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Introduction¥

Sugers and orgenic acids, either natursl or added, play zn im-
portant role in food preservation. The amount and kind of sugar or
orgenic acid to be used for best results frequently is in question.
Meny food menufacturers consider all acids end sugsrs equally valu-
able for preserving purposes. The influence of sugars, acids, and
a combinetion of the two on microorganisms hes not been studied ex-
tensively. The great expansion of the food industry in recent years
and the emphasis being placed upon the microbiological espects of

food indiceted 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
sugaer on both molds and yeasts in tomato juice. He found no effect
until the concentration of sugar had reesched 25 grems per 100 ml.,
at which point growth of both yeasts and molds occurred as readily
but less abundantly then st 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 becéme slower up to 170 grams per

100 ml. and ebove that concentrstion 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 menbers
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 & 10 per cent dilu-
tion was sterile after 4 days. Sackett believed the failure of the
organism to die out as reasdily 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 &
solution the plasmolysis would teke place relatively slowly. When
water was added, some of the sugar would form & molecular solution
increasing the osmotic pressure end thereby increese the rete of
plasmolysis.

Fabian and quintet (5) found that 21 per cent moisture was the
critical point for fermentetion in honey. Honey conteining less
moisture then this rarely fermented while & greater amount of moisture
than this usually cesused trouble.

In 1926, Pederson and Breed (15) showed a suger concentration of
35 per cent was ineffective as a preservetive in ketchup es it inhibi-
ted only certain types of microorganisms found in spoiled tomato pro-
ducts. It was found, however, that combinations of sugar and sal£
were effective. A combinstion of 15 per cent suger end 3.5 per cent
of salt was sufficient to stop the growth of 8ll orgenisms except one,
yeast. Combinations of sugar or salt with acid, on the other hand,
did not lower appreciably the amount of acid required.

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

ing effect in & concentretion of 30 to 40 per cent and a germicidel
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effect at 40 to 60 per cent when using typical strasins of food poison-
ing staphylococci, whereas, sucrose was less active and a concentra-
tion of 50 to 60 per cent was reyuired for inhibition and 60 to 70
per cent for germicidal action. In this work the sugar concentra-

tions were made up by volume.

Influence of Acids

As eerly s 1898 Kahlenberg and True (3) found that many of the
weaker orgenic acids were antiseptic and bactericidel at pH values
far higher than the highly dissociated acids. They suggested that
the undissociated molecules and the anions mey exert a toxic effect
in the case of the weeker acids.

Clerk (3) observed that acetic acid at a dilution which wes only
two per cent ionized showed & higher retarding effect then highly
dissociated acids on the germinetion of the spores of & group of
filementous fungi. He attributed thLe activity of the weskly disso-
ciated acids to the undissociated molecule.

Kronig and Peul in 1897 (9) carried out experiments upon the
disinfectent action of various salts, bases and escids upon Stephy-

lococcus aureus &nd 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 asction.
The investigators concluded that there is & general relation between

the action of the acids and the emount of dissocisted hydrogeqﬁoﬁs
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present; but there appeared many exceptions to & strict parasllelism.
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-suger solution to which var-
ious amounts of acid had been added and the antiseptic action wss
inversely registered by the emount of ges produced. Bisl did not
meke exact calculations of the amount of dissociated hydrogen neces-
sery to inhibit the yeast, but found thet e generasl relstion existed
between the ionizetion and  the entiseptic action. The highly dis-

. sociated acids, -hydrochlorie, sulfuric, nitric end trichloracetic-,
entirely stopped the action of yeast in concentretions between 0.005
and 0.008 normel. Acids of intermediate dissocistion, -phosphoric,
formic, oxslic-, sccomplished the same effect et 0.0l normel; while
ecids still less dissociated, -acetic, benzoic, end 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 entiseptic action of acids by the eddition of neutral
salts whose action is to decrease the dissociation of the acidic
hydrogen. A solution of 0.0l normal formic acid and 0.3 normal sodium
formate showed active fermentation. The same zction was noticed with
salts of the other acids used.

In 1906 Winslow and Lochridge (18) found the minerel scids,

hydrochloric and sulfuric, were fatal to Escherichia coli and Eberthella

typhosa in concentrations at which they are highly dissocieted. Their
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action runs parallel, not to their normsl strength, but to the number
of free hydrogen ions per unit volume. The organic acids, acetic and
benzoic, are fatal to the typhoid end colon bacilli et & strength &t
which they are only slightly dissociated. The effect here appears to
be due to the whole molecule end is specific for each scid, acetic
having only 10-20 per cent the toxicity of benzoic.

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

Eberthella typhosa concluded that there was little relastion between

the hydrogen ion concentration and growth, but thet the kind of acid
as well as the aciaity was responsible for the germicidel value.

In 1912 Johannessohn (7) found thet yesst fermentation is increased
in the presence of acetic &cid and in its higher homologs when in a
sufficiently dilute solution. He concluded that tne action of the scid
depends chiefly on the undissocizted molecule and not on the ions.

Wolf and Harris (19) were of the opinion that the degree of acidity
rether than the nature of the scid was the controlling factor in the
germicidal and entiseptic actions of the ecids.

Norton and Hsu in 1916 (13) found that acids act as disinfectants
through the egency of the hydrogen ions produced by electrolytic
dissocietion. They also found that the addition to an acid of a salt
containing an enion common to this acid, dimishes its disinfecting
power, as & result of a decrease in the hydrogen ion concentration &nd
en increese in the concentration of the undissocicted scid molecules.
They ceme to the conclusion that the disinfecting power of &n acid is
spproximately proportional to the hyarogen ion concentration.

Pederson and Breed (15) found that one per cent of scetic acid wes
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required to stop growth of all the becteria and yeasts isolated from
spoiled tomesto products.

Reid in 1932 (16) concluded that the resistance of Bacillus
pyocyaneous to acids is not constent, but varies with the kind of
acid. The mono-basic ecids, the least aissocieted of the acids used,
inhibited growth at a much lower H-ion concentration then the highly
dissocieted acids such es oxslic. A wide difference was found to
exist between the sbility of an acid to exert a bactericidal effect
end to inhibit growth as acids which were strongly bactericidsl fre-
quently exhibited wesk inhibiting powers in liquid medis.

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 scid. This confirmed the work of Fsbian
and Johnson (4) who found thet 0.2 acetic was equivalent to 0.3 per
cent lactic acid in their action on ceftain pectin decomposing bacteria.

Levine and Fellers (10) showed thet acetic scid was more toxic

then either lactic or hydrochloric acid to Salmonella sertrycke,

Seccharomyces cereviseae, end Aspergillus niger. These orgenisms were

inhibited or destroyed at & higher pH velue with acetic &cid then with
lactic or hydrochloric acids. The mold utilized relatively high
emounts of lsctic &cid to develop & growth heavier then thet obtained
from the acetiec &cid or the hydrochloric acid series.

In studies on food poisoning staphylococci Nunheimer and Fabiesn (11)
found the decreésing order of germicidzl &ction of the ecids stucied to
be acetic¥» citric”? lactic)y malic 7> tarteric)> hydrochloric. The decrees-

ing order of entiseptic action was found to be eceticy lacticy citricy



melicy tarteric hydroclleric. TLey ccncluded thet elthough the
ection of the highly dissocicted minerel scid is due mainly to tkte
hydrogen ion concentretion, the orgenic acids exerted a germicidsl
and entiseptic effect cdisproportionete to the hydrogen ion concen-
tration produced. Therefore, it is eppsrent thst the observed
effects are due to fectors in &daition to the hydrogen ion, pre-

sumebly either the un-ionized molecule or the enion or both.
Influence of Suger plus fcids

Not much informetion is aveilesble on the elfect of concentrsted
suger eolutions plus &scids upon becteria.

Levine and Fellers (11) found thet &ppart from the indirect
effect in altering the hydrogen-ion, the sslt end suger eided the
ecetic &cid but little in its toxic effeect on bacteria eand yeest.
Similarly, the edded selt and suger exerted little, if eny, effect
on the minimum percentege recuired for totzl destruction of these
organisns.

The results secured by Nunheimer &nd Fabian (12) did not agree
with the above work. They found thet the emount of dextrose which
wes reguired to exert 2 germicidel sction could be reduced 50 per
cent when used in tke presence of one-half the inhibiting concentre-
tion of acid. On the other hend, sodium chloride snd sucrose could
be reduced 30 and 20 per cent respectively and still bring &bout a

germicidel effect.
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Experimental Work

In studying the effects of the sugers end ecids,

Orgenism

Fecillus calidclactis

Bacillus cozgulens

Thermophile--milk powder

Thermophile--rew milk

Streptococcus lactis

Streptococcus liquefsciens

Saccharomyces ellipsoideus

Secchaéromyces cerevisize

Zygosaccharomyces mellis

Torula lsctis-condersi

Yeast--pickles

Source of culture

the following

Opt. ten.. of growth

Femmer collection
Jowa Stete College

Hemmer collection
Iowa Stete College

Isolated from milk
powder

Isolated from raw
milk

Hemmer collection
Iowe State College

Hemmer collection
Iows State College

Tenner collection
Univ. of Illinois

Tenner collection
Univ. of Illinois

Tenner collection
Univ. of Illincis

Tenner collection
Univ. of Illinois

Isoleted from sweet
pickles

C.

250 ¢,

The basic medium used for the bacterie snd the yeasts hsd the

following composition:

15 grems--Bescto peptonized milk
1.5 grems--RBacto yeast extreact

Tor bacteria

1.5 grams--Becto meat extrect
1000 ml,--weter

pH 6.4

for yecsts

30 grems--Trommer's plen melt
extrsct

1 gram--NF,C1

1 grem=-KgoliPOy

30 ml.-=N/10

citric scid

10CO0 ml.--weter

pH 5.4
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The ecids were mede up in normelities renging from 0.1 to £ and
were sterilized by filtration. Tkey were then edded in vesrious emounts
to sterile test tubes and made up to 10 ml. with sterile broth. The
sugers were made up by weight in 100 gram quentities in the respective
broths end sterilized by sutoclavirg et 12 pounds for fifteen minutes.
They were then pipetted in 10 ml. portions to sterile test tubes. The
test tubes were then impleanted with either bscterie or yeasts snd
incubeted et the optimum temperature for the orgsnism. Lt intervels
the number of viable orgenisms vus determined by the plate method using
Stenderd milk agur for the bacterie end wort sgar for the yeast.

The H-ion concentration wes determined with & Peckmen pH meter.

Influence of Sugers on the Verious

Bscteria and Yeasts

Fructose, dextrose, lzctose, and sucrose, were used in determin-
ing the effect cf the sugers upon the orgsnisms. They were added to
sterile broth and sutocluved &t 12 pounds in order to keep the hydro-
lysis et & minimun. All of the sugar concentrations were made up by
weight. The highest concentration used for lactose wzs 30 per cent
end for sucrose 60 per cent &s sbove these percentuges crystelliza-
tion of the sugers took plesce in two or three deys.

Using & sterile 10 ml. pipette, ten ml. portions of each concen-
tretion were plzced in sterile test tutes. The tutes were inoculated
with one or two drops of en actively growing £4 hour culture from s
S5 ml. pipette, depending on the growth in the broth. For the bacteris,

the range of the inoculum wes suech that when & drop or two weas edded
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to 10 ml. of suger solution there wes from £0,000 to 150,000 orgenisms
per ml., snd for the yeest from 100,000 to 200,C00 per nl.

These tubes were incubested at the ontimum temperesture for eech
orgenism; snd at the end of seven deys & sub-culture of 0.5 ml., was
transferred into broth to determine the precence or sbsence of growtk.
The preserving percentage wes teken as thet percentcge where there
was no growth in the originel but there wes growth in tre sub-culture
broth. The germicidal percentage was thet in which there was no
growth in the original.tube or in the sub-cultured broth. All experi-
ments were repeeted until four checks had been obteined. The results
ere found in Tebles 1-4.

After determining the germicidal concentrestion of the various
sugsrs, the work wes repeeted and at intervels the number of viable
orgenisms wes determined by plete count using Stendsrd milk eger for

the bacteria snd wort ager for the yesasts.
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Teble 1. Per cent of fructose, dextrose, lactose, znd sucrose

exerting & preserving effect on the verious bzacteris.

Per cent

Bacterisa Fructose Dextrose | Lactose |} Sucrose
Strept. lectis £5.0 30.0-32.5{ None* | 50-60
Strept. liguefeciens 5.0 30.0-32.5 None 50-60
Bacillus cozgulens D15.0 <17.5 25.0 None 45.0
Bacillus calidoleactis PL5.0 £17.5 25.0 None 40.0-45.0
Thermophile--milk powder{l5.0 25.0 None P42.5445.0
Thermophile--rew milk P15.0£17.5 | »25.0427.5 None i42.5-485,

*None=could not get high enough concentration of lzctose in solution
to be preserving.

Table 2. Per cent of fructose, dextrose, lectose, end sucrose

exerting & germicidel effect on the vericus bacterie.

Per cent
Bacteria b'ructose Lextrose Lactose Sucrose
Strept. lactis 27.5 35.0 None* None*
Strept. liguefeciens 27.5 32.0 None None
Bscillus coagulans 17.5 27.5 None 47.5
Bacillus cslidolectis 17.5 27.5 None 47.5
Thermophile--milk powder|{ 17.5 27.5 None 45,0
Thermophile--rew milk 17.5 27.5 None 47.5

*None=could not get & high enouch concentration of suger in solution to
be germicidsl. Setursted solution of lesctose (30%) &nd sucrose (€05)

did not kill in 7 asys.
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exerting a preserving effect on the verious yeeasts.

Per cent of fructose, dextrose, lectose, &nd sucrose

Per cent
Yeast Fructose Dextrose {Lectose | Sucrose
Sacch. cerevisiee 45.0 42,5-47,5{ None* | 57.5
Sacch. ellipsoideus 42,5-45,0 45.0 None 60.0
Zygo. mellis 45,0-85.0 47.5-85.0 None 55.0-60.0
Torula lactis~-condensi | 55.0 55.0 None 60.0
Yeast--pickles 52,5-85.0 52.5-55.0 None 60.0

* None=could not get high enough concentration of lactose in solution

to be preserving.

Table 4.

exerting a germicidel effect on the various yeests.

Per cent of fructose, dextrose, lactose, &nd sucrose

Per cent
Yeast Fructose Dextrose |Lectose | Sucrose
Secch. cerevisice 47.5 50.0 None* 60.0
Sacch. ellipsoideus 47,5 47,5 None None*
Zygo. mellis 60.0 60.0 None None
Torula lactis-condensi 60.0 60.0 None None
Yeast--pickles 60.0 60.0 None None

*None=could not get a high enough concentrstion of suger in solution

to be germicidal.

(€09) did not kill in 7 dsys.

Sestursted solution of lactose (30%) end sucrose
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Discussion

Table 1 shows the orcer of the preserving ection of the sugsrs
on the becterias is fructose) dextrose » sucrose» lectose. From 15 to
17.5 per cent of fructose was reguired to exert e preserving ection
compered with £5 to 32.5 per cent dextrose, and 40 to 60 per cent of
sucrose., Leactose, with a solubility of omly 30 rer cent, did not
have eny preserving sction. This teble also shows that the preser-
ving percentege veries with the different becterias. For example,

Streptococecus lactis and Streptococcus liquefeciens required 27.95

per cent fructose while the thermophiles required only 17.5 per cent
fructose., This seme reletionship held true for dextrose where the
precerving percentege for the milk streptococci was 35 end for the
thermophiles 27.5 per cent, end likewise for sucrcse where the former
‘group had & preserving percentege of 60 while the latter group wss
inhibited at 47.5 per cent.

Teble 2 shows thet the order of the germicidal action of the
sugars was the seme e&s the preserving ection with the exception of

Streptococcus lactis and Streptococcus liquefeciens, where sucrosze

did not exert eny germicidal ezction. Except for these two orgenism,
there wes only & difference of 2.5 per cent between the germicidal

end preserving concentretions. That Streptococcus lactis end

Streptococcus liguefaciens are more resistent to sugsrs then the

thermopkiles is egain demonstrated since the former reguired & hLigher
concentration of ell sugers for & germicidel action than the later.

Table 3 shows that tlie yeecsts ere more tolercnt then becteria to
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the sugers since it required 4% to €C per cent to bring esbout & pre-
serving sction with yeasts, whereess, bzcteria required only 15 to

45 per cent. The order of ectivity of the sugesrs for the yeasts
differed slightly from that of‘the bzcterie in that fructose &nd
dextrose exerted e preserving ection 2t the same concentration of 45
to 55 per cent, while €0 per cent of sucrose ﬁas required to bring
about the action.

Table 4 shows thet only fructose end dextrose exerted a germi-
cidel action on the yeests. Thesce sugers required & concentration
of 47.%5 to 60 per cent to kill all of tke yeasts while & concentra-
tion of 60 per cent sucrose was germicidal to only one yesst,

Ssccheromyces cerevisiae.

The grephs in Figures 1-11 and the dats in Tebles 16-26 indicate
there is a difference in the ection of the sugers on the visbility of

bacteris end yessts. They show thet the viebility of Strentococcus

lactis, Streptococcus liguefeaciens and €ll of the yeests continuelly

decreesed during the seven dey period in the germicidel percent:ge
of dextrose end fructose, while the thermophiles were killed within
the first 24 hours.

The fact thet both dextrose &nd fructose exerted s germicidel
effect at a lower concentration then sucrose end lactose mey be ex-
plained by the fect thet the ection of esch, is at leest in pert, due
to plesmolysis of the microbiel cells. Since this effect depends upon
tlie number of perticles present in solution, it is nastursl that tructose
ana dextrose, eech with & moleculer weisht of 180, would contain more

molecules per unit weight than woulé sucrose and lsctose with moleculer
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weights of 342. Therefore, the ectivity should tend to decrease &s
the moleculear weight incresses.

Since fructose and dextrose have the seme moleculer weisht, tie
difference in reactivity of these sugers in resvect to becteries must
be expleined on & chemical rether then & physical btesis. The differ-
ence in their sction on bacteris mey be explzined by the fect thet
dextrose is &n slcehyde sugar while fructose is a keto suger. It is a
well known fasct in biochemistry thet fructose is rore resctive tren
dextrose since many of the chemicel tests may be carried out in the
cold with tructose while heet has to be anplied in tie czse of dex-
trose. Another factor influencing the rezctivity of the two sugcrs
is that fructose hes the reactive redical nezrer the center of tre
molecule than dextrose which increcses its resctivity zs well as its
solubility over thet of dextrose. These differences in chemical
structure arparently account for thre chemicel e&s well es the biologiceal

differences noted in the two sugars.

Influence of Acids on tke Verious

Bacteria snd Yeasts

In order to study the preserving eand germicidel action of the
acids on the bacteria end yeasts, the acids were mede up in normeli-
ties ranging from 0.1 to S5 end were sterilized by filtration. They
were then edded in various amounts to sterile test tubes end made up
to 10 ml. with sterile broth. The tubes were inoculated with one or

two drops, depending on the smount of growth in the broth, of &an
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aectively growing broth culture. Tor ti:ie bacteria, the ruge ol tie
inoculum was such that when a droo or two wss added to 10 ml. there
was from 850,000 to 150,000 orgenisms per ml. and for the yesst from
100,000 to 200,000 per mm.

The tubes were incubated at the optimum temperature for ewxch
organism end at the end of seven deys, a sub-culture of 0.5 ml. wes
transferred into suitable broth to determine the presence or ebsence
of growta. The preserving quentity of scid was tzxen &s that quen-
tity where there was no visible growth in the original broth con-
treining the acid but where there was growth in the sub-culture
broth containing no acid. Tne germicidal quentity was thsat in which
there was no growtn in the original tube containing the acid or in
the sub-cultured broth containing no acid. The results are found in
Tables 5-9.

Lfter determining the germicidal quentity of the various acids,
the work was repeated and at intervals the number of viable organ-
isms was determined by plete count using Standerd milk agar for the

bacteria end wort agar for the yeusts.
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Teble 5. The number of milliliters of acid necessary to exert

a preserving effect on the various bacteria.

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

Becteria Lcetic Citric Lactic
Strept. lactic lzgj§&§5 1&3?2&?? 128?é§75
Strept. liguefzciens ligjgéi? lfgjgﬁzi, 1.5(D.2N)
Bacillus coagulens 2.1(0.1N) 1.7(0.1N) 1.1(0.1N)
Becillus csalidolsctis 1.7(0.1N) 1.4(0.1N) 1.1(0.1N)
Thermophile-milx powder | £.1(0.1N) 1.4(0.1N) 1.25(0.1N)
Thermophile-rew milk 2.9(0.1N) 1.8(92.1N) 1.25(0.1N)

Teble 6. The number of milliliters of ecid necessary to exert

a germicidel effect on the verious bacteria.

Mls. of acid mede up to 10 mls., with broth

Bacteria Acetic Citric Lactic
Strept. lactis 2.5(0.3) 2.5(0.3) 2.0(0.2M)
Strept. liquefaciens 2.5(0.2) 3.0(0.2N) 1.75(0.2N)
Racillus coagulans 2.25(0.1N) 2.0(0.1N) 1.25(0.1N)
Bascillus calidolactis 2.0(0.1N) 1.5(0.1N) 1.25(0.1N)
Thermophile-milk powder | 2.25(0.1N) 1.5(0.1N) 1.4(0.1N)
Thermophile-raw milk 3.0(0.1N) 1.9(0.1N) 1.4(0.1N)
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Table 7. The number of milliliters of acid necessary to exert

a preserving effect on the various yessts.

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

Yesst Lcetic Citric Lactic
0.5N 1N
Szceh. cerevisice 1.0-1.5 2.0(1N) - 2.0-3.75
3.0(EN)
Sacch. ellipsoideus 1.25-1.75 2.0(1v)- 1,75-3.75
1.5(5N)
2.5(8N)
Torula lzctis-condensi |1.5-1.75 3.0(1N) - 2.0-4.0
2.5(8N)
Yeast--pickles 1.25-2.0 2.5(1N) - 2.25-4.5
4.0(5N)

Table 3. The nuaber of milliliters of zcid necessary to exert

a preserving effect on the various yeasts.

Mls. of scid mede up to 10 mls. with broth

Yeest Acetic Citric Lactic
0.5V N 1N
Secch. cerevisiae 1.75 3.5 4.0
Sacch. ellipsoideus 2.0 2.0 4.0
Zygo. mellis 1.75 3.0 3.5
Torula lectis-condensi 2.0 3.0 4,5
Yeast--pickles 2.2%5 4,5 5.0
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Discussion

Two methods may be used to determine the preserving end germici-
dal value of the acids. If the same method is used for evaluating
the preserving action of acids &s wes used for sugars, viz., tke num-
ber of grams of each scid in 10 mls. of broth, then the preserving
velue of the ecids for the bacteria is lacticy acetic» citric (Teble 5).
If, however, the preserving values of the scids are based on pH
(Tzble 9), the order is es follows: scetic?® citric?» lectic.

The germicidal value of the acids (Tsble 6) is as follows:
lactic» sceticy citric if the number of grams of acid in 10 mls. of
broth is used as the basis of comperison, whereas, if pH 1s used ss
the basis the order is acetic > citric »lactic. The results secured
with the ecids showed that the same reletionship existed between the
streptococci and the thermophiles as was found with the sugers. The
streptococci were considersbly more resistant to ecids then were the
thermophiles.

On the basis of plH, the order of ectivity of the scids agrees
with the findings of Levine and Fellers (10) and Nunheimer and Febian
(11) since they compared the ecids in relation to their pH &nd not on
the basis of the amount of acid added.

The order of the sctivity of the acids on the basis of pH is in
keeping with the dissociation constents of the scids &s scetic ecid
with a dissocistion constsnt of 1.86x107° takes more ecid to lower
the pH then does citric acid with a dissociation constint of 1.38x10~%

or lectic scid with a dissocistion constent of 8.0x10~%., These !
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values show that each scid does not depend on the hydrogen-ion activity
alone for its action on the bacteria. For exsmple, acetic acid with
e lower hydrogen-ion must depend on the un-ionized molecule and the
acetate radical e&s well es the hydrogen-ion of the acid.

The yeasts were more tolerant to the acids than the bacteria
since it required en &cid strength of 0.5 to 5 normal (Table 7) to
bring sbout a preserving action while the bacteria (Table 5) required
a normality of only 0.1 to 0.3. The germicidsl quantity (Teble 8)
of the acids was likewise greater for yezsts than for bacteria.
(Table 6). However, the order of effectiveness of the scids in the
preserving and germicidal range was acetic? lectic?» citric for the
yeasts. Furthermore, the order remained the seme irrespective of
whether it was based on pH or the per cent ecid added. There was a
considerable difference in the pH needed to kill the yeasts es they
were killed at pH 3.5 in the case of acetic scid and at pH 1.75 for

citric scid.

Influence of Mixtures of the Preserving Quentity

of the Acids with the Sugsrs

A study was next made of a combinetion of the scids with the
sugars to determine the influence of the various combinations of
acids &nd sugars upon the different microorgenisms. For this purpose,
the amount of ecid which preserved but did not kill within seven deys
wes arbitrarily chosen as the sterting point at which the sugars would

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

the preserving amount of the verious scids (given in Tebles 5 & 7) into
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sterile test tubes end meking up to 10 ml. with sterile sugars
solutions of varying concentrction. These suger solutions were made
to & percentage so that when they were diluted with the acid, the
desired concentrztions were obteined. These tubes were inoculated

end incubated the seme as for the acid end sugar experiments.
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Discussion

Tables 10-12 show that the percentsge of sugsr reguired to
bring sbout & germicidal &ction on the bacteria was reduced when
combined with the preserving quantity of acid. Tor bacteria, the
order of effectiveness of the acids in combinetion with sugars wss
lactic» ecetiec» citric. Iructose and dextrose were more effective
than either sucrose or lsctose in comtinstion with the acids.

Streontococcus lactis and Streptococcus liquefeciens still retesined

their resistance since a higher percentuge of the sugsrs in cowbina-
tion with the ecids was needed to kill them than for the thermophiles.
The thermophiles were not eble to withstand & combinstion of fructose
or dextrose with any of the scids as it took less than 2.5 per cent

of the sugers to exert a germicidal esction. Eecillus coegulans znd

the thermophile isoleted from milk powder required from 10 to 20 per
cent sucrose in combination with the preserving quantity of citric
or acetic ecid for a gernicidel action wnile less then 2.5 per cent
sucrose was needed to bring ebout the same germicidel action in
combinstion with the preserving quentity of lactic ecid.

It was found for the yessts that dextrose and fructose in com-
bination with the preserving quantity of the respective ecias was
germicidael &t & lower percentege than either sucrose or lectose in
combination with the same amount of ecid (Tables 13-15). In genersl,
it took less dextrose and fructose to bring gbout a germicidel ection
with acetic ecid than witn lectic acid end less with lectic then with

citric acid.
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With the preserving quentity of ecid, sucrose wes more effective
with lectic then with acetic scid. Sucrose in combinstion with the
preserving quentity of citric acid exerted & germicidel action on only

two of the yeasts, nemely, Saccharomyces cerevisise snd Saccharomyces

ellipsoldeus. No germicidel action wes exerted by lectose in combina-

tion with any of the preserving quentities of the acids.

The results egree with those of Nunheimer and Febian (12) who
found that the germicidel emount of dextrose could be reduced by
50 per cent and sodiun chloride and sucrose by 30 and £0 per cent
respectively when used with one-helf the inhibiting concentretion of

acid.



Summs

1. The order of preserving snd germicidel ection of the sugers
for the bacteria studied is fructosed» dextrosed> sucrose? lzctose,

The thermophiles were more susceptible to sugar than Streptococcus

lact]ls and Streptococcus liguefaciens.

2. Tle yeasts were more resistant than bacteria to all the
sugars studied. The preserving concentrstions of fructose snd dex-
trose were the same for yeasts while for sucrose it reguired from a
5 to 15 per cent greater concentretion. Lectose had no preserving
ection on the yeasts.

3. Fructose and dextrose were the only sugars heving a germi-
cidal asction on &ll the yeasts. Sucrose wes germicidel to only one

yeast, Saccharomyces cerevisize.

4, 1If the same method is used for evaluating the preserving and
germicidal ection of acids as wes used for sugars, viz,, the number of
grems of each ecid in 10 mls. of broth, then the preserving value of
the acids for the bacteria is lactic) aceticy citric. If, however,
the preserving and germicidel velues are besed on pH, the order is
ecetic) citricy> lectic. The streptococci were considerably more
resistant to zcids than were the thermophiles.

5. The pE values showed thet each acid does not depend on tlie
hydrogen-ion slone for its action on the bacteria but depends partly
on the un-ionized molecule or the enion or both.

6. Tnhe yeasts were more tolerant to the ecids than the bzcteria

since it required &n &cid strength of 0.5 to 5 normal to bring sbout a



- 32 -

preserving and germicidal action while the bacteris required a nor-
melity of 0.1 to 0.3. The order of effectiveness of the acids in
the preserving end germicidel range wes gcetic lactic citriec for
the yeasts, irrespective of whether it was based on pH or the per
cent acid added.

7. For becteria, the order of effectiveness of the acids in
combinetion with sugers was lzctic® scetic» citric. Fructose and
dextrose were moré 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 eny of the ecids as it took less then
2.5 per cent of the sugars to exert a germicidal sction. Strento-

coccus lactis end Streptococcus liquefaciens still retsined their greater

resistance since higher percentages of the sugers in combinstion with
ecids were needed to kill them than for the thermophiles.
9. It was found for the yessts that dextrose end fructose in

combination with the preserving quantity of the respective acids
were germicidal at a lower percentage than elther sucrose or lactose
in combinstion with the same amount of acid. In generel, it took less
dextrose znd fructose to bring sbout a germicidel ection with acetic
than with lectic and less with lactic than with citric acid.

10. With the preserving quentity of ecid, sucrose was more effec-
tive with lactic then with scetic acid for yeests. Sucrose in combina-
tion with the preserving quentity of citric acid exerted a germiicidsl

ection on only two of the yeasts, namely, Saccheromyces cerevisise end

Seccheromyces ellipsoideus. No germicidel zction was exerted by
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lzctose in combinetion witi. eny of the preserving quentities of the

ecids.
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47.5,: suerose

61  _____ 27,57z dextrose
..... 17.5% fractose
5 - — -— 2.25 ml.(0.1N) acetic

1.5 ml,(0.1¥) citric

1.4 ml.{0.1N) lactic

log of the nmmber of bacteria

time in days

Flegure 1. Influence of the germnicidal quantity of org:nic acids and
sucars on th- viability oi a thermophile isolated from

milk powder.
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Fienre 24 Influsnce of the germicidal gquantity of organic acids and
sugars on tre viability of a thermo-shile isolat=d from

raw milk,
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Figure 3. Influence of ths germicidal quantity of orginic acids and

sugars on the viabilitv of Bagillus corculange
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Fieoure 4. Influence of the rermicidal quantity of orginic acids snd

sigars on the viability of 3scillus calidolagtis.
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Fioure 5. Influence of the germicidnl guantity of organie acids and

sugars on the viabilityv of Streptococgus lactise
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Figure 64 Influence of the germicidal quantity of organic acids and

sugars on the viability of Strentococcng liguefnaciense.
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Pigure 7, Influence of the germicidal quantity of organic acids and

sugars on the viability of Saccharomyces gerevisiaa.
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Pigure 8, Influence of the gemmicidal quantity of organic acids and

sugars on the viability of Saccharomvces ellipsoldgus.
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Plgure 9. Influence of the germicidal quantity of organic acids and

sugars on the viability of Torula lagtis-gondensgi.
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Ficure 10, Influence of the germicidal quantity of organic acids and

gngars on the viability of Zygggaccharomyces mellis.
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ficure 11 Influence of the germiciial guantity of organic acids and

sugars on the viabilitv of a yeast 1solated from pickles.
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