25(0.lN)

ThermOphile-raw milk 2.9(O.lN) l.8(O.lN) l.25(o.lN)

  

Table 6. The number of milliliters of acid necessary to exert

a germicidal effect on the various bacteria.

 

Mls. of acid made up to 10 mls. with broth
 

 

 

 

 

 

 

 

 

 

 

    

Bacteria Acetic Citric Lactic

Strept. lactis 2.5(O.3N) 2.5(O.3N) 2.0(O.2N)

Strept. liquefaciens 2.5(0.2N) 3.0(O.ZN) l.75(0.2N)

Bacillus coagulans 2.25(0.lN) 2.0(O.lN) l.25(o.lN)

Bacillus calidolactis 2.0(O.lN) l.5(O.lN) l.25(0.lN)

Thermophile-milk powder 2.25(O.1N) 1.5(0.1N) l.4(0.lN)

ThermOphile-raw milk 3.0(O.lN) l.9(0.lN) l.4(O.lN)
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Table 7. The number of milliliters of acid necessary to exert

a preserving effect on the various yeasts.

 

Mls. of acid made up_to 10 mls. with broth
 

 

  

 

  

 

 

 

 

 

Yeast Acetic Citric Lactic

0.5N 1N

Sacch. cerevisiae 1.0-1.5 2.0(lN)— 2.0-3.75

3.0(5N)_

Sacch. ellipsoideus 1.25-1.75 2.0(lN)- 1.75-3.75

1.5(5N)

2.515N)

Torula lactis~condensi 1.5-1.75 3.0(lN)- 2.0-4.0

2.5(5N)

Yeast—~pickles l.25~2.0 2.5(lN)- 2.25-4.5

4.0(5N)
    

Table 8. The number of milliliters of acid necessary to exert

a preserving effect on the various yeasts.

 

Mls. of acid made up to 10 mls. with broth
 

 

 

 

  

 

 

 

 

    

Yeast Acetic Citric Lactic

0.5M 5N lN

Sacch. cerevisiae 1.75 3.5 4.0

Sacch. ellipsoideus 2.0 2.0 4.0

Zyg . mellis 1.75 3.0 3.5

Torula lactis—condensi 2.0 3.0 4.5

Yeast--pickles 2.25 4.5 5.0
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Discussion
 

Two methods may be used to determine the preserving and germici-

dal value of the acids. If the same method is used for evaluating

the preserving action of acids as was used for sugars, viz., the num—

ber of grams of each acid in 10 mls. of broth, then the preserving

value of the acids for the bacteria is lactic) acetic> citric (Table 5).

If, however, the preserving values of the acids are based on pH

(Table 9), the order is as follows: acetic) citric) lactic.

The germicidal value of the acids (Table 6) is as follows:

lactic> acetic; citric if the number of grams of acid in lO-mls. of

broth is used as the basis of comparison, whereas, if pH is used as

the basis the order is acetic>~citrict>lactic. The results secured

with the acids showed that the same relationship existed between the

streptococci and the thermophiles as was found with the sugars. The

streptococci were considerably more resistant to acids than were the

thermOphiles.

On the basis of pH, the order of activity of the acids agrees

with the findings of Levine and Fellers (10) and Nunheimer and Fabian

(ll) since they compared the acids in relation to their pH and not on

the basis of the amount of acid added.

The order of the activity of the acids on the basis of pH is in

keeping with the dissociation constants of the acids as acetic acid

with a dissociation constant of 1.86Jc10‘5 takes more acid to lower

the pH than does citric acid with a dissociation constant of 1.38x10‘4

or lactic acid with a dissociation constant of 8.0X10'4. These pH



- 21 -

values show that each acid does not depend on the hydrogen-ion activity

alone for its action on the bacteria. For example, acetic acid with

a lower hydrogen-ion must depend on the un-ionized molecule and the

acetate radical as well as the hydrogen-ion of the acid.

The yeasts were more tolerant to the acids than the bacteria

since it required an acid strength of 0.5 to 5 normal (Table 7) to

bring about a preserving action while the bacteria (Table 5) required

a normality of only 0.1 to 0.3. The germicidal quantity (Table 8)

of the acids was likewise greater for yeasts than for bacteria.

(Table 6). However, the order of effectiveness of the acids in the

preserving and germicidal range was acetic)*lactic7'citric for the

yeasts. Furthermore, the order remained the same irrespective of

whether it was based on pH or the per cent acid added. There was a

considerable difference in the pH needed to kill the yeasts as they

were killed at pH 3.5 in the case of acetic acid and at pH 1.75 for

citric acid.

Influence 2£_Mixtures g: the Preserving Quantigy
 

23 the Acids with the Sugars
 

A study was next made of a combination of the acids with the

sugars to determine the influence of the various combinations of

acids and sugars upon the different microorganisms. For this purpose,

the amount of acid which preserved but did not kill within seven days

was arbitrarily chosen as the starting point at which the sugars would

be added to the acids. The experiments were carried out by pipetting

the preserving amount of the various acids (given in Tables 5 a 7) into
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sterile test tubes and making up to 10 ml. with sterile sugars

solutions of varying concentration. These sugar solutions were made

to_a percentage so that when they were diluted with the acid, the

desired concentrations were obtained. These tubes were inoculated

and incubated the same as for the acid and sugar eXperiments.
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Discussion
 

Tables lO-12 show that the percentage of sugar required to

bring about a germicidal action on the bacteria was reduced when

combined with the preserving quantity of acid. For bacteria, the

order of effectiveness of the acids in combination with sugars was

lactic) acetic) citric. l-"ructose and dextrose were more effective

than either sucrose or lactose in combination with the acids.

Streptococcus lactis and Streptococcus liquefaciens still retained
 

their resistance since a higher percentage of the sugars in combina-

tion with the acids was needed to kill them than for the thermOphiles.

The thermophiles were not able to withstand a combination of fructose

or dextrose with any of the acids as it took less than 2.5 per cent

of the sugars to exert a germicidal action. Bacillus coagulans and
 

the thermOphile isolated from milk powder required from 10 to 20 per

cent sucrose in combination with the preserving quantity of citric

or acetic acid for a germicidal action while less than 2.5 per cent

sucrose was needed to bring about the same germicidal action in

combination with the preserving quantity of lactic acid.

It was found for the yeasts that dextrose and fructose in com~

bination with the preserving quantity of the respective acids was

germicidal at a lower percentage than either sucrose or lactose in

combination wdth the same amount of acid (Tables 13—15). In general,

it took less dextrose and fructose to bring about a germicidal action

with acetic acid than with lactic acid and less with lactic than with

citric acid.
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With the preserving quantity of acid, sucrose was more effective

with lactic than with acetic acid. Sucrose in combination with the

preserving quantity of citric acid exerted a germicidal action on only

two of the yeasts, namely, Saccharomyces cerevisiae and Saccharomyces
 

ellipsoideus. No germicidal action was exerted by lactose in combina-

tion with any of the preserving quantities of the acids.

The results agree with those of Nunheimer and Fabian (12) who

found that the germicidal amount of dextrose could be reduced by

50 per cent and sodium chloride and sucrose by 30 and 20 per cent

reapectively when used with one-half the inhibiting concentration of

acid.



Summagy

l. The order of preserving and germicidal action of the sugars

for the bacteria studied is fructose)’dextrose> sucrose:>lactose.

The thermOphiles were more susceptible to sugar than Streptococcus
 

lactis and Streptococcus liguefaciens.
 

2. The yeasts were more resistant than bacteria to all the

sugars studied. The preserving concentrations of fructose and dex-

trose were the same for yeasts while for sucrose it required from a

5 to 15 per cent greater concentration. Lactose had no preserving

action on the yeasts.

3. Fructose and dextrose were the only sugars having a germi-

cidal action on all the yeasts. Sucrose was germicidal to only one

yeast, Saccharomyces cerevisiae.

4. If the same method is used for evaluating the preserving and

germicidal action of acids as was used for sugars, viz,, the number of

grams of each acid in 10 mls. of broth, then the preserving value of

the acids for the bacteria is lactic> acetic> citric. If, however,

the preserving and germicidal values are based on pH, the order is

acetic) citric? lactic. The streptococci were considerably more

resistant to acids than were the thermOphiles.

5. The pH values showed that each acid does not depend on the

hydrogen-ion alone for its action on the bacteria but depends partly

on the un-ionized molecule or the anion or both.

6. The yeasts were more tolerant to the acids than the bacteria

since it required an acid strength of 0.5 to 5 normal to bring about a
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preserving and germicidal action while the bacteria required a nor-

mality of 0.1 to 0.3. The order of effectiveness of the acids in

the preserving and germicidal range was acetic lactic citric for

the yeasts, irreSpective of whether it was based on pH or the per

cent acid added.

7.‘ For bacteria, the order of effectiveness of the acids in

combination with sugars was lactic>iacetic> citric. Fructose and

dextrose were more effective than either sucrose or lactose in

combination with the acids.

8. The thermophiles were not able to withstand a combination

of fructose or dextrose with any of the acids as it took less than

2.5 per cent of the sugars to exert a germicidal action. Strepto-

coccus lactis and Streptococcus liquefaciens still retained their greater

resistance since higher percentages of the sugars in combination with

acids were needed to kill them than for the thermOphiles.

9. It was found for the yeasts that dextrose and fructose in

combination with the preserving quantity of the respective acids

were germicidal at a lower percentage than either sucrose or lactose

in combination with the same amount of acid. In general, it took less

dextrose and fructose to bring about a germicidal action with acetic

than wdth lactic and less with lactic than with citric acid.

10. With the preserving quantity of acid, sucrose was more effec-

tive with lactic than with acetic acid for yeasts. Sucrose in combina-

tion with the preserving quantity of citric acid exerted a germicidal

action on only two of the yeasts, namely, Egggharpmygg§.ggrevi§iae and

Sacchgromyceg _e_l_li'nsoi_d.ep§. No germicidal action was exerted by



lactose in combination with any of the preserving quantities of the

acids.
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